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PART 1

AGENDA AND MINUTES

INTERNATIONAL GEODETIC AND GEOPHYSICAL UNION
Edinburgh Meeting, September 17-26, 1936

INTERNATIONAL ASSOCIATION OF
TERRESTRIAL MAGNETISM AND ELECTRICITY

PROVISIONAL AGENDA

I. Address of President.
II. Report of Secretary and Director of Central Bureau.

III. Report of Dr. van Dijk on the publication of numerical
magnetic character of days.

IV. Statutes.

V. Finances. — Report of Director of Central Bureau.
VI. Election of officers of the Association.
VII. National Reports.

VIII. Reports of Committees and Reporters appointed at the
Lisbon Assembly:

a) Report of Committee on the selection of sites of new
observatories for terrestrial magnetism and electri-
city.

b) Report of Sub-Committee on the distribution of ob-
servatory work in Europe.

¢) Report of Committee on the study of sudden com-
mencements of magnetic storms.

d) Report of Auroral Committee,
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Report of Committee on the study of the numerical
magnetic characterization of days.

Report of Committee on the study of the relationship
between solar activity and terrestrial magnetisin.
Report of the Polar Year Sub-Committee.

Report of Committee on magnetic secular-variation
stations,

Report of Committee on the stud} of electrical
characterization of days.

Report of Prof, Chapman on international collabo-
ration for promoting the study of the influence of
the moon on geophysical phenomena.

Report of Dr. Wait on ion-counters.

IX. The Warsaw Mecting, September 1935, of the International
Commission of Terrestrial Magnetism and Atmospheric
Flectricity:

a.

b.

Transactions of the mecting:

1) General remarks.
2) Hourly values of magnetic activity (p. 19}.

-3) Centralization of magnetic data (pp. 24 & 87-89).

4) Reports on the activity of various obscrvatorics.

Subjects proposed for collaboration with the Asso-

ciation:

1) Publication of daily magnctic character-numbers
and the numerical character of days for the
Polar Year.

2) Frequent comparisons by means of instruments
sent by mail.

3) Uniform methods and codes to adequately describe
magnetic disturbances and perturbations.

4) Convention as regards the sense of earth-current
components.

5) International magnetic classification of Greenwich
days prior to 1906,

6) International agreement on ihe uniformity of
magnetic charts all over the world.

X. Polar Year 1932-1933.

a)

b)

Report on the activity of the Polar Year Commission
of the International Mecteorological Organization.
Discussion of International Polar Year results and
presentation of reports on this subject.

¢) Discussion of ways and means to permit effective

continuation of compilations, reductions, discussions,
and publications of results.

d) Sec also: IX.b1 & XL.m.
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XI. Communications on miscellancous subjccts:

a)
b)
c)

d)

f)

g)
h)

»)

q)
r)

1)
)

W. Smosarski: On the characteristics of the Gerdien
apparatus and their scasonal variation.

Ch. Maurain: Presenlation of a treatise titled:
“Magnétisme terrestre”,

G. Grenet & A. Jarleton: On the measurement of the
eleetric field and its sudden changes and on the re-
lations between the electric field and the solar ra-
diation,

J. Cowlomb & B. Benac: Influence of the direction
of the wind on the electrical field at Cote de Landais.
J. A, Fleming: Intercomparisons of magnetic
standards and control of standards.

L. V. Berkner, W. Wells & S. L. Seaton: Automatic
multifrequency technique for ionespheric measure-
ments.

L. V. Berkner & W. Wells: Studics of the E-region
of the ionosphere at low latitudes.

L. V. Berkner & W. Wells: New factors in the
investigation of the high region of the upper atmo-
sphere.

S. E. Forbush & E. A. Johnson: Results of inter-
national intercomparisons of magnetic horizontal-
intensity with C. I. W. sinc-galvanomecter 1.

D. la Cour; Trials made with the QHM by the Danish
Meteorological Institute,

D. la Cour & E. Sucksdorff: Control of variometers
by means of the QHM. '

0. H. Gish & W. J. Rooney: New aspects of carth-
current circulations revealed by Polar-Year data.

O. H. Gish & K. L. Sherman: Information to be
obtained from atmospheric-electric measurements in
the stratosphere.

E. A. Johnson: Application of alternating-current
methods of detection to carth-inductors for marine
and land observations.

H. F. Johnston: Short-period maguetic pulsations at
the Watheroo Magnctic Observatory.

A. G. McNish: Concerning non-cyclic change.

A. G. McNish: Progress of rescarch in magnetic
diurnal-variations at the Department of Terrestrial
Magnetism, Carnegie Institution of Washington.

A. G. McNish: The new C. 1. W. vertical-intensity
induction-variometer.

A. G. McNish: Investigation of magnetic bays.

L. Slaucitajs & A. G. McNish: The field of magnetic
storms as deduced from the mean difference of
magnetic intensity on quiet and disturbed days.




v)

aa)
ab)

ac)
ad)

ae)

af)

ag)
ah)

ai)

PART I.— AGENDA AND MINUTES

G. R. Wait: Change from year to year in the po-
tential gradient and electrical conductivity of the
atmosphere at Ebro, Watheroo and Huancayo.

J. Hawley: The attitude of the U. S. Coast and Geo-
detic Survey, Washington, towards four branches of
international work in terrestrial magnetism.

H. E. McComb: Review in some detail of the work
at Cheltenham. (Withdrawn).

D. la Cour & E. Hoge: The effect of the electrifica-
tion of the railway passing in the vicinity of the
Copenhagen Magnetic Observatory.

George Hartnell: Comparison of 7Z-Variometers.

D. la Cour & Johs. Olsen: Contribution to the knowl-
cdge of the behaviour of modern variometers
working under disadvantages.

V. F. Hess: New results of cosmic ray research.
Kurt Molin: An carth-magnetic investigation of the
Mainland of Sweden. (Inserted in the Swedish Na-
tional Report).

H. Norinder: The variation of lightning currents.
U. S. Hydrographic Office, Washington: World Mag-
netic Charts.

Th. Dahlblom: Temperature and magnetization of
the Earth’s crust.

A. Tanakadate: Preliminary short reports of mag-
netic and electric observations made in the Far-East
during the total solar eclipse of June 19th, 1936.

E. Sucksdorff: Occurrence of rapid micro-pulsations
at Sodankyld in 1932-1935.

XII. Subjects for discussion during the Assembly:

a)
b)

¢)
d)

e)
f)

g)

Thesaurus of magnetic values. Proposed by A. Nip-
poldt 1.

Installation of insensitive equipment to obtain com-
plete records of intense magnetic storms. Proposed
by the President.

Character of publication of data from observatories.
Proposed by the President.

Greater atfention in the investigation of small pe-
riodic and irregular variations. Proposed by the
President.

Publication of world-list of magnetic and electric
observatories.

Magnetic standards and methods of intercomparison.
Proposed by the President. (See also IX.b.2 & XLe).
Memorandum on circulation of QHM for intercom-
parisons of measurements and for control of vario-
meters, Presented by D. la Cour.



XIII.
XIV.
XV,

o

SUPPLEMENTARY AGEND4

h) Research in the ionosphere:
1) Methods of rescarch.
2) Distribution of stations.
3) Dissemination of data.
Proposed by the President.

i) Atmospherics and atmospheric electricity. Proposed
by R. Bureau.

k) Increase of earth-current data. Proposed by the Pre-
sident.

I) Atmospheric eleetricity:

1) Electric state of the troposphere and the strato-
sphere in general.
2) Electric state of the air at sea during fair and
during stormy weather.
3) Variations in conductivity and potential gradient
from year to year,
Proposed by the President.

m) Secular-variation program at sea. Proposed by the
President.

n) Definition and adoption of symbols pertaining to
geomagnetic coordinates, magnetic coordinates, and
geomagnetic time. Proposed by the President.

o) Auroral charts and observations. Proposed by the
President.

p) Proposal concerning classification of magnetic lite-
rature. By Mario Bossolasco.

q) Agreement upon selected international disturbed days
for the period 1906-1914. Proposed by S. Chapman.

r) Selection of international quiet and disturbed days
for the period before 1906. Proposed by S. Chapman.

s) Establishment in Iceland of temporary stations for
quick-run registration. Proposed by S. Chapman &
D. la Cour.

Subjects for deliberation by Committees.
Appointment of Committees and Reporters.

Resolutions.

SUPPLEMENTARY AGENDA

Communications on miscellaneous subjects:

ak) J. A. Fleming & C. C. Ennis: Latest annual values
of the magnetic elements at observatorices.

al) O. H. Gish: The mean eclectric character of eight
widely distributed stations.




PART I.— AGENDA AND MINUTIES

am) W. E. H. Greaves: The suitability of the unifilar
magnetometer for absolute observations.
an) Mario Bossolasco: Sur la nature des perturbations

magnétiques,
ao) F. J.W.Whipple: Electrical characterization of days,
(Withdrawn).

ap) A.H.R.Goldie: Observations of horizontal force with
the unifilar magnetometer: The P and () coefficients.

aq) G.S. Ljungdahl: Note on the average range of mag-
netic anomalies in Sweden.

ar) H. Labrouste: Sur I'étude des périodes des phéno-
meénes magnétiques.

as) R. Jouaust: Sur I’étude des relations entre les pertur-
hations de la radio et les perturbations magnétiques.

at) H. Israél-Kéhler: Vorschlige zur Vereinheitlichung
von Luftionenmessungen.

au) L. V. Berkner & W. Wells: Report on ionospheric
observations during solar eclipse of June 19, 1936.

XII. Subjects for discussion during the Assembly:
t) J. M. Stagg: Mcthods of investigating possible rela-
tionships between aurorae and magnetic disturbances.
u) J. M. Stagg: The assignment and use of auroral
intensity figures.
v) J. M. Stagg: The technique of measurement of aurora
photographs; alternatives to the Norwegian process.
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MINUTES OF EDINBURGH MEETING,
SEPTEMBER 17-24, 1936

Session of September 17, 1936

The meeting was opened at 14.30 by the President, Dr. Jno.
A. Fleming.

The President recad his opening address (I of Agenda —
App., p. 27).

The following committees were nominated by the President
and were elected by the Association:

Committee on Resolutions: The President, the Secretary,
Capt. Heck and Prof. Maurain.

Audit Committee: Dr. van Dijk, Mr. Harradon and Prof.
Keranen.

The Secretary and Director of the Central Burecau presented
his report (I1 of Agenda — App., p. 34). He commented on the
question of inserting a list of addresses in the Transactions
indicating the difficulties connected therewith. He emphasized
the necessity of the collaboration of the National Committees
and indicated the desirability of a resolution on this matter
(Resolution 2). He called attention to the collection of registra-
tions on films at the Central Bureau, and stated that he had
brought a large number of these films to Edinburgh which
were available for examination by those interested.*) He men-
tioned the part taken by the Association in the intercomparisons
of instruments with QIIM. Ile also presented his financial report
through December 31, 1935 (App., p. 38).

Dr. van Dijk presented his report on the publication of
numerical magnetic character of days (item III of the Agenda
— App., p. 163).

It was decided that the discussion of the proposed Statutes
should bhe deferred until the following meeting in order to allow
more time for their study (p. 11).

It was also decided to defer the consideration of the Report
on Finances until the Audit Committee had rendered its report
(p. 22).

*) See pp. 415-421.
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Item VI of the Agenda. The following officers were un-
animously elected: President: Dr. Fleming; Vice-Presidents:
Prof. Maurain and Prof. Chapman; Secretary and Director of
Central Bureau: Dr. la Cour®); Members of the Executive Com-
mittee: Dr. Crichton Mitchell, Dr. van Dijk, Prof. Kerénen,
Prof. Stérmer and Prof. Tanakadate.

The National Reports (VII of Agenda) were then presented
in abstract by various delegates (Part ITI. — National Reports.
Pp. 51-162).

The Reports of Commitiees appointed at the Lisbon Assembly
(VIII of Agenda) were then taken up and some of them were
presented in abstract:

Item VIII. a (Committee on Observatories — App., p. 164).
In this connection the Chairman of the Committee (Dr. Fleming)
suggested that a resolution bhe passed regarding periodic ex-
amination of magnetic instruments (Resolution 3). At the end
of the report a resolution on the preparation of a new list of
magnctic observatories was recommended (Resolution 1). (See,
further, consideration of item XII.n of the Agenda, minutes
of meeting September 22, morning session). It was further pro-
posed that the Committee be continued (No. 1).

Item VIIL. b (Observatory-Work in Europe). No separate
report was submitted.

Item VIII. ¢ (Sudden Commencements of Magnetic Storms).
No report was submitted by the Chairman (Prof. Tanakadate),
but comments were received from IFather Rodés (App., p. 177).%%)
It was decided that the Secretary should write a letter to Father
Rodés expressing the appreciation of the Association for the
successful work he has been doing for so many years and
conveying the hope that no discontinuance would occur in it.

Items VIILd and VIIL.e of the Agenda were deferred to
subsequent meetings. (Minutes of the meetings of September 21
(afternoon) and of September 19).

Item VIII. f (Solar Activity and Terrestrial Magnetism). The
Chairman of the Committee (Dr. Fleming) gave a summary

of the report (App. p. 187). The Committee was continued
(No. 3).

The meeting adjourned at 12.30.

*) In view of his election (September 24, 1936) as President of the
Union Dr. la Cour felt he could not also act as Secretary and Director
of the Association’s Central Bureau; the Executive Committee there-
fore selected Dr. A. H. R. Goldie as Secretary and Director of the
Central Bureau to fill the vacancy caused by Dr. la Cour’s resignation.

**) A report on sudden commencements of ‘magnetic storms in Japan
was later received from Prof. Tanakadate (App. p. 174).
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Session of September 18, 1936

The meeting was opened at 10.00 by the President, Dr.
Fleming,

The minutes of the meeting of September 17 were read and
approved with minor corrections.

The proposed Statutes (itcm 1V of Agenda) were taken up
for consideration and were approved, scction by section, after
brief discussion which resulted in some minor corrections (Part
II. — Statutes. Pp. 43-50). The President called special attention
to the last paragraph of section IV empowering the Executive
Committee to depart from the decision and the instructions of
the General Assembly or from the strict interpretation of these
Statutes, if it should consider neccssary or desirable to do so.
The section VI, dealing with the budget, was approved in prin-
ciple only, and the Executive Committee was authorized to
modify this section in accordance with the finanecial policy to
be adopted by the Union.

Item VIII of the Agenda (Reports of Commissions) was
then continued.

Item VIII. g (Polar-Year Sub-Committee). The Secretary re-
ported that he had received from the Chairman of the Polar-
Year Sub-Committee (Prof. Stérmer) the suggestion to dis-
continue the Sub-Committee. As a member of the Sub-Com-
mittee Dr. la Cour himself offered no objection to the proposal
of Prof. Stérmer, as the intcrnational work relating to the Polar
Ycar in reality is centralized in the International Polar Year
Commission of the International Meteorological Organization.
However, in view of the fact that the Sub-Committee is a joint
Committee of the Magnetic and Mecteorological Associations,
Prof. Maurain was asked to consult with Mr. Wehrlé regarding
the opinion of the Meteorological Association before any final
decision should be taken. The Scerctary further stated the
necessity, in case the Sub-Committee should be discontinued,
of deciding what disposition should be made of the apparatus
for auroral observations, procured by the Sub-Committee for
use during the Polar Ycar; he proposed that the instruments -
be taken over by the Auroral Committee, (Further considera-
tion: see minutes of the meeting of September 19).

Item VIIL h (Secular-Variation Stations). The Report of the
Commiittee (App., p. 189) was given in abstract by the Chair-
man (Capt. Heck). His suggested resolutions on this subject
were referred to the Committee on Resolutions for action (Re-
solution 11). It was agreed to continue this Committce (No, 4).

Items VIIL i, k and 1 were deferred to subscquent meetings
(morning session of September 21).




12 PART I.— AGENDA AND MINUTLES

Consideration was then given to item IX of the Agenda,
the Warsaw Meeting, September 1935. The Sceretary indicated
some items in the transactions of that meeting of interest to
the Association:

(1) The Commission had decided not to publish in the trans-
actions reports on the activity of various observatories in order
to avoid duplication of work and to permit concentration of
such reports in one place, but to ask the Association for reprints
of the National Reports received by that body. The Secretary
recommended sending not only reprints but the complete trans-
actions to members of the Commission who do net receive
them otherwise. The Association agreed.

(2) The Commission had entrusted its Secretary (Dr. la Cour)
with the preparation of a list of Polar-Year stations from which
it would be especially desirable to have hourly values of mag-
netic activity. This list has been prepared, and several of the
observatories have already sent to Copenhagen tables of these
values which are made available on films. The list contains
the following stations: Point Barrow, Fairbanks, Fort Rae,
Meanook, Chesterfield Inlet, Thule, Godhavn, Julianchaab,
Eskdalemuir, Lerwick, Sodankyli, Franz Joseph Land, Matotch-
kine Schar, Kandalakscha, Dickson and Jakoutsk.

Prof. Vegard called attention to the importance of an inter-

national agreement for the purpose of obtaining — in the an-
nual publications of magnetic observatories — more complete

and quantitative data on magnetic disturbance than are given
by character-numbers. The Committee of the Norwegian Insti-
tute of Cosmical Physics has given much consideration to this
question and has introduced a scheme of publication according
to which hourly values of the perturbing force were given, and
they also furnish material for a quantitative representation of
storminess as a function of time. If observatories all over the
world agreed to a scheme of this type, we should obtain im-
portant information regarding the laws governing magnetic
perturbations and their relations to aurorae, to ionized atmo-
spheric layers, and solar activity in general.

(3) Tt was agreed to adopt a resolution on the question of cen-
tralization of copies of registrations as favorably considered in
Warsaw (Resolution 8).

Further the Commission of Terrestrial Magnetism and Atmo-
spheric Electricity ask for collaboration with the Association
on the following subjects:

(1) Publication of daily magnetic character-numbers and the
numerical character of days for the Polar Year (IX.b1l —
App., p. 218). Dr. van Dijk, entrusted with the preparation of
this publication, described briefly the development of this work.
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The cost of publishing the daily magnetic character-numbers
would probably amount to about 200-250 florins. He was re-
quested by the Association to continue this valuable compila-
tion. The Secretary suggested that the Association, in order
to obtain data from all the Polar Year stations, pass a resolu-
tion expressing the desirability of publishing the daily magnetic
character-figures for the Polar Year, and this suggestion was
agreed to (Resolution 4).

(2) Frequent comparisons by means of instruments sent by
mail (IX.b.2). Dr. la Cour set forth his ideas regarding the
organization of an international body to be responsible for inter-
comparisons (App., p. 220).

The President stressed the importance of checking standards
for all magnetic clements. He thought that very often errors
in the H-measurements arise from changes of the moment of
inertia, and that difficulties in the determinations of inclina-
tion could be referred to earth-inductors not properly adjusted
or to inability of observers. He further drew attention to small
station-differences too often assumed to be negligible, and stres-
sed the importance of interchange of stations. He emphasized
that comparisons by means of instruments circulated by mail,
should in no way entail discontinuance of personal contacts
through the visits of observers to foreign observatories for
instrumental intercomparisons. (Further consideration was given
in the meeting of September 19).

The meeting adjourned at 12.30.

Session of September 19, 1936

The meeting was opened at 10.00 by the President, Dr.
Fleming.

The minutes of the meeting of September 18 were read and
approved with minor changes.

The consideration of item IX.b.2 (Intercomparisons) was
continued. In the course of the discussion Capt. Heck asked
whether the QHM is entirely satisfactory, and does it require
special mounting, and made query as regards the time required
for work proposed at isolated observatories. To these (ueries
Dr. la Cour replied that while the instrument was not ideal
in all respects, it has great advantages, and he cited data in
support of his statements. Determinations could be made with
the QHM in about 5 minutes, and the instruments could be
mounted on any theodolite. The determination of constants
was also discussed.

Dr. Fleming pointed out that the preliminary correction of
QHM on the Sine-Galvanometer with one instrument in Fe-
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bruary at Washington was —4y, and that with three instru-
ments in the summer it was -6y, and he considered this differ-
ence too great. Dr. la Cour answered that all the measure-
ments referred to had been previously indicated as trials only,
and that the three instruments mentioned had been hastily
prepared in order to be sent via Washington to Japan in the
hope of having them back bhefore the meeting in Edinburgh.*)
The temperature-coefficient had therefore not been finally
determined before the instruments were sent away, and as
the temperature was rather high (34° C) during the measure-
ments in Washington, this probably accounts for the ditfer-
ences found. According to his experience the accuracy of
the measurements is much greater than that indicated by Dr.
Fleming’s figures.

After considerable discussion in which Messrs. Vegard, la
Cour, Fleming, Maurain, Heck, Spencer Jones, Olsen, Greaves,
Kalinowski and Chapman took part, Resolution 5 suggested by
Prof. Chapman, was approved. (See also p. 40).

The President announced that Prof. Maurain having con-
sulted with Mr. Wehrlé, reported that the latter accepts, in
the name of the Meteorological Association, the suggestion
that the Polar Year Committee of the Union be discontinued
(minutes, September 18, item VIILg); the discontinuance of
that Committee was therefore approved. It was agreed that
the special equipment purchased by the Association from its
grants for the Polar Year be transferred to the Auroral Com-
mittee.

Item VIILe of the Agenda ( Magnetic Characterization).
The Chairman of the Committee (Dr. Crichton Mitchell)
presented his report (App., p. 185). The two proposals at the
end of the report were approved.

Dr. van Dijk raised the question whether the Association
wished to continue the publication of the numerical magnetic
characterization in its present form, especially as to whether
the publication of the sum of the two components should be
continued. This matter was discussed in detail by Messrs.
Crichton Mitchell, Fleming, Vegard, van Dijk, la Cour, Bartels,
Maurain, Chapman, Stagg and Egedal. As a vesult of this
discussion the President appointed a Committee consisting of
Messrs. Chapman (Chairman), Bartels, Crichton Mitchell and
an Dijk, to report on this matter to the Association some time
during the Assembly. (See minutes of the meeting of Septem-
ber 24).

Resuming item IX of the Agenda (Warsaw Meeling), Dr.
Fleming as Chairman of the joint Committee of the Commis-

*) The report on the measurements in Japan is given on page 260.
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sion of Terrestrial Magnetism and Atmospheric Electricity and
of the Association on uniform methods and codes to adequately
describe magnetic disturbances and perturbations, summarized
the report (IX.h.3 — App., p. 222), calling attention parti-
cularly to the suggested code as given in the report. Dr.
la Cour asked if it would not be well to try these suggested
designations for a year at an obscrvatory where many perturha-
tions occur. The President suggested that it might be well to
sclect three widely-distributed observatories for this purpose.
Prof. Kerdnen was asked and stated that this could be done
for Sodankyld. In the absence of Capt. Heck, Dr. Fleming
statcd that he felt sure that the trial could be made for one
of the five U. S. Coast and Geodetic Survey Observatories, and
that the Department of Terrestrial Magnetism of the Carnegie
Institution of Washington would be glad to do the same for
Watheroo and Huancayo. (Committce No. 11).

The Report of the Sub-Committee of the Commission on
convention regarding the sense of earth-current components
was then presented in abstract by Dr. Fleming (IX.bh.4 -— App.,
p. 235). He called attention to the resolution suggested in the
report which was approved (see Resolution 6}.

The President commented briefly on the report of the Sub-
Committce of the Commission on international magnetic classi-
fication of days prior to 1906 (IX.b.5— App., p. 237). At the
suggestion of Prof. Chapman it was decided to ask the Com-
mission that the Sub-Committee be continued.

The following papers were then presented to the Associa-
tion:

“Mitteilung iiber erdmagnetische und elektrische Arbeiten in
der U. d. S. S. R. in den Jahren 1931-35” by N. W. Puschkow
(Terr. Magn., 40, 1935, p. 393-399};

“Der Zustand des Netzes der Magnetischen Observatorien der
U. d. S. S. R. und weitere Perspektive seiner Entwicklung”
hy N. Rosc (Terr. Magn., 40, 1935, p. 401-406) ;

“On the Type of the Diurnal Variations of the Terrestrial Mag-
netism on Quict Days” by M. Hasegawa (Proc. Imp. Acad.
Tokyo, Vol. XII, p. 88-90);

“A Statistical Study of the Type of Diurnal Variations of

" Terrestrial Magnetism on Quiet Days” by M. Hasegawa
(Proc.Imp.Acad. Tokyo, Vol. XIL, p. 185-188) ;

“The Eecentric Dipole approximating the Earth’s Magnetic

Field” by J. Bartels (Terr. Magn., 41, 1936, p. 225-250).

The meeting adjourncd at 12.30.
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Morning session of September 21, 1936

The meeting was opened at 10.00 by the President, Dr.
Fleming.

The minutes of the meeting of September 19 were read and
approved.

With regard to item VIILi of the Agenda (Electrical Cha-
racterization — App., p- 208) Dr. Whipple gave an account of
the system of characterization adopted at the observatories of
the British Meteorological Office. His remarks were illustrated
by two slides, one showing the percentage distribution of days
according to electric character at Kew, Eskdalemuir and Ler-
wick, and the other diurnal variation of potential gradient at
Eskdalemuir on “0a” days and on *“1a” and “2a” days. Dr.Whipple
urged that the attention of the directors of observatories
should be called to the resolution adopted by the Association
in 1927 (Prague Mecting) recommending the publication of the
duration of negative potential gradient ecach day and suggested
that a summary giving for each month the number of days
with negative potential gradient lasting more or less than three
hours, should be forwarded to the Carnegie Institution year
by year. Further Dr. Whipple put forward his proposals
quoted in the report of the Committee. It was decided to
continue the Committee for another 3-year period (No. 5).

Commenting on Dr. Wait’s report on ion-counters (VIIL. 1 —
App., p-215), Dr. Whipple gave a short account of the work at
Kew Observatory on ion-counting. It appeared that whereas
in fine weather in a pure atmosphere it was possible to count
such ions by a single counter like the Ebert instrument it was
essential at an urban station to use more complicated appa-
rafus,

Prof. Chapman summarized his report on international
collaboration for promoting the study of the influence of the
Moon on geophysical phenomena (item VIILk — App., p. 214).
After some discussion it was agreed to authorize the Executive
Committee to continue to support Prof. Chapman in this work.

The report of the Sub-Committee on infernational agree-
ment on the uniformity of magnetic charts all over the world
(appointed by the Commission at its Warsaw Meeting) (1X.bh.6
of Agenda — App., p. 238) was read by Prof. Keranen who
exhibited specimen-charts. Commenting on this report, Dr.
Ljungdahl made the following statement: While the magnetic
elements and the magnetic lines are subject to great and
unceasing changes according to the secular variation, the
magnetic anomalies, being associated with the structure of the
carth’s crust, remain generally constant, at least for considerable
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periods of time. It seems self-evident that magnetic charts for
almost all purposes should distinguish, as far as possible, be-
tween the part which remains constant and that which varies.
Furthermore, the map should indicate to what extent the
values are ascertained by observations, or merely obtained by
interpolation. He drew attention to his paper: “An attempt
to simplify magnetic charts”*). Mr. Greaves stated that this
is a question of practical interest and desired to know how the
material should be collected and distributed. Prof. Chapman
considered that no hasty action on this matter should be taken,
and suggested that two small committees should be appointed
to handle the matter: one to consider what steps should be
taken in the organization of the work, and the other concerned
with the methodology. He considered, in order to take ad-
vantage of the methods already developed at the leading
existing organizations, that the first committee should consist
of the Astronomer Royal, Capt. Heck, Dr. Ljungdahl and Prof.
Maurain, and a German representative to he appointed by the
Executive Committee; and that Messrs. Kerdnen, Ljungdahl
and Chapman with the addition of two Russian representa-
tives, should serve on the second. The final appointment was
left to the Executive Committee. (Committee No. 6).

The discussion of item X of the Agenda (Polar Year) was
deferred until a later meeting (morning session of Septem-
ber 22),

Item XII (Subjects for Discussion) was then taken up.

In the absence of Prof. Nippoldt item XILa (Thesaurus
of Magnetic Values) was discussed by the President who
considered the plan an excellent one and suggested that the
thesaurus could be published in connection with the new “List
of Observatories” (Resolution 1). The Executive Committee
was instructed to take such steps as are necessary for the rea-
lization of this proposal.

The President commented on item XILb (Intense Magnetic
Storms), citing the approach of increased sunspot-activity,
and suggested that the Association recommend the installment
of equipment for recording storms at certain observatories.
Dr. la Cour stated that it is easy to secure records of great
magnetic storms, even by means of sensitive instruments,
utilizing optical methods. Prof. Bartels stated that some of
the most interesting parts in the famous storm of May 1921
were lost on the records of nearly all observatories. It should
be one of the main duties of an observatory to obtain a
complete record of the magnetic field just at these most crucial
moments in the history of terrestrial magnetism. Simple means

*) Terr. Magn., 41, 1936, pp. 101-1C4.

v
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for obtaining sufficiently insensitive rccords were for instance
introduced by Ad. Schmidt and by Dr. la Cour. The best way
seems to install an independent set of insensitive instruments.
It was decided that a resolution be adopted, recommending to
all ohservatories that they should add to their equipment a
device for securing complete records of magnetic storms (Re-
solution 7).

Items XILc (Publication of Magnetic Data) and XILd
(Investigation of Small Variations) were discussed together.
The President considered that greater attention should be paid
to unique features, such as bays, pulsations, sudden com-
mencements, ete. On the suggestion of DProf. Vegard, it was
decided that this question be referred to a committee on publi-
cation-methods (No. 8). He further suggested that Dr. Trumpy
he added to this committee.

Regarding item XILe (World-List of Observatories) the
President stated that favorable action had been taken already
in the meeting of September 17 (Resolution 1).

Items XIIf and XILg of the Agenda (Infercomparisons)
— (App., p. 425) : Action already taken as in Resolution No. 5
(meeting of September 19j. '

Item XII. h (Research of lonosphere) was then presented
by Dr. Berkner who after sctting forth the status of the sub-
ject, suggested that with the approval of the Association there
be appointed a sub-committce to collaborate with the Com-
mitice on the study of the relationship between solar activity
and terrestrial magnetism, for the study of the ionosphere,
This sub-committee must act with the International Scientific
Radio Union and with the International Metcorological Orga-
nization. He concluded with the following proposals: (1) to
encourage establishment of additional stations in necessary
locations, (2) to cncourage opcration along observatory-lines
and to recommend such uniformity of observations as is ne-
cessary for study, (3) to study such methods and publication
of data as make possible the most useful interchange of data,
and to encourage this important form of international activity.
Prof. Appleton emphasizing the importance of the work, stated
that it began with the International Scicntific Radio Union.
After further comments on this subject hy Messrs. Linke,
Vegard, Stetson, Maurain and Spencer Jones, it was agreed
that Messrs. Berkner and Appleton should confer on this
matter and make recommendations to the Executive Conunit-
tee for appointment of a joint committee of the International
Scientific Radio Union and of the Association (see minutes of
the meeting of Septembher 24),

Item XII. i (Afmospherics) was deferred to a later meeting
(mecting of Sepftember 22, affernoon session).
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Item XII. k of the Agenda (Earth-Current Data): The Com-
mittce on Resolutions was instructed to prepare a resolution
on the establishment of suitable additional earth-current sta-
tions (Resolution 9). -

The Association then proceeded to discuss item XILD of
the Agenda: (1) Electrical stale of the troposphere and the
stratosphere in general: 1t was agreed that the Association
should lend its support to obtaining information whencver op-
portunity permits; (2) Electric state of the air at sea during
fair and during stormy weather: The Carnegie has shown the
desirability and manner of doing such work, and it was hoped
that with the aid of the Research such work would be done
in future; (3) Variations in conductivity and potential gradient
from year to year: 1t was agreed thaf the Association should
encourage the continuity of such work at observatories not
already doing such work (Resolution 10). Dr. Spencer Jones
stated that it is intended to include atmospheric-clectric work
in the programme of the Research, and that instruments are
in course of development. Prof. Smosarski cmphasized the
importance of the proposal contained in ifem XILL3, and
stated that he has published two years ago a paper in French
language, “Elcctricité Atmosphérique prés de Poznaii”*) in
which he has investigated the variation in the mean potential
gradient  of atmospheric electricity on the eartl’s surface
in diffcrent months from year to year (1927-1933); he had
found that the variation is in agreement with the variation in
the mean temperature and in the mean water vapour content
of the air as well in summer as in winter. He added that
some further suggestions concerning the subject arc given in
that paper.,

The President stressed the importance of additional data
from the oceans (XILm of Agenda), and stated that the
Research represented a long step in this direction. Following
discussion Resolution 12 was adopted.

The meeting adjourned at 12.30.

Afternoon session of September 21, 1936
The meeting was opened by the President, Dr. Fleming, and
was devoted to the prescntation of papers (XI of Agenda).
Prof. Hess presented his paper on new resulis of cosmic-ray
researcl (App., p 368).

Dr. Berkner summarized three papers by Berkner, Wells
and Seaton (App., pp. 340, 357 & 362). Prof. Appleton stated that

*) Polish Agricultural and Forest Annual, Vol. 33, Poznan, 1934, pp. 6-12.
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one cannot emphasize too much the importance of the matter
presented and the fact that the work had been extended to the
Southern Hemisphere. Messrs. Stetson and Mitra also discussed
the papers presented.

In the absence of the Chairman (Prof. Stormer) Dr. Stagg
presented a report for the Auroral Committee (VIILd of
Agenda — App., p. 179). Further, he summarized his papers
on aurorae (XI11. t, u & v— App., pp. 443, 447 & 449). He proposed:
(1) that suitable steps be taken to review and if necessary, to
modify the Fritz’s lines of auroral frequency, keeping in mind
that these lines may not be stationary; (2) with a view to
minimizing unnecessary effort in future auroral photography
at observatories with limited financial and staff resources, that
the procedure recommended for such photography during the
Polar Year (and outlined in App., p. 182) be reintroduced
during a specified period near the maximum of the present
sunspot cyele; (3) that a simple standard for determining
auroral intensity be introduced and adopted at all auroral ob-
servatories (App., p- 447); (4) that the Auroral Committee be
continued. (No. 2).— Prof. Chapman urged that it was desirable
to design a simple apparatus for measurements of pairs of
simultancous auroral photographs. Prof. Vegard approved the
proposal to correct to the present epoch the Fritz’s lines
of auroral frequency as they are of considerable physical
significance, and emphasized the importance of obtaining
better methods for indicating the intensities of aurorae. He
gave a report on spectroscopic study of aurorae (App., p. 371).

Dr. la Cour then gave a demonstration of photographic re-
productions of various records on films. (See p.415).

The meeting adjourned at 16.30.

Morning session of September 22, 1936

The meeting was opened at 10.00 by the President, Dr.
Fleming.

The Secretary stated that owing to illness in London on
route to Edinburgh, Prof. Nippoldt had been forced to return
to Germany. He had, however, sent in a report on magnetic
work in Germany (see Part ITIT. — National Reports. Germany,
p- 88).

The minutes of the meeting of September 21, morning ses-
sion, were read and, after correction, approved.

Discussion of item XII of the Agenda was then resumed.

With regard to item XIL. n (Symbols for Coordinates and
Time), Prof. Bartels considered that geomagnetic coordinates
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should be given in the proposed “List of Observatories” to he

published by the Association, and indicated that the Mag-.

nctisches  Observatorium  der Universitiat Berlin, which has
published such data for former years, would be willing to
submit these coordinates for publication in that list. He thought
it advisable not to hide the simple meaning of such coordinates
behind some Greek symbols, but to define them wherever neces-
sary, in a few words. The question of geomagnetic time was
discussed by Messrs, Stagg, Greaves, Bartels and Vegard, the
latter emphasizing the usefulness for the study of phenomena
in the polar regions of that conception and of magnelic azimuth
as well, introduced by him some 25 years ago. Following a
proposal by Dr. Fleming, it was agreed to include in the pro-
posed list, a chapter dealing with these conceptions, leaving
to the discretion of investigators whether to follow such sug-
gestions.

As to item XIL.o (Auroral Charts ), reference was made to Dr.
Stagg’s proposals (minutes of the meeting of September 21,
afternoon session).

Consideration was then given to item XILp (Classification
of Magnetic Literature). Dr. la Cour commented on the report
submitted by Dr. Bossolasco (App., p. 436). The Exccutive Com-
mittee was empowered to take action regarding this proposal
(Resolution 13). (See also p. 40).

With regard to item XILq Prof. Chapman stated that there
arce no internationally selected disturbed days for the period
1906-1914 but that Dr, van Dijk has already made a sclection
for his own use. He proposed that the Association give official
recognition of these days. T hey were adopted (App., p. 440).

As to item XILr it was suggested by Prof. Chapman and
approved that the five quiet and five disturbed days be selected
for years prior to 1906, Dr. van Dijk in consultation with Prof.
van Everdingen is to make the selection,

The subject of establishment in Iceland of temporary sta-
tions for quick-run magnetic registration (XILs of Agenda)
was then brought forward. Dr. la Cour pointed out that it has
been found during the Polar Year 1932-1933 that Giant Pulsa-
tions were remarkably frequent in Iceland. Referring to the
reasons given in the paper submitted by Messrs. Chapman and
la Cour (App., p. 441), he recommended that the proposed quick-
run magnetic registrations be made in Iceland on the initiative
of the Association. Messts. Vegard, Norinder, Stagg, Chapman,
Crichton Mitchell and la Cour discussed the utility of extending
the investigations to other stations, especially to those in
Northern Scandinavia and Scotland, and the advisability of
carrying out the proposed investigations in years other than

9°
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those of minimum magnetic activity. The Executive Committee
was empowered to take action regarding this proposal (Re-
solution 16). (Sec also p. 40).

The Report of the Audil Committee (V of Agenda) which
reported the accounts of receipts and disbursements by the
Secretary in good order, was read by the Chairman (Dr. van
Dijk) and approved (p. 39). An expression of thanks was
then extended to the Secretary for his careful administration
of the funds of the Association.

Polar Year (X of Agenda). Dr. la Cour referred to his re-
port presented to the Conference of Meteorological Directors
at Warsaw, September 1935%). The present task of the Bureau
of the International Polar Year Commission is not to do scientific
work, but to facilitate and support such work within certain
limits. For this purpose the Bureau has been generously as-
sisted by subventions from the Rockefeller Foundation of New
York and from the Meteorological Association. On behalf of
the Polar Year Commission he wished to express the sincere
thanks of the Commission to the Association of Terrestrial
Magnetism and Electricity for its valuable support and col-
laboration. He mentioned as of interest to the Association, the
work initiated by the Polar Year Commission of preparing a
catalogue of all observations available from the Polar Year,
and the card-index of published papers and reports; at present
{his card-index, as compiled by Dr. Bossolasco, embraces nol
less than 700 cards.

The President proposed that a resolution should be passed
urging the desirability of prompt publication of Polar Year
data. Dr. la Cour desired to add a resolution recommending
that data which will not be published clsewhere, should be
reported to the Polar Year Commission so that these data may
be available to investigators. It was decided that the Committee
on Resolutions should draw up resolutions pertaining to these
matters (Resolutions 14 and 13).

Prof. Maurain presented, on behalf of the French Polar Year
Commission, Volume I of “Publications des Travaux Francais
pendant I'Année Polaire™ This volume contains observational
results and discussions of the following subjeects: Aurorac,
Ozone, and Cosmic Rays, by Mr. Dauvillier; Terrestrial Mag-
netism, by Mr. Jean Rothé.

The last half hour of the meeting was devoted to the
presentation of the following papers: “The suitability of the

#) Secrétariat de 'Org. Mét. Int., Publication No. 29. Tome 11, pp. 97-100.
 Further: The Second General Assembly of the Int. Council of
Seient. Unions, Brussels, July 1934 (London 19353), pp. 191-207;
U. G. G. 1. Sixieme Assemblée Générale a Edimbourg, Septembre 1936
(London and Southampton 1937), pp. 142-145.
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unifilar magnetometer for absolute ohservations™ by Mr. Greaves
(See pp. 91-93), and “Measurements of H with unifilar-distribu-
tion-constants” by Dr. Goldic (App., p. 335) which were both
presented by Mr. Greaves. Dr. Fleming indicated that unifilars
when properly controlled vielded high accuracy.

Prof. Labrouste gave an account of the work made by Mrs.
Labrouste and himself on periods of magnetic phenomena (App.,
p- 338).

The meeting adjourned at 12.30.

Afternoon session of September 22, 1936

The meeting was opened at 14.30 by the President, Dr.
Fleming, and was devoted to the presentation of communications
(XI of Agenda).

Mr. Dahlblom gave a lecture on temperature and magnetiza-
tion of the Earth’s crust.

Prof. Maurain presented a treatise on terrestrial mag-
netism.*) It is the first fascicule of a series relating to Geo-
physics. It contains an exposition on the status of our knowledge
and researches in terrestrial magnetism in which are analyzed
several memoirs indicated in the French National Report
(pp. 62-88) in particular a paper by Mr. Maurain on the
interval of time between the solar phenomena and correspond-
ing magnetic phenomena.

Prof. Appleton summarized and discussed a communication
by Mr. Bureau (item XIIL i of the Agenda — App., p. 429).

Prof. Norinder presented a communication on the variation
of lightning currents (App., p. 397).

Prof. Smosarski presented a communication on the charac-
teristics of the Gerdien apparatus and their seasonal variations
(App., p. 375).

Prof, Jouaust gave a paper on the study of radio fade-outs
and their relation with solar and terrestrial magnetic pheno-
mena (App., p. 339).

Dr. Slaucitajs presented a study by himself and Mr. McNish
of the differences in magnetic intensity on quiet and disturbed
days (App., p. 289).

Mr. Grenet summarized two papers by himself and Miss
Jarleton on the measurement of the electric field and its
sudden changes.**)

*) Actualités Scientifiques et Industrielles. 287. Paris, 1935.
*) Bull, de Ilnst. et Obs, de Phys. du Globe du Puy-de-Ddéme, No. 7,
p. 49 et p. 52.
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Mr. Coulomb presented a paper by himself and Mr. Benac
on the influence of the direction of the wind on the electrical
ficld at Cote de Landais.*)

Capt. Heck summarized a paper by Mr. George Hartnell
on comparison of Z-variometers (App., p. 307). In this con-
nection Dr. la Cour drew attention to a paper by himself and
Dr. Olsen regarding the behaviour of Z-variometers of the God-
havn type in arctic regions.**)

Prof, Chapman was appointed to discuss what arrangements
shall be made for a round-table conference, or joint meeting
of several Associations including scientific hydrology, to consider
the manifold relations of research in hydraulic laboratories to
other geophysical sciences.

Dr. la Cour presented the papers by Dr. Hoge and himself
on the effect of the electrification of the railways near the mag-
netic observatory at Copenhagen (App., pp. 302 & 306). Al v
discussion Resolution 17 bearing on this subject was adopted.

Dr. van Dijk proposed a resolution which was adopted con-
cerning the undisturbed continuation of the magnetic work at
De Bilt (Resolution 18).

Other papers for which time did not permit presentation
in abstract were indicated by title (as shown by the list given
on pp. 412-415).

The meeting adjourned at 16.20.

Final session September 24, 1936

The meeting was opened at 10.10 by the President, Dr. Fle-
ming.

The minutes of the meetings of September 21 (afternoon
session) and of September 22 (morning and afternoon sessions)
were read and approved with some additions.

The report by Messrs., Appleton and Berkner regarding the
proposed ionosphere sub-committee on the study of the rela-
tionship between solar activity and terrestrial magnetism
(minutes of meeting of September 21, morning session, item
XILh of the Agenda) was presented. On the proposal of Prof.
Maurain the name of Mr. Jouaust was added to the committee,
(No.12). With this addition the report was approved (App., p. 374).

*) Bull. de I'Inst. et Obs. de Phys. du Globe du Puy-de-Déme, No. 8§,
p. 92,

**) Communications Magnétiques., etc., de I'Inst, Mét. de Danemark,
No. 17
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Prof. Chapman as chairman of the Committee on the publica-
tion of numerical character figures (minutes of meeting of
September 19, item VIILe of Agenda) recommended that for
the three years 1937, 1938 and 1939, the sum HRs + ZRz be
replaced by the daily range of declination R, expressed in
minutes of arc (Resolution 19).

No more subjects being left for deliberation (XIIT of Agenda)
the Association proceeded to items XIV and XV,

The Resolutions as drawn up by the Committee on Resolu-
tions were considered and approved with some changes (Part
VII. — A. Resolutions. Pp. 453-456).

Committees and Reporters were appointed (Part VIL. — C.
and D., Pp. 457-458).

The President announced his intention of presenting a brief
report on the work of the Association to the General Assembly
of the Union.*)

Votes of thanks were given to Prof. S. Chapman, Chairman
of the Organising Committee of the British National Committee,
Dr. H. Spencer Jones (Magnetic Section of the Organising Com-
mittee), and Dr. J. M. Stagg, Local Secretary, Mr. J. Crichfon,
Superintendant of the Eskdalemuir Observatory, the members
of his staff, and Mrs. Crichton, for the excellent arrangements
for this excursion which were as near perfection as they
could be.

The Executive Committee was authorized to read and ap-
prove the minules of this meeting.

Grateful appreciation of the services given, especially by
Dr.Goldie and his staff, was expressed both I)y the President
and by the Secretary and Director of Central Bureau.

The meeting adjourned at 11.55.

) U.G. G. I. Sixiéme Assemblée Générale a Edimbourg, Septembre 1936
(London and Southampton 1937), pp. 126-128.
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APPENDIXES TO THE MINUTES
ADDRESS OF THE PRESIDENT*

Since the Lishon Assembly in 1933 many eminent inves-
tigators in our fields have died. The Association has suffered
particularly in the loss of its senior Vice-President, Professor
V. Carlheim-Gyllenskéld, who died December 13, 1934. ‘He was
widely known for his researches in terrestrial magnetism, and
through his great activity in advancing that field of Earth
physics in Sweden he stimulated and encouraged investigators
everywhere. He was a vigorous supporter of our Association’s
development, and lent his aid and was a delegate at most of
our triennial assemblies. We may well pay admiring homage
to his services in our fields of geophysics.

Among other eminent investigators whose deaths occurred
from 1933 to August 1936 there are the following:

Dr. Georges Le Cadet, March 11, 1933, who, although chiefly
interested in astronomy and meteorology, made investigations
of the variation of potential gradient of the atmosphere with
altitude and embodied his resulls in a thesis “Etude du
champ électrique de Patmospheére”.

Reverend Edmund Goetz, S. J., August 19, 1933, who was for
many years in charge of the Observatory at Bulawayo, Rho-
desia, and who took part in the magnetic and astronomical
survey of north-west Rhodesia.

Dr. J. P. van der Stok, March 29, 1934, Director of Section of
Oceanography and Marine Meteorology of the Royal Meteor-
ological Institute of the Netherlands from 1899-1923, and
formerly Director of the Magnetical and Meteorological Ob-
servatory at Batavia.

Dr. Bruno Rolf, May 4, 1934, who was senior metcorologist in
the Meteorological-Hydrographical Institution at Stockholm
and who, from 1915, was in charge of the geophysical work
at the Abisko Observatory.

Professor Domenico Pacini, May 23, 1934, professor of experi-
mental physics at the University of Bari who, during 1906-27
when connected with the Ufficio Centrale di Meteorologia

* Presented at the first meeting of the Association at Edinburgh, Sep-
tember 1936.
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e Geodinamica in Rome, did much work on atmospheric
electricity and on penetrating radiation.

Dr. Ole Krogness, May 28, 1934, Dircctor of the Magnetic Bureau
at Bergen, Norway, who made extensive studies of the aurora
and its relations to cosmical and terrestrial phenomena, and
who, as a member of the Executive Committee of the Nor-
wegian Institute of Cosmical Physics, greatly assisted in the
organization of the auroral observatory at Tromso, particu-
larly in planning the magnetic work,

Sir Edgeworth David, August 28, 1934, emeritus professor of
geology at the University of Sydney, known for his explora-
tory work in Antarctica and who, in the course of Shackle-
ton’s expeditions of 1907-09, led the first sledge-party toward
the South Magnetic Pole.

Dr. David Stenquist, September 8§, 1934, Chief of the Bureau
of the Swedish Telegraphic Service, whose scientific atten-
tion was devoted particularly to the study of earth-currents.

Sir Arthur Schuster, October 14, 1934, who was preeminent in
promoting the study of the geophysical sciences and in in-
creasing our knowledge of terrestrial magnetism through
fundamental researches.

Professor Stefan Hlasek-Hlasko, October 21, 1934, formerly Di-
rector of the Pavlovsk Observatory, of the Magnetic Obser-
vatory at Tiflis, and the National Meteorological Institute of
Poland.

Professor Veryl R. Fuller, May 30, 1935, in charge of the De-
partment of Physics at the Alaska Agricultural College and
School of Mines (now University of Alaska), particularly
known for his auroral observations at College, Alaska.

Major-General Adolphus W. Greely, October 20, 1935, arctic
explorer and student who, as leader of the United States Ex-
pedition to Lady Franklin Bay during the First International
Polar Year, was responsible for the many geophysical and
particularly magnetic data obtained during 1882-83 at the
Fort Conger station in Grinnell Land.

Miss Valentine Vassilievna Gavrilova, November 22, 1935, who
at the time of her death at the early age of 27 years was
engaged as chief of the party carrying out magnetic-survey
work in the Sverdlovsk Sector and south of the Ural, she
having previously been principal magnetician at Matotchkin
Shar.,

Christian Huff, January 14, 1936, electrical engineer and instru-
ment designer of the Department of Terrestrial Magnetism
of the Carnegie Institution of Washington who rendered
notable service to geophysics through the design and construc-
tion of magnetic and electric instruments used in the field,
at observatories, and aboard the Carnegie.

Reverend Father Joseph de Moidrey, S. J., February 7, 1936, a
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pioneer in magnetic work in China who was connected with
the Obscrvatory of Zikawei for 38 years and was Director
of the Magnetic Observatory of Lukiapang from 1908-32;
he made frequent contributions during his long services at
Lukiapang and more recently was engaged in a series of
studies of terrestrial magnetism which were published by
the Observatory of Zikawei.

Dr. N. A. F. Moss, March 12, 1936, Director of the Bombay
Observatory for nearly a quarter of a century (1896-1919);
his work in two volumes “Colaba magnetic data 1846-1905”
presented and discussed in great detail this remarkable series
of observations extending over G0 years and represents a
prodigious amount of labor, forming an outstanding contri-
bution to the science of terrestrial magnetism and a store-
house of information for its students.

The interval since the Lisbon meeting of the Association has
been one of excellent progress in investigations of terrestrial
magnelism and electricity,

The publication in June 1934 of the Transactions of the Lis-
bon Assembly of the Association through the indefatigable labors
of our General Secretary, Dr. D. la Cour, with the help of
his assistant, Miss M. Bruun de Neergaard, furnishes a splendid
and stimulating cross-section of world-wide progress in our
fields. While these Transactions have received wide distribu-
tion, in accordance with resolution 19 adopted at Lisbon, it is
feared that distribution may not have been as wide as its
contents justify. In this connection it is believed that the re-
sumption of publication of a list of addresses, such as was
published in the Transactions of the Stockholm and Prague
_assemblies, arranged according to countries, organizations, and
individuals interested, would add materially to the value of
our proceedings. The preparation and maintenance of such a
list are not.easy and corrections from time to time are trou-
blesome, but expenditures on these accounts looking toward
more general distribution are well worth while. After all, the
aim of our organization in forwarding coordinated national and
international effort must be most effectively advanced in a far-
reaching dissemination of our publications with the discus-
sions, resolutions, reports, and comments offered at the triennial
mectings.

It is a source of congratulation that fullest cooperative and
harmonious relations have been maintained between the Com-
mission of Terrestrial Magnetism and Atmospheric Electricity
of the International Meteorological Organization and our As-
sociation. The Transactions of the Warsaw meeting of the Com-
mission in September 1935, so promptly published, afford ample
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evidence in its communications and resolutions of this cffective
cooperation. This closc contact makes the existence of the two
bodies of mutual benefit, which is further assured by the apoint-
ment of joint committees to study basic problems. Thus, loss
of time, duplication of cffort, and unnecessary expcnse of pub-
lication that would otherwisc result have becen almost entirely
eliminated. The service given by the Central Office of the Inter-
national Meteorological Organization in preparing and publish-
ing the daily magnetic characters and the daily numerical char-
acterfigures is of inestimable value in geophysical fields and
one for which our Association is most grateful. These daily
magnetic characters have proved se valuable In many diree-
tions of inquiry that we may well record a desire that they
be extended back from 1906, when they were begun, to selected
long scries of records, thus furnishing material for long-time
consideration of magnctic activity and its corrclation. We should
therefore adopt the resolution of the Commission of Terrestrial
Magnetism and Atmospheric Electricity at its Warsaw meeting
to compile such data from records older than the De Bilt pub-
lications.

The remarkable success attending the program of the Com-
mission of the Second International Polar Year is made more
and more patent in the constantly inereasing amount of compiled
data being made available by its Central Burcau, so well
dirccted by President Ia Cour, and by the numerous articles
which have already appeared discussing many aspects of ter-
restrial magnetism and cleetricity. Our Association can make
no wiser use of ils resources than hy extending continued aid,
both moral and financial, to the International Polar Year Com-
mission in support of its Central Bureau in Copenhagen. In
this connection we should consider the desideratum of recom-
mending the establisment of additional permanent arctic stations
and of additional installations of open-scale magnetographs.

Anoutstanding event since our Lisbon meeting was the deci-
sion of the British Admiralty to construct a non-magnetic vessel
to resume the magnetic and electric surveys of the oceans which
were interrupted in 1929 by the loss of the non-magnetic yacht
Carnegie. OQur Association may well follow the action of
the Commission of Terrestrial Magnetism and Atmospheric
Electricity at Warsaw in expressing through suitable resolutions
its thanks, and those of geophysicists everywhere, for this, Re-
sumption of such work is particularly urgent to forward in-
vestigation of isoporic changes and study of the movements
of isoporic foci — an investigation of great promise in studies
of the Earth’s crust. Another advance is the reported decision
of the Union of Socialist Soviet Republics to build also a non-
magnetic ship — onc suitable for work in the Arctic Ocean.
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The need of reliable data over the oceans for all general dis-
cussions of the phenomena of the Earth’s magnetism and clec-
tricity fully warrants the construction and use of a much larger
number of such non-magnetic vessels. It therefore appears ap-
propriate that we urge the various maritime nations to provide
like means for more intensive magnetic surveys of the oceans
and their islands. Concomitant with such matters may well be
considered an international service for magnetic charts and
selection of common epochs of reduction for magnetie data.

The agenda proposed for this mceting naturally concern
aspects distinctly of inferest in the coordination and devel-
opment of international activitics. We are fortunate in the
various commissions and reporters, whose reports will be pre-
sented, affording a review of progress and upon which may
be based resolutions to advance research in our fields.

An important item is a comprehensive discussion of ways
and means which will permit more effective and cconomical
continnation of compilations, reductions, discussions, and pub-
lication of results a vital need if geophysics may reap full
benefit of the vast material accumulated by the Sccond Inter-
national Polar Year of 1932-33 and by the magnetic and clectric
surveys of the countries and organizations whose reports we
are to receive. The importance of this subject is cmphasized
by past experience in thai there always scems lacking additional
funds, and even somectimes, that cnthusiastic interest, so neces-
sary to carry on the arduous reductions and compilations to
realize the purpose of such observational programs. We must
encourage and develop competent investigators to this end.

It seems appropriate that we review carefully not only in-
strumental methods and technique but also character of pub-
lications of data and their distribution. Consideration of - the
study of such data along more specific lines of inquiry appears
desirable — for example, unique phenomena recorded at ob-
servatories, methods of research in the troposphere and strato-
sphere to forward understanding of cosmical relations, and pos-
sible interpretations in terms of physical laws by experimental
procedure in the laboratory. The rapid development in recent
vears ol preeise methods for electrical measurcments indicates
promise, through the application of clectro-magnetic methods
to magnetic observations, to increase the accuracy and range
of absolute standards perhaps not now possible with magnetic
methods so generally used. There is evidence that such methods
may be applied successfully to replace our present variometers
to record the constantly fluctuating variations of terrestrial mag-
netism.
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As vital to progress as the establishment of new observatories
are improved methods and maintenance through periodic tests
of adjustments of apparatus frequently overlooked — since
otherwise resulting geophysical data may not have that accuracy
necessary to their interpretation.

May not more effective methods of publication to insure
greater use by investigators be possible than those now com-
monly used in the hourly tabulations? The reproduction on
motion-picture film of photographic records obtained, as intro-
duced by the Polar Year Commission, appears to be an approach
which will make for greater utilization of the complex variations
recorded at so many observatories and for unscrambling of their
now seeming vagaries. Such reproduction must permit intensive
study of the distribution, period, and magnitude of pulsations,
and of many other unique features and correlations.

While the report of the Committee on Observatories, approved
at the Lisbon meeting, recommended that there be printed
a revised edition of the list of observatories published in 1910
giving complete details of magnetic and electric observatorics,
with brief statements of geographical coordinates, elevations,
instrumental equipment, data published regularly, data avail-
able on special request, and special remarks covering operation
and investigations, there was no specific resolution adopted ‘to
provide for such publication. This should have attention at this
meeting. Reference may be made to resolution 9 of the Com-
mission of Terrestrial Magnetism and Atmospheric Electricity
at its Warsaw meeting. The value of such a list would be
enhanced by providing also that triennial supplements be issued
to keep the information current. The suggestion offered by Dr.
Nippoldt that a thesaurus of all magnetic values at observatories
for full series be arranged is excellent and is one which may be
considered at the same time.

We should support any program which may permit and
extend adequate and frequent intercomparisons of standards at
observatories throughout the world (see resolution 6 of the
Warsaw meeting of the International Commission). However, it
is to be stressed that such intercomparisons should be made not
only with standards in horizontal intensity but also with those
for inclination (vertical intensity) and declination in accordance
with the need for such comparisons found in the extensive work
in intercomparisons at observatories in all parts of the world
done for many years by the Carnegie Institution of Washington
through its Department of Terrestrial Magnetism.

An important aid to study of cosmical correlations of the
Earth’s magnetic and electric fields is the observation of varia-
tions of the electrical conditions in the ionosphere. Recent devel-
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opments have made possible the design and construction of
recording apparatus giving continuous records for interpretation
of the variable conditions prevailing in its several regions. The
following are worthy of our discussion in this connection:
(1) Methods of ionospheric research with particular reference
to recently developed automatic multifrequency technique and
its application to geophysical problems; (2) the strategic dis-
tribution of stations over the Earth with a view to more com-
prehensive understanding of upper atmospheric ionization;
(3) discussion concerning the dissemination of ionospheric data,
particularly as related to maximum ionisation (or critical
penetration-frequencies) and lowest virtual heights of the several
ionospheric regions.

More earth-current data are desirable as an aid to the study
of such phenomena as (a) magnetic variations and (b) deep
structure of the Earth’s crust. Our Association would do well
to consider the most helpful distribution of stations recording
earth-currents which would appear to be (a) near 20° magnetic
latitude, (b) at magnetic latitudes greater than 55°, and (c) on
small islands surrounded by an expanse of deep sea.

Atmospheric-electric problems awaiting more extensive pro-
grams include: (1) Those which may be furthered by the ac-
quisition of additional definite data regarding the clectric state
of the troposphere and the stratosphere; (2) that of obtaining
further information regarding the electric state of the air at
sea during fair weather and during stormy weather; (3) those
relating to variations in electrical conductivity and potential
gradient of the atmosphere from year to year. The problems
under (3) suggest the possibility of some universal agency and
indicate the desirability of adding atmospheric-electric schedules
at observatories not now engaged in such work and the continu-
ance of these observations at observatories now doing such
work, since only relatively long series of observations from
properly situated stations can be used effectively in this
problem.

A subject which needs consideration is that of the definition
and adoption of symbols pertaining to geomagnetic coordinates,
magnetic coordinates, and geomagnetic time, The differences
of conception among investigators has resulted in considerable
uncertainty in reading and in referring to published papers.
Adoption of uniform symbols and definitions will eliminate
these and will make for clarity on the part of those working in
associated and correlated fields, for example, cosmic radiation.

Among reconumendations which were considered but not
definitely acted upon at the meecting of the International Com-

3
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mission at Warsaw was one that there be prepared as soon as
possible a revised edition of Fritz’s chart of isochasms utilising
auroral data accumulated since the original publication of that
chart in 1881. Such a revised chart may prove useful in devel-
oping better understanding of ionospheric relations to terrestrial
magnetism and electricity.

A distinct step forward in the unification of researches in
Earth physics is that taken by the International Union of
Geodesy and Geophysics in the appointment for this Assembly
of a Commission for the Study of the Earth’s Crust. The proposed
joint meetings or round-table conferences of our several as-
sociations to discuss points of contact of their activities must
be advantageous and of profit to general advance in mutual
understanding and appreciation of related problems. Our As-
sociation doubtless can contribute helpfully in these conferences
through communications relating to the long-period and short-
period phenomena of terrestrial magnetism and electricity which
apparently have bearing upon crustal conditions.

In conclusion, we may say that noted progress has been
made in our ficlds during the past three years. Let us hope
that the ever-widening prospect presented may in coming years
furnish ample incentive to achieve increased understanding and
interpretation of the many experimental data Nature so prolifi-
cally gives us the opportunity of observing.

Washington, D. C., July 31, 1936.

RAPPORT DU SECRETAIRE ET DIRECTEUR DU BUREAU
CENTRAL POUR LA PERIODE 1933-36

Siége du Secrétariat

Depuis I’Assemblée de Lishonne le Bureau Central de I'As-
sociation a été établi & Copenhague a IInstitut Météorologique
de Danemark, ot se trouvaient déja le Bureau de la Commis-
sion Internationale de ’Année Polaire 1932-1933 ct le Secrétariat
de la Commission Internationale de Magnétisme terrestre et
d’Electricité atmosphérique; la réunion de ces affaires inter-
nationales dans un seul endroit a beaucoup facilité¢ le travail
pendant la période en question.
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Finances

Conformément aux instructions données par U'Union, le
Bureau Central a dressé ct envoyé au Secrétaire Général de
I'Union un relevé des receites et dépenses de I’Association pen-
dant la période du ler avril 1933 au 31 décembre 1935 (voir
page 38). — Par suite de 'incertitude financiére, soulignée par
I'Union 4 I’Assemblée de Lishonne, on 2 eu soin de ne disposer
que des fonds liquides, tout en espérant de recevoir des crédits
nouveaux de la part de I’'Union, 11 est évident qu’il v aura tou-
jours des dépenses obligatoires ct bien qu’il faut éviter autant
quc possible des dépenses continues de cette catégorice, le Secré-
laire considérc qu’il serait un grand avaniage si les Statuts de
I'Union assurent & chaque Association une certaine somme fixe
des recettes de 1'Union; un tel procédé Ilui semble nécessaire
pour quc notre Association puisse établir son programme de
travail a longuc échéance, et quclles que soient les facilités ren-
dues de la part des institutions et des personnalités interessées
il faut que I'Association ait les crédits indispensables pour pou-
voir assurer, le cas échéant, les fonctionnements fondamentaux
dc la coopération internationale.

Les finances de I’'Association ont été administrées conformé-
ment aux directives données & PAsscmblée de Lishonne par le
Comité Exécutif, et, avec 'approbation du Président, Ies fonds
ont ¢été convertis en livres sterling et gardés en dépot sans
intéréts,

Voici quelques remarques relatives aux dépenses budgétées
pour la période 1933-1936: II n’a fallu que la moitié de la somme
prévuc pour 'impression des Comptes-Rendus de Lisbonne:; les
dépenscs de bureau ont été considérablement réduites grice a
Pappui de Plnstitut Météorologique de Danemark; on a versé,
comme prévu, aux recherches sur 'effet de la Lune et 4 la
publication de D'activité magnétique numérique respectivement
100 livres sterling par an; d’autre part, les crédits accordés par
le Comité Exécutif pour procurcr ct discuter les résultats de
IAnnée Polaire (125.000 francs francais) sont encore loin d’étre
épuisés,

Le Secrétaire profite de 'occasion pour attirer Pattention
sur le papicr millimétré que le Bureau Central a fait faire pour
scrvir a Iétude des observations de "'Année Polaire. Ce papier
cst en vente d prix de revient, a 'échelle de un ou de deux mil-
limeétres, en rouge ou cn bleu, avee texte francais ou anglais
ou bicn sans texte.

En 1935 le Comité Exécutif a consenti une nouvelle dépense
pour l'acquisition de 3 . H. M.

Correspondance

Pendant la période depuis ’Assemblée de Lisbonne jusqu’au
ler septembre 1936, le Burcau Central a regu 374 leltres et en
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a expédié 430 dont plusicurs lettres circulaires. Par Dinter-
médiaire du Ministére des Affaires Etrangéres du Danemark,
le Bureau a communiqué & divers Gouvernements les résolutions
et les veeux que I’Association avait formulé a leur sujet.

Activité du Bureau Central

En décembre 1933 a paru le «Rapport Préliminaire de
I’Assemblée de Lishonne» contenant les procés-verbaux, les re-
solutions, ete. (20 pp.). Ce rapport fait partie du rapport dé-
finitif, les «Comptes-Rendus de I’Assemblée» qui ont paru en
juin 1934 comme le Bulletin No. 9 de I’Association (354 pp.).
L’ancien seccrétaire de I’Association, M. Maurain, a bien
voulu entreprendre la premiére rédaction de ce rapport.
Dans ce bulletin ont été suivis quelques principes nouveaux:
sans exception les articles n’ont été imprimés que dans une
langue laissant aux auteurs le choix de cette langue; les articles
déja imprimés ou les articles qui seraient imprimés ailleurs,
n'ont pas été insérés, mais on en a donné soit un résumé soit le
titre seul. La liste d’adresses a été supprimée, d’'une part parce
que la plupart des magnéticiens dont Ie nom et 'adresse seraient
donnés, sont déja indiqués dans la publication courante No. 5
de I'Organisation Météorologique Internationale, de 'autre parce
qu’une telle liste, qui est trés difficile a limiter et qui vieillit
lrés vite, nous semble peu satisfaisante si elle n’est pas a jour:
unec liste de ce genre nous semble a sa place non pas dans un
livre, mais dans un périodique. Ensuite, il a été jugé utile de re-
prendre 'exemple du premier Secerétaire de I’Association, le
regretté Docteur Bauer, d’indiquer dans le rapport les prix des
diverses publications de I'Association — car, bien que les
publications soient distribuées gratuitement aux intéressés et a
titre de propagande, elles présentent une certaine valeur com-
merciale.

La distribution rationnelle des Comptes Rendus de DI'As-
semblée de Lishonne a rencontré des difficultés considérables.
Le Secrétaire est d’avis que la distribution des publications ne
pourra se faire d’'une manieére satisfaisante que dans les pays
ott les Comités Nationaux prétent leur collaboration effective
et, pour mettre en lumieére les difficultés actuelles, le Seerétaire
pense utile de relever que des 37 Comités Nationaux auxquels
le Bureau Central s’est adressé au sujet de la distribution des
Comptes-Rendus, 23 sculement ont répondu a la premicre lettre
et 7 autres a la seconde lettre a4 ce sujet. De plus, les réponses
ont évidemment été établies sur des principes bien différents:
quelques pays ont demandé un nombre d’exemplaires extréme-
ment modeste, tandis que d’autres pays paraissent en avoir
réclamé un nombre plus élevé que celui de leurs institutions et
des personnes travaillant dans le domaine des recherches de
I’Association.
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Dans sa réunion de Lisbonne, le Comité Exécutif a décidé
d’assister la Commission Internationale de I’Année Polaire
1932-1933 dans ses efforts pour faciliter les études et les
discussions des nombreuses observations et des enregistrements
de ’Année Polaire. Faisant suite a cette décision, le Bureau
Central de I’Association a créé des archives de photographies
sur films normaux, prises 4 P'aide du caméra Leica. Ces archives
contiennent surtout des enregistrements magnétiques de cette
période et des mesures et discussions inédites, mais de grand
intérét pour quelques chercheurs; jusqu’ici ont été obtenues des
copies de 39 observatoires, mais il convient d’ajouter que ces
reproductions ne sont pas toutes complétes. (Pour plus d’in-
formations, voir pp. 417-421). :

La collection actuelle s’est déja montrée trés utile en permet-
tant aux chercheurs d’y puiser des copies des enregistrements
qu’ils désireraient pour leurs recherches. Ces archives qui n’oc-
cupent que peu de place et qui sont par suite faciles a trans-
porter 4 un autre lieu, représentent déja une collection unique,
de grande valeur pour l'étude approfondiec des nombreux en-
registrements faits avec tant d’efforts et a tant de frais. Sur la
recommandation de la Commission Internationale de I’Année
Polaire, on s’occupe pour le moment d’établir un dépdt des
copies photographiques aussi en Amérique, au siége du Dé-
partement Magnétique de PInstitution Carnegie & Washington.

Convaincu, a maintes reprises, de la nécessité pour les
experts de connaitre les détails des enregistrements faits simul-
tanément a plusieurs stations, le Secrétaire conseille de pour-
suivre autant que possible la reproduction de tous les enregistre-
ments faits, avec l'indication de l'interprétation, et recommande
vivement & P’Association de prier les administrations des ob-
servatoires d’y collaborer, soit en prétant au Bureau Central de
PAssociation leurs enregistrements originaux, pourvus de don-
nées de réduction, soit en reproduisant cux-mémes sur films
leurs enregistrements conformément aux modéles et aux indi-
cations dudit Bureau.

Depuis Pinstitution de la Section de Magnétisme et Elee-
tricité Terrestres, la question de comparer entre elles les mesures
des divers observatoires a joué un réle important. Comme tout
le monde sait, le Département de Magnétisme de I'Institution
Carnegic a Washington et avant tous les deux chefs de ce Dé-
partement, ’ancien directeur Dr. Bauer et notre honoré Président,
ont rendu des services admirables pour établir sur toute la terre
des mesures comparables. Malgré cela, il reste encore a4 pouvoir
faire des mesures de contrdles. Grace a4 un petit appareil nou-
veau, le Q. H. M., I'Institut Météorologique de Danemark a pu
faire quelques essais & cette fin, en envoyant cet appareil par
la poste. Le Comité Exécutif a décidé de prendre part a ces

3*
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essais et le Bureau Central a organisé quelques mesurcs avee
les trois €. H. M. appartenant a4 I'Association.

Quant aux autres aspects de I'activité manifestée, il faut
mentionner que le Bureau Ceniral a servi en plusieurs cas
comme un bureau de conseils ou d’informations soit au sujet
des instruments soit pour d’autres questions techniques (par
exemple, sur les méthodes de réduction, ele.).

Ensuite, le Bureau Central a profité de la réunion de la
Commission Internationale de Magnétisme terrestre et d’Elec-
tricité atmosphérique 4 Varsovie (septembre 1835) pour faire
de la propagandc pour les archives photographiques des cn-
registrements magnétiques. Le Bureau a aussi fait de son micux
pour réaliser la coopération entre la Commission et 1'Association
sur diverses questions, proposées & cette occasion par la Com-
mission et miscs & Pordre du jour de I'Assemblée d’Edimbourg,

FINANCES

\

Report of Director of the Central Bureau of the Association
for the period April 1933 — December 1935

RECETTES Francs
siisses
L’Actif du Bureau Central au Ter Avril 1932 . .. ................... 25.580.71
Recu du Secrétariat Général ’Avril 1933 jusqiran Décembre 1935 36.730.26
Venie de copies photographiques, efc. ... 222.84
62.533.81
PAIEMENTS Francs
suaisses
Impression des Comptes-Rendus de I'Assemblée de Lishonne,
L O N 3.916.07
Pour la publication du caractére magnétique numérique des
Jjours 1933-35 3.040.00
Pour les reclhierches systématiques de Peffet de la lune sur le
MAagneétisme feITeSIIe .oooiiiiiiiiiiii e e re e e 4.560.00
Dépenses relatives aux traitements des observations de I'Année
POLaITE Lot e 6.4006.87
Dépenses relatives aux appareils magnétiques pour comparai-
sons internationales ..o 988.00
Dépenses relatives 4 Iéquipement pour reproductions photo-
graphiques des documentations ..........cccciimmenn.. 809.67
Autres dépenses (dépenses de hureau, de port, etc.) ............ 799.356
Perte Al COUDS .o e rire e e e 394.04
Actif au 31 Décembre 1935 ... s 41.619.81

62.533.81
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RAPPORT DE LA COMMISSION DES FINANCES

La Commission a le plaisir de rapporter qu'elle a trouvé
entiérement en régle administration du Secrétaire de I’Asso-
ciation et Directeur du Bureau Ceniral; elle lui exprime son
hommage pour son administration exccllente.

Au 8 septembre 1936 Zactif se montait a £ 2711-1-9 et
couronnes danoises 840.21.

Les recettes se composent des sommes recues de M. Mau-
rain, le précédent Scerétaire de P’Association équivalentes &
£ 2381-4-11'/3 et des sommes recues du Secrétariat Général de
PUnion en total 30318.00 fres. suisses; ensuite de quelques
petites sommes pour la vente de copies photographiques etc.

Parmi les paiements on peut citer: pour la publication du
caractere magnétique numérique des jours £ 300.-, pour les
recherches systématiques de Veffet de la lune sur le magné-
tisme terrestre £ 300.-, pour Iimpression des Comptes-Rendus
de PAssemblée de 1933 & Lisbonne cte. couronnes danoises
5771.05, puis un montant considérable pour: traitement des
observations de Année Polaire, instruments magnétiques pour
des comparaisons internationales, installation pour des repro-
ductions photographiques, dépenses de bureau, cte.

Edimbourg, le 22 septembre 1936.

J. KERANEN. G. van DIJK.
H. D. HARRADON.

SUMMARY OF MINUTES OF THE EXECUTIVE COMMITTEE

Sessions of September 14, 15, and 16, 1936

The Executive Committee held two informal meetings and
one regular scssion before the first plenary session of the As-
sociation. During those meetings estimates for the budget
1936-39 were made in order to be able to advise the General
Secretary of the Union of the needs of the Association; the
time-table for all the sessions of the Association and also the
new statutes and the election of officers of the Association for
the coming three years were discussed. It was agreed with
regard to publication of the transactions of the Edinburgh As-
scmbly of the Association that Dr. Bartels, Eherswalde, should
be called upon as a referee regarding questions of complete
publication of any paper, and that the articles should be
published in onc language only, this language being one using
ordinary Latin fonts; matters pertaining to charts of the distri-
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bution of aurorae were referred to the Auroral Committee.

Members of the Executive Committee present were: Dr.
Fleming, Colonel Agostinho, Prof. Chapman, Dr. la Cour, and
Dr. Crichton Mitchell.

Sessions of September 25 and 26, 1936

Members of both the old and the new Executive Committee
assisted at these meetings as far as they were present in Edin-
burgh, viz. Dr. Fleming, Prof. Chapman, Dr. la Cour, Dr.
Crichton Mitchell, Dr. Goldie, Prof. Kerinen and Prof. Maurain.

Two sessions were held on September 25. The following
decisions were taken:

As after the final meeting of the Association Dr. la Cour
was elected President of the Union, Dr. A. H. R. Goldie, Edin-
burgh, was appointed Secretary and Director of the Central
Bureau of the Association for the forth-coming period.

Prof. Tanakadate and Prof. Kerdinen were chosen by lot to
hold office as members of the Executive Committee for one
period only. ‘

In accordance with the actions taken by the Association, Sep-
tember 19, 21 (morning session) and 22 (morning session) the
Execcutive Committee appointed the following Committees:

Commiltee to organize the registration in Iceland for the investigation
of Giant Pulsations with power to add members (Committee No. 7,p.458).

Committee on methods of observatory-publication (Committee No. 8,
p. 458); — it was understood that Dr. Bartels should act as Dr. Fleming’s
proxy, and the committee is to collect and digest the opinion of those
concerned in publications of magnetic results.

Committee on classification of magnetic literature (Committee No. 9,
p. 458).

Committee to promote international comparisons of magnetic standards
(Commiltee No. 10, p. 458) ; — this committee is to report from time to
time to the Executive Committee,

In accordance with Resolutions adopted by the Association
and following previous decisions the following allotments were
recorded for the period 1936-1939:

: £
Res. 1: Department of Terrestrial Magnetism, Carnegie Institution
of Washington, should proceed and carry this matler
through; — expenditures were approved at 200

Polar Year work: Out of the £ 1200 left from the allotment made
at Lisbon, be allotted to the realization through Dr. van
Dijk of Res. 4: 125
and be immediately set aside for current minor expenses
at the discretion of the President of the International
Polar Year Commission: 100

425
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(Continued) : 425
Res. 5: For purchase of 12 QHM and other expenses involved: 300
Res. 8: For necessary assistance to carry out photographic work

for centralization of magnetograms: 450
Res. 16: To the investigation in Iceland of Giant Pulsations: 400
Publication of numerical character numbers during the next three

years: 300
Preparation of magnetic character numbers for the years before

1906 — (it was agreed that the numbers hefore the year

1906 were to be published as regards annual means in the
Journal of Terrestrial Magnetism and the daily values to

be manifolded in some convenient way): 100
Lunar work: For continuation of the lunar investigations by Prof.

Chapman: 300
Publication of Transactions of Edinburgh Assembly: 400

Tolal £ 2675

It was further agreed that one session of the Washington
Meeting 1939 should be devoted to detailed discussion of one
or two selected subjects. A leader is to be designated and
notification is to be given one year on beforehand.

Messrs. Fleming, Crichton Mitchell, and la Cour having
been authorized by the Executive Committee to approve the
minutes of the last meeting of the Association, these were read
during an informal meeting September 26, and were adopted
with minor corrections.







PART II

STATUTES

STATUTS DE L’ASSOCIATION DE MAGNETISME
ET ELECTRICITE TERRESTRES DE L’UNION GEODESIQUE
ET GEOPHYSIQUE INTERNATIONALE

I. — Objets de I’Association

I’Association a pour objets:

(1) d’¢tudier des questions qui concernent le magnétisme et
Iélectricité terrestres en tant que ces questions exigent la
coopération internationale pour en assurer I’étude effective ;

(2) d’encourager I’étude de ces sujets par les différents pays,
institutions, ou les particuliers.

II. — Membres de U'Association

Les pays qui adhérent & 'Union Géodésique et Géophysique
Internationale auront le droit de s’inscrire comme membres de
I'Association et de nommer des délégués pour se faire repré-
senter aux réunions de I’Association.

III. — Comités Nationaux

Avece P'approbation de son Comité National de I’'Union Géo-
désique et Géophysique Internationale, chacun des pays, en
devenant membre de I’Association, peut créer un Comité Na-
tional pour faire progresser les objets de ’Association dans son
propre territoire. Ces Comités Nationaux auront le droit de
déterminer leur propre constitution et de régler leurs affaires
en accord avec ces statuts et ceux de I'Union Géodésique et
Géophysique Internationale. Ils auront aussi le droit de nom-
mer des délégués a chaque réunion de I’Association et de sou-
mettre a ces réunions des questions & discuter pourvu que ces
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(uestions soient parvenues au Secrétaire de I'’Association au
moins quatre mois avant la réunion de I’Assemblée ou elles
sont a discuter.

La correspondance entre un Comité National de I’Associa-
tion et le Comité Exécutif de I’Association sera conduite par
le Comité National local de I'Union Géodésique et Géophysique
Internationale.

IV. — Administration de U'Association

Les travaux de I’Association seront dirigés par I'assemblée
générale des délégués choisis par les Comités Nationaux de
I’Association.

L’Association aura un Comité Exécutif qui comprendra le
Président, les deux Vice-Présidents, le Secrétaire, et cing mem-
bres de plus, tous élus par Passemblée générale de I’Association.

Chacun des membres du Comité Exécutif demeurera en
fonctions jusqu’au ler janvier de an qui suit celui de I’élec-
tion de son successeur. L’intervalle entre deux dates succes-
sives de transfert des pouvoirs, sera appelé, pour les buts de
ces statuts, une période. Sauf disposition contraire, personne
ne sera rééligible avant Pexpiration d’une période aprés la
cessation de ces fonctions.

Le Président restera en fonctions pour une période et les
Vice-Présidents pour deux périodes. Le Secrétaire se retirera
aprés une période mais il peut étre réélu pourvu que son ad-
ministration continue ne dépasse pas trois périodes. Les cinq
membres additionnels du Comité Exécutif resteront en fonctions
pendant deux périodes.

Le Comité Exécutif aura le droit de pourvoir aux vacances
qui surviendraient dans son sein pendant Iintervalle entre deux
assemblées générales. Toute personne désignée dans ces con-
ditions restera en fonctions jusqu’a I'assemblée générale suiv-
ante et sa rééligibilité par conséquent ne sera pas affectée.
Si la vacance est celle du Président, le Comité Exécutif nom-
mera un des Vice-Présidents pour le remplacer jusqu’a las-
semblée générale suivante.

Le Président présidera toutes les assemblées générales et les
séances du Comité Exécutif et, en conférence avec le Secrétaire,
réglera les affaires de I’Association entre les assemblées géné-
rales.

Les Vice-Présidents, ou I'un ou l'autre, conformément a la
disposition du Comité Exécutif, présideront les assemblées gé-
nérales en I’absence du Président.

Les fonctions du Secrétaire seront les suivantes: (1) D’ex-
pédier toute correspondance relative aux affaires de I’Associa-
tion; (2) de recevoir et de gérer les sommes qui peuvent étre
allouées par I’'Union Géodésique et Géophysique Internationale
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ou d’autre provenance; (3) de débourser telles sommes con-
formément aux décisions de I'assemblée générale ou aux in-
structions du Comité Exécutif; (4) de tenir le compte de
tout Pargent recu et dépensé et de soumettre ce compte a
Iexamen d’un comité financier nommé a cet effet par las-
semblée générale; (5) de rédiger et publier les comptes-rendus
de I’Association et de procéder a leur distribution selon les di-
rectives de l'assemblée générale,

Soumis aux directives générales et spéciales de I'assemblée
générale, le Comité Exécutif aura le droit: (1) de fixer lordre
du jour de chaque assemblée générale; (2) de confier a des
commissions spéciales ou a des particuliers la préparation de
rapports sur des sujets rentrant dans la compétence de I'As-
sociation; (3) de choisir et de consulter des personnes et des
institutions représentatives des pays qui n’adherent pas a I'As-
sociation, ces personnes ou institutions étant considérées comme
membres correspondants de I’Association.

Si, pour un motif qui semblerait bon et suffisant, le Comité
Exécutif le considére nécessaire ou désirable de s’écarter de la
décision ou des instructions de 'assemblée générale ou bien de
Pinterprétation formelle de ces statuts, il en aura le droit
pourvu qu’un exposé¢ de I'action réalisée ou non réalisce, ap-
puyé¢ des motifs, soit présenté a I'assemblée générale suivante.

V. — Assemblées de I'Association

Une assemblée générale ordinaire se tiendra & I'occasion de
I’assemblée générale ordinaire de I'Union Géodésique et Geo-
physique Internationale.

Le Président peut, avee 'approbation du Comité Exécutif,
convoquer une assemblée générale extraordinaire de I’Associa-
tion. Il sera tenu de le faire 4 la demande d’au moins la
moitié des voix des pays adhérents a 1’Association, exprimée
par leurs Comités Nationaux.

Avee le consentement du Comité Exécutif, le Président peut
inviter comme hotes des représentants d’institutions ou d’autres
personnes intéressées a assister aux séances d'une assemblée
générale.

Sauf dans le cas de modification de ces statuts ou de
questions financiéres, toutes les questions présentées 4 une as-
semblée générale seront décidées a la majorité des voix des
délégués. Sur les questions relatives a la modification de ces
statuts, chaque pays représenté dans I'assemblée générale aura
une voix laquelle sera donnée par un représentant choisi par
les délégués du pays considéré. En ce qui concerne les ques-
tions financiéres le scrutin se fera selon les statuts de I'Union
Géodésique et Géophysique Internationale. Dans tout cas ne
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concernant pas une modification aux statuts, s’il y a égalité de
voix, celle du Président sera prépondérante.

L’ordre du jour d’une assemblée générale sera préparé par
le Secrétaire et communiqué aux membres de 1'assemblée gé-
nérale au moins quatre mois avant Pouverture de la session.
Il y figurera toutes les questions qui auront été soumises par
les Comités Nationaux pour étre discutées A l’assemblée géné-
rale, avec d’autres questions qui peuvent étre mises a l'ordre
du jour par le Comité Exécutif. Toute question qui n’a pas été
ainsi communiquée ne peut étre prise en considération qu’avec
Passentiment de lassemblée générale,

VI. — Budget

Le Secrétaire préparera un budget de prévision de recettes
et dépenscs pour la période comprise entre deux assemblées
générales ordinaires successives. Il présentera ce budget au
Comité Exécutif au cours des sessions de I'assemblée générale
qui précéde immédiatement cette période et, aprés en avoir regu
Iapprobation, i1 peut procéder au déboursement des fonds
conformément i cette approbation.

A chaque assemblée générale ordinaire, un Comité sera
institué pour examiner les comptes et présenter a I’Association
un rapport sur les résultats de cet examen.

VII. — Interprétation et modification des statuts

Le présent texfe frangais scrvira cexclusivement pour l'in-
terprétation & donner a ces statufs.

Aucun changement ne pourra y étre apporté saul dans le
cas ol

(1) Un pays, par Pintermédiaire de son Comité National, fait
savoir son intention de proposer une modification — cette
intention ayant été communiquée au Secrétaire au moins
six mois avant I'assemblée générale a laquelle la question
doit étre étudiée.

(2) Le changement recoit 'approbation d’au moins deux tiers
du nombre des pays appartecnant & P’Association.
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STATUTES OF THE ASSOCIATION OF TERRESTRIAL
MAGNETISM AND ELECTRICITY OF THE INTERNATIONAL
UNION OF GEODESY AND GEOPHYSICS

I. — Objects of the Association

The objects of the Association are:

(1) The study of questions relating to terrestrial magnetism and
electricity in so far as these questions require international
cooperation for their effective investigation.

(2) The encouragement of research in the above subjects by
individual countries, institutions, or persons.

II. — Members of the Association

The counfries which adhere {o the International Union of
Geodesy and Geophysics shall be cligible as members of the
Association, and may appoint delegates to represent them at
meetings of the Association.

IIl. — National Committees

With the approval of its National Committee of the Inter-
national Union of Geodesy and Geophysics, any country be-
coming a member of the Association may constitute a Nafional
Committee for the purposc of furthering the aims of the Asso-
ciation within its territory. Such National Committces shall have
power to determine their own constitution and to regulate their
own procedure in accordance with these Statutes and the Sta-
tutes of the International Union of Geodesy and Geophysics.
They have also the right o appoint dclegates to cach meeting
of the Association and to submit subjects for discussion at these
meetings, provided that notice of such subjects is reccived by
the Secretary of the Association not less than four months he-
fore the mecting of the Assembly at which they are to be
discussed.

Correspondence hetween a National Committee of the As-
sociation and the Execcutive Committee of the Association shall
be carried on through the local National Committee of the In-
ternational Union of Geodesy and Geophysics.

IV.

The work of the Association shall be transacted by the
general assembly of the delegates appointed by the National
Committecs of the Association.

Administration of the Association
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The Exccutive Committee of the Association shall consist
of the President, the two Vice-Presidents, the Secrctary, and five
additional members, all being elected by the general assembly
of the Association.

2ach member of the Exccutive Committee shall hold office
until January 1 of the year immediately following that in
which his successor in office has been elected. The interval
elapsing between two successive dates of transfer of offices
shall, for the purposes of these Statutes, be termed a period.
Except where otherwise provided, no person shall be cligible
for the same office before the expiry of one period after his
demitting such office.

The President shall hold office for one period, and the Vice-
Presidents for two periods. The Secerctary shall hold office for
one period but shall be eligible for reelection, provided that
any continuous tenure of office shall not exceed three periods.
The five additional members of the Executive Committee
shall hold office for two periods.

In the event of any vacancy in the Executive Committee
occurring in its membership during the interval between two
general assemblies, the Executive Committee shall have power
to fill the vacancy, such election being ralid until the next
general assembly, and the eligibility for reelection of the person
so elected shall not be affected by such election. Provided that
if the vacancy be that of the office of President, the Exccutive
Committee shall appoint one of the Vice-Presidents to act until
the next general assembly.

The duties of the President are to preside at all general as-
semblies of the Association and at meetings of the Executive
Committee, and, in consultation with the Secretary, to regulate
the current business of the Association between general as-
semblies.

It is the duty of the Vice-Presidents, one or other as may
be determined by the Executive Committee, to preside at gener-
al assemblies in the absence of the President.

The duties of the Secretary shall comprise the following:
(1) To carry on all correspondence relating to the affairs of
the Association; (2) to reccive and keep charge of such funds
as may be allotted by the International Union of Geodesy and
Geophysies to the Association, or as may be received from any
other source; (3) to disburse such funds in accordance with
the decisions of the general assembly or with the instruc-
tions of the Executive Committee; (4) to keep the account
of all receipts and disbursements and to submit such account
for examination and audit by any financial committee appoint-
ed for the purposc by the general assembly; (5) to prepare
and publish the transactions of the Association, and to arrange
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for their distribution in accordance with the directions of the
general assembly.

Subject to the general or special directions of the general
assembly, the Exccutive Committee shall have power: (1) To
arrange the agenda of cach general assembly; (2) to entrust to
special commissions or to particular individuals the preparation
of reports on subjects within the province of the Association;
(3) to select and consult with persons or representative institu-
tions belonging to countries which are not within the Associa-
tion, such persons or institutions being deemed corresponding
members of the Association.

If, for any reasons that may appear to it to be good and
sufficient, the Execulive Committee considers il. necessary or
desirable to depart cither from the decision or the instructions
of the general assembly or from the strict interpretation of
these Statutes, it shall have power to do so, provided that a state-
ment of the action taken or not taken, with reasons for the
same, shall be laid before the next general assembly.

V. Assemblies of the Associalion

An ordinary general assembly of the Association shall be
held in connection with the ordinary general assembly of the
International Union of Geodesy and Geophysics.

The President may, with the approval of the Executive Com-
mittee, call an extraordinary general assembly of the Associa-
tion. He shall be obliged to do so on the request of not less
than one-half of the votes of the countries adhering to the As-
sociation, as expressed by their National Committees.

With the consent of the Executive Committee, the President
may invite as guests representatives of institutions or other
interested persons to be present al meetings of a general as-
sembly.

Except in questions relating to the alleration of these Sta-
tutes or to financial questions, all questions before a general
assembly shall be decided by the majority of votes of those
delegates then present. In questions relating to the alteration
of these Statutes, cach country represented at a general as-
semhly shall have one vote, to be given by a representative
chosen by the delegates from the respective country. In all
financial questions, the voting shall be in accordance with the
Statutes of the International Union of Geodesy and Geophysics.
In all questions not relating to the alteration of these Statutes,
if there be an equalily of votes, the President has a casting
vote in addition to his own deliberative vote.

The agenda of a general assembly shall be prepared by the
Secretary and circulated to members of the general assembly

4
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not less than four months hefore the opening of the general
assembly. It shall include all questions which have been sub-
mitted by National Committees for discussion at the general
assembly, together with any other questions placed on the
agenda by the Executive Comunittece. Any questions of which
notice has not thus been given may only be discussed with the
consent of the general assembly. '

VI. — Budget

The Secretary shall prepare, for each period intervening
between two successive ordinary general assemblies, a budget
estimate of receipts and expenditures during that period. He
shall lay this before the Executive Committee during the
meetings of the general assembly immediately preceding that
period, and, having received its approval, he may proceed with
the disbursement of funds in accordance with that approval.

At each ordinary general assembly a committee shall be ap-
pointed to examine the accounts and to report the results of
their examination to the Association,

VII. — Interpretation and Alteration of Statutes

The French text shall serve cxclusively for interpretation
of these Statutes.

No change may be made in the present Statutes except:

(1) By notice being given by any country, through its Natjonal
Committee, of its intention to move an alteration, such
notice being given to the Secretary not less than six months
before the general assembly at which it is intended to be
discussed.

(2) By the approval of at least two-thirds of the number of
countries included in the Association,
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AUSTRALIA

REPORT ON RESEARCHES IN ATMOSPHERIC
ELECTRICITY DURING 1933-1936

By D. I, MARTYN

(1) Commonwealth Solar Observatory.

Rescarches on this subject arve being continuously pursucd
at the observatory. The results of recent work have been pub-
lished in the following papers:

Atmospheric Electric Observations, by A. R. Hogg, Gerl. Beit.
z. Geophys., 41, 4, p. 1 (1934).

Average Life of Small lons and Atmospheric Ionisation
Equilibria, by A. R. Hogg, ibid, 41, 1, p. 32 (1934).

Continuecns Obscrvations of the Rate of Production of Smail
Ions in the Atmosphere, by A. R. Hogg. ibid., 43, p. 359 (19353).

The observatory has also collaborated with the Common-
wealth Radio Rescarch Board in investigations of atmospherics,
and in the examination of the ionosphere. This work is being
carricd out by Mr. Higgs, and is further referred to bhelow, It
is anticipated that automatic apparatus for measuring the elec-
tronic densities in the ionosphere, similar to that now in regular
operation in Sydney, will shortly he installed in the ohservatory.

(2) Commonwealth Radio Research Board.

The Board’s investigations of the ionosphere are being car-
ricd out in Sydney, under the direction of Prof. J. P. V. Madsen.
During the period tunder review several investigations of the
structure of the ionosphere have been made. These have led
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to a number of coneclusions concerning the constituents and
physical state of the upper atmosphere. In particular, it is found
that the temperature of the F-region of the ionosphere is
normally very high, and of the order 1000° K. The temperature
of the E-region is found to be much lower, of the order 300° K.
Evidence is found of a temperature maximum at a height of
about 60 kms. The existence of such temperature inversions
in the upper atmosphere, together with their diurnal and
scasonal changes, must he expected to play an important part
in determining the character of the corresponding changes in
the external part of the carth’s magnetic field. Since May 1936,
an automatic apparatus has been in regular operation, recording
at half-hourly intervals the electronic densities in the various
regions of the ionosphere. It is anticipated that two similar
cquipments will be installed at Canberra and Melbourne early
in 1937. The results of investigations carried out during the
period are published in the following papers:

The Temperatures and Constituents of the Upper Atmosphere,
by D. F. Martyn and O. O. Pulley, Proc. Roy. Soc., A 154, p. 455
(1‘).36)

The Propagation of Medium Radio Waves in the Tonosphere,
by D. F. Martyn, Proc. Phys. Soc., 47, p. 323 (1935).

Interaction of Radio Waves, by V. A. Bailey and D. F. Martyn,
Nature, 135, p. 585 (1935).

Long Distance Observations of Radio Waves of Medium
Frequencies, by D. I'. Martyn, R. O. Cherry, and A. L. Green,
Proc. Phys. Soc., 47, p. 340 (1935).

Radio Studices of the Ionosphere, by D. F. Martyn and A. L.
Green, Nature, 132, p. 523 (1933).

The Board’s investigations ol almospherics are still heing

arried oul in the Natural Philosophy Department, Universily
of Meclbourne, under the direction of Prof. T. H. Laby. During
the period an expedition was sent to Toowoomba in Quecens-
land, for the purpose of studying more intensively the locations
of the main sources of atmospherics in Australia. As a result
of this investigation a map has been prepared showing the
summer distribution of the main sources of atmospherics near
Eastern Australia. It has been found that the average power
radiated by a lightning flash in a particular waveband is
comparatively constant. It is found that a large percentage of
the observed sources of atmospherics appear to be thunderstorm
groups of the frontal type.

The results of this work are published in a paper by G. H.
Munro, H. C. Webster, and A. J. Higgs, Bulletin 89 of the Com-
monwealth Council for Scientific and Industrial Research, Mel-
bourne, 1935.
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AZORES

RAPPORT SUR I’ACTIVITE DU SERVICE
METEOROLOGIQUE DES ACORES DANS LE DOMAINE
DE MAGNETISME TERRESTRE DEPUIS OCTOBRE 1933

Par J. AGOSTINHO

Observatoire Magnétique de San Miguel, prés Ponta Delgada.
Enregistrements continuels des éléments magnétiques ont éte
assurés par les cnregistreurs Mascart et la Cour (modéle
rapide). Pour des raisons d’économie les enregistrements de
H et de 7Z ont di étre interrompus pendant quelque temps,
mais leur continuation est maintenant assurée. Les valeurs
horaires de D ont été dépouillées el les moyennes horaires
mensuelles seront publiées,

Caractére magnétique numérique des jours. lLa calculation
du caractére magnétique numérique des jours est maintenant
assurée. Les valeurs pour I'Année Polaire seront communicquées
pour publication &4 la Commission Internationale de I’Année
Polaire.

Station Magnélique « Angra do Heroismo (Ile Terceira).
On a profité du nouveau site pour la construction de I'Observa-
toire Météorologique et Géophysique 4 Angra do Heroismo pour
y ¢tablir une station magnétique ou les valeurs moyennes de
D sont obtenues chaque jour par des lectures directes d’un
déclinometre Mascart et des mesures absolues avee un théodolite
Brunner. Les perturbations locales ne semblent étre si forles
qua Ponta Delgada, en raison de la constitution du sol. En
comparant les valeurs de D 4 Ponta Delgada et & Angra, on
cherche a voir jusqu’a quel point les perturbations locales
auront influence sur la variation journalicre et séculaire de D
telle qu’elle est obtenue aux Acores.

Par une coincidence assez curicuse la différence notéce
jusqu’a présent entre les valeurs de D aux piliers centraux &
Ponta Delgada et a Angra est de 45" et répond a la différence
qui aurait été due a la situation géographique seulement,
c. & d., si nulle perturbation locale n’existait. Cette perturbation
fait qu’a Ponta Delgada et & Angra les mesures de D faites
sur les piliers centraux, sont inféricurs de 1° 48 a la ddéeli-
naison montrée sur les cartes de 1’Océan Atlantique.

Stations de répétition. — On dispose d’'un hon nombre de
stations de répétition aux Acores. Elles sont constituées par
des piliers en calcaire ot des mesures absolues des éléments

4r
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magnétiques sont faites de temps en temps. Le service dispose
aussi de stations dc répétition & Madeira.

Année Polaire 1932-33. — Les valeurs horaires de I pour
tous les jours de DAnnée Polaire ont été dépouillées. Lce
caractére magnétique des jours dans ’¢chelle 0-1-2 a déja été
publié ct le caractére magnétique numérique est prét pour la
publication. Les wvaleurs mensuelles moyennes de D et les
moycnnes des mesures absolues de H et I pour 1932 ont été
publiées dans notre Résumé d’Ohscervations pour 1932, Le
Résumdé pour 1933 cst sous presse.

11 est intéressant de signaler que nous avons installé & Angra
un atmoradiographe Lugeon, ce (ui nous apportera des donncées
pour la connaissance des conditions dans Iionosphére, L’instru-
ment cnregistre les parasites sur onde de 27 key (11000 métres).

Nous envisageons la possibilité d’étudier les courants tel-
luriques & Terceira, sitét que nous aurons les moyens d’ac-
quérir les instruments nécessaires.

Des mesurces de 'ozone scront aussi faites lorsque des instru-
ments soient ohtenus,

Angra do Heroismo, Acores, Aotif 19306,

DENMARK

RAPPORT SUR LES TRAVAUX MAGNETIQUES
DU DANEMARK 1933-36

Par D. LA COUR

L’Observatoire Magnétique de Copenhague (Rude Skov) a
continué réguliérement et sans interruptions les enregistre-
ments a déroulement ordinaire & Paide de deux jeux de vario-
meétres différents et les enregistrements 4 marche rapide a
Paide d’'un troisiéme jeu de variométres. Les déterminations
des valeurs absolues des lignes de hase el d’échelle ont élé
contmuees comme auparavant.

électrification du chemin de fer passant dans le voisinage
de 1’0])se1‘vat0ire situé dans la forét de Rude (Rude Skov),
a ¢té mise en vigueur depuis le printemps 1936. L’effet de
P’électrification s’est montré d'une autre maniére et d'une
intensité beaucoup plus petite qu'il n’avait été attendu. Une
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note & ce sujet sera présentée a I'Assemblée d’Edimbourg par
D. ta Cour et E. Hoge.

Les valeurs déduites des enrvegistrements faits a I'Obser-
vatoire de Copenhague ont été publiées par Plnstitut Météoro-
logique de Danemark dans son Annuaire Magnétique, 1ére
Partie: Le Danemark (excepté le Groenfand). Les annuaires
de 1932-1933 qui contiennent les observations de 1’Année
Polaire ont été rédigés selon les recominandations faites par la
Commission Internationale de PAnnéc Polaire, en prenant
comme ntodéle “The Observatories’ Year Book® publié par le
Meteorological Office, Londres. Cette nouvelle composition des
matiéres a été retenue dans Pannuaire de 1934.

Les enregistrements faits & Rude Skov ont ¢té mis 4 la
disposition du Bureau Central de ’Association pour étre photo-
graphiés sur films pour les archives de celle-ei. L’annuairc
de 1935 paraitra environ au commencement de 1937

L’Observatoire de Copenhague a égalcment continué de
servir de station de base pour I’Observatoire Magnétique de
Godhavn pour ce qui concerne les provisions d’instruments ct
d’accessoires, et a plusicurs reprises ont été faites des
comparaisons mutuclles des déterminations des forces horizon-
{ales et verticales 4 l'aide des instruments QHM et BM envoyés
de Copenhague au Groenland et vice versa.

De plus, 'Observatoire a continué d’assisier des personnes
ct des institutions étrangéres en construisant et en procurant
divers instruments pour leurs recherches du magnétisme
terrestre. Ainsi I’Obscrvatoire a. aussi aidé la Cominission
Internationale de I’Année Polaire avee le rajustement des
instruments magnétiques gui ont été remaniés aprés lcur
cmploi aux diverses stations pendant Année Polaire. Parmi
les instruments procurés pour I'étranger scront mentionnés
oufre les variometres et les enregistreurs 4 marche normale
et & marche rapide du type ordinaire de I’Obscrvatoire, les
instruments QHM et BM destinés a la comparaison des déter-
minations des valeurs absolues et an contrdle des variomeétres
pour la déclinaison, Ia force horizontale et la force verticale,
les déclinomeétres a grande sensibilité (et a valeur d’échelle
négative) a étre employés surtout dans les latitudes basses,
et enfin le HZ intensiométre électrigue pour la détermination
directe des deux composantes de la force magnétique. Pour
pouvoir ajuster des divers instruments dans d’autres champs
verticaux que celui de I'Ohservatoire de Copenhague une
bobine Helmholtz-Gaungain ayant un diamétre de 2 m, a été
construite, Celte bobine permet de changer le champ avce
une précision considérable jusqu'a 100000y env.

Au cours des derniéres années I'Ohservatoire a assisté &
procurer pour Iétranger les instruments suivants: déclino-
métres 65, variometres pour H 65, variométres pour Z 73, cn-
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registreurs & marche ordinaire (15 mm/h) 28, enregistreurs &
marche rapide (180 mm/h) 43, HZ intensiomelres électriques 2,
BM (Balances Magnétométriques) 6 et QHM (Quartz-H-Magnéto-
metres) 7. Ce dernier instrument et sa fonction a été déerit
dans les Communications Magnétiques, etc. Nos. 15 et 16,
intitulées respectivement: «Le quartz-magnétomeétre QHM» par
D. la Cour et ¢<Exemple d’emploi du QHM pour le controle des
rariométres pour la déclinaison et pour la force horizontales
par D. la Cour et E. Sucksdorff. .

Les erreurs systématiques originaires des inclinaisons de
Paxe magnétique et de DPaxe de rotation d’une balance
magnétique ont été étudiées par M. Johs. Olsen (Journal of
Terrestrial Magnetism and Electricity, 1934, pp. 173-186 el
Communications Magnétiques, efc. No. 14) et le comportement
des variometres pour la force verticale et pour la force hori-
zontale dans les régions arctiques a ¢été ¢lucidé dans le No. 17
des Communications Magnétiques elc., intitulé¢ «Contribution &
la connaissance du comportement des variométres modernes,
expériences obtenues a I'Observatoire Magnétique de Godhavn»
par D. la Cour et Johs. Olsen.

M. J. Egedal a continué ses travaux pour améliorer les
mesures de 'inelinaison a Paide de P'inducteur Edelmann. En
remplacant les parties magnétiques de linducteur, en
employant des couches d’agate et en rajustant Pappareil de
toutes les maniéres possibles, Uerreur moyenne d’une déter-
mination de Dinclinaison & Copenhague a été réduite a
+ 0./06.

Pendant les hivers de 1934-35 et 1935-36 et en collabora-
tion avec I'Observatoire de Sodankyld a ¢été établie une station
temporaire 4 Vuotso située a 83 km env. au nord de Sodankyli.
La station de Vuotso a été munie d’'un enregistreur a marche
rapide, et des observations et des photographies des aurorecs
boré¢ales y ont aussi été effectuces. Cette station temporaire a
été établiec en premieére ligne dans Pintention de rassembler
des informations sur les perturbations magnétiques locales aux
régions arctiques dans le but d’élucider les conditions pour des
recherches rationnelles des perturbations magnétiques de ces
régions. Il s’est montré que de temps a temps il y a des
différences assez grandes entre les enregistrements de deux
stations séparées de 83 km sculement, et les oscillations les
plus courtes entre celles enregistrées, sont le plus souvent tout-
a-fait différentes a ces deux stations. Nous désirons exprimer
ici notre gratitude sincére pour la collaboration agréable
assurée par la direction de 1’Observatoire de Sodankyld ct par
le directeur de celui-ci M. E. Sucksdorff.

L’Observatoire Magnétique de Godhavn a continu¢ les en-
registrements par trois magnétographes dont les deux & déroule-
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ment de 15 mun/h tandis que le troisieme a enregisiré continuelle-
ment a4 180 mm/h pendant toule la période.

Les déterminations de la valeur de la force verticale a4 God-
havn ont été comparées a celles de I'Observatoire de Copen-
hague par une comparaison effectuée apres I’Année Polaire 4
Paide du HZ intensiométre sur le voyage de retour de la station
de Thule, 11 s’est montré que 'étalon d’induction mutuelle utilisé
dans I'intensiométre n’avait pas resté constant; cet étalon fait
en marbre imperméabilisé, ayant augmenté de 0.17 9/, par an,
on a remplacé I’étalon de marbre par un étalon de porcelaine
qui semble beaucoup plus constant. Une comparaison récente
a montré que la variation de I’étalon au cours des années a été
réguliére, ce qui a permis de réduire toute la série des enregistre-
ments d’une maniere satisfaisante.

Les déterminations de la force horizontale a Godhavn ont
¢té comparées a diverses reprises a aide d'un QHM qui a été
envoyé plusieurs fois au Groenland et retour & Copenhague.
Le controle ainsi effectué a donné des résultats tout-a-fait satis-
faisants (voir par ex. Communications Magnétiques, elc. No.
15, p. 21 et No. 17, p. 13).

Les enregistrements jusqu’a 1936 ont été mesurés a Godhavn.
La seconde mesure et les réductions définitives jusqu'a 1934
ont ¢té effectuées & Copenhague. Pourtant, jusqu’a présent seuls
les résultats de 1932 et 1933, renfermant ceux de 'Année Polaire,
ont élé imprimés, Autres résultats, parmi lesquels des tableaux
de l'activité horaire du 1. janvier 1927 au 31 décembre 1928 ct
du 1. aolt 1932 au 31 aott 1933 et les enregistrements faits
pendant 'Année Polaire, ont été photographiés sur films pour
les archives de 1’Association.

Les enregistrements faits pendant Année Polaire a Thule
situé a la c¢ote nord-ouest du Groenland et prés de 'axe magné-
tique du Globe, ont été mesurés et réduits. Les résultats de cette
station ne sont pas encore imprimés, mais les tableaux définitifs
des valeurs horaires des éléments et de Pactivité horaire ainsi
que tous les enregistrements, ont été photographiés et se trouvent
dans les archives de I’Association.

Les résultats des observations et des enregistrements faits
pendant PAnnée Polaire a Julianchaab, situ¢ dans le Sud du
Groenland, sont au méme point que ceux obtenus & Thule. Les
tableaux sont sous presse. Des photographies sur films des
tableaux et des enregistrements se lrouvent aussi dans les ar-
chives de I’Association ou elles sont a la disposition des cher-
cheurs.

La station de Julianehaab a continué a fonctionner un an
aprés Année Polaire.

Un aper¢u complet des observations et enregistrements faits
pendant P'Année Polaire par les observatoires magnétiques
danois & Copenhague (Rude Skov), Thule, Godhavn et Juliane-
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haab, a été présenté au Bureau de la Commission Internationale
de PAnnée Polaire pour étre inséré dans le Catalogue de la
Commission sur les observations faites pendant I'Année Polaire.

FINLAND

PROGRESS OF WORK IN TERRESTRIAL MAGNETISM
AND ELECTRICITY IN 1934-1936

By. J. KERANEN

Field Work. In the summer 1934 I have occupicd the repeat
stations in the southwestern archipelago of Finland. In the
spring 1935 I made some magnetic measurcments on the ice
in the western part of Lake Laatokka. In the summer an ex-
pedition, consisting of Mr. E. Sucksdorff and myself, occupied
8 hills in Lapland, where watching stations for protection
against forest-fires have been established, and 3 adjacent repeat
stations.

In the current year 1936 in April T have surveyed on the
ice a small district on the fairway in the vicinity of Hanko.
After that the Mceteorological Office and the Board of Navi-
gation organized an expedition for magnetic measurements on
the ice on the archipelage of the Gulf of Bothnia outside the
town of Vaasa. The expedition worked under the leadership
of Mr. V. Kaéridinen on the fairways and occupied 21 stations.

The Study of the Secular Variation. The observations on the
repeat stations in the years 1932-1934 have been worked up.
We have received valuable help in the form of reduction ma-
tertal from the authoritics of the magnetic ohservatories of
Lovo, Abisko, Slutzk (Paviowsk), Petsamo and Sodankyla. While
the repeat stations were occupicd carlier in the vear 1913, 1
could develop the general features of the secular variation dur-
ing the period 1913.5-1933.5 in Finland. The distribution of this
variation for the elements, declination AD, inelination AT
and horizontal intensity AH can be represented by the equa-
tions:

AD =170."6 + 0.912A¢ — 3.961A%
1913.5—1933.3 { Al =58.07 + 1.156A¢ + 1.28627
AH = —896y — 4.13A¢ — 16.2147

Ay and AL are the differences of the latitude ¢ and longitude 7
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from the central point 64.°2 N, 23.°2 E. The observed secular
change differs from the calculated value at each repeat station
by AD 2.3, by Al £1.6 and by AH +16y on an average.
In this eonnection I have also reckoned the mean values of the
sccular variation from the earliest magnetic {icld observations
in Finland, made in the years 1825, 1830, 1840 and 1847, up to
the newest cpoch, viz. 1933.5.

The result of my study of the secular variation is published
in the paper: “Uher die sikulare Variation der erdmagnetischen
Kraft in Finnland”; Helsinki 1936.

The Magnetic Survey. 1 have written a monograph on the
terrestrial earth-magnetic conditions in Finland in the new geo-
graphic manual of Finland (Suomen Maanlieleen Edsikirja)
published by the Geographic Society of Finland. My paper is
entitled “Maamagnetismi” and contains in three maps the lines
of cqual Declination, Inclination and Vertical Intensity on July
1, 1935. The whole magnetic obscervation material on land and
sca will now be reduced to the epoch 1933.5, using the above
mentioned results of the secular variation in Finland,

The Temporary Magnelic Observations. The ohservatory
magnetic work is in the charge of the Academy of Science.
Our small observatories are provided only with rapid-running
magnetographs. The station Kajaani (64° 13' N, 27° 46" E)
established in the Polar Year, has been in operation till June
1936. On the recommendation of the Infernational Association
of Terrestrial Magnetism and Eleelricity (Resolution 21, ¢ at
Lisbon) the Academy founded a magnetic station in the vicinity
of Helsinki (60° 16" N, 24° 58" E) in January 1934. The station
is still in operation. A magnetic station has been operated in
1935 from January to May and from Scptember to April 1936
at Vuotso (68° 05" N, 27° 06" E). The expenses of the station
have heen divided befween the Danish Mcteorological Institute
and the Finnish Academy of Science. During the winter and
spring 1933 Dr. P. Th. Justesen from Denmark worked at
Vuotso at his own expense and carried out an effective study
of auroral phenomena.

Comparison of the Magnetic Standards. Our ficld instru-
ments were comparcd with those of the Kungl. Sjskarteverket
in Sweden in June 1934 at the repeat station of Signilskir.

In February 1836 I had the opportunity of making a coim-
parison between the Finnish and Russian standards at Slutzk
and later on in April at Sodankyli.

Resulls of Polar Year. The ordinary magnctic registration
material, obtained during the Polar Year at Petsamo, has been
worked up by Mr. M. Tommila and is now ready for printing
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and will appear in the course of the autumn in the Annals of
the Finnish Academy of Science.

Helsinki, Seplember 3, 1936.

REPORT REGARDING RESEARCH WORK AT THE
GEOPHYSICAL OBSERVATORY SODANKYLA
IN 1933-1936

By E. SUCKSDORFF

I. Terrestrial Magnetism.

The magnetic elements H, D and V have been continuously
recorded with a Toepfer 20 mm/h recorder (since 1914) and a
quick-run recorder, system La Cour (since December 1931).
The absolute magnetic measurements are made with the mag-
netometer No. 101 and the ecarth inductor No. 104, both con-
structed by Schulze, Potsdam.

The magnetic results of the observatory, Ergebnisse der
Magnetischen Beobachtungen des Observatoriums zu Sodankyld,
No. 13 (for the year 1926) by IH. Hyyryldinen, and Nos. 17-20
(1930-1933) by E. Sucksdorff, have heen published.

In connection with the measurements, made by Dr. Johannes
Olsen, Copenhagen, with two quartz-H-magnetometers (QHM)
during magnetic disturbances, at Sod(mk\fld in October 1935,
was detected that the needles of the Toepfer D and H vario-
meters do not lie accurately in their normal positions, in the
direction of the magnetic lines and perpendicular towards them.’
This defect was investigated by Director la Cour and myself in
April 1936 by means of a QHM; the results of the investigation
are published in Communications magnétiques, etc.,, No. 16
(Copenhague 1936). According to these results the eclements
H and D are to reckon according to the formulas:

H = H;+10.34 ny + 0.465 np — (t—15°) and
D = Dy+1.114 n, — 0.849 n,,,

where n;; and ny mean the ordinates in mm, and t the tem-
perature in centigrades.

In collaboration with the Danish Meleorological Institute a
temporary magnetic and auroral stalion was established in
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January 1935 at Vuotso, 84 km north of Sodankyla. This Sta-
tion worked, under the leadership of a danish physician, Dr.
P. Th. Justesen, till April 1935, and then again from September
1935 to April 1936 under Dr. K. Thiesen and S. Sarkkama. A pre-
liminary comparison of the quick-run records of Vuotso and
Sodankyld shows that there in many cases are considerable dif-
ferences hetween the curves of these two neighbouring stations
during magnetic disturbances.

I1. Earth currents.

The NS- and WE-components of the carth currents have
been recorded continuously with a danish 15 mm/h normal and
a 180 mm/h quick-run-recorder. The distance between the cop-
per electrodes is 600 meters for both the components; there
is also, for control, a second set of similar eclectrodes with
respective 450 meters mutual distance. The electrodes are con-
nected with sensitive galvanometers by Hartmann and Braun,
Franklurt a.M. The results until the year 1935 are under pre-
paration for being published.

In the building for the carth current registrations there is
set up also a quick-run-recorder (running since January 1934)
for the induction currents, This apparatus consists of three
great coils, in the vertical NS- and WE-planes and in the
horizontal plane. These coils are connected with high-sensitive
galvanometers, made by the Cambridge Instrument Co.

[II. Atmospheric electricity.

A registration of the electrical potential gradient by means
ol a ionium-collector and a Benndorl quadrant-electrometer is
running continuously since October 1932, Absolute determina-
tions have been made with a Wulf clectrometer.

IV. Auroral observations.

Some parallactic photographs have been taken during the
winters 1934-1935 and 1935-1936. The number of these is rather
scanty, because the last winters were very cloudy. Height
measurements of quiet arcs by means of simple wooden qua-
drants have been continued from Sodankylda and some auxiliary
stations. Visual observations of the aurora have been made
every evening when possible.

Greophysical Observalory, Sodankyld.
Seplember 5, 1930.
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FRANCE

RAPPORT SUR LES TRAVAUX DE LA SECTION
DE MAGNETISME ET ELECTRICITE TERRESTRES
DEPUIS LE CONGRES DE LISBONNE

Par le Secrétaire E. MATHIAS
1° Magnétisme Terrestre,

Travanx de UlInstitut de Physigue du Globe de Paris

" Ch. Maurain — Sur linfervaile de femps entre les phéno-
menes solaires et les perturbations magnéliques lerrestres. —
On peut faire cctte étude de deux maniéres: 1°) Examiner la
correspondance entre un phénoméne solaire déterminé et
un phénomeéne terrcstre déterminé (méthode individuelle),
2°) Faire des études d’cnsemble portant sur des périodes assez
longucs en tenant compte de toutes les observations (méthode
statistique). On emploic alors une caractérisation numérique
de Tactivité solaire et de Pagitation magnétique.

“n 1926, la sceconde méthode était préférable pour un travail
étendu. Elle avait montré que TIactivité solaire cost maxima
cn moyenne 2,5 jours avant unc perturhation magnétique, ce
décalage ¢étant d’aillieurs variable. Depuis, Pobservation du
Soleil s’étant c¢tendue ct perfectionnée, diverses publications
nouvelles permettent d’appliquer la méthode individuelle aux
années 1930-31-32. L’application de ecctte méthode au pas-
sage de taches, ou groupes de taches importants au méridien
central du Seleil, et aussi & quelgues phénoménes éruptifs re-
donne o moyenne de 60 heures ou 2,3 jours, ol coincide avee
la moyenne déduite de I’étude statistique de 1926.

Ch. Maurain — annonce gque le Nouvel Observatoire de
Chambon-la-Forét, destiné a remplacer cclui du Val-Joyeux,
est &4 peu prés terminé. Un observateur, M. Gibault, y a cm-
ménagé cn octebre 1933, et a pu ainsi s¢ consacrer aux instal-
lations magnétiques. Apres des cssais préliminaires, les mesures
réguliéres ont été commencées le ler Janvier 1936, Des me-
sures sont continuées avee des apparcils identiques au Val-
Joyeux, ou est resté comme observateur M. Charczenko, Les
mesures seront faites ainsi en double pendant au moins une
année, de manicre & assurcr le raccordement des deux séries
d’obscrvations. L’organisation du Nouvel Observatoire a en-
trainé diverses difficultés et un travail considérable mené a
honne fin surtout par M. Eblé et M. Gibault,

Ch. Maurain — a publié un fascicule intitulé «Magnétisnie
terrestres et donnant un exposé et une étude critique de tra-
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vaux récents relatifs au magnélisme terrestre. Aprés des géné-
ralités sur le champ magnéltique terresire, 'auteur passc cn
revue les variations séculaires, les variations périodiques, les
variations accidentelles. I examine les perturbations dues aux
aurores polaires, aux courants felluriques ct les théories rela-
lives & ces perturhations.

Il termine enfin cette Stude intéressante par la question,
nan encore résoluc mais si Importante, de la recherche de
Porigine du champ magnétique terrestre (Lib. Hermann, 1935,
G3 pages).

H. ¢t Mme Labrouste — Composante diurne et semi-diurne
de lu déclinaison et agitation magnétique. — Cette étude porte

sur les relations entre Pagitation magnétique ct les variations
d’amplitude ¢t de phase que montrent les composantes diurne
¢ et semi-diurne o', de la déclinaison. I.es données ufilisées
sont les écarts horaires aux moyennes mensuclles de tous les
jours et les écarts horaires relatifs aux 5 jours ecalmes de
chaque mois.

Ce travail confirme les résultals obfenus antérieurement
dans une autre étude ol la comparaison directe des amplitudes
respectives des composantes diurne ¢t semi-diurne, jour par
jour, avec I'état d’agitation avait montré 'indépendance de ces
deux composanies. En outre, il met cn évidence, 4 c6té des
variations d’amplitude généralement micux étudiées, 'impor-
tance des variations de phases,

H. ¢t Mmc Labrouste — ont continué leurs travaux sur
Panalyse des phénomeéncs pdériodiques par la méthode de H.
Labrouste. Ils ont présenté au Congrés des Socictés Savantes
une communication Sur la variation undécennale de la Décli-
naison ct au Congrés de A F.AS. une Comparaison entre les
Jours magnétiques calmes et U'ensemble au point de vue de la
relation avec FPactivité solaire.

H. et Mmc Labrouste — Cycle undécennal en magnélisine
terrestre, comparaison cntre lous les jours et les jours calmes.

Comparaison entre la méthode des moyennes ef celles des
combinaisons linéaires d'ordonnédes en Physique di Globe.

Etude des composantes diurne et semi-dinrne ¢ Uaide de
données horaires dans les phénoménes naturels.

Iouis Eblé — Observations magnétiques faites an Val-
Joyeux pendant l'année 1932, — J. 1tié, ¢leve de Mourcaux qui,

depuis la fondation de 1’établisscment cn 1900, assurait les ob-
servations absolues, ainsi que les cnregistrements et les calculs
des moyennes, atleint par la limite d’ige, a quitté POhserva-
toire le 31 décembre 1931, Jl a été remplacé le ler janvier
1932 par G. Gibault exercé depuis longtemps a 1'usage des in-
struments magnétiques.

Un changement a été apporté a la forme de la publication:
la définition de P'écart diurne a été changée. Chacun de ceux-
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ci est la somme des plus grands écarts de part et d’autre pris
sur les marches diurnes moyennes mensuelles; auparavant, on
faisait une exception pour la Déclinaison et 'on appelait ainsi
la différence entre le maximum et le minimum moyens du
mois, calculés en éliminant toutes les journées ol la variation
paraissait anormale. Maintenant, les écarts diurnes ont tous
une définition identique.

L. Eblé — Remarques sur Uagitation magnétique. — L’auleur
distingue dans les mouvements spontanés et en apparence
désordonnés d’'un aimant suspendu par son centre de gravité:
la perturbation ou orage magnétique si les mouvements sont
suffisamment amples, brusques ct prolongés, l'agitation magné-
tique lorsqu’ils sont faibles. Il ya deux définitions, 'une em-
pirique, 'autre numérique de l'agitation magnétique, que 1’au-
teur compare et discute.

L. Eblé — a dirigé les Observations magnétiques 4 1’Obser-
ratoire du Val-Joyeux et donné aux Comptes-Rendus la varia-
tz'on annuelle du champ magnélique lerrestre.

. Eblé — a présenté au Congrés de I’AF.AS., qui s’est
tulu au Maroce, une Note sur les Mesures maqnehqucs dans
UAfrique du Nord.

L. Eblé — a étudié la variation annuelle du champ magné-
tique terrestre d’apres la série des observations au Val-Joyeux.
Cette variation est tres faible el, en général, mal connue. Grace
a4 la précision des observations au Val-Joyeux et au travail sta-
tistique effectué, auteur a pu préciser I'étude de la variation,
et v mettre en évidence influence de la période undécennale
de Tactivité solaire.

L. Eblé — a dirigé comme d’ordinaire les Observations
magnétiques a 'Observatoire du Val-Joyeux et publié dans les
Annales de I'lLP.G. le mémoire qui en donne les résultats,

Ed. Salles — a publi¢ une Note sur la Variation diurne de
la Composante horizontale du magnétisme lerrestre dans
UAlaska.

Melle Homery — Le Magnétisme terrestre dans les Posses-
sions [rancaises. Apreés une douzaine d’années d’efforts dans
les Colonies, Protectorats ou Mandats frangais, il a semblé utile
a lauteur de résumer les résultats acquis au point de vue ma-
gnétique en Algérie, Tunisie, Sahara, Maroc, Afrique Occiden-
tale et ]_It[uatmidle frangaises, a Madagascar, en Indo-Chine, dans
nos possessions de I'Océanie, dans la Somalie francaise et en
Syrie.

Melle Homery — Déclinaison magnétique sur U'ensemble du
Globe, avee une Carte publiée avee la collaboration du Service
Hydrographique de la Marine.

Mme Salles-Homery — Premiére édition du Planisphére de
la Déclinaison nmqnefrque ¢tabli d’apres les documents ras-
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semblés a PLP.G., imprimé par les soins du Service Hydro-
graphique de la Marine, parue en 1934,

Mme Salles-Homery a publi¢ dans les Annales de Phy-
sique du Globe de la France d’Outre-Mer un exposé d’ cnsemble
sur le Magnétisme terrestre dans nos Colonies. Elle a préparé
de nouvelles mises a jour des Cartes magnétiques de France,
du Planisphére de la Déclinaison et du Planisphére de I'In-
clinaison.

E. Thellier — Sur un magnétométre insensible aux champs
magnétiques troublés des grandes villes.

Sur U'aimantation permanente des terres cuites. — 11 s’agit
d’'une ¢tude d’ensemble sur Paimantation des argiles, en vue
du Doctorat.

E. Thellier — a continué ses Recherches sur U'aimantation
des poteries et des roches et a réalisé un appareil d’induction
qui permet de faire, dans d’excellentes conditions, des mesures
précises & Paris, malgré les perturbations constantes du champ
magnétique produites par les courants industriels. Le principe
et une description sommaire de Pinstrument ont été donnés dans
unc N()le.

Thellier — a continué ses travaux sur Uaimantation des
(uqzle.s et des brigues dans un mémoire, actuellement a I'im-
pression.

E. Thellier — a publié une Note sur un Appareil d’'induction
pour la mesure des faibles moments magnétiques. — Beaucoup
de roches et de terres cuites grossiéres (briques) ayant une
aimantation trés irréguliére, les mesures magnétométriques ne
conviennent pas, et il est mdlspcns(lhlc d’employer pour elles
unce méthode d’induction. L’apparcil réalisé par Pauteur pos-
sede & un haut degré les 3 qualités indispensables: champ uni-
forme dans un grand volume (4 litres), zéro trés stable, et forte
sensibilité.

Avec un échantillon de 4 litres, une composante de I'aiman-
tation de 10~* u.e. m. donne une déviation de 8 mm. Cet ap-
pareil a servi & déterminer en direction ct grandeur les aiman-
tations prises par des briques cuites dans des fours de campagne,
c’est-d-dire dans un champ terrestre non perturbé.

Charczenko — Mesures de la susceptibilité magnétique
de quelques minéraux et de quelques roches basiques. — Les
mesures ont ¢té faites avec 3 appareils différents: 1°/ La balance
de Curie, modifi¢e par G. Grenet; 2°/ un magnétometre & champ
horizontal; 3°/ un magnétometre & champ vertical. L’auteur
n’a cherché que les susceptibilités massives apparentes; il a
¢tudié: le gabbro, le basalte, le basalte basanitoide, la magné-
tite cristallisée, le titane magnétite, la ferropicotite.

P. Charczenko, Jouravsky et Choubert — ont publié une
Note sur le Magnétisme rémanent induit des roches éruptives.

11 résulte de leur étude que le magnétisme rémanent induit
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cst une fonction additive des conditions minéralogiques de la
roche et que linfluence sur ce phénoméne de la fraction non
attirable 4 Paimant ordinaire est considérable par rapport &
sa susceptibilité. Il n’est done pas permis dc chercher a ex-
pliquer le magnétisme rémanent des roches en I'imaginant
comme dii & la magnétite considérée comme constituant mine-
ralogique unique.

Jean Rothé — Observations magnétiques au Scoresby-Sund
pendant Uannée polaire. — Les courbes enregistrées montrent

que la Déclinaison présente un régime diurne trés net avee un
minimum vers I'Est vers 6 4 7 heures du matin (T M.G) et un
maximum plus étalé vers POuest vers 20 & 22 heures. L'ampli-
tude diurne passc par un minimum en hiver (décembre, jan-
vier) et un maximum au printemps ou aprés 'équinoxe.

Lauteur a étudié la variation de la Déclinaison magnétique
pendant une perturbation. Il a aussi étudié l’agitation ma-
gnétique.

Jean Rothé — Activité magnétique el activité solaire. —
I auteur est conduit a4 sc demander si le retour des journées
agitées ne serait pas dlit au passage au méridien de zones so-
laires dont le caractére échappe actuellement aux observations
astronomiques, conclusion a laquelle Bartels est arrive récem-
ment.

Jean Jung — La Géologie profonde de la France d'aprés le
nouveau Réseau Magnétique ef les mesures de la pesanteur. —
Important travail dans lequel il semble que auteur ait utilisé
beaucoup plus les anomalies de la pesanteur que les anomalies
du magnétisme terrestre pour étudier les problemes géologiques.

Jean Chevrier — L’étude magnétique de la Syrie, pays trés
{roublé, a été reprise par Pauteur gui a publié en méme temps
que le détail de ses mesures, une carte trés détaillée dc la
Déclinaison & Iépoque 1931,0. Des cartes analogues de I, H
et Z ont été établics, mais n’étaient pas encore publiées en 1934,

Travaux de Ulnstitut et Observatoire de Physique du Globe
du Puy-de-Déme

G. Grenet — La théorie des poudres ferromagnétiques ef
la susceplibilité magnétique des roches. — On a proposé trois
formules pour la rclation entre la susceptibilité apparente d’unc
roche et sa tencur en constituants ferromagnétiques, L’au-
leur a établi la premicére, Une deuxiéme, plus approchée, a
I’auteur par un calcul analogue & ‘cclui de M. Chevallier et con-
été obtenue par R. Chevallier. La troisiéine a été obtenue par
stituant une mcilleure approximation. Pour le cas de grains
non ellipsoidaux il admet qu’il y a unc équivalence cntre un
solide magnétique de forme quelconque et un ellipsoide de
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méme composition, de méme volume et de méme susceptibilité
apparente moyenne,

(. Grenet -— a poursuivi ses travaux sur Paimantalion per-
manente des roches. Les mesures effectuées confirment que
certaines coulées conservent la méme direction sur de grandes
distances (20 kns).

G. Grenet — a effectué des mesures d’aimantation perma-
nente de roches de la région de Clermont-Ferrand au moyen
d’'un dispositit d’induction trés sensible. Ces résultats ne seront
publiés que lorsqu’ils seront assez nombreux pour pouvoir éire
interprétés d'une fagon intéressante.

Travauzx du Service de Météarologie
et de Physique du Globe (' Algérie

A, Lasserre — Le Magnétisme terrestre a Tamanrasset, —
Le pavillon affecté a Pétude du Magnétisme terrestre & Taman-
rasset (Hoggar) a été achevé cn novembre 1933, Les mesures
absolucs se font sur un pilier indépendant abrité par une ca-
banc. L’enregistrement des variations a pu étre ohtenn en sep-
tembre 1933, a Ia faveur d’'une interruption des travaux dc cons-
truction; il a repris le 15 novembre suivant, Le dépouillement
des diagrammes a fourni des renseignements intéressants qui
permetiront, par comparaison avec cenx des autres Ohserva-
toires, I'étude de la propagation des perturhations.

Ces recherches sont au moins aussi assujettissantes que les
obscrvations météorologiques, ct les apparcils demandent une
surveillance constante, La publication des résultais commencera
dans le Bulletin du 2éme semestre 1933.

Satisfaisante est la nouvelle de Pachévement du pavillon de
magnétisme terrestre; malheurcusement il est construit en
morticr d’argile, refuge des termites et sc délayant sous la pluie.
Dans certaines parties du pavillon météorologique, les termites
pullulent déja; il n’y aura d’autre remeéde que de refaire les
enduits en dur. Pour linstant, le personnel est au complet.

A. Lasserre — donne, sur ’Observatoire de Tamanrasset ct
les travaux magnétiques qui s'y effectuent, les renscignements
suivants. Les coordonnées géographiques de I'Observatoire du
Hoggar sont:

Longitude: 3° 9" Est de Paris; Latitude: 22° 47 N; Altitude:
environ 1350 m.

L’enrvegistrement avee les appareils Mascart, un instant in-
terrompu, a repris le 24 avril 1934 jusqu’a la fin de lannéc.
Le dépouillement des courhes enregistrées, terminé pour la Dé-
clinaison, n'est pas encore compléfement achevé pour 1 et H.
En aofif 1935, on aura les feuilles de Penregistreur La Cour et
Penregistrement de la Déclinaison depuis le ler Janvier 1935.
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Jointes a4 ce rapport sont deux photographies des cartes de
la déclinaison D a la date de 1931,0 en Algérie et dans les
Territoires du Sud, établies a aide de toutes les mesures an-
ciennes figurant dans les mémoires de Mme Salles-Homery et
de celles que Melle Malbos et M. Lasserre ont faites jusqu’au
30 juin 1934. Il y a en outre, sur la carte des Territoires du
Sud, trois points déterminés par M. Dubief, dont le mode de
réduction paraitra dans les Annales de Physique du Globe de
la France d’Outre-Mer, n° de juin 1935.

M. Lasserrc a fait depuis avec Melle Malbos, des mesures
dans diverses localités de 'ouest: Miliana, Méchéria, Beni-Ounif,
Colomb-Béchar, déja visitées au début de leurs campagnes ma-
gnétiques, cela en vue d'une réduction de la Carte Magnétique
de P’Algérie & une date qui sera probablement 1936,0 et qui
nécessitera, bien entendu, d’autres campagnes au cours desquel-
les des points nouveaux seront pris (en particulier, dés le mois
de juin 1935, la bordure tunisienne).

On remarquera, a ce propos, que M. Lasserre a mis la
Tunisie dans la Carte magnétique de ’Algérie, avee le consente-
ment de M. Lacroux, la réduction a 1931,0 ayant donné des
renseignements intéressants pour la Tunisie, ott aucune mesure
récente n'a éte faite.

M. Lasserre et Melle Malbos pensent donner, en méme temps
que la seconde carte de la Déclinaison pour I’Algérie, les cartes
entierement nouvelles de I'Inclinaison et de la Composante ho-
rizontale pour la méme région.

Avec Pachévement des installations de Tamanrasset (ot il
faut comparer les boussoles aux instruments de voyages, que
M. Lasserre étalonne tous les ans au Val-Joyeux, et installer
définitivement le matériel d’électricité atmosphérique), les cartes
dont il vient d’étre question représenteront ce qu’il sera tout
juste possible de faire avant la retraite de M. Lasserre, qui
atteindra ses 70 ans en novembre 1936.

La carte magnétique de I’Algérie contient peu de points
étudiés pour une étendue aussi grande. Quant & celle des Ter-
ritoires du Sud, on juge par les blancs qui y restent, du travail
énorme qu’il reste a y faire, d’autant que les anomalies ma-
gnétiques y paraissent nombreuses et étendues.

A. Lasserre et Melle Malbos — dans leur tournée de dé-
cembre 1935, n’ont pu effectuer que 4 mesures de Déclinaison
A4 Médéah, Ain-Ben-Noui, Biskra et Constantine. Les jours trés
courts, le ciel défavorable, la nécessité de rentrer au plus vite
a Alger ne leur ont pas permis de faire davantage.

Ils ont fait a4 diverses reprises, des mesures sur le pilier
de Bouzaréah (observatoire astronomique), ot M. Mansfield,
de la Carnegie Institution, a opéré les 25 et 26 juin 1935,
alors que M. Lasserre n’¢tait pas encore rentré du Conseil des
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Instituts et Observatoires de Physique du Globe, dont la séance
a cu licu le 23 juin.

Les boussoles du Service de I’Algérie ont été reétalonnées
en aout 1935. Le déclinometre moyen modéle n® 174 ne Pavait
pas ¢té depuis 2 ans; les constantes de ses barreaux relatives
a la mesure de H avaient varié, pour chaque barreau, d’une
quantité qui correspondrait & une variation de H de 7 y par
mois,

Le déclinometre petit modele n® 98, qui sert en campagne,
avait au bout d’'un an seulement varié aussi, I'un des barreaux
de 7 v par mois, comme pour le modéle moyen, mais Pautre
barreau de preés. de 13 vy par mois. Aussi les 2 barreaux de
la boussole de voyage, d’accord au moment de I’étalonnage, don-
nent-ils maintenant des valeurs de H qui différent de 100 .

Visiblement, pour des raisons inconnues, 'un des barreaux
parait avoir subi un choc important, qui le rend actuellement
impropre aux mesures de précision de H, mais n’empéche pas
la mesure de D.

A. Lasserre — a rendu compte de la construction des cartes
de la Déelinaison pour I'époque 1931,0, présentées 'an dernier
a la 4e Scetion. Les localités algériennes du ler mémoire de
Mme Salles-Homery sont au nombre de 87; M. Lasserre a opéré
dans 40 d’entre elles et dans 35 autres; il y a done sculement
87 -+ 35 = 122 points connus dispersés sur une élendue plus
grande que la France. Toutes les mesures ont été ramenées en
1931,0 en rapportant la variation séculaire de chaque stalion
a4 celle de Bouzaréah, ot la courbe de D est connue depuis
1887, année de la campagne de Moureaux dans le Bassin oc-
cidental de la Méditerrannée. A cause de I’étenduce de la carte
ct des anomalies étendues de la Déclinaison qui se trouvent
dans différentes régions, il n’a pas été possible de résumer en
peu de mots un si gros travail.

Les mesures faites en 1935 lui laissent espérer que leur ré-
duction a 1936,0 donnera des résultats assez conformes A ceux
qu’on peut déduire de ses formules, sauf dans le SW algérien
(Colomb-Béchar) ot parait se manifester 'influence perturba-
trice de I'anomalie marocaise de Tilialit.

Mais il serait nécessaire d’avoir des résultats récents pour
la Tunisie ot se trouvent 2 stations fondamentales de la Carte
(Tunis et Sfax), pour lesquelles M. Lacroux a dit & M. Las-
serre (u’il n’a pas été fait de mesures depuis longtemps.

A, Lasserre — Observatoire de Tamanrasset. — Les mesures
magnétiques (D et H) ont été faites d’abord tous les dix jours
par M. Dubiel, puis pendant son absence, lous les quinze jours
par M. Loisel et M. Debeau.

Dans la premicre semaine de décembre 1935, il y a eu trois
groupes de mesures encadrant celles que M. Dubief faisait dans
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la Koudla, au cours d’une petite campagne magnétique autorisée
par le Directeur.

Les mesures de Plnclinaison ont été plus rares.

L’enregistrement a été fait au Mascart et au La Cour; mais
celui de H, au Mascart a été interrompu par la rupturc d’un
fil du bifilaire, que M. Dubief a remplacé dés son retour.

Lec Bulletin du 2¢ Semestre de 1933 et celui du ler Semesire
1934 ont paru. Melle Grandjean travaille & la mise au point
du numéro suivant, qui comprendra les résultats de 1933 et
1934 en magnétisme tervestre,

Service de Physique du Globe des Colonies

J. Debrach — Le Magnétisme terrestre au Maroc. -— L’auteur
fait Phistorique complet des mesures magnétigues sur les cdtes
¢t dans Pintérieur.

Il n’existe actuellement au Maroc aucunc station magnétique
permettant la mesure des variations des différents éléments
du champ. Une série de mesures de D, & Rabat, d’heure en
heure, par le Capitaine Bidan, entre 6 h. et 19 h., donne ce quc
Pon sait sur la marche diurne de D (amplitude 771 a4 Rabat,
11°23 au Val-Joyeux le méme jour, rapport 0,69). Le minimum
est A 8h,, le maximum & 13h.1%.

Aucune moesure directe ne donne les variations diurnes de
I ni de H, qui sont assez faibles (1" pour I et 20 4 30 y pour H).

Par contre, des mesures & différentes époques sur le littoral
ct dans les pays limitrophes donnent approximativement la
variation séculaire des diverses composantes. _

Le Service Topographique chérifien a dressé la carte de D
{1931,0) d’aprés 196 déterminations, de 14 degré en 14 degré, sans
utiliser les mesures les plus anciennes qui auraient donné des
résultats trop discordants. Cette carte réveéle des perturbations
étendues ot considérables, dont denx sont particuliérement im-
portantes, I'une dans le Moyen-Atlas, Pautre dans le Grand-
Atlas.

Pour les cartes de T ot de H on a utilisé toutes les mesures,
pcu nombreuscs, ct sans leur appliquer de correction diurne.
La carte de I'Inclinaison est de degré en degré, celle de H dc
0,005 en 0,005 u.e.m. C.G. S, Les valeurs adoptées pour Ia
ariation séeulaire de I et de I sont un peu supérieures a cclles
qui avaient été données antérieurement par Melle Homery (Ann.
P. G. France d’Outre-dMer, avril 1935, p. 36).

Jean Chevrier — Le Magnétisme ferrestre dans les Etats du
Levant sous Mandat fran¢ais. — L’auteur avait publié en 1932,
unc carte des isogones avee 67 stations (1931,0) et établi pour
la méme époque des cartes relatives & H, I, Z, qui n'ont pas
été publices a cause de leur caractére provisoire. En 1933, le
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Bureau Topographique des Troupes frangaises du Levant a
publié de Pauteur une carte des isogones pour 1933,0, plus com-
pléte, avec 86 stations. Elle montrc qu’en ces pays, la décli-
naison est Pobjet de perturhations notables, son tracé paraissani
influencé par la structure géologique du sol. (Ann. P. G. France
d’Outre-Mer, avril 1935, p. 39).

Romer — Le Magnétisme terrestre ¢ la Martinique. — L’au-
teur fait historique des mesures de D depuis 1682 et des
mesures de D, I, H, de PInstitution Carnegie. En 1932, le Ser-
vice de Physique du Globe de la Colonie a commencé scs ob-
servations, Pour I'étude des variations, une Station d’enre-
gistreurs Mascart est installée au Morne-des-Cadets dans un
biatiment isolé, 4 300 m, des autres locaux. Toutcfois, ne dispo-
sant pas d’unc station de référence, auteur ne peut étalonner
ses apparcils, ni s'en servir.

L’Observatoire dc la Martinique est situé & 650 km de la
Station magnétique de San Juan de Porto-Rico, la station
unique de la Martinique au voisinage d'un volean actif présente
Ie plus haut intérét. Les ohservations comparées de San Juan
et du Mornce-des-Cadets permettront de distinguer les perturba-
tions (ui sont dues spécialement & la Montagne Pelée.

Si la méthode comparative donne des résultats probants,
le prohléeme de la prévision des éruptions voleaniques sera
pratiquement résolu, car il semble vraiscmblable 4 'auteur gue
le phénomeéne se présente toujours suivant un processus ol les
phases sc succédent dans un ordre déterminé, el les premiéres
une fois ohservées, permettront de prévoir les suivantes {(Ann,
P. G. France d’Outre-Mcr, avril 1935, p. 43).

Henry Hubert — Une carte du XVIle siécle donnant la
déclinaison magnétique en Afrique — La carte magnétique du
Major Rennell. — En Pan VIII (1800) paraissait a Paris, chez
Dentu, un Vovage a lintérieur de I'Afrique (1795-1797) de
Mungo Park, traduction [rangaisc dc J. Castéra, sur la 2e édi-
lion anglaise. Le 2e volume contient en appendice des Observa-
tions sur la Géographie de UAfrigue dues probablement au
Major Rennell. Le 3e chapitre indique comment ont été établies
les cartes géographiques accompagnant 'ouvrage. Une grande
partic des chservations ayant été perdues et le sextant de Mungo
Park lui ayant été volé a Jarra, il fallait pour reconstituer un
itinéraire satisfaisant, connaitre les différentes wvalcurs de DD
dans les territoires parcourus. Pour cet important travail, le
Major Rennell utilisa les matériaux fort complets des régions
maritimes, Dans Pintéricur de I’Afrique, il ne pouvait que tracer
des isogones au sentiment, sauf pcut-étre pour la région com-
prise entre l'embouchure de la Gambic et Jarra. Heurcusc-
ment, il n’y a pas dans lc continent africain d’anomalies excep-
tionnellement graves, Nous avons done, tres probablement, li,
la premiére carte magnétique de nos colonies d’Afrique.
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Le dessin géographique des cotes est excellent et eslt su-
perposable pratiquement a la carte, a la méme échelle, donnée
cette année par le Service Hydrographique de la Marine. En
redressant la carte du major Rennell et en la rapportant sur
399 vers I’Ouest, a latitude constante, on a 2 dessins super-
posables dans leurs grandes lignes el quant aux valeurs des
isogones. La seule divergence importante affecte I'isogone 0°
vers Ceylan. La rotation a eu lieu autour de Paxe du monde,
non autour des poles magnéliques. Pendant ce temps, dans unc
autre région, a la méme latitude moyenne et a 135° dans I'Est
(voisine de notre Indo-Chine) les isogones sont en opposition
et se rapprochent. I’auteur conclut qu'une étude systématique
de la déclinaison dans notre belle Colonie d’Extréme Orient
donnerait des renseignements d’un intérét scientifique élevé.
Cette raison s’ajoute a4 beaucoup d'autres, d’ordre pratique,
qui militent en faveur de l'installation d’une station de ma-
gnétisme terrestre en Indo-Chine. (Ann. P. G. France d’Outre-
Mer, avril 1935, p. 53).

2° Electricité atmosphérique.

Travaux de Ulnstitut de Physique du Globe de Paris

Ch. Maurain et J. Devaux — Etude de la conductibilité élec-
lrique de Ualmosphére au cours d'un voyage au Groenland. —
I.es mesures ont été faites par la méthode de la déperdition,
avec un appareil du genre Elster et Geitel, sur le navire le
»Pourquoi-Pas?« en mer et au mouillage, en différents endroits
suivant la direction du vent, de maniére a faire porter les
mesures sur Pair non souillé par les fumées du navire. Les
valeurs moyennes pour le Scoresby-Sund sont nettement plus
fortes que les valeurs moyennes pour la traversée. La conduc-
libilité parait donc particuliérement grande dans les mers arc-
tiques, ce qui est d’accord avec les diverses mesures antérieures.

Ch. Maurain et J. Devaux — Etude des noyaux de condensa-
tion atmosphériques au cours d'un voyage au Groenland. —
I.es noyaux ont ¢té dénombrés pendant le voyage et le s¢jour
au Groenland avee un appareil d’Aitken. Ils sont nettement
moins nombreux au Groenland qu’en mer pendant le voyage,
surtout & terre. Ces noyaux interviennent dans la formation
des gros ions a partir de petits ions se fixant sur les noyaux.

A beaucoup de points de vue, les terres polaires présentent,
des leurs cotes, des analogies avee la haute montagne des re-
gions tempérées.

Ch. Maurain - a rédigé le chapitre de I'Electricité atmo-
sphérique dans le Traité de Climatologie biologique et médicale
publié sous la direction du Dr. Piéry.
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Ed. Salles — Observation du Champ électrique au Val-
Joyeux pendant l'année 1932. — IL’enregistrement du champ
électrique de P'atmosphére a continué avec les mémes appareils
que les années précédentes. Les isolants vont étre a bref délai,
remplacés par d’autres munis d’'un chauffage électrique. Des
expériences de lahoratoire ont ¢été faites & ce sujet et ont donné
des résultats satisfaisants.

Ed. Salles — Modes de mesure de la conductibilite et de
Uionisation de Uatmosphére.

— Appareils pour Uétude de Uélectricité atmosphérique.

— Note sur les phénomeénes d'ionisation par collision ob-
servés par temps d'orage dans Uatmospheére.

IEd. Salles — a perfeclionné enregistrement du champ élec-
trique de P'atmosphére pendant Pannée 1933. Les isoloirs a
I'ambre ayant été munis d’un dispositif de chauffage électrique
permettent une dessication parfaite de cette résine isolante.
Deux montages ont été essayés; I'un constitué par une spirale
chauffante parcouruc par un courant, 'autre par de petites
lampes électriques du modéle utilisé sur les automobiles. Ces
dispositifs avaient été préalablement étudiés au laboratoire dans
des conditions se rapprochant le plus possible de la réalité.

Ed. Salles a redigé le chapitre Radioactivité de 'atmo-
sphére dans le Traité de Climatologie biologique et médicale
du Dr. Piéry.

Ed. Salles — Variation diurne du champ électrique de Uat-
mosphére au Val-Joyeuxr. La méthode employée est la méthode
du fil, appliquée dans un rectangle de 100 m sur 40 m recouvert
d’herbe passée régulierement a la tondeuse. Un fil d’acier de
22 m de long et 0,5 mm de diameétre est tendu horizontalement
a4 2 m du sol entre deux piquets. Sa direction est sensiblement
perpendiculaire au vent SW, le plus fréquent, et est isolé a ses
deux extrémités par des isoloirs en ambre placés dans des
chapeaux métalliques protecteurs dont I'atmospheére est des-
séchée thermiquement. Au milieu du fil est fixée une plaque
portant du radium recouvert d’'un émail perméable aux rayons .
L’une des extrémités aboutit & deux électrométres enregistreurs
Benndorf, I'un a faible, 'autre a grande sensibilité, étalonnés
chaque semaine; le zéro est vérifié matin et soir. Les polentiels
utilisés sont les valeurs positives prises aux heures rondes sans
distinction de catégories de jours. On a utilisé les enregistre-
ments de 11 années 1924-1934 (avec une lacune de 3 mois en
1926).

L’auteur pense qu’il y a, pour la variation diurne, deux
régimes différents, celui d’¢té et celui d’hiver, séparés I'un de
Pautre par deux régimes de transition, ceux d’automne et de
printemps.

Ed. Salles — a fait une communication sur 'Electricité
atmosphérique et la médecine, dans laquelle il a voulu faire
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ressortiv que l'influence de la charge électrique de DPair, fiit-
elle dix fois supérieure & la normale, ne pouvait avoir, par ses
ions, qu'une action sur le sang absolument nulle, contrairement
a ce que pensent les médecins pour lesquels, les rhumatisants,
par exemple, se sentiraient & Paise avee un champ Llectllque
d’un certain signe, et mal a l'aise avec une polarité de signe
contraire.
Ed. Salles a dirigé, comme d’ordinaire, le service d’électri-
cité¢ atmosphérique au Val-Joyeux.
Est en train de meltre au point un appareil réalisant
Penregistrement difficile de la conductibilité électrique de lat-

mosphere.
Mme Odette Thellier — Mesure de la conductibilité électri-
que de Uair par une méthode de zéro. — C’est le commence-

ment d’un travail de longue haleine sur Iétat électrique de la
basse atmosphere et le role des particules en suspension; la
nouvelle méthode de zéro élimine certaines difficultés présen-
tées par les mesures en question.

Mme O. Thellier — a établi un ensemble de dispositifs
permettant la mesure presque simultanée des divers éléments
relatifs & Détat électrique de Datmosphére: petits ions, gros
ions, particules en suspension, conductibilité, par une méthode
nouvelle trés originale et supprimant les causes d’erreur dues
aux fuites. Elle a publié¢ le détail de ses installations et des
exemples des résultats, qu’elle va étendre sur un long espace
de temps en vue de 'étude des variations périodiques et ac-
cidentelles.

Mme O. Thellier — Mesures simultanées de divers éléments
d'électricité atmosphériques. — L’auteur a entrepris une série
de mesures régulieres de la conduetibilité électrique de Pair et
des nombres, par centimétre cube, des gros ions, des petits ions,
des noyaux de condensation et des particules en suspension
dans l’atmobphelc, afin de préciser leurs variations pouodlqucs
ct accidentelles et leurs relations entre eux. Les valeurs trouvées
par des mesures croisées pourront étre considérées comme si-
multanées si chaque mesure est rapide, passant de Punc &
Pautre en un temps trés court. Une série compléte de 14
mesures croisées se fait en 1h.%4 environ; l'auteur les répéte
chaque jour a 9h., 15h. et 17h.

Au cours de la mesure des petits ions, des gros ions sont
captés, d’oll une correction. En mars, les petits ions sont rares,
les gros ions sont trés nombreux; alors, les nombres des petits
ions ne représentent qu’un ordre de grandeur.

Mme O. Thellier — Noyaux de condensation et particules en
suspension dans U'almosphére. — Les noyaux sont facilement
déterminés par le Pockel Dust-Counter d’Aitken. Le compteur
a jet d’Owens donne, de méme, le nombre des particules &
condition que les lamelles sur lesquelles elles se déposent soient
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auparavant soigneusement nettoyées. Le nombre moyen des
noyaux, aprés un millicr de mesures, est 52500 (maximum
260000; minimum 3500).

Le nombre moyen des particules d’Owens par cm3 présente
une vartation diurne et une variation annuelle trés ncttes; il
cst aussi en relation nctte avee la température et la visihilité,

La variation des noyaux avec ces facteurs est beaucoup plus
floue; il s’ensuit qu’on ne saurait confondre noyaux ct parti-
cules, -

M. O. Thellier a un mémoire actuellement 4 Pimpression
sur la Mesure de la Conductibilité électrique de Iair o Paris.

R. Guizonnier — Gradient de potentiel électrigue el pression
atmosphérique.

Phase de la composante semi-diurne du gradient de potentiel
atmosphérique.

Phase de la Composante diurne du gradient de potentiel
électrique terrestre. L’auteur qui applique depuis plusicurs
années la méthode de H. Labrouste a donné la variation
annuelle moyenne de cette phase pour la station du Val-
Joyeux de 1925 4 1931. La méme méthode d’analysc a été
utilisée pour I'étude de cette phasc sur toutes les données
qu'il a pu sc procurer. Les résultats obtenus classent les Obser-
vatoires en 3 groupes: le groupe A ol le maximum dc la com-
posante diurne se produit 4 midi ou & quelques heures de midi
(heure locale); le groupe B oft le maximum a lieu 4 minuit,
et le groupe C pour une méme station duguel le maximum tend
4 sc produire vers midi ou vers minuit; en hiver, le groupe C
peut sc rattacher au groupe A, et en été au groupe B.

(Vest Fheure locale (u’il faut cnvisager si I'on considére la
phase de la composante diurne du potentiel électrique terrestre,
I'influence du Soleil sur la phasc de cette composante pouvant
étre niée.

R. Guizonnier — Amplitude de la composante semi-diurne
du gradient de potentiel électrique terresire el activité solaire,
-— La méthode d’analysc employée fournit Pamplitude A’ de Ia
composante semi-diurne. Les valeurs de A’ portées en courbes
offrent un parallélisme remarquable avee celles qui donnent
les valeurs moyennes mensuelles de la surface des taches sol-
aires et indiquent des variations d'une durée de Pordre de quei-
ques mois. Avec les observations de ’Observatoire de PEbre
seulement, Ie parallélisme a été vraiment net entre A’ et la
surface moyenne anniclle des taches solaires (maxima en 1918
et 1929, minimum cn 1922).

R. Guizonnier — a rédigé un mémoire d’enscmble en vue
d’'une Thése de Doctorat.

Mmec Bayard-Duclaux — Influence de lU'eau d'imbibition des
roches sur leur conductibilité électrique,
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Etude de la mise en circuit d'échantillons de roches pour la
mesure de leur conductibilité électrique.

— A rédigé sa These de Doctorat sur la Conductibilité électri-
que des roches — a soulenu, le 14 janvier 1936, sa Thése de
Doctorat, travail important qui apporte des précisions dans cette
difficile question et donne des résultats qui resteront fonda-
mentaux. _

A. Dauvillier — Enregistrement pholoélectrique continu des

~aurores polaires.

Observation des Aurores polaires au Scoresby-Sund pendant
Uannée polaire.

Activité cosmique el activité solaue Observation du rayon
cosmique au Scoresby-Sund pendant 'année polaire.

Paul Rougerie — continue son travail étendu sur les
courants telluriques.

— A publié une note sur 'dnalyse harmonique de la varia-
tion diurne de la composante N-S de ces courants a U'Observatoire
du Parc Saint Maur.

— Relation entre Uactivité solaire et Uamplitude diurne des
couranis telluriques N-S enregistrés ¢ U'Observatoire de UEbre.
Les courbes obtenues en portant en ordonnées les valeurs men-
suelles en mV/km de amplitude diurne déduite des moyennes
horaires mensuelles des différences de potentiel enregistrées
dans la ligne N-S & I’Observatoire de I'Ebre et les nombres de
Wolf et Wolfer car: 1Ltv11<,l1qucs de P'activité solaire présentent
une similitude de forme marquée, avec un décalage de quelques
mois montrant que le maximum de 'amplitude électrique se
produit aprés le maximum des taches solaires.

La relation évidente des deux sortes de phénomeénes a permis
de soumettre les valeurs de 'amplitude diurne des courants
¢lectriques N-S 4 Panalyse harmonique de H. Labrouste, qui a
permis d'isoler des composantes de périodes variées, dont la
somme reproduit sensiblement la courbe des données. La coin-
cidence de la plupart de ces composantes avec les composantes
des taches solaires mises en évidence par M. et Mme Labrouste
montre, entre I'évolution des taches solaires et Pamplitude N-S
des courants telluriques a Tortosa, une grosse analogie de struc-
ture, qui contribue a préciser la relation entre l'activité solaire
et les courants telluriques.

Travaux de Ulnstitut et Observaloire de Physique du Globe
du Puy-de-Dome

G. Grenet, J. Coulomb et P, Bénac — Le champ électrique et
ses variations a la Céle de Landais. I’installation de la Station de
la Plaine a fonctionné d’abord entre avril 1930 et mars 1931; elle
est maintenant en service continu depuis le ler avril 1932, On
compare les résultats de la lére année compléte avee ceux de
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1930-31. Les moyennes mensuelles ont été faites en supprimant
toutes les valeurs négatives et remplacant les valeurs positives
supéricures par 200 VAL Les résultats de 1930-31 et 1932-33
sont assez comparables. La moyenne générale du champ est
66 V/M pour 1932-33 et 67 V/M pour 1930-31; ce champ est
notablement plus faible que dans la plupart des stations euro-
péennes, Davos excepteé. '

G. Grenet Sur la mesure du champ électrique terrestre
el de ses variations. On admet généralement que les appareils
de mesure du champ électrique terrestre et de ses variations
lentes ne permettent pas la mesure des variations brusques de
ce champ. Il n’en est rien. Les installations de mesure des
rariations lentes sont également sensibles aux variations brus-
ques pourvu que le collecteur isolé soit tel que sa charge soit
constamment nulle; auquel cas il n’a jamais de charge & écouler
pour se mettre en équilibre avee le champ. . A cet effet, on
utilise comme collecteur une perche isolée portant une prise de
potentiel en un point convenablement choisi et non a son ea-

irémité selon d’habitude; de plus P’électrometre doit étre de-

période assez faible pour ne pas introduire une nouvelle cause
de retard.

G. Grenet — La conductibilité électrique de Uair au Moni-
Dore, en Aoiit 1933.

L’auteur a utilisé un appareil de Gerdien, muni d'un élec-
tromeétre bifilaire de Wulf; le lieu d’observation a été le Cot-
tage du Sancy, situ¢ sur la route du Sancy, un peu au-dessus
et en dehors de la ville du Mont-Dore. La conductibilité électri-
que totale moyenne de 4.26-10—* C. G. S. est environ le double
de ce qu’on observe a la surface du Globe a I'altitude de 1050 m.

J. Coulomb — a mis au point, au Sommet du Puy-de-Déme,
une installation d’enregistrement du champ électrique qui peut
fonctionner par les plus grands froids, malgré le givre, ce qui
n’a jamais été obtenu jusqu’a présent.

J. Coulomb et P. Bénac — ont effectué un trés gros travail
matériel pour étudier les Relations entre le champ électrique
(Cote de Landais prés de Clermont) ef la direction du vent.
Les résultats, en cours de publication, montrent une relation
trés nette entre ces deux phénomeénes. Malheureusement il est
trés vraisemblable que cette relation est due a la proximite de
Iagglomération Clermontoise, ce qui fait que la pollution de
Iatmospheére est sous. linfluence de la direction du vent. Ceci
montre le gros intérét que présentent les observations effectuées
dans les stations ¢éloignées de tout foyver de pollution atmo-
sphérique.

— Bien entendu, Denregistrement du champ électrique
continue d’étre effectué aux deux Stations de I’Observatoire.

Melle Jarleton — prépare un Diplome d’Etudes supérieures
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sur les Relations entre le champ électrigue et la radiation
soluire, Pour suivre les variations du champ électrique, elle
utilise le procédé dit & M. Grenet. Ce travail, qui est en bonne
voie, a déja permis de vérifier que le collecteur se met cn
équilibre avec le champ électrique en moins d’unc seconde,
alors que, pour les installations usuelles, il faut en général, plus
d’'une minute,

Melle Jarleton — a soutenu avee suceés en 1935 son Dipléome
@’Etudes supéricures, qui a fourni des résultats sur la charge
électrique des nuages. Ces résultats, qui devront étre confirmés,
scimblent tout a fait intéressants.

E. Mathias — Sur la réalité du reste d’éclair sphérique. —
Elle repose sur la définition physique du corps matériel, por-
tion de matiére qui existe dans le temps et dans Pespace, qui
a unc forme, un volume ct nécessairement une masse, en sorte
que, dans le champ gravifique terrestre, il se comporte comme
un corps pesant obéissant au principe d’Archiméde,

Le reste d’éclair sphérique peut exister suceessivement dans
I'air et dans leau, et méme exceptionnellement revenir dans le
premier milicu pour y achever sa carriéere. Par définition, le
reste d’éclair étant forme de matiére fulminante, celle-ci partage
la réalité de cclui-la.

E. Mathias — Swur Porage du 1er juin 1933 ¢ Hanoi. (Ton-
kin). — Cet orage, du type chaleur, a montré i coté des éclairs
fulgurants habituels des éclairs ondulés d’un blanc jaunatre,
légerement rougeitre parfois, apparraissant un 4 un et prati-
quement silencicux, souvent horizontaux mais quelquefois ver-
ticaux ou. paraissant presque se fermer sur cux-mémes. Leur
durée totale, évaluée séricuscinent, était trés voisine de quatre
secondes,

E. Mathias — Action de la foudre sur homme et les
animaux (historique}. — Cet historique a moins pour but de

résumer les résultats acquis 4 la Science par les Anciens, dont
les obscrvations ont ¢té le plus souvent discordantes, que de
montrer les observatcurs modernes frés souvent dévanecés par
les Anciens. Il convient de remarquer la persistance de cer-
laines erreurs qui se sont maintenues depuis des siécles jusqu’a
nous et ne sont pas prés de disparaitre,

E. Mathias — La foudre et sa forme globulaire. -— Article
de vulgarisation et de mise au point.

k. Mathias a attiré Pattention sur certaines foudres glo-
bulaires nues, modérément sulfuréces, cn ce quelles n’ont pas
pris la forme serpentine bleudtre habituclle, Elles ont conservé
la forme sphérique et la couleur rouge ou orangé (jaune d’or)
correspondant 4 leur fempérature superficiclle et, en se re-
froidissant, elles n’ont pas explos¢ comme d'ordinaire a unc
température ou la matiére fulminante, corps opliquement noir,
cst encore incandescente. Elles ont pu descendre nettement au-
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dessous du point ott I'incandeseence ecesse et prendre une cou-
leur blenatre pale, peu visible, puis exploscr violemment. Clest
(que montre une magnifique observation de M. Roubille, qui
expliquc des obscrvations ancienncs restées jusque la incom-
préhensibles.

E. Mathias — montre comment, par une méthode analytique
et impersonnelle reposant sur des faits on peut préciser la no-
tion d’impureté dans les foudres globulaires nues, qu’il s’agisse
de impurcté fer, ou de Pimpureté bleue qu'on ne précise pas
pour Pinstanf. Cette méthode contraste, en la complétant, avee
la méthode synthétique et volontaire employée auparavant et
reposant sur Pabaissement de la tension superficiclle de la
matiére fulminante par les substances métalliques qu'elle ab-
sorbe par sa surface.

E. Mathias — La théorie de Dauzére sur la conductibilité
de Uair dans les régions exposées & la foudre. — Cette théoric
a été verifiée dans ses grandes lignes et précisée par les cfforts
associés de R, Gibrat et (¢, Viel.

Soit un point A dc la surface du sol répondant aux questions
précisées. Les deux conditions qui déterminent ce point de pré-
dilection de la foudre (ionisation maxima et prédominance mar-
quéc des ions négatifs) sont des conditions nécessaires. On
cherche les raisons pour lesquclles ces conditions néccssaires
ne sont pas en général sutfisantes. Cela revient a chercher les
conditions pour qu'un train d’ions négatifs émis par A (ot on
suppose lc champ électrique continuement vertical jusqu’an
nuage positif zénithal N) arrive sans encombre 4 ce nuage.

Cela revient & détruire I'objection consistant 2 remarqguer
que les sources abondantes d’ions des 2 signes, comme les
fumées des locomotives ou des usines, aussitdot formées, se dis-
sipent dans les vortices qui se produisent partout dans I'air.
On détruit Pobjection en supposant que Paxe d’un cyclone
vertical passc & un certain moment par A et y demeure. Alors
les conditions nécessaires deviennent suffisantes,

Le raisonnement justifie la croyance populaire que, dans
les grands orages, apparition du feu St. Eline signific que le
danger d’éclairs descendants est passé. Les éclairs descendants
vont rencontrer le feu St. Elme qui jaillit du point que la
foudre va frapper.

E. Mathias - dans un exposé strictement critique sur l«
foudre et sa forme globulaire montre comment, grice & la con-
ception de la matiére fulminante (a laquclle inconsciemment
Pabbé¢ Bertholon ct le Prof. Galli n’ont pu s’empécher d’avoir
recours), il est possible d’exposer d'une maniére presque élé-
mentaire ct d’expliquer sans faire appel 4 aucune hypothése
supplémentaire, la transformation ct les diverses apparences
de la foudre globulaire tout en respectant les lois de la phy-
sique, de la chimic et de la mécanique. Une bibliographic
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abondante et une iconographie peu nombreuse mais fortement
inédite, étayent cet exposé auquel M. Wehrlé, directeur de I’0Of-
fice national Météorologique, a bien voulu donner I'hospitalité
de son luxueux Mémorial.

Travaux de Ulnstitut et Observaloire de Physique du Globe
du Pic-du-Midi

C. Dauzére — L’ionisation de Uair el ses applications. —
Pour connaitre lionisation de I'air, on mesure d’habitude les
conductibilités de Pair pour les ions — et les ions +, lesquelles
sont sensiblement proportionnelles aux nombres des ions par
cm3, L’auteur a modifié la méthode et I'apparcil d’Elster et
Geitel. A la suite de ses mesures, il énonce les résultats sui-
vants:

1°/ Il existe des lieux ott Uionisation de Uair est mavima,
c’est a dire supérieure a celle des lieux environnants.

2°/ En de tels lieux, les ions négatifs sont généralement plus
nombreux que les ions posilifs, confrairement a ce qui se passe
partout ailleurs.

39 La situation des lieux de prédilection de la foudre dépend
essentiellement de la constitution géologique du sol.

C. Dauzére et J. Bouget — Sur les variations de la conduc-
tibilité de Uair dans les grottes. — Les résultats les plus complets
sont ccux de la Grotte des Fées, qui est au contact du gneiss
du Mont Olivet avee le caleaire jurassique de Bédat. 22 fois
sur 25, Pappareil d’Elster et Geitel modifié¢ y a donné 4, <A,
ce qui prouve que les ions négatifs y sont presque toujours les
plus nombreux.

Il v a des valeurs périodiques annuelles de la conductibilité,
les valeurs maxima d’été étant 50 et 60 fois plus grandes que
les valeurs minima d’hiver. Ainsi, contrairement a la tempéra-
ture et a Pétat hygrométrique dont les valeurs restent a peu
prés constantes dans les grottes, la conductibilité électrique de
Pair y éprouve des variations alternées dont Pamplitude est
considérable.

C. Dauzére — Sur les lieux fréquemment foudroyés dans le
département de U Aveyron. — La plupart des points foudroyés
se trouvent sur la ligne de contact des schistes et des granits
avec les basaltes de PAubrac, et au contact du lias et des cal-
caires jurassiques. En dehors des lignes de contact, les roches
les plus dangereuses sont les granits, puis les schistes; les ba-
saltes de 'Aubrac sont bien moins exposés; les gres rouges per-
miens, qui constituent le pays rougicr, ct le calcaire jurassique
du Causse du Comtal, ne sont presque jamais foudroyés.

Les coups de foudre ne sont pas souvent distribués sur le
trajet des eaux souterraines du Causse, mais surtout a leur
point d’affleurement.
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(. Dauzére — avec J. Bouget, puis avee A. Lufz, a étudié
la conductibilité électrique de P'air dans les grottes. Les varia-
tions saisonniéres reconnues 'an dernier ont été confirmées et
il a été possible d’en donner Pexplication compléte. Elles sont
produites par les courants d'air qui résultent des différences
de température entre 'air libre et P'intérienr de la grotte. Celle-
ci, de température presque constante, est plus chaude en hiver
et plus froide en été que celle qui régne au dehors. La grotte
a généralement plusieurs ouvertures & des niveaux différents.
En hiver, Pair extérieur est aspiré par ouverture inférieurc,
refoulé par I'ouverture supéricure; c’est Iinverse en été. Les
changements de scns se produisent au printemps et a Pautomne.
Un courant venant des profondcurs de la grotte améne de Pair
fortement ionisé; un courant venant de 'extérieur apporte au-
dedans l'air faiblement ionisé. De la vient le changement de
régime ohservé au printemps et a I'anfomne.

C. Dauzérc ct J. Bouget — ont continué leurs études sur les
phénomeéncs orageux dans la région de I'Observatoire du Pic-
du-Midi, par les mémes procédés que les années précédentes.
Des enquétes sur le terrain ont été effectuées et ont porté sur
des bandes de territoire ravagées par les orages.

C. Dauzere — L’intérét croissant que prenncnt les industriels
A de telles études s’est manifesté par des demandes 4 la suite
desquelles Pauteur a entrepris des vovages d’études dans diver-
ses régions de la France (Tarentaise, Limousin) et en Catalogne,
afin de déterminer les points dangereux pour la foudre sur le
irajet des lignes électriques.

C. Dauzérc a pu ainsi preciser le réle respectif des terrains
granitiques ct calcaires au point de vue de la foudre. Dans
les régions granitiques, la foudre tombe principalement sur les
sommets des montagnes et sur les plateaux élevés; dans les
régions caleaires, elle attcint des licux situés dans le fond et
sur les flanes des wvallées. La cause de cette différence doit
étre attribuée 4 la radioactivité différente des roches et aux
sources qui, bien souvent, attirent la foudre a cause de leur
radioactivité et de Pionisation de ’air qu’clles produisent.

Dans les pays granitiques, les sources sont disséminées sur
les platcaux dans de légers vallonnements; dans les pays cal-
caires, les sources trés abondantes jaillissent généralement sur
les lignes de contact des diverses couches géologiques, recoupées
par les flancs abrupts des vallées,

C. Dauzére et .J. Bouget — ont continué aussi les mesures
de la conductibilité électrique de U'air dans les grottes ct galeries
de mine des Pyrénées,

C. Dauzére a opeéré aussi dans les mines de potasse de
Catalogne afin de vérificr 'action possible de la radioactivité
du potassium; les valeurs trouvées par lui pour la conduectibilité
sont extrémement faibles, ce qui semble indiquer que la radio-
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activité du potassium est inoperante dans ces conditions.

La vérification des recherches de C, Dauzérc et la réfutation
de certaines objections ont fait I'objet d’importants travaux:
de G. Viel, qui a présenté un important mémoire sur ce sujet
4 la Conférence Internationale des grands Réseaux électriques,
et de E. Mathias qui a présenté une Note a4 I'Académie sur le
méme sujet. Il suit de 1a que les résultats en question doivent
étre considérés aujourd’hui comme bien établis.

C. Dauzére — depuis le mois de juillet 1935, a porté ses
cfforts principalement sur la restauration de I'Observatoire du
Pic-du-Midi. Ces efforts ont abouti 4 la mise en état de
nouveaux laboratoires qui permetiront aux Physiciens du Globe
de fravailler 4 haute allitude dans des conditions rarement
réalisées dans le monde.

Quelques installations pourront servir pour les études si im-
portantes a4 haute altitude, du champ électrique terrestre, de
la conductibilité électrique de I'air, de Iionisation et de la ra-
dioactivité de Iair, du rayonnement cosmicue, des phénoménes
orageux (fcu St. Elme, foudre, gréle), du role de I’électricité
atmosphérique dans les précipitations, ete.

H. Garrigue — a continué, en vue d’une thése de Doctorat,
les recherches sur le rayonnement pénétrant d’origine terrestre,
commencées les années précédentes. 11 a construit un appareil
trés portatif pour la mcesure des faibles teneurs en radon. Cet
appareil, du poids de 1040 gr., insensible dans son emballage
a4 une chute sur la neige de 2 m. de hauteur (scs constantes ne
changent pas), donnc en 30 sccondes des mesures exactes 4 1 %.

Travauxr du Service de Météorologie et de Physique
du Globe de I'Algérie

A. Lasserre — Les mesures, 4 Alger, de conductibilité élec-
trigie de Uair avee apparcil Gerdien et électrometre Wulf ont
commenceé en octobre 1935 ct ont été poursuivies assez réguliére-
ment. La préparation en a été asscz laboricuse; la courbe de
graduation de l'électrométre en volts a été reconnue inexacte
¢t Pautecur 'a refaite au Laboratoire de physique industrielle
de M. Vérain, Le rapport de la capacité de Pélectrométre et
du fi! de jonction a celle du conducteur de déperdition est
0,355. Les mesures faites d’abord par Pauteur et Melles Malbos
ct Grandjean, ont été bicntot laissées aux soins de Melle Grand-
jean et de M. Gastet. Les résultais ont été trés variables: sur
92 déterminations, la conductibilité négative a ¢été la plus grande
42 fois, la positive 39 fois; il ¥ a eu égalité 5 fois. La moyenne
générale donne;

Ao=10.354-10—*; i_==0.332-10"%
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Les valeurs extrémes ont été:
L == (0.252—0.035)10~%; i, = (0.796 — 0.059)10 %

Il n’a pas encore été fait de mesures d’électricité atmosphéri-
que & I'Observatoire de Tamanrasset, les difficultés de person-
nel, pour raison de santé, ayant sévi plus particuliérement sur
cet établissement, pour l'achévement matériel et scientifique
duguel M. Lasscrre a donné un cffort considérable.

Au moment ou il va prendre sa retraite la 4e Section s’hono-
rerait en rendant hommage & ses efforts persévérants et mé-
ritoires,

3° Année Polaire,

Ch, Maurain — dans un exposé étendu montre l'organisa-
tion générale et dans leurs grandes lignes, les travaux scientifi-
ques de la Mission francaise.

Outre la variation diurne et annuelle des éléments habituels
du magnétisme terrestre, J. P. Rothé a étudié au variométre de
Schmidt, une anomalic magnétique s’étendant sur la Terre de
Jameson, voisine du Scoreshy-Sund, et en relation avee Ies filons
de hasalte,

Aurores Polaires. — Au Scoresby-Sund avait été installée,
sur Pinitiative de A. Dauvillier, unc petite tourelle hexagonale
permettant I'observation constante des aurores dans de irés
bonnes conditions; la tourclle, de 2 meétres de diamétre, chauf-
fée, s’élevait au-dessus de 'un des biatimenis de la Mission; les
pans coupés de son toit étaient garnis de glaces a faces paral-
léles hien dressées, a travers lesquelles se faisail I'observation.
La Mission y avait organisé une veille aux aurores, les ob-
servations y ayant été faites tout le temps qu’clles étaient pos-
sibles; une sphére céleste mue par un mouvement d’horlogeric
et un dispositif de calque sur carte hunineuse du cicl avaient
été établis par le Commandant Habert en vue des mesures de
position. Le registre des ohservations, publi¢ par A. Dauvillier,
est une mine précicuse de renseignements, qui ont permis #
son auteur de développer ses importants travaux sur laurore
polaire.

Ozone atmosphérique. — Les recherches de Fabry et Buisson
ont moniré son influence ahsorbante sur les radiations de petites
longueurs d’onde, cause probable du relévement de la tempéra-
ture dans la haute atmosphére au-dessus des couches froides
de la stratosphérc. L’ozone atmosphérique a été l'objel de re-
cherches dans les régions polaires.

A. Dauvillier a étudié, au Scoresby-Sund, la tencur de Iair
en ozone par un procédé chimique; il a trouvé une trés forte
augmentation de cette fencur pendant la nuit pelaire, gui a
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duré deux mois, du 20 novembre au 20 janvier. De I'ensemble
des résultats, A. Dauvillier conclut que la production d'ozone
est due « Uactivité aurorale, que ce gaz relativement lourd tombe
dans latmosphére en mettant un temps de l'ordre d’un mois
pour atteindre la basse atmosphere et qu'il est détruit par le
rayonnement solaire.

Les teneurs en ozone observées par A. Dauvillier sont
notablement supéricures a celles trouvées pour la basse atmo-
spheére dans nos régions (qui sont de Pordre de 2 mgr. par
100 m3 d’aiv, alors que A. Dauvillier trouve un maximum de
57 mgr. par 100 m3 d’air a la fin décembre).

Comme certaines radiations, de longueur d’onde inférieure
a 2000 A, transforment 'oxygéne en ozone, on peut penser que
les radiations solaires de ces régions du spectre parviennent
dans la trés haute atmosphére et interviennent dans la produe-
tion de l'ozone; d’ou lintérét des résultats de A. Dauvillier.

Radio-électricité. — En vue de I'étude des variations diurne
ct annuelle de la propagation des ondes électromagnétiques et
des causes influencantes, on effectuait au Scoresby-Sund, sous
la direction du lieutenant de vaisscau Douguet, des ¢missions
sur ondes de 25 4 30 métres, et ’écoute portait sur les émis-
sions des postes de Pontoise, de la Tour Eiffel, du fort d’Issy,
de Rugby et de Tokyo.

En diverses stations ont été faites des mesures de hauteur
des couches fortement ionisées sur lesquelles se réfléchissent
les ondes électromagnétiques.

La couche réfléchissante de Kennelly-Heaviside (hauteur 100
a 150 km) n’est pas unique; une autre couche, de hauteur
moyenne 250 km, intervient fréquemment et, entre les deux,
se produisent parfois des réflexions.

Rayons cosmiques. — Les missions de ’Année Polaire avaient
I’occasion de mesurer leur intensité dans un long intervalle de
latitudes. Clest ce qu’a fait A. Dauvillier entre la France et
le Scoreshy-Sund, le trajet suivant grossiérement le méridien
magnétique. A. Dauvillier a fait de nombreuses mesures ab-
solues de lintensité du rayonnement cosmique et en a étudié
les fluctuations, 'intensité restant parfois constante a 2 % prés
pendant des heures et parfois présentant des fluctuations désor-
données atteignant 17 %.

A. Dauvillier attribue P'origine des rayons cosmiques au choc
des ¢lectrons solaires sur les gaz de la trés haute atmosphére.
Il a montré comment cette hypothése permet d’interpréter ses
résuitats; la source des rayons cosmiques serait de faible in-
tensité, mais trés étendue, sensiblement constante et indé-
pendante de Pactivité solaire.
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4° Publications,

Magnétisme lerresire

Ch. MAURAIN — Sur lintervalle de temps entre les phénomeénes
solaires et les perturbations magnétiques terrestres. Ann. de I’'Inst. de
Physique du Globe de Paris, t. XII, p. 63, 1934, et C. R. Acad. Sc. Paris,
t. 196, p. 1122, 1933.

Ch. MAURAIN — Magnétisme et Electricité terrestres, Fasc. 1.
Magnétisme terrestre, Hermann et Cie, Editeurs, Paris, 1935.

Ch. MAURAIN — L’année polaire 1932-33. Organisation générale.
Travaux Scientifiques. Annuaire du Bureau des Longitudes pour 1935
B 1-21,

H. et Mme LABROUSTE Composante diurne et semi-diurne de
la Déclinaison et agitation magnétique. Ann. Inst. Phys. du Globe de
Paris, t. XII, 1934, p. 82

H. et Mme LABROIjSTE — Sur la variation undécennale de la
Déclinaison. Congrés des Sociétés Savantes. 1934, p. 243.
H. et Mme LABROUSTE -— Comparaison entre les jours magnéti-

ques calmes et I’ensemble au point de vue de la relation avec l'ac-
tivit¢ solaire. Congres de I'A, F. A. S.,, Maroc, Avril 1934, p. 107.

L.. EBLE Observations magnétiques faites au Val-Joyeux pen-
dant 'année 1932, Ann. de I'Inst. de Phys. du Globe de Paris, t. XII.
1934, p. 1.

E. TABESSE -~ Observations magnétiques faites a 1’Observatoire
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malologie bhiologique et médicale publié sous la direction du Dr. Piéry,
t. I, p. 82.
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lons de roches pour la mesure de leur conductibilité électrique. C. R.
Acad. Sc., 196, p. 1331.

A. DAUVILLIER .- Enregistrement photoélecirique des aurores
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C. DAUZERE et J. BOUGET -— Sur les variations de la conduc-
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C. DAUZERE — Sur les lieux fréquemment foudrovés dans le dé-
partement de I'Aveyron. C. R. Acad. Sc., t. 197, 1933, p. 1684.

C. DAUZERE et J. BOUGET — Sur la cause des variations de la
conductibilité de 1’air dans les grottes., C. R. Acad. Sc., t. 199, 1934,
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H. GARRIGUE — Nouvel appareil trés portatif pour la mesure des
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C. DAUZERE — Etude sur la foudre (premiére partie). Conférence
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ANNEE POLAIRE INTERNATIONALE 1932-1933 — Participation
francaise, T. I. (Introduction, Magnétisme terresire, Aurores Polaires,
Ozone atmosphérique, Rayons cosmiques). Gauthier-Villars, Paris, 1936.

From Dr. NIPPOLDTY was received the following Report
on work in Terrestrial Magnetism made in

GERMANY

Das neue »Adolf Schmidt-Observatorium fiir Erdmagnetis-
mus« in Niemegk wurde am 23. Juli 1930, dem 70sten Geburts-
tage von Adolf Schmidt, in feierlicher Weise ecingeweiht. Es
besteht aus cinem Hauptgebiude mit Wohnungen fiir einen
Angestellten und einen Arbeiter, nebst Laboratorium, Arbeits-
zimmern und Gastwohnungen, Werkstitte, elektrischer Zentrale
u. s. w., ferner dem halb-unterirdischen Variationshaus fiir Re-
gistrierung der magnetischen Variationen, dem Hause fiir abso-
lute Messungen, dem fiir Erdstromregistriecrungen und Labora-
loriumszwecke umgebauten einstigen Variationshaus von Sed-
din, einem Hiuschen fiir absolute Messungen besuchender Ge-
lehrter — ebenfalls aus Seddin hertransportiert — und einigen
Nebengebiuden. Das Ganze lieglt in einem Geldnde von 272
ar Grosse, ungefihr 1 km westlich der kleinen Landstadt
Niemegk in SW der Provinz Brandenburg, in Luftlinie rund
50 km siidwestlich von Potsdam.

Das seit 1908 registrierende Observatorium in Seddin wurde
am 1. April 1932 stillgelegt und abgebrochen. Die zahlenmiis-
sigen Ergebnisse der ganzen Seddiner Beobachtungsreihe er-
scheinen zusammengefasst 1934 in den »Ergebnissen der Magne-
tischen Beobachtungen in Seddin i. J. 1931« Jul. Springer, Ber-
lin. Die Jahre 1932 und 33 bhieten der Verarbeitung grosse
Schwierigkeiten, weil die neu aufgestellten Variometer, die bei
dieser Gelegenheit auch noch eingehend umgearbeitet wurden,
sich erst allmihlich normal einspielten. Zur Sicherheit waren
ausser den zwei Normalsitzen von Variometern noch mehrvere
Hilfssiatze aufgestellt, aber gerade dies bedingt vermehrte Re-
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duktionsarbeit. Dazu kam, dass kurz vor Beendigung der Auf-
stellung der Normalvariometer wegen unerwarteter Feuchtig-
keitsschiden die cine Aufstellung wieder beseitigt werden
musste, um die Ursache der Schaden durch bauliche Vorsichts-
massnahmen zu beseitigen. Aus diesen Griinden werden die
Ergebnisse fur 1934 und 35 vor denen von 1932 und 33 er-
scheinen.

Das Observatorium in Niemegk besitzt ein registrierendes
System in X, Y, Z und D und ein zweiles registrierendes in
D, H I und Z. Ersteres System liefert auf jeden Bogen
gleichzeitig Registrierungen in kleiner und grosser Empfind-
lichkeit; das D H J-System kann, ohne Storung der 24- stiin-
digen Registrierung seine Variationen auf ein zweites Walzen-
paar je nach Wunsch in 2-stiindigem oder 8-stiindigem Lauf
verzeichnen, Der 2-stiindige dient fiir die Entnahme der Varia-
tionen zu den absoluten Messungen. Die Zeiten werden durch
Lichtsignale auf dem Kurvenbogen gekennzeichnet. Die abso-
Iuten Messungen in D und H werden mit dem seit 1896 vor-
handenen Theodoliten Wanschatt hesorgt, die I-Messungen mit
dem seit 1901 normalen Erdinduktor Schulze 1. Es stehen aber
ausserdem noch andere Theodolite und Erdinduktoren zur Ver-
fligung, desgleichen Variomelersitze,

Die Erdstromanlage wurde gelegentlich des Internationalen
Polarjahrs 1932/33 aus Mitteln beschafft, dic der Rockefeller
Fonds durch giitige Empfehlung der Internationalen Polarkom-
mission bhewilligt hatte, wofiir auch hier herzlichst gedankt sei,
Es wurden zwei je rund 1 km lange Kabelleitungen leicht in
Erde verlegt, die eine nach astronomisch Wesl, die andere nach
Nord gerichtet. Ausser den dort vergrabenen Erdplatten stan-
den noch zwei weitere zur Verliigung, welche den Erdstrom
in magnetisch West und Nord massen. Durch eine Signaluhr
konnte automatisch zwischen beiden Systemen gewechselt wer-
den. Diese Erdstromanlage wird z. Zt. nach den seitherigen Er-
fahrungen umgebaut.

Wihrend des Polarjahrs war ferner eine Schnellregistrie-
rung in Betrieb., Alle Variationen des Polarjahrs wurden in
Kopenhagen von Dr. la Cour durch photographische Kopien in
das internationale Archiv aufgenommen.

Das Observatorium in Niemegk beteiligte sich lebhaft an
den Untersuchungen iiber die Vorginge in der lonosphdre und
zwar durch eigene, von Herrn Dr., Fanselau veranstaltete Echo-
messungen als auch durch Uberlassung geeigneter Rédume an
das Institut fiir Wellenforschung. Die schr lehrreichen Ergeb-
nisse zeigten, dass vor allem, che man an schablonenmissige
Dauerregistrierungen gehen kann, noch viel grundlegende theo-
retische und praktische Fragen zu losen sind. Hierin bestand
die bisherige Hauptarbeit auf diesem Forschungsfeld.

Mit den deutschen Anstalten fir Wellentelegraphie, Funk-
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peilungen, Aeronautik u.s.w. sind in systematischer Zusam-
menarbeit Richtlinien fiir die Uberwindung der Empfangssto-
rungen ausgearbeitet worden.

Zusammen mit den magnetischen Observalorien von Maisach
bei Miinchen und Gross-Raum hei Konigsberg i. Preussen und
den anderen deutschen Fachleuten wurde in den Jahren 1934
und 1935 cine ncue magnetische Aufnahme des Deutschen
Reichs durchgefithrt und zwar mit Unterleitung der Not-
gemeinschaft der deutschen Wissenschaft (Deutsche Forschungs-
gemeinschaft). Es wurde von den Herren W. Kleinschmidt,
H. Reich, R. Bock, Fr. Burmeister und Fr. Errulat 522 Sta-
tionen nach gleichem Plan vermessen. Insbesondere wurde dar-
auf gesehen, dass alle drei Elemente gleich gut heobachtet
waren, in Inklination kam daher ausschliesslich der Erdinduk-
tor zur Anwendung. Um die geographische Verschiedenheit der
taglichen Variationen beriicksichtigen zu konnen, waren tem-
porare magnetische Beobachtungen bei Freiburg in Baden,
Ratibor in Oberschlesien und im Taunus-Observatorium bei
Frankfurt am Main cingerichtet. Die magnetische Reichsauf-
nahme wird von nun an ecine dauernde Einrichtung, um sic
stets auf dem neusten Stand zu halten. Das Magnetische Ob-
scrvatorium Potsdam ist ferner an der Geophysikalischen Auf-
nahme des Deutschen Reichs beteiligt und an ciner Anzahl ver-
wandter Vermessungen zu Land, See und in der Luft.

An internationalen Zusammenarbeiten ist zu erwihnen, dass
sowohl fiir die tiirkische als auch die bulgarische magnetische
Aufnahme je cin magnetischer Theodolit cingechend untersucht
und dic betreffenden Beobachter in Niemegk ausgebildet wur-
den. Fiir das chinesische Observatorium in Zi-ka-wei wurden
2 Variometer von R. Toepler-Potsdam geeicht, Das Observa-
torium Pilar (Argentinien) schickte einen Magnetiker zum Stu-
dium der Potsdamer Arbeitsmethoden, und griechische und
spanische Behérden erbaten die Niemegker Baupline um sie
fiir ihre eigenen Neubauten zu verwerten. Mit den QHM-Vario-
metern von La Cour-Kopenhagen fanden mehrfach Vergleichs-
messungen statt, desgleichen eine Serie Vergleichsmessungen
mit den Reiseinstrumenten der Carnegie-Institution in Wash-
ington, U. S. A.

Beziiglich der anderen magnetischen Arbeitsstellen Deutsch-
lands ist zu erwéhnen, dass Maisach-Minchen eine Vermessung
der Bayrischen Rheinpfalz abgeschlossen hat (Burmeister, Aka-
demie der Wissenschaften 1932), sodass der Anschluss an die
Reichsaufnahme verhéiltnismissig cinfach war. Gross-Raum
gab (Errulat: Mitt. Geophys. Warte Gross-Raum, Nr.25, Konigs-
berg, 1935) die Ergebnisse sciner Beobachtungen im Polarjahr
heraus und bewerkstelligte die Detailaufnahmen von Ostpreus-
sen und Danzig. An mehreren Stellen widmet man sich dem
Zusammenhang zwischen geologischem Bau des Untergrunds
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und den lokalen magnetischen Anomalien (F. Schuh: »Isano-
malenkarte von dMecklenburge, Rostock, 1934). Von allen diesen
Arbeciten kann man sagen, dass sic in vorhildlicher Gemein-
samkeit von allen magnetischen Arbeitszentren  betrieben
wurden,

GREAT BRITAIN
REPORT OF THE BRITISH NATIONAL COMMITTEE

(1) Reports of Observatories, elc.
(a) Royal Observalory, Greenwich (Abinger).

The photographic registration of variations of D, H and V
has becen continued with negligible interruption during the
period. The registration on a fime-scale twelve times as great
as normal was continucd on the days specificd by the Sccond
International Polar Year Committece until the completion of
the programme. The quick-speed records have been prepared
for reproduction on a uniform plan.

The annual publication of results has been punctually
maintained, the results for 1935 heing already in type.

In addition to the routine observation of absolute wvalues
of the magnctic elements (scveral independent observations of
each being made, normally, each wecek day) the work of testing
and certifying magnetic instruments is undertaken, and occupies
much of the observers’ time.

As the result of anomalous obscrvations obtained with
a Kew-pattern unifilar magnetometer submitted for re-
standardisation a detailed investigation of the question of
“distribution constants” and the validity of theory in their
practical application has been begun. Somce rather important
possibilities have been brought out, the chief of which is that
departures from the uniform magnetisation assumed in theory
may bhe so large that the wvalues of the constants P and Q
obtaincd from decflections at one sct of distances will be
markedly different from the valucs obtained at other distances.

When such a condition exists an inter-comparison made at
a particular station is not valid for a station where a different
horizontal intensity necessitates the choice of different distances
for the deflection experiment.
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Further, the results obtained by one and the same instrument
will differ systematically according to the distances chosen,
by amounts which certainly exceed the accidental error of
observation.

In work with a unifilar magnetometer, the value of the
horizontal force is obtained by a combination of vibration and
deflection experiments. A deflection experiment at one distance,

H
m[1+ f(r)]
the deflection distance, which becomes zero for infinite r and
involves the distribution of magnetism in the two magnets. To

yields the quantity where f(r) is a function of

; iy P )
obtain H it is usual to assume that f(r) = L = {‘i, P and Q

being the so-called distribution constants, and to obtain de-
flections at three distances vy vy 1y, thereby obtaining equations
from which P, Q and H can be derived. It is to be observed
o H!

m  m[1+f(r)]
and that the standard practice consists, in effect, of observing

that the observed quantity at distance r is

H! A :
the values of = at three distances and then extrapolating to

Loy
5
It appears that for some instruments the extrapolation is
justifiable and that for others it is not. The following tables
give results for the unifilar magnetometer Casella 181, which
was the standard instrument at Abinger prior to the introduction
of the Schuster-Smith Coil, and for a unifilar submitted for
test, which is here designated Magnetometer X. The quantities
tabulated are in each case H—H', where H! is the quantity
H ; ; . : 5
., the value of H is taken from coil observations, and
1-+1£(r)’
m is obtained by combining this value of H with the value
of mH derived from vibration experiments.

Casella 181 (mean of 37 sets)

r (cms.) :2 x 10° H-—H'
92.5 1975 + 232y
25 1600 -+ 199

30 1111 + 162
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Casella 181 (mean of 37 sets)
1

r (ems.) 2 X 10° H—H
35 816 1124y
40 625 -+ 97
45 494 )
50 400 e

Magnetometer X (mean of 73 scts)

r (cms.) 1,1.3' x 10° H—H'
25 1600 + by
30 1111 +12
35 816 +24
45 494 +12
oo 0 0

On plotting the values of H— H! against those of 113, it
will be seen that for Casella 181 the points lic on a reasonably
smooth curve and that the wvaluc at ;—2 = 0 could quite
justifiably be extrapolated from the values for three values

o]
of 2

Magnetometer X this is clearly not true, and the process of
extrapolation usually employed might lead to wildly inaccurate
results depending on the distances used. This means that
Cassella 181 is a reasonably good instrument and that Mag-
netometer X is a bad one. But it will be noticed that it is
impossible to decide whether a unifilar is good or bad until sets
of deflections at various distances are taken and the observed
results combined with the value for r = oo, which must he
obtained from a coil standard. This means that before con-
fidence can be placed in the results of observations with a
unifilar it must be tested at an observatory where an electro-
magnetic standard is available. The unifilar magnetometer is,
in fact, not an absolute instrument.

by means of the usual quadratic formula. But for

(b) Observatories of the Meteorological Office.

The observatories at Eskdalemuir and Lerwick have con-
tinued their normal programme since the last report. They are
now cquipped with Copenhagen magnetographs both of the
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standard and quick-run type. The Copenhagen magnetograph,
formerly used by the British Polar Year Expedition at Fort
Rae, became the standard instrument at Lerwick in April 1934;
a new instrument of the same type was installed at Eskdalemuir
in December 1935 and will probably he taken as the standard
for that Observatory from January 1936. The quick-run
magnetograph installed at Eskdalemuir for the Second Polar
Year has been maintained in operation; the similar instrument
used at Fort Rae was set up at Lerwick in July 1935 and is
in continnal operation,

Since January 1934 the standard control instrument for
horizontal force at Eskdalemuir has been a Schuster-Smith
magnetometer which is an exact copy of, and is standardised
against, the original magnetometer of this type at Abinger. In
August 1935 using one of the new horizontal force mag-
netometers (QINM) designed at Copenhagen, Dr. Laursen of the
Danish Meteorological Service provisionally determined the
difference hetween the Copenhagen and Eskdalemuir standards
of horizontal force to be of the order of two gammas.

A Smith portable magnetometer brought into use at Ler-
wick in October 1932 has not functioned centirely satisfactorily
and is at present undergoing comparison tests at Eskdalemuir.
In the meantime the Kew pattern magnetometer continucs to
be uscd as standard for determination of horizontal force at
Lerwick., Since June 1935 a dip inductor, standardised against
the Dye vertical force magnetometer at Abinger and presently
on loan from the Astronomer Royal, Greenwich, has replaced
the dip circle for measuring inclination.

Encuiry has been made into the variation from year to year
of the P and Q distribution cocfficients as determined in the
course of the absolute ohservations at Eskdalemuir and Lerwick.
It has been found that since 1923, when the Lerwick serics
commences, the Lerwick and Eskdalemuir values show a rather
uncxpected parallelism. So far this has not been definitely
traced to any circumstance likely to be common fo the two
ohservatories.

The programme of routine work at Lerwick includes an
auroral watch on all suitable occasions. The Obscrvatory is
equipped with an auroral camera but the number of occasions
suitable for photography has been limited, particularly in recent
years.

The large horizontal coil and galvanomecter system at
Eskdalemuir for recording rates of change of the wvertical
component of the earth’s field has been maintained in working
order and occasional records have heen made in co-operation
with the National Physical Laboratory.

The magnetic work at Valentia Observatory is confined to
weekly ahsolute ohservations of horizontal force, declination
and inclination. These have been continucd uninterruptedly.
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(c) Stonghurst College Observatory.

Regular determinations of the magnetic clements were
commenced at Stonyhurst in 1863, and from that timce it has
been the practice to make ahsolute determinations of the
Horizontal forece and Inclination once cach month, and of the
Declination once cach week,

In 1866 a sct of photo-magnctographs of the Kew Oh-
servatory pattern was installed, giving continuous records of
the Declination, Horizontal and Vertical Force, which are still in
service. Time marks are made on the records by a Synchronome
Mean Time clock operating a relay which cuts off the light for
two minutes every two hours. The clock error is determined
daily, and is never allowed to cxceed a few scconds.

The readings of the Vertical Force Balance are not found
to be sufficiently consistent to allow of numcrical values being
quoted, and little use is made of them. The scale value of the
Declination instrument is 11”28 per em, of ordinate, and the
Horizontal Force is adjusted to he as ncarly as possible .00050
C.G.S. Units per em. of ordinate, and is determined hy the
method of deflections two or threc times a year. The basc line
values are determined from the curve ordinates at the time of
the absolute measurcs.

Four daily readings arc measured on the curves of De-
clination and Horizontal Force — the Maximum and Minimum,
and at 04 and 16 hours G.M.T. — and from these readings on
the five quictest days of the month, mean values of these
clements for the month are deduccd. It has been found from
a series of comparisons that mean values derived as ahove
approximate closely to those derived from hourly measures,
which, with the limited staff, it has not heen possible to
undertake. The monthly values of the Vertical and Total Force
are deduced from the mean value of the Horizontal Force and
the single observation of the Dip.

Mean values for the year of all the clements are com-
municated to the Astronomer Royal, for incorporation in The
Observatories’ Year Book, and the Numerical Magnetic Character
of cach day is supplied to the International Organisation at Dc
Bilt. A fuller summary of results is given in the Annual Report
of the Observatory, which is distributed to most of the ob-
servatorics and principal scientific institutes throughout the
world.

(d) Ordnance Survey.

During the period under review no routine obscrvations at
new stations or repeat stations have heen made by the Ordnance
Survey. Attention is being directed to the problem of more
intensive magnetic surveys, particularly of Deelination, covering
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restricted areas. To this end a new instrument, called a
magneto-theodolite, has been designed at the Ordnance Survey
and a pair have been constructed for that Office by the
Cambridge Instrument Company in collaboration with Messrs.
E. R. Watts and Sons. The practical applications of the instru-
ment in the surveying and engineering professions have also
been discussed with outside bodies, some of whom are testing
the instrument in collaboration with the Ordnance Survey.

(e¢) Auroral Observations at Kirkwall, Orkney.

Mr. G. W. Reid has continued the systematic observation
of auroral phenomena at Kirkwall. The details observed and
recorded include position of auroral forms of different kinds,
time of occurrence, principal changes occurring during a
display, period of pulsating aurorae, ete.

This series of observations has now extended over six years,
and includes every night except those on which the light of the
northern sky in summer renders observation uscless.

(2) New Instruments.
(a) The Ordnance Survey Magneto-Theodolite.

The instrument is an eccentrically mounted theodolite with
a Smith Fluid Suspension chamber containing a magnet system
occupying the vertical axis of rotation.

The introduction by Sir Frank Smith in 1925 of this fluid
suspension for magnets was the beginning of a new type of
field magnetic instrument. The first of its kind was a portable
form of the so-called Schuster-Smith Magnetometer. It is based
upon a principle suggested by the late Sir Arthur Schuster, and
was made for the Ordnance Survey by the Cambridge Instru-
ment Company. This magnetometer and its fluid container and
magnet system are described in the Ordnance Survey Publica-
tion “A Portable Magnetometer of the Null Type” (H. M.
Stationery Office, — 1930 price 1/-). Since 1928, the mag-
netometer has been regularly used on the magnetic surveys of
Great Britain and copies of it have been manufactured for other
countries.

The coil magnetometer, although primarily designed to
measure Horizontal Force, constitutes a means of connecting
accurately any bearing with the magnetic meridian and it has
heen used to measure D as well as H, For rapid Declination
surveys, however, it has several disadvantages:— its weight, its
bulk and the necessity of removing the container and magnet
system from the line of sight of the telescope before the distant
object of other azimuth mark can be sighted on. The magnet
system of necessity occupies the vertical axis of rotation of
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the instrument and so the telescope has to be mounted in an
awkward outside position pointing at this axis.

In the new magneto-theodolite the difficulties are overcome
by mounting the telescope to one side of the container and
the change over from theodolite operation to magnetometer
operation or vice-versa takes place in about one second by
throwing into the line of sight within the body of the telescope
a penta-prism which reflects through 90° rays from the glass
cube forming part of the magnet system. Auto-Collimation
takes place through a second ohjective fixed in this broken light
path, facing the window of the container. The prism is raiscd
and lowered in a tube at right angles to the telescope tube
by means of a rack and pinion. The telescope itself can he
completely traversed in a vertical plane.

In making rapid Declination surveys the instruments arc
to work essentially in pairs, preferably at intervisible
stations. Simultaneous observations of their respective magnetic
meridians by the two observers, followed by observations of
the bearing from instrument to instrument, will determine
relative values of D at the two points without rcference to
simultancous values at a Magnetic Observatory. This is onc
of the advantages of the method. After completion of the ob-
servations at two stations, the forward obscrver remains and
the backward observer moves to another forward station. In
this way a Declination survey along a line of points is made,
closing on the initial station or on some station where D is
known. The accumulated crror in D can then be climinated
by an appropriate distribution of corrections throughout the
line. The practical details of observing programmes have not
yet all been worked out.

The instruments have been tested side by side and it has
been found that with new pivots the frecdom from friction at
the jewel is such as to allow the magnet system to follow
unaided the small fluctuations in D on a quiet day within 15”.
That is to say, if the two magnet systems are left quite
undisturbed and their movements are followed by two observers,
thesec movements have a probable difference, less than 157,
The constant of each instrument, or difference bhetween ap-
parent D and true D, depending principally upon the angle
between the magnetic axis of the magnet system and the col-
limating face of the glass cube, is not absolutely constant and
must be checked from time to time. To do it ahsolutely a visit
to a Magnetic Observatory must be made but the difference
between the constants of the two instruments can be determined
at any time and place.

(b) A new type of Magnetograph.
A magnetograph, embodying a new principle, has hcen
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designed by Dr. Harrison, at the Admiralty Signal School,
Portsmouth.

It is well known that the resistance of ferromagnetic
malterials to alternating current is a function of the frequency
of the A. C. and of the permecability of the material. With
some of the new nickel iron alloys it has been found that this
resistance is also a function of the longitudinal magnetic field
when the material is in wire form and that even at audio
frequencies the change of effcctive resistance with applied field
is large with small fields (Nature, 8th June 1935). This change
is of such a magnitude that for a 12” 26 S.W.G. wire a change
of 04 gauss produces at 20 % change in resistance.

This peculiar property has been used in the production of
the new type of magnetograph. A wire of nickel iron alloy
approximately 12” in length is connected in one arm of a wheat-
stonc bridge circuit which is fed with A. C. from a valve
oscillator. The wire is mounted vertically or horizontally ac-
cording to whether it is desired to rceord changes in the earth’s
vertical or horizontal field. The bridge is balanced and the out
of balance current due to change in impedance of the nickel
iron bridge arm is detected on a new type of defcetor system
which is capable of giving on a chart right and left deflections
from an A. C. input instead of the usual zero. An increasc in
intensity deflects the recorder in one direction and a decrease
in the other. By using three wires, mutually at right angles to
one another, one of the wires being vertical, it is possible to
record the variations in the vertical and two horizontal com-
ponents of the Earth’s field on the same instrument simul-
tancously.

The instrument is at present arranged as a magnetograph
for measuring variations in the Earth’s vertical magnetic field
and under steady temperature conditions, a change of 5y in
V causes a movement of 1 mm. on the Chart.

There seems no reason why this sensitivity should not be
increased fivefold.

It has been arranged to try the magnetograph for a period
at the Magnetic Observatory, Abinger.

(3) The R. R. S. “Research”.’

The construction of a non-magnetic ship, to continue the
ocean magnetic survey work formerly undertaken by the
Carnegie, has bheen approved by the Admiralty. The designs
of the ncw ship, to be known as the R. R.S. Research have
been prepared and tenders for the construction have been
invited. The ship will be somewhat larger than the Carnegie,
with a displacement of 630 tons. She will have a brigantine rig
and be provided with a single screw Diesel engine with suf-
ficient oil fuel to give a radius of action of about 2,000 miles
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at 6 knots. The cables will be of bronze, instead of hemp rope,
as in the Carnegie, and to some extent brass or hronze will
prove more satisfactory. The ship will have a total complement
of 31 persons and will carry about 40 tons of fresh water,

Magnetic declination will be determined with a marine
collimating compass; the horizontal intensity of the Earth’s
Field will bhe determined with a sea-deflector, and the dip will
he determined with & marine earth-inductor, driven at a constant
speed by a tuning fork controlled rotary converter, the drive
being transmitted by an articulated shaff. The sea-deflector
will be mounted in a forward observatory, communicating with
the standard Compass: the earth inductor will be mounted in
an after observatory. These obscrvatories will not he provided,
as in the Carnegie, with glass domes. A full instrumental
equipment for land observations will he provided. Contracts
for several of the instruments have been placed and specifica-
tions have been prepared for the others,

The designs of the instruments for sca obscrvations have
been bascd on those of the instruments used on the Carnegie.
The Carnegie Institution of Washington las readily placed all
information at the disposal of the Admiralty and has generously
loaned Mr. W. J. Peters to the Admiralty for advice and
assistance in all matters connected with the design of the ship
-and ifs equipment.

The Research will be equipped also with instrunments for the
study of atmospheric elcetricity and with echo-sounding gear
for determining the ocean depths. She will also undertake some
oceanographical work,

The area in which magnetic data are most uncertain is
the southern portion of the Indian Ocean. The Carnegie made
relatively few observations in the Indian Ocean; the cruise on
which shc was engaged when she blew up was to have included
the Indian Ocean. Moreover, there has been a more rapid change
during recent years in the secular variation of the magnetic
declination in that area than elsewhere. It is probable therefore
that the fivst cruise, of the Research will include the Indian
Ocean.

(4) Miscelluneous Researches.

Papers published during the period under review include:
Terrestrial Magnetism -— The Magnetic Variations of Short
Duration hy A. H. R. Goldie in the “Problems of Modern
Meteorology” series, Lond. (. J. R. Meteor. Soc. 59, No. 248
(1933).

The following papers have heen published by J. M. Stagg:

The Diurnal Variation of Magnetic Disturbance in High
Latitudes. Proc. R. S. A. 149, pp. 208-311 (1935).
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Numerieal Character Figures of Magnetic Disturbance in
relation 1o Geomagnetic Latitude. Terr. Mag., 40, pp. 255-262
(1935).

Aspects of the Current System producing Magnetic Disturb-
ance. Proc. R. S. A, 152, pp. 277-298 (1935).

Some General Characteristics of Aurorae at Fort Rae 1932-33.
London. British National Polar Year Committee, pp. 1-6 (1935).

In addition, dMr. Stagg has been more or less continuously
occupied with the reduction of the magnetic, auroral and atmo-
spheric electrical data from the British Polar Year Station at
Fort Rae, N. W. Canada, since the return of the expedition to
this country at the cnd of 1933. Apart from the measurements
of the large quantity of double station auroral photographs,
this work is now completed and the discussion ready in a form
suitable for publication. It is hoped to have the material
published in the near future.

Measurement of the auroral photographs from Fort Rac has
also been carried on and details of height, azimuth and distance
have heen computed on an average of 12 to 15 points each from
over 600 pairs of photographs. Mr. Stagg, in collaboration with
Mr., Paton of Edinburgh University, hopes soon to begin a study
of the results of these computations to see how the characteristics
of awrorae in N. W, Canada compare with those in Norway.

S. Chapman has continued his rescarches on the lunar daily
magnetic variation at various stations, and, with his pupils or
collaborators has completed such investigations for the hori-
zontal magnetic force at Greenwich, for all three clements at
Cheltenham, and for the declination at Sitka; thesc await pub-
lication. He is cngaged on similar reductions for the declina-
tion at Batavia and for all three elements at Helwan (the latter
ont behalf of the Egyptian Government). He has also made
and publishcd many determinations of the lunar atmospheric
tide at various stations. In addition he has published the fol-
lowing papers on terrestrial magnetism and related subjccts:

The effect of a solar eclipse on the earth’s magnelic force.
Terr. Mag.,, 38, pp. 173-183 (1933).

The mechanical-optical method of reduction of pairs of au-
roval plates. Terr. Mag., 39, pp. 299-303 (1934).

The electrical current systems of magnetic storms, Terr. Mag.,
40, pp. 349-370 (1935). -

Space-gradients of the earth’s magnetic field. Terr. Mag.,
41, pp. 127-136 (1936).

(With Professor E. V. Appleton) Report on ionization changes
during a solar eclipse. Proc. Inst. Radio. Eng. 23, pp:. 658-669
(1935).

He has also written a small book, “The Earth’s Magnetism”
(Methuen and Co., Ltd.), and with Profcssor J. Bartels has in
preparation a freatise on geomagncetism.
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Dr. T. G. Cowling has developed a theory of the magnetic
field of sunspots (M. N., R. A. §. 94, pp. 39-48, 1954), which has
a bearing on the theory of the earth’s magnetic field.

(5) Radio Measurements of Upper-Atmospheric lonisation and
Magnetic Activity.

(1) The radio observations under review have been carried
out by British workers as part of the programme of the Radio
Research Board of the Department of Scientific and Industrial
Research. They consist of daily measurements of the maximum
ionisation densities of the various regions of the ionosphere at

(a) Radio Research Station, Slough, (Lat. 51° 30" N.

Long. 0° 34 W.) from 1932 up to the present time,
and at

(b) Tromse, Northern Norway, (Lat. 69° 39" N.

Long 18° 56’ E.) during the International Polar Year
1932-33.

(2) It is known that the ionosphere may be divided into
two main regions, the lower, Region E, at a height of about
100 km., and an upper and more intensely ionised Region F
at an equivalent height of about 200 to 250 km. The latter
develops a well-defined ledge on its lower boundary when the
altitude of the sun is high. When it is necessary to distinguish
between this ledge and the main region, we refer to them as
Regions F; and F, respectively.

(3) The measurements of the ionisation density of Region F,
made at Slough at noon during the period August 1932-August
1933 have been first compared graphically with the Daily
Magnetic Character Figures from the Abinger Observatory
supplied by the Astronomer Royal. It was at once found that
intense magnetic storms were usually accompanied by marked
reduction in the critical frequency of the Region in question,
though there were noted a number of cases in which the critical
frequency was actually greatly increased while a storm was in
progress.

The matter was investigated further by the evaluation of the
corrclation factor for the noon critical frequency of Region F,
and the magnetic character figure for the preceding day. This
was found to be —0.397. It was further noted that the most
marked reductions of critical frequency, and therefore of
maximum electronic content, occurred during the spring months
of 1933 when a very marked 27-day recurrence tendency was
apparent in both the radio and magnetic data. In the evaluation
of the correlation factor, the daily departures of the critical
frequency from the appropriate value on a smooth curve drawn
through the monthly means were used.

7
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For the years 1934 and 1935, corresponding investigations
have hcen made for both Regions F; and F.. The same procedure
as alrecady described was used, yielding values for the cor-
relation factors, for the year 1934, (a) with Region F,; of —0.016
and (b) with Region F; of -0.042. These values arc slightly
lower than was to be expected from a consideration of the Polar
Year results. This may have been due to the smaller number
of big storms in 1934, and also to the absence of the well-defined
27-day recurrence period characteristic of the spring months of
1933. Using the 1935 results, values of -0.200 for Region F, and
—0.064 for Region F, were found for the correlation factors.

Since magnetic activity is, in the latitude of Slough, most
pronounced just before midnight, an examination of the
midnight values of Region F, critical frequency with magnetic
activity has heen made for the years 1934 and 1935, correlation
factors of —0.247 and --0,357 having been obhlained. On detailed
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investigation it has been found that when there is a small
amount of magnetic activity the ionisation is above normal, but
that when the activity is more severe, the critical frequency is
much depressed. These results ave in agrecement with those
obtained using the noon ionisation as a daily index figure except
that there is now no tendency for bhig magnetic storms to increase
the ionisation. A satisfactory method of differentiating between
storms which incrcase and decrease the ionisation densities
during the daytime has not yet been reached.

{4) The ionospheric abnormalities which accompany mag-
netic activity can best be illustrated by comparing the curves
relating equivalent height of reflection with frequency on quiet
and disturbed days. Two such curves for the ordinary magnetic
component are shown in the accompanying figure.

In this connection it may be noted that, with disturbed
magnetic conditions, the following radio phenomena are usunally
experienced:—

(a) The critical frequency of Region F, is low and poorly
defined on the equivalent height/frequency curve. The
curve may also show a “spur” near the critical frequency
corresponding to Region F,.

(b) Group retardation phenomena, more marked than
normal, are associated with the penetration of Region F,.

(c) The Region F; critical frequency is not altered nearly
so markedly as that of Region F, but it is usually slightly
reduced.

(d) The minimum equivalent height of Region F, is very
markedly raised.

(e} The radio echo amplitude is low for all frequencies
cemployed (1.5 to 8 Mc. per sec.).

(b) An examination of thec observations made at Tromso
leads to conclusions of similar character. The corrclation factor
for the noon values of Region F, critical frequency and the
magnetic character figures supplied by Director Harang of
Nordlysobservatorict has been found tobe -0.341 agreeing with
the inverse correlations mentioned ahove for the Slough data.

At both Tromse and Slough a very striking feature of periods
of intense magnetic disturbance is the extremely low ionospheric
reflection coefficients, At Slough, except on onc occasion, the
echo intensity was never impereccptible for a period of hours’
duration, but at Tromss this condition prevailed during cvery
severe magnetic disturbance. Thus, although the correlation
factors for the two stations given above arc comparable in
value, the cffeet of a magnetic storm on upper-atmospheric
ionisation is really more pronounced at Tromse than at Sleugh
since all days when the echo intensity was imperceptible have
had to he omitted from the examination,
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The low values of reflection coefficient accompanying mag-
netic storms have been attributed by Appleton, Naismith and
Builder to increased ionisation at low levels in the atmosphere
where the consequent absorption of radio waves is great
(Nature, Vol. 132, p. 340, 1933).

(6) At Tromse it was found that during periods of small
magnetic activity and also for a brief interval during the onsct
of a severe storm, abnormal reflections were obtained from
Region E when the electric wave frequency used was greater
than the normal penetration value for undisturbed conditions.
These results confirm the connection between magnetic activity
and abnormal Region E reflection noted by Appleton and
Naismith in England in 1932 (Proc. R. S., Ser. A., Vol. 137, p. 36,
1932).

(7) An increase of ionisation density as an accompaniment
of magnetic activity would receive a ready explanation in terms
of current theories of the production of magnetic storms by the
injection in the upper atmosphere of ionising particles from
the sun, but the most striking result of the radio observations,
namely, the reduction in the maximum electronic content of
Region F, in disturbed conditions secems more difficult to
explain. It has, however, been pointed out by Appleton and
Ingram (Nature, Vol. 136, p. 548, 1935) in this connection that
if the agency responsible for magnetic disturbance heats the
upper atmosphere, so that it expands, the maximum eclectron
density might be expected to be abnormally low.

(6) Atmospheric Electricity.
(a) Kew Observalory.

Since 1933 the principal development in the work in Atmo-
spherie Electricity at Kew Observatory has been the intro-
duction of balloon soundings for finding the sign of the
potential gradient in and above the clouds, especially during
thunderstorms. As the sign of the potential gradient is of more
significance than the magnitude, it suffices to use pole-finding
paper instead of an electrometer. Pressure, humidity and the
sign of potential gradient are recorded simultaneously; pressure
and humidity are inseribed on a smoked metal disk whilst the
sign of potential gradient is indicated by lines traced by iron
points on paper soaked with potassium ferrocyanide. The
potential difference which is effective is that between the
apparatus and the end of a tail which may conveniently be made
10 metres long during thunderstorms, 100 metres long in
ordinary rainy weather. Up to the end of March 1936 42
soundings had heen attempted. The instruments were recovered
on 32 occasions and 20 yielded legible records. In one violent
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thunderstorm nine balloons were released and six records were
obtained. It is hoped that by this investigation information of
fundamental importance with regard to the generation of
electricity in the clouds will be obtained.

Apparatus for recording the charge on rain has been in
regular operation since the beginning of 1935. The records
obtained in the first year showed that the total positive and
negative charges brought down by rain were nearly equal;
showers were responsible for most of the negative electricity
whilst continuous rain and thunderstorms were both associated
with a slight excess of positive electricity.

The point-discharge recorder, an account of which was given
by Dr. Whipple at the Lisbon meeting, is maintained in regular
operation and a memoir dealing with the results obtained from
25 year’s records has heen published recently. Arrangements
have been made to obtain records of the discharge from a point
on a mast about 0.8 km. from the Observatory, it being
anticipated that the comparison between the variations of point-
discharge at two points at this distance apart will yield useful
information about the electrie field below thunderstorms. The
investigation of cleetrical conditions in disturbed weather has
also been facilitated by the installation of an insensitive but
quick-acting potential gradient recorder in which a short period
Dolozalek electrometer is used in conjunction with a very
efficient polonium collector. At the meeting in London of the
International Union for Scientific Radio Telegraphy in 1934 it
was agreed that 5 mm per minute should be adopted as the
standard scale for records of disturbed electrical conditions.
This scale has been adopted at Kew Observatory for the records
of point-discharge, electricity on rain and potential gradient.
It is found convenient to use drums rotating once in two hours,
i. e. with circumference 60 cm.

The Kelvin electrograph is still used for providing con-
tinuous records of potential gradient. Polonium collectors (to
he renewed every six months) were substituted for the water-
dropper in 1932. The electrograph is now standardized so that
published readings give the potential gradient at a side in the
observatory paddock. Attention may be called to a memoir by
Mr. Scrase (Geophysical Memoir., Vol. VII, No. 60, 1934), in
which reduction factors to bhe applied to carlier observations
are set out. Observations in atmospheric electricity were
inaugurated at Kew Observatory as long ago as 1843. They are
associated with the great names of Sir Francis Ronalds and
Lord Kelvin. About the end of the nineteenth century, regular
observations standardized so as to make possible comparisons
of potential gradient at different epochs were commenced. A
homogeneous series of readings of potential gradient from 1910
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onwards is now available. Mr. Scrase’s memoir shews that
interesting comparisons with earlicr data are also possible.

The variation of potential gradient with height near the
ground has been investigated by a differential method employing
a double stretched wire system. It was found that on the average
there was a decrease in the potential gradient of about three
per cent in 10 m.; the change was more uniform in turbulent
air than in comparatively stagnant air. The volume charge was
extremely small except in still air when a change of the order
of + 0.1 E. S. U. per m3 was observed between 5 and 10 m.

A long series of observations of the numbers of charged
and uncharged Aitken nuclei has been carried out. The analysis
of the observations indicates that the ratio of the numbers
depends on the relative humidity of the air, the proportion
of uncharged nuclei being decreased when the humidity exceeds
80 per cent. The effect is presumably due to an increase of
size of the nuclei.

During the whole of the year 1933 apparatus for recording
continuously the conductivity of the air and the number of
small ions was in operation. A study of the results of the
records is in progress.

Routine observations of the fine weather air-carth current,
positive conductivity and potential gradient at the surface of
the ground by means of the Wilson test-plate apparatus in
the underground laboratory have bheen conlinued. Revised
monthly means derived from the Wilson observations, which
have been made regularly on fine afternoons since 1911, are
included in Geophysical Memoir, No. 60, Vol. VII, 1934.

Bibliography

The Observatories’ Year Book of the Meteorological Office
includes tables shewing for Kew, Eskdalemuir and Lerwick:

(a) Potential gradient at four hours each day.

(b) The electrical character of the day and the duration of
negative gradient,

(¢) The diurnal variation of potential gradient on quict days.

In addition the values of air-earth current and conductivity
are given for Kew Observatory for certain days.

Geophysical Memoirs, Vol. VII:

No. 60 (1934). F. J. Scrase. — Observations of atmospheric
electricity: a survey of results obtained from 1843-1931.
No. 64 (1935). F. J. Scrase. — The charged and uncharged
nuclei in the atmosphere and their part in atmospheric
ionisation.

No. 67 (1935). F. J. Scrase. Some measurements of the
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rariation of potential gradient with height near the ground
at Kew Observatory.
No. 68 (1936). F. J. Whipple and F. J. Scrase. — Point-dis-
charge in the clectrical field of the earth.

R. Met. Soc., Q.J., Vol. LXI:
No. 261 (1935), pp. 367-379. F. J. Scrase. — The sampling
errors of the Aitken nucleus counter.

(b) Point-discharge Recorder, Royal Observalory, Green-
wich.

The continuwous photographic record of current discharged
at a point 30 feet ahove the ground was begun at the Royal
Observatory on 1935 January 1. The point is a steel needle-
point, renewed at regular intervals. The current passes to earth
through two galvanometers connected in series. The sensitivity
of one is about twenty times that of the other. The two traces
appear one immediately below the other, so that movements
may be comparced and the -appropriate trace may he selected
for measurement, with greal ease,

The scale of the sensitive trace is 1 em. = 0.070 micro-ampeére;
that of the lcss sensitive trace is 1 em. = 1.37 micro-ampére;
while the time-scale is 4 mm. to the minute. The recording
cylinder is revolved by synchronous motor, and this gives ideal
regularity with corresponding simplicity in identifying definite
instants of time. ‘

The integrated net outflow shown by the records made during
1935 is not yct available. One feature of interest is a small steady
current shown on the scnsitive trace beginning frequently an
hour or so before midnight, and lasting as a general rule for
some hours into daylight. The nature and crigin of this current
is being investigated.

Interesting (races have heen obtained on several occasions
when thunderstorms have passed at a distance from the Ob-
servatory, The sensitive galvanometer registered measurable
instantaneous currents — hoth signs, but chiefly positive —
coinciding with the occurrence of lightning flashes at least five
miles away.

(¢} Solar Physics Observatory, Cambridge.

The main line of investigation in the field is still the
potential gradient of thunderclouds using the capillary eleetro-
meter technique initiated by C. T. R. Wilson, Attention has
heen concentrated on recording the electrostatic field at the
earth’s surface during and immediately after a lightning dis-
charge. Observations can be made on flashes at all distances
up to about 40 kms,; the time limit of resolution is ahout 0.01
second. The effects of the separate strokes making up a light-
ning discharge can be readily separated in many cases.
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Several connected problems have also been investigated. A
number of balloons carrying films in metal containers were sent
up into thunderclouds in a search for penetrating radiation of
considerable intensity. The results were negative, (W. A. Macky,
Proc. Cam. Phil. Soc. XXX, 70, 1933).

A further attempt to detect penetrating radiation . associated
with thunderstorms was made using a Wilson cloud chamber
in which the expansion was automatically released by the field-
change of a moderately distant lightning discharge. While the
results were not very conclusive, more penetrating particles were
captured in such expansions than in similar expansions made
at random. (E. C. Halliday, Proc. Camb. Phil. Soc. XXX, 206,
1934).

A series of experiments carried out in the Cavendish
Laboratory has shown that a large drop of water falling through
ionised air or through a cloud of charged particles, in an clectric
field, acquires a charge in accordance with the theory pro-
pounded by C. T. R. Wilson as a possible mechanism for
thunderclouds. (J. P. Gott, Roy. Sec. Proc. A, 142, 148, 1933 and
151, 665, 1935).

J. A. Rateliffe and a team of workers from the Cavendish
Laboratory have been engaged in a systematic attack on various
problems of the ionosphere and a number of papers have been
published.

(d) University College, Dublin.

During the last three years, observations on atmospheric
cleetricity have been continued under the direction of Prof.
J. J. Nolan at the station at Glencree, Co. Wicklow, which is
maintained by University College, Dublin.

Observations have been made, by C. T. R. Wilson’s exposed-
plate method, of the ficld at the earth’s surface and of the
current into the earth. Simultancous observations of the con-
centrations of positive and negative small ions were made. A
new form of apparatus for counting small ions has been in
use. A considerable number of determinations of the mobilities
of small ions have been made with this apparatus.

An investigation into the loss of nuclei from air-streams
passing through tubing has led to a method for the determina-
tion of the diffusion coefficients and velocities of fall of con-
densation nuclei. The results reported so far must be regarded
as tentative, and the work is still in progress.

Certain results of a negative character may be mentioned.
Investigations by ion-counters and by Kolhorster apparatus at
two places (Sandyford, Co. Dublin and Grange Con, Co. Wick-
low) reported to be frequently struck by lightning, have revealed
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no detectable excess of atmospheric ionisation or of ionising
radiation at either place.

(¢) Miscellaneous Investigations.

“The Theory of the Combination Coefficients for Large lons”
has been discussed by Dr. W. R. Harper of the University of
Bristol,Phil. Mag. XVIII (1934) p. 97, XX (1935) p. 740. Formulae
have been derived from the kinetic theory of gases both for the
cocfficients determining the rate of combination of uncharged
nuclei with small ions and for thosc determining the rate of
combination of charged nuclei (i.e. large ions) with small ions
of opposite sign. The value determined by Nolan and O’Brol-
chain for the coefficients appropriate for certain conditions in
Dublin are in accordance with Harper’s theory.

The fundamental problem of the nature of nuclei (and
therefore of large ions) has been studied experimentally by
J. H. Coste and H. L. Wright (Phil. Mag. XX (1935), p. 209),
who find that the nuclei produced when combustion is taking
place are probably formed by the combination of the constituents
of the air into nitrous acid. The authors believe that although
sea water is the chief constifuent of nuclei in nature, most of
the nuelei produced by the fires associated with human activity
are droplets of nitrous acid.

HOLLAND

RAPPORT SUR LES TRAVAUX MAGNETIQUES 1933-1936
PPar G. van DIJK

L’Obscrvatoire magnétique de De Bilt a réguliérement
continué les cnregistrements magnétiques avee deux jeux de
variomeétres: un jeu enrecgistre les variations de la déclinaison
de Tintensité horizontale et de l'intensité verticale 4 Paide de
lumiére intermittente, 'autre jeu enregistre les variations de
trois composantes astronomiques nord-sud, est-ouest ct verticale
4 I'aide de lumiére permanente; vitesse de déroulement du
papier 15 mun par heure.

Dans le pavillon des observations abolues on a déterminé
comme auparavant trois fois par mois la déclinaison, Pintensité
horizontale et 'inclinaison, Les ohservations ont été publides
dans U'dnnuaire de U'Institut Météorologique Royal des Pays-
Bas, B. Magnétisme Terrestre; Pannuaire de 1935 est sous presse
ef paraitra en Oclobre.
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Dans Ic mois de mars 1934 on a disposé derriérc les vario-
meétres des composantes astronomiques un variomeétre Godhavn
du Dr. la Cour; dans le mois de mars 1935 on a remplacé le
variometre de Dintensité verticale de Schulze dans l'apparte-
ment a cnregistrement avec lumiére intermittente par un
variométre Godhavn., Les deux variomeétres Godhavn revenus
de Texpédition néerlandaise & Angmagssalik, ont été munis
Q’un fort amortissement cn cuivre; ils sont complétement com-
pensés contre les variations de la température, qui d’ailletrs ne
sc monlent qu'a 4 degrés durant Pannée (minimum au prin-
temps 9°, maximum en automne 13°). Le comportement de ces
variométres a ¢té exeelient.

Dans le printemps de 1936 on a déterminé I'intensité hori-
zontale & Paide de 3 magnétometres QHM envoyés par lnstitut
Météorologique de Copenhague. Les trois magnétometres ont
montré une concordance parfaite, la différence avee le théodolite
Edelmann de I'Obsérvatoire de De Bilt sc monte & 9y.

La station polairc & Angmagssalik a continué les enregistre-
ments magnéliques encore une année aprés PAnnée Polaire
jusqu’au mois d’Aotit 1934 sous la direction du Dr. van Zuylen,
chef de 'expédition.

Les observations magnétiques faites & Angmagssalik ont été
réduites autant que le temps du personnel de Plnstitut de De
Bilt, disponible & ce travail, le permettait. On a reproduit sur
films et envoyé au Président de Ia Commission de I'Année
Polaire Internationale les cnregistrements 4 marche ordinaire
durant P'Année Polaire et Pannée suivante, on a reproduit sur
films les photographies de Iaurore polaire avee une explication,
on a décrit et dessiné les observations aurorales visuclles ete,
conformément aux veeux de la Commission de ’Année Polaire.
On espére publier P'année prochaine les observations ma-
gnétiques faites & Angmagssalik.

La publication des tableaux trimestricls des caractéres
magnétiques, rédigés par Ulnstitut Météorologique des Pays-
Bas, 4 savoir «Caractére magnélique de chaque jours ct «Carac-
tére magnétique numdérique des jourss, a ¢été continuée reé-
guliérement. Une étude, intitulée «Mcasures of Terrestrial
Magnetic Activity» a été présentée a la Commission de Ma-
gnétisme terrestre et d’Electricité atinosphérique de I'0O. M. L
lors de sa séance 4 Varsovie cn septembre 1935.

A la priére du Président de la Commission de I’Annéc Polaire
PInstitut de De Bilt s’cst chargé de prendre soin de la rédaction
et de I'impression des caracteres magnétiques des stations en
opération pendant 'Année Polaire et également par rapport
avee une proposition adoptée a Varsovie de collectionner et
d’arranger les caractéres magnétiques des observatoires avant
Pannée 1906.



JAPAN 111

A présent les observations magnétiques a4 De Bilt sont
séricusement menacées par les projets de la Compagnie des
Chemins de fer néerlandais, d’élecirifier plusicurs lignes dans
le centre du pays. D’aprés des enregistrements de D'intensité
verticale exécutés 4 quelques endroits dans le voisinage des
chemins de fer existants dans P'onest du pays, on peut s’attendre
a4 cc que les perturbations des observations magnétiques a De
Bilt & cause de courants vagabonds, seront irés grandes.

Il est fort souhaitable que le danger qui menace les ob-
scrvations magnétiques aux Pays-Bas, soit paré et que dans
Pavenir ccs observations puissent éfre continuées comme
auparavant sans interruption ct sans perturbations.

Septembre 1936,

JAPAN

NATIONAL REPORT OF THE JAPANESE COMMITTEE OF
TERRESTRIAL MAGNETISM AND ELECTRICITY

By A. TANAKADATE

The four standing nagnetic observatorics, Toyohara, Ka-
kioka, Simoda and Aso, the first three with quick running
magnetographs as well as the earth current, are continuing
their regular works as they were during the Second Polar Year.
The four subsidiary stations, Oodamari in Karahuto, Zinsen in
Tyo6sen, Daihoku in Taiwan and Palau in Carolina Islands are
taking daily ohservations on declination only just for the pur-
posc of checking bearings in charts.

A new magnetic survey of Taiwan (Formosa) is now
finished and the results are ready for press. 100 stations were
taken, at 26 of which absolute measurements of H were made
and the rest are relative determinations with reference to those
stations. ,

A new magnetic ohservatory at Miyako is now bceing built
and will be working next year.

A small wooden ship of 200 tons is designed for making
magnetic observations on sea. This is to work in conjunction
with a larger iron ship of 1100 tons destined for geophysical
and other researches, The observers will be lodged on board
of this ship and will take observations on quiet days on the
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small wooden ship at a sufficient distance from the iron ship.
The ideca was suggested to Dr. Bauer when the Carnegie was
going to be built. The two ships will be rcady toward the end
of the next summer, and we hope the trial may suggest certain
advantages for future extension of the ocean magnetic works.

As to theoretical works, two endeavours, onc hy Mr. M. Hase-
gawa, Rigakusi, and the other by Mr. K. Terada, Rigakusi, may
be mentioned. The former is studying the types of the diurnal
magnetic variations and their distribution over the earth and
the progressive march of the type round the earth; the corre-
sponding system of currents in the air and earth are calculated.
Two preliminary summaries are in the Proceedings of the Im-
perial Academy, Vol. XII. The latter has attempted to calculate
the horizontal current in the atmosphere by taking the circula-
tion of magnetic force, assuming the vertical variation of H to
he that of the first term of the harmonic expansion and taking
the observed variations of Z on the earth surface. Two papers
in Japanese are now put in English in one paper in the Geo-
physical Magazine, Vol. X. The result calculated from the old
data of Ad. Schmidt of 1885 and that calculated from the data
of Dyson and Furncr of 1922 agree in essential features.

The observations carried during the total solar eclipse June
19th, 1936, are being rcduced: their preliminary reports are
communicated in scparate brochurcs.

Addenda. Three QIM have just arrived from Dr. Fleming,
and they are sent to Kakioka where comparisons will be made.

OBSERVATIONS OF TERRESTRIAL MAGNETISM,
ATMOSPHERIC ELECTRICITY AND EARTH-CURRENTS
BY THE CENTRAL METEOROLOGICAL
OBSERVATORY OF JAPAN

By T. OKADA

'The Central Meteorological Observatory, Tokyo, is making
systematic observations of terrestrial magnetism, atmospheric
electricity and earth-currents at the Kakioka and Toyohara
magnetic observatories aftached to it.

1. The Kakioka Magnelic Observatory.

Kakioka is a small town lying at a distance of 70 km to
the north-west of Tokyo, and the Magnetic Observatory is
situated at the outskirt of the town. The geographical coordi-
nates of the Observatory are: --—
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Longitude: 140° 11’ 21" E
Latitude: 36° 13’ 51” N
Height: 28.2m. abhove sea-level,

The main building of the Kakioka Observatory is a rein-
forced concrete building, 23.1 m. long and 11.2 m wide. The
building has seven rooms beside a kitchen and a bath room.
In the seismometer room are installed a set of Wiechert’s hori-
zontal and vertical seismographs and a strong motion seismo-
graph. In the clock room is working Riefler’s normal astro-
nomical clock, No.460, and a secondary clock, No.491. The
absolute house is built of white bricks, and is 7.3 m. long and
3.6 m. wide. There Ad. Schmidt’s normal magnetic theodolite
No. 5, constructed by the Askania Werke, Berlin, is installed.
The variation house is also built of white bricks free from fer-
ric components. There Ad. Schmidt’s variometers are con-
stantly working.

At the Observatory the variations of the three elements arc
constantly recorded by a set of Ad. Schmidt’s magnetographs
constructed by Askania Werke in Berlin, and a set of absolute
measurements is made once a week with Ad. Schmidt’s normal
theodolite and earth inductor also constructed by the same
German firm. The Kakioka Observatory is under the charge
of Mr. S. Imamiti.

The provisional mean values of the three magnetic com-
ponents at Kakioka for each month and the year 1935 are as
follows: —

The mean values of the magnetic elements
at Kakioka, 1935.

Element Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year

D. 5° -14833 48'5 487 48.7 489 49'6 494 498 50.4 50.4 50.1 50.6 49.5W
H. 29000y 714 719 711 717 729 1729 734 724 1709 711 724 710 719
V. 34000y +813 799 800 827 836 837 830 826 819 834 826 824 822

At Kakioka the atmospheric electric potential gradient is
continuously recorded by a quadrant electrometer of the Benn-
dorf pattern. As the collector a Lord Kelvin’s water dropping
apparatus is used. The electric conductivity of air is observed
with Gerdien’s apparatus. The variations of earth-current are
also recorded by the galvanometric method. The electrodes in
use at Kakioka are copper plates of one metre square, cach
coated by a thick layer of oak-charcoal powder. They arc
buried at a depth of three metres below the surface of ground.
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2. The Toyohara Magnetic Observalory.

Toyohara is a town in South Sakhalien. The Magnetic
Obscrvatory stands in the eastern outskirt of the town, and
has the geographical coordinates: — '

Longitude: 142° 45 E
Latitude: 46° H8" N
Height: 61.5 m. above sca-level.

The main building of the Observatory is a two sloried
wooden house, 6.6 metres wide and 84 metres long. In the
ground floor there is a computation room, a dining room and
two dark rooms, one for recording the variation of earth-cur-
rent and the other for photography, beside a lobby, a kitchen
and a bath room. In the first floor there is a reception room,
a room for the recording instrument for atmospheric clectric
observation and three private rooms for observers. The varia-
tion house is built of wood, and is 10.4 metres long and 7.3
metres wide, a lobby dividing it into two rooms. The eastern
room is again divided into two parts. In one of them is placed
@ set of recording apparatus while in the other a set of Eschen-
hagen’s variomcters. In the western room is working a hori-
zontal force variometer and a quick running recorder con-
strueted in the work shop of the' Central Meteorological Ob-
servatory, Tolkyo. In order to keep the daily range of the tem-
perature in the rooms of the variation housc to bhe negligibly
small, the space between the double walls of the house is filled
with saw-dust. The absolute house is also built of wood, and
is 7.6 m. long and 4.7m, wide. The building has two rooms.
In one of them is placed a magnetic theodolite of the Indian
Survey pattern, and in the other are placed an earth-inductor
amd a galvanometer. An azimuth mark for declination ob-
servation is put at a distance of about 600 m. to the east of the
building. The magnetic theodolite was made by Cooke, Trough-
ton and Simms, Ltd., London, and was carefully certificated
in the Greenwich Obhservatory. The ecarth-inductor was made
by Edclmann, Munich. The variomecters were constructed by
Otto Topter and Sohn, Potsdam,

The variations of the three components of the magnctic ele-
ments are continuously recorded, and the absolutc measure-
ments of the elements are taken once a week. Records of
carth-currcnts, atmospheric clectric potential and the electric
conductivity of air are also made. The Toyohara Magnetic Ob-
servatory is under the charge of Mr. M. Hirayama. The results
of the magnclic and electric observations made at Toyohara
during the Second Polar Year 1932-1933 have heen published
in the Bulletin of the Central DMetecrological Observatory of
Japan, Vol. V, No. 2, 1936. The provisional mcan values of the
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magnetic elements for each month and the year, 1935, are as
follows: —

The mean values of the magnetic elements
at Toyohara, 1935.

Element  Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year

D. 9° 19 20 1.9 26 28 33 35 38 50 52 50 53 35W
H. 25000y +-032 027 024 029 039 036 034 035 020 015 029 032 029
V. 44000y +607 612 609 606 612 612 602 601 591 606 617 630 609

At Toychara the atmospheric clectric potential gradient is
also continuously recorded by meceans of a Benndort’s electro-
meter and a radio-thorium collector. The electric conductivity
of air is observed with a Gerdien’s apparatus. The variation
of earth-current is recorded by galvanometric method just in
the same way as al Kakioka.

3. The Magnetic Survey of Formosa.

For finding the eventual variation in the distribution of the
terrestrial magnetism in Formosa, due to the great carthquake
on April 21, 1935, the Central Meteorological Observatory,
Tokyo, has undertaken a complete magnetic survey of the
islands at the request of the Govermment General of Formosa.
The party engaged in the work consists of three experts,
T. Kubo of the Imperial Marine Observatory, Kobe, H. Hata-
keyama of the Central Meteorological Observatory, Tokyo, and
R. Yosimatu of the Kakioka Magncetic Obscrvatory, Kakioka.
in the magnetic survey the following instruments are used:
a sct of the magnetometers of the Indian Survey pattern made
by Cooke, Troughton, and Simms, London, and a dip circle
made by Watson, London. A sct of Ad. Schmidt’s Local vario-
meters was also used to find the local anomaly in the distri-
hution of the terrestrial magnetism. The points at which the
obscrvations werc taken are 100 in number. The complete scls
of the magnetic observations were taken at 26 of these stations
with the magnctometers, and the variations in declination and
horizontal force were observed at the remaining 74 stations by
the local varvionteters. All of these observations have heen re-
duced to the values at sca-level for the beginning of 1936. Using
the results of observations at these 26 stations the following
empirical expressions have been obtained: —

H = 364027 — 5.366 \g — 2.602A2 L 0.00043A¢? | 0.00133A@ Az ~ 0.00227\22

[ =327 4188 4 1.820 ¢ — 0.064A: 4 0./00011 A2 — 0./00134 Ap Az
-+ 0700011 A
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0 = 1° 2300 - 0.295Aq -+ 0014 A7 + 0.00015A @2 -+ 0./00022A ¢ A
— 0./00085A 22

7 == 23384.6 }- 23.831 A — 2.325A1 —0.00194 Ag? — 0.00281 AgAi 4 0.00415A:2
where Ap = (¢ — 23° 30.'0) and Ai=(1—121°)

-NORWAY

REPORT ON MY GEOPHYSICAL WORK IN THE PERIOD
1932-1936, FROM THE MEETING IN LISBON
TO THE MEETING IN EDINBURGH

By CARL STORMER

The geophysical work done in the period 1932 to 1936 falls
along two different-lines: A. Observational work on aurora
and on stratospheric clouds, and B. Theoretical work on elec-
tron orbits with application to aurorae and to cosmic rays.

A. Observational work on aurora and on stratospheric clouds.

During the period in question 10 aurora stations in southern
Norway have been in action. Each station had the necessary
equipment for photographing the aurora or stratospheric clouds
and could be connected to 1, 2 or 3 other stations by mecans
of the state telephone lines.

In the years 1933, 1934, 1935, 1936 aurorac were photo-
graphed on 56 nights. The following table gives the number
of successful pictures taken from one station only (I), the
number of successful sets taken simultaneously from two
stations connected by telephone (II), from three stations (IIT)
and from four (IV):

Yeur T Py h I e I v
1933 380 416 113 8
1934 165 75 68 6
1935 434 219 82 39
1936 (till June) 188 141 126 8
sum 1167 851 389 61

Some spectra have also been taken; they will be mentioned in
a paper under preparation.

Of this extensive material only a small fraction has hitherto
been measured and calculated. The work, however, is now going
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on in the new Institute for theoretical Astrophysics, where rooins
and other facilities have given much better conditions for work
than in earlier years.

The following papers in connection with aurora have hecen
published:

1. Die wichtigsten Ergebnisse der Nordlichtforschung. Elek-
trische Nachrichtendienst, Bd. 10, 1933.

-2, Uber eineNordlichtexpedition nach Trondheim im Miarz 1933,
Gerlands Beitrige z. Geophysik, Bd. 41, 1934,

3. Ergebnisse der Nordlicht-Photographie im siidlichen Nor-
wegen im Internationalen Polarvjahr 1932-1933. Archiv filr
Polarforschung, Jahrg. 4.

4. Measurements of Anrora with very long base lines. Geofys.
Publ,, XI, 3.

5. Remarkable Aurora forms from southern Norway: I. I'eeble
homogenous Arcs of great Altitude. Geofys. Publ,, XI, 5.

As to the stratospheric clouds, they have heen photographed
from the same stations as the aurora. I give only the papers
published since the heginning of 1933:

1. Hohe und Lage von leuchtenden Nachtwolken beobachtet

in Norwegen im Jahre 1932, Meteorol. Zeitschr., 1933.

2. Height and Velocity of Luminous Night-Clouds observed in
Norway 1932, University Observatory Publications, Oslo,
No. 6, 1933.

3. Nuages dans la stratosphérc. Comptes-Rendus, Paris, t. 196,
p. 1824, June 1933.

4. Hoéhenmessungen von Stratosphidrenwolken. Beitriige zur
Physilk der freien Atmosphare, Bd. 21, 1933.

5. Luminous Night-Clouds. Nature, Vol. 134, p. 219. ‘

6. Luminous Night-Clouds over Norway in 1933 and 1934.
Nature, Vol, 135, p. 103.

7. Measurements of Luminous Night-Clouds in Norway 1933
and 1934. Astrophysica Norvegica, Vol. I, 3.

The very extensive material of photographs of Mother of
Pearl Clouds from later years consisting of some hundred
pairs for measuring height and veclocity, are being measured
now,

B. Theoretical work on electron orbits with application
to aurora and tfo cosmic rays.

As the problem of the motion of an electron in the field of
a magnetic dipole, so interesting for the theory of aurora, in

s
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the latest years has required new interest on account of its
application to the thecory of cosmic rays, a long series of
nunterical calculations have heen started continuing those of
1904-1910. About 26000 norwegian crowns have been granted
from norwegian scientific funds for this work.

In the period 1933 till now the following papers have been
published by the author:

1. Uber die Bahnen von Elektronen im axialsymmetrischen
elekirischien und magnetischen Felde. Annalen der Physik,
Bd. 16, 1933.

2. Angeniherte Integration der Bewegungsgleichungen von
Elektronen im Felde eines magnetischen Dipols. Zeitschrift
fiir Astrophysik, Bd. 6, 1933.

3. On the trajectories of electric particles in the ficld of a
magnetic dipole with application to the theory of cosmic
radiation I, I, III, IV and V. University Observatory Publica-
tions, Oslo, Nos. 10 and 12, and Astrophysica Norvegica,
Oslo, Vol. I, Nos. 1 & 4, and Vol. 1I, No. 1, 1933-1936.

4, Critical Remarks on a Paper by G. Lemaitre and M. §.
Vallarta on Cosmic Radiation. Phys. Review, Vol. 45, p. 835.

The numerical integrations are still going on, and new
papers are ready for publication.

August, 10th, 1936.

SHORT REPORT ON GEOPHYSICAL RESEARCHES AT THE
AUROGRAL OBSERVATORY, TROMS®

By LEIV HARANG

Earth-Magnetism

The registrations of the three components D, H, and V have
Ieen continued and absolute determinations have been made
at regular intervals for checking the base lines. The hourly
values have been published in the scries Publikasjoner fra
Det Norske Institutt for Kosmisk Fysikk, up to the year 1935.

On the islands of Jan Mayen and Bjerneya (Bear Island)
the registrations of D, H and V by two sets of “Variométre de
Copenhaguae” have been continued. \
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Aurorae
(a) Parallactic photography.

Parallactic photos have regularly been taken of auroral
forms which seemed to be of more unusual character. A great
number of photos have been taken during the last three win-
ters, of which a number taken of sunlit and redeolourcd au-
rorae have heen measured out.

(b) Spectrography.

Exposures of specira in the region of longer waves through
spectrographs of medium dispersion have been continued. The
times of exposures werc scveral months. A report on the re-
sults is given in prof. Vegard’s memorandum on researches in
the auroral speetrum.

For precision measurements of the wave-lengths the green
and red auroral lines have been photographed through Fabry-
Pérot interferometers. The ohservations of the red auroral line
is heing continued.

Ionosphere

By means of a pulse transmitter and a receiver supplied
with cathode ray oscillographs the ionized lavers of the upper
atmosphere have heen observed daily from April 1935. Special
attention has been paid to the following two groups of observa-
tions: (a) Determination of the noon values of the critical fre-
qquencies. (b) Variations of the electron densitics of the layers
during magnetic storins and aurorae. The results are discussed
in a special report, (See below),

Atmospheric Ozone

From July 1935 measurements of the atmospheric ozone by
means of a Dobson spectrograph have heen continued by Mr.
E. Tensberg. During the dark period in winter the spectra of
the sun were supplied and replaced by spectra of the moon
taken by a quartz-spectrograph and of stars (¢ Lyrae and v
Cassiopeiae) taken by a Chalonge spectrograph. A report on
the results obtained was given on “The International Con-
ference on Questions relating to Atmospheric Ozone, 1936, and
printed in the papers of the Royal Meteorological Society of
London.
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INVESTIGATIONS ON THE AURORAE
AND THE IONOSPHERE
AT THE AURORAL OBSERVATORY, TROMS(®
(¢ = 69°40’ N, 2 =18°57' E. Gr.)

By LEIV HARANG

1. Aurorae.

Simultaneous parallactic photos of aurorae have been taken
at regular intervals during the last winter seasons from the
Observatory and our second station Tenness, lying 43.2 km to
the south. During the last winter a series of parallactic photos
of more than 700 pairs taken on the evenings from March 15
to 23, 1936, are especially interesting as the aurorae appearing
in a number of cases were lying in the sunlit atmosphere.

The heights of the sunlit aurorae may give valuable informa-
tions about the vertical movements of the atmosphere from
the dark to the sunlit part, which one must expect on account
of the temperature variations.

On October 27, 1935, parallactic photos of an auroral arc
of a length more than 800 km was taken, the one half of the
arc was lying in the sunlit atmosphere the other half in the
dark. The heights of the lower border of this arc inereased
continuously from the uniform height of 100 km in the dark
atmosphere, which is the usual height of auroral ares lying
in the dark atmosphere, to the unusual great height of 140 km
in the sunlit atmosphere. Assuming the electrically charged
particles producing the aurorae to have the same penctrating
power along the are, the variation of height from the dark
lo the sunlit atmosphere indicates the position of an isobaric
surface in the atmosphere. The continuous increase of the
heights of this isobaric surface from the dark to the sunlit at-
mosphere is to be regarded as an effect of the termal expansion
of the atmosphere in 100 km’s height due to the temperature
increase®).

In the material from March 1936, this effect of the sunrays
on the heights of ares and bands lying partly in the dark and
the sunlit atmosphere, has been confirmed in a number of cases.
A preliminary report of these height-measurements is given in
a paper in Beilrige zur Geophysik**).

Besides of sunlit aurorae, parallactic photos of a number
of ares and bands having a more or less pronounced red colour-
ing at the bottom edge have been taken. In accordance with

*)  Terr. Mag., Vol. 41, p. 143 (1936).
#)  Beitr. z. Geophysik, 48, 1-12 (1936).
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previous height determinations®) the red colouring was ac-
companied by a decrease of the heights of the individual
auroral forms, indicating an increase of the penefrating power
of the eclectrically charged particles producing the red coloured
aurorac. A spectrum taken of these red coloured ares and
bands show an increasc of the intensity of the red oxygen
doublet 6300 and 6360 A (1py—3rs) and (1pe— 3P4).

Besides spectra taken more oceasionally of individual auro-
ral forms, special attention has heen paid to trials to obtain
interferometric pictures by means of Fabry-Pérot interfero-
meters of the red auroral line 6300 A. A first picture was ob-
tained in January 1934 ##). During the last winter we have suc-
ceeded in obtaining a number of pictures which will allow ¢
more precise determination of the wavelength.

2. Ionosphere.

Observations of the ionosphere by means of radio echoes
were commenced in April 1935 and now form a part of the
programme of observations. The Breit and Tuve pulse method
is used. The apparatus consists of a small pulse transmitter
and a receiver supplied with cathode ray oscillographs for re-
cording the echoes appearing. The transmitter and the receiver
are placed in the same room and the transmitting and receiving
of the signals are performed on two crossed dipoles. Special
attention has been paid to the following observations.

a. Measurements of the critical frequencies at noon of the
ionized layers.

The critical frequencies, i. e. the limiting frequency at which
the waves penetrate a layer, is recorded at local noon by re-
cording the echoes appearing in a frequency interval of 1-10
Mge/see. As a supplement the same observations are usually
repeated at 10h, 14h and 18h local time. Investigations by 1 radio
methods have shown that the ionosphere consists of two main
divisions, the Kennelly-Heaviside-layer (or E-layer) in 110 km
and the Appleton-layer (or F-layer) in 230 km height. Besides
these two main divisions, the F-layer shows during the day,
and in high latitudes as in Tromse only during the four summer
months, a ledge in the ionisation curve at the lower boundary,
the F,-layer, whereas the main layer is named as the Fy-layer.

In l"ug 1 the eritical frequencies (ordinary component only),
of the E-, IF'y- and Fy-layers measured at local noon from April
1935 to July 1936 is shown During undisturbed conditions no
E-echoes up to 1 Mge/sce. is obtained in the months December-
January when the sun is below the horizon, whereas the Fo-

") Belll z. Geophysik, 37, 109 (1932).
**) Harang and Vegard: Nature, 135, 542 (19353).
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layer during winter time shows a strong increase of the critical
frequencies, 1. e. the maximum electron density of the Iayer.
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Fig. 1. — The critical frequencies of the E-, F;- and Fs-layers, ordi-

nary componcut only.

This increase of the critical frequencics during winter time
is in accordance with cavlicr ohservations in Slough (England)
and Deal and Washington (U.5.A)).

The noon valucs of the critical frequencies from spring and
summer 1936 show a considerable inerease for all three layers
when compared with the same months in 1935. The following
table shows the increase of the mean monthly values of the
eritical frequencies for threc months from 1935 to 1936.

Table 1.
1935 1936

E F, Ty E . Fr o, Fs | AE  AF | AR

! Mgc'sec! Mgc sec Mpc'sec| Mge sec | Mpc|sec’ Mge'sec] Mgc|sec * Mge sec| Mgc'sec

April | 263 | 394 . 530 | 3.25 . 7.40 |+062° +2.10
May ‘ 295 | 406 531 | 343 ! 489 | 7.19 |40.48; 1083, - 1.88
June | 307 ° 423 548 | 361 . 496 ' 661 +0.44i+0.73}+1.13

Now the solar acitivity measured by the sunspot activity

or the Earth’s magnetic activity shows a considerable increase

~ from 1935 to 1936. The simultancous increase of the critical
frequencies for all three layers from 1935 to 1936 shows that
the ionizing agency producing the day-time ionisation in the
highest layers must show a parallel increase. Observations
during solar cclipses show that at least for the E- and Fy-layers,
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the ionizing agency most probably is the ultraviolet part of the
solar spectrum. The considerable annual increase of the critical
frequencies indicates that this part of the solar spectrum lying
in the region of the ionisation potentials of the oxygen and
nitrogen molecules, which correspond to 766 and 730 A, must
show a simultancous increase in the intensity. It will be of
special interest to investigate if the considerable annual increase
of the critical frequencies also appears in lower latitudes, or,
whether it is more pronounced in the vicinity of the auroral
zone. The latter would indicate that besides the ultraviolet part
of the solar spectrum, also charged particles emitted from the
Sun may be of importance for the production of the day-time
ionisation.

b. The effect of the aurorae and the Earth magnetic storms
on the ionized layers.

The Observatory, lying in the vicinity of the auroral zone,
is especially suited for studying the influence of the Earth
magnetic storms on the ionized layers. Previous investigations
have shown that the effect of aurorae and Earth magnetic
storms may be summarized as follows:*).

Magnetic storms and aurorae of low intensity produce a
strong ionisation in the niveau of the E-layer (100-150 km).
This strong E-ionisation usually screens off the higher F-layers
from observations.

Intense magnetic storms and aurorae are usually accom-
panied by a complete cessation of all echoes in the frequency
interval used, 1-10 Mge/sec. This is explained by the absorbing
effect of an ionized layer below the usual layers. On account
of the higher density of the air, the collisional friction will be
considerable and the signals on the wavelengths used will be
absorbed.

In order to investigate more quantitatively the effect of the
Earth magnetic storms on the ionized layers, special attention
has been paid to small Earth magnetic disturbances, during
which the echoes still may be obtained. By determining the
critical frequencies at short intervals, usually every half an
hour or less, during 24 or 36 hours, one may follow continuously
the change of the maximum electron-density computed from
the critical frequencies during the Earth magnetic perturbations.

According to the magneto-ionic theory for the propagation
of radiowaves under the influence of the Earth’s magnetic field
developed by Appleton, the maximum electron-density N of a
layer is determined from the critical frequency doublet f; and
fo from the following equations:

*) Appleton, Naismith and Builder: Nature, 132, 340 (1933).
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N = (3mm/2e?) 1,2 (ordinary ray) (1)

N = (3nm/2e?) (fy?—fufy) (extraordinary ray) (2)
where m and e are the mass and charge of the clectron and
fy is the gyro-frequency of the free electron in the Earth’s
magnetic ficld, for Tromse we have f,; = 1.39 Mgc/sec.

In figs. 2 and 3 is shown the variation of the maximum
electron-density on a number of days with small Earth mag-
netic disturbances. The electron-densities have been calculated
using the formulas (1) and (2), and the values for the ordinary

\ \
22 - 23.3.1935

. Xy Sunset
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Fig. 2. — The maximum electron-densities N of the Fs- and E-layers,
calculated from the critical frequencies measured. O and A correspond
to the ordinary and extraordinary component of the critical frequencies
of the Fy-layer, B to the ordinary component of the critical frequency
of the E-layer.

The broken curves indicate the heights of the sunrays entering the
atmosphere during the observations, with and without taking the effect
of refraction into account.

The figure illustrates the sudden increase of the E-ionisation during
the small Earth magnetic disturbance.
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Fig. 3. — The figure illustrates the sudden increase of the E-ionisation

during the small Earth magnetic disturbance.

The equivalent heights of the points of reflexion in the Fs-layer for
a number of [frequencies are indicated below. After the Earth magnet-
ic disturbance the heights of the Fs-layer show abnormal great values,
the layer has been expanded during the disturbance and is sinking
down in the early morning hours.
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and exiraordinary ray are indicated by O and A in the fi-
gures*).

As previously mentioned the increased ionisation of the
E-layer during Earth magnetic disturbances usually screens off
the higher layers and makes impossible direct measurements
of the ionisation of the F-layers during disturbances. The in-
fluence of the Earth magnetic storms on these layers is shown
in an indirect way. As shown by Schafer and Goodall**) and
by Appleton and Ingram®*#) there is a negative correlation be-
tween the Earth magnetic disturbances and the critical frequen-
cies of the F;- and Fs-layers. During periods of Earth mag-
netic activity the critical frequencies of the F-layers shows a re-
duction of the normial values. According to Appleton this is
to be explained as a temperature cffect; during periods of
Earth magnctic activity the layer will expand, which causes a
reduction of the maximun clectron-density.

A statistical treatment of the noon values of the critical
frequencies from a highly disturbed place as Tromse shows
this effect distinetly. From the smoothed annual curve of the
noon values of the - and F,-critical frequencies, the daily
departure was computed. The Earth magnetic activity from
the observatory’s records was determined for cach day from
noon to the following noon hy measuring the hourly departures
from the undisturhed values of the ficld, and the diurnal sum
computed. The correlation coefficient was computed between
the departure of the eritical frequency at noon and the Earth
magnctic activity during the following 24 hours (column D),
the precceding 24 hours (column C) and the Earth magnetic

Table 2.

Fs-laver.

A B C D
May-June —0.354 ~—0.517 —0.642 —0.444
July-August —-0.293 —0.213 —0.427 —0.224
Scptember-Qctober -—0.020 —0.259 —0.520 -+0.019
November-December —0.162 —0.257 --0.337 —g.122
January-February —0.125 —0.317 —0.599 —0.266
AMarch —0.401 —0.574 —0.655 —0.472

I5y-layer.
June-July —0.001 -—0.190 --0.353 —0.091

#

~

A number of diurnal curves showing the variation of the electron-
densities of the E- and Fe-layers during quiet and disturbed days
are published in Beilr. z. Geophysik, 46, 438 (1936).

**) Proc. Inst. Radio Eng., 23, 670 (1935). ™) Nature, 136, 548 (1935).
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activity during the 24 hours respectively onc and two days be-
fore the eritical frequency determination (columns B and A),
Table 2 shows that the greatest negative correlation coefficient
is between the departures of the critical frequency and the
Earth magnctic activity during the preceeding 24 hours, thus
indicating that the decrease of the critical frequencies of the
F,- and Fs-layers is a post-effect of the Earth magnetic disturb-
ances, This confirms the point of view of the heating effect
of the Earth magnetic storms on the highest layers.

More direetly we may see the opposite variation of the criti-
cal frequencies of the Fy-layer and the Earth magnetic activity
tfrom fig. 4, where the decrease of the critical frequencies
during periods of strong maguetic activity during the months
of February and March 1936 is evident. '
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Fig. 4. — Variation of the critical frequencies (ordinary component}
of the Fg-layer and the Eartl’s magnetie activity in arbitrary units
determined from the Observatory’s records.

Disturbed periods are accompanied by a decrease of the critical
frequencies.

We also have an indication of the cxpansion of the Fi-layer
during Earth magnetic disturbances in the variation of heights
of the reflection point in the Fy-layer during the hours after
a disturbance. In a number of cases we have noticed that the
Fy-layer when coming in after an Earth magnetic disturbance
shows abnormal great heights, which rapidly decrcase with the
time. This cffect is illustrated in fig, 4.
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REPORT REGARDING THE WORK AT THE
MAGNETIC BUREAU, BERGEN

By B. TRUMPY

Since 1916 a magnetic station at Dombas (yp = 62° 047 N;
L =19°05/8 E) has been run, and the three elements D, H
and V have been permanently registered. It has from the start
been intended to use the material collected at this station for
the study of the wvariations, so that little stress has been laid
on the absolute observations. In fact, absolute measurements
have been made only to produce data to be used for the cal-
culation of the scale values for the intensity curves.

When “Det Magnetiske Byrd” at Bergen was started in 1929
the working up of the Dombéas material was immediately be-
gun and has been continued the whole time. In the course of
the present year the prepared tables will be published in the
series Publikasjoner fra Det Norske Institutt for Kosmisk Fy-
sikk. In the “Report Regarding the Work at the Magnetic
Bureau”, Bergen — written by O. Krogness in Bulletin No. 9,
1934, (p.86), — the leading principles of the treatment of the
material and the form of the intended publication have been
sketched and the practical carrying out of the plan and the
methods used for the reduction shall be treated in detail in the
publication, mentioned above.

On account of the extent of the material collected at Dombds,
it is out of question to print hourly values and we have there-
fore had to limit the printed data to two sets of tables:

1. giving monthly values for the quiet diurnal variation;
2. giving monthly mean values for the diurnal variation of
the “storminess”.

Beside this we give data for “absolute storminess” as ex-
pression for the magnetic character of each day. Such tables
are given for the entire period 1916-33.

In the mentioned publication from Dombéas no discussion
of the obtained results will be given. The results show, how-
ever, that the material given is very promising as a foundation
for a detailed study of the nature of the variation. This is the
case for the quiet diurnal variation as well as that of stormi-
ness. Such studies have been taken up at the Bureau, and the
results are to appear in special papers.

A systematic and homogeneous magnetic survey of Norway
including about 100 stations distributed over the whole country
has been planned. This work will be carried out as soon as
possible.
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TRAVAUX DE L’OBSERVATOIRE MAGNETIQUE
DE SWIDER 1933-1936

Par St. KALINOWSKI

I. Magnétisme Terrestre.

Le travail courant de I'Observatoire a été continué¢ suivant
le programme des annces précédentes. Les mesures absolues
ont été exécutées dans les intervalles fixes. Les enregistreurs
ont travaillé régulierement excepté quelques interruptions de
courte durée liées avec le fonctionnement des lampes. Aux
termes habituels nos données ont été communiquées au Secré-
tariat de I’Organisation Météorologique Internationale & De Bilt
et se trouvent dans ses publications («Caractére magnétique de
chaque jour des mois» et «Caractéere magnétique numérique
des jours»).

En 1934 fut publié le No. 6 des Travaux de !"Observaloire
Magnétique de Swider contenant les résultats de toutes les ob-
servations magnétiques effectuées & Swider des 1930 a 1933,
En 1935 parut le No. 7 des Travaux avec une carte d’isogones
de la Pologne pour I'an 1935. Cette édition, utile a tous ceux
qui ont a faire a la déclinaison magnétique, contient les tableaux
qui permettent de trouver d’aprés les valeurs moyennes annuel-
les et mensuelles de la déclinaison sa valeur pour un jour donné
et pour une heure donnée. En 1936 fut publié le No. 8 des
Travauxr renfermant les résultats de nos observations de la
composante horizontale et de la composante verticale effectuées
a4 I’Observatoire au cours des années 1921-1929. Ce dernier
volume constitue un supplément au No. 4 des Travawr qui ne
contenait que les données sur la déclinaison pour la méme
époque. Les résultats de nos observations & Swider de 1934-1935
restent ainsi seuls inédits. La publication de ces données va
paraitre, on peut Pespérer, vers la fin de 'année courante.

Considérant la question de la marche séculaire des élements
magnétiques et sa dépendance de la position géographique
comme uestion d’une importance exceptionnelle, notre Ob-
servatoire avait exécuté les mesures systématiques dans six
points (stations séculaires) situés dans diverses parties de la
Pologne. Ces six licux sont comme il suit: Hel, Poznan,
Katovice, Wilno, Pinsk, Stanislawdow. La figure ci-contre montre
les positions. Compris par soi-méme, I'Observatoire de Swider
est notre septiéme station séculaire. L’inconvénient des mesures
dans les six poinls nommés provenait jusqu’a présent de la
nécessité de placer les instruments sur des trépieds portables.
Maintenant nous sommes en train d’installer les piliers spéciaux

9
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dans lessix poinfsnommeés
provenait jusqu’a présent
de la nécessité de placer
les instruments sur des
trépieds portables. Main-
tenant nous sommes en
train d’installer les piliers
spéciaux dans ces six
stations. Nous allons pub-
lier prochainement nos
conclusions préliminaires
sur la marche séculaire.
Un autre probléme
de  grande importance
dont notre Obscrvatoire
s’occupe a4 présent c’esl
I'étude des anomalies
f magnétiques qui ont été
A constatées par le levé
Stations séculaires de la Pologne. magnétique de la Polog-
ne. Les résultats de cette
¢tude vont faire I'objet des publications spéciales.
11 faut ajouter enfin que le levé magnétique du Ile ordre dc
Ia Pologne cst déja commencé. La distance entre les stations
ne dépassera pas 18 km. Notre nouveau réseau sera plus de
quatre fois plus serré que le réseau du premicer levé, Il est dif-
ficile de déterminer d’avance la durée de ce nouvcau travail.
Ellc va naturellement dépendre des moyens dont I'Obscrvatoire
pourra disposer.

g4 4L

)

"

e

II. Electricité Terrestre.

Lorsque le travail de U'Observatoire de Swider dans le
domainc du magnétisme terrestre fut définitivement organisé
¢t il ne restait que d’exécuter le plan fixé, il me vint I'idée
d’élargir ce travail en embrassant quelques auires branches de
la Physique du Globe, de transformer ainsi peu &4 peu notre
Observatoire Magnétique en un Obscrvatoire Géophysique.

En premier lieu, je me mis a4 organiser Pétude de Pélectricité
terrestre. Grace au subside de notre Ministére de I'Instruction
Publique fut construit un petit pavillon en brigues blanches
destiné aux mesures électrigues. Les défauts de construction
causérent que le pavillon se montra humide et il fallait le re-
construirc fondamentalement, Clest seulement en 1929 qu'il
nous est devenu possible de commencer l'enregistrement des
variations du potentiel électrique & 'aide de deux électrométres
Benndorf de différente sensihilité. l.es moyens nécessaires pour
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Pachat de ces instruments nous ont été offerts par le Fonds de
la Culturc Nationale. Le secours du Fonds nommé nous a
permis de nous procurer encore deux piéces de ces électrométires
(qui étaient destinés a I'enregistrement dc la conductivité de I’air
et de D'électricité des précipitations. A regret nous n’avons pas
réussi jusqu'a présent de trouver les moyens pour mener au
bout Pinstallation compléte pour les deux derniers problémes.
Il faut attendre une conjoneture plus favorable.

Quant aux observations du potentiel électrique, la déter-
mination du coefficient de réduction nous présentait quelques
difficultés. Nous avons résolu ce probléme en employant deux
méthodes: la méthode directe des observations absclues et la
méthode de laboratoire au moyen d'un modeéle du pavillon et
du terrain qui Pentoure. Les détails et les résultats déja obtenus,
vont éire le sujet d'une publication spéciale.

SWEDEN

REPORT ON WORK IN TERRESTRIAL MAGNETISM AND
ATMOSPHERIC ELECTRICITY IN SWEDEN SINCE THE
LISBON ASSEMBLY

By HARALD NORINDER

Biographical noles

Since the Lishon Assembly in 1933 the Section of Terresirial
Magnetism and Atmospheric Electricity has lost one of its dis-
tinguished members, Dr. Vilhelm Carlheim Gyllenskold, who
died in Stockholm on December 13, 1934,

As a member of the Swedish National Committee for Geo-
desy and Geophysics and of the International Commission of
Terrestrial Magnetism and Atmospheric Electricity Dr. Gyllen-
skold attended most of the geophysical conferences held during
the latest decades. From 1927 he was Vice-President of the As-
sociation of Terrestrial Magnetism and Atmospheric Electricity
of the international Union, and he presided at the Session
during the Stockholm meecting in 1930.

Since the Lishon Assembly the Section of Terrestrial Mag-
netism and Atmospheric Electricity has lost another of iis
members, Dr. Bruno Rolf, Statens Meteorologisk-Hydrografiska
Anstalt, Stockholm. Dr. Rolf, died in Stockholm om May 4th
1934.
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With the death of Dr. Rolf the Section has lost one of its
members who since many years was active in geophysical in-
vestigations and especially in terrestrial magnetism in connec-
tion with the Abisko station.

Progress of work in Terrestrial Magnelism and Almospheric
Electricity in 1934-1936

As is to be seen from the enclosed Special Reports continuous
magnetic observations have been carried out in Sweden, since
the Lishon Assembly, on the following localities. The magnetic
observatory at Lovo, Stockholm. The observatory at Abisko.

Survey work has been carried out by the Geological Survey
of Sweden (Sveriges Geologiska Undersékning) and by the
Hydrographic Office of Sweden (Kungl. Sjokarteverket).

Special investigations into atmospheric electricity have heen
carried out in Sweden since the foregoing assembly.

The reduction and the discussions of observational data from
the Swedish Polar Year station at Sveagruvan, Spitzbergen are
under preparation for publication., Detailed information of the
present state of the compilation for publication is given in an
enclosed Special Report.

SPECIAIL REPORTS

MAGNETIC WORK, CARRIED OUT BY
THE HYDROGRAPHIC SERVICE OF SWEDEN
(KUNGL. SJTOKARTEVERKET) IN 1934 AND 1935

By E. BOUVENG

Survey work. — In 1934, the magnetic declination was deter-
mined at 72 sea stations. Re-measurements of D, I and H,
have heen made at 12 land stations.

The net of main repeat-stations, measured in the years 1928
-1930, is prepared to be re-measured in 1936-1937.

The magnetic observatory at Lové (Stockholm). — Since the
report in 1933, the observatory has continued with the register-
ing of D, H and Z, including as well “normal” registering, as
“rapid registering” with the la Cour variometers.

Intercomparison of magnetic standards. — The standards
of the field instruments of the Kungl. Sjokarteverket were
compared with the Finnish instruments at Signilskir in 1934.

The standards of the Swedish observalory-instruments were
in 1935 compared, as regards H and I, with the Danish instru-
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ments by measurements in the magnetic observatory at Rude
Skov (Copenhagen).

On several occasions, the Danish, Finnish, and Swedish H-
standards have been inter-compared with aid of the “QHM-
magnetometer” of la Cour.

Publications

Ergebnisse der Beobachtungen des magnetischen Observatoriums
zu Lovo (Stockholm) im Jahre 1930.

Ergebnisse der Beobachtungen des magnetischen Observatoriums
zu Lovo (Stockholm) im Jahre 1931.

Ergebnisse der Beobachtungen des magnetischen Observatoriums
zu Lovo (Stockholm) im Jahre 1932 (being printed).

“A magnetic survey of Sweden made by the Hydrographic Ser-
vice in the years 1928-1930” by G. S. Ljungdahl, K. Sjokarte-
verket, Jordmagn. Publikationer Nr. 9.

“Punktbeskrivningar till de &ren 1928, 1929 och 1930 uppmaitta
jordmagnetiska sekulérstationerna” av G. S. Ljungdahl, K.
Sjokarteverket, Bilaga till Jordmagn. Publ. Nr. 9.

“Earth magnetic researches along the coasts of Sweden”, Part
I-Magnetic declination at the epoch July 1, 1929, by G. S.
Ljungdahl, K. Sjékarteverket, Jordmagn. Publ. Nr. 10 (being
printed).

“Determinations of the magnetic declination at sea on a motor-
boat” by G. S. Ljungdahl, Terr. Mag., 1935, pp. 139-146.

STUDIES OF COSMIC ULTRA-RADIATION
IN NORTHERN SWEDEN

By AXEL CORLIN

As a member of an international group embracing exactly
similar apparatuses as those erected at Konigsbherg and Potsdam,
Germany, Innshruck, Austria, Jungfraujoch, Switzerland, Am-
sterdam, Holland, Valencia, Ireland, Bandoeng, Java, and Cape
Town, South Africa, a so-called Steinke apparatus recorded the
ionisation caused by cosmic ultra-radiation at Abisko in North-
ern Sweden (geogr. lat. 68° 21" N; geomagn. lat. 66° 5" N) from
the 23rd Sept. 1932 until the 7th July 1933. The ionisation
chamber of all these apparatuses is similarly erccted and
orientated and is surrounded by a lead shield 10 em thick in
every direction. Records with upwards opened and closed
shield were taken alternately during regular and simultaneous
periods and gave hourly values of the ionisation during day

9*
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and night. Much care is payed to the constancy of the tempera-
turc of the observation room.

In July 1933 the apparatus at Abisko was moved to the iron
minc Kiirunavaara at Kiruna in Northern Sweden and mounted
on two trolleys in order to record the ionisation of cosmic ultra-
radiation below various thicknesses of iron ore. After some
preliminary tests the ionisation chamber was surrounded by
a lead shield 20 em thick and, together with this shield, enclosed
in an air-tight iron hox in order to eliminate the radioactive
radiation from the walls and the air of the galleries. The re-
cords of the cosmic radiation began in August 1933 and con-
tinued until April 1934, and the radiation obscrved helow iron
ore was from O to 157 meters of thickness, the last-mentioned
figurc corresponding to 785 meters of water-equivalent, The
apparatus was later moved to the Observatory of Lund in
Southern Sweden, where it now records the ionisation of cosmic
adiation.

The results of the obscrvations at Abisko and Kiirunavaara
were published in 1934 as Annals of the Observatory of Lund
No 4. They have been compared with simultaneous meteorolo-
gic and magnetic rccords at the geophysical Observatory of
Abisko as well as with Auroraec, sunspot-numbers, and floc-
culifigures. Between ionisation and air pressure a mcan cor-
relation of r = — 0.M2 for upwards open shicld and r = — 0.862
for wholly closed shield was found, whereas no correlation was
found between ionisation on the one hand and air-temperaturce
and air-humidity on the other hand. Variations of the correla-
tion hetween ionisation and air-pressure outside the error Hmits
were cstablished, and also secondary forms of this interdepen-
dence were found.

Between carth-magnetic disturbances, Aurorac and ionisa-
{ion no certain (or at least no simple) correlation was found.
On the other hand a pronounced correlation was found between
ionisation and flocculifigures of the sun, the coefficient of cor-
relation for closed shield being r= +0.52 + 0.07 for the whole
fime, irrespective of the weather, and r=+0.81 + 0.05 for
periods of quiet weather.

In Kiirunavaara the ionisation due to cosmic ultra-radiation
could he traced down to at least helow 132 meters of ore, cor-
responding to 660 meters of water-equivalent; the ionisation
Found at the deepest point below 157 meters of ore being consi-
dercd merely as zero ionisation of the ionisation chamber. At
about 100 meters of ore ahove the apparatus the ionisation
suddenly rose and fell again, indicating an anomaly on the
absorption curve which is probably a “stop effect” due to in-
creased ionisating power of a component of the radiation at
the end of its range. Similar stop effects have been found by
J. Clay at a depth of 250 meters in the Red Sea and at a depth
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of 170 meters in a Dutch coal mine. They may be considercd
as an indication of the corpuscular character of even the hardest
components of cosmic ultra-radiation.

OBSERVATIONS AT SVEAGRUVAN
DURING THE POLAR-YEAR 1932-1933

By F. LINDHOLM

T'he Magnetic Observations at Sveagruvan

As previously stated*) the magnetic work at Sveagruvan
(g =77° 34 N, 2 =16° 45 E) during the Swedish Polar-
Year Expedition in Spitsbergen 1932-1933 consisted of continuous
records of D, H and Z by means of two sets of la Cour mag-
netographs, With scale values of D = 0,99mm, of H = 497
v/mm, of Z = 6.45 v/mm and with base-line values derived
from successive absolute observations of the declination and
the horizontal intensity by a reconstructed Lamonts theodolite
and of the inclination by a Doves inclinatorium, the following
means of all hour-values for the whole period Sept, 1932—July
1933 are obtained:

D =4°53."7 W, H= 8329y and 7Z = 52524+, from what is
derived I == 80°50".

At Cape Thordsen (¢ = 78°28' N, 2=15°42'E) the following
means were determined for the period Aug. 1882-Aug. 1883:

D =12°44'3 W, H = 8907y and Z = 52995y from what I =
80°27.’5. The 18th and 19th August 1933 at the same place
and on the same magnetograph pillars as on the Polar-Year
1882-1883 H was determined to 8149y and I = 81°15".

From the Sveagruva magnetic curves the diurnal variation,
the daily maxima and minima and the absolute ranges are cal-
culated for D, H and Z, In the declination a yearly variation
is obvious.

The amplitude of the diurnal variation is three or four times
greater than that in the middle high latitudes. At the same sta-
tion it is smaller in 1932-1933 than in 1882-1883, connected as
it is with the variation of the solar activity. The relation be-
tween magnetic disturbances and auroral phenomena observed
at Sveagruvan during the expedition in 1932-1933 has heen more
closcly studied as well as the magnetic activity in its dependence
with the solar activity. Concerning particulars refercnce is
made to the publication now in preparation of the results of
the expedition.

*) The Polar Record 7, Jan. 1934, Cambridge 1934,
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The photogrammetric measurements of aurora

Mr. E. von Zeipel, who was in charge of the parallactic
auroral measurements at the base stations in Sveagruvan and
in Longyear City and to whom the preparation for publication
of the results of these parallactic measurements has been
entrusted, communicates concerning the measurements of the
photographic auroral plates the following.

The coordinate-nets serving to the orientation and measure-
ments of the plates have been calculated. On cach of the 425
pairs of photographs three stars of reference have been selected.
The elevations and the azimuths of the stars of reference
have been calculated and a suitable lantern slide has been
constructed.

The following work remains to be done: The nets ought to
be drawn up and photographed. The aurora-images and the
nets have to be copied on magnification-copies. On these copies
all necessary angles and parallaxis for the calculation of the
altitudes and positions of the auroras are to be directly read of.

Cosmic ray measuremenls in Spitsbergen

Cosmic ray measurements at Sveagruvan with a Hoffmann
high pressure ionisation-chamber with compensation®) has given
the following results compared with measurements in Stock-

holm
ionis.-chamber  Barometric
within 10 em Pb  pressure

m A mm Hg
Spitzbergen means May-July 1933 29.55 763
Stockholm*)  « 1930-1931 30.40 755
ionis.-chamber  Barometric
open above pressure
else 10 em Pb mm Hg
m A
Spitshergen means July 1933 33.53 755
Stockholm « 1930-1931 34.35 755

The variation in the intensity of the cosmic rays between
the 78th and 60th latitudes is then smaller than a few per cent.
According to these measurements it is also evident that the cos-
mic rays do not change in infensity fto any greater amount
with the appearance of aurora. Cosmic ray showers first dis-
covered by Hoffmann**) in 1927 are not more frequent in Spits-
bergen than at the sea-level in latitude 60° N. On the other
hand they occur in greater numbers at a high level station
such as Muottas Muraigl at an altitude of 2500 meters.

*) See Arkiv for Mat., Asir. och Fysik Bd. 23 A, N:r4,4,Stockholm 1932.
**) Physik. Z. 31, 348 (1930).
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REPORT OF THE MAGNETIC SURVEY WORK OF THE
MAINLAND OF SWEDEN CARRIED OUT BY THE
GEOLOGICAL SURVEY OF SWEDEN

BY KURT MOLIN

The magnetic survey work of the mainland of Sweden,
which was begun in the summer of 1928 has been achieved
with regard to the field observations towards the end of 1934.

The measurements comprise a total of 2358 observation loca-
tions, which have been distributed during the sequent years as
follows:

1928 1929 1930 1931 1932 1933 1934
67 159 419 525 228 462 498

The preponderance point of the observations is 1932.2. As
a reduction epoch 1933.5 has been chosen instead of 1932.5
which year-mean most closely coincides with the preponderance
point,

This selection of the reduction point was necessitated in
order to obtain a joint epoch with the magnetic survey of Fin-
land.

The distribution of the measured elements are as follows:

D H I 7
2044 2297 2266 2146

The surface, which has been surveyed, extends to 440.000 km?
with a remarkable uniform distribution of the observation loca-
lities or points. From this follows an average distribution den-
sity of observation points for each element of one point upon
203 km2. The average distance between the observation points
thus extends to 14.3 km.

The magnetic records of Lovo, Rude Skov and Sodankyli
have been used during the whole observation period in order
to reduce the observations to the means of the corresponding
year. During the years of 1928, 1929 and 1930 magnectograms
from the temporary magnetic observatory erected by the Geo-
logical Survey of Sweden at Nis (p =62" b8/ N, 1=14°
345 E Gr.) have also been used. The magnetograms of Tromso
have also been used for the reductions of the years 1930-1934.

The reduction of the year-means to the epoch 1933.5 have
been realized by using formulas based on the yearly variation
of the elements from the observatories of Lovo, Rude Skov,
Sodankyld, Tromso and Pavlovsk.

Connection to other measurements has been realized by a
comparison of the instruments with Lovo, Rude Skov and
SodankylA.
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The extension of observational data necessitates a publica-
tion of the results in stages comprising the clements as follows
D, I, H. In addition to the ordinary isomagnetic charts anoma-
lie charts for each magnetic element are to he prepared.

Publications

“Vilhelm Carlheim-Gyllenskéld som jordmagnetiker” av Kurt
Molin, In Kosmos, Physical Papers edited by the Swedish
Physical Society, Stockholm, Bd. 13, 1935.

“Observations des variations magnétiques-terrestres a Upsal
pendant 'éclipse de soleil de 1914” by Kurt Molin, L’éclipse
totale de soleil des 20-21 Aofit 1914, VI:iéme Partie, Stock-
holm, 1936. :

“Magnetic declination for Sweden north of 60° Lat. reduced to
the epoch 1936.5” by Kurt Molin. — From observations car-
ried out during the years 1928-34 by the Geological Survey
of Sweden. — In “Till Fjalls”, Svenska Fjiallklubbens ars-
bok. Arg. 8. Stockholm, Maj 1936.

REPORT OF INVESTIGATIONS OF ATMOSPHERIC ELEC-
TRIC DISCHARGES PERFORMED AT THE INSTITUTE OF
HIGH TENSION RESEARCH OI' THE UNIVERSITY
OF UPSALA SINCE THE LISBON ASSEMBLY

By HARALD NORINDER

The investigations of the rapid variations in the electric field
caused by lightnings have been continued. To obtain these
measurements horizontal aerials connected to recording cathode
ray oscillographs of special construction were used. The instru-
ments allowed time-true correct records of the rapid variations
(order of microseconds) in the atmospheric electric field.

New methods have been developed and applied to the re-
cords of the rapid variations in the magnetic field as caused
by lightning currents. To realize such measurements specially
constructed aerial frames have been used. The observed varia-
tions in the magnetic ficld allowed, under special conditions, a
calculation of the currents in lightning discharges and their
variation characteristic.

The study of the almospheric electricity at the institute has
been extended to comprise ordinary radio atmospherics. The
incoming perturbations on aerials of either relatively short
lengths (about 100 meters) or longer ones (213 kilometers)
have been analyzed by using a distortionless amplifier in com-
bination with cathode ray oscillographs.
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During an observation period extented over the past two
years and during different seasons about 22.000 perturbations
have been analyzed by cathode ray oscillograms. The measure-
ments have comprised a study of the atmospheries with regard
to amplitudes, polarities, variation forms, durations etc.

A study of the radio atmospherics necessitated an elimina-
tion of local disturbanccs. This was realized by using movable
field stations. At the institute two such stations have been in
operation for recording atmospherics. Each station contains a
full equipment of cathode ray oscillegraphs with accessary
instruments for observations of the wvariations of the atmo-
spheric electric field. '

Publications

“On the Nature of Lightning Discharges” by Harald Norinder,
Journ. of the Franklin Inst, Vol. 218, No. 6, Dce. 1934.
“Untersuchungen von Blitzentladungen und atmosphiérischen
Rundfunkstérungen in Schweden mit dem Kathodenstrahl-
oszillographen” von Harald Norinder, Elektrotechnische Zeit-

schrift, 56 Jahrgang, Heft 14, 1935.

*Lightning Currents and Their Variations” by Harald Norinder,
Journ. of the Franklin Inst., Vol. 220, No. 1, July, 1935.
“Undersékningar éver de atmosfiriska radiostorningarnas na-
tur” av Harald Norinder, Tekn. Medd. fran Kungl, Telegraf-

styrelsen, n:r 7-8, 1935.

“Vergleichende Untersuchungen von Rundfunkstérungen von
langerer und kiirzerer Dauer” von H. Norinder und R. Nor-
dell, Elcktrische Nachrichten-Technik, Band 12, Heft 10,
1935.

“Cathode Ray Oscillographic Investigations on Atmospherics™
by Harald Norinder, Proc. of The Inst. of Radio Eng., Vol.
24, No. 2, Febr., 1936.

“Blixtens urladdningsegenskaper” av Harald Norinder, In Kos-
mos, Physical Papers edited by the Swedish Physical Society,
Stockholm, Bd. 13, 1935.

”Die Beziehungen zwischen Rundfunkstérungen und Blitzent-
ladungen” von Harald Norinder, Elektrische Nachrichten-
Technik, Band 13, Heft 4, 1936.

“The Relation between Lightning Discharges and Atmospheries
in Radio Receiving” by Harald Norinder, Journ. of the
Franklin Inst, Vol. 221, Ne. 5, 1936.

“Atmosfariska radiostérningar upptagna fran en provningsled-
ning for hégspinning” av Harald Norinder, Tekn. Medd.
frin Kungl, Telegrafstyrelsen, n:r 3-4, 1936.

“Radio Atmospheries from a High-tension Test Line” by Harald
Norinder, Wireless Engineer, Vol. XIII, July, 1936,
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EXTRACTS FROM THE ANNUAL REPORTS OF THE ABISKO
OBSERVATORY 1934-1935

By J. OSTMAN

Earth magnetism

The magnetic records by the aid of the slow-moving Toepfer
instruments have been continued during 1934-1935.

The scalar-values of the magnetograms have been calculated
twice for each month by the observer. The determination of
the absolute values has been realized by using a magnetic
theodolite from Jones, London.

A determination of the hour values on all magnetograms
has been executed. -

The characterisations of the magnetograms for each day
have been performed in the scale 0:1:2 and the Tables have
been sent quarterly for publication to the Institute of De Bilt.

UNITED STATES

REPORT OF THE AMERICAN SECTION OF TERRESTRIAL
MAGNETISM AND ELECTRICITY, 1933 TO 1936

By E. 0. HULBURT, Secretary

During the years since the Lisbon meeting in 1933 of the
International Association of Terrestrial Magnetism and Elec-
tricity the membership of the American Secction of the Asso-
ciation has increased steadily, being 112 in 1933 and 178 in 1936,
The annual mectings of the Section at Washington, D. C., United
States, in April have been well attended. The character of the
papers presented at the meetings has evidenced wide and vigor-
ous interest in subjects under the cognizance of the Section.

Institutions in America and outlying territories and the fields
of investigation sponsored by them and reported upon in the
Section’s proceedings published in the annual Transactions of
the fifteenth, sixteenth, and seventeenth annual meetings of the
American Geophysical Union, may be listed briefly as follows:

Dominion Observatory, Canada — Magnetic survey of Canada
and territories for secular variation

National Astronomical Observatory, Mexico — Magnetic survey

Stanford University —— Atmospheric clectricity
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Colorado School of Mines — Magnetic survey; earth-resistivity

University of Colorado — Cosmic ravs

University of Chicago Cosmic rays

California Institute of Technology -— Cosmic rays

University of North Carolina — Magnetic survey

Bartol Research Foundation of the Franklin Institute — Cosmic
rAYS

University of Calilornia at Los Angeles — laboratory auroral
and night-sky spectra

University of Alaska (formerly Alaska Agricultural College and
School of Mines) — Aurora; ionosphere

Mount Wilson Ohservatory of the Carnegie Institution — Mag-
netic activity; sunspots; solar ultra-violet light; solar spectro-
heliograms; solar data for broadeast of cosmic data under
the auspices of Scicnee Service

Smithsonian Institution Solar radiation; atmospheric ozonc

Departinent of Terrestrial Magnetism of the Carnegic Institution
— World magnetic survey and secular-variation research;
geomagnetic charts of entire Earth; maintenance of magnetic
and clectric obscrvatories at Huancayo (Pern) and Watheroo
(Western Australia) ; observations for determination of cor-
rections and rescarches on magncetic standards at observa-
torics; ionospheric investigations in Peru, Australia, and at
Washington; electricity of the lower atmosphere; cosmic
rays; carth-currents; laboratory research in nuclear physics
and applications to magoetic and eleclric research; reduc-
tions of auroral and magnetic data; reductions of Polar-Year
data at Point Barrow and College-Fairbanks; instrimmental
development

Bell Telephone Laboratorics — lonosphere; radio-wave pro-
pagation; direction of static; earth-currents

United States National Bureau of Standards — Ionosphere; radio
field-intensities; ionosphceric data for broadcast of cosmic
data under the auspices of Science Service

United States Naval Research Lahoratory Radio-wave pro-
pagation; ionosphere; direction of static; electricily of thun-
der-storms

United States Coast and Geodetic Survey -~ Maintenance of five
magnetic obhservatorics at Cheltenham, Tucson, Sitka, Hono-
lulu, and San Juan, and reductions of results; magnctic
surveys for secular variation; magnetic surveys of air ports
and water ports; isomagnetic charts of United States and
territorics; isogonic charts for aviators; instrumental develop-
ment; reduction of Polar-Year data; magnetic data for broad-
cast of cosmic data under the auspices of Scicnee Scrvice

United States Hydrographic Office — Isomagnetic charts of the
world, latest issue for epoch 1935.
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REPORT BY THE DEPARTMENT OFF TERRESTRIAL
MAGNETISM, CARNEGIE INSTITUTION OF WASHINGTON,
TO THE EDINBURGH ASSEMBLY ON WORK DONE
SINCE THE LISBON ASSEMBLY

By J. A. FLEMING

Introductory

Since 1933 the efforts of the Carnegie Institution of Washing-
ton through its Department of Terrestrial Magnetism have been
directed in general along the following lines: (1)} Reduction
and study of the extensive accumulated observational data,
including results of the Department’s survey on land and sea
and from its ohscrvatories; (2) devclopment of technique and
apparatus for recording photographically the electrical con-
ditions and variations in the ionosphere and their investigation
and correlation with other geophysical phenomena; (3) develop-
ment of instruments for measuring the elements of terrestrial
magnetism and electricity — cspecially in the design and im-
provement of clectromagnetic methods for work in the field and
at observatorics; (4) theorctical and experimental studics of
the fundamental aspccts of nuclear physics and magnetism;
(5) continued cxtension of, and world-wide cooperation with
other organizations in, ficld-work for the purpose of secular-
varialion studics and maintenance of observatory-records of the
continual changes occurring in the Earth’s magnetism and
clectrieity.

Investigational and experimenial work

The investigational and experimental programs during 1933
- to 1936 may be briefly summarized as follows:

(a) Terrestrial Magnetism.

(1) The cxperimental evidence available in many branches
of gecophysics and cosmical physics differs from the readings
taken in laboratory-research in so far as, in the laboratory, the
observations are taken under fixed conditions or involve only
a limited number of variable quantities, while the records
obtained at geophysical laboratories show variations in time
which are not easily cxpressed as the effect of a few variables.
The analysis of such time-functions and of their interrelations
is, therefore, an indispensable part of geophysical research. This
is particularly true for the more or less pronounced fluctuations
variously termed cycles, periodicities, or recurrences found in
various geophysical and cosmical phenomena.



UNITED STATES 143

In any attempt to find cycles one has to consider the
mathematical fact that a time-function f(t) which is given, in
a definite interval of time, by a finite number of values — for
instance, hourly or daily values — can be represented as the
superposition of a finite series of cyclic functions, such as sine-
waves, and for onc and the same given function f(g) an un-
limited number of such series can be found. If, therefore, a
representation of f(t) by means of a series of superposed cyelie
functions has heen effected, this does not at all entitle one to
regard the individual eyeles as physically significant constituents
of T(t). To prove the physical significance of any cycle, it is
in most cases sufficient to demonstrate that it recurs frequently
cnough, and this consideration of frequency leads, in some way
or other, to statistical methods and to theory of probability. This
fundamental statistical aspect has been considered (Terr. Mag.,
vol. 10, pp. 1-60, 1935).

(2) The day-by-day reccord of terrestrial magnetism and
solar activity (Terr. Mag., vol. 37, pp. 1-52, 1932) was continued
in the form of a diagram demeonstrating the 27-day recurrences
in the 11-year cycle 1923 to 1933 (1'err. Mag., vol. 39, pp. 201-202,
1934).

(3) The complcte change in the character of the solar
diurnal-variations in vertical intensity observed at the Huancayo
Magnetic Obscervatory during the past sunspot-cycle was
investigated. This change is associated with the secular change
of the Earth’s general magnectic field which consisted partly
of a southern shift of the magnetic cquator in the region. De-
lailed features arc qualitatively in agreement with the expected
changes resulting from such a movement of the magnetic
cquator. The large magnitude of the changes indicates, how-
ever, that the solar diurnal-variation is a complex function of
the Earth’s general field, such as is called for by the atmo-
spherie-dynamo theory of Balfour Stewart. (See communication
to the Association by A. G. McNish on “Progress of research in
magnetic diurnal-variations at the Department of Terrestrial
Magnectism, Carnegie Institution of Washington™).

(4) An atterapt was made to derive a more accurate quan-
titative conception of the field of magnetic storms from the
study of the differences of magnetic intensitics observed at
various places on the Earth on internationally seleeted quiet
and disturbed days. The treatment was confined to what has
been termed the world-wide features of disturbance, that is,
those which depend on universal time and latitude rather than
on local time and latitude. (See communication to the Asso-
ciation by L. Slaucitajs and A. G. McNish on “The field of
magnetic storms as deduced from the mean difference of
magnetic intensity on uiet and disturbed davs™).
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(5) In view of the many uses which consideration of the
asymmetry of the Earth’s magnetic field has, the eccentric
dipole approximating that ficld was computed and com-
municated in extensive tables and charts (Terr. Mag., vol. 41,
pp. 225-250, 1936). The differences between the actually ob-
served magnetic field (for the epoch 1922) and that of the
eccentric dipole are of special interest as regional anomalies
indicating the effect of the Earth’s outer crust.

(6) Charts of geomagnetic coordinates were constructed of
the entire Earth and nomographs were prepared for obtaining
geomagnetic coordinates for any point on the Globe with an
accuracy of about 0.°1 (Terr. Mag., vol. 41, pp. 37-43, 1936).

(7) An investigation of magnetic “bays” based on data from
observatories distributed over the whole Earth was begun. Pre-
liminary studies reveal a great intensity for the assumed over-
head-current, to which the bays are attributed, as one approaches
the zone of maximum auroral frequency. This intense current,
directed westward on the dark side of the Earth, is believed
to be the primary cause of these magnetic disturbances. A
hypothesis has been suggested ascribing this primary current to
dynamo-action through heating of the auroral region by in-
coming particles. (See communication to the Association by
A. (. McNish on “Report on investigation of magnetic hays™).

(b) Terrestrial electricity.

(1) Compilations of the information regarding earth-cur-
rents collected at various stations in recent years, particularly
during the Seccond International Polar Year 1932-33, have
permitted us to view some of the broader aspects of the system
of electric currents which ecirculate in the Earth. These indicate
that, during “quiet” periods, earth-currents circulate in great
eddies —- eight in the Northern Hemisphere and probably also
cight in the Southern Hemisphere. The four middle-latitude
eddies in each hemisphere are roughly equally spaced in
longitude. The centers of those in the Northern Hemisphere lie
on a parallel of latitude not far from the Tropic of Cancer,
those in the Southern Hemisphere being similarly placed relative
to the Tropic of Capricorn. The centers of the four high-latitude
eddies of the Northern Hemisphere lie near the Arctic Circle,
The entire system is fixed relative to the Sun so that any point
on the Earth passes daily through all the phases of the eddies
which correspond to the latitude of that point. (See communi-
cation to the Association by O. H. Gish and W. J. Rooney on
“New aspeets of earth-current circulations revealed by Polar-
Year data®™).
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(2) The diurnal variation in the rate of icnization ncar the
ground, computed from small-ion numbers and condensation-
nuclei numbers, for several stations shows similarity in the
diurnal-variation eurve when referred to Greenwich time and
has led to the suggestion that the diurnal variation may be
universal in character. Results of direct mcasurcments, on the
contrary, have indicated that it is a local-time rather than a
universal-time phenomenon. Thus it appears that one is not
justified in calculating the ionization from small-ion and con-
densation-nuclei numbers as heretofore has been customary. If
one uses large-ion numbers instead of condensation-nuclei
numbers, consistent results arce obtained. Investigation is now
under way of the suggestion that the recombination-cocfficient
hetween small ions and condensation-nuclei varies with relative
humidity.

(3) Investigations of the relationships among the high-, low-,
and intermediate-mobility ions near the ground show, contrary
to the findings of Pollock, that the intermediate ions do not
diminish in number at any vapor-pressure below saturation
owing to the formation of large ions through condensation of
water-vapor. Their mobility varies with vapor-pressure of the
atmosphere in accordance with Blane’s law. The number of
them varies through the day in a manner similar to the large-
ion number and more or less opposite to the small-ion number.
The intermediate ions are especiailly numerous during times of
thunder-storms. The mobility-spectrum for the intermediate ion
appears to be a narrow band. Under normal conditions prac-
tically no ions having mobilities between that of the intermediate
ton and that of the large ion were found. Errors ranging from
10 to 30 per cent in small-ion counts will result if the inter-
mediate ions collected by the small-ion counter are not taken
into account.

(4) The rate of ionization recorded inside a thin-walled
chamber showed a large definite diurnal-variation with a
minimum shortly after midday, The ionization inereased several
fold at the time of thunder-storms and usually began abruptly
with the beginning of the rain; the total amount of increase
was roughly proportional to the total amount of rainfall. From
these studies it appears that the increase of ionization during
thunder-storms is due to radium B and C hrought down by the
rain. In the winter, ohservations of the effect of snow covering
the ground on the ionization indicated a marked decrease with
snow-blanket present.

(6) Satisfactory records of air-conductivity were obtained
by apparatus developed at the Department on the National
Geographic Socicty-Army Air Corps Stratosphere Flight of
November 11, 1933, to an altitude of 72,395 feet. It was found

11
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that the conductivity increased in a manner which may bhe
accounted for by known factors up to an altitude of 60,000 feet,
but above that point a decrease was observed for which no
definite explanation can as yet be offered. The values of con-
ductivity, particularly at the high levels, are considerably less
than had been caleulated from cosmic-ray measurements. How-
ever, a simple modification of the relationship which was used
in making the caleculations hrings the caleculated wvalues into
good agreement with those observed on the descent from about
19- to 6-km altitude. In view of this and on account of the
diverse results obtained from investigations in the lahoratory
bearing on that relationship, the modified relationship may per-
haps be favorably regarded. (See communication to the Asso-
ciation by O. H. Gish and K. L. Sherman on “Information to he
obtained from atmospherice-cleetric measurements in the strato-
sphere™).

(c) fonosphere.

The first ionospheric data from the south temperatc zonce
became available from ionospheric investigations at the
Watheroo Magnetic Obscervatory beginning in January 1935. Re-
sults already bear upon the obscure causes of the variation of
ion-density in the highest ionospheric region. These are of
particular importance becausce this region is directly exposed to
nearly the whole range of solar radiation and therefore should
give a sensitive measure of solar changes. Thesc obscrvations,
together with the photographic records at the Huancayo
Magnetic Observatory, bring out a number of new features of
the upper atmosphere. The most important is that the maximum
ion-density of the highest region occurs in both the Northern and
Southern hemispheres during the same months; therefore, what
has heen previously believed to be a simple seasonal effect is
shown to be much more complex - probably an annual effect.
(See communications to the Association by L. V. Berkner and
H. W. Wells on “Studics of the E-region of the ionosphere at
low latifudes” and *New factors in investigation of the high
region of the upper atmosphere™).

(d) Nuclear physics.

© (1) Measurements of the forces hetween the nuclei of two
hydrogen atoms when they are separated by distances of less
than two ten-thousand-billionths of an inch were made. By
observing the deflections of high-speed hydrogen particles which
have collided with hydrogen nuclei in a gas-filled chamber,
the attractive forces which hold together the nuclei of atoms
heavier than hydrogen were measured for the first time. With-
out this attractive force — the existence of which has been
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previously suspected — the entire universe might consist of
nothing but hydrogen. More than five years have hecen spent
in developing the high-voltage technique to a degrec of precision
and control necessary for this experiment. The experimental
extension and theoretical inierpretation of the results are in
progress at the Department’s laboratory in Washington, at the
Institute for Advanced Study of Prinecton University, and at
the University of Wisconsin, The possibility is indicated that
the proton and the neutron are identical particles except for
small changes arising from the positive electric charge on the
proton. However this may turn ouf, the lack of quantitative
knowledge regarding the “proton-proton interaction™ up to the
present time has heen one of the greatest obstacles to the
formulation of a satisfactory theory regarding the structure of
atomic nuelei. The neeessary observations have now heen pro-
vided.

(2) Studies of a new experimental method for investigation
of the upper atmosphere were undertaken. Calculations and
tests in the laboratory indicate that by projecting a modulated
searchlight-beam and measuring the light scattecred from sce-
tions of the high-altitude path at an observing station some kilo-
meters distant, using a large mirror with a photo-cell and syn-
chronized amplifier, information ean be obtained regarding the
molecular density and certain other characteristics of the atmo-
sphere in the almost unexplored region from 30 to 70 km and
possibly for even greater heighis (Terr. Mag., vol. 40, pp. 452-
454, 1935).

(e} Instrumental design.

(1) -A perminvar vertical-intensity induction-variometer was
designed and constructed. It has been recording continuously
at the Cheltenham Magnetic Obscrvatory of the United States
Coast and Geodetic Survey since August 1935. It has given satis-
factory performance over a wide range of scale-value 0.8y to
4.0y per nun of ordinate on the photographic record. Simul-
taneous records with other recording vertical-intensity vario-
meters (Toepfer-Eschenhagen, la Cour, Adie, and Schmidt field-
balance adapted to ohservatory use) at the Observatory prove
its satisfactory performancc. (Sce communication to the Asso-
ciation by A. G. McNish on “The new CIW vertical-intensity
induction-variometcr™).

(2) Special attention is being given the development of
electromagnetic methods of measuring the Earth’s magnetic
ficld. The first step is the design of a universal type of magneto-
meter capable of making an absolute observation of all the
components of the Earth’s ficld rapidly and accurately; in this
good progress has heen made, and as a result of the experi-
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mental and theoretical work the alternating-current method of
detection has been applied successfully to the earth indicator and
in the design of the universal magnetometer (Terr. Mag., vol. 41,
pp. 251-260, 1936). By using an alternating-current amplifier as
a detector instead of a commutator and galvanometer, the sensi-
tivity of the CIW type of inductor was greatly increased and
is limited only by the dimensions of the circles used for read-
ing angles in measuring both declination and inclination. This
application of alternating current is important also in the use
of the carth inductor for accurate measurements of declination
and inclination at sea, the output of the inductor heing recorded
by an oscillograph and the time of zero output being compared
with the angular coordinates of the base of the inductor which
may also be recorded by means of a damped pendulum.
These studies and those of standard cells and current sup-
plies have indicated a design for an absolute instrument to
measure the three components H, Z, and F, as well as de-
clination and inclination, and further indicate that a rotating-
coil design of instrument may be used successfully as hori-
zontal-intensity and vertical-intensity recording variometers.

Land work

In spite of the unfavorable economic conditions, making
curtailment of field-operations necessary, the Department con-
tinued to accumulate data through limited expeditions of its
own and cooperative work with other organizations and indi-
viduals in various countries. Observations have been secured
at many of the stations on the proposed list of international re-
peat-stations recommended by the special Committee of the
Association on Sccular-Variation Stations. Such stations were
reoccupied in Africa, Asia, Australasia, North and South
America, and the Islands of the Pacific Ocean.

Cooperative work in .China under the direction of F. C.
Brown, now connected with the American Church Mission at
Hankow, assisted by Dr. C. T. Kwei of the Central China Col-
lege at Wuchang, was continued.

The Department cooperated with the Second Byrd Antarctic
Expedition by training observers and supplying instruments.
Magnetograms with the usual absolute observations were ob-
tained from February 12, 1934, to February 4, 1935. In ad-
dition, 17 stations were occupied between latitudes 78° and 82°
south and longitudes 149° and 164° west, and four stations be-
tween latitudes 76.°7 and 78.°6 south and longitudes 145.°6 and
163.°8 west. Observations were also made at Easter Island on
the outward journey and at Albemarle Island of the Galapagos
Group and at the Canal Zone on the return journey. :
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In cooperation with the Hydrographic Office of the United
States Navy Department, officers of the Navy were instructed
in the use of magnetic instruments, and observations were made
at stations in Alaska, Panama, and Costa Rica.

The arrangement with A, Walter of the British East African
Meteorological Service for cooperative work in British East
Africa made possible observations hy Dr. E. (.. Bullard of the
University of Cambridge, England, who went out to the colony
to do some gravimetric work.

It is planned, before the next Assembly of the Association,
to obtain observations in certain regions — western Africa,
Australasia, castern Asia, and the Pacific Islands — where
secular-change rates are either indicated as rapidly varying or
where the period since the last data were obtained is longer
than desirable. Endeavor will he made to occupy as many as
possible of the stations suggested for secular-variation purposecs
in the first report of the Special Commitice on Magnetic
Secular-Variation Stations¥).

Observatory work

During the past three years the magnetic, atmospherie-
clectrie, earth-current, and meteorological programs at the
Watheroo and Huancayo observatories, and the cooperative
work in atimospheric eleetricity with the Apia Observatory and
in atmospheric electricity and earth-currents at the Tueson Ob-
servatory of the United States Coast and Geodetic Survey were
maintained. Mcasurements of variations of height of the regions
of the ionosphere begun through manual observations at Wa-
theroo and at Huancayo are now being continuously recorded
at both ohscrvatories, At Watheroo the Crichton-Mitchell ver-
tical-intensity electrograph continues in operation. Rapid-run
magnetographs of the la Cour type used during the International
Polar Year arc continuously recording at the Watheroo and
Huancayo ohservatories, Observations of sunspots, floceuli, and
prominence are with the Hale spectrohelioscope at both oh-
servatories which are taking part in the world network, and
reports are communicated regularly to Commission 11 of the
International Astronomical Union.

The preliminary values of the magnetic elements as derived
[rom magnetograms of all days for the years 1933 to 1935 are
as Tollows:

*1 Comptes-Rendus de IPAssemblée de Lisbonne, pp. 123-134.

10
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Year Declination [nclination Intensity-components
H A X Y F
Watheroo Magnetlc Observatory, 30° 191 §, 115° 526 E, 800 feet above sea-level
° ! cgs cgs cgs cgs cgs

1933 3 534 W 64 1985 0.24659 -—-0.51308 0.24602 --0.01673 0.56926
1934 3 478 W 64 20.1 S 0.24669 —0.51340 0.24615 -—0.01633 0.56960
1935 3 425 W 64 210 S 0.24672 —0.51379 0.24621 —0.01596 0.36996
Huancayo Magnetlc Observatory, 12° 02."7 §, 75° 20./4 W, 11,000 feet above sea-level
et cgs cgs cgs cgs cgs
7214 E 2047 N 029614 0.010753  0.29370 0.03792  0.29633
1934 7181 E 2085 N 029422 0.01107  0.29382 0.03765 0.29643
7152E 2112 N 029612 0.01130 0.29375 0.03738  0.29634

The compilation and discussion of the magnetic data at
Watheroo and Huancayo observatories are now complete
through 1935. The discussions of the magnctic data obtained
on the MacMillan Baffin Island Expedition at Bowdoin Harbor
during 1921-22 and on the MacMillan North Greenland Ex-
pedition at Refuge Harbor during 1923-24 were completed. The
compilations of data obtained at thce International Polar-Ycar
station College-Fairbanks in Alaska during 1932-33 in coopera-
tion with the United States Coast and Geodetic Survey (ter-
restrial magnetism, aimospheric clectricity, earth-currents, and
aulom), at the International Polar-Year station Point Barrow
in cooperation with the United States Weather Bureau during
1932-33 (terrestrial magnetism and aurora), and at the Inter-
national Polar-Year station Little America during 1934-35 in
coaoperation with the Second Byrd Antaretic Expedition (ter-
restrial magnetism and aurora) are nearing completion.

The provisional International Magnetic Standards (Res. Dep.
Terr. Mag., vol. 4, pp. 395-475, 1921) adopted by the Depart-
ment were maintained at Washington until it was possible,
through the attainment of electric power-supply, additional
building and testing equipment, and observing facilities in
1934-35 at the Cheltenham Magnetic Observatory of the United
States Coast and Geodetic Survey, to fransfer standardizing
operafions of the Department from Washington to that Ob-
servatory. CIW sine-galvanometer 1 (Res. Dep. Terr. Mag., vol.
4, pp. 373-394, 1921) was assigned for ahsolute obscrvations in
horizontal intensity at the Observatory, where it has heen so
used since August 1935. The standard CIW Schulze earth-
inductor 48 was also transferred to the Ohservatory to control
International Magnetic Standards there. Thus, as regards the
United States, therc has heen undertaken the important and
long-contemplated step of transferring to Cheltenham the pro-
visional International Magnetic Standards of the Department
and complete realization of the Association’s resolution 4 at
Rome in 1922 and items a and b of resolution 5 at Prague
in 1924.
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In January 1935 a precision cosmic-ray recording meter,
after the design of Professors A. H. Compton and R. ID. Bennett
and constructed at the University of Chicago, was installed at
Cheltenham in accordance with the plans of the Committee of
the Carnegie Institution of Washington on Coordination of Cos-
mic-Ray Investigations (see reports of that Committee in Year
Books 32, 33, and 34 of the Carnegie Institution of Washington).
In May 1936 one of these meters was also installed at the Huan-
cayo Magnetic Obscrvatory.

Arrangements were completed in cooperation with the Uni-
versity of Alaska to install at College, Alaska, equipment to oh-
tain ionospheric data; the strategic location of College in the
polar region near the maximum of magnetic vertical-intcnsity
makes this station an important one in a world-wide iono-
spheric survey. The completion of these plans was delayed by
the untimely death of Professor Fuller, but is now being car-
ried forward by his successor, Professor E. H. Bramhall.

Inlernationd Magnelic Standards and comparisons
of standards af observatories

The control of the provisional International Magnetic Stand-
ards adopted by the Department (sce reference ahbove cited)
was maintained. Since the Lisbon meeting, intercomparisons
of these standards have heen effected dircetly or indirectly at
the following observatories: Abinger, England; Adelaide, South
Australia; Agincourt, Canada; Amberley (Christchurch), New
Zealand; Apia, Western Samoa; Cape Town, South Africa;
Cheltenham, United States; Huancayo, Peru; Niemegk, Ger-
many; Pilar, Argentina; and Watheroo, Western Australia. Be-
sides these intercomparisons, determinations of constants and
corrections were made for the absolute instruments used at the
Polar-Year station Magallanes.

The standard in horizontal intensity was found to be in sub-
stantial agreement with the absolute values given by CIW sine-
galvanometer 1 upon comparisons between the two instruments
at Cheltenham after the installation of the sine-galvanometer as
standard at that Observatory. (See communication to the Asso-
ciation by 8. E. Forbush and E. A. Johnson on “Results of inter-
nalional comparisons of magnctic horizontal-intensity with CIW
sine-galvanometer 1”). It was found also that through the in-
dircct comparisons obtained with the Schuster-Smith coil-
magnctometer at Abinger and with the standard Wanschaff
magnetometer at Niemegk there is agreement well within ob-
servational crror between the several standards. Tt is also to
he noted that after a period of 14 yecars the results of inter-
comparisons in Junc and August 1921 at Washington hetween
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CIW standard magnetometer 3 and sine-galvanometer 1 were
in substantial agreement with those obtained in July 1935.

All instruments used by observers of the Department and
by observers cooperating with the Department were inter-
compared at Washington and Cheltenham, both before and
after field-use, to determine the corrections of these instru-
ments on International Magnetic Standards.

At the request of Dr. la Cour, intercomparisons in horizontal
intensity between his type of quartz-fiber horizontal-intensity
magnetometer (QHM) and CIW sine-galvanometer 1 were ob-
tained at the Cheltenham Magnetic Observatory as follows:
With QHM 2 in February 1936 and with QHM’s 12, 17, and 18
in July 1936.

Ocean worlk

The reductions of the physical, chemical, and biological
oceanographic data accumulated during the last cruise of the
Carnegie are now nearing completion.

William J. Peters, formerly commander of the Institution’s
non-magnetic vessel Carnegie and largely responsible for the
development of the magnetic and cleetriec work at sea during
the many years of observations by the Galilee and the Carnegie,
was sent by the Institution to England to act as consultant in
the design of the non-magnetic vessel Research by the British
Admiralty and in the design of the magnetic instruments to be
used.

A complete mathematical treatment of all the magnetic data
obtained at sea by the Department is under way. This discus-
sion is concerned with the least-square adjustments of the re-
sults to obtain sccular-variation values and to deduce formulac
of the magnetic elements according to geographic position.

Woark done following Lisbon resolutions

Work done by the Department following resolutions passed
by the Association at its Lisbon meeting in 1933 is indicated
below, the numbers in parentheses referring to the numbers
of the resolutions (pp. 343-352, Comptes-Rendus de ’Assemblée
de Lishonne, 1934).

(5) The numerical character-numbers and the numerical
magnetic character for cach day, as deduced from the mag-
netograms recorded at the Huancayo and Watheroo magnetic
observatories, were compiled and forwarded regularly for
publication,

(6) The Department secured many intercomparisons ol in-
struments directly and indirectly with the standards of several
ohservatories and with the provisional Internalional Magnetic
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Standards adopted by this Department. (See communications
to Association by J. A. Fleming on “Intercomparisons of mag-
netic standards and control of standards” and by S. E. Forbush
and E. A, Johnson on “Results of international comparisons of
magnetic horizontal-intensity with CIW sine-galvanometer 17).

(7) Because of the other urgent demands on the time of
the limited personnel of the Department it has not heen pos-
sible to prepare, for complete publication, the data left by the
late Dr. L. A. Bauer on the Gaussian analysis of the Earth’s
field for the epoch 1922; it is expecled that this will be made
ready for publication before the next assembly, Sufficient new
data are not yet available to justify new determinations.

(8) Systematic observations of sunspots, flocculi, and pro-
minences have been made daily at the Huancayo and Watheroo
magnetic observatories during the periods specified by the pro-
gram of Commission No. 11 of the International Astronomical
Union; a Hale spectrohelioscope, supplied by Mount Wilson
Observatory of the Carnegie Institution of Washington, was
installed at the Huancayo Observatory late in 1932 and another
at the Watheroo Observatory during the latter part of 1933.
As elsewhere reported, significant advance was made by the
Department in ionospheric research, the results of which have
already given interesting conclusions on relationships between
solar and geophysical phenomena.

(9) The Department, as agent of the Committee on Coordi-
nation of Cosmic-Ray Investigations of the Carnegie Institution
of Washington, took part in the world reconnaissance survey
of cosmic rays particularly through the work of Drs. R. A. Mil-
likan, A. H. Compton, and T. H. Johnson. It has also installed
special precision cosmic-ray meters for continuous registration
on behalf of the Committee at the Cheltenham Magnetic Ob-
servatory in the United States, at the Huancayo Magnetic Ob-
servatory in Peru, and at the Amberley (Christchurch) Ob-
servatory in New Zealand. An observatory hut was constructed
at Tacubaya, Mexico, by the Astronomical Observatory of
Mexico for later installation there of a fourth meter. For details
of this cooperation reference may be made to the Committee’s
reports published in the Year Books of the Carnegie Institution
of Washington (No. 32, pp. 331-334, 1933; No. 33, pp. 314-315,
19341; and No. 34, pp. 330-335, 1935).

(10) As reported above, the measurements of variations of
the ionospheric regions, first by manual multifrequency tech-
nique and later by automatic continuously recording apparatus,
are being obtained at the Watheroo and Huancayo magnetic
observaltories. Plans were effected by which a similar station
will be established at College, Alaska, under the direction of
the Department of Physics of the University of Alaska.
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(13) Charts of the geomagnetic coordinates were constructed
for the entire Earth as well as nomographs for obtaining the
coordinates for any point of the Globe to an accuracy of 0.°1
(Terr. Mag., vol. 41, pp. 161-172, 1936).

(15) The Department cooperated with the International
Polar Year Commission 1932-33 in its reductions and compila-
tions of results and reports on the work done.

(16) Rapid-running magnetographs loaned by the Infer-
national Polar Year Commission 1932-33 were in operation at
the Huancayo Magnetic Observatory from January 1933 and at
the Watheroo Magnetic Observatory from December 1932

(17) Several publications bearing on research in terrestrial
magnetism and electricity have been published for the As-
sociation in the International Journal of Terrestrial Magnetism
and Atmospheric Electricity.

(21) The Department, besides maintaining operation of its
observatories near Huancayo in Peru and near Watheroo in
Western Australia, cooperated to make possible continuation
of certain work at the following observatories: Apia, in atmo-
spheric eleclricity and terrestrial magnetism; Cape Town, in
atmospheric electricity and cosmic radiation; College, in iono-
spheric observations; Cheltenham, in terrestrial magnetism and
cosmic radiation; Christchureh, in cosmic radiation; Tucson,
in atmospheric electricity and earth-currents; Little America,
during 1934-35, in terrestrial magnetism and auroral observa-
tions.

(22) Despile unfavorable world economic conditions, con-
siderable progress was made by the Department towards
realization of the Association’s planned network of magnetic
repeat-stations for the investigation of secular variation. The
stations occupied since the Lisbon meeling may bhe summarized
as follows, the numbers in parentheses indicating the number
of stalions reoccupicd which are listed in the list of international
repeat-stations (pp. 123-133, Comptes-Rendus de I’Assemblée de
Lishonne, 1934): Africa, 44 (15); Anlarcltica, 22; Asia, 30 (3);
Australasia, 44 (10); Europe, 2 (1); North America, 8 (3);
South America, 7 (5); Islands Pacilic Ocean, 3 (2). The Depart-
ment expects during 1936-39 to obtain observations in regions
where secular-change rates are either varying unusually or
where the time since previous data were obtained is longer than
desirable; in this, as many of the stations as possible of the list
of the Special Committee will be occupied. The regions
tentatively planned for these observations include Africa,
Australasia, eastern Asia, and the Pacific Islands.

William J. Peters who, on the Galilee and the Carnegie,
conlributed so largely to the success of the Department’s mag-
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netic survey of the occans during 1905 to 1929, was upon in-
vitation of the British Admiralty assigned by the Institution as
consultant on matters pertaining to the design and construction
of the Admiralty’s non-magnctic vessel Research and of her
instrumental equipment. The Research is to continue the work
so suceessfully carried oult by the Carnegie.

Publications

Since the report presented at the Lisbon Asscmbly the De-
partiment has published as usual its annual or progress-reports
in the Year Books of the Carnegie Institution of Washington
and over 220 articles on investigations and on special subjects
contributed to scientific journals by members of its staff. A
bibliography of recent publications pertaining to cosmical and
terrestrial magnetism and electricity and allicd subjects is re-
gularly maintained. Reviews and abstracts of outstanding con-
tributions to geophysies have heen published by members of the
staff. Some idea of the scope of the publications issued through
the Department and its personnel is indicated in the following
bibliography containing titles of articles of interest to the As-
sociation which have been sclected from among the papers
published since the Lishon Assembly.

Bartels, J. Terresirial-magnetic activily in the years 1931 and 1932. Terr.
Mag., vol. 39, 1-4 (Mar. 1934).

-— Twenty-seven-day recurrences in lerrestrial magnetism and solar
activity during 1932-33, Terr. Mag., vol. 39, 201-202 (Sept. 1934).

- Terrestrial-magnetic activity in the wear 1933 and at Huancavo.
Terr. Mag., vol. 40, 265-266 (Sept. 1935).

—— #ur Morphologie geophysikalischer Zeitfunktionen. Berlin, Sitzber.
Ak. Wiss., No. 30, 504-522 (1935).

Random fluctuations, persistence, and quasi-persistence in geophy-
sical and cosmical perviodicities, Terr. Mag.,, vol. 40, 1-60 (Mar.
1935).

. - The eccenlric dipole approximating ihe Earth’s magnetic field.
Terr. Mag., vol. 41, 225-250 (Sept, 1936).

Berkner, L. V. The relation of the Pacific eclipse of June 8§, 1937, to
investigations of changes of ionization of the atmosphere, Terr.
Mag., vol. 39, 317-31% (Dec. 1934).

— and H., W. Wells. Report of ionosphere-investigations at the Huan-
cayo Magnetic Observatory (Peru) during 1933. Proc. Inst. Radio
Eng., vol. 22, 1102-1123 (Sept. 1934).

F-region ionosphere-investigations at low latitudes. Terr. Mag.,
vol, 39, 215-230 (Sept. 1934).

Chapman, S. The electric current-systems of magnelic storins, Terr, Mag,,
vol, 40, 349-370 {Dec. 1935).

—~ The space gradients of the Earth's magnetic field. Terr, Mag., vol.
41, 127-136 (Junc 1936).

Dahl, O. Note on disk-type electrostatic generators, Rev. Sci. Instr., vol.
7, 254-256 (June 1936).

Davies, F. T. The diurnal variation in magnetic and auroral activity at
three high-latitude stations. Terr. Mag., vol. 40, 173-182 (June 1935).
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Ennis, C. C. Relationships between auroral and magnetic activities at
Little America, First Byrd Antarctic Expedition, 1928-30. Terr.
Mag., vol. 41, 45-55 (1936).

— Magnetic results of the United States Exploring Expedition, 1838-
1842, Lieutenant Charles Wilkes, Commander. Terr, Mag., vol. 39,
91-101 (June 1934).

Graphical aids in the reduction of magnetic observations. Terr.
Mag., vol. 38, 331-333 (Dec. 1923).

Fleming, J. A. Terrestrial magnetism (Smithsonian Physical Tables, 8th
revised edition)., Smithsonian Inst. Misc. Collect., vol. 88, 575-591
(1933).

Annual report of the Director of the Department of Terrestrial
Magnetism for the year 1932-33. Carnegie Inst. Wash., Year Book
No. 32, 213-264 (Dec. 15, 1933).

— The relations of magnetic and electric work in the Pacific Ocean
to the Polar-Year campaign, 1932-33. Proc. Fifth Pacific Sci. Cong.,
Victoria and Vancouver, B. C., Canada, 1933, vol. 3, 1685-1690
(1934).

—— The distribution and need of additional magnetic observations and
secular-variation stations in the Pacific Region. Proc. Fifth Pacific
Sci. Cong., Victoria and Vancouver, B. (., Canada, 1933, vol. 3,
1675-1685 (1934).

Report of ionosphere-investigations conducted at College-Fairbanks
during the winter of 1933-1934. Terr. Mag., vol. 39, 305-313 (Dec.
1934). :
and O. H. Gish. Annual report of the Director of the Department
of Terrestrial Magnetism for the year 1933-34. Carnegie Inst. Wash.,
Year Book No. 33, 196-246 (Dec. 14, 1934).

Annual report of the Director of the Department of Terrestrial
Magnetism for the year 1934-35. Carnegie Inst. Wash., Year Book
No. 34, 223-267 (Dec. 13, 1935).

Forbush, S. E. Some practical aspects of the theory of the unifilar
horizontal-intensity variometer. Terr. Mag., vol. 39, 135-145 (June
1934).

Gish, 0. H. Effects of turbulent air-flow in some apparatus used in at-
mospheric-electric measurements. Terr. Mag., vol. 38, 257-259 (Sept.
1933).

—— Atmospheric electricity (Smithsonian Physical Tables, 8th revised
edition). Smithsonian Inst. Misc. Collect., vol. 88, 596-598 (1933).

— The natural electric currents in the Earth. Sci. Mon., vol. 43, 47-57
(July 1936).

Electrical messages from the Earth; their reception and inter-
pretation. J. Wash. Acad. Sci., vol. 26, 267-289 (July 15, 1936).

Green, J. W. Magnetic secular-variation in the Pacific Region. Proc.
Fifth Pacific Sci. Cong., Victoria and Vancouver, B. (., Canada,
1933, vol. 3, 1669-1674 (1934).

Hafstad, L. R. The application of the FP-54 pliotron to atomic disintegra-
tion-studies. Phys. Rev., vol. 44, 201-213 (Aug. 1, 1933).
and M. A. Tuve. Carbon radioactivity and other resonance trans-
mutations by protons. Phys. Rev., vol. 48, 306-315 (Aug. 15, 1935).

Johnson, E. A, Design of tuned resistance-capacity coupled amplifiers.
Physics, vol. 7, 130-132 (Mar. 1936). s
and A. G. Johnson. A theoretical analysis of the operation of ioni-
zation-chambers and pulse amplifiers. Phys. Rev., vol. 50, 170-176
(July 15, 1936).

Application of alternating-current methods of detection to earth-
inductors for marine and land observations, Terr. Mag.,, vol. 41,
251-260 (Sept. 1936).
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Johnston, H. F. The equipment and work of the Huancayo Magnetic
Ohservatory. Proc. Fifth Pacific Sci. Cong., Victoria and Van-
couver, B. (0., Canada, 1933, vol. 3, 1835-1840 (1934).

McNish, A, G. Principles of slatistical analysis occasionally overlooked.
J. Frank, Inst,, vol, 218, 255-258 (Aug. 1934).

— A possible tesl for theories of magnetic dinrnal-variations and of
magnetic storms. Terr. Mag., vol. 39, 5-6 (Mar, 1934),

- - (Geomagnetic coordinates for the entire Earth. Terr., Mag., vol. 41,
37-43 (Mar, 1936).

~— A new type of vertical-intensity induction-variometer. Terr. Mag.,
vol, 41, 161-172 (June 1936).

Parkinson, W. . Problems of terrestrial electricity which further ob-
servations in the Pacific Region will help to solve. Proe. Fifth
Pacific Sci. Cong,, Victoria and Vancouver, B, C., Canada, 1933,
vol. 3, 1845-1852 (1934).

Peters, W. I. Present status of the investigation on dynamic and tilting
devialions in the Depariment of Terrestrial Magnetism, Carnegie
Institution of Washington, Terr, Mag,, vol. 39, 203-207 (Sept. 1934).

Rooney, W. I, and K. L, Sherman. Earth-current measurements at the
College-Fairbanks Polar-Year Station. Terr. Mag., vol. 39, 187-199
(Sept. 1934).

Torreson, 0. W. On the value of the ratio of the number of uncharged
nuelei (Ng) to the number of charged nuclei of one sign (N4.) at
Washington, D. C. Terr. Mag., vol. 39, 65-68 (Mar. 1934).

— and (. R. Wait. Measurements of total nuclei, of uncharged nuclei,
and of large ions in the free atmosphere at Washington, D. C.
Terr. Mag., vol, 39, 47-64 (Mar. 1934).

Tuve, M. A. The energy acquired by a Dirac isolated magnetic pole in
a magnetic field. Terr. Mag., vol. 38, 260-261 (Sept. 1933).

-- L. R. Hafstad, and O. Dahl. High-voltage technique for nuclear-
physics studies. Phys. Rev,, vol, 48, 315-337 (Aug. 15, 1935),

-~ 0. Dahl, and ].. R. Hafstad, The production and focusing of intense
positive ion-heams. Phys, Rev,, vol. 48, 241-256 (Aug. 1, 1935).

Wait, G, R, Variations in the small-ion content of the atmosphere and
their causes, J. Frank, Inst,, vol, 216, 147-155 {Aug. 1933).

— and 0. W. Torreson, Large-ion and small-ion content of air in
occupied rooms. Heating, Piping, and Air-Conditioning, vol. 7,
105-110 (Feb. 1933). .

Wells, H. W. Critical-frequency observations of the E-layer at the Huan-
cayo Magnetic Obhservatory. Terr. Mag., vol. 3%, 209-214 (Sept. 1934).

— and L. V. Berkner. Polarization of radio waves from the ionosphere
near the geomagnetic equator, Terr. Mag., vol. 41, 75-82 (Mar. 1936).

Yost, F. L., JI. A. Wheeler, and G. Breit. Coulomb wave-functions. Terr.
Mag., vol. 40, 443-447 with 11 pages of tables (Dec, 1935).

Dep. Terr. Magn., C. 1. W., July 31, 1936,

PROGRESS OF WORK IN TERRESTRIAL MAGNETISM OF
THE UNITED STATES COAST AND GEODETIC SURVEY
JULY 1, 1933 TO JUNE 30, 1936

By N. H. HECK

The Coast and Geodetic Survey through its magnetic work
furnishes data needed on the charts and maps by the navigator
and aviator. In the casc of the latter it furnishes magnetic
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information for wvarious airports where magnetic airplane
compasses arc tested. It enables land surveyors to rerun old
land boundaries, aids geophysical prospectors who usc mag-
nctic methods and furnishes magnetic information needed in
studies of vadio transmission. It also cooperates in securing
measurements of atmospheric electricity, earth currents, auroras
and cosmic rays.

Magnetic Surveys

The magnetic field work during the period was directed
chicefly to the occupation of repeat stations and the substitution
of triangulation sfations for stations in cities and towns for
repeat work. As the result of intensive geodetic work by the
Coast and Geodetic Survey triangulation stations are available
in. much larger numbers than formerly, azimuth marks are
placed at convenient distances, and though many stations are
unsuited for magnetic work, there is sufficient choice from those
that are. The advantages are that there is no doubt as to
position, no azimuth obscrvalions are necessary and, in general,
they may be expected to remain available longer. At the close
of 1935 sufficient repeat observations had been made to make
possible the preparation of the isogonic map of the United
States for 1935.

The wvessels and parties engaged in hydrographic surveys
along the coast of the United States, Alaska, and of the Philip-
pine Islands have made declination observations at many fri-
angulation stations and, especially in Alaska, have investigated
arcas of local magnetic disturbance. A large area of such
disturbance has been examined in the vicinity of Duke Island,
southeastern Alaska. Obsecrvations of declination have also heen
made in a number of Statcs in connection with relief work.
Special ohscrvations of declination have been made to enable
vesscls to usc channel ranges in testing their compasses. Special
attention has been given to obtaining a limited number of
determinations of magnetic declination at sea using small .craft
tinder specially favorable conditions.

Magnetic Observatories and Instruments

The five magnetic ohbservatories at San Juan, Pucrto Rico
(1926) ; Cheltenham, Maryland (1901) ; Tucson, Arizona (1909);
Sitka, Alaska (1902); and Honolulu, Hawaii (1902) have been
kept in continuous operation. The year after the name is that
in which the observations were begun which arc still continuing.
At all of these observatories magnetie observations and, at all
except Cheltenham, seismological obscrvations ferm ilic basic
program,

At Sitka therc is a moderate amount of auroral ohservation
though climatic conditions curtail the output of results,
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- At Tucson atmospheric electricity observations are made
with the ccopcration of the Department of Terrestrial Mag-
netism,” Carnegie Institution of Washington, and earth current
with the same cooperation and that of the Mountain States
Telephone and Telegraph Company. Tn both cases the Depart-
ment of Terrestrial Magnctism furnishes the apparatas and
interprets the results,

At the instance of the International Association and of the
American Geophysical Union, the Cheltenham Magnetic Ob-
servatory and the Magnetic Laboratory of the Department of
Terrestrial Magnetism have been designated to maintain jointly
the magnetic standards of the United States and their interre-
lation with the provisional magnetic standards first established
by the Department of Terrestrial Magnetism as the results of
-world-wide comparisons of magnetic instruments during the
past twenty five years, With the steady encroachment of the
city of Washington in thc region surrounding the building of
the Department of Terrestrial Magnetism, magnctic conditions
have become unfavorable for this work. Formerly the facilities
at Cheltenham were wholly inadequate; but as a result of the
previously reported rebuilding of the absolute building with
improved pier facilities, the provision of a test and comparison
building, and more recently the rebuilding of the foundation
of the large variation huilding to repair damage by termites,
with improvement of the pier facilitics, this observatory can
now function completely with regard tfo standardization work.

A joint program with the Department of Terrestrial Mag-
-netism of the Carnegie Institution of Washington has taken
advantage of these new conditions to make numerous in-
vestigations which have resulted in improvements to instru-
ments and their performance and in new instruments. Prac-
tically all of the observations have been made alt Cheltenham.

Probably the most important has been the adaptation of the
Carncgie Institution of Washington sine galvanomecter to ob-
servatory use and its installation at Cheltenham for regular
observation. Its use immediately emphasized the fact that the
magnets of the H variometers were not in the magnctic prime
vertical and steps were at once taken to determine the amount,
“and not only to bring them to the proper position but to make
it convenient to test this at regular intervals in the future.
Comparison of the Eschenhagen and Adie H variometers
showed that with the magnets in the magnetic prime vertical
they are in close agreement. A bifilar H variometer of the
Eschenhagen type has been develaped in accordance with the
suggestion of George Hartnell,

Particular attention has been given to the recording of Z
and to absolute determinations of its valuc.. Comparisons have
been made simultaneously under similar conditions and in the
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same immediate vicinity of Adie, Toepfer, L.a Cour, and Askania
(field instrument adapted to observatory use) Z variometers.
Tests have been made of the horizontality of the magnetic axis
of the recording magnets and necessary corrections have bheen
made. In the case of the La Cour magnets the angles between
the plane of the mirror and the magnetic axis ranged from
nearly zero to nearly two degrees for different magnets. This
is not surprising in view of the remarkable difficulties of
construction with magnet, mirror and knife edges in a single
unit*). :

A new perminvar Z variometer devised by A. G. McNish of
the Department of Terrestrial Magnetism has been given an
extended test.

More accurate absolute values of H through use of the sine
galvanometer make possible better values of Z provided the
determination of dip is satisfactory. This depends on earth
inductor performance, In recent months three independent
determinations of dip have been made, first with the Wild-
Edelmann carth inductor, then with the same inductor but with
an additional coil furnished by the Department of Terrestrial
Magnetism, and also the standard earth inductor of the Schultze
type which the Department of Terrestrial Magnetism uses to
maintain the provisional international standard of dip. Mr. E.
A. Johnson, first with the Coast and Geodetic Survey and later
with the Department of Terrestrial Magnetism, has been en-
gaged in the development of electromagnetic instruments for
making absolute observations and possibly for observing varia-
tions in the magnetic elements. The Department of Terrestrial
Magnetism has continued to press this work vigorously.

This cooperative program has already produced results and
others are in prospect which prove, beyond a doubt, the
superiority of joint attack on problems over independent action
in the same fields.

These investigations have emphasized the need for constant
vigilance in altention to observatory and field instruments in
order that the desired accuracy may be obtained and the need
for precautions in cases where a single set of instruments is
used.

An attempt to suspend the magnet in the Eschenhagen type
of Z variometer by some type of metallic suspension instead
of pivots proved unsuccessful though many different materials
were fried. In no case was there satisfactory return of the
system to zero position after large deflections.

In general, all intensity variometers have been wholly or
partly compensated for temperature and further refinements

*) It is not difficult to change the said angle if of any importance.
Hitherto no effort at all has been made to obtain an angle of zero.
i D16,
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have been made in the equipment and methods for deter-
mination of sensitivity of variomcters by thc use of large
deflectors, 'Fime marks are placed on all magnetograms by
deviees operated by pendulum clocks accurate to one or fwo
seconds per day. Apparatus for the direct scaling of mag-
netograms has been improved.

In addition to the other work described, at Cheltenham
therc has been in operation, at the request of a commitice of
the Carnegie Institution of ‘Washington, a cosmic ray meter for
which routine operation is provided by the Coast and Geodetic
Survey and adjustments and interpretation by the Department
of Terrestrial Magnetism.

Magnetic information for the daily ursigram (review of
conditions affecting radio transmission) was sent from Tucson
to Washington till the close of 1933 and thereafter was furnished
[rom Cheltenham,

The College-Fairbanks Polar-Year station and its activities
are fully deseribed in the Proceedings of the Lisbon Meeting.
The regular programn was completed on August 31, 1933, but
magnetic and carth current observations were continued through
March, 1934.

Publication

During part of the past three ycars relief workers were
available to assist in the preparation of magnetic results for
publication and, as a result, this part of the work was advanccd.
Howcever, the necessary supervision curtailed the preparation
of papers and articles for publication by those cngaged in such
supervision,

Availability of results is alinost as important as obtaining
them. Copies of observatory records have been made im-
mediatcly available to investigators and copies of the College-
Fairbanks and Sitka records have been furnished to the Second
Polar Year Conmnission. Computation of results at the five
observatorics is completed through 1930 and for part of them
through 1932. Computation of the College-Fairbanks results is
well advanced.

A new departure has been made in the publication of ob-
servatory vesults. It was ascertained through a questionnaire
that while those who use these results find them essential, the
number of actual users is comparatively small. Accordingly,
the results are now reproduced in small numbers and are no
longer published in editions of from 800-1200 as formerly.

There were made available during the three year period:

Resulis at Coast and (Geodelic Survey Observatories:
Cheltenham, 1927-8, 1929-30 Sitka, 1925-6, 1927-8
Tuecson, 1925-6, 1927-§ Honolulu, 1927-8

Magnetic Tahles and Charts, Alaska, 1930
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Magnetic Deelinalion in the United States in 1935
(This is latest of series of five yearly publications. It in-
cludes tabhles of change of declination from earliest
known values to the present and isogonic map with lines
of equal change.)

During the three year period there have been issued, in
mimeographed or printed form, in several cases reissues of
carlicr publications giving Magnetic Declination and Descrip-
tions of Magnetic Stations for the following States:

South Carolina Mississippi
Georgia Louisiana
Florida Nevada
Alabama Texas
California

Articles

Auroral Observations and Magnetic Condilions at the Sitka Magnetic
Observatory, Franklin P, Ulrich, July 1932 - June, 1933, Terr. Mag., Vol.
39, No. 1,

Celebration of the Completion of One-Third Century of Continuous
Observation at the Cheltenham Magnetic Observatory, N, H. Heck, Terr.
Mag., Vol. 39, No. 4.

Magnetic Anomalies in Alaska, E. W. Eickelherg, Transactions of the
American Geophysical Union, Fourteenth Meeting, 1933.

Magnetic Work of the Coast and Geodelic Survey, R. S. Patton, fbid.

Same Number for 1934.

Same ) Number for 1935.

Some Problems of Magnetic Survey, N. H. Heck, fbid., 1934,

Need for More Detailed Magnetic Observations Shown by Increasing
Application of Results, E. W. Eickelberg, Ibid., 1934,

Qutstanding Features of Magnetic Results from the Sitka Magnetic
Observatory, Franklin P. Ulrich, Proceedings, Fifth [Pacific Science
Congress, Vol, 111,

The Honolulu Magnetic Observatory of the Coast and Geodetic Survey,
J. H. Peters, {bid.

AVERAGES OF CRITICAL FREQUENCIES AND
VIRTUAL HEIGHTS OF THE IONOSPHERE, OBSERVED
BY THE NATIONAL BUREAU OF STANDARDS,
WASHINGTON, D.C., 1934-1936

Terr. Magn., 1936, vol. 41, pp. 379-381.
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SPECIAL REPORTS

RAPPORT SUR LA PUBLICATION
bU CARACTERE MAGNETIQUE NUMERIQUE DES JOURS

Par ;. van DIJK

La publication du «Caractére magnétique numérique des
joursy a été continuée réguliérement. Comme on a annoncé
dans e rapport précédent (voir: Comptes-Rendus de I'Assemblée
de Lisbonne, pp. 158-161; Copenhague 1934) on a publié aprés
les données du quatriéme trimestre de chaque année (1933,
Tome IX; 1934, Tome XIII; 1935, Tome XVII) les communi-
cations retardées. On y a ajouté un aperc¢u annuel du carac-
tére magnétique numérigue des jours, qui a été également
inséré dans l'apergu annuel de la publication «Caractére ma-
gnétique de chaque jour».

La plupart des stations ont envoyé des listes avec les va-
leurs de H-Ry : 10000, Z-Rz : 10000 et (H-Ry + 7Z-Rz) : 10000;
San Fernando n’a donné que les valeurs de H:-Ryg : 10000,
tandis que de Bilt a présenté en outre pour lannée 1933
des listes aves les valeurs dec X-Rx : 10000, Y -Ry : 10000,
Z-Bz : 10000 et (X-Rx + Y-Ry + Z-Ry) : 10000.

28 stations ont envoyé des contributions complétes pour les
années 1933, 1934 et 1935. Ce sont: Abinger, Agincourt, Antipolo,
Bombay, Cheltenham, Copenhague (Rude Skov), De Bilt,
Eskdalemuir, Helwan, Honolulu, Huancayo, Kakioka, Kuyper,
Lerwick, Lové (Stockholm), Meanook, Pilar, San Fernando,
San Juan, Sitka, Sodankyld, Swider, Tortose (Ebre), Tucson,
Val-Joyeux, Vienne (Auhof), Watheroo et Zo-Sé. Le mnouvel
observatoire de Zo-Sé a remplacé Pobservatoire de Lukiapang.

Seddin, qui avait encore contribué en 1932, n’a pas envoyé
de listes dans les années suivantes. Abiske et La Quiaca n’ont
plus contribué aprés ’année 1933; Cape Town et Hong Kong (Au
Tau) se sont affiliées comme nouvelles stations A partir de 1934.
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Saimistsche a envoyé des listes du second trimestre de 1933 et
des second, troisiéme et quatriéme trimesires de 1935, Sloutzk
et Wyssokaja Dubrawa ont contribué pour les second, troisiéme
et quatriéme trimestres de 1935, tandis que Zouy a envoyé des
listes des second et quatriéme trimestres de 1935.

Pour le premier trimestre de 1936 on a recu les listes de 33
stations; probablement le nombre d’chservatoires contribuants
en 1936 se montera a 35. .

Il est trés désirable que les observatoires collaborants
envoient leurs listes le plus tit possible.

De Bill, le 14 aoni 1936.

REPORT OF COMMITTEE TO CONSIDER EXISTING
AND DESIRABLE DISTRIBUTION OF MAGNETIC AND
ELECTRIC OBSERVATORIES AND THE BETTER (O-

ORDINATION OF WORK AND PUBLICATIONS OI°

EXISTING OBSERVATORIES

At the Stockholm Assembly in August 1930 the Association
appointed a Committee to consider existing and desirable distri-
bution of magnetic and eclectric observatories and the better
coordination of work and publications of existing observalories.
This Committee submitted a report at the Lisbon Assembly of
the Association in September 1933 (C.-R. Assemblée de Lis-
bonne, septembre -1933; Union Géod. Géophys., Internat. Ass.
Mag. Electr. Terr.,, Bull. No. 9, pp. 107-113, 1934), and was re-
appointed. It consists of S. Chapman, D. la Cour, J. A. Fleming
(Chairman), Ch, Maurain, and L. Rodés.

The Association, for reasons given in our Committee report
in 1933, authorized .at Lisbon the continuance of a Subcom-
mittee to consider the distribution of the work of obscrvatories
in Europe. The members of this Subcommittee are S. Chapman,
D. la Cour (Chairman), and Ch. Maurain.

The publication of the Commission of Terrestrial Magnetism
and Atmospheric Electricity of the International Meteorological
Organization giving the daily magnetic character-numbers
shows 52 observatories, in a world total of some 75, regularly
reporting upon daily magnetic conditions. This speaks well for
the enthusiasm and energy with which magnctic-observatory
work throughout the world is being prosccuted. The less readily
compiled numerical magnetic character of each day based upon
the formula adopted at the Stockholm meeting and published
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under the auspices of the Association is also kept current for
over 30 observatories.

It will be recalled that the Association at Lishon adopted a
long series of resolutions proposed by the Committee on the
establishment of additional observatories and regarding some
items of work of existing observatories. The difficult economic
conditions so world-wide during the past three years have
retarded in some measure realization of these resolutions.
Despite this, the Committee is happy to report substantial
progress. Observalories at several of the locations recom-
mended and established on a temporary basis during the Inter-
national Polar Year of 1932-33 have been continued. Instruments
provided for the Polar-Year program through the generous
grant of the Rockefeller Foundation to the International Polar
Year Commission of 1932-33 have been loaned by the Com-
mission to establish new observatories and to supplement equip-
ment at existing observatories.

Notes relating to maintenance of magnetic and electric
observalories during 1933-36

The following notes relating to magnetic and electric ob-
servatories which have been received by the Committee since
the Lisbon Assembly offer evidence of progress made during
1933-36. As a matter of convenient reference, they are grouped
according to continents and countries.

Africa

In Belgian Congo the Polar-Year station near Elizabethville
has been placed on a permanent basis by the Belgian Govern-
ment.

In Cape Province the Polar-Year station at Cape Town has
been placed on a permanent basis thanks to the indefatigable
efforts of Professor A. Ogg of the Cape Town University.

Dr. J. Agostinho, Director of the Meteorological Service of
the Azores, has been stressing with his Government the im-
portant arguments for the establishment of a new station near
Lourenco Marques in Mozambique, which is in a region of ex-
ceptional magnetic interest, and for a resumption of the Jodo
Capello Observatory in Angola in a manner worthy of the
distinguished scientist whose name it bears.

Dr. Maurain states that the Observatory at Algers (Bouza-
réah) in Algeria continued its work. He also reports that the
Polar-Year Observatory at Tamanrasset in French North Africa
has continued its work from 1932 on a permanent basis. He
states further that the program at the Tananarive Observatory
in Madagascar was resumed from 1932,

1*
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Asia

In Cling, while definite information requested recently had
not been reecived when this report was preparced, carlier
advices from Dr. 5. L. Ting of the Academia Sinica indicated
that the Chinese Government fully expected to establish another
ohservatory in central or northwestern China following the As-
sociation’s resolution.

In India, the observatories at Alibag and at Dehra Dun were
continued. The Dircetor of the Geodetic Branch of the Survey
of India rcports it had been hoped operation of the Kodaikanal
and Toungoo obscrvatorics might be resumed in 1931 to 1932,
hut that unfortunately lack of funds prevented doing this.

Dr. 1. Okada, Director of the Central Meteorological Ob-
servatory at Tokyo, reporting for Japan, states that besides the
Government Observatory at Kakioka (36° 13 517 north, 140°
117 217 cast, 28.2 meters above sea-level) operated in charge of
3. Imamiti, a sccond obscrvatory helonging te his Service has
been maintained, in accordance with the Association’s Lisbon
resolution, since the International Polar Year at Toyohara (46°
38 north, 142° 45 cast, 61.5 mecters ahove sea-level) in charge
of M. Hirayama. These stations are fully equipped as regards
instruments and professional staffs. At Shimoda, the southern
extremity of the lzu Peninsula near Tokyo, a magnetic station
is being maintained by Dr. S. Ono of the Bun-Rika University
for his own researches at the Marine Biological Station of the
Universily with an assistant to look after the recording instru-
ments for which, however, no control-observations are taken.
At the request of the Hydrographic Office of the Imperial
Japancsc Navy, the Meteorological Observatory at Taihoku in
Formosa, Otomari in Saghalien, Jinsen {(Chemulpo) in Korea,
and Palau are making readings of declination once a weck.

Australasia

In Australia the Observatory of the Carnegie Institution of
Washington at Watlicroo and the Observatory at Toolangi under
the auspices of the Melbourne Observatory continuce active
operation.  Apparently only occasional observations arc made
at the Adelaide and Red Hill (Sydney) loeations.

New Zealand has continued the Amberley (Christclhiureh)
Magnetic Obscrvatory. There was added at this station early
in 1936 a precise cosmic-ray recording meter, With some sup-
port from the Rockefeller Foundation, the Carnegie Corporation,
and the Carnegic Institution of Washington, New Zealand has
maintained without interruption the long serics of rceords at
the Apia Observatory in Western Samoa.
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Europe

Reporting for Finland, Dr. J. Kerdnen adviscs that, in ad-
dition to the permanent station at Sodankyld (67° 22’ north, 26°
39 east), there have been or are in operation temporary stations
provided only with rapid-running magnetographs as follows:
Vuotso (68° 04 north, 27° 06" east), from 1935 te May 1936;
Kajaani (64° 13’ north, 27° 46’ east), [rom November 1932 to
June 1936; Helsinki {60° 16" north, 24° 58 east), since January
1934,

Dr. Maurain states the chief magnetic observatory of France
at Val Joyecux, established in 1901, and the Nantes Observatory,
established in 1923, were continued. However, the magnefic
observations at Val Joyeux being disiurbed by industrial
electric lines established in the region, this Observatory will
be replaced soon by a new one (Observatory of Chambon)
situated in the midst of a large forest, where measurements
were begun January 1, 1936.

Reporting for Germany, Dr. A. Nippoldt states that the
following German obscrvatories were in operation in addition
to the principal Adolf Schmidt Observatory at Niemegk (52°
043 north, 15° 56’ east) which, hecause of interference with
clectric-car lines, replaced the Seddin Observatory in 1931:
Maisach near Munich (48° 12’ north, 11° 15’ cast); Wilhclms-
haven (53° 32" north, 8° 0% cast); Gros Raum in east Prussia
(54° 496 north, 20° 300 east). He reports a magnetic ob-
servatory is under construction at Ratibov.

Leiv Harang reports that in Norway, in addition to the chief
Obscrvatory at Tromse (69° 40" north, 18° 57 east, 112 meters
above seca-level), there are two stations, one at Bjerneya or
Bear Island (74° 28 north, 19° 17" east, 29 meters above sea-
level) recording D, H, and Z from July 1935 and one at Jan
Mayen (70° 59 north, 8° 18 east, 23 meters above sea-level)
where D, H, and Z were recorded from July 1934 to July 1935
and D and H only from July 1935. Dr. Harang reports also that
at Tromse, where the elements D, H, and Z have heen recorded
since 1929, there have been continued since the International
Polar Year of 1932-33 rapid registrations and insensitive mag-
netograms by two sets of la Cour magnetographs. Besides these,
Trumpy reports for the Magnetic Bureau the continued activity
of the Observatory at Dombés in southern Norway.

In Poland the observatories are at Swider (52° 069 north,
21° 15./2 cast), Jandw (49° 545 north, 23° 44" east), and Hecl
(54° 36’ north, 18° 49" cast). Janow, not far from Lwow, was
selected to replace the station Daszawa hecause of flooding of
basement at that place.

Dr. Gustaf S. Ljungdahl (Kungl. Sjokarteverket) states the
Government obhservatories in Sweden are: Lovo near Stockholm
(59° 20.’7 north, 17° 496 east), where in 1935 a set of la Cour
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variometers for 1'egistuing D, H, and Z was installed to run
parallel with the older * 11011"11‘11” magnetographs (the equipment
includes also a set of rapid-registering la Cour variometers
installed during the International Polar Year to record D, H,
and Z); Abisko (68° 21.5 north, 18° 493 east), where only
normal registrations of D, H, and Z are obtained.

In the French Mandate of Syria the Ksara Observatory has
been operating since 1931.

The Government of the Union of Socialist Soviet Republics
has been unusually active in maintaining magnetic observa-
tories as reported by N. Rose (Terr. Mag., vol. 40, pp. 401-406,
1935). In 1935 a new observatory was established at Seimtchany
(63° 51’ north, 118° 30’ east), and there was put under way a
new ohscrvatory at Stepanowka (46° 47" north, 30° 53" east) to
replace Odessa where the previous series ended in 1910. Other
magnetic observatories functioning or beginning operations
during 1933-36 were: Buchta Tichaja in Franz Josef Land (80°
20" north, 52° 48" east), from 1931; Myss Tscheliuskin (77° 17
north, 104° 17" east), from 1934; Insel Dickson (73° 30" north,
80° 25" east), from 1932; Wellen (66° 10’ north, 190° 09" ecast),
from 1933; Jakutsk (62° 01" north, 129° 43" east), from 1932;
Slutzk, the central observatory of U.S.S.R. (59° 41’ north, 30°
29" east), for which the series is continuous from 1878; Wys-
sokaja Doubrawa (H6° 44’ north, 61° 04" east), from 1930;
Saimischtsche (55° 50" north, 48° 51’ east), previously Kazan,
where the series has been continuous from 1887; Sui (52° 28’
north, 104° 02" east), which replaced in 1914 the Irkuisk Ob-
servatory in operation since 1887; Nishnedewitsk (51° 33" north,
38° 21" east), from 1934; \[ailun, Wiladiwostok (43° 15" north,
132° 20" east), from 19?3 Karsani or Tiflis (41° 50’ north, 44°
42" cast), where there h.ls been a continuous series from 1905.
In connection with this intense program of observatory-work,
certain of the observatories in U.S.S.R. were discontinued during
the period since the Committee’s last report. These were:
Matotschkin Schar (73° 16’ north, 56° 24’ cast), closed in 1935,
ending work begun in 1923; Kandalakscha (67° 08" north, 32°
26" east), closed in 1935, having operated since 1928; Swerd-
lowsk (56° 30" north, 60° 38’ ecast), previously called-Ekaterin-
burg, discontinued in 1930, having been in operation since 1837;
Kutschino (55° 46" north, 37° 58 east), closed in 1934, ending
recording begun in 1919; Taschkent (41° 20" north, 69° 18’ east),
closed in 1934, having begun in 1926.

Spain: The fast-running magnetographs of the la Cour type
have been loaned to the Ebro Observatory by the International
Polar Year Commission for another term of five years, and they
are being used regularly, together with the other set of vario-
meters of Mascart type.

Practically all the records obtained during the Polar Year
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were sent to the Central Bureau, Copenhagen, for photographic
reproduction.

The new geophysical Obscrvatory, at Toledo, far away from
any disturbing high voltage line, is completing, under the ef-
ficient direction of A. Rey Pastor, the installation of first quality
variometers and complementary instruments which will make
of it a magnetic station of high scientific value,

North America

The Meteorological Scrvice of Canada continued its Agin-
court and Mcanook observatories, and is understood to have
made arrangements to make permanent the International Polar
Year Obscrvatory at Chesterfield. At Agincourt a new variation-
room was added in which were installed open-scale and
ordinary-scale la Cour magnetographs in addition to the mag-
netograph so long used.

In Mexico the Magnetic Section of the Observatorio Astro-
nomico. de Mexico continued the Magnetic Observatory at
Tacubaya. Arrangements have been made and an observing hut
has.heen huilt for the installation of a precise cosmic-ray meter.

The Coast and Geodetic Survey of the United Stafes has
continued its five observatories at Cheltenham (Maryland),
Tueson (Arizona), Sitka (Alaska), Honolulu (Hawaii), and San
Juan (Puerto Rico). PParticularly to be noted is the develop-
ment of experimental, instrumental, and superior facilitics for
control of standards at the Cheltenham Ohservatory. At Tucson,
besides the magnetic work, programs in atmospheric clectricity
and earth-currents are followed in cooperation with the Carnegie
Institution of Washington and the American Telephone and
Telegraph Company.

South America

In Argentina, Dr. O. Liitzow-Holm, Chief of the Section of
Terrestrial Magnetism, Atmospheric Electricity, and Solar
Radiation at Pilar, adviscs that the three chservatories were
continued as follows: Pilar, Cérdoba (31° 40’ south, 63° 53’ west,
338 meters above sea-level), wlhere the magnetic elements D, H,
and Z are registered by both Eschenhagen and Edelmann mag-
netographs; La Quiaca, Jujuy (22° 06" south, 65° 36" west, 3462
meters ahove sea-level), wherc the magnetic elements D, H,
and Z are recorded with an Eschenhagen magnetograph; Or-
cadas del Sud {60° 44’ south, 44° 47" west), where the magnetic
elements D and H were registered without interruption during
1933 but where the Z-variometer broke down at the heginning
of that year, and where D, II, and Z were registered without
interruption during 1934 and 1935.
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In December 1935 a new cosmophysical observatory at San
Miguel about 30 km from Buenos Aires, Argentina, was in-
augurated. The National Committce on Observatories of Ar-
gentina extended its patronage and invested the observatory
with an official governmental character although it is the pro-
perty of the Society of Jesus. The cventual program will be
similar to that of the Ebro Obhservatory in Spain. The organiza-
tion includes three scctions, namely, Geophysical, Electro-
meteorological, and Astrophysical. Thus far only recording of
meteorology, atmospheric electricity, and carth-currents have
bheen initiated.

For Brazil, Dr. Sodré da Gama, Director of the National
Observatory of Rio de Janeiro (Public Ministry of Education
and Health), adviscs that the permanent magnetic observatory
at Vassouras was in operation and that during the International
Polar Year a magnetic station was established in Para in the
north of Brazil. It has not yet been possible to establish a per-
manent station at Para, but Dr. da Gama states the Brazilian
Government is interested in a permanent observatory at that
location.

In Peru the Huancayo Magnetic Obscrvatory of the Carnegie
Institution of Washington was continued. Equipments for re-
cording cleetrical conditions of the ionosphere and cosmic-ray
intensity were installed there,

Islands Atlantic Ocean

In the West Indies the obscrvatory at Fort de France,
Martinique, was continued.

In the Azores the San Miguel Obscrvatory was continued.
Dr. Agostinho hopes there may be established soon an ob-
servatory in the Cape Verde Islands.

Islands Pacific-Ocean

See notes for United States, New Zealand, and Japan.

The Committee regrets that it cannot report realization of
a greater number of the resolutions adopted at the Lisbon
Assembly suggesting the establishment of new obscrvatories
which would materially improve present distribution. As regards
the observatory suggested for Cape Comorin, the Government
of Travancore advises in February 1935 that it “does not find
it possible at this time to cstablish a magnetic observatory
becausc of the cost, although deeply sensible of the advantages
of such an observatory.” The Sccretary of State for the Colonies
of Great Britain writes in Fchruary 1934 that it was most
unlikely that St. Helena will be in a position in the near future
to provide any funds for the magnetic and geophysical ob-
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servatory recommended in our resolution, Again in Scptember
1934 the Seccretary of State for the Colonies of Great Britain
advised that word had been received from the Conference of
British East African Governors intimating that, while the Go-
vernors of the East African Dependencies agree that valuable
results might be sccured from the establishment of a magnetic
and gcophysical observatory in British East Africa, they are at
present unable to provide the necessary funds for the purpose.
While it was possible to confinue for a few months the work
at the Polar-Year College-Fairbanks Observatory, funds could
not he made available to make that a permanent station.

In view of the unique character and frequency of giant
micro-pulsations recorded at Reykjavik, il is unfortunate that
the Government of Iccland early in 1934 advised no funds
could be made availahle for the continuation of the Polar-Year
Obscrvatory there. It is to be hoped that any suggestion which
may permit the installation and operation of open-scale mag-
netographs of the la Cour type, even if for relatively short
periods only, may receive the support of the Association, Doubt-
less records from this place, on a great-circle path mueh used
for radio communication, would be most useful for investiga-
tions of relations hetween magnetic-storm occurrences and radio-
circuit performance.

Comments on adjustments of magnetic instruments
al observatories

The Committee invites attention to a subject which is as
important — in some respeets more so — as the establishment
of additional obscrvatories. It is that of thc mainfenance of
proper adjustments of instruments and, in particular, of vario-
meters, especially those having to do with the registration of
the intensity-components, It is quite understandable that once
equipment is operating the nced for more or less frequent checks
on adjustments of axcs of magnet-systems and of their proper
orientations may he overlooked in an apparently satisfactory
observatory-routine. Thus, for example, the orientation of the
magnet-system of a horizontal-intensily variometer in the prime
vertical, of a vertical-intensity variometer in the horizontal
plane, cte., may change considerably even with secular varia-
tion in a few years, and then we have records of variations
not of the supposed components but of ex-meridian components,
Displacecments of a few degrees may at times be quite serious
for certain magnetic latitudes. The Conunitiee fecls, therefore,
that arrangements for accurate lests of adjustments of orienta-
tion of recording magnet-systems should certainly be made at
least once each year or even more frequently at all observatories
and that notes regarding such tests should be indicated in pub-




172 DART V. — 8SPBECIAL REPORTS

lications. Lack of proper adjustments may indeed involve serious
errors or even invalidate conclusions drawn from laborious
mathematical reductions and  discussions concerned in the
analysis of a world net of observatories for a sclected few or
many geographically well-distributed stations, for example, in
the study of the Earth’s magnetic activity, in compilations of
correlations with solar, lunar, and other cosmical phenomena,
cte.

Witlt growing application of electromagnetic methods for
absolute measurcments to control variometers and standards,
calibrations of all standard cells used should be regularly made
beecause changes in their electromotive forces may often be sig-
nificant, especially if the non-saturated type is used, and like
control should be exercised of standard resistances, potentio-
meters, insulation, ete. For standard magnetometers care must
be used especially to redetermine, say cvery vear or two, Ino-
merts of inertia of magnet-systems, induction- and temperature-
coefficients, as well as possible changes in distribution-coceffici-
ents. Changes of inertia of magnet-systems alone, if not so
controlled, may be such as to vilally affect sccular-variation
values resulting from observatory records. Periodic checking of
truc directions of azimuth-marks by reference to secondary
marks through measurements of included angles should be
made. Tests should be made from time to time of possible sta-
tion-differences and particularly to determine disturbing ceffects,
if any, introduced by auxiliary magnets and interaction between
magnet-systems when new equipment is added.

In atmospheric-electric vecords, similar precautions are cs-
sential, for example, periodic and frequent determination of
reduction-factors for atmospheric potential-gradient records and
of scale-values for conductivity records, tests of batteries used
for quadrant-clectrometer potentials, tests of colleetors, ete. For
earth-current installations, tests of possible clectrode variations,
for example, those caused by chemical reactions, by seasonal:
changes, etc., are needed.

Publication of data

In gencral, the form in which data compiled at observatorics
arc published is satisfactory as far as it goes. There is a
growing impression that, while this form meets the require-
menfs of past experience and methods of treatment, the records
contain much more material useful in answering the more
complex questions raised by advances in theoretical and ex-
perimental physics. May therc not be more effective methods
of publication insuring availability of the whole of the recorded
material to investigators? Photographic reproduction of all
records on motion-picture film, as introduced by the Inter-
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national Polar Year Commission, scems a promising and
economical method of doing this. Besides making available the
whele record, it permits ready intensive study of any unique
features and condifions at many stations.

There may also be mentioned the use of photographic me-
thods for reproduction of daily records to adopted equivalent
scales in time and ordinate, which is a promising one from
several viewpoints, notahly that of the immediate comparison
thus made possible for the records from several or many sta-
tions. The development of such a {echnique secms to offer
no problem unusually difficult of atlainment.

It may be that improvements as suggested in the form of
publication will incrcasc the funds required for publication.
However, the expense may be materially decreased by the pre-
paration of tabular matter at once in form for reproduction
by photographic or offset methods such as already adopted by
some of the leading magnefic bureaus. More sharply defined
limitation of distribution and number of edition consonant with
the limited number of investigators may also reduce the present
expense of publication and thus provide for the compilations
and photographic reproductions suggested.

List of observatories

While our Commiitee’s report at Lishon recommended there
be prepared and distributed a revised edition of the list of
ohservatories with dctailed information regarding cach, origin-
ally published in 1910, and while tlic Association then considered
the proposal favorably, no resolution was adopted to provide
for it. Such a list is much needed in connection with matters
relating to internaftional services, unification of publications,
and centralization of magnetic data. An up-to-date summary
of the status of observatory reductions and publications would
be invaluable to investigators of magnetic phenomena. Such
diversification of published material in the past, both for various
ohservatories and for the same observatories in different vears,
exists that difficulty is encoumtered in the selection of homo-
geneous material for investigation. Special need for informa-
tion concerning operation during the International Polar Year
of 1932-33 doubtless will he met by a publication of the Polar
Year Commission; a list of such stations bhoth for the First
Polar Year and for the Second Polar Year and their details
might appropriately be included in the publication proposed
by the resolution offered below. The suggestion of Dr. Nippoldt
that a thesaurus of all magnetic values at ohservatories for full
serics be prepared may be appropriately carried out in such
a list. The Committee therefore submits the following resolu-
tion for action by the Association:
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Resolution — The Association regards as desirable the
publication of a revised edition of the *“Liste des Ob-
servatoires magnétiques ct des Observatoires séismologiques”
by Merlin and Somville published in 1910 giving a complete
list of all fixed magnetic and electric observatories, both
operating and non-operating, with brief statements of geo-
graphical coordinates, elevations, instrumental equipment,
data published regularly, data available upon special request,
and special remarks covering operation and investigafions,
and authorizes its Executive Committee to allot such funds
as may he necessary to compile and publish such list.

Washington, D, C., J. A. FLEMING, Chairman
Angust 15, 1936. For the Commiitee

REPORT ON SUDDEN COMMENCEMENTS OF MAGNETIC
STORMS IN JAPAN

By A, TANAKADATE

A comparison of Sudden Commencements of magnelic
storms obtained from quick running magnetographs during
the Sccond Polar Year is given in the Comptes-Rendus of the
Lishon Assembly; it is scen therefrom that the differences of
time of occurrecnces are of the order of a few seconds in
gencral, and a suggestion is made to take into account instru-
mental particulars in responding to such changes. Mr. Imamiti,
Dircctor of the Kakioka Observatory, has worked out such cor-
rections and finds that it may amount to the order of onc
second among the instruments now in use.

Not a small part, however, of the discrepancies in that
report arises from the difference in locating the instant of
commencement in the curve by different ohservers, as the Re-
porter found out later.

A still important factor to be taken into account is the
change of the type of disturbance from place to place, as
revealed in the Roneographed curves (not published) in that
Report. If the velocity of propagation, as it was called by
previous authors, of the disturbance is fo be looked after,
comparisons of time observed at stations at moderate distances,
where the fypes of disturbance remain essentially similar, may’
be expected to bring out concordant results. Mr. Imamiti, with
such a view, comparcs the records of Toyohara and Kakioka
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and obtains the results as given in the following table. The
last one marked with an asterisk has decidedly a different
type from the rest. The first three were presented in the pre-
liminary report to the Lishon Assembly, and is now reduced
by applying proper corrections. The double signs £+ indicate
probable errors of the mean values of determinations made by
several observers. The instants selected are the minimum points
of the dip or kick in the curves from which the rapid rises
begin. This is later by a few seconds than the instant adopted
by Dr. la Cour, as mentioned in the Lisbon Report.

It may be added here that Imamiti finds the velocity of
propagation of disturhance to he 100 to 200 km in S-N direction,
and by comparing the time with that at Tsingtau, which lies
towards the magnctic West of Kakioka, the velocity W-E is
700 to 800 km, if there is propagation at all.

Time difference of sudden-commencement
between Toyohara and Kakioka

Toychara Kakioka | T-K

1932 Oct. 14 14t | 10s + 0.4 053 + 0.2 + 958
1933 April 30 16 28 21.9 + 0.3 10 .4 + 0.3 + 11.5
»  May 29 6 25 4.1 * 02 24.3 + 03 4 9.8
» June 23 10 01 36.2 + 0.2 2.5 + 0.2 + 6.7
» July 8 20 37  13.0F 02  07.3 L 02 + 58
. » 23« 9 41 2.8 %01 40.0 T 0.0 + 2.8

Time difference by identification of waves

The indefinitencss of the instant of commencement in
attenuated records may be evaded to a certain extent by taking
the crest of a wave of definite character when such a train of
waves arc prescent. Mr. Imamiti has seleeted the waves of a
period of about one minute which are often very clearly re-
gistered with the result given in the following table:

Time difference of magnetic pulsatory waves
in Toyohara and Kakioka

gToyolmra! Kakioka T-K
1932 Qct. 3 13h06m 04s .8 04s .5 -}-0s.3
4 16 31 57 .9 28 .2 —0 .3
38 20 2 19 .8 +0 4
13 13 36 51 .8 49 6 +2 .2
a7 21 .2 20 .9 +0.3
13 13 27 42 .8 43 .5 —0 .7
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"Toyohara Kakioka T-K
|
1932 Qct. 15 13h28m | 2150 21s.8 —0=.8
44 02 4 02 .6 -0.2
44 26 .7 2683 1 -n0 4
17 13 24 27 .2 27 .2 0.0
24 46 .5 46 .0 : -0 .1
25 0.9 0.9 ¢ .0
1933 IFeb. 21 12 40 ¢ .6 1.1 —0 .5
40 24 .0 23 .6 -0 4
22 302 14 .7 16 .0 - 1.3
14 28 i6 .6 16 .3 +0.3
March 27 17 02 36 .5 33 .9 —+0 .6
02 46 .6 46 .2 —+0 .4
02 o8 .1 37 .0 -1 .1
44 29 .6 4sm 0 .1 —0.5
45 15 .2 5.0 | 0.1
April 16 13 54 44 4 44 .0 1 10 .4
55 16 .0 15.5 | 105
19 1243 . 19 .8 18 .1 1.1
22 12 43 08 4 08 .0 L0 4
43 - 28 .0 28 .3 b .3
24 1457 © 30.0 30 .2 -0 .2
37 ¢+ 81 T 53 .3 -1 .6
May 1 1300 | 19 .0 18 .4 <40 .6
00 - 217 21 .0 07
00 | 56 .9 56 .4 10 .5
7 948 © 29 8 29 5 +0.3
15 1051 | 13 .7 14 .4 - 0.7
July 11 14 34 55 .6 35 .6 0.0
Nov. 2 1024 | 20.6 20 .9 -0 .3
23 15 05 36 .17 35 .9 -0 .8
Dec. 7 1241 1 01.7 ot .9 —0 .2
1934  Feb. 15 1617 | 60.5 59 .4 411
21 099 08 .2 1T
22 09 .5 ; 08 .3 +1 .2
23 120 116 L0 4
17 13 03 21 .1 211, 0.6
03 42 .1 43 2 i 0.5
Toyohara — Kakioka
[requency mean
e 24 0+.68
0........ 3
— e 16 0 .35
total..... 43 0.17 + 0 .11

The result shows that this kind of disturbance takes place
practically simultaneously. It may be worth while to carry out
the same investigation in other regions.

The writer of the present report regrets very much, as a
member of the Committce on Sudden Commencements, to be
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obliged to miss the opportunity of hearing valuable reports
and communications from his affectionate colleagues at the
Edinburgh Meeting. No doubt, Mr. Peters will bring or send
his expected stereogrammes after Dr, Bartels’ idea which will
give great illumination on the subject, The question of fypes
of disturbance is attracting attention here by Hasegawa and
Ono among others, but they are not yet ripe for communication.
I hope they may bring forth something by the next meeting.

REPORT TO THE PRESIDENT OF THE COMMITTEE ON
SUDDEN COMMENCEMENTS

By Luis RODES, S. .

At the present state of our investigations on the simultancity
or non-simultaneity of sudden commencements it scems that
the time of propagation, if there is any, around the ecarth, is
of the order of a few seconds; consequently it was thought of
interest to the writer to determine the accuracy with which
the exact time of a sudden commencement can be recorded.

We take for granted that the clock keeps the exact time and
that the mofion of the fast revolving drum, at 3 mm per
minute, is uniform; what is then the mean error onc may
expeet in the time given for a sudden commencement of a
magnetic storm?

In order to answer this question experimentally, a large
solenoide, with only three or four spires, was mounted on the
middle ol the recording roon in such a way as to have all the
variometers perturbated when the clectric circunit was cstah-
lished.

As a fest for the errvor which might arise from the inertia of
the instrument in answering to the perturbation of the electro-
magnetic field, the circuit was closed by the writer, from above,
while the assistant was bclow looking dircctly at any change
of the reflected ray coming from the mirror attached to the
variometer; he had to say fop as soon as he noted the displace-
ment of the iimage; practically the fops were coincident with
my contacts within less than a sceond interval; consequently
there is no appreciable error to be feaved from this side.

Ol far greater value may be the errors arising in global
form from the readings and measuring of the curves; to
determine them experimentally, artificial storms were produced
by the writer using the same method described above, and
noting to himsclf the exact time on which the contact was

12
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cstablished; then the time of sudden commencement was
measured on the record, without any previous knowledge of
the true time, to prevent subjective unsconscious influence;
the measures were made by Sr. Benitez, assistant in the Electro-
magnelic Section,

Discarding values which, for one cause or another, were
doubtful or quite lost, we still have 18 sudden commencements
for the horizontal component H; 13 for the vertical component
Z; and 6 for the declination D; the results are given in Table 1.

Table 1

Recorded time

|
True time | -+ after, — before
‘ H ‘ z D
1934 August 4 16n 22m  8s — ‘ i - is
19 53 8 + 0.3 - 0
August 5 11 38 4 -+ 3.2s +5.85 T -3.2s
17 23 14 4oaes | les . 165w
19 13 58 4 L1s 4105 1 508
August 7 11 49 19 = 4.0 —3.3s i +0.3s
16 8 29 3T L3 o
18 39 34 ‘ 6.0¢ 6.0s |
1935 December 416 7 53 -~ 2.8 !
16 14 43 -+ 3.3s
17 39 38 -10.0s
December 5 8 15 48 -— lds :
11 29 30 = 2.1s } -i-3.4s
12 14 2 .o-o22s | 32
, 15 34 32 068
December 6 8 28 37 . 3.0s 2.0s
11 33 30 ' -}- 0.3s —3.6s
12 13 5 : e —T.0s
13 42 29 i 22s | {18
December 7 9 50 43 i S 0.9s 0.8s

The mean deviation of measured time from the true time
is, regardless of sign, 2.77° for H; 3.14* for Z; and 2.66° for D;
if we take account of the sign, the mcan positive deviations are
respectively, 1.8, 2.7° and 2.6°; and the negative, —.1%; —3.4%;
and 0.0¢; with a prevailing negative value of —2.3% for II and
—0.7¢ for Z.

From these data it appears that the crrors arising from the
reading of the records, even when fast-running magnetographs
are used of the La Cour type, are of the same order as the
time interval we try to measure; any lack of accuracy in
keceping the exact astronomical time, either by the meridian
circlie or by the radio receiver, as well as any error in trans-



EXPHRIMENT RELATING TO SUDDEN COMMENCEMENTS 179

nitting the same to the revolving photographic paper, will
render valueless the records for the object of solving the
problem of how the magnetic storms of cosmic character are
propagated around the earth.

Every precaution will have to be taken by the different
Observatories, and as many cases as possible will have to be
discussed, if we wish to reach a definite conclusion on this
impoftant matter, by the coming next maximum of solar
activity around 1938-1939.

REPORT IFOR THE AURORAL COMMITTEE

Kindly submitted, at short notice, by J. M. STAGG,
as the Chairman of the Committee was prevented from assisting
at the Assembly

L

Report on replies to questionnaire
regurding auroral observations made during 1932-3%

With a view to forming a catalogue of available information
about auroral obscrvations carried out during the years 1932-33
and 1933-34 a questionnaire over the signature of the President
of the Auroral Commission was sent to 20 couniries in April
1936. Replies have been coming in up to the end of August.
14 countries have replied but of these two (Canada and Fin-
land*) said that full replics will be forwarded later and
Australia has only acknowledged receipt. Argentine, Chili,
Esthonta, Iceland, Switzerland and U.S.8.R. have not yet
replied. Of the eleven countries which have so far scant positive
replies, two (France and Poland) do so by reference to their
published reports on auroral observations during the Polar
Year and Austria has only few observations to report; the re-
maining cight counfries which have replied in morc or less
detail in the format of the guestionnaire are Denmark, Ger-
many, Great Britain, Holland, New Zealand, Norway, Sweden
and U. 5. A.. The reports from these countries along with the two
publications from France and Poland contain much valuable
information.

*) Detailed reply from Finland relating to visual observations arrived
14th Sept. 1936, aflter this report had heen prepared.
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Auroral Eye Observations

In the few days available sinee sceing the reports I have
iried to make usc of the material for the most obvious purposc
of sceing how the frequency of distribution of auroral oceur-
rences fifs in with the Fritz’s lines hut T have found it in-
expedient to take the matter farther till replies from such
countrics as U, S. 8. R, Finland, Tceland and Canada are forth-
coming., Without them we are confined to small scctions of
the auroral zone.

Arising out of this trial and restricting my attention to the
eye observations I would like to make two comments:

(1) It is over 30 years since the Fritz’s lines of auroral
frequency were drawn; we ought now to be able to say whether
and to what extent modifications are necessary. But before we
can do this with certainty I think we shall require even more
information than the.questionnaire supplies. In particular we
shall require to know which of thc nights when aurora was
not seen at any one place, were nights such that aurora could
not have becen seen even if it had been present, because of
thick and continuous cloud.

(2) There are fairly clear indications both from the auroral
observations at some stations and from the associated magnetic
phenomena that the zone of maximum frequency may not be
stationary from year to year or even from month to month. I
think that before we could modify the Fritz’s lines with a pre-
cision and certainty appropriate to this stage of our knowledge,
we should thercefore have data similar to that now available
for 1932-33 for a year ncar the maximum of a solar cycle, say
1937-38, and that for one or two sectors of the zone in which
the permanent observing stations are most closely arranged, a
month to month examination of the frequency distribution
should be made.

Among the other uses of the complete set of replies to the
questionnaire would be the study of selected auroral forms
and their peculiarities. For this the rccords of one or two
stations would be examined and occasions listed of certain
conspicuous or unusual features of displays. The questionnaire
would then say which stations observed aurora on these
evenings and a supplementary questionnaire would supply
further information about the details required. In this way
particular displays could be studied synoptically over large
arcas. In this conncction it is worth noting that only a small
minority of the countries in which auroral observations arc
madc indicate that any use has been made of the cye observa-
tions; on the other hand, most of the countries would be wil-
ling to supply defails for such purposes as outlined above.
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Auroral Spectrum

In collaboration with Messrs. Leiv Harang and E. Tonsberg,
Professor Vegard has continued his valuable work on the study
of the auroral spectrum. New speclrographs and an interfero-
meter have been added to the equipment at Tromsoé Observatory
and these have enabled the regions of the spectrum under ex-
ploration to be extended well into the red. Some important
papers and articles outlining the results so far obtained have
been published.

Speclroscopic observalions of the intensity of the principle
auroral lines were also carried out during the years under re-
view in various countries in the Northern Hemisphere, and at
Little America, Antarctica, by the Second Byrd Expedition.

Résumé of available details
concerning auroral photographs 1932-54

No. of Photo-
graphs from |

Country Name of Stations used ; Notes

Single | Double |
Station | Station ‘

Norway Oslo, Oscarsborg, Kongs- | 489 436 In addition 131 pho-

Southern @ berg, Tomte, Lilleham- | tographs simultan-

mer, Lokken Verk, Trond- eously at 3 stations

heim, Darbu, Drobak. | and 22 at 4 stations.

1932-34 (9 stations in Some results already

operation) published: other re-

| porls in preparation

2964 Film cameras used
for some photo-
graphs; only those
photographs which
seemed unusual
have so far been
1 measured and re-
\ ports published

Northern Tromsd and Tenness
1932-34

Denmarlk Thule 277 11 Owing to difficulties
(Greenland) Thule, secondary station 119 | of situation and lim-
1932-33 | ited staff relatively

| small number of

| double photographs.

The double photo-
| graphs irom Thule
| are measured and
’ are to be published

|
Godhavn 1932-33 | 261

Julianehaab  1932-34 1316
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No. of Photo- ‘
graphs from

Country |, Name of Stations used | - Notes
Single | Double

* Station ‘ Station

! 1 ;

U. 8. A, | Point Barrow 1932-33 | 4203 Prints of negatives
Alaska ; ! and photographs to
(Alaska) : be published; some
double photographs
taken in conjunction

. with Fairbanks

College-Fairbanks 1465 : 526  Calculations partial-
1932-34 (2 stations) . " ly completed for 198
: : pairs 1932-33; pub-

: ; lication planned
Franee Scoresby Sound 1932-33 ! 300 Defails to be pub-
: | . lished in Vol. Il of
. French Polar Year

results

kreat Lerwick & secondary sta- | 127 25 No measurements

Britain tion  1932-34 : | inade

Fort Rae, N. W. Canada : - 4629 700 pairs measured:
19432-33 : results to be pub-

lished

Holland | Angmagssalik 1932-34 917 ! No tneasurements
! made; no specific
project for publica-

I tion

Poland Bear Island 1932-33 | Few photographs;
no details for mea-
surement

617 436 Preparations for
measurement made

Sweden Sveagruvan 1932-33

IL.

Proposal for [ufure auroral pholography af Observatories

All who have been actively engaged in auroral photography,
in the reduction of the photographs and the application of the
results to problems involving relationships with other pheno-
mena will agree that such work makes heavy demands on the
time of the workers. In some countries it is also difficult and ex-
pensive to arrange for the maintenance of two stations suitably
oricntated and in communication for uscful double station
pltotography.
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Many will question whether enough such work has not
already hecn done, and may consider that what is required
now is not more photography but more intensive use of the
material already available. However that may be, the revival
of auroral activity during the next few years will probably
renew demands for photography in some countries. For this
reason it is worth while considering whether some scheme cor-
responding to the programme proposed for such work during
the second Polar Year, but with appropriate meodifications,
might not he effectively introduced.

Let us suppose that an isolated observatory such as Lerwick
or Sodankyla is cquipped with an auroral camera and plates
but has not the staff to maintain a continuous watch throughout
cvery auroral season and also that there is little possibility of
setting up local auxiliary stations for parallactic work. The
problem is to encourage effective and useful photography at
such isolated observatories with limited staff and financial
resources.

The proposal is that the photography should be concentrated
into one pre-arranged season or into specified individual months
of two or three successive seasons when auroral activity will
be near its maximum, and that within those months photo-
graphy should be done only at exact instants related to G. M. T.;
the times will be at the exact hour, half hour or quarter hour
if the aurora is quiet; at the exact five minutes or minute or
submultiples of a minute if acfive. The year or months will
be decided hy an authority (or committee) in the subject; this
committee also, having regard to the times of rising and setting
of the sun and moon and the phase of the moon, might
determine the sequence of hours on cach night when the
cooperating stations could most usefully maintain continuous
wateh and be ready to take auroral photographs.

III.

Report on circulation of a pamphliet
“General Characteristics of Aurora at Fort Rae, Canada”

Partly to incite other observers into critical comparison of
auroral events in N. W, Canada during the Polar Year with
those in other localitics a summarised account was prepared
of the main features of auroral behavicour as observed hy the
Brifish Polar Year Expedition. Copies of the pamphlet con-
taining the account were distributed to instifutions (or observers
particularly interested) in 13 countries by Dr. la Cour as
President of the Polar Year Commission and 14 replies have
been received. Copies of most of these were distributed under
cover of the Circular Letter No. 3134 of 11th July 1936.
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Though intended only as an experiment some valuable
comments and criticisms have been made in a fair proportion
of the replies. It is generally agreed for example, that there
arc certain features — general diffuseness and lack of robust-
ness — of auroral behaviour peculiar to displays during periods
of low solar aclivity, and that there are features of aurora
which are absent in localities in the immediate vicinity of the
maximum frequency zone though fairly common at a distance
from it. Other characteristic modes of hehaviour (for example
the various evolutionary stages of a quiet arc along the horizon
{o a corona in violent movement near the zenith) seem {o be
common to all localities. When all the points brought out
in the replies have been examined so that differences and
similarities can be summarised, a useful basis should be
provided for future elaboration.

The experiment also served the purpose of showing that
many observers who have contributed to the fund of auroral
observations which too often remain undigested in many ob-
servatories and offices, are eager to sece their work used even
il only to confirm or refute the generalisations of others. It is
to be remembered that auroral eye observations in bulk are
notoriously difficult to handle so that any scheme for stimulat-
ing further use of the material now available would be welcome,

IV.

Project for 2nd Supplement to Auroral Atlas*)

This matter was raised at Lisbon: The purpose of the 2nd
Supplement was to supply detailed instructions for the measure-
ment of auroral photographs by the Norwegian Technique. It
has been felt that all who were anxious and could sece their
way to utilise photographs taken during the Polar Year or
subsequently had already available adequately detailed in-
formation in the numerous publications of Stermer, Vegard,
Harang, and their colleagues. No one was being prevented from
measuring photographs for lack of the Supplement and on the
other hand the time of those to whom would fall the making
of such a supplement could better be used in positive investi-

*#) Note by J. M. Slagg:

Il was intended to submit such a note at Edinburgh: it was indeed
ready for presentation on the afternoon when the General report
of the Auroral Commission was submitted. But the time for submit-
ting this general report together with the other papers on aurorae
(items XII. t, u & v of the Agenda) was limited to 10 minutes (ac-
tually extended to 30) that there was no opportunity for bringing
it lo the notice of the Association,
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gations, Moreover it was uncertain whether an alternative
technique might not soon be available, The matter was deferred
till the views of the members of the Association could be as-
certained again at Edinburgh,

REPORT ON NUMERICAL CHARACTER FIGURES
By A, CRICHTON MITCHELL

Since the meeling of the Association at Lisbon in 1933, the
publication of the numerical characler-figures of magnetic ac-
tivity [IF = (HR,; + ZR,) : 10000 == (XRy + YR, + ZR,) : 10000]
has been continued in accordance with the arrangement madc
at the Stockholm meeting of 1930, The lists now published
include returns from 28 observatories. For the care faken in
assembling thesc figures and attending to their publication, the
Association is deeply indebted to Dr. van Dijk of De Bilt Ob-
servatory.

The distribution of the contributing observatorics is of im-
portance. In the northern hemisphere there are 23, in the
southern 5. In the eastern hemisplere, we have 18; in the
western 12, In Europe, there are 10; in N. and S. America and
Canada 8; in Africa 2; in Asia and the Pacific 7; and in
Australia 1. A closer consideration of the distribution shows
some very large gaps. We have no data for the auroral zone,
although one observatory (Sodankyld) is close to it. Therce are
none for India or New Zealand, or for the immense area which
lies eastward from the eastern frontier of Germany to the
Behring Sea,

The material collected up to date is only sufficient to war-
rant conclusions of a preliminary kind. There are however
plain indications with regard to some points, one or two of
which are dealt with in papers recently published, and referred
to below. One of thesc is the high value of I as measured at
Huancayo and (though to a lesser extent) at Watheroo. The
data from Meanook appear to be anomalous in some respects.
Therc is also evidence of a longitude-effect (if it may he so
termed) due to the tabulation of the data for 24 hours bhegin-
ning at midnight at a particular meridian. Lastly, it is clear
that the quantity IF, for a given observatory, shows a marked
scasonal variation.
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Since the publieation of the valucs of F began, several
papers have appeared which deal with the general question’
as to the nature and utility of the quantity so tabulated. Duvall
(Terr. Magn., 37, pp. 253-258) showed that F has a seasonal
variation. As was pointed out in the Lisbon report, this was
to be expected. Egedal (Terr. Magn., 40, pp. 205-207) advocated
scparation of the activity due to diurnal variation from that
due to disturbance. This might be done provided the diurnal
part had a constant value or varied with time in some known
manner, Bul it has neither of these characteristics. It has to
be remembered that on a certain scale, magnetic activity may
range in value from 1 on very quiet days up to 200 on highly
disturbed days; and that on the same scale may vary from 1
to 4. Stagg (Terr. Magn., 40, pp. 255-262) opened up new
ground by studying the variation of mean values of ¥ with
geomagnetic latitude. It was shown that F has a very pro-
nounced maximum about 72° north geomagnetic latitude; from
this it falls quickly to a minimum about 30°; after which arises
to a zone, about 20° breadth, centred over the magnetic equator.
Anomalies in this distribution were pointed out and reference
madc to peculiaritics in the value of F which arc doubtless
duc to the longitude-cffect. It is suggested that this is an im-
portant contribution to the subject, and is capable of further
treatment when full details of the Polar Year work become
available. Some of the relations hetween F and € (the inter-
national character-figure) are referred to in papers by van Dijk
(Terr. Magn., 40, pp. 371-380} and Bartels (Terr. Magn., 40, pp.
381-382).

The following proposals arc submitted for the consideration
of the Assembly:

(a) That the Executive Bureau appoint a Reporter to follow
the progress made in the study of this subject and of
others associated with it, and fo report at the next As-
sembly;

(b) That the Executive Bureau call the attention of the
directors of observatories to the desirability of supplying
values of the quantity F for those areas from which data
are at present lacking.

Edinburgh, 19th September 1936.
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REPORT OF THE COMMITTEE FOR STUDY OF
RELATION BETWEEN SOLAR ACTIVITY AND
TERRESTRIAL MAGNETISM

At the Lishon Assembly in September 1933 the Association
appointed a Committee for Study of Relation between Solar
Activity and Terrestrial Magnetism. The members designated
were Bartels, Chapman, Fleming (Chairman), and Maurain.

The fieid of our Committee is much the same as that of the
Commission for the Study of Relations between Solar and Ter-
restrial Phenomena of the International Research Couneil of which
two of our men {Chapman and Fleming) arc members, The Com-
mission’s fourth report to the International Council of Scientific
Unions, together with appended papers, was published in April
1936 (Conscil Internat. Unions Scientifiques, Quatriéme Rapport,
Comm. Relations Solaires ct Terrestres, 159 pages, Firenze,
Tipografia Barbhéra, April 8, 1936), Chairman G. Abetti has
contributed an excellent review of the results of more recent
research and papers by some 20 authoritics relate to the fol-
lowing subjects: Solar radiation; conditions of terrestrial mag-
netism and eleetricity; aurora; ionospheric research; absorption
in the high atmosphere; cosmic radiation; light of the night-
sky; meteorological and climatological variations. Of these the
majority indeed all indirectly — arc of immediate intcrest
to our fields. The report includes references to many researches
published as recently as 1935; it thus includes practically most
of the three years since our Lishon meeting. It therefore would
appear appropriate that, if possible, steps he taken by which
our Committee may be merged with the Commission or by
which it might otherwisc act jointly with it.

From our viewpoint, one of the most important approaches
to the relations between solar activity and terrestrial magnetism
is through the study of periodicities evidenced by observation.
An outstanding communication bearing on this is that by Bartels
cntitled “Random fluctuations, persistence and quasi-persistence,
in geophysical and cosmical periodicities” (Terr. Mag., vol. 40,
pp. 1-60, 1935). He calls attention to new aspects and improve-
ments on the hasis of the theory of probability of the statistical
viewpoint introduced by A. Schuster, the so-called periodogram-
analysis or investigation of hidden periodicities, The application
of the generalized harmonic dial for the transition from sine-
waves to periodicities of other forms is shown. This and several
other contributions recently published emphasize the great need
of hetter understanding on the part of investigators of the
requircments of statistical methods in drawing conclusions;
many discussions in the past have drawn unwarranted conclu-
sions which are quite questionable beeause of Iack of correct
appreciation of statistics.
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New malerial on the relation of solar phenomena to the
clectrical conditions in the ionosphere have heen reported by
Appleton, Berkner, Dellinger, and their colleagues. (See com-
munications to the Association by L. V. Berkner and H. W.
Wells on “Studies of the E-region of the ionosphere at low
latitudes” and on “New factors in investigation of the high
region of the upper atmosphere”). Attention has been focused
recently upon what appear to be variations of the ionospheric
regions more or less simultaneously with recorded magnetic,
atmospheric-electric, and earth-current perturbations through
conununications by Dellinger, Richardson, Torreson and others.

A matter deserving special attention is the question of the
homogencity of observed data of solar phenomena by various
organizations. Fach series is homogencous in itself and of
coursc Brunner’s annual reviews refer all such data to a
homogencous basis. However, the broadceasting of such aclivity-
numbers compiled at individual stations is likely to occasion
some confusion when comparing the results of discussions by
various investigalors who may usc them without considcration
of nceessary reduction to a uniform scale.

‘The expanding investigation of the cffects of solar and
magnctic conditions upon radio transmission and reception
promiscs to help the solution of problems bearing on solar and
terrestrinl-magnetic rclationships. The importance of such cf-
feets in the commercial application of radiotclegraphy has
enlisted  wider attention in the resulls of investigations of pos-
sible correlations. The daily broadcasts of cosmic data through
the Amecrican, Japanese, French, and other governments and
the published summarics of these data are rapidly building up
an accumulation of material which must be of great service.

The cosmic-ray researchies of Millikan, Compton, Johnson,
and others in the field and in the laboratory bear in some
degree on relations of solar and magnetic conditions to cosmic
radiation. A program, sponsored by Professor A. H. Compton
with the support of the Carnegie Institution of Washington, to
install four or five precise cosmic-ray meters in a net of wide-
spread stations is expected to yield data within the next few
years which may solve some of the dchated questions of cosmic-
ray variations. Three of these installations (Cheltenham, United
States; Christchurch, New Zealand; and Huancayo, Peru) are
already rccording. The cosmicray reconnaissance world-
surveys completed during the past three years chiefly by Mil-
likan and Compton have shown marked parallelism of cosmic-
ray intensity with the Earth’s magnetic intensity (see Carnegie
Inst. Washington, Year Book 34, pp. 330-345, 1935, in which there
is a map of the lines of equal relative cosmic-ray intensity at
sea-level).
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Attention is called to the recent publication of a brief but
comprehensive monograph by Dr. Chapman of our Committee
on “The Earth’s magnetism” (xi + 116 pages with 35 figs.,
London, Methuen and Co., Ltd., 1936). This small volume
reviews briefly the present state of investigations on the re-
lations between solar and magnetic condilions,

Washington, D. C., J. A, FLEMING, Chairman
Angust 15, 1936. FFor the Commiliee

REPORT OF SPECIAL COMMITTEE ON MAGNETIC
SECULAR VARIATION

A special committee on Magnetic Secular Variation was ap-
pointed at the Stockholln meceting of the Association and its
membership was modified later. It consisted of Messrs, Carl-
heim-Gyllenskold (since deceased), Chapman, la Cour, Fleming,
Heck (Chairman), Jolly, Kalinowski, Mathias, and Maurain. The
Committee based its work on a report on the distribution of
permanent repeat-stations by H. W. Fisk and J. A. Fleming at
the Stockholm meeting. The Committee made a report at Lis-
bon which was published in the Proceedings in the form of
a suggested list of stations which would meet the minimum
needs for secular-variation studies. It seemed to the Com-
mittee that a logical extension of its work would be to ascertain
what has been accomplished during the three-year period, July
1, 1933, to June 30, 1936, and plans for the immediate future.
It has no desire to invade the field of the national reports but
merely to bring together in convenient form the situation in
this particular subjeet. Letters werc sent to every country
adhering to the Union and many that are not, in the effort
to make the information complete.

In view of the lack of a non-magnetic vessel for ocean
surveys during the period no work has been done in this very
large part of the Earth’s surface. The prospect that this situa-
tion will be remedied during the next three years through the
opcration of the British non-magnetic vessel Research when
completed, is warmly welcomed by the Committee and those
whom it represents. The report of the Committee takes the
form of an abstract of the information received, arranged by
conlinents, and some of the more comprehensive reports and
some maps are attached as appendices. Some of the appendices
go beyond the immediate scope of the Conmmittee but are in-
cluded beeause of their value and lack of availability elsewhere.
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References to the Department of Terrestrial Magnetism,
Carnegic Institution of Washington are so frequent that the ab-
breviation, DTMCIW is adopted.

Europe
For most of Europe there are sufficient magnetic observa-
tories (the best possible repeat-stations) to meet most of the
needs in recording the magnetic secular variation. Accordingly,
many countries have not replied. A summary of the information
received follows:

Austria — Report through Nippoldt of Germany. A new
magnclic observatory is heing erected.
Cyprus — Dircction of Land Registration and Surveys re-

ports that there are no magnetic repeat-stations in Cyprus.

France Appendix 1 gives a complete list given by Ch.
Maurain on behalf of I'Institut de Physique du Globe of repeat-
stations in France with years of occupation. Since the very
complete survey of 1924 no observations have been made but
the observatory at Val Joycux has continued in operation.

Germany — A comprehensive statement by A, Nippoldt, Mag-
netic Obscrvatory of the University of Berlin in Potsdam-
Niemegk follows:

We have completed in 1934 and 1935 a ncw magnetic survey.
of the country. In all 552 stations have been occupied, of which
95 arc repeat-stations, Of these 95 some arc suitable as repeat-
stations through observation in the past and probable avail-
ahility in the luture (see Appendix 2).

These are:; Gros Raum in East Prussia (ohservatory with
recording and some absolute measurements), 54° 49.6 north,
20° 00 cast; in north, Zizow ncar Riigenwaldermiinde in Pom-
mern; in the northwest, Marine Obscrvatory at Wilhclmshaven,
53° 32 north, 8° 0% east; near the Danish border, Niebiill;
near the Netherlands border, Sellen; in the west, Wehrshausen
in Hessen-Nassau and Grafenhausen in Hesse; in the southwest,
Tullinger Héhe not far from Basel; in the south, Maisach Ob-
servatory ncar Munich, 48° 12" north, 11° 15’ east; in the south-
cast Konigssee, Upper Bavaria, Ebersdorf in Schlesien and
Rabitor Observatory now being cstablished; Zwecibriicken near
Pfalz,

With regard to the Lishon list it should he noted that the
Seddin Observatory was discontinued in 1931. Complete ob-
servations are now made in Niemegk, 52° 04.'3 north, 12°
41’ east. Potsdam is now only used for other purposes (sec
report of Committee on Observatories®), Missing from the list
arc Maisach, Gros Rawn, Wilhelmshaven, and Ratibor now in
the process of erection.

+} Page 167.
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Greal-Britain — H. 1.. P. Jolly, Ordnance Survey Office, re-
ports that no magnetic repeat-stations werc occupied in the
British Isles during the period. However, the observatories at
Abinger, Stonyhurst, Eskdalemuir, and ILerwick confinued in
operation to meet all needs. Mr. Jolly has rendered great as-
sistance in obtaining reports from DBritish Celonial authoritics.

Netherlands — E. van Everdingen, Royal Netherlands
Mcteorological Institute. Only repeat-station in Netherlands is
De Bilt Magnetic Obscrvatory.

Norway — B. Trumpy, Geophysical Institute, No rcpeat-
stations occupied outside of three observatories in Tromsg,
Dombas, and Bergen. A plan for survey is being developed
which will include one hundred stations over the area of
Norway.

Poland — St. Kalinowski. There are six repeat-stations in
Poland, two of which are the obscrvatories at Swider and Hel.
It is planned to mark all stations with special pillars during
the present year (sce Appendix 3).

U S5 S R N. W. Puschkow. Résumé of all activities in
the entire U, S. 8. R, in the December 1935 number of the
Journal of Terrestrial Magnetism and Afmospheric Electricity.

In addition to 18 observatories, ahout 300 sccular-variation
stations are regularly occupied through all parts of the U. 8. S.R.
Observations were made at most of these during 1931-35 and
at the same time a comprehensive magnetic survey was madce
with 13,000 compleie determinations of all the elements. In
addition a large number of determinations by Z-variometer
were made, Special secular-change ohservations were made in
the vicinity of the Kursk anomaly.

Asia
Arabia — DTMCIW reports obscrvations at Aden.
China — Magnetic surveys in China were started by the

DTMCIW. They are now being maintained by that Insti-
tution, the Academia Sinica, Central China College, and the
Zikawei Obscrvafory with all their activities coordinated. Re-
ports have been received from John A, Fleming, DTMCIW (see
Appendix 4), R. P. Burgaud, S, I, of the Zikawei Obscrvatory
(sec Appendix 3), and C. T. Kwei of Central China College
and of DTMCIW.

During 1932-36 and ecspecially from 1934 on, 50 repeat-
stations have heen oceupied in different parts of China in the
following provinces:

Hupch 5 Shensi 2 Szechwan 14 Shansi 1 Honan 1
Kwangsi 3 Hunan 1 Sikang 4  Fukicn 2 Yunnan 2
Ahnwei 1 Kansu 1 Kiangsu 2 Kwangtung5 Hopeh
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M. Burgaud states that it is proposed by Zikawei and
Academia Sinica to occupy repeat-stations in some parts of
China every year but there are often serious difficulties. He
suggests in regard to Lishon list of Intcrnational repeat-stations
that Liangchow he replaced by Lanchow (36° 03.'4 north, 103°
46’ cast). He also suggests that instead of including Mengtsz,
Laokay.near the border of French Indo-China be selected.

Dr. Fleming states that planned field-operation of the
DTMCIW during the next three years includes castern Asia.

Federated Malay States and Straits Settlements — Report
from the office af Surveyor General states that there has been
no opportunity to make the necessary ohservations but that
they will start as soon as the necessary equipment has been
oblained.

French Indo-China — See Appendix 1 for repeat-work up
to 1924, Scc also Appendix 5 for work reported by Father
Burgaud; four stations were occupied by him in 1935.

India — Rceport from the Direclor, Geodetic Branch., India
has an excellent magnetic survey and through 1930, 31 repeat-
observations had been made west of meridian 83° cast and
north of parallel 16° north. During the three-year period since
the Lishon Assembly the observatories at Dehra Dun and Alibag
were kept in operation but lack of funds prevented all other
ohsecrvations.

French Mandate in Syria — See Appendix 1 for repeat-
observations through 1924. The ohservatory at Ksara is in con-
tinuous operation.

U.S. S R in Asia — Report for U. S, 8, R. given under
“Europe” includes the part which lies in Asia.

Afriea

DTMCIW, with the aid of cooperators has occupicd repeat-
stations in various parts of Africa, as follows:

Union of South Africa § Anglo-Egyptian Sudan 2
Portuguese East Africa 4 Egyvpt i
Southern Rhodesia 3 Libya 1
Northern Rhodesia 1 Tunisia 1
Tanganyika Territory 2n Algeria 1
Uganda §a Belgian Congo 2
Kenya §a Giold Coast 3h

#) S. Chapman reports that Dr. Bullard in connection
with gravity-survey occupied three stations in British East
Africa as part of above cooperative activity, He states that
Mr. Walter of the East African ileteorological Service has
also occupied some stations in cooperation with DTMCIY, but
that no details have been received.

b} The Survey Department of the Gold Coast has oc-

cupied three repeat-stations, Accra, Kumasi, and Sekondi for
declination only.
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North Africa — See Appendix 1 for list of stations in North
Africa (French). This ineludes Morocco, Algeria, and Tunisia.
Note especially obscrvations in 1932 at Ouled-Djellaly, 1933 at
El-Golea, Ghardaia, and Ouargla, and that since 1933 the ob-
servatory at Tamanrasset has been in operation.

East Africa and Equatorial Africa (French) — See Appendix
1 for repeat-stations. Note that Timbuctoo was oceupied in 1934.

Madagascar — See Appendix 1 for earlier repcat-obscr-
valions, Note that the observatory of Tananarive has becn in
operation since 14932,

French Somaliland — Sce Appendix 1 for repeat-station.

Australasia

Observations have been made by DTMCIW and cooperating
agencies, as follows (see Appendix <)

Australia — Western Australia, 7 (incl. Watheroo Obsy. of
CIW); South Australia, 10; Victoria, 3; New South Wales, 9;
Qucensland, 13,

The Government Astronomer at Melbourne Obscrvatory re-
ports that in Victoria the Toolangi Observatory has been active.
He also states that obscrvations have been made by the Com-
monwealth Geological Exploratory Survey in North Australia,
using the instruments furnished by DTMCIW but no informa-
tion as to results is as yet available.

New Zealand — Amberley (Christchurch Obscrvatory) has
continued in operation.

- Islands, Pacific Ocean

Hawaiian Islands — Coast and Geodetic Survey Obscrvatory
continued in opceration,

Galapagos (Albemarle Island), Easter Island, and Obser-
vatory at Apia, Samoa, have been oceupied during the period by
DTMCIW (sec Appendix 4). Further observalions in Pacific
Islands during the next three years are planned by DTMCIW.

Sce Appendix 1 for list of repeat-stations in New Caledonia
and the Sociefy and Fiji Islands.

Antarctica
Byrd Expedition with cooperation of DTMCIW recoccupied
the station at Little America and observed at other repeat-
stations as stated in Appendix 4.

North America
Alaska — The magnetic observatory of the Coast and
Geodcetic Survey at Sitka continued in operation and the Polar
Year Observatory at College, Alaska, continued through March,
1934, Obscrvations were made at Attu and Point Barrow hy

13
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the DTMCIW and cooperative agencies, an observatory heing
operated at Point Barrow during the Polar Year. According to
present plans the occupation of repeat-stations in accordance
with a ten-year program of the United States Coast and
Geodetic Survey which should be made in 1938, will be post-
poned till 1941 to fit in better with the observation program
for the continental United States.

Canada — Report through the Dominion Observatory. Two
seasons, 1934 and 1935, were devoted to the field-work of the
magnetic survey of Canada. Eighty stations were occupied of
which 59 are repeat and 29 are new. On account of possible
future lack of availahility, nine of these new stations were
cstablished near former stations. Table 1 rclates to repeat-
stations listed in the report of the Commitiee at the Lisbon
meeting.

Table 1
Lati- Longi-
Station tude tude Reoccupation and remarks
north | east |
Q ’ =] ’

Dawson 64 04 220 34 Add 1924, 1934; available for
future repeat-work

Chesterfield Inlet 63 18 269 08  Observatory

Fort Burwell G0 25 295 08  Add 1928, 1934; available for
fuhitre repeal-work

Fort Churchill 58 48 265 48  Add 1930, 1934; new slation
in 1931 but no comparison
with old

Chippewyan 28 43 248 51  Available for future repeat-
work

York Factlory 57 00 267 34  Good repeat-station, but not
convenient of access

Kettle Rapids 56 24 265 27  Suggested substitute occupied
1924, 1934

Meanook at 37 246 39  Observatory

Prince Rupert o 15 229 30 Add 1934; available for future
repeat-work

The Pas 53 49 258 37 Add 1935; new station, com-
parison with old

Battle Harbor 52 16 304 25 Add 1925; available for future
repeat-work

IFort Albany 52 22 277 22 Available for future repeat-
work

Banff a1l 11 244 27  Add 1935; new station, com-
parison with old '

Winnipeg 49 53 262 31 Station exists but artificial
disturbance is bad

Vancouver 49 18 236 53  Station gone; suitable stations

for repeat-ohservations may
be selected from repeat-sta-
tions given below
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Lati- | Longi-
Station tude tude Reoccupation and remarks
i north ‘ east
Victoria 48 24 236 38
Victoria (Mt. Douglas) 48 20 236 41
Nanaiino 49 13 236 (04
Squamish 49 43 236 50
Fort William 48 24 270 46  Gone; suggest substitufing
new station
Twin City Junction 418 22 270 35
Riviére du Loup 47 50 290 27 Good station; future uncertain
Sydney {6 09 299 48 DBad artificial disturbance
Agincourt 43 47 280 44 QObservatory

Plans for the future are somewhat uncertain but it is hoped
that at least adequate repeat-ohservations can be made,

United Stales — During the year 167 repeat-stations were
occupied, some of which were at triangulation-stations in the
attempt to substifute such stations in the open country for
stations in towns with the greater possibility of future dis-
turbance. The work was part of that over 'a five-year period
in order to prepare the five-yearly maps. This was done in
1935 for declination. Of the 26 repeat-siations listed in the
Lisbon report, 11 were occupied during the three-year period
and 8 others during the five-year period, leaving only 5 un-
occupied during the pcriod, exclusive of the ohservatories. In
some cases other stations were occupied in their vicinity and
at a later time it may become desirable to make some changes
in the list.

There are difficulties in sight which may prevent the oc-
cupation of as many stations during a five-year period as in
the past but it is planned to make every effort to carry out
an adequate repeat-plan.

Mexico — Dr. Joaquin Gallo, Director of the Observatorio
Astronomico Nacional, states that it is expected to observe at
Oaxaca and Merida very soon — last observed in 1930. Other
stations in the Lisbon list were observed in 1932 except
Mazatlan. :

Central America The following work is reported by the
DTMCIW which carried on work during the past three years
either dircctly or with cooperation:

Costa Rica:

San José and Puntarenas
Panama:

Puerto Armuellos
Panama Canal Zone:

Telvers Island
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West Indies — No repeat-stations have been occupied hut
the magnetic observatories at San Juan, Pucrto Rico (United
States Coast and Geodetic Survey) and Fort de France (sec
Appendix 1), have continued in operation. There is a pos-
sibility that magnetic repeat-observations will be taken in con-
nection with a gravity-cxpedition of the United States Navy
and associated organizations within a year,

The Land and Surveys Office at Trinidad reported that no
repeat-work has been done,

South America

The only reports are from the DTMCIW (see Appendix 4).
Argentina — Pilar
Brazil — Vassouras; (Goyaz (2); Annapolis; Catalio (3)
Peru — Huancayo (observatory)
Guiana — Sce Appendix 1 for repeat-stations at Cayenne,
French Guiana.

Résumeé

Europe — Since observatories arc numerous there is little
neced for repeat-stafions except in the easicrn portion.

Asia — Repeat-observations were made over a very large
arca, though other large arcas have not been reached, Tt is
hoped that India can find it possible to resume repeat-work
in the well-arranged group of repeat-stations. No replies have
been received from Japan or Duich IEast Indies. Prospect of
continued observation on a similar scale to that in reecent years
in Asia is good.

Africa — Repeat-program during three-year period has heen
quite adequate except in certain portions. It is hoped that the
work can be extended to more of the stations in the execellent
network in-the French areas, However, the eéstablishment of
the observatory at Tamanrasset is in itself an importanl con-
fribution to repeat-work in central Afviea. No reply has been
received regarding Italian regions. In general, prospect of
continuation of observations along recent lines is good.

Australasia — The present situation is (uite satisfactory
and prospecct of continued ohservations along the same lines
is good.

Pacific Islands — Numbcr of repeat-observations limited,
though there has been no report for Japanese regions. Many
more observations needed but probably these cannot he made
until ocean-surveys are resuined.

North America — Adequate work in Canada, United States,
and Mcxico. More observations needed in Central America
and West Indies. Prospects for continuation of the present
program is good.
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South America — A moderate amount of rcpeat-work, but
three previous years were very active. Little work planncd
for immediate future.

Ocean-basins — No work has been at sea during the period.
Future work is assured through the construction of the British
non-magnetic vessel Research.

Appendices

1 — List of repeat-stations in France and France d’Outre-Mer.
Ch. Maurain.

2 — Map of German repcat-stations.
3 — Map of Polisli repeat-stations.
4 — Memorandum regarding secular-variation data of Depart-

ment of Terrestrial Magnetism of the Carnegie Institution
of Washington. J. A. Fleming.

Report of secular-variation stations of China and Indo-
China. R. P. Burgaud, S. I.

it

APPENDIX 13
Stations de Répétition en France
(au moins trois observations)
[On a négligé les observations antérieures 4 1830 (voir Hansteen

et Fox); les dates sont celles des réductions des réscaux; pour
les positions sc reporter aux réseaux de 1896 et de 1924 ]

Agde (Hérault) 1896, 1913, 1924

Agen (Lot-et-Garonne} 1858, 1875, 1885, 1896, 1924
Ajaccio (Corse) 1887, 1856, 1924

Alais (Gard) 189G, 1913, 1924

Amiens (Somme) 1858, 1869, 1885, 1896, 1924
Angers (Maine-et-Loire) 1858, 1869, 1896, 1924
Angouléme (Charente) 1858, 189G, 1924

Arras (Pas-de-Calais) 1858, 1885, 1896, 1924
Auneau {Eure-et-Loir) 1896, 1905, 1924

Auxerre (Yonne) 1875, 1896, 1924

Avesnes (Nord) 1885, 1896, 1924

Avignon (Vaucluse) 1869, 1885, 1896, 1924
Bagnéres-de-Bigorre (Hautes-Pyrénées) 1885, 1896, 1924

Baisicux (Nord) 1885, 1896, 1924

Bastia (Corse) 1887, 1896, 1924

Bayonne (Basses-Pyrénées) 1858, 1869, 1896, 1913, 1924
Beauvais (Oise) 1885, 1896, 1905, 1924
Belfort (Haul-Rhin) 1858, 1885, 1896, 1924
Berck-sur-Mer (Pas-de-Calais) 1885, 1896, 1924

Besancon (Doubs) 1875, 1885, 1896, 1924
Blesmes (Marne) 1885, 1846, 1924

Bonifacio (Corse) 1887, 1896, 1924

Bordeaux (Gironde) 1858, 1869, 1875, 1885, 1896, 1913
Boulogne-sur-Mer (Pas-de-Calais) 1869, 1896, 1924

Bourges (Cher) 1869, 1896, 1924

Brest (Finistére) 1869, 1875, 1879, 1896, 1924

13*
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Caen (Calvados)
Cahors (Lot)
Capdenac {(Aveyron)
Carcassonne (Aude)
Carpentras (Vaucluse)
Castelnaudary (Aude)
Cette (Hérault)
Chambéry (Savoie)

Le Chapus (Charente-Inférieure)

Chartres (Eure-et-Loir)
Chéateauroux (Indre)
Chaumont (Haute-Marne)
Chelles (Seine-et-Marne)
Cherbourg (Manche)

Clermont-Ferrand (Puy-de-Déme)

Commersy (Meuse)

Le Conquet (Finistére)
Corte (Corse)

Cosne (Ni¢vre)

Dax (Landes)

Dijon {Cbdte-d'Or)

Déle {Jura)

Douai (Nerd)

Dunkerque (Nord)
Epcrnay (Marne)

Etampes (Scine-et-Oise)
Evreux (Lure)

Figeac (Lot)

Foix (Aricge)

Gourdon (Lot)

Grenoble (Isére)

Hendaye {(Basses-Pyréndes)
Langeac (Haute-Loire)
Laon (Aisne)

Laval (Mayenne)

Lille (Nord)

Limoges (Haute-Vienne)
Lisieux (Calvados)
Lorient (Morbihan)

Lyon {(Rhodne)

Maceon (SAone-et-Loire)

Le Mans (Sarthe)
Marseille (Bouches-du-Rhone)
Meaux (Scine-et-Marne)
Metz (Moselle)

Moissac (Tarn-et-Garonne)
Mont de Marsan (Landes)
Montauban (T'arn-et-Garonne)
Montbrison (Loire)
Montelimar (D1rdome)
Montpellier (Hérault)
Morceux (Landes)
Moulins (Allier)

Naney (Mcurthe-et-Moselle)
Nantes (Loire-Inférieure}

Narbonne {Aude)
Nice (Alpes-Maritimes)

Orange (Vaucluse)

1885,
1896,
1885,
1858,
1885,
1896,
1858,
1875,
1896,
1885,
1858,
1885,
18835,
1875,
1858,
1858,
1885,
1887,
1885,
1846,
1858,
1869,
1869,
1858,
1858,
1858,
1898,
1875,
1896,
18906,
18069,
1856,
1885,
18835,
1869,
1885,
1858,
18835,
1879,
1869,
1885,
1858,
1838,
1858,
1869,
1896,
1858,
1894,
1883,
1858,
1858,
1896,
1858,
1838,
1838,

1896,
1924

1846,
1875,
18906,
1913,
1875,
1896,
1913,
1896,
1875,
1896,
1896,
1885,
1869,
1846,
1896,
1896,
1396,
1913,
1869,
1896,
1896,
1879,

1896,

1896,
1905,
1896,
1913,
1924

1875,
1869,
1896,
1896,
1896,
1896,
1896,
18496,
1896,
1875,
1896,
1875,
1869,
1896,
1911,
1924

1896,
1924

1896,
1875,
1869,
1913,
1869,
1875,
1875,
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1924

1924
18986,
1924
1624
18835,
1924
1924
1924
1896,
1924
1924
1896,
1875,
1924
1924
1924
1524
1924
1875,
1924
1924
1885,
1924
1924
1924
1924
1924

1835,
1885,
1924
1924
1924
1924
1924
1524
1924
1885,
1924
1385,
1875,
1924
1924

1924

1624

1896,
1875,
1924

1885,
1883,
1885,

1806, 1924

1924

1924
1885, 1896

1885, 1896, 1924

1896, 1924

1896, 1924
1896, 1913, 1924

1896

1896, 1924
1885, 1896, 1924

1924
1896, 1924

1896, 1924
1896, 1924
18906, 1913, 1924,

magnétographe 4 partir de 1923
1858, 1896, 1924
1875, 1885, 1896, 1924; série de

1885 a 1901
1858, 1896, 1924
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Orléans (Loiret)

Le Palais (Morbihan)

Pamiers (Ariege)

Parc Saint Maur

Pan (Basses-Pyrénées)
Périgueux (Dordogne)
Perpignan (Pyrénées-Orientales)

Pic-du-Midi (Hautes-Pyrénées)
Poissy (Seine-et-Oise)
Poitiers (Vienne)

Le Puy {(Haute-Loire)
Quiberon (Morbihan)

Reims (Marne)

Rennes (Ille-et-Vilaine)

IL.a Roche-sur-Yon (Vendée)
Saint Etienne (Loire)

Saint Martin-de-Hinx (Landes)
Saintes {Charente-Inférieure)
Sarrebourg (iMoselle)
Saverdun (Aricge)

Segré (Maine-et-Loire)
Strasbourg (Bas-Rhin)
Tonnerre (Yonne)

Toulon (Var)

Touwlouse (Haute-Garonne)

Tours (Indre-et-Loire)

Trappes (Seine-ct-Oise)

Uzés (Gard)

Val Joyeux (Seine-et-Oise)

Vannes (Morbihan)

Vernon (Eure)

Vierzon {Cher)

Villefort (Lozére)

Yillefranche-sur-Mer (Alpes-Maritimes)
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1858, 1875, 189G

1885, 1896, 1924

1896, 1913, 1924

Magnétographe de 1883 a 1900

1869, 1875, 1896, 1924

1858, 1869, 1875, 1885, 1896, 1924

1858, 1875, 1885, 1887, magnéto-
graphe de 1886 & 1900

1885, 1896, 1924

1896, 1905, 1924

1858, 18G9, 1885, 1896, 1924

1858, 1896, 1924

1879, 1896, 1924

1869, 1896, 1924

1885, 1896, 1924

1896, 1913, 1924

1869, 1896, 1924

1886, 1888, 1896, 1924

1896, 1913, 1924

1858, 1911, 1924

1896, 1913, 1924

1885, 1896, 1924

1869, 1811, 1924

1885, 1896, 1924

1879, 1896; série de 1866 & 1871

1858, 1869, 1875, 1885, 1896; série
de 1846 4 1862

1858, 1885, 189G, 1924

1896, 1905, 1924

1896, 1913, 1924

Magnétographe depuis 1901

1869, 1896, 1924

1896, 1905, 1924

1858, 18906,

1885, 1896,

1875, 1879, 1885, 1896

Stations de Répétition dans la France d’outre-mer

Afrique du Nord (Maroc, Algérie, Tunisie, Territoire du Sud)

Mogador
Mazagan
Casablanca
Rahat

Larache
Tanger
Colomb-Bichor
Nemours
Tlemcen
Sidi-Bel-Abbes
Oran
Ain-Sefra
Méchéria
Mascara

Saida
Oriéansville
Tiaret

El Goléa

1906,
1906,
1906,
1906,
1906,
1888,
1906,
1891,
1891,
1888,
1888,
1801,
1888,
1888,
1888,
1888,
1891,
1891,

1912,
1912,
1912,
1912,
1912,
1906,
1912,
1912,
1923,
1923

1906,
1906,
1891,
1923,
1912,
1906,
1912,
1912,

1925,
1920
1920,
1925,
1926
1912,
1927
1993
1927

1926

1025, 1926
1926

1925, 1926

1912, 1922, 1927
1912, 1927

1927
1927
1929,
1912,
1927
1930,

1934
1927

1933
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Laghouat
(Ghardaia

Médéa

Alger (Bouzareah)

Dellys
QOuled-Djellal
Bougie

Sétif

Biskra

Touggourt
Conslantine
Ouargla
Batna
Philippeville
Souk Ahras
Tunis

Sfax

In Salah
Tamanrasset
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1891, 1927, 1930
1891, 1927, 1933
1891, 1906, 1926

1860, 1872,

1888, 1906, 1912, 1918,

1922, 1926, et tous les ans ensuite

1923, 1925
1891, 1930,
1906, 1912,
1888, 1912,

1926
1932
1926
1926

1888, 1891, 1904, 1506, 1909, 1912,
1927

1891, 1904, 1912, 1922, 1928

1888, 1891, 1906, 1927

1904, 1909, 1912, 1933

1888, 1906, 1930

1888, 1906, 1912

1888, 1912, 1928

1888, 1891, 1912, 1922, 1924

1888, 1906, 1912, 1922

1904, 1909, 1912, 1930

1909, 1912, 1913, 1930, 1932, 1933
puis magnétomeétre

Afrigues occidentale el équatoriale francaises

Dakar

St. Louis
Podor
Conakry
Matam
Koulikoro
Kotonou
[*araku

Tin Zaouten
Tomhoucto
Hassi Meniet
Tit

Niamey
Gaya

Fort Gentil
Libreville

N. Djole
Booué
Lastourville
Garoua
Franceville
Fort Lamy
Brazaville
Ouesso

Port Archambauit
Bangui

Fort Crampel
Tountouma

Diego Suarez

Antsirane

1886, 1887, 1889, 1896, 1910, 1913
1920, 1925

1889, 1896, 1904, 1906, 1913, 1925

1896, 1013, 1925

1910, 1913, 1914, 1925

1896, 1913, 1926

1913, 1922, 1926

1897, 1908, 1913, 1926

1908, 1913, 1925

1904, 1909, 1913

1913, 1926, 193¢

1904, 1909, 1913

1904, 1909, 1913

1908, 1913, 1926

1908, 1913, 1926

1911, 1915, 1917, 1920

1887, 1896, 1917, 1920

1888, 1908, 1917

1888, 1911, 1917

1888, 1911, 1917

1891, 1916, 1919

1887, 1888, 1911, 1917 _

1902, 1908, 1917, 1919

1888, 1906, 1911, 1913, 1915, 1917

1906, 1911, 1619

1900, 1903, 1917

1891, 1900, 1901, 1902, 1912, 1917

1900, 1901, 1917

1917, 1920, 1925

Madagascar

1889, 1895, 1900, 1902, 1905, 1907,
1914, 1921, 1924
1889, 1905, 1907
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Yohemar 1885, 1888, 1421
Nosi Bé (Helville) 1888, 1889, 1500,
Majunza 1888, 1889, 1892,
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1942, 1905, 1921
13895, 1898, 1900,

1902, 1906, 1921, 1924

1885, 1888, 1902
1892, 1902, 1924

Ste. Marie de Madagascar
Tamatave
Tananarive
1929, 1930,
magnétometre
1888, 1892, 1921
1904, 1905, 1521

Andevorante
Maharidaza

Saovina 1904, 1905, 1921,
Maroudavo 1886, 1898, 1921
Tulear 1889, 1902, 1907,
Cote francaise des Somalis
Djibouti 1615, 1918, 1921,
Indo-Chine
Tourane 1891, 1909, 1912,
Saigon 1896, 1904, 1906,
Baie d’Along 1907, 1908, 1909,
Haiphong 1907, 1911, 1923

lles francaises du Pacifique

Nouvelle Calédonie

Ile Lifu 1915, 1922, 1927

Ile Maré 1415, 1922, 1927

Nouméa 1890, 1897, 1915,
Iles de la Société

Papéete 1890, 1897, 1906,

1922

Pte. Fareute 1906, 1916, 1920,
Hes Fidji

Suva 1806, 1912, 1927,

Guyane et Antilles

Cayenne 1908, 1918, 1921,
Marlinigne

Fort de France Magnétomeétre

Mandat francais

Ksara 1909, 1910, 1931,
gnétomeétre
Beyrouth 1885, 1890, 1896,
Damas 1885, 1910, 1922
Alep 1910, 1922, 1923
Alexandrette 1885, 1910, 1920,

Institut de Physique du Globe de UUniversité de Paris,

Paris, France, ler avril 1936,

Magnétometre depuis 1902 a 21,
1931,

1932, puis

1931
1921, 1924

1928

1922
1912, 1922, 1924
1911

1922, 1927
1907, 1912, 1916,
1922, 1928

1928

1923, 1927

puis ma-

1911, 1924

1922
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APPENDIX 2
Magnetic repeat-stations and observatories in Germany
By A. NIPPOLDT

Nemegk 52!
er

OBSERVATORIES O} IN GERMANY

S

" 16 18 z9 22

APPENDIX 3
Magnetic repeat-stations and observatories in Poland

By St. KALINOWSKI
Map: Sec page 130.

APPENDIX 4

Memorandum regarding secular-variation data obtained by the Carnegie
Institution of Washington through its Department of Terrestrial
Magnetism during July, 1938 to June, 1936

By J. A, FLEMING

The completion of a first magnetic survey of the Earth begun in
1904 by the Carncgie Institution of Washington through its Depariment
of Tervestrial Magnetism has laid a firm foundation upon which our
knowledge of the magnetic secular-variation may be built. The large
number of stations established afforded a good basis for selecting lo-
calities where reoccupations, at suitable intervals, would yield in-
formation most needed regarding the secular changes for theoretical
studies of the Earth’s magnetism and for possible investigation of
changes in the Earth’s crust and interior.

While secular change for a given locality is most effectively deter-
mined [rom continuous registrations obtained by a magnelic observatory
there, and while the evaluation of the effect produced by the solar cycle
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can be fairly well determined for much of the Earth’s surface from the
present distribution of magnetic observatories, this distribution is far
from adequate for furnishing the informalion necessary lo outline the
areas of regional activity. Only after there had heen an accumulation
of observations at widely scattered stations — an accumulation to which
the Institution has contributed substantially — was it possible to gain
even an approximate picture of what has heen taking place over the
Farth as a whole or to oblain a comprehensive idea of this extremely
importanl aspect of the problem. While the apparent variation in the
annual rates of secular change clearly indicates that the regional ac-
tivity is far from constant, the time over which sufficiently accurate data
have been gathered is much too short to state what the period may be
through which the phenomenon runs its course. The nature of the
problem is such that substantial progress toward its solution demands
that periodical observations be made at stations scattered over the whole
surface of the Earth, and since in addition to the oceans there is much
of the land-surface under governments unable, or at present indisposed,
to undertake work of this character, there is still an urgent demand for
continuing the survey-operations which the Institution has carried on
since its organization in 1904.

The work done by the Institution on this enterprise since that re-
ported at the Lisbon Assembly in 1933 is shown by the following list
of stations in which those belonging to the tentative list of international
repeat-stations suggested by the Special Committee on Magnetic Secular-
Variation Stations (C. R. Assemblée de Lisbonne, 1933; Union Géod.
Géophys, Internat., Ass. Mag. Electr. Terr., Bull. No. 9, 119-136, 1934) are
indieated by italics (the number in parentheses following any station
indjcates the number of points, if more than one, in the locality at
which observations were made).

Africa

Union of South Africa
Capelown Johanneshurg Ilast London
Orange River Uitenhage Durban
Pretoria Mafeking

Portuguese Fast Africa
Louren¢o Marques Beira Mozainbigne
Pessene

Southern Rhodesia
Brlawayo Salisbury Vicloria Falls

Northern Rhodesia
Livingstone

Tanganyika Tervitory
IDar es Salaam Tabora

Uganda
Kampala IFort Hall Equator
Entebbe Jinja Kichwamba
Fort Portal Hoima

Kenya
Nuirobi Kijabe Naivasha
Mombuasa Nanyuki Gilgil
Kampi ya Moto Kisumu (2)

Anglo-Egyptian Sudan
Port Sudan GGondokora

‘gypt
Suez

Libya
Tripoli

Tunisia

Tunis
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Algeria
Algiers
Belgian Congo
Bogoro
Arabia '
Aden
Zanzibar
Zanzibar

Kissenyi

Antarctica

Little America, Observatory (reoccupation observatory of 1928-30)

Seventeen stations between latitudes 78° and 82° south and longitudes
149° and 164° west

Four stations belween latitudes 76.°7 and 78.°G south and longiludes
145.°6 and 163.°8 west

Asia

China

Hupeh Province
Ichang (3)
Hankow

Szechwan Province
Chungking (2)
Fowchow
Wanhsien
Kweichowfu (2)
Omei

Hunan Province
Hengchow

Kwangtung Province
Shiuchow

Kwangsi Province
Wuchow

Sikang Province
Mosimien
Tzetati

Chekiang Province
Zose (Zikawei)

Australasia

Australia

Western Austradia
Bunbury
Albany
Merredin

South Australia
Ceduna
Strathalbyn
Kuitpo Forest
Adelaide

Victoria
Portland

New South Wales
Broken Hill
Burrewarra Pt.
Bourke
Woolgoolga

Shast {2)
Wuchang

Chengtu
Yaan
Hwangnipu
Nitow
Fulin

Canton
Nanning

Kangting

Coolgardie
Balladonia

Yalata
Goolwa
Nairne

Melbourne
Ivanhoe

Red Hill
Werris Creek

Yochow

Luting

Loshan (Kiatingfu)
Tawei

Ipin (Suifu)

IKweilin

Yinkwanchai

Eucla
Watheroo

Flinders
Port Victor
Port Augusta

Swan Hill
Wagga Wagga

Dubbo
Moree
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Queensland
Brisbane Chinchilla Charleville
Maryhorough Rockhampion Longreach
Hughenden Townsville MacKay
Tambo Roma Toowoomba

Clermont
New Zealand
Amberley (Chrisichurch Observatory)

Europe

England
Abinger

Germany
Niemegh

North America

Alaska

Point Barrow Attu
Costa Rica

San José {2) Puntarenas
Panama

Puerto Armuellos
United States

Chelfenham Mt. Pleasant
Canal Zone

Telvers Island

South America

Argentina
Pilar
Brazil
Vassouras Goyaz Catalio (3)
Araguari Annapolis
Peru '
Huaneaijo

Islands, Pacific Ocean

(ralapagos
Altbemarle Island

Easter Island

Western Samoa
Apia

It is the hope of the Department that during the period between the
sixth and scventh triennial assemblies of the International Assoeiation of
Terrestrial Magnetismand Eleclricily it may obtain observationsin certain
regions where secular-change rales are either indicated as rapidly
varying or where the period since the last dala were oblained is longer
than desirable. In this, as in the past, the endeavor will be to occupy
as many as possible of the stations suggested for secular-variation pur-
poscs in the first report of the Special Commitice on Magnetic Secular-
Variation Stations submitted at the Lishon Assembly.

The regions tentatively planned for operations during the next three
yvears include western Africa, Australasia, eastern Asia, and the Pacific
Islands.

It is to be hoped that, with the completion of the British Admiralty’s
non-magnetic vessel Research now bheing constructed, altention may be
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given at an early date by that organization to determining the magneltic
elements in the Indian, South Pacific, and South Atlantic oceans as had
been planned for the last cruise of the Carnegie which was interrupted
by the loss of that vessel in November, 1928, It appears that in these
regions the rates of secular change are much needed.

Washington, D, C., U. 8. A,, June 30, 1936.

APPENDIX 5
Magnetic repeat-stations in China and Indo-China

By M. BURGAUD, 8. 1.

I am glad to send herewith observations made at some repeat-
stations in China and Indo-China during 1933 to 1836.

It is contemplated by the organization of the Academia Sinica or the
Zikawei Ohservatory to reoccupy regularly every year some repeat-
stations according the local possibilities in the different provinces of
China. Of course difficulty is sometimes very great.

Relating to the list of International repeat-stations proposed in the
list adopted at Lisbon I suggest two stations, namely, Liangchow in
37° 37 north and 102° 45" east (too difficult of access) and Mengtsz (not
on the Yunnan Railway and where the hospital is closed) be replaced
by Lanchow in 36° 03."4 north and 103° 48’ east and by the reoccupation
of Laakay on the China-Tongking border, respectively. These substitu-
tions are strongly recommended because of the difficulty of relocating
the original station.

Magnelic repeal-stations in China and Indo-Ching

1 | -
Stati | Latitude |Longitude| Reoccupied
Station : ) )
| " th ‘ east ! Date # Observer
China
Fort Bayard 21 08 110 24 Dec. 1934 RPB
Pakhoi 21 30 109 06 Dec, 1934 RPB
Nanning 22 434 108 224  July 1935 CTK
Canion 23 07.2 113 20 July' 1935 CTK
Apr. 1936 AC

Menglsz 23 22,7 103 26 Jan. 1935 RPB
Wichow 23 28.7 111 17 July 19356 CTK
Shiuchow 24 48.6 113 23.8 July 1935 CTK
Yunnanfu 25 042 102 42 Jan. 1935 RPB
Kweilin 25 17.7 110 16.1 Aug. 1936 CTK
Hengchowfu 26 57,7 112 39.2 July 1935 CTK
Suifu 28 46 104 38 Nov. 1934 FCB
Yochow 29 27.1 113 12 Aug. 1933 FCB
Chungking 29 33 106 33 Nov. 1934 FCB
Kiatingfu 20 33.3 103 41 Nov. 1934 FCB
Fowchow 29 58.8 102 56 Oct. 1934 FCB
Yaan 29 438.7 107 23 July 1933 CTK
Shasi 30 18.1 112 15 Aug. 1933 FCB
Hengchow 30 19.3 120 08 Nov. 1935 RPB
Hankow 30 36.4 114 17 Sep. 1933 FCB, CTK and

reg. ohs’ns
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Station | Latitude !Longitu(lc! Reoccupied
\ north | east Date } Observer
Chengtu 30 38 104 03 Sep. 1934 FCB
Ichang 30 43.3 111 18 Aug. 1933 FCB
Wannsien 30 49 108 174 July 1933 CTK
Wuhu 3121 118 20 Dec. 1935 RPB
Nanking (rep) 32 02,5 118 46.2 Dec. 1935 RPB
Tchenkiang 32 12 119 24.9 Dec. 1935 RPB
Chengchow 34 45.2 113 42,6 July 1932 FCB
Shenchow 34 48.3 110 11.2 July 1932 FCRB
Sian 31 16.3 108 56.2 July 1932 FCB, CTK
Changteh 36 05.9 114 22.5 July 1932 FCB, CTK
Taiyuang 37 52.1 112 37.7 July 1932 FCB, CTK
Shihchihuang 38 046 114 31 Sep. 1932 FCB, CTK
Peiping 39 56.8 116 23 Aug. 1932 FCB, CTK
Kalgan 40 51.6 114 51 Aug. 1932 FCB, CTK

Foochow, Amoy, Swatow were rcoccupied during April 1936 by AC

Indo-China

Hanoi 21 03.2 105 50 Jan. 1935 RPB
Yenbai 21 385 104 54 Jan. 1935 RPB
Langson 21 51.6 106 42 Jan. 1935 RPB
Laokay 22 28 104 00 Jan. 1935 RPB

Note: The observers in the above list are indicated as follows:
CTK = C. T. Kwei of the Central China College in Wuchang

FCB F. C. Brown of the American Church Mission

RPB = R. P. Burgaud, Director of the Magnetic Department of Zikawei
Observatory

AC = Party of two observers of the Department of Physics of the

Academia Sinica and of the Zikawei Observatory.

Dr. Filchner, en route to Tibet, reoccupied the following stations:
Lanchow (36° 03."4 north, 103° 48" east), Sian (34° 16.3 north, 108° 57
east), and Sining (36° 37" north, 101° 55’ east).

Zikawei Observatory, Shanghai, China, April 16, 1936.

Communication from €. L. Ting, National Research
Institute of Physics, Academia Sinica

The following addition is made which affects statement
regarding China, on page 191 and appendix 5. It covers the
months of March and April, 1936, and was reccived after
preparation of reprints:
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Woosung 31 232 N. 121 303 E.

Wenchow 28 01.6 120 3941 {1 additional station)
Ning Po 29 53.8 121 34.2 (1 » ”)
Putu Id, 29 398 122 227

Detail of occupation of Foochow, Amoy, Swataw mentioned
in appendix 5, has heen rcecived, 2 additional stations have
been occupied at Canton.

There is expected to he a permanent field party engaged
in the occupation of repeat-stations for secular variation studies.

The magnetic standard and recording housc at the Purple
Mountain, Shanghai, will soon be in operation. Three more
permanent stations including one in northwest China, arc
planned.

Washington, D. C. N. H. HECK, Chairman
I'or the Commitlee

REPORT OF THE COAMMITTEE FOR THE STUDY OF
ELECTRICAL CHARACTERIZATION OF DAYS
By 0. H. GISH, Chairman

The Connnittee for the Study of the Electrical Characteriza-
tion of Days appointed by the Association at the Lishon As-
sembly consists of O, H. Gish (Chairman), Luis Rodés, Ed.
Salles, 0. W. Torreson, and F. J. W. Whipple. Such progress
as has been made in the study of cleetrical characterization of
days by this Committee is reported here.

In a circular letter sent May 16, 1936, by the Chairman to the
members of the Committee some specific topics, which seemed
lo require consideration, were outlined as follows:

(1) Is a uniforin practice as regards the electrical charac-
terization of days likely to be of sufficient value to justify ef-
forts toward the inauguration of such a practice?

{(2) What should be the objective of such practice? For
cxample, should the character-number, or symbol, (a) be
designed chiefly to express ccrtain outstanding characteristics
of the elecirogram which are not indicated by such data as
hourly means, daily means, and diurnal range, or (b) should
it be designed to serve primarily as a basis for forming such
group-means as are to be published, or as a basis of selection
where hourly values arc published for selected days only?

(3) Should a meteorological classification be employed in-
stead of, or in conjunction with, eleetrical characterization?
Although this Committce was appointed to study the electrical
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characterization of days, yet there are matters associated with
this uestion which cannot be entirely neglected in that study.
Thus, if there is a negative response to (1) above, that is, if
the majority of the Committee deems it unprofitable to devise
and employ electrical characterization, then perhaps the Com-
mittee would favor instead some meteorological classification,
for example, like that suggested by O. W, Torreson (C. R. de
"Assemblée de Lishonne, septembre 1933, Union Géod. Géophys.
Internat., Ass. Mag. Electr, Terr., Bull. No. 9, p. 255, 1934). Or
perhaps both cleetrical characterization and meteorological
classification are to be desired. The latter may be especially
desirable if meteorological data are not published in full. If
the objective of electrical characterization is that suggested
under (2b), then in a study of this some consideration of what
electric and meteorological data are to be published would
seem required.

(4) Should the Committee recommend at this time any
specific scheme for eleetrical characterization? If a uniform
practice in the electrical characterization is worth while, then
it is desirable thal an international agreement regarding the
character of that practice should be reached as soon as possible.
However, it is the writer’s opinion that the study of this matter
has not yet been carried to the point where specific recom-
mendations should be made. If possible, a quantitative study,
designed to ascertain the comparative value of some possible
systems of electrical characterization, should first he made
before selecting a scheme for international use.

(5) What quantitative studies of the comparative value of
schemes of clectrical characterization are feasible at the present
time? It is suggested that ecach member describe the scheme
or schemes of electrical characterization which he deems most
promising and that he indicate quantitative tests which he
thinks may be made with data now available.

(6) If there are reasons for thinking that a uniform practice
of assigning an clectrical character is not desirable, then it
should be helpful if those reasons are expressed cither in the
report of this Committee or as a separate comment. If a
member of this Committee has made any quantitative studies
which bear on any aspect of this subject, they should be briefly
reported,

(7) So far as is known to the writer, no reports of quantita-
tive studies which pertain to the value of electrical character-
ization have been published. However, it secems desirable that
such studies should be made before any specific proposal for
clectrical characterization is recommended to the Association
for international adoption.

(8) Therefore, unless some members of the Committee have
made quantitative studies, it scems that the report should

14
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consist in expressing either approval or disapproval of the
principle of uniform electrical characterization, and in the case
of approval it should be accompanied by a statement of the
objectives. Some promising schemes for characterization should
then be indicated with the suggestion that a committee be ap-
pointed to make a quantitative comparison of these and report
its findings and recommendations at the next General As-
sembly.

(9) Electrical characterization has repeatedly appeared as
an item of the agenda for the meetings of the Association, but
these have called forth very little comment. An expression of
opinion from all concerned with measurements of the electric
field of thce Earth is also to be desired before offering any
definite proposal. .

The comments on these topies, together with other sug-
gestions received from members of the Committee, follow,

Reverend Luis Rodés, Director, Obscervatorio del Ebro, writes
(June 6, 1936):

“I have discussed your interesting communication with Dr.
Romaria, Chief of the Electromagnetic Section, and I am glad
to enclose here his point of view with which I quite agree.

I would venture to add that the main objective of such
characterization should be the study of the corrclation of the
atmospheric potential-gradient with other phenomena, either
cosmic or local.

First of all, I should distinguish between curves influenced
by known meteorological factors, such as rain, fog, storm, etc,,
and curves free from these disturbances; the first ones could
he denoted by m and the second ones by n, and hoth could be
classified from 0 to 2, taking, as a basis for it, the infensity and
the duration of the perturbations. As Dr. Romaia offers, we
shall present at Edinburgh a definite scheme on this line.”

The communication from Dr. A. Romaiia, Chicf of the Elec-
tromagnetic Scction, Observatorio del Ebro, is as follows:

“Le¢ Rev. P. Rodés m’ayant prié de lui exposer mon opinion
sur la réponse & donner & la lettre de M. Gish, je pense quon
pourrait lui- écrire ce qui suit:

(a) Tl ne faut pas interrompre les efforts pour arriver &4 unc
méthode uniforme de caractérisation électrique des jours dans
les enrcgistrements du potentiel atmosphérique; car tout en
reconnaissant que les causes de caractére local, surtout météoro-
logiques, de nature i troubler P'allure normale du phénomene,
sont ici beaucoup plus nombreuses que dans I'étude du ma-
gnétisme et des courants telluriques, on ne peut pas oublier
cependant (u’il reste encore un nombre considérable de jours
ott de pareilles causes sont absentes, et ceux-ci semblent suffire
largement A trouver des rapports de caractére général et tres
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intéressants avec Pactivité solaire, par exemple, et les phéno-
meénes magnétiques et électro-telluriques.

(b) A mon avis le systéme de classification doit étre double.

Tout d’abord il doit servir a séparer les jours aptes pour
les études de caractére général, que 'on pourrait appeler jours
“normales” ou “ordinaires”, de ceux qui ne le seraient pas, que
Pon pourrait désigner avee la qualification de jours “météoro-
logigues” ou “singuliers”. Pour cc choix il faudrait ne tenir
compte que dc Pabsence ou présence des phénomeéncs mdétéoro-
logiques (ue 'on admet généralement comme perturbateurs.
Cette premiére classification serait done météorologique.

Pour ne pas trop restreindre le nombrc des jours “or-
dinaires”, je crois trés opportune l'idée de M. Torreson, de clas-
ser parmi eux les jours ol unc cause perturbatrice s’étant pré-
scntée, elle aurait été pourtant d’unec si courte durée, qu'il serait
facile de suppléer par interpolation les valeurs que la courbe
aurait prises, si la causc perturbatrice ne s’était pas présentée,

Apres cela il faudrait classer les jours ordinaires en trois
groupes et les désigner avec les numéros 0, 1, 2. L’avantage
d'un tel groupement serait de rendre plus facile le travail de
comparaison, etc., avee les données du magnétisme terrestre
et des courants telluriques. Ceffe classification doit étre faite
purement du point de vue électrique, c.-a-d. d’aprés la nature
des courbes. Bien que celles-ci présentent deux sortes de
mouvements nettement séparés, cenx qui influent sur I'allure
générale de la courbe et en outre les mouvements d’oscilla-
tion presque continue autour d’une position moyenne, je pense
pourtant que pour cetic classification il faut les employer tous
deux indifféremment, de méme qu'on les emploic sans les
distinguer pour la publicafion des valeurs horaires moyennes.
Naturellement il faudrait faire attention non seulement 2
Pamplitude des mouvements, mais encorc a leur durée.

Quant aux jours singuliers il serait peut-étre aussi intéres-
sant de les classer également du point de vue éleetrique, dans
le but de pouvoir micux fixer les rapports des changements
du champ électrique de l'atmosphére avec les phenomeénes
météorologiques. En tout cas il faudrait tout au moins faire
mention de la nature du phénoméne méléorologique ayant
servi 4 les classer comme jours “singuliers”,

Comme il est impossible de proposer immédiatement une
méthode de classification plus ou moins digne d’étre soumisc
4 la considération de I’Assemblée et moins encore de la con-
tréler par des c¢tudes comparatives avec d’autres systémes, je
pense que 'on peut s’offrir & M. Gish & laire le suivant:

(1) A ¢laborer avant PAssembiée d’Edimbourg unc méthode
de classification a proposer comime sujet d’expérimentation que
nous haserons sur les courhes de cing années au moins, et
dont nous contrélerons les résultats en les comparant 4 ceux

11
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obtenus moyennant 'application aux mémes courbes de notre
systéme actuel de classification ou de celui proposé par M. Gish
dans son rapport a I’Assemblée de Lishonne (C. R. de I'As-
semblée de Lisbonne, septembre 1933, Union Géod. Géophys.
Internat., Ass. Mag. Electr. Terr., Bull. No. 9, pp. 221-229, 1934).

(2) A faire une étude comparative apres la célébration de
PAssemblée d’Edimbourg des résultats de Dapplication aux
courbes de nos enregistrements (1905-1936) de toutes les
méthodes qui auront été proposées a I’Assemblée et celle-ci
jugera dignes d’étre essavées dans le but d'un choix définitif
a soumettre a PAssemblée de 1939.”

Dr. Ed. Salles, Institut de Physique du Globe at Paris, makes
the following comments and suggestions (June 19, 1936):

“J’ai eru comprendre (voir article 4, ligne 5, de votre let-
tre), que vous ne pensiez pas:qu’actuellement, on puisse faire
des propositions bien nettes, je suis entierement de cet avis.
Ne serail-il pas sage de proposer le mode de caraclérisalion
en usage a Kew et a Eskdalemuir, en abaissant peut-étre le
maximum de 1000 volts, qui me semble bien élevé.

On pourrait, si cette proposition ¢tait adoptée, établir un
palier intermédiaire & 500 volts.

D’autre part il serait & envisager des échanges de vue fré-
quents entre les membres de notre Commission.

Je suis d’avis qu'une caractérisation des jours est a souhaiter,
mais ne faudrait-il pas au préalable unifier les modes de me-
sures et de dépouillement. 11 me semble difficile d’appliquer
les mémes regles a des stations ayant des situations climato-
logiques entiérement différentes; par exemple, dans certaines
régions du globe, les pluies sont continuelles pendant une partie
de Pannée, tandis qu'une sécheresse relative régne pendant les
autres mois. Ou contraire, en d’autres endroits, le régime des
pluies est loin d’étre ainsi tranché.

Je crois impossible de ne pas tenir compte des éléments
météorologiques et je verrais avec plaisir une classification de
ce genre. Mais Pallure de D’électrogramme a son importance,
et il est indispensable de la noter, ainsi que les accidents. Par
accidents j'entends les passages au négatif, leurs durées, I'in-
fluence de la pluie. Il serait bon aussi de consigner I’agitation,
nulle, faible ou forte de la courbe, 'importance du maximum
du matin ou de celui du soir, 'amplitude moyenne de la journée,
dépassant ou non une certaine valeur. Mais ne serait-on pas
amené a trop de complications.

La caractérisation de Kew est simple, il serait a désirer qu’on
la prenne pour base en tenant compte des éléments météoro-
logiques.”

Dr. F. J. W. Whipple, of the Meteorological Office at London,
offers the following comments and suggestions (July 30, 1936) :
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“I have found it difficult to make any rccommendations,
but on the whole I think it would be sufficient advance if all
stations adopted the practicc of giving for each day the dura-
tion of negative potential gradient and published the number
of days each month with no durations, durations up to three
hours, and durations mwore than three hours. These classes
correspond with the character-figures of the Meteorological
Office.

I am interested in the possibility of correlating simultancous
potential-gradient readings and I should like to propose:

(a) That ithe mecan potential gradient should be published
for each of the hours ending at 1, 7, 13, and 19, GMT.

(b) That the relevant weather-conditions should he indicated
by a simple code.

(c)That it should also be indicated if the potential gradient
was ncgative for any part of the hour.

You will sce that these indications would be a helpful guide
in selecting the potential-gradient readings which might fairly
he correlaled with those at other stations.” .

It appears from these comments to be a common opinion
of those members of the Committee who have found it possible
to give attention to this question that, although some scheme of
clectrical characterization of days is desivable, yet it cannot
be decided at this stage of the study whether any specific scheme
of electrical characterization can be applied to advantage at all
places on the Earth.

Some quantitative studies which are heing made (see reports
of O. H. Gish and A. Romaiia) are designed to determine the
comparative merits of scveral schemes. Such studies should be
helpful whether or not a uniform practice of characterization
is found to be feasible,

It therefore seems desirable that the study of this matter
be continued.

Washington, D. €., August 15, 1936,
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REPORT ON INTERNATIONAL COLLABORATION TO
ADVANCE THE STUDY OF THE MOON’S EFFECT UPON
GEOPHYSICAL PHENOMENA

By S. CHAPAMAN

At Lisbon in 1933 I presented to the Association a report®)
with the same title as the present one, in accordance with a
request made by the Association (then the “Section”) at Stock-
holm in 1930%#),

In part the report discussed the desirability of cstablishing
an international centre for the cxtensive and specialized com-
putations required in studics of lunar cffects on geophysical
phenomena,

At Lisbon the report was referred to the Executive Com-
mittee of the Association, and T was continued as reporter on
this subjcct.

Subsequently the Executive Committec made a grant of
£ 100 per annum for threc years towards the expenses of
“Systematic researches of the effect of the moon on terrestrial
magnctism” directed by myself. Such researclies are, and for
many years have been, made at the Computing Bureau in the
Department of Mathematics at the Imperial College of Science,
together with similar researches relating to the barometrie
pressure and air temperature.

The annual costs of this Bureau include a sum of about
£ 550 for salaries, and about £ 50 for mafterials (mainly
computing cards); Hollerith computing machines, whose rent
and mainfenance normally costs about £ 480 per ycar, arc
provided free of charge through the generosity of the British
Tabulating Machine Company; Imperial College provides
ordinary calculating machines, together with accommodalion,
light, heating, cleaning, cte. On a commercial basis the ex-
penses of the bureau, exclusive of the direction of the work,
would amount io about £ 1200 per vear, or rather about £ 1000
per year allowing for the fact that the Hollerith equipment is
by no means uscd to its full capacity.

The Bureau gives only part of its time, perhaps one-third,
to studies of lunar effeets on terrestrial magnetism, though the
other studies which it undertakes, on the lunar atmospheric
tide and on lunar cffects upon the air temperature and (more
recently) on winds, alse bear on magnetic problems, and were
started because of their relation to such problems.

*) See pp. 136-143 of the Comptes-Rendus of the Lishon Meeting of ihe
Association.

=) Sec p. 466 and pp. 330-333 of the Comptes-Rendus for the Stockholm
Meeting of the Section.
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The £ 100 per year granted by the Association has been
applied towards the salary of the chief assistant in the Burcau;
the remaining cost of the salaries is provided out of a research
grant made to the Imperial College by one of the ancient City
Companies or Guilds of London, namely the Clothworkers
Company. The grant from the Association is valuable not only
in itself but also as indicating to the College and the Cloth-
workers Company the importance attached by an international
scientific Association to the work of the Bureau.

The first two annual grants were expended in the two (Col-
lege) finanecial years October 1, 1934 - September 30, 1936, and
the third of the authorized annual grants will be expended in
the year following the forthcoming Edinburgh Assembly of the
Association. This plan gives a year in which to make any neccs-
sary re-arrangements in the expenses of the Bureau, should it
be decided not to continuce the grant. Tt has the effcet also that
at the time of writing this report (May, 1936) the actual cx-
penditure from the grants amounts io about £ 165 out of the
£ 300 paid. This has been applied towards the concluding stages
of determinations of the lunar daily magnetic variation in the
horizontal force at Greenwich, and in all three clements at
Cheltenham, U. 8. A.; and to the first part of a “lunar” in-
vestigation of the long series of declination data (to 1930) at
Batavia. These investigations are extensive and usually overlap
at least two, sometimes several years,

In addition, with the aid of an assistant paid for by the
Egyptian Government, the lunar daily magnetic variation in all
three magnetic elements at Helwan is being determined.

No account of this work assisted by the Association has yet
heen prepared for publication. Hitherto accounts of my work
on this subject have been published in the Philosophical
‘Transactions of the Royal Society, and if agrecable to the As-
sociation my further papers can likewise be commmunicated to
the same Society, with, in addition, a very brief statement of
the main results obtained, in my report to the Association.

May 1, 193G,

REPORT ON ERRORS ARISING IN ION-COUNT WORK
By G. R. WAIT, Reporler
A rcport was prepared (C. R. Assemblée de Lisbonne, sep-

tembre 1933 ; Union Géod. Géophys., Internat. Ass, Mag. Electr.
Terr,, Bull. No. 9, pp. 143-147, 1934) for the Lishon meeting of
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the Association on certain systematic errors common to most
ion-counters. The various points discussed in that report were
errors arising from the following sources: (1) The repulsion of
ions coming into the counter caused by an electric ficld arising
from a potential applied to the tubes of the counter; ((2) ioni-
zation inside the air-flow tube due to the accumulation of radio-
active matter on parts exposed to the electric field; (3) charge
on the top of the counter induced by the Earth’s electric field;
(4) the inclusion of less mobile ions in jon-number decter-
minations. The attention of those engaged upon ion-count work
has been called to this report, with the request that suggestions
be furnished for improvement of ion-counting technique, in order
to improve the accuracy with which ion-numbers may be deter-
mined. The fourth point above was discussed in somewhat
more detail, and an appeal was madc for the cooperation of
all investigators in preparing a general report on the mag-
nitude of any such cffect at each station where ion-counts have
been made in the past or arc now being made. There has not
becn, as yet, a sufficicnt number of stations sending in a report
to justify a general report to the Union on this malter at the
present time.

Intermediate ions of high mobility are quite numerous in
the atmosphere of Washington, D. C. Conscquently, it appears
likely that at the station of the Department of Terrestrial Mag-
netism, Carnegic Institution of Washinglon, which is in a
suburb of Washington, conditions arc especially favorable for
the introduction of a large crror due to the factor listed under
(4) above. For this rcason, it appears justifiable to reproduce
records that illustrate the relatively large current coming to
the central electrode of the ion-counter, owing to the collection
of intermediate ions, during the process of counting the small
ions of the atmosphere.

In order to take account of the current fo the central elec-
trode contributed by ions less mobile than the small ions, the
air-stream was made to pass through an clectric filter across
which any desired potential could be applied for the purpose
of removing all small ions from the air-stream. In so doing,
a certain fraction of the less mobile ions were also removed,
but, knowing the mobility of the less mobile ions, the ions thus
removed could be taken into account in determining the number
of less mobile ions in the atmosphere. Every alternate hour
(beginning at even hours) a potential sufficient to remove all
small ions was applied to the filter. Consequently the current
to the central elcctrode was entirely due to the intermediate
ions in the air (neglecting the small cffect due to the catching
of a small number of large ions), During the remaining hours
(beginning at odd hours) the current was due to intermediate
ions plus small ions caught by the counter, The difference in
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the two currenls is that attributed to the small ions, except for
a small factor that needs to be subtracted owing to the few
intermediate ions which are removed from the air-strcam by
the filter coincident with the removal of the small jons.
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The uppermost curve of Figure 1 shows the resulting record
obtained from 11" March 26, 1933, to 11" the following day.
During the night-hours fully 75 per cent of the current to the
small-ion counter was due to intermediate ions, In general, the
number of intermediate ions increases while the number of
small ions diminishes during the night-hours, and on an average
about 50 per cent of the current coming to the central electrode
at this time of the day is duc to less mobile ions than to the
small ions, Obviously under such circumstances it is absolutely
imperative that the current arising from the collection of the
less mobile ions be recognized and be allowed for in the deter-
mination of the number of small ions. To fully allow for such
collection, it is necessary to determine the critical potential
(saturation-value) of small ions as well as that for the inter-
mediate ions (providing the large-ion mobility is already known)
in both ion-counter and electric filter. It does not seem neces-
sary to give a detailed explanation of the general scheme
usually employed for determining the mobility of ions from
the saturation-curve. The general method employed is well
known among the workers in this field, as the general prin-
ciples have been widely used since they were first discussed
by Thomson (Phil. Mag., v. 47, p. 253, 1899), Rutherford (Phil.
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Mag., v. 47, p. 109, 1899), and Zeleny (Trans. R. Soc., A, v. 195,
pp. 193-234, 1900) many years ago.

By emphasizing the above source of error, it was not meant
to imply that other errors arc necessarily small. Tt scems
equally important to examine conditions for the other possible
crrors as well as to keep in mind errors not discussed. For
example, it has been suggested to the writer by V. F. Hess that
an crror is frequently made in determining the volume of air
drawn through the ecounter, The source of this crror lies in
incorrect calibrations of the anemometers used. Dr. Hess points
out that each anemometer should be frequently compared with
a correct standard — as often at least as onecc per year. In the
ion-count work at the Department of T'errestrial Magnetism, a
synchronous motor is employed to rotate the fan. The volume
of air under such circumstances is found to be very constant
with time. It is suggested, thercfore, that such a motor be used
whenever conditions permit.

Dep., Terr. Magn., C. 1. W., July 29, 1936.

RAPPORT SUR LA PUBLICATION
DES CARACTERES MAGNETIQUES PENDANT L’ANNEE
POLAIRE 1932-1933

Par G. van DIJK

E’Organisation Météorologique Inlernationale a4 sa Réunion
& Varsovie Septembre 1935 a adopté la résolution suivante:

ELa Confércnee (des Directeurs) trouve désirable que le carac-
tére magnétique de chaque jour soit publié pour toutes les
stations de ’Année Polaire comme un supplément aux publi-
cations actueclles ct recommande que les données de toutcs
les stations magnétiques qui ont fait des enregistrements
pendant PAnnée Polaire et qui n’ont pas encore envoyé ces
informations & De Bilt, soient envoyées le plus tot possible
ct au plus tard le premier mars 1936.

La Conférence est d’avis gu’il serait désirable d’en faire
autant pour ce qui concerne la publication du caractére ma-
anétique numérigue des jours,
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La question de Pédition d’un tel supplément aux publica-
tions actuelles avait été sonmise a la discussion 4 Varsovie par
le Docteur Fleming ot Commander Heck, Washington, ct la
Commission de Magnétisme terrestre et d’Electricité atmosphé-
riqque avait adopté la résolution.

Le Docteur la Cour, Président de la Commission Interna-
tionale de PAnnéc Polaire 1932-1933, en demandant dans unc
lettre circulaire de bien vouloir contribuer aux efforts de
publier le dit supplement aussi complet que possible, a prié de
vouloir envoyer les caractéres magnétiques de chaque jour
(échelle 0, 1 ct 2) et les caractéres magnétiques numériques des
jours pour I'Année Polaire au Docteur van Dijk, De Bill, qui
s’était chargé de prendre soin de la rédaction et de Uimpression
des suppléments,

En cc qui concerne les caractéres magnétiques numériques
des jours obtenus par les stations de ’Année Polaire, le Prési-
dent de PAssociation de Magnétisme et Electricité Terrestres a
aprouvé quec le Bureau Central de I'Association se chargera des
frais de I'impression de ces valeurs,

En réponse a la circulaire susmentionnée un grand nombre
dec stations magnétiques m’ont envoyé des listes. Quelques-uncs
de ccs stations n’ont pas envoyé de données complétes, plusieurs
autres stations n’avaicnt pas encorce répondu a la circulaire au
commencement de juin 1936, Cest 4 ces stations que j'ai,
Paccord avee le Président de la Commission Internationale de
I'Année Polaire, adressé une letire circulaire, datée Juin 1936,
oll j'ai prié¢ de bien vouloir bientét envoyer les données man-
quantes, si possible.

Le tableau suivant donne un apercu de la collaboration des
stations magnétiques, temporaires ct permancates. Les données
regues jusquiau 15 aolit 1936 ont été indiquée par —; on n’a
pas inséré dans le tableau les données des stations permanentes
qui ont été déja publiées dans les publications actuelles du
caractére magnétique.

. s e HRu . ARy . HRu--ZR,
Le symbole (H) signifie: 10000’ (Z)'1—OOOO’ (H,7): 10000
Car. . Car. num.

Stations Périod
ations ériode 01,2 (H) (2) (H.Z)

Terre Franceis Joseph Aont 1932 - Aolt 1933

Sveagruvan Sepl.  « - Aolt <« -- _ =
Thale Aot ¢« -Juill. « -— — - =
Bjornoya Oct. « -Aolt « — — = -

Matotschkin Char Aot « -Aoltt « —
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TN - Car. | Car. num.

St 5 Yér

Stations Période 01,2 E(H) (7) (H.7)
Dickson Dée, 1932 - Aot 18933
Point Barrow Oct. < - Aot « . —
Jan Mayen Nov, « - Juill. « - - - -
Scoreshby Sund Nov., ¢ -Aolt «
Tromso Juifl.  « - Sept. « -
Petsamo Aot « - Aoll. « R —
Godhavn Aolit  « - Aolt « - o
Kandalakscha Aollt <« - Aot « -
Angmagssalik Sept. ¢« - Aolt « -
Fairbanks Oct. « - Aars 1934 -
Chesterfield Sept.  « - Sept. 1933 -
Fort Rae Aolit ¢ - Aot « - e —-
Yakoutsk Févr., 1933 - Aot « -
Julianehaaly Sept. 1932 - Aot « -- -— - -
Niemeglk Aot « - Aot « —
Manhay Sept.  « - Aolit <«
Nanles Aoit <« - Aot <« - —
Toyohara Aot ¢« - Aolit « —
Castellaccio Aol « - Aol « — —
Tsingtao Aol « - Aolit « :
Hongkong {Au Tau} Aolit ¢« - Déc. 1932 -

€ ¢« Jan. 1933 - Aot 1933 -

Teoloyucan - Juill. 1932 - Sept. <« —
Moka, Fernando Pdo Sept. <« - Aol <« - — - —
Mogadiscio Aot « - Juill. <« — —
Tatuoca Sept. 1933 - Janv, 1934
Elisabethville Oct. 1932 - Aottt 1933
Tananarive Nov. « -Déc. «
Cape Town Aot ¢« -Déc. <« : — - -
Magallancs Janv, 1933 - Aolit. <« -—

De Bili, le 15 aont 1936.

INTERNATIONAL COMMISSION
OF TERRESTRIAL MAGNETISM AND ATMOSPHERIC
ELECTRICITY

NOTE BY THE SECRETARY ON THE APPOINTMENT OF

A BOARD CHARGED WITH AN INTERNATIONAL SERVICE

OF COMPARISONS OF MAGNETIC INSTRUMENTS, MADE
WITH INSTRUMENTS CIRCULATED BY MAIL

{1) At the meeting in Warsaw of the International Com-
mission of Terrestrial Magnetism and Atmospheric Electricity
it was decided to authorize their Bureau to appoint in agree-
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ment with Dr, Fleming a Sub-Commission charged with the
organization of such international comparisons which are dealt
with in the Resolution VI of that meeting. The reason for
prelfering this procedurce and not to appoint straight away the
Sub-Commission was, that while it was the wish of the Commis-
sion to support the work in question as much as possible, the Com-
mission recognized that the Association had a certain priority
in the maltter due to the initiative already taken by its Central
Burcau in procuring 3 QHM for international work. As in-
dicated in the minutes of the said meeting the Commission is
in favour of the members of the Sub-Commission in (uestion
to he mentbers both of the Commission and of the Association.
If nominated in this spirit, the Sub-Comnission is not an
ordinary Sub-Commission depending on a single Commission nor
is it a joint Sub-Commission consisting of some representatives
of the Commission and other representatives of the Associaton.
It seems to the Secretary that the most appropriatc name of
the new body should be “Committee on Comparisons of mag-
netic measurements” (CoC).

(2) As the CoC should take over the whole responsibility
of the service of comparisons organized by international agree-
ment and as the success of the undertaking is contingent upon
close and cordial collaboration all over the world befween mag-
netic observatories the Secrctary proposes that the presidency
of the CoC should be taken over by the Presidents of the As-
sociation and of the Commission and that a representative of
the Department of Terrestrial Magnetism of the Carnegie In-
stitution of Washington and a rcpresentative of cach of the
continents except America should be the memhers. Further the
Secretary proposes that once appointed the Committee should
have the power to fill any vacancy as long as the Association
and the Commission give their assent, or do not withdraw this.

(3} The supervision of the international service of compa-
risons and the use of this scrvice claim constant activity of
the CoC. The task of the Commitice would he considerably
facilitated if the current work was concentrated in a suitable
manner for being carried out along the lines drawn up by the
CoC. The Sccretary proposcs that this work should be concen-
trated in an Executive Bureau appointed by the CoC. He con-
siders it advantageous if a close connection hetween the Execu-
tive Bureau and the Central DBureau of the Association be
cstablished and proposes the Exccutive Bureau to consist of
the Director of the Central Bureau and of one or two experts
living not too far from the actual seat of this Bureau. The
Executive Bureau should report to the CoC by sending them
copies of their transactions.

(4} The experiences obtained up to now with the QHM
clearly show the outstanding need for the organization of an
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international service of comparisons. Howcever, there arc
various ways which could be followed and other instriuments
than the QHM which could be used for the purpose.

Under the actual circumstances the Central Bureau of the
Associafion in collaboration with the Danish Meteorological
Institute has made some preparations towards the organization
of an international service of comparisons (see f. inst. Com-
munications Magnétiques, efc., No. 15 and No. 16, published by
the Danish Meteorological Institute).

{5) In order to elucidate the constitution of the CoC accord-
ing to the policy given in item 2 and 3 the following example
should be given. The Commitiee on Comparisons appointed by
the Bureau of the International Commission on Terrestrial
Magnetism and Atmospheric Electricity and the President of
the International Association om Terrestrial Magnetism and
Elecetricity

Presidency: Messrs., Fleming and Maurain

Members: “ Okada, Lejay or Ono, Kidson or Parkin-
son, Ogg or Sutton, (Gish and Bartels)
Executive
Bureaun: “ {van Dijk, Goldie, la Cour).

Putting the names of Gish and Bartels within parcentheses
means that the Secretary for his own part is in doubt whether
or not the CoC should be added to by other representatives for
America and Europe than Messrs. Fleming and Maurain.

The appointinent of the members of the Executive Bureau
is not an actual matter but should be left to the CoC, if they
wish to have such a Bureau established. The three names have
been indicated here only to indicate the actual ideas of the
Secretary about such a Bureau.

PROGRESS-REPORT OF THE JOINT COMMITTEE
of the Commission of Terrestrial Magnetism and Atmospherice
Electricity of the International Meteorological Organisation
and the Association
ON METHODS AND CODES TO ADEQUATELY DESCRIBE
MAGNETIC DISTURBANCES AND PERTURBATIONS

At its Warsaw meeting in September 1935 the Comnission
of Terrestrial Magnetism and Atmospherie Electricity of the
International Meteorological Organization adopted the following
resolution {(Proces-Verbaux Réunion de Varsovie, Comm. Mag.
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Terr. Electr, Atimos., Organisation Mét. Internat., No. 30, pp. 17,
29, and 41, 1936):

Resolufion

The Commission recommends the appointment of a joint Com-
mittee of the Commission and of the International Association of
Terrestrial Magnetism and Eleciricity to consider and to propose
suggestions at the Edinburgh Assembly of the International As-
sociation for uniform methods and codes to adequately describe
magneltic disturbances and perturbations.

J. A. Fleming, as a member of hoth hodies, was designated
as Chairman of this joint Committec with A. Nippoldt and E.
Sucksdorff, of the Commission, and S. Chapman and N. IH.
Heck, of the Association, as the other members.

It is a source of gratification to all investigators of terrestrial
magnetism and electricity that there is developing so rapidly
increasing activity in theoretical discussion of the vast amount
of accumulated and accumulating observatory-data. This finds
its urge, in considerable measure, also in the promising ap-
plications of such material now heing given to its possibilities
in subsurface geological interpretations, in geophysical pro-
specting, and in wireless communication. Both theoretical discus-
sion and practical application will be forwarded greatly through
prompt distribution of preliminary particulars regarding details
of varying magnetic conditions recorded at the observatories
before the lapse of time, after these conditions are recorded,
necessary to compilation and extended publication. Investigators
interested in possible corrclations now frequently can he guided
in their selections of needed material only by records of one
or two observatories immediately available to them. Selected
records supplied from other chscrvatories upon request for a
particular period may not exhibit a suitable manifestation of
the phenomenon; thus advance knowledge of the character of
the records at various observatorics as regards disturbances
and perturbations would guide the scicction of those particular
records most suitable for study.

There is thus ample justification for concerted action, such
as contemplated by the resolution of the Commission, looking
towards the realization of some usable code-method which will
scrve this urgent need. But it calls for most careful deliberation
to insurc successful application without adding to the burden
already imposed upon the usually limited personnel charged
with maintenance of, and research af, observatories. A prime
consideration is therefore the possihility, in devising such a
code-method, of making it helpful also, perhaps, in decreasing
that burden.

In the scant time available since the designation of the
Committee, commumications have heen received from all its
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members as also from scveral other persons. These are at-
tached to this report as appendices 1 to 6. It is to be remarked,
that in preparing this progress-report the Chairman has added
some remarks not in the original communications; these re-
marks are indicated by enclosure in brackets []. Because of
the thought given and codes adopted through the activity of
the International Union of Secienlific Radiotelegraphy, there is
also attached as Appendix 7 a report*) made to the American
Geophysical Union in 1935 by Watson Davis, under whose
direction Science Service broadcasts a daily Ursigram. If con-
sideration is to be given definition of a code to broadcast daily
or weekly information decided upon, this report will be useful.
It is the result of experience gained in the development of the
Ursigram service in Japan, France, and America; in particular,
it reflects certain aspects of minimizing the demands upon the
limited time available for broadcasts — an important matter
when governmental broadcasting facilities are already so taxed.

Dr. Nippoldt’s excellent and constructive comments (Ap-
pendix 1) have stimulated the helpful comments given in ap-
pendices 2 to 6. They furthermore are so developed as to reduce
rather than increase demands on personnel of observatories
since they would simplify, in considerable degree, descriptive
statements of daily magnetic conditions now generally published
in data compiled for cach observatory. His statement — in
which there is unanimous agreement — that no code-method of
description can do more than give in general terms the features
of the original magnetograms is heyond question. In this it is
apparcent that the method of reproduction for distribution of
the record on motion-picture film introduced by the Inter-
national Polar Year Commission is a rcal and an ecconomical
solution.

Mr. MceNish’s comments (Appendix 4) call attention to, and
give an example of, one of the outstanding nceds. That is a
more systematic presentation for preliminary publication of de-
scriptions of magnetic storms and perturbations in scientific
press, for example, the Journal of Terrestrial Magnetism and
Atmospheric Electricity or other organ. As editor of the Journal,
the Chairman has found the diversity of description offered
by observatories submitting reports a perplexing task when
attempting to put them in concise yet sufficient form for
prospective users. The adoption of some definitive and ap-
proved code-method of description would aid greatly in clarity
essential to those investigators who wish to make selection of
special phenomena for discussion.

*) Not printed in this publication. See: Transactions of the American
Geophysical Union, 16th Annual Meeting, 1935, pp. 41-49. Reprints
will be sent on request by: Science Service, 2101, Constitution
Avenue, Washington, D.C. (U.S.A.). D.1.C.
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The complexity of the task scf the Committee is such that
it feels no immediately acceptable recommendation of a code-
method sufficiently adequate may he made, It thercfore sub-
mits for consideration and discussion the following tentative
suggestions based upon the communications and comments re-
ceived. It is believed, in view of the variety offered by standard
printer’s fonis for printed publications and of the several ef-
ficient devices available for rapidly making special letters or
symbols on tabulations published by the offset method of direct
reproduction now so much used by many ohservatories, that
letters to .indicatc various features are preferable to symbols.
This is especially so since letters may be readily recognized as
abbreviations. On the other hand, the use of symbols can be re-
commended for the various possible instrumental sources of
failure to record. Such symbols used by the United States Coast
and Geodetic Survey and the Department of Terrestrial Mag-
netisin of the Carnegie Institution of Washington are noted in
suggested: code-method of description.

Tentative suggestions for a method to adegquately describe
magnetic disturbances and perturbations

Explanatory remarks:

(1) Indications for inercasing or decreasing trends arc bhased
upon the north-secking end of the magnetic needle reckoning
cast declination positive, north inclination positive, intensity-
components as positive for H, nadir Z, east X, north Y.

(2) Magnetic character-numbers are suggested as 0, 0.5, 1,
1.5, and 2, as it is felt a somewhat wider latitude in this regard
is desirable; the seale proposed would, however, not disturh
the system of three character-numbers 0, 1, and 2 so long used.

(3) The suggested order of the several fealures seems a
logical one.

(4) Experience scems to indicate a code-system of 5-number
groups satisfactory for broadcasting or telegraphing, although
some prefer H-letter groups. In code-groups provision is indi-
cated to cover repeated features.

(5) Extent to which code may bhe used must depend upon
whether facilitics may be had upon a free basis. The suggestions
regarding broadcasting or telegraphing code contemplated that
only a certain limited number of observatorics representative
of world conditions will be sclected hy the Commission and As-
sociation; it may perhaps be desirable later to add others should
it develop that some station shows records of unique disturbance
such as giant micro-pulsations or of unique frequency of certain
features such as pulsations or bays. In any case designation
by letter or number to indicate the observatory reporting will
be required.

15




In

tabular entries the designation of features is to be used against

hour or hours of oceurrence.

as

cenwich date and Greenwich mean

— SPECIAL REPORTS
For published tabulations Greenwich date and Green-

local date and local standard time

the date and time in any broadcast or telegraph
adopted by the particular observatory should be used.

PART IV.
(7) The condition of days, whether quiet or disturbed, when

the average is under or above normal seems a feature which

may be significant.

(6) Naturally
code-message should be Gr

time.
wich mean time or
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General designations for special or instrumental maltters

{Symbols listed are those used by the Department of Terrestrial Magnetism of the
Carnegie Insfitution of Washington and the United Sfates Coast
and Geodelic Survey)
# — one of selected 10 least-disturbed days I ] = estiinated hourly value
+ — one of internationally selected quiet days A =lamp out
$ = one of infernationally selected disturbed days ¥ = record off sheet
[1= approximate hourly value lost on magnetogram [J=clock stopped
i1 = interpolated hourly value 7 = no record

Washington, D, C., Augusi 15, 1936.

J. A. FLEMING, Chairman
For the Conunitlee

APPENDIX 1

Suggestions on methods of adeguately describing
magnetic disturbances

By A. NIPPOLDT

Scope. — 1t is desirable that monthly fabulations of hourly magnetie
values be so arranged and annotated that investigators may deterinine
readily those hours suited for any special consideration and those which
are not,

Independent judgment, — It is necessary that cach observatory
describe disturbances independently of infermation for other places,
basing descriptions solely on its own records. Therefore, it is impossible
to differentiate for a single station bebween polar and eguatorial disturb-
ances since that would require comparison between several obser-
vatories,

Superftuous data. — It would be superfluons to give symbols designat-
ing features which may be readily noted from examination of the
tabulations, for example, whether an element is increasing or decreasing
in value.

Minimal requirement. — It is required that at least the character
of each hourly value during disturbance be indicated in a special way,
This can be done without any added cost of printing and without in-
creasing the size of the printed page through the use of bold-face type.
Thus, numbers in bold-face type would be used from the heginning of
the disturbance until the end even in cases where single hours may not
show great activity.

Symbols, — The following list of new symbols is suggested for cha-
racterization of disturbance with the idea that each hourly interval may
be described without comparing it with the values for adjacent hourly
intervals:

P pulsations, as defined by van Bemmelen.

bhays, the term being defired as single disturbance oceurring during
an otherwise quiet condition. Tt is true bay-like variations are to
be found during most magnetic disturbances but, in such cases,
they are merely a part of the whole disturbance and have no

individual importance.

=
1

GC = gradual commencement, this symbol to be given only once for the
first hour of the disturbance.
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SC == sudden commencement, this symbol to be given only once for the
first hour of the disturbance.

0 = oscillations. The real measurce of the character of disturbances is
the activity of each hour for which it is not readily possible io
suggesi distinctive symbols; therefore, the symbol O may he used
only for all hours of greatest oscillation — the real time of
maximal activity.

Mx and Mn = maximum and minimum, respectively, These symhols to
he indicated in the hour containing the absolute maximal or
minimal value and to indieate the hours in which the extremes
were recorded for the Greenwich date [or loeal date should the
particular cbservatory not use Greenwich dates in its tabulations];
in many cases Mx and Mn may be different for the hour of greatest
hourly value.

These seven new symbols seem adequate for a short description of
disturbances; to give more would complicate not only the work to he
done by the scientist in characterizing the hourly intervals hut alse that
of the compositor [or tabulator in case the direct offset publication of
original tabulations is followed in publication]. The use of syimmbols as
suggested will add somewhat in the labor of preparing tabulations for
official year-books, but there scems to be no way to avoid this. In
making the suggestions above it seemed to me best to restrict each sign
to not more than two letters. On the other hand, one might choose as
symbols, instead of letters, signs such as arrows, asterisks, or especially
made letters, but it would be difficult to make seleclion which could be
easily read and understood [except perhaps in publication by direct re-
production of original tabulations by the offset method]. It scems quite
impossible to develop any scheme of symhols sufficient to cover all
features of disturbed hours; in this regard there is nothing which can
satisfactorily replace the original records,

Potsdam, February 27, 1936.

Supplemeniary suggesiions after receiving comunenls
by Messrs. Chapman and Sucksdorff

By A. NIPPOLDT

Die gedruckten Monatstabellen der Observatorien sind untereinander
recht verschieden. Einige haben so viel Platz, dass man leicht neue Let-
tern einschalten kann. Andere drucken so eng, dass dies kaum geht,
Kinige verviclfiltigen mit Schreibmaschinen; diese kénnen keine Unter-
schiede in den Lettern machen, héchstens unterstreichen.

Mithin gelingt es nicht, eine Vorschrift zu erlassen, die fiir alle Ob-
servatorien verpflichtend ist. KEs kann sich hei den adiiquaten Signi-
fikationen nur um ecinen Wansch der Internationalen Versammlung
handeln, dass jene, welche solche Bezeichnungen einbauen kénnen, cs
nach ciner Vorschrift tun.

Eine Minimum-Vorschrift ist das Kennzeichnen der gestorten Stunden,
entweder durch eine andere Letterart (felt) oder bei Typewriters durch
unterstreichen. Das kann jeder tun, ohne die Kosten wesenilich zu er-
héhen, Nur muss es efnheiflich geschehen, und das wire von der
Stunde des Sidrungsausbruches an bis zur Erldschung der Stdrung fiir
jede zwischenliegende Stunde.

Alles Weitere kann nur ein Vorschlag sein, fiir die, welche in ihrem
Schema dazu Platz haben. Wir konnen niemanden hier zwingen, weil
eine Verbreiterung der Tabellen mehr kostet,

Wenn ein Observatoriwm solche Bezeichnungen einfithren will, dann
allerdings sollen es iiberall dieselben sein, also: P fitr Pulsationen; B fiir
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Bays; G fiir gradual commencement; $ fiir sudden commencement; X
fiilr Maximum; N fiir Minimum.

Der Vorschlag von Sucksdorff, jeder einzelnen Stunde noch eine
Charakterzahl zu geben, ist zwar schén, aber mif einer so grossen
Mehrarbeit verbunden, dass man das nicht allgemein empfehlen kanmn.
Das gilt auch, wenn man die Charakterzahl durch drei Formen von
Lettern kennzeichnet, nur dass zu der Mehrarbeit des Fachinanns, welcher
den Charakter bestimmi, noch dic des Setzers kXommt und schliesslich
die Mehrarbeit beim Lesen der Korrekturen,

Internationale Vorschliige miissen immer einfach sein, sonst werden
sie nicht von allen hefolgt.

Potsdam, den 9. Mai 1936.

APPENDIX 2
Commenls on Dr. Nippoldt's suggestions of February 27, 1936
By 8. CHAPMAN

I am fully in agreement with Dr. Nippoldt’s first three propositions,
nanely, scope, independent judgment, and superfluous data. I think also
ihat the number of new signs should be a very limited one. I think the
seven he proposes are valuable though the signs showing the hours of
maximum and minimum might perhaps be omitied in the case of those
observatories which publish the actual times and values of maxima and
minima, as is done, for example, for Greenwich and in the Ohservatories
Year-Book. As regards the seven signs, I think, if it is intended to print
them on the tables of hourly values, each sign should consist of one rather
than of two letters. I think the letters ), B, G, §, O, X, N, might serve for
the seven mentioned in his letter, though I think any proposals to replace
the letters by pictorial signs should be carefully considered. I fear that in
some tables of hourly values the addition of the new signs might rather
crowd the page, but this would be a matter for each individual Director
to consider, There might of course be certain hours for which more than
one sign might be required, hut doubtless these would be exceptional and
might perhaps be dealt with by foot-notes. As regards his proposition
on the minimum claim — to use a special type for disturbed houts .-
I think this would have value, though there might be practical difficulties
cither of expense or of typing in the case of those observatories whose
tables of hourly values are reproduced from type-script.

London, March 3, 1936.

APPENDIX 3
Comments on Dr. Nippoldl's suggestions of February 27, 1336
By E. SUCKSDORFF

I understand Dr. Nippoldt’s proposal to be a contribution to the
discussion as to how, in year-books of magnetic observatories, infor-
mation is to be given on magnetic disturbances recorded.

There would appear to be no doubt that suitable remarks in
monthly tabulations regarding those hours which are considered
disturbed and those which are considered calm would, in many in-
stances, facilitate orientation of year-hook material for research. The
observatory at Sodankyli has striven, from the very beginning of its
work, to bring this about,

15°
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The most important of the proposals Dr. Nippoldt makes seems to
me to be the minimum eclaim of using special type for the disturbed
hourly values, and it would most certainly be a great advantage if an
international recommendation could be had on this question. Without
for the moment making any definite proposal, I nevertheless express
my opinion that it would be quite reasonable if one — in analogy with
international magnetic characterization of the Greenwich days in
groups 0, 1, and 2 — were to apply a three-part scale for the character
of the individual hourly intervals as well. The hourly values thus
characterized as undisturbed, moderately disturbed, and strongly
disturbed, should be indicated in the tables by ordinary, italicized, and
bold-face type, respectively [or suitably otherwise when original tabula-
tions are reproduced by the offset method of publication]. According
to my experience, the technical part of the matter is fairly easy lo
solve, and it does not imply any exira costs. It is considerably more
difficult, however, to find the best means of fixing the characterization
for the hours, because a number of different considerations may here
come into question, such as the deviation of the mean hourly value
from the normal value for the hour, the range, the greatest deviation
from the normal value within the hourly interval, etc. A necessary
qualification for an international recommendation to use special type
for special symbols] must be in any case an agrecement on what these
are to mean.

Even if it should bhe possible to find in the monthly tabulations
space for individual letters or other marks for emphasizing special
kinds of the recorded disturbances, it nevertheless appears to me im-
possible to give a satisfactory description of a disturbance in this way.
Only by good reproductions of the curves themselves can one be sure
to get everything in that is of inlerest to the question one is examining.
For instance, the designation by a letler of the hourly interval during
which a sudden commencement has occurred is hardly worth while
since it would seem to give quite insufficient information of such a
feature. But for preparation of text following the tabulations it would
doubtless be of great advantage to develop a collection of definitions —
such as Dr. Nippoldt proposes — for describing the most characteristie
kinds of magnetic disturbances, 1 suggest that for a bay there be used,
instead of the letter B, either the sign VV or A, depending on whether
the bay is directed down or up.

Sodankyld, April 30, 19306.

APPENDIX 4

Comments regarding uniform methods and codes to adequately
describe magnefic records

By A. G. McNISH

The purpose of verbal or codal description of a magnetic record
is to convey, as far as possible, such intelligence as would he derived
from actual examination of the record. At best, such description must
be inadequate. By the selection of salient features a uniform system
of description can be developed which will in general be adequate
for preliminary studies, Naturally certain magnetic phenomena are of
greater interest than others and warrant more thorough description,
Thus a great magnetic storm should be described in detail while a few
remarks usually suffice for a lesser disturbance. Quiet conditions should
not pass without reference. The mention of each manifestation of bays
or pulsations on otherwise undisturbed days would involve much lahor
sometimes, so that only outstanding examples of those phencmena
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should be described. When complete description of a phenomenon
is unwarranted, certain details of greater significance than others should
be recognized. In a magnetic storm the range in horizontal intensity
(H) is usually of primary concern, the range in vertical inlensity (Z)
being secondary and the range in declination (D) being tertiary. These
facts should be borne in mind in considering the following list which
represents a desirable maximum of description:

Storms

Ranges in gammas for H, Z, and D, or for X, Z, and Y, that is,
the northward, vertical, and eastward components.

Time of beginning, days, hours, and minutes.

Time of end, days and hours. (The time of end to be taken as the
time when agitated movements have ceased in all elements).
Intensity of storm. (A subjective intensity-scale to be used with
classes similar to those used by Maunder — greal, very active,
active, moderate — a great storm occurring on the average of
about once a year; Maunder’s classification was based on ranges,
but for this purpose a suhjective classification seems more
desirable as a classification by ranges may be made immediately

from the ranges given).

General trend of elements throughout storm for H, Z, and D, or
for X, Z, and Y.

Character of movements and times of their occurrence. (Movements
lo be described as small violent, large violent, bays, general
drift, etc.).

Value of H or X at end of storm as compared with value before.

Description of any sudden commencement in accordance with
remarks in later section on these phenomena.

As a sample description of a magnetic storm, the following is
suggested. It is taken from the description of magnetic activity at the
Watheroo Magnetic Observatory. The storm selected represents the
greatest type of storm and consequently is very fully described.

May 13-17, 1921 — At 134 13h 9m (GMT) a sudden commencement
(approximately |- 80y in H, +1" and — 3" in D, and — 32y in Z) marked
the beginning of the greatest storm recorded at the Watheroo Magnetic
Observatory up to that time. Comparatively small movements, during
which the value of H decreased 100y below its initial value, continued
until 19h 17m when a sudden movement in all three elements initiated
a period of large violent movements in which ranges of 224y in H,
39" in D, and 221y in Z were recorded. These rapid movements continued
until about 8t May 14, being followed by large movements, the elements
hovering close to their pre-storm values, the value of H being about
40y low. At 144 22h 15m g second sharp movement initiated a second
period of violence, more severe than the first. The spots were swept
across the full range of the recording paper so rapidly that it was
difficult to identify them. The minimum in H for the storm occurred
during these movements. Between 8h and 9" May 15 the violent motions
ceased and H began to rise. By 2h May 16 H had recovered to about
100y below its pre-storm value. Movements during the latter part of
this recovery-period were small but violent, culminating in another
downward excursion of H and a considerable increase in the value
of Z, both elements reaching their extreme values about 9», During the
next ten hours the mean value of H increased over 200y. Rapid move-
ments ol all elements continued until 8" May 17, which may be taken
as the end of the storm, when H was about 100y below its pre-storm
value. The times of maximum and of minimum and the ranges for the
elements were:
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Element Maximum Minimuin Range
H 13d 18h 16m 15d 04h 2]m 1156y
D {west) 15 03 25 14 23 24 96"
Z {upward) 15 04 30 14 22 32 453y

Non-storm aclivily, bays

Times of beginning, end, and maximum in days, hours, and minutes.
(The maximum to he taken as the maximum of the element
showing the greatest departure; the beginning and end to be
taken for the element showing the most clearly defined movement).

Direetion of vector representing bay, north, south, east, or west,
and up or down. (The vector to be taken as the difference of
the values of the elements at time of maximum as compared
with the average value at the heginning and the end).

Magnitude of departure. (The length of the vector representing the
bay in gammas which usually may be adequately represented
by the departure in the element most affected; exactly, it is

VAXS + AY: + AZ2).

Non-storm aclivity, pulsations

Time of beginning and end of larger pulsations in days, hours, and
minutes,

Amplitude of pulsations in element most affecied. (Since pulsations
are such common phenoinena, it seems advisable to note only
large ones; if it is desirable to note smaller ones, apparently all
that can be done with reasonable simplicity would be to indicate
whether they occurred in morning or evening).

Non-storin activity, sudden conmumencemenis

Time of occurrence in days, hours, and minules, (The time to he
that measured when the effect is first perceptible).

Amount of change in each element, (The change to be reckoned
only for the rapid portion of the motion and not for the longer
period during which H seems to approach a value asymptotically;
when the sudden commencement is a composite of several motions,
each of them to be measured separately and, if this invelves too
much labor, the total movement, algebraically, to be given with
indication that the motion is complex).

Sudden commencement marking beginning of a storim. (The time of
sudden commencement to be included in description).

Quiet-day varialion

Character of the diurnal variation of each particular day which is
not a storm-day. (For each day which is not a storm-day, state
whether trace is unusually smooth, whether trace is disturbed by
minor irregularities, whether general character of the characteristic
diurnal variation is preserved, and whether the amplitude of the
diurnal variation is unusually large or small).

Washington, D.C., February 20, 1936.
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APPENDIX 5

International code and agreement for descriptions of
magneltic conditions

By H. F. JOHNSTON

The merit of an international agreement on code for descriptive
features of magnetic conditions is self-evident. It will be of great as-
sistance to investigators of particular problems if complete detailed
descriptions are furnished not only of major disturbances, namely,
those designated as “principal magnetic storms” but also of all
disturbances occurring on those days of magnetic character “1”, It is
to be stressed, however, that in a particular study the original mag-
netograms must be consulted and that the preliminary descriptions will
serve chiefly as guide-posts to investigators.

It would appear advisable that at this time only a preliminary
program be formulated. This program, if carried out for a few vears
by a small number of observatories — really enthusiastic on the
subject — would enable the Committee to draw up a final program.
Such a scheme for initial trial is not new as it has been used many
times previously in international cooperative problems.

Looking toward finalization of a definite scheme at the next inter-
national assembly in 1939, three or four observatories might cooperate
in supplying preliminary descriptions and data quarterly for publica-
tion either in the Journal of Terrestrial Magnetism and Atmospheric
Electricity or by the Central Bureau of the Association. For the period
of such a trial it would appear wise to stress “over detail” rather
than “under detail”. In fact, should the three or four observatories
be so selected as to cover all varieties of magnetic conditions over
the world, these observatories might be the “master” reporting ob-
servalories for the future with all the other observatories giving abridged
reporis only.

Observalories for selection may be suggested as follows: Sodankyli,
Sitka, or Rude Skov for polar conditions; Potsdam for nothern middle
magnetic lalitude; Batavia, Honolulu, or Huancayo for equatorial con-
ditions; Watheroo for southern magnetic latitude. The burden of
preparation would not appear to be heavy for any one observatory.

As is apparent from the above, I believe the reports should be a
running commentary on the magnetic traces paying particular attention
to bays (B), gradual commencements (G), oscillations (Q), pulsations
(P), and sudden commencements (S), with an intensity-scale of 0,
0.5, 1, 1.5, and 2, that is, five classes and not three, namely, 0, 1, and 2,
as al present; such an enlargement of classes would have the advantage
of not disturbing the 3-character system so long used.

In addition to the notes from the four observatories, Potsdam might
be willing to supply a monthly hourly-value sheet on which would be
entered in simple code, based on above numbers and figures, the
magnetic conditions recorded for every hour of the day.

Washington, D. C., May 18, 1936.

APPENDIX 6

Comuments regarding uniform methods and codes (o adequately
describe magnetic records

By N. H. HECK

In the matter of description of magnetic conditions, two problems
have been raised by those discussing the matter: (1) The better de-
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scription of magnetic storms so that the descriptions will be reasonably
uniform (this refers to descriptions such as might be published in the
Journal of Terrestrial Magnetism and other contributing mediums); (2)
the indication by symbols, or otherwise, of the magnetic conditions al
various hours in the published results for ohservatories. These are quite
different problems and must be approached from different viewpoints.

There is no question as to the need for belter descriptions of mag-
netic storms. I feel that the best approach is indicated by Mr. MeNish and
that his suggestions could well be expanded. A brief publication should
be prepared indicating the type of information desired and the most
satisfactory methods of expression, and then perhaps ten descriptions
covering all kinds of magnetic disturbance, including bays, should be
made available.

I do not think that this would be so arduous that it would be neces-
sary to follow Mr. Johnston’s suggestion that the matter be tried out at
a very few observatories. If there are, however, to be only three, I would
suggest that for diplomatic reasons, which can well be considered
provided scientific requirements permit, they be Sodankyli, Honolulu,
and Watheroo. If the number is to be greater, and I see no reason to
the contrary, there need be no consideration of the particular organiza-
tions and countries in the matter.

As to the other proposition to indicate by symbol or otherwise on
the published record the magnetic character of individual hours, I find
myself only in theoretical accord. As representing an organization
which, with limited personnel, is charged with preparing the publication
of results for five magnetic observatories, it seems to me that the out-
standing need is to curtail the work of preparation of results in so far
as practicable in order to give more time to interpretation of results.
It seems to me that the same result might be accomplished by publishing
reproductions of more magnetic storms and of bays in further reduced
form than at present. At the present scale, the reproductions serve no
other purpose than to indicate character of disturbance, that is, no
measurements can be made from them and still further reductions would
probably not defeat this purpose if suitable precautions are taken., If
any investigator is lo really study a magnetic storm he should secure
original records or accurate photographic copies. Seismologists in a
similar problem have universally come to this conclusion and they ‘in
no case depend upon a published description of a record or even on
published measurements if their investigation is to be at all exhaustive.

As to characterization of conditions only by the magnetic character-
numbers 0, 1, 2, this is not close enough for many purposes. It is, how-
ever, to be noted that this characterization has many uses and is quite
raluable if two precautions are taken, namely, (1) that observers who
are definitely out of step should be notified and (2) that it should always
be remembered that the characterizations are relative and not absolute.
On the whole, numerical methods are preferable and it is to be hoped
that one of the methods that has been iried will prove so satisfactory
that it can be universally adopted.

It seems to me that if it were not too costly, a suggestion by Mr.
Hartley, Librarian of the United States Coast and Geodetic Survey, might
well be followed, namely, that for each storm or other disturbance a
copy of the record be sent to the Central Bureau and that it issue for
each important storm the reduced records for all the contributing ob-
servatories.

Washington, D, (., May 27, 1936.
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REPORT ON UNIFORM CONVENTION REGARDING THE
SENSE OF EARTH-CURRENT COMPONENTS

At the Warsaw meeting of the International Commission of
Terrestrial Magnetism and Atmospheric Electricity in Sep-
tember 1935 there was appointed a Subcommittee to discuss
the sense of earth-currents, with the request that it report to
the Central Bureau of the International Association of Ter-
restrial Magnetism and Electricity before that Association’s
Edinburgh Assembly (Procés-Verbaux Réunion de Varsovie,
Comm. Mag. Terr. Electr. Atmos., Organisation Mét. Internat.,
No. 30, pp. 20, 25, 45, 1936). Those appointed on this Subcom-
mittee were O. H. Gish (Chairman), A. Nippoldt, and A.
Romana.

A circular letter of comment and inquiry was sent by the
Chairman on March 18, 1936, to the other members of the Sub-
committee, and as a result of discussions by mail the Subcom-
mittee suggests that there be presented for consideration at the
Ldinburgh Assembly of the Association the following resolution:

Resolution
The Association of Terrestrial Magnetism and Electricity
recommends that conventions for expressing the sense of the
field-intensity components, which represent the electric current
in the Earth, shall be determined in accordance with the fol-
lowing:
(a) A field-intensity component shall be taken as positive
when it corresponds to a flow of current either toward
the north or toward the ecast.

(b) The symbols used to represent these components shall
always be the letters N and E for the component
directed toward the north and for that directed toward
the east, respectively.

(¢) When the current is flowing toward the south or west,
the minus sign (—) is to be placed before the numerical
values.

The reasons for suggesting this resolution are well expressed:

in a communication from Dr. Romana. Dr. Romana there

suggests a convention for expressing the azimuth of the vectors’
of earth-current intensity, which may be included as a fourth:
item of the proposed resolution. Although this Subcommittee

was not specifically instructed to discuss and report on a con-
vention for expressing the azimuth of earth-currents, yet, sinece
this seems to be .an associated matter, the Subcommittee
ventures to call attention to it as a possible fourth item of the

resolution. However, Professor Nippoldt suggests that the sense
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of rotation be taken opposite to that suggested by Dr. Romana,
namely, clockwise instead of counter-clockwise. Referring to
this question of azimuth, he says: “Sollte sie in Edinburgh
angeschnitten werden, so bin ich dafiir, dass wir von Nord
iiber Ost, Stid bis 360° durchzihlen, weil das die gewohnte Art
auf anderen Gebicten des Erdmagnetismus ist (Azimute, magn.
Vektoren, Deklination, usw.) und der Erdstrom durchaus nicht
immer induktorisch mit dem Erdmagnetismus verbunden ist.”
The other members accept Professor Nippoldt’s modification.
Therefore, it is recommended that the resolution contain an
additional item as follows:

(d) The azimuth of the resultant earth-current intensity-
vector is to be always reckoned from 0° to 360°, the origin
being the semi-axis which corresponds to a positive
northward (N) intensity-component. Values of azimuth
measured from that origin in a clockwise sense, that
is, from north to east to south, ete., are to be designated
positive.

In such situations where words are preferred to the symbols
N and E as defined in the resolution, the words northward or
eastiwward, followed by component or current as may be re-
quired, are apparently the most satisfactory terms available in
the English language. As to corresponding verbal expressions
in German, Professor Nippoldt writes: “There may be some
difficulty in translating the proposed designations into the
German language. We are accustomed to speak of a Nord-
komponente which, however, implies no direction sense. We
can say Nordwdrtskomponente, but it is not customary to do so.
Nordwidrtige Komponente would be grammatically better, but
this also would not be good usage. In analogy to our German
Riickwdrtsbewegung we German magneticians ought indeed to
bring into usage the term Nordwdrtsstrom.” No suggestion of
short expressions of correspondingly precise significance in
other languages have heen received.

Washington, D. C., Augnst 15, 1936.

0. H. GISH, Chairman
For the Subcommittee
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REPORT ON INTERNATIONAL MAGNETIC CLASSIFICA-
TION OF GREENWICH DAYS PRIOR TO 1906

By E. van EVERDINGEN

Prof. Chapman proposed to the Commission on Terrestrial
Magnetism and Atmosphcric Electricity of the International
Mcteorological Organization, at its meeting in September 1935,
af Warsaw, to consider whether the international classification
of Greenwich days according to their magnelic activity should
be cxtended backwards from the period when the existing
scheme began to the early days of magnetic observatories.

At the meeting of September 5th a Sub-Commission on Inter-
national Magnetic Classification of Greenwich days prior to
1906 was appointed (Members: S. Chapman (Chairman), J.
Bartels, G. van Dijk). The Sub-Commission had fo send a
report to the Burcau of the Comimnission before the end of 1935.
Dr. la Cour, Secrctary of the Commission, sent this report, in
which the Sub-Commission proposed that two requests should
he sent out from De Bilt asking for velontary collaboration
in the extension of the classification to years hefore 1906, to
me and asked me on bchalf of the Commission to be kind
enough to issue the said requests,

Following the proposal 3 of the Sub-Commission, the Bureau
of the Commission will ask the Magnetic Association fo vote
a subvention to cover the cost of publication and distribution
of the character figures in question.

In complying with the wish of the Secretary of the Com-
ntission, I have distributed a circular letter, dated January
1936, inviting all observatories concerned to send their answers
to De Bilt before July 1, 1936. In the beginning of July it
appeared that scveral ohservatories had not yet answered; July
14, the circular letter has heen sent once more to those ob-
servatories, which were supposed to posscss magnetic records
for years before 1906, with the invitation to send their answers
if possible before August 15, 1936.

Below I give a suumnary of the tables with character figures,
received up to now, and of the magnetic records available:

Tuables received: Baldwin 1900-1905, Barvackpore 1903-1905, Batavia
1880-1905, Bochum 1895-1905, Bombay 1835-1305, Cheltenham 1801-1805,
Dehra Dun 1902-1905, Greenwich 1893-1903, Honolulu 1902-1905, Kedai-
kanal 1902-1905, Manila 1895-1905, Melbourne 1895-1906, Parc St. Maur
1883-1905, Pola 1896-1905, San Fernando 1895-1905, Sitka 1901-1505, To-
ronto 1895-1905, Toungoo 1905, Vieques 1903-1905, Zikawei 18390-1908.

Records available: Bombay from 1872, De Bilt from 1831, Greenwich
from 1848, I.os Angeles 1882-1889, Manila form 1890, Melbourne from 1868,
Potsdam from 1890, San Antonio 1890-1895, Stonyhurst from 1867, Toronto
from 1880, Zikawei from 1877,
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Pavlovsk has promised to send tables for the period 1895-
1905, Several observatories, which are supposed to possess mag-
netic records for years prior to 1906, did not yet answer. Some
observatories have remarked, that the eclassification would
require much time or he rather impossible, owing to shortness
of staff for doing the work.

De Bilt, August 24, 1936.

REPORT TO THE INTERNATIONAIL COMNMISSION
OF TERRESTRIAL MAGNETISM AND ATMOSPHERIC
ELECTRICITY
PRESENTED BY THEIR SUB-COMMISSION ON THE
UNIFORMITY OF MAGNETIC CHARTS

At a meeting in Leningrad, February 1936, the Sub-Com-
mission adopted the following resolutions:

1. For the making and improvement of all-world magnetic
charts and the charts of regions, comprising more than one
country, it is recommended that the results of all such actual
magnetic measures on land or at sea as are available, should
be collected as far as possible in one place.

This collection is intended to be at the disposal of scientific
institutions and individual scientists, both for cartographic and
other practical and scientific purposes.

2. To ensure that this material is kept up to date, it is
very important to organize a net of repeat stations, in order
to investigate sccular variation all over the globe and to make
determinations at such stations at common and as far as
possible equidistant epochs.

The common epochs of these world-wide observations may
be considered as International Magnetic Years.

For special researches into the pecularities of secular varia-
tions in certain regions, more frequent observations at repeat-
stations are necessary.

3. T'o make these magnetic world-charts, it is recommended
that systematic magnetic measurements be taken, even in
countries where such investigations cannot be carried out
without international encouragement and assistance.
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In the process of making magnetic charts, it appears that
methodological investigations with the question of how to sepa-
rate the different parts of the earth’s magnetic field, viz, the
normal, regional and local components, and lastly the field of
“grosse Anomalien” (anomalies of continental extension) arc
of fundamental importance. It is therefore desirable to
emphasize the necessity of such rescavches.

4. Although a corresponding fundamental meihodology has
not yet been adopted, its nceessity for practical purposes is
already acknowledged.

To attain a possible uniformity in the representation of the
distribution of magnetic eclements on magnetic charts, the
following points of wview should be taken into consideration,
viz,

(a) Since the density of magnetic stations is insufficient to
represent fthe frue distribution of magnetic lines in all
known regional magnetic surveys, and since these lines
are too confused even where the net of stations is suffi-
ciently dense, it is recommendced that the distribution of
magnetic elements in separate regions he represented by
means of the smoothed isomagnetic lines with conventional
symbolic indication of the departures of the values ob-
served from the values derived from these smoothed lines.

(h) The magnetic charts of separate countries should be made
so as to render it possible to obtain charts of wider regions
by means of the simple juxtaposition of the charts of
adjacent countries.

5. The most effective method of collecling in one place the
obscrvational material thaf has been mentioned would appear
to be the organization of a special bureau.

A further purposc of this burecau should be to form a col-
lection as complete as possible of the registrations from the
magnetic ohservatories. .

This part of the work of the bureau would therefore con-
sist of a direct continuation of the archives of registering-
copies from the International Polar Year 1932-1933, collected
at Copenhagen by Dr. D. la Cour.

The main purposes of the proposed burcau would therefore

be as follows:

(a) To keep thc archives of actual world-wide material of
magnetic observations.

(h) To keep the corresponding archives of copies of the re-
gistering material,
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The most convenient situation for this bureau would appear
to be either in Copenhagen, in connection with the Secretariat
of the International Magnetic Association, or at De Bilt, in
connection with the Secretariat of the International Meteoro-
logical Organization.

J. KERANEN, Gustaf S. LJUNGDAHL. N. ROSE.



PART V

COMMUNICATIONS
A, Terrestrial Magnetism.

INTERCOMPARISONS OF MAGNETIC STANDARDS
AND CONTROL OF STANDARDS

By J. A. FLEMING

It is important that accurate determinations be made of pos-
sible systematic errors and corrections for the standard instru-
ments at different observatories. It is probably more important
as regards the scientific use of data accumulated by observa-
tories that constancy of absolute standards be maintained.
There are many excellent reasons that whenever possible, and
so far as possible, the method of intercomparison of instru-
ments by observers at observatories and visiting observers, with
interchange of stations and instruments such as those of the
Department of Terrestrial Magnetism of the Carnegie Institution
of Washington in the past 30 years, should be continued. That
experience has indicated emphatically that contact of observers
is invariably helpful in ironing out difficulties and differences
of procedure and at the same time is of mutual stimulating
value in the interchange of ideas. Questions such as the ex-
change of stations and of instruments are vital in such inter-
comparisons; thus significant differences of the three magnetic
elements at individual observing piers have been found.

While horizontal intensity is the element requiring particular
control, it is necessary, in view of the many different types of
instruments and methods used at various observatories, that
definite controls be had for vertical intensity, to a considerable
cextent for inclination when vertical intensity depends upon
inclination as determined by an inductor and especially if a
dip-circle is used, and to a lesser degree for declination. Earth-

16
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inductors have not always been found in proper adjustment,
sometimes mechanically and upon several occasions as regards
meridian-setting. Dip-circles have always been and, under the
circumstances of their mechanical design, must always be
uncertain — indeed, the dip-cirele should, except possibly
under extreme conditions of field-work, be entirely abandoned
for any accurate control in observatory-work or in field-work.
While theoretically earth-inductors (but not dip-circles) and
declination-instruments can be adjusted.to zero-correction by ¢
skillul physicist, there is not always appreciation of the need
of adjustment and there is very frequently disinclination to at-
tempt any adjustments. Frequently instruments, even those
by the best manufacturers, do contain magnetic impurities
which are not found by the observer since he usually places
his reliance upon the reputation of the manufacturer and feels
that there can be no question regarding the non-magnetic
quality of the materials used.

Thus satisfactory intercomparisons and maintenance of in-
ternational magnetic standards must depend, to a considerable
degree, upon actual intercomparisons with instruments and
observers. On the other hand, any plan, such as the admirable
one proposed by Dr. la Cour — being carried on with the As-
sociation’s sanction and aid — of sending regularly, on fixed
circuits of observatories, groups of three instruments such as
the Quartz Horizontal-Force Magnetometer (designated as QHM)
and the Balance Magnétomdétrique (designated BM) upon its
better development, is intrinsically sound and valnable for
control-purposes during the longer. intervals between actual
visits of observers with absolute instruments for intercom-
parisons, The economy of such procedure must he regarded
most favorably, especially as it is hoped the BM may be
likewise successfully developed for transfer regularly by mail.
Such comparisons at the Cheltenham Magnetic Observatory —
with one instrument in February 1936 ‘and with three instru-
ments in July 1936 — the QHM’s having been sent from Den-
mark through the mails by Dr. la Cour, show surprising agree-
ment in each series. However, it is suspected there may be
lack of constancy of performance with time and transportation.
Thus any change in the magnetic moment of the magnet-system
is all-important. Constancy of magnelic moment may bhe as-
sured as far as the materials used, machining, and heat-treat-
ment permit; these demand the best possible magnetic steel
with low temperature-coefficient and the proper heat-treatment
and artificial aging. Whether serious uncertainties may result
from shocks to which any package sent in the mails is neces-
sarily subjected and possible magnetic effects arising from
nearby dynamos while in transit, can be determined only from
long series of intercomparisons such as proposed by Dr. la
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Cour. As in all relative methods depending upon constancy of
magnetic moment, it is realized that no method of intercom-
parison which does not involve absolute determinations may
be entirely relied upon. .

The necessity of Lffcctlve control in mchnfltlon or vertical
intensity is readily apparent from the relationship between the
threc clements expressed hy

AZ = tan I AH+ H sec? I Al

where Z and I represent vertical component of the Earth’s field
and angle of inclination, respectively., Thus for an error on
standard of 1', that is, Al = 1/, typical values of AZ are
Cheltenham 55y, Watheroo 38y, Huancayo 8y. The need for
control in inclination is evidenced by results of comparisons at
one of our principal observatories where a modern ecarth-
inductor and methods are used and for which the observatory
standard gave valuc of (IMS — observatory) = +1.1.

Three precautions must he taken when magnetometric
methods of obscrvation are used for the control of constants.
These are: (1) Redeterminations of moment of inertia of the mag-
net-system from time to time to control changes due to oxidation
and wear of the magnet as well as of its suspension-arrange-
ments; (2) suitable provision to protect the deflecting magnet
during observations of deflection and also to protect the deflec-
tion-bar against sudden or irregular changes of temperature;
and (3) means by which the effective deflection-distances may
be invariable for the same instrument.

As examples of changes in inertia which are typical of the
majority of the results obtained for the various instruments
used by tlic Departinent both at the ohservatories and in the
field may be indicated the following:

Observed differences from earlier to

Interval bebween later comparison
) comparisons in Correction for
Magnetometer years Correction on IMS  inertia-change
9 4.3 -0.00058H -0.00064H
13 12,7 -0.00090H -(.00078H
24 2.8 -(.00106H -0.00094H
27 1.2 -(.00006H -0.00008H

The evidence of such results certainly is positive and may he
taken not only as confirmation of actual change in inertia hut
also as indication that no changes have taken place in the other
constants concerncd in determinations of intensity for the re-
spective instruments.

Uncertainties must be reduced to a minimum during ob-
servation as regards temperature-readings and especially as
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regards any lag of temperature. Thus, for most magnetometers,
uncompensated differences of 0.°2 C in temperature produce
quite appreciable differences in the resulting values of the
distribution-coefficients as determined from observations at
three distances.

While it has been the practice to make dimensions of short
and long magnets of magnetometers such that theoretically the
value of the first or of the second distribution-coefficient would
be zero, it is found in practice that the coefficients differ from
the theoretical values. Thus for instruments in which the second
coefficient should be theoretically zero the first coefficient is
generally different from the theoretically calculated value —
often as much as five or ten per cent — while the second
distribution-coefficient often has a sensible value. It has been
found that the use of an equivalent coefficient for the two
distribution-coefficients meets all practical requirements bhoth
in the field and observatory within the limit of accuracy which
may be reasonably expected by the magnetic method, namely,
about 0.00015H (see Res. Dep. Terr. Mag., v. 4, pp. 395-475,
1921). It therefore appears that, for magnets made of high-
grade homogeneous magnet steel and properly treated when
originally magnetized, the distribution-coefficients, assuming
ordinary care in transportation and in handling, are sensibly
constant over long periods. The apparent deviations from
constancy indicated at times by compilations are often caused
by uncertainties in temperatures. The compilations of obser-
vations made during 15 years with a typical CIW mag-

netometer — total number of sets of deflection-observations
at three distances each about 1300 — for the deviation of

computed values of H, using each year’s averaged distribution-
coefficients, from the value that would have resulted had the
average distribution-coefficient for the entire period been used,
show mean values of this deviation for successive years to
bhe: —0.00015H, —0.00004H, —0.00024H, +0.00003H, +0.00005H,
+0.00004H, —0.00006H, 0.00000H, -0.00003H, -+0.00008H,
+0.00002H, +0.00002H, —0.00002H, +0.00001H, -+0.00001H; the
weighted mean value for AH/H from all is —0.000006H! This
certainly indicates real constancy of distribution-coefficients.

As with the magnetometer, the constants of the electromag-
netic instruments and of their appurtenances must be carefully
controlled. Thus there is possible change with time of the elec-
tromotive forces of the standard cells used, particularly for
the non-saturated type of cell. After one year’s use of three
unsaturated standaird cells with the sine-galvanometer at the
Cheltenham Magnetic Ohservatory, calibrations by the National
Bureau of Standards showed that the clectromotive forces of
all had decreased 7 parts in 100,000, making necessary a cor-
rection to the values of horizontal intensity originally computed
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of about —0.1y per month; in view of the great accuracy of
electromagnetic determinations, this constitutes an important
correction within three or four months. With the saturated
types of standard cells there is less danger of such change but,
on the other hand, temperature-changes must be very carefully
controlled. Other tests and calibrations should be made from
time to time to check against possible changes in the resistance
of the coils of the instrument and of the standard resistances
used. (See-communication to the Association by S. E. Forbush
and E. A. Johnson on “Results of international comparisons of
magnelfic horizontal-intensity with CIW sine-galvanometer 1%).

While the corrections of declinometers with collimating
optical systems theoretically may be made entirely negligible,
there is ample evidence that declination-standards should be
checked by intercomparisons wherever possible. Thus there
may be magnetic material in the instrument itself which causes
an incorrect value. For example, at one observatory a cor-
rection on standard of nearly 3’ was found; at another an
indicated error of several minutes of arc because of erroneous
azimuth was corrected only after intercomparisons had shown
such serious disagreement.

In the past 30 years the Department of Terrestrial Magnetism
of the Carnegie Institution of Washington has obtained inter-
comparisons at over 40 of the principal observatories of the
world in some 25 countries in all continents and on islands as
follows:

Abinger, succeeding Ebro Rude Skov
Greenwich Eskdalemuir (Rome or Terracina)
Adelaide Falmouth (discontinued) San Fernando
(Algiers or Bouzaréah) Helwan San Juan
Alibag Hongkong San Miguel, Azores
Antipolo Honolulu Sodankyli
Apia Huancayo Stonyhurst
Batavia Kakioka Tananarive
Cape Town Kew (discontinued) Teoloyucan
Cheltenham Mauritius Toolangi
Christchurch or Amber- La Quiaca Uccle
ley Lukiapang, succeeded by Val Joyeux
Coimbra Zikawei and Zosé Vassouras
De Bilt Pilar (Washington)
Dehra Dun Pola Watheroo
Dombas Potsdam, succeeded by

Seddin and Niemegk

At many of the observatories listed above two or more series
of intercomparisons were obtained. Those stations which are
enclosed in parentheses are not, in the full sense, observatories
but involve national standards.

Provisional International Magnetic Standards, based on the
earlier intercomparisons, were adopted by the Department (see

16*
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Res. Dep. Terr. Mag., v. 2, pp. 211-278, 1915, and v. 4, pp. 395-
475, 1921) before development of means to accurately measure
electric currents and of standard cells needed for electromag-
netic methods of determining the Earth’s field. "This wide ex-
perience developed in the course of years a procedure for inter-
comparisons of magnetic instruments and standards based upon
magnetic observations either by magnetometer, dip-circle, or
earth-inductor. So far as intercomparisons with electromagnetic
instruments are concerned, it is to be remarked that all of the
precautions indicated in this procedure have heen found to
apply in the work done in more recent years. (See communica-
tion to the Association by S. E. Forbush and E. A. Johnson
cited above.) Therefore, a copy of the standard instructions
issued to Department observers for intercomparisons of mag-
netic instruments is given in Appendix 1 below.

APPENDIX 1

Procedure of Department of Terrestrial Magnelisin, Carnegie Instilution
of Washington, for inlercomparisons of magnelic instruments and
standards at observatory- or field-stations

Preliminary, — After the necessary arrangements have been made
and facilities obtained from the proper authorities to carry on the work,
it should be determined whether any pronounced local magnetic
disturbance exists in the neighborhood of the proposed stations. This
may be readily done by getting the magnetic bearing of a line at dif-
ferent points by the compass-attachment of the dip-circle, or by the mag-
netometer. If there is any considerable local disturbance and other sites
cannot for any reason be chosen, particular care must be exercised to
see that the magnetic systems of the various instruments will be in the
same horizontal plane at the same station; in case this is not possible,
the height should be noted and recorded from a suitable reference point,
for example, the top of a stake driven into the ground, and deter-
minations made subsequently at different heights at bhoth stalions to find
if there is a measurable local magnetic disturbance in the vertical. Full
notes and records should be made of any such preliminary work.

Stations, — Generally but two stations should be used for inter-
comparison work; these, unless they are already named, as may be the
case at observatories, should be designated as “A” and “B”. For ob-
servatory-work “B” should be the auxiliary station and “A” the regular
ohservatory-pier; at some observatories different piers or stations are
used for different elements, and intercomparisons for each particular
element should be made accordingly. The azimuth-lines for both stations
should be referred to the same determination of azimuth (in particular
in those cases, as stated later, where there may not be an interchange
of stations). Where possible, it is preferable that both stations he in
a line of determined bearing from one of them and that the same mark
be used for the work at both. When azimuths are accepted as determined
for one station by the authorities of the observatory, the azimuth used
at the auxiliary station should be invariably referred to the former by
setting the auxiliary station in line of observatory-station and mark, or
of observatory-station and an auxiliary mark, the bearing of the latter
being determined by angular measurement at the observatory-station.
Triangulation between stations should be resorted to only when neces-
sary, as it is not in general in this work a satisfactory method, owing
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to the fact that one side of the triangle involved, namely, the side from
station to station, is comparatively very short and the sights involved
accordingly less accurate.

Exchange of stations and simullaneily of observalions. — For the
most reliable results it is desirable that simultaneous deterininations he
made with the instruments being compared, and also that there be an
exchange of instruments between stations; in this way the data for the
determination and elimination of any station-difference are secured. At
observalories where the regular pier or piers used in determining the
magnetograph base-lines may be observed upon and the observatory
absolute reductions from magnetograms supplied promptly, there would
be no necessity for an exchange; this condition is, however, not often
met with as the final determinations of the base-lines are usually a year
or more behind current work. In some cases it will be found that
previous thorough examination on the part of the authorities indicates
no measurable local magnetic disturbance; it is, however, even in such
cases desirable that an exchange of stations be effected as there are
frequently unsuspected sources of disturbance formed and placed subse-
quent to the original examination. Exchange of stations at the time of
the comparisons takes but a short while and makes certain the elimina-
tion of any possible station-difference,

The observations should be made as nearly simultaneously as is pos-
sible; the local mean times of declination-determinations should agree
within one minute of lime; those for horizontal-intensity determinations
and inclination-determinations within two to four minutes of time, With
care, these limits can be easily attained.

Observations. -— There should he with each instrument at least 12
complete determinations of declination, six at each station; six complete
determinations of horizontal intensity, three at each station (one deter-
mination with a magnelometer consisting of two sets of oscillations and
two sets of deflections at three distances); and at least six determinations
of inclination (when dip-circle is used, six determinations with each
needle), three at each station. The observations should he made with
different orientations of the foot-screws of the instruments, preferably
such that there will be an equal number of observations at each station
for foot-screw A south, foot-screw B south, and foot-screw € south. The
work for any one element should not he done upon one day but
distributed over several days to eliminaie any possible effect due to
magnetic storms. Where there is not an exchange of stations, at least
thelsame total number of determinations for each element should be
made.

Miscellaneous remarks. — Parlicular care must be used to see that
the instruments are in good working order; before leaving the station
the computations should be carried out to determine that there have
been no blunders or errors of any kind. In case there is reason to
suspect any of the observations, such should he repeated.

In some cases it is not possible that simultaneous observations be made
owing to lack of time or assistance at the ohservatory; in such a case
the observations should be carried out alternately at each station by the
same observer, thus with the two instruments 1 and 2, and the stations
“A" and “B”: Observations with 1 at “A”; with 2 at “B”; 2 at “B”;
1 at “A”; 1 at “A”; 2 at “B”; 2 at “B”; 1 at “A”; and so on. The
instruments should then be exchanged and observations made with 2
at “AJ’; 1 at “B”; 1 a.t “BJ’; 2 at ltA”; 2 at MA" ; 1 at ‘(]311; 1 {lt “BIJ;
2 at “A”, The attempt should be to have as litile fime as possible bhetween
the determinations at the two stations to eliminate effects of diurnal
variation. With the number of determinations cailed for above, this
scheme of observation, while not giving as good results as simultaneous
infercomparisons, will suffice.
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Full notes should be made invariably by the observer as follows:
Official designation of the observatory; auspices under which operated;
director or presiding officer; names and official position of those
directly in charge of the magnetic work; names of observers; makers
and numbers of instruments used by the observatory in the comparisons
with such remarks regarding their construction and method of obser-
vation as may seem desirable; detailed information with sketches show-
ing relation of stations, marks, etc.; detailed information regarding
variation-instruments and methods followed.

. At observatories a list of the local mean times should be left with
the recuest that the office be supplied at the earliest possible moment
with the observatory-results and any pertinent data such as corrections
adopted by the observatory, etc..

The greatest care should be exercised to see that there is no artificial
local disturbance present, such as magnets of other instruments and the
like. This has been at times a source of considerable trouble in com-
parison work, and has practically vitiated the results.

At observatories where it is impossible to remove the regular instru-
ments it is desirable, in case there is no positive assurance that no local
disturbance exists in the neighborhood of the auxiliary station, that a
second auxiliary station be established.

Where instruments are fixed on the piers and cannot be removed,
it is desirable that some observations be made for determining whether
there is any local disturbance in the immediate neighborhood of the
observatory and auxiliary stations. This can be determined by establish-
ing one or two additional stations and obtaining, say, two sets of
simultaneous observations with the observatory-instrument. The resulting
difference between standards of course should be the same as determined
at the first auxiliary station. In case there is evidence of disturbance,
the observations which may be necessary to determine it must be deter-
mined upon hy the observer locally, as it is impossible to give directions
that apply to more than one case.

The above remarks have been made as applying generally
to observatory-work, but intercomparisons of instruments in the
field should be carried out in general along the same lines. It
should be noted that the exchange of stations involves also the
exchange of the tripods belonging to each instrument.

Dep. Terr. Magn., C.1. W., August 15, 1936.

RESULTS OF INTERNATIONAL COMPARISONS OF
MAGNETIC HORIZONTAL INTENSITY WITH
CIW SINE-GALVANOMETER 1

By S. E. FORBUSH and E. A. JOHNSON
Sine-galvanometer 1 of the Department of Terrestrial

Magnetism of the Carnegie Institution of Washington was as-
signed for absolute observations (S. J. Barnett, Res. Dep. Terr.
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Mag., v. 4, pp. 373-394, 1921) of magnetic horizontal-intensity
(H) in the cooperation of the United States Coast and Geodetic
Survey and the Department as the standard at the Cheltenham
Magnetic Observatory, where it has been so used since August
1935. This had not been possible previously as the Observatory
had not until 1935 the necessary supply of electrical current
and other facilities which were provided by the improvements
and added observing facilities made there in 1934-33. Thus as re-
gards the United States there has been undertaken the important
and long-contemplated step of transferring to Cheltenham the
provisional International Magnetic Standards (L. A. Bauer and
J. A. Fleming, Res. Dep. Terr. Mag., v. 2, pp. 211-278, 1915, and
J. A. Fleming, Res. Dep. Terr. Mag., v. 4, pp. 395-475, 1921) of
the Department of Terrestrial Magnetism and complete re-
alization of the Association’s resolution 4 at Rome in 1922 and
items a and b of resolution 5 at Prague in 1924, :

Care was taken, in adapting CIW sine-galvanometer 1 for
absolute control-observations at Cheltenham by the Department
of Terrestrial Magnetism, to reduce the observational errors of
the electrical measurements so that, except for possible systema-
tic errors, the probable error of a single determination of the
base-line of the photographic record is that arising from errors
in scaling of the magnetograms. Provided they are marked at
the time of measurement, the probable error of a single base-
line determination is +0.4y in a field of 18,500y, or ap-
proximately one part in 50,000. The measurement of current in
the Helmholtz coils is made to one part in 100,000. If the
magnetograms are not marked, the probable error is inereased
to +0.7y.

The original apparatus for the measurement of current and
the routine of measurement were simplified so that a deter-
mination of H is reduced to less than two minutes; the complete
observation is done by one observer. Some six to eight minutes
suffice for adjustment of current and for the computations.
Such rapid measurement of intensity with the sine-galvanometer
and its accuracy make this instrument superior to a mag-
netometer, for which the probable error of a determination is
about +3y under similar conditions. Furthermore, the ac-
curacy of sine-galvanometer values is such that they may be
used to determine the scale-values of the H-variometers.

Current is measured in the usual way using a standard re-
sistance, a potentiometer, and a set of three saturated standard-
cells. The current is always set at the same value and a circuit
is provided to adjust the current to one part in 100,000; the
design of circuit permits reversing the current without ap-
preciable change in magnitude. It is necessary to reduce pos-
sible slow changes in current, arising from drift of battery-
voltages, to a minimum and to eliminate the effects of ambient
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Fig. 1. — Wiring Diagram of Sine-Galvanometer Control-Panel.

temperature-variations on the clectromotive forces of the
batteries.

The circuit is shown diagrammatically in Figure 1. The
reversing switch 5, of very low contact-resistance, has six con-
tacts in each pole. Its wiring is so arranged that the resistance
is equal in both positions. The resistances, Ry to R;, control
the current and give successively finer control, so that Rj
permits adjustment to five parts in 1,000,000. These resistances
were chosen so that any contact-resistance of the variable arm
is negligible. Switch S, is an on-off switch; switch S; and re-
sistance Ry allow aging the batteries without passing the cur-
rent through the sine-galvanometer. Switch S; and resistance
R; control the hattery-supply for the potentiometer. Switch S;
permits selection of any one of the three standard cells for use
with the potentiometer. All materials are as free from magnetic
materials or effects as possible. The circuits are arranged so
that no parasitic thermoelectric or galvanic effects are present.

It was found that if the batteries were exposed to ambient
temperatures, battery-drifts were excessive. Since, for accurate
measurements, standard cells must be kept at constant tem-
perature, standard cells, standard resistance, and the two bat-
teries supplying current to the Helmholtz coils and to the
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potentiometer are enclosed in a constant-temperature cabinet
with alternating-current heaters. Eveready air-cells are used
as they were found to be superior to storage-batteries for (his
purpose. Thus hattery-drifts are approximately only one part
in 100,600 per minute after aging for about two hours, which
is adequate. The temperatures of the standard cells and

standard resistance — mounted with a thermomoter inside an
iner, well-insulated compartment — are observed with =

telescope extending into the cabinet. The galvanometer for
deteeting current, of the CIW astatic-field type, is mounted on
lop of the cabinet together with an alternating-current light-
source and suitable optical system to make readings on a ground-
glass scale,

Figure 2 shows the control-panel and Figurc 3 the cabinet,
The cabinet is mounted on piers without contact with the floor
and is about 20 fect from the sine-galvanometer which is
mounted on a pier in an adjacent room.

The values of standard cells, standard resistance, and
potentiometer are known 1o onc part in 100,000, and the ab-
solute value of current in terms of these quantities is known
to about two parts in 100,000. The correction-factor to reduce
international amperes to absolute amperes is 0.99993. Since the
standard resistance and potentiometer-sctting are fixed in value,

STaN0LAD atus

wv;.
i

Fig, 2. — Control-Panel for CIW Sine-Galvanometer 1.

the probable error of a measurement of current is about one
part in 100,000, although the systematic crror may be as large
as three parts in 100,000 in absolute value. The coil-constant
(G) of the Helmholtz coils is known to one part in 30,000 (S,
1. Barnett, Res. Dep. Terr. Mag., v. 4, pp. 373-304, 1921). Con-
sequently the probable error of a single determination of H is
approximately five parts in 100,000, whercas the obscrved ob-
servational error is about two parts in 100,000,
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Fig. 3. — Interior view of
control-cabinet for CIW
Sine-Galvanometer 1.

The current chosen is such that, for values of H near 18,300y
the sine-galvanometer has a sensitivity of 1.5y per minute of
are. Since the horizontal circle may be read easily to 107, the
probable observational error in reading the angle is about 0.3y.
Consequently the observational error should be about 0.4y
for any single observation, which agrees with the observed
probable error. o

The formula by which H is obtained from the known coil-
constant, coil-current, and double deflection-angle of the
suspended magnet can be put into the form (see reference
first cited above)

H= Gl/sin [(® +©" 4 v

v) (1/2)]

where ® and ©' are the two angles read on the circle and y
and v’ are the small angles, read on a scale, by which the
mirror is ahead of the coil in azimuth. Since G and I are fixed,
a table of ©® against GI/sin © is used in obtaining H from the
measured angles. The temperature-corrections, always small,
are also found from convenient tables.

An observation proceeds as follows: The standard cells
are checked against each other. (1) The current through the
coils is then adjusted to the correct value; (2) the sine-galvano-
meter coil is adjusted so that the cross-hair in the telescope
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coincides with the index on the scale and the horizontal circle
is read; (3) the current is readjusted to the exact value and
the value of v is read on the scale; (4) the current is reversed
and the procedure repeated for the second angle; (5) the value

p=0O@+060" +y—v)(1/2)

is computed and H is determined from the table.
Figure 4 shows, as a typical example, the bhase-line values
resulting from sine-galvanometer observations of November 21,

iy s ; ADOPTED BASE-LINE
Lo v 4 . | o 25 2 182391
L] . & L] L . :.
- o . 2 3 1893381
75° WEST MERIDIAN HOURS
0 < 1 A i s i

Fig. 4 — Base-line of Cheltenham H-Variometer 1 from
Sine-Galvanometer observations, November 21, 1935.

1935. Since accurate sine-galvanometer measurements had
shown the magnet of the variometer to be slightly displaced
from the magnetic prime-vertical, these results are corrected

Table 1 — Results of horizontal-intensity comparisons, USCGS magneto-
meter 26 and CIW sine-galvanometer 1 at Cheltenham Magnetic
Observatory, July 1935

Dits 75° west mean time | Hor. int. obtaineds | (SG 1—
a ~
From | To |Cheltenhame SG 1 Cheltenham)
1935 h m h m ¥ Y Y
July 8 15 29 16 33 18350 18355 +5
9 11 09 12 06 336 332 —4
9 13 01 13 54 356 357 -+1
9 13 59 14 50 363 364 +1
9 15 01 15 53 362 364 -+2
10 9 24 10 20 299 302 -+3
10 10 26 11 22 3006 309 +3
10 11 33 12 29 323 325 +2
10 13 38 14 35 345 341 +2
10 14 42 15 39 3417 350 +3
11 11 32 12 24 321 324 -+3
11 13 04 13 55 361 361 0
ool | v a s —+1.7¢
Mean value of (SG 1— Cheltenham)................ or --0.00009H

aValues obtained with SG 1 at Pier 8§ referred to Pier 3, when USCGS
26 was used, by station-difference (Pier 3 — Pier 8)= +0 7v.

b(Ah(,ltellh‘llll*(Ub( GS 26 —0.00100H) as adopted by the Survey in
1913; each value by 26 results from one set of deflection-observations
at two distances, preceded and followed by one set of oscillations.

cProbable errors: Single observation, +1.5y; mean value, +0.4y or
-+0.00002H.
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Table 2— Results of horizontal-intensity comparisons, CIW magneto-
cmeter 3 and CIW sine-galvanometer 1, at Chelienham Magnetic Ob-
© servatory, July 1935 - e : ]

75° west mean time Hor, int, obtaineda
Date y . (SG 1—-CIW 3}

. CCIW 36 :

From . To . — 1MS SG 1
1935 hm = "hm . Y Y ) T
July 13 11 14 = 12 08 - 18346 - 18341 —5b
.15 13 10 13 471 345 ) 352 +1
15 14 26 15 03° 354 355 —+1
15 15 41 16 13 345 350 -+5
16 10 16 - 10 56 311 307 —4
16 11 21 11 57 308 308 0
16 13 02 14 09 348 344 ) —4
16 14 32 15 07 351 357 -+6
16 15 29 16 02 360 . 362 —+2
17 10 10 i0 47 298 304 -+6
17 11 27 11 38 307 308 -+1
17 12 49 13 23 318 327 -+9
17 13 47 14 21 338 339 -+1
17 14 38 15 10 351 351 +6
17 15 28 16 29 359 361 +2
18 C 10 07 10 43 282 289 -7
18 14 03 14 39 350 351 —+1
18 15 01 15 32 364 369 45
18 15 30 16 26 3172 376 —+4
19 12 13 12 45 304 310 -+6
19 13 04 13 35 316 323 +1
19 13 39 14 12 338 342 +4
19 14 42 15 14 345 350 =+3
19 15 18 15 51 350 . 3587 —+17

- 3¢
Mean value (SG 1—IMS)......... ..o i, or —i—O._gg(]SISH

aValues obtained at Pier 8 referred to Pier 3 by station-difference
(Pier 3 — Pier 8) = -+0.7y; CIW 3 was at Pier 8 with SG 1 at Pier 3
through the morning of July 19 and at Pier 3 with SG 1 at Pier 8 for
the remaining observations.

bEach value by CIW 3 which is cequivalent to IMS, that is, (IMS—
CIW 3)= 0.00000H, results from one sel of oscillations and one set of
deflections at three distances.

Probable errors: Single observation, 1-2.6y; mean value, +0.5vy or
=+ 0.00003H.

for the effect of declination. Espceially quiet conditions pre-
vailed November 21, 19353; consequently the scaling-error is
reduced to a minimum. The calculated probable error of a
single observation for these data is +4-0.4y which agrees very
well with the expected probable error when the scaling-error
is considered. On disturbed days the probable error of a single
observation is increased on account of the increased scaling-
error. However, it is seldom greater than +1.0y, so that the
basc-line may always be known to this accuracy.
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Table 3 — Results of horizontal-intensity comparis'ons., CTW magnetome-
ter 18 and .CIW sine-galvanometer 1 at Cheltenham Magnetic Obser-
yvatory, August and October, 1935,

| 75° west mean time

Hor. int. obtained

Series | Date ‘

(SG 1—-CIW 18

From: |- - To CIW 18| SG 1>
1935 h'm h m Y Y Y
I Aug. 8 14 10 14 55 18368 18369, -+ 1
-8 14 59 15 37 360 367 —+ 1
9 10 27 11 04 318 313 — 5
] 11 06 11 41 315 317 + 2
9 13 04 13 41 332 344 +12
9 13 45 14 22 350 349 — 1
9 15 01 15 37 355 354 — 1
9 15 40 16 16 355 352 3
12 i0 45 11 24 321 323 - 2
12 i1 29 12 09 339 345 + 0
12 13 17 13 54 376 372 — 4
i2 13 38 14 31 368 369 + 1
Mean value series 1 of weight 7 of (S-G 1—CIW 18) +1.de
e ‘ = or --0.00008H
II Qct, 1 11 08 11 59 18302 18312 10
1 12 54 13 40 323 325 —+ 2
1 13 47 14 35 337 334 — 3
1 14 40 15 27 335 340 + 35
1 15-29 16 11 330 338 + 8
2 10 29 11 21 203 295 + 2
2 11 26 12 12 293 299 4 6
2 12 43 13 25 308 315 + 1
2 13 33 14 16 315 315 0
2 14 18 14 57 319 320 -7
2 14 59 15 40 332 336 -+ 4
2 15 42 16 23 332 3317 .+ 3

Mean value series IT of weight 10 of (SG-1—CIW 18)

4,44
or -+0.00025H

Weighted mean value of (SG 1--CIW 18} ...........

~0.00018H e

aQbservations with CIW 18 on PYier 1 in August and on Pier 8 in
October; station-differences as determined from observations with sine-
galvanometer are: (Pier 4—Pier 8)— —1.5v; (Picr 4—Pier 1)=-+0.6v.
nDetermined by scalings of magnetograms using base-line value from
sine-galvanomeler ohservations at Pier 4 to which all data of Table
are referred by above station-differences,
<Probable crrors: Single ohservation, --3.3y; mean value, +1.0v,
dProhable errors: Single ohservation, +2.5v; mean value, +0.7y,
«Probhable error of mean, +0.00005H.




256 PART V,— COMMUNICATIONS

To control the transfer of standard from that set by mag-
netometer 26 previously used for control at Cheltenham to that
of CIW sine-galvanometer 1, intercomparisons were made at
Cheltenham with CIW standard magnetometer 3, CIW mag-
netometer 18, and USCGS magnetometer 26. The results of
these intercomparisons obtained by S. E. Forbush, E. A. John-
son, and J. W. Green are given in Tables 1 to 3.

The Institution is under obligation for the courtesy of Ad-
miral R. S. Patton, Director of the United States Coast and
Geodetic Survey, and especially of Captain N. H. Heck, Chief
of the Division of Terrestrial Magnetism and Seismology, as
well as to the members of staff at Cheltenham, for their devoted
cooperation which has made possible experimental develop-
ments and improved observational technique in the maintenance
of observatory standards.

Table 4 — Results of horizontal-intensity comparisons, CIW magneto-
meter 16 and Agincourt Schuster-Smith coil-magnetometer, at Agin-
court Magnetic Observatory, December 1933

756° west mean time Hor. int. obtaineda
c|[(IMS —Agincourt
Date ‘ CIW 16 | Agincourt ( : :
‘ From To corrected | Schuster- Schuster-Smith)
\ | to IMSb Smithe
1933 h m h m Y Y Y
Dec. 19 14 46 15 43 15445 15443 + 2
20 9 43 10 34 425 427 — 2
20 10 25 11 18 422 422 0
20 11 08 12 23 413 420 — 1T
20 12 36 13 28 422 428 — 6
20 13 19 14 11 422 433 —11
20 14 02 14 54 433 440 — 1
20 14 45 15 40 435 444 — 0
21 10 17 11 05 424 4217 — 3
21 10 56 11 43 421 423 — 2
21 11 34 12 21 421 423 — 2
21 12 11 12 54 415 425 —10

Mean value of (IMS—Agincourt Schuster-Smith)., 5 —E%ﬁSMH

aStation-difference = 0.0y.

b(IMS—CIW 16) = —0.00016H, or —2.5y at Agincourt — determined at
Washington, October 16-18, 1933, in comparison with CIW standard
magnetometer 3; the series at Agincourt with CIW 16 consisted of al-
ternate sets of oscillations and deflections at three distances, each value
resulting from computations for each set of deflections using preceding
and following sets of oscillations.

cDetermined from magnetograms for which base-line controlled by
Schuster-Smith magnetometer.

dProbable errors: Single observation, +2.8y; mean value, +0.8y or
+0.00005H.
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Through the courtesy of Director J. Patterson of the Meteoro-
logical Service of Canada, comparisons of CIW magnetomeler
16 with the Schuster-Smith coil-magnetometer at the Agincourt
Observatory were obtained in December 1933 by J. W. Green
of the Department of Terrestrial Magnetism and W. E. Ross
and F. Furnell of the Observatory. The results are summarized
in Table 4.

Upon the conclusion of a long field-trip in southern, eastern,
and northern Africa, R. Mansfield of the Department of Ter-
restrial Magnetism made observations at the Abinger Magnetic
Observatory in July 1935 through the courtesy of the Astronomer
Royal; from these there followed an intercomparison with the
standard Schuster-Smith coil-magnetometer of that Observatory,
the results of which are given in Table 5. Mr. Mansfield also
obtained in July 1935 observations with, CIW magnetometer 16
at the Adolf Schmidt Magnetic Observatory at Niemegk through
the courtesy of Dr. A, Nippoldt; from these we have a com-
parison of the standard magnetometer at Niemegk through the
magnetograms there, the results of which are given in Table 6.

Table 5 — Results of horizontal-intensity comparisons, CIW magneto-
meter 18 and Abinger Schuster-Smith coil-magnetometer, at Abinger
Magnetic Observatory, July 1935

Greenwich mean time | Hor. int. obtaineda
(e (SG 1-—Abinger

Date | CIW 18 | Abinger | ¢ ey
From To corrected | Schuster- Schuster-Smith)
| to SG 1» Smith

1935 h m h m Y Y Y

July 17 13 15 14 10 18546 18543 -+3
17 14 18 15 09 547 546 —+1
18 8 45 9 32 524 519 -+5
18 9 37 10 25 521 514 —+7
18 13 46 14 38 527 529 —2
18 14 43 15 26 : 534 528 -+6
19 8 32 9 19 526 528 —2
19 9 25 10 11 525 524 -+1
19 13 42 14 29 538 534 -+4
19 14 34 15 16 542 540 +2
19 16 00 16 45 542 538 -+4
19 16 48 17 31 531 535 —4

Mean value of (SG 1—Abinger Schuster-Smith) +2.1¢
7 ¥ | 2 “ or -+0.00011H

aStation-difference = 0.0y.

bAfter taking account of gradual change in moment of inertia of
magnet and suspension-system during field-work, (SG 1—CIW 18) =
-+0.00018H or 3.3y at Abinger.

¢Probable errors: Single observation, +2.3y; mean value, +0.7y or
+0.00004H.

17
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Table 6 — Results of horizontal-intensity comparisons, CIW magneto-
meter 18 and standard magnetomeler of the Adolf Schimidt Magnetic
Observatory at Niemegk, July 1935

Greenwich mean time Hor. int. obtaineda

Date CIW 18 Niemegk [(SG I—Niemegk)
From To corrected | magneto-
to SG 1v ' metere
1935 h m h m ¥ ¥ v
July 5 8 58 10 02 18452 18455 —3
3 10 07 10 52 452 456 —d
3 14 08 i4 53 404 495 —1
3 14 58 15 43 503 500 +3
3 16 23 17 08 501 503 —2
3 17 13 17 33 499 499 0
5} 8 19 9 02 467 462 +35
6 9 06 9 46 455 457 -2
6 10 45 11 29 471 468 +3
6 11 34 12 11 470 473 -3
6 13 46 14 28 484 488 —4
6 14 33 13 18 503 497 +6
M lue of (SG 1 — Niemegk ~0.20
ean valuc of (SG iemegk) ... L. or —.00001H

aCGIW 18 at Pier 5; station-differences between Pier d and other
piers used by Observatory standard instruments are 0.0y,

bAfter taking account of gradual change in moment of inertia of
magnet and suspension-system during [lield-work, (SG 1-—-CIW 18) =
+0.00018H or —+3.3y at Niemegk.

¢Values determined through magnetograms by Observatory staff.

dProbable errors: Single ohservation, £+2.3y; mean value, +0.7y or
+0.00004 H.

From Tables 1 to 6 we arrive at an intercomparison of
three clectromagnetic standards used hy the United States,
Canada, and England, of the magnetometric standard used
by Germany, and of the provisional International Magnetic
Standard of the Department of Terrestrial Magnetism of the
Carnegie Institution of Washington as shown in Table 7.

The agreement, not only between the sine-galvanometer and
the two Schuster-Smith coil-magnetometers but also between
the sine-galvanometer and the standard magnetometer of Ger-
many, is striking. The larger probable errors in the case
of the comparisons at Agincourt, Abinger, and Niemegk are
partially because the comparisons were indirect; in any case
they are to be regarded as estimates because of the limited
number of observations,

The results also confirm, within the limits of observational
error, the provisional International Magnetic Standard adopted
by the Department of Terrestrial Magnetism of the Carnegie
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Table 7 — Summary of horizontal-intensity comparisons, direct and
indirect, CIW sine-galvanometer 1 with other standards

: Resulting mean difference
Comparisons on sine-galvanometer 1

Refer-
ence

Probable er-

During l At obs'y ’ With standard Mgan AH | of mean

Table 1 July 1935 Cheltenham Magnetometer 262 of
Observatory direct  +0.00009H  --0.00003H
2 July 1935 Cheltenham Magnetometer CIW
3b, which is IMS5,
direct —+0.00018H 4-0.00003H
4 Dec. 1933 Agincourt Schuster - Smith coil-
magnetometer of

Observatory,

through CIW 16

and IMSe —0.00013H --0.00005H
5 July 1935 Abinger Schuster - Smith coil-

magnetometer of
Observatory,
through CIW 18 —+0.00011H -0.00004H
6 July 1935 Niemegk Wanschaif magneto-
meter of Observa-
tory,throughCIW 18 —0.00001H  +0,00003H
Vol. 44 June Igz'}Washin ton ‘Magnetometer CIW 3,
Aug. 1921 & which is IMS, direct --0.00004H  --0.00003H

alintil use of CIW sine-galvanometer 1 as standard at Observatory
beginning in August 1935, USCGS magnetometer 26 with a correction
from 1913 of —0.00100H was used.

bThe instrument on which the provisional International Magnetic
Standard of the Carnegie Institution of Washington is based (see v. 2
and 4, Res. Dep. Terr. Mag., pp. 211-278, 1915, and 395-475, 1921) and
for which correction is 0.00000H, that is, (IMS—CIW 3)= 0.00000H).

c(IMS— Agincourt)=—0.00031H as observed at Agincourt using CIW 16
whence, since (SG1-—IMS)= }0.00018H, (IMS— Agincourt) =—0.00013H.

dSee J. A. Fleming, Res. Dep. Terr. Mag., v. 4, pp. 467-470, 1921.

Institution of Washington in the published results of its many
series of comparisons at a great number of magnetic observa-
tories throughout the world during 1906 to 1921 (see volumes 2
and 4, Res. Dep. Terr. Mag., 1915 and 1921, and the unpublished
results of such work from 1922 to 1935).

Dep, Terr. Magn., C. I. W, July 31, 1936.
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TRIALS MADE WITH THE QHM
BY THE
DANISH METEOROLOGICAL INSTITUTE

Communications Magnétiques, etc., No. 15, pp. 11-21.
Communications Magnétiques, etc., No. 16, pp. 1-11.

Communications Magnétiques, ete., No. 17, p. 13.

Preliminary results of comparisons
between the Standard Magnetometer (K-std.)
and 3 Q.H.M. at Kakioka Magnetic Observatory,

September 1936

Report submitted by S. IMAMITI, dated Kakioka, September 15, 1936.

Q. H. l\:['lS

date i L mean g for ‘ Hori. int. by | (]’A {‘Il)
% ime emp.| Lk {-std)-
e | dntorsion oy M| Kstd | QH.M

‘ h m il a1 | 1 | v o ¥

Sept. 1. | 13 184 | 2850| 74 1888 | 20712.3 | 207288 | 416.5
| 13 24.6 | 28.62 74 1950 | 29712.0 297289 416.9

| 13 305 | 28.66| 74 19.13 | 297129 | 29729.9 +17.0

| 13 49.0 | 28.81 | 74 1888 | 29715.2 | 29732.3 | +17.1
13562 2886 74 1888 | 297159 | 297325 +16.6

14 042 | 2891 | 74 18.88 | 297163 | 297324 +-16.1

| 14233 | 2000 741975 | 297151 | 297321 | 17,0

| 14 302 20.02| 74 2000 | 297147 | 297316 | 4169

| 14 36.9 | 29.09| 74 2048 | 297143 | 29730.6 | +16.3

| 14599 2013| 742133 | 297126 ‘ 29729.2 | +16.6

15 07,6 | 2012| 74 21.00 | 297132 | 29729.5 +16.3

|15 151 ‘ 29.09 74 21.00 | 29712.9 | 29729.4 +16.5

| |
mean —+16.7

(@) declination changes are corrected.
(M using formula

log H = 9,45249 — log sin ¢ - 0.000143 t — 0.00137 H cos ¢.
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Q. H. M.y

date M it mean ¢ for Hori. int. by (K_\ IEII)
p ime |[temp. [ -std)-
1945 [~ | Astarsten o gl kesta, | GoH Moy

h m 5 : Y v ‘ v

Sept. 2. | 11 23.2 | 28.41 15 28.20 29701. 29717.8 | -+16.5
11 31.1 | 28.48 75 28.40 29701.7 | 29717.7 -+16.0

11 39.9 | 28.57 75 28.70 29702.0 | 29718.0 -+16.0

13 35.9 | 28.81 75 26.88 29708.7 | 29725.3 --16.6

13 44.5 | 28.84 75 27.05 29707.9 | 29725.3 +-17.4

13 53.4 | 28.87 75 20.60 29710.8 | 29727.1 -+16.3

14 20.4 | 29.12 75 26.03 29714.1 | 29730.7 -+-16.6

14 26.8 | 29.19 75 26.03 29714.8 | 29731.4 -+16.6

14 35.6 | 29.21 75 25.48 29716.3 | 29732.3 -+16.0

15 40.8 | 29.44 75 25.93 29718.4 | 29734.7 -+16.3

15 48.6 | 29.55 75 26.45 29711.9 | 29734.7 | -+16.8

15 57.0 | 29.55 75 26.13 29718.6 | 29734.8 i --16.2

mean -+16.4

() declination changes are corrected.
b using formula

log H = 9.45428 — log sin ¢ -+ 0.000161 t — 0.00261 H cos ¢.

Q. H. M.p,
date t : mean ¢ for Hori. int. by (KA I’tIl)
ime emp. i _—— -std)-
1936 4 mtorsion o g M| K-std, | O.H.Mgs
h m o B Y I Y Y
Sept. 3. 10 21.2 | 28.26 75 09.58 29693.5 | 29710.3 -+16.8
10 30.2 | 28.37 75 09.00 29695.9 | 29711.7 —+15.8
10 40.2 | 28.48 75 09.00 296917.1 29713.6 -+16.5
11 02.0 | 28.63 75 08.83 29699.0 | 29715.4 -+16.4
11 09.6 | 28.66 | 75 08.88 29699.2 | 29716.2 —+117.0
11 17.6 | 28.72 75 08.88 29699.9 | 29716.9 -+17.0
Sept. 4. 10 24,4 | 28.00 75 10.40 29690.0 29706.7 -+16.7
10 31.7 | 28.19 75 10.85 29689.9 | 29707.1 -+117.2
10 38.5 | 28.22 75 10.95 29690.0 | 297006.6 -+16.6
11 01.1 | 28.38 75 11.83 29689.2 | 29706.0 -+16.8
11 08.7 | 28.41 75 11 98 29689.8 = 29706.2 --16.4
mean -+16.7

@ declination changes are corrected.
M) using formula

log H = 9.45375 — log sin ¢ 4 0.000150 t — 0.00080 H cos ¢.
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SHORT-PERIOD MAGNETIC PULSATIONS AT
THE WATHEROO MAGNETIC OBSERVATORY
By H. F. JOHNSTON

The minute short-period oscillations that are observed in
the magnetic elements have excited interest and provoked dis-
cussion from an early date. The earliest published reference
to these waves is in all probability that by Balfour Stewart
(Phil. Trans. R. Soc., pp. 423-430, 1861). Since then many studies
(sec list by Bruno Rolf, T'err. Mag., v. 36, pp. 9-14, 1931) of these
oscillations have been made by numerous investigators. W. van
Bemmelen (Amsterdam, Proc. Sci. K. Akad. Wet., pp. 202-211,
1899) was, however, the first to refer to these oscillations as
“pulsations”. It is to be noted that “period” of pulsation as used
in this paper is the time-interval from crest to crest.

Pulsations with periods varying from 60 to 180 seconds were
analyzed by F. Lubiger (Zs. Geophysik, v. 11, pp. 116-126, 1935)
to determine their diurnal, seasonal, and secular variations. As
had been previously found for Samoa, the registrations at Pots-
dam, Batavia, Buitenzorg, and Zi-ka-wei for cight years from
1913 to 1920 indicated that the numbers of pulsations showed
a sharp maximum around 23" local mean time and a mini-
mum in the sunlit hours. In addition, all these observatories
confirmed the finding that the equinoctial seasons were clearly
more favorable for the production of pulsations than the sol-
stitial seasons. It was also concluded that there were more pul-
sations in quiet than in active years. In regard to the period
of the pulsations, the Samoan records for 1920 showed that on
the average the period was shorter in the night hours than in
the sunlit hours by approximately one-fourth, that short-period
pulsations occurred one-third oftener than long-period pulsa-
tions, and that 90-second period pulsations occurred much more
frequently than others. At Batavia, pulsations of minimum
period occurred at midnight, which is also the time of their
greatest frequency during the day. During December the
average period of pulsation was shorter than in other months;
December records show also the greatest frequency of pulsa-
tions. Hence Lubiger concluded that the smaller the period, the
more frequent were the pulsations.

A distinet opportunity for further study of pulsations has
been offered by the records obtained at the many world-
distributed magnetic observatories of the Second International
Polar Year. Rapid-run recorders of the la Cour type were
operated at a number of these; the length of record per hour
with these is 180 mm, thus insuring good resolution of the pul-
sations. In addition, the magnets in the declination and hori-
zontal-intensity variometers of these magnetographs had small
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moments of inertia and registrations of pulsations ol quite short_
period are recorded, ) . L
A study has been begun of the pulsations in the capid mag-
netic registrations for the year 1933 at the WathcroQ Magnetic
Observatory of the Department of Terrestrial Magnetism of the
Carnegic Institution of Washington. Some records for Decem-
her 1932 have not been considered since the magnetograph was
then in the course of adjustment. The average scale-values per
millimeter of ordinate for 1933 were: Declination, 1./04; hori-
zonlal intensity, 4.6 gammas; vertical intensity, 2.3 gammas.
Since previous analyses dealt largely with pulsations having
periods of from 90 to 180 seconds, this examination was confined
to pulsations having shorter periods of 20 to 80 seconds. For a
period of 20 seconds, 15 complete waves occur in 300 seconds
of time — corresponding to 15 millimeters of tracc — for prac-
tical purposes the limit of resolution of the magnetogram.” The
magnetograms were examined for the appearance of sustained
oscillations. Days were regarded as “pulsation-days” when
there were several repetitions of the trains of oscillations during
the day. After sclection these days were divided into two elas.

WPable 1 — Short-period pulsations of period from 20 to 80 seconds re-
corded at Watheroo Magnetic Observatory during each month of 1933

Number of days on which pulsations

Month | Group occurred with periods in seconds of
J W | wmiea | a0
Jan. I 10 ¢ 8a
Feb. I 9 5 4
Mar, [} 13 7 Ta
Apr. Il 20 12 8
May I 15 9 8a
Jun. I 13 3 Ila
Jul. i 20 4 16
Aug. m! 14 1 11a
Sep. II 22 7 15
QOct. 1 17 3 13a
Nov. [ 8 7 3a
Dec. I 12 2 10
Totals
Group I 39 18 25z
uroup i 72 31 43n
Group I 62 20 46a
Year 173 69 114a

alndicates nonths in which pulsations with periods both of 20 to 30 seconds
and of 31 to 80 seconds occurred on the same day; the total number of such
days during 1933 was ten.
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ses, namely, (1) those for which period of pulsation was very
short (20 to 30 seconds) and for which the record showed fine
serrations, and (2) those with medium short periods of 31 to 80
scconds for which the magnetogram showed fairly regular
sinusoidal waves. The results are shown in Table 1. Short-
period pulsations appeared on 173 days, very short-period pul-
sations appeared on 69 days, and medium short-period pulsa-
tions appeared on 114 days, there being 10 days on which both
very short-period and medium short-period pulsations occurred.
Dividing the months into the equinoctial and solstitial seasons,
it is apparent that the equinoxes were the most favorable for

Table 2 — Comparison of International magnetic character-figure and
occurrence of pulsations of period from 20 to 80 seconds recorded
at Watheroo Magnetic Observatory in 1933

Average | Tofal ‘ Number of days and percentage of totals for which

Type of day | charac- [number pulsations occurred with periods in seconds of

ter-figure| days 7 ==
| 20 1o 80 | 20 to 30 31 to 80

per cent per cent per cent
Quiet 0.0 to 0.3 130 44 34 1 1 44 34
Fairly quiet 04 1o 0.7 85 41 48 8 9 35 41
Transitional 0.8 to 1.1 88 52 59 31 35 25 28
Disturbed 1.2 to 1.5 50 32 64 25 50 10 20
Much disturbed 1.6 to 1.9 12 4 30 4 30 0 0
Totals 365 173 47 69 19 114 31

Table 3 — Summary of recorded very short-period pulsations (20 to 30
seconds) showing recurrences at intervals of 27 days at Watheroo
Magnetic Observatory in 1933

Month Initial dates and dates of recurrence
January T2
January 28 29 ..
February 24 25 22 ..
March s T ER 1 el Lo I AT R 4
April 19 20 17 16 8 10 18 21 23
May IES1T e B Pln 18
June TR LTS =T e SN . el L
July Pttt Aldel e i SER TUE Tt (OTTAR T B D)
August U AN e RN ) S KL
September St e R e TS S S 1 0w U7 R N
October e ) S SRS R s e SRS T T e e 0 e o 7 g
November A ST W i o] L) BT ] S/ S -

December LATFHE L WS e e e g e R e P e 0D
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pulsations, the winter was less lavorable, and the summer was
least favorable, the predominance of the equinoxes being most
marked for the very short-period pulsations.

The occurrence of the pulsations in regard to magnetic ac-
tivity was also examined. It appeared questionable to assess
magnetic activity only on the basis of the Watheroo magneto-
grams, and accordingly their occurrence was referred to the
average daily International magnetic character-figure from 49
observatories. The days of the year were divided into five types
of average magnetic character-figure, namely: Quiet, 0.0 to 0.3;
fairly quiet, 04 to 0.7; transitional, 0.8 to 1.1; disturbed,
1.2 to 1.5; and much disturbed, 1.6 to 1.9. The occurrence of
pulsations on days of the five types are shown in Table 2, as
well as the percentage of occurrence for each type. It is evident
that short-period pulsations are less likely to occur on quiet
and much-disturbed days than other days, that pulsations of
very short period appear most often on transitional and dis-
turbed days, and that pulsations of medium short period appear
more often on quiet than disturhed days.

The days of pulsations were also examined to determine if
they reappeared at definite intervals. The recurrence of the
pulsations with very short period was found to be quite marked
after a 27-day interval, 53 out of a total of 69 heing such recur-
rences. Table 3 enumerates the days which were recurrences.
The recurrence of pulsations of medium short period was not
quite so marked, 70 of the 114 being 27-day recurrences. Since
the pulsations of medium short period covered the wide range
from 31 to 80 scconds, it is considered that they offer com-
paratively small evidence of the 27-day recurrence so well
shown by the short-period pulsations.

Dep. Terr, Magn., C. 1. V., July 31, 1936.

CONCERNING NON-CYCLIC CHANGE
By A. G. McNISH

Application of a correction to magnetic diurnal variations for
non-cyclic change has received considerable attention during
recent years. Uncertainty as to the hest methods for determining
and applying the correction has at times become so great as to
create doubt as to the fundamental reality of the phenomenon
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itself. It is the purpose of this communication to discuss the
nature of the phenomenon without making any recommenda-
tions as to its determination and application.

Non-cyclic change is defined as the algebraic excess of a
variable at the end of a period as compared with its correspond-
ing value at the beginning of that period. In terrestrial-mag-
netie practice it is commonly determined by comparing the
mean ol the two-hour interval centered on the end of the day
with the mean of the corresponding interval centered on ihe
beginning of the day. Simple considerations clearly require that
if the course of the variable through the day is to be represented
by a series of trigonometrie terms it is necessary to allow for
this non-cyclic change in order that the coefficients should not
be affected by it. Failure to distribute the change throughout
the day is equivalent to ascribing it all to one infinitesimal
interval of time, like a sudden offset in the record.

Some contention has arisen over the fact that the non-cycelic
change is derived from data which are not a part of the series
to which it is applied. Assuming that the non-cyclic change
occurs uniformly throughout the series, it is possible to derive
it from the series itself by fitting the data by least squarcs
to an equation of the form

Ye=a,+kt+ X a,cosnt+ Xb,sinnt

This is of course open to the objection that the amount
of the change will be dependent on the number of terms car-
ried in the series and also that the coefficients will vary with
the number of terms carried. Some values of non-cyclic change
in horizontal intensity for the internationally selected quiet
days at the Watheroo Magnetic Observatory for the entire year,
determined by end-differences and by least squares, are shown
in Table 1.

Table 1. — Comparison of average non-cyclic change in horizontal in-
tensity during internationally selected quiet days at Watheroo
as determined by different methods

Method | 1920 | 1921 | 1922 | 1923 | 1924
Y ¥ Y ¥ Y
End-differences +4.7 453 +43.6 -+2.7 3.5

Least squares, using four waves +49 442 144 138 +3.7

The nature of non-cyclic change — Over any long period
the average non-cyclic change in any clement is necessarily
the secular change in that element if all days are included
in the reckoning. During days selected for unusually quiet or



A, TERRESTRIAL MAGNETISM 267

unusually disturbed conditions an entirely different phenomenon
comes into play. It is well known that during magnetic storms
the value of horizontal intensity in middle and low latitudes
usually decreases, the decrease being greatest near the mag-
netic equator. Reverse effects oceur in vertical intensity, the
greatest change being in high latitudes. For this reason a
lower value of horizontal intensity is to bhe expected at the
end of a disturbed day and a higher value, numerically, in ver-
tical intensity. During quiet days the elements tend to return
to their normal values.so that the changes on quict days are
in general of opposite sign to those on disturbed days. Since
disturbed days are ordinarily much fewer than quiet days the
changes on disturbed days are necessarily greater than on quiet
days in order that the two effeets should compensale,

Seasonal and secular
HORIZONTAL INTENSITY 1 a ar (Il.SfI‘I.bIltl-OH '—Thf.‘ CIOSC

— I 1_*| association of non-cyelic

change with magnetic

&

« SCALE OF GAMMAS

! a o

'y

w0 Je0 Nl
acrwiry % activity leads to the ex-
INTERNATIONAL (u,-MrasuRE) Y S b
s gi sl A ws-sz Y2l pectation of a seasonal
“ . . .
ot oy {reaATive) and secular distribution
9-i934 n 1
FiG. :fgvsp.asz DAILY NON-CYCLIC CHANGES, WATHEROO MAGNETIC of the phenomcna paral—

R TR L S i stiie 101 6 higt OF R EREN (8

tivity. The seasonal dis-
tribution of non-cyclic change in horizontal intensity during
the internationally seclected quiet days and disturbed days
at Watheroo from 1919 to 1934 is represented in Figure 1
together with world-wide magnetic activity (the u;-measure —see
J. Bartels, Terr, Mag., v. 37, pp. 1-52,1932, and v. 39, pp. 1-4, 1934)
for the years 1919 to 1932. A comparison of the annual values
of the same data is shown in Figure 2. The conclusions are
obvious. It is not at all remarkable that this similarity should
appear because the value of the non-cyclic change taken from
the daily means of all the days without regard to sign is the
basis of the u,-measure of magnetic activity,

Separation of non-cyclic change into portions of external and
internal origins Since the principal feature of world-wide
magnetic storms is represented by the first zonal harmonic
about the axis of the Earth’s uniform magnetization, the
phenomenon of non-cyclic change over the entire Earth should
be representable by a variation in this harmonic. Also, as mag-
netic storms are primarily of external origin associated with
electric currents induced ‘within the Earth, it should be pos-
sible to resolve the non-cyclic change into those two portions.

For this purpose the non-cyclic changes in horizontal and
vertical intensity were extracted for the internationally selected
quict and disturbed days at the magnetic observatories of the
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Department of Terrestrial Magnetism of the Carnegie Institu-
tion of Washington and at those of the United States Coast
and Geodectic Survey. The years sclected for study were the
quiet year 1923 and the disturbed year 1926. It was assumed
that the values observed at these stations were typical of the
entire Earth for corresponding geomagnetic latitudes, that the
phenomenon was symmetrical with respect to the geomagnetic
equator, and that the non-cyclic changes were derivable from
a potential varying with universal time. The average non-cyclic
change occurring during a day was fitted to the harmonic

a [E (r/a)-+I(a/r)?] sin ®

in which a is the Eartl’s radius, r is the radial coordinate,
and ¢ is the geomagnetic latitude, the horizontal-intensity and

Table 2. — Coefficients of the potential of average non-cyclic change
due to external and internal causes at Sitka, Cheltenham, Tucson,
Vieques, Honolulu, Huancayo, and Watheroo

Intel‘nationa]_c_[uiet days 'ﬂlt_ernationa]_disturbcd days
|

Harmonics

1923 | 1926 1923 | 1926

v X em v X cm ¥y X em y X em

External (E) -+3.1 +4.5 —8.9 —15.0
Internal (I) --0.7 +1.2 —2.6 — 3.9

Ratio (I/E) 0.23 0.37 0.34 0.38
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vertical-intensity changes being fitted separately. In this way
it was possible to separate the non-cycelic change into the por-
tions due to external and to internal causes. The coefficients
derived and the ratios of the internal to the external coefficients
are shown in Table 2, in which a plus sign for E and a minus
sign for I imply that the change corresponds to a decrease of
the flux-density through the Earth parallel to the Earth’s axis.

Special attention is called to the ratios of the internal to
the external portions. The mean value of this ratio is 0.33.
Chapman (Phil. Trans. R. Soc., v. 219, pp. 1-118, 1919) has
found the corresponding ratios for the solar-diurnal and lunar-
diurnal variations to be 0.39 and 0.44, respectively. The closeness
of this agreement argues that it did not arise through accident.
Without speculating as to the more intimate nature of its cause,
the non-cyclic change on quiet days may be regarded as due to
an increase in a current flowing in the upper layers of the
atmosphere from west to east, the density of which is pro-
portional to the cosine of the geomagnetic latitude, accompanied
by a corresponding increas-

ing current within the Earth, i S ey .
about one-third as great and She B R .
oppositely directed. The den- g EI S g
sity of this current is about SR !
five amperes per kilometer teweroars
in equatorial regions. Non- e ML IR
cyclic change on disturbed il S T .l
days may be attributed to a S ! i
reverse effect of approxi- T ;‘;—s
malely three times this magni- Dl i
tude. From another point of \\ o T
view, the change on disturbed ~ s
days may be regarded as the Sl \-———_.,
building up of such a current [——p--x-xw B T,
while the quiet-day phenome- | i
non may be regarded as the VERTICAL (IENSITY,
decay of the current built up | e
on disturbed days. —!\ 5

The extent to which this FH-p-----] ?ﬁ_\
harmonic representation fits 5 ,_,, ::i:f::“‘
the observed data is shown p=jr=====3==<5=57" \
in Figure 3, in which the ob- |*° 1 \
served values of non-cyclic 0 e St o
change are plotted against - St e o o e e

LATITUDE

the geomagnetic latitude. The
smooth curves represent the
harmonic coefficients from which the values in Table 2 were
derived.
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Linearity of non-cyclic change — An important considera-
tion regarding the non-cyclic change is the distribution of the
change throughout the period during which it oceurs. In order
to investigate this aspect for horizontal intensity on quiet days
the daily mean values of horizontal intensity at Watheroo were
rvecorded for days selected by the Department of Terresfrial
Magnetism and the United States Coast and Geodetic Survey
as being very quiet and which immediately preceded or sue-
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cceded internationally selected quiet days. Each mean was as-
signed a number representing the interval of time elapsing since
the last internationally selected disturbed day. The difference
between the means of each series was then obtained and the
sums of the differences between correspondingly numbered
means were derived. The sums were then divided by the number
of differences entering into each. In this way a representation
of the average increase in horizontal intensity after a magnetic
storm as a function of time was obtained. The results for the
years 1919 and 1925-29 at Watheroo are shown in Figure 4.
The trend of the recovery in horizontal intensity appears to
be substantially linear. The slope of the recovery is about 4y
per day, substantially the value obtained by the end-differences
on internationally selected quiet days.

Dep. Terr. Magn., C.I.W., July 31, 1936.
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PROGRESS OF RESEARCH IN MAGNETIC DIURNAL-
VARIATIONS AT THE DEPARTMENT OF TERRESTRIAL
MAGNETISM, CARNEGIE INSTITUTION OF WASHINGTON

By A. G. McNISH

The establishment of a magnetic observatory by the Depart-
ment of Terrestrial Magnetism of the Carnegie Institution of
Washington near Huancayo, Peru, in geographic latitude 12.°0
south — geomagnetic latitude 0.°6 south — has led to the dis-
covery of magnetic diurnal-variations markedly different [see 1
of “Refercnces” at end of paper] from those expected for such
a region. The anomalous character of the diurnal variations at
this station is most conspicuous in the extremcly large range
in horizontal intensity — for example, the range in this element
was 106 gammas for the international quiet days of the equinox
of 1923 as compared with 32 gammas observed for the same
time at Samoa, in geographic latitude 13.°8 south and geomag-
netic latitude 16.°0 south.

Examination of the variations observed at other stations in
about the same longitnde as Huancayo indicates that they
exhibit certain featurcs which seem to fit into the concept
derived from examination of the Huancayo variations. Wilth
a view to more clearly understanding the variations of these
stations in the Western Hemisphere, a spherical harmonic
analysis of them was undertaken.

The stations uscd for this analysis were Agincourt (43.°8
north, 79.°3 west), Cheltenham (38.°7 mnorth, 76.°8 west),
Vieques (18.°2 north, 65.°4 west), Huancayo (12.°0 south,
75.°3 west), and Pilar (31.°7 south, 63.°% west). The data were
for the international quiet days of the equinox — Mar¢h, April,
September, and Octoher - 1923. Because the data from these
stations were more symmetrical with respect to the geomagnetic
equator than with respect to the geographic equator, the
analysis was referred to gcomagnetic coordinates. The further
assumption was made that the diurnal variations are a function
of geomagnetic time, roughly, and that the variations ohserved
at these five stations are typical for the entire Earth. No as-
sumption was made regarding symmetry with respect to the
e(quator.

The justifiability of these assumptions is questionable,. but
they were necessary in order to fit the data without employing
harmonies which would produce unreasonable values for the
variafions in other latitudes. It was found necessary to carry
a large number of terms in the harmonic series in order to
closely approximate the values, four harmonics being used for
cach wave of the diurnal variation. It should be remarked
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that the harmonics of degree (n + 2) were found to be small
and could have been neglected. Coefficients of the potential-
function were obtained by least squares to give the best fit to
the variations in both the northward and eastward components
of magnetic intensity. A separate set of coefficients was obtained
to fit the variations in vertical component. Thus, although the
inclusion of one more term would have given a perfect fit to
the vertical-intensity variations, six more terms would have
been needed to fit completely the horizontal components. The
usual separation of the potential of the variations into those
portions due to internal and to external causes was made. The
results of the analysis are shown in Table 1.

Table 1 — Amplitudes and phase-angles potential of magnetic diurnal-
variation in Western Hemisphere, international quiet days, equi-
nox of 1923.

(Time-origin is midnight 75° west meridian mean time)

i i | Differ-
| atio ence

WE) | (i-¢)

| External | Internal

OFdar [ Deeles Fr s LW o e
= [ Ampli- | Phase- | Ampli- | Phase-

| tude, E |angle, e tude, 1 |angle, i|

yxem o yXem & &

1 1 36.7 284 9.4 347 0.26 63
2 45.6 94 18.7 115 0.41 21

3 5.6 152 4.5 86 0.80 —66

4 9.2 281 8.6 2175 0.94 — 6

2 2 6.12 103 2.03 153 0.33 50
3 6.06 279 2.88 292 0.48 13

4 0.618 351 0.314 315 0.51 —36

5 0.603 95 0.535 91 0.89 — 4

3 3 1.104 281 0.408 298 0.37 17
4 0.546 103 0.285 105 0.52 2

5 0.110 252 0.079 234 0.72 —18

6 0.053 92 0.030 71 0.57 —21

It is gratifying, in view of the assumptions made, to observe
that the external coefficients in all cases exceed the internal
coefficients, although the fact that the internal harmonics some-
times lag behind the external harmonics in the higher degrees
instead of leading them is somewhat disconcerting. The
closeness with which the data are fitted by the harmonics
used is shown in Figure 1, where the observed variations
in the various components are plotted together with those
computed from the constants in Table 1 and from the
constants determined by Chapman [2]. Although the curves
computed from the present analysis fit better than those
computed from the older analysis, attention should be di-
rected to the fact that the older analysis used fewer coef-
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ficients, attemptled to fit the varialions over the entire Earth,
and did not take into account the anomalous variations at
Huancayo, which had not been discovered at the time the
analysis was performed. The Figure brings out the fact that
the general system of the variations is displaced southward in
the Western Hemisphere and its structure is much too fine to
be fitted by the few harmonics used by Chapman. Were the
ariations in other portions of the world computed from the

18
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coefficients in Table 1, a much poorer fit would be obtained
and the superiority of the older analysis as a representation
of world-wide conditions would be patent.

The significance of the assumptions on which the analysis
was based will bear discussion. Were it possible to collect suf-
ficient data, an analysis of the mean departures of the elements
cver the entire Earth for each hour of the day — 24 analyses
in all — should be performed to clearly define the diurnal
variation. It is evident that the diurnal variations are not a
function of local time and geographic coordinates alone, and
that the potential-system from which they arise changes during
its apparent migration around the Earth,

Since the greatest departures from the average magnetic
potential at any point on the Earth in middle latitudes occur
approximately between 6" and 18" local time, that is, when
the ordinary diurnal-variation is least active, the magnetic
potential in the region near the 75° west meridian, say, at
about 11" local time may be considerably greater than the
magnetic potential near the 105° east meridian at the cor-
responding local time, while the magnetic potentials in the
same two regions at their respective midnights may differ but
slightly. Thus the magnetic potential of the diurnal variations
deduced from the cocfficients in Table 1 for 11" local time at
the 75° west meridian may be considered a fairly accurate re-
presentation of the diurnal-variation potential over the entire
Earth at that time, but if evaluated for a time 12 hours 1‘1t01
it would be a very inaccurate representation.

The current-system over the Western Hemisphere evaluated
from the coefficients of Table 1 for 11", 75° west meridian
mean time, is shown in Fig. 2A. A similar current-system
for the entire Earth computed by Bartels from Chapman’s coef-
ficients is shown in Fig. 2B for comparison. Schuster [3]
has pointed out that the obliquity of the Earth’s magnetic axis
with respect to its rotational axis should give rise, on the hasis
of the Stewart-Schuster theory of the magnefic diurnal-varia-
tions, to harmonics in the potential of the magnetic variations
which do not vary with local time. One of these is of the form
(1/2) (3 cos® ®-1) and varies as sin t, t being the time at some
fixed meridian and ® being the polar distance. The presence
of such a harmonic might give rise to the current-system
pictured in Figure 2A. A careful examination of the local
distribution of the diurnal variation with a view to detecting
these harmonics suggested by Schuster has not been undertaken,
but the results from the analysis in the Western Hemisphere
indicate that such are quite likely present.

A less mathematical examination of the problem has been
undertaken. In Fig. 3 are shown the air-motions of the semi-
diurnal solar tide in the atmosphere computed from constants
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given by Bartels [4]. The electromotive forces in the atmo-
sphere created by the horizontal motions of the air across the
vertical component of the Earth’s permanent field, assuming
average values of vertical intensity along given parallels of
latitude, are shown in Fig. 4. These electromotive forces,
according to the Stewart-Schuster theory, give rise to the cur-
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rent-function of the diurnal variation. In equatorial regions the
clectromotive forces are opposed to the flow which the currents
must have in order to close, the closure occurring through the
accumulation of electric charge and consequent electrostatic
gradients. The electromotive forces in the Western Hemisphere
differ from those shown in Fig. 4. In Fig. 5 the electromo-
tive forces in the Western Hemisphere have been computed
from the observed values of vertical intensity which are quite
anomalous in that region. At about 10° south the electromotive
forces are not in opposition to the flow of the current but are
so directed as to augment it; this is the region of most dense
current-flow as indicated in Fig. 2A.

Without making a quantitative study of the matter, this
condition suggests itself as the explanation of the more intense
current-circulation south of the equator in the Western Hemi-
sphere. Of course, analogous conditions must exist on the other
side of the Earth where the magnetic equator is north of the
geographic equator, but as the distance hetween the two is less

18*
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there the effect should not be so pronounced. Although the
computed electromotive forees in equatorial regions are small,
it should be remembercd that observation indicates the periodic
winds in the north-south direction which give rise to the east-
west electromotive forces may hc of considerably greater mag-
nitude than is deduced from the velocity-potential indicated by
the barometric tide.

In spite of the faults of the assumptions on which the above
analysis was hased, it scems to the writer that the results are
a strong indication in favor of the Stewart-Schuster theory of
the solar-diurnal magnetic variations. Nonc of the other theories
which have been proposed scems sufficiently elastic to account
for the phenomena observed in the Western Hemisphere.
Whether the clectric conductivity of the upper atmosphere is
adequate for the operation of the Stewart-Schuster theory must
he considered. Radio investigations so far have failed to supply
adequate information from which to form a definite opinion
on this matter and, since the fund of information is rapidly
growing, any attempts to arrive at a definite value of the con-
ductivity are premature at the present time. The region of
highest dircct-current conduectivity is undoubtedly the E-region
at about 100 km. Although radio investigations indicate that
electrons may he the principal causc of the reflection-pheno-
mena ohserved, no cvidence has been presented so far which
precludes the possibility that the density of heavy ions in that
region may be as great or cven greater than 10° per cc, owing
to the fact that the cfficiency of ions as reflectors of radio
waves is four orders of magnitude lower than the efficiency of
electrons.

Another feature of considerable interest revealed by the
obscrvations at the Huancayo Magnetic Observatory is that the
charaeter of the diurnal variations in vertical intensity has been
undergoing a gradual change during the past eleven years [5].
This change is clearly brought out in Figure 6.

Shortly before the Observatory was cstablished in 1922 the
magnetic equator was slightly north of its location. The varia-
tions in wvertical intensity rccorded in 1922 exhibited pre-
dominantly southern characteristics throughout the year. Rapid
secular change in vertical intensity causcd the magnetic equator
to shift south of the Observatory. Associated with this shift
was a change in the character of the diurnal variation in ver-
tical intensity, the variation during the months of May, June,
July, and August becoming of a distinctly northern type. Thus
during the early years of the Observatory’s operation the circuit-
lines of the average southcrn current-system of the diurnal
variation passed over the Observatory throughout the year,
With the shift of the magnetic equator, the northern and
southern current-systems in that region were shifted southward
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so that during the northern summer when the northern system
is most intense and cxtensive the circuit-lines of that system
passcd over the Observatory, the southern system still pre-
dominating during southern summer.

This change in the diurnal variation in vertical intensity
indicates a strong dependence of the magnetic diurnal-variations

20
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on the permanent magnetic field of the Earth. The change in
the permanent field, however, was not great enough to cause
one to anticipate such an effect — the values of vertical in-
tensity and inclination being 1107 gammas and 2° 08’ in 1934,
characteristic of the Northern Hemisphere. This leads to the
conclusion that the diurnal variations in the Western Hemi-
sphere depend very closely on the permanent field and that the
shift from positive to negative diurnal-variation potential oc-
curs over a very narrow region near the magnetic equator.

Similar changes in the character of the diurnal variation in
horizontal intensity are not to be expected because its variation
with latitude is very slight in equatorial regions. The diurnal
variation in declination also indicates the change but the effect
is less pronounced. If, as has been remarked previously, the
diurnal variation involves zonal harmonics which vary in
intensity according to the time at some fixed meridian, such
changes in vertical intensity could occur without concomitant
changes in declination.

The changes in character of the diurnal variation in vertical
intensity at Huancayo during the past eleven years is an indica-
tion of the high complexity of the diurnal-variation phenomena.
A theory which attempts to explain them must allow such
changes to occur. This is in accord with the Stewart-Schuster
theory according to which, as has been pointed out, the diurnal
variation may be very sensitive to displacements of the mag-
netic equator with respect to the geographic equator through
the generation of favorable clectromotive forces in the equator-
ial regions where the currents must close.
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THE NEW CIW VERTICAL-INTENSITY
INDUCTION-VARIOMETER

By A. G. McNISH

Difficulties commonly encountered in the operation and
reduction of results of ordinary magnetic balances have led to
the development of a new type of vertical-intensity variometer
by the Department of Terrestrial Magnetism of the Carnegie
Institution of Washington. Although some recent improvements
in design of magnetic balances have resulted in markedly better
performance of these instruments, many magneticians have
realized that complete elimination of frictional contacts would
be a step forward in instrumental development. A satisfactory
variometer should have (1) a constant scale-value, (2) freedom
from erratic changes in base-line, (3) negligible temperature-
sensitivity, (4) independence of all components of magnetic
intensity except the one it is sel up to measure, and, in ad-
dition, numerous other qualities of a practical nature such
as suitable size, etec. The new CIW induction-variometer
completely fulfills these requirements.
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Similar designs have been attempted before by Kashiwagi
(Kyoto, Mem. Coll. Sci,, v. 1, No. 3, pp. 217-227, 1906-7) and by
Venske (Berlin, Verdff. Met. Inst, No. 290, pp. 55-67, 1916),
neither of whom succeeded in producing a completely satisfac-
tory instrument. Both of these earlier attempts involved the use
of soft iron. The material employed in the CIW induction-
rariometer is baked perminvar — an alloy of 45 per cent nickel,
25 per cent cobalt, and 30 per cent iron — which had been
held at a high temperature for several hours after bheing
fashioned into the necessary forms. The particular virtues of
this alloy which recommended its use are that its permeability
remains constant and its hysteresis-loss is negligible in fields
up to three gauss.

The variometer has been in continuous operation at the
Cheltenham Magnetic Observatory of the United States Coast
and Geodetic Survey since August 1935, except for short inter-
vals when special tests or adjustments were made. A more
complete deseription of the instrument and its operation,
together with a discussion of the theory underlying it, are given
by the writer elsewhere (Terr. Mag., v. 41, pp. 161-172, 1936).

Although the induction-variometer has proven satisfactory
in its present form, the possibility of further improvements by
refinement of design must be recognized. Even greater consis-
teney of performance should result from such improvements.
Other applications of the instrument suggest themselves and
will be briefly mentioned. By alteration of design the instru-
ment may be used as a horizontal-intensity variometer, having
the distinct advantage that only one component of the field
will be measured, regardless of the deflection. As a null-
detector at the center of a vertically mounted Helmholtz coil,
the device may serve as the basis of an absolute instrument
for measuring vertical intensity. By suitable adjustments the
instrument may be used as a regional variometer for vertical
intensity and as an intercomparison-variometer for vertical in-
tensity, similar to the QHM for horizontal intensity.

Dep. Terr. Magn., C.1.W., July 31, 1936.

INVESTIGATION OF MAGNETIC BAYS
By A.G.McNISH

Abstract: The magnetic disturbance-field associated with magnetic
bays is discussed and possible current-systems which might give rise to
them are surmised. These current-systems are tentatively attributed to
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intense flows of current westward along the auroral zone on the dark
side of the Earth, produced by dynamo-action in regions where auroral
particles are precipitated. Some evidence in support of this hypothesis
is adduced from results of radio ohservations.

Even during intervals when the Earth’s magnetism is
otherwise quite undisturbed, remarkable changes in the mag-
nctic intensity which last for about an hour are frequently
observed at various places. On the photographic records of
the Earth’s magnetism on which magnetic intensity is co-
ordinated with time these disturbanccs rescmble indentations
in a sea-coast and for that reason are called “bays.” If attention
is given to the locus of the end of the total magnetic vector at
a given place during onc of these bays, the metaphor is-still
more apt — the path deseribed by the changing vector being
a loop which ordinarily lies close to a plane. While such
disturbances are being recorded in middle latitudes, less simple
disturbanccs of grecater amplitude are recorded in polar regions.
The polar counterparts of the middle-latitude bays, because of
the rapidity of the changes taking place, may be likened to the
fiords of the northern coasts.

Much attention has been "given to magnetic storms and
special features of them, but little study has been given to bays.
The little knowledge so far acquired scarcely defines their fre-
quency of occurrence and typical form in middle latitudes.
Investigations on these phenomena by Steiner (Terr. Mag.,
v. 26, pp. 1-14, 1921), Lubiger (Disserlation, Gottingen, 1924),
and Wiechert (Mitf. Geophys. Warte Gr. Rauum, Kénigsberg, Pr.,
No. 22, 1934) ncgleeted treatment of the aspects manifested
in very high latitudes, and as a consequence probably fail
completely in indicating their genesis. Birkeland (The Nor-
wegian aurora polaris expedition 1902-03, Christiania, 1913)
considers a type of phenomenon which he designates as a polar
elementary storm, highly active in polar regions, but manifested
as a bay in middle and low latitudes. The present investigation,
attempting to derive some knowledge of the world-wide charac-
teristics of bays from which a theory of their cause may be
developed, indicates that the converse of Birkeland’s discovery
is also true — that every bay in middle latitudes is associated
with a pelar clementary storm,

The fact that wecll-defined bays occur when the Earth’s
magnetic field is otherwise quite undisturbed denotes a
simplicity in their morphology which should facilitate the study
of them. Furthermore, the repecated occurrence of bay-like
movements during magnetic storms suggests that the major
magnctic storms may consist largely of numerous bays ac-
companicd by another distinet type of disturbance manifest in
the general depression of horizontal intensity in low and middle
latitudes. In view of the seeming simplicity of individual bays,
several which were observed during the Sceond International
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Polar Year have been sclected for investigation becausc the
numerous observatories then in operation should furnish a
fairly complete basis for mapping the perturbation-field.

Three of the bays studied are graphically represented in
Figures 1 to 6. The lines drawn outward from cach observ atory
show the direction and relative magnitude of an overhead cur-
rent which would have produced the changes in horizontal
magnetic intensity observed during the bay. This current is
assumed to be flowing in a layer parallel to the Earth’s surface.
The changes in magnetic intensity were determined vectorially
with reference to the mean magnetic intensity at the terminal
times of the bay, namely, just before the bay began and just
after the bay ended. The lines are for strictly simultaneous
times at all the stations.

No attempt has yet been made to diseriminate between
those portions of the magnetic intensity due to internal and to
external origins, although it is evident from the largeness of
the horizontal components with respect to the vertical that the
portion due to electric currents induced within the Earth must
be considerable. Whether or not this separation will be
possible has not been ascertained. It follows from the rapidity
ol the field-changes that the internal currents must be nearly
as greal as the external currents. Undoubtedly the structure
of the internal system is not as fine-grained and is complicated
by the distribution of land- and water-arecas.

The greater intensity of action in high latitudes may be
considered as due to a concentrated flow of electric current in
the high atmosphere in general westward along the auroral zone
with maximal intensity usually on the dark side of the Earth.
In some cases this flow seems continuous around the zone,
while in others an eastward current is observed on the side
of the Earth opposite the region of maximal intensity. The
configuration of the flow suggests that the primary cause exists
where the flow is most dense, the remaining circulation being
such as to Tulfill the necessary conditions of continuity. Where
adequate data cxist the flow of current in middle latitudes
seems to describe a loop — westward along the auroral zone,
southward along the twilight portion of the terminator, castward
along the tropics, and northward along the dawn portion of
the terminator, in the Northern Hemisphere. A mirror-image
of this circulation in the Southern Hemisphere is suggested
by the data. Thus the circulation in middle latitudes closely
resembles the current-system of the magnetic diurnal-variations
on disturbed days, but displaced somewhat in phase,

Birkeland has supposed thal polar elementary storms are
due to the direct magnelic effect of charged corpuscles from
the Sun, deflected into the auroral region by the Earth’s per-
manent field. Numerous investigators have concluded that
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corpuscular streams of proper composition for producing the
magnetic effects by direct action could not be sufficiently
coherent to traverse the distance from the Sun to the Earth
because of mutual electrostatic repulsion. Any corpuscular
streams entering the Earth’s field must be electrically neutral,
consisting of charged particles of different sign. The provisional
assumption that the extra-terrestrial causc of magnetic dis-
turbances is corpuscular radiation seems reasonable because
the occurrence of these disturbances on the dark side of the
Earth compels the conclusion that they are not due to electro-
magnetic radiation.

Ascribing the bays primarily to electric currents flowing
westward along sections of the auroral zone invites speculation
as to the mechanism which causes their flow. That they may
be due to drift-currents arising from crossed gravitational and
magnetic fields, such as have been suggested to explain the quiet-
day magnetic diurnal-variations (S. Chapman, Proc. R. Soc,,
v. 122, pp. 369-386, 1929), has been considered. Purely gravita-
tional-magnetic drifts would cause eastward currents, howcver,
and electric-magnetic drifts would preduce no currents except
possibly for the small currents resulting from differential drifts
of ions and electrons. Diamagnetic effects (R. Gunn, Terr.
Mag., v. 34, pp. 17-22, 1929) have also been discarded because
the magnetic fields that would be so produced do not appear
to be the required form.

Another mechanism by which the necessary currents could
be produced is dynamo-action. Motions of the high atmosphere
with respect to the Earth’s permanent field in the auroral region
could give rise to clectromotive forces impelling the flow of
current. The required air-motions would have to be vertical
or northrward at the center of disturbance. The hypothesis is
suggested that the precipitation of corpuscles in the auroral
region has a twofold effect — it produces intense ionization of
the region about 100 km above the Earth’s surface and it warms
the region so as to cause expansion. Accordingly, the principal
motion is upward in the 100-kim region where the collision-
frequency of the ions is great enough to permit considerable
direct-current conductivity, while the lateral motion occurs at
greater heights where high direct-current conductivity is pro-
hibited by low collision-frequency. The vertical motion acting
in conjunction with the horizontal component of the Earth’s
permanent field, which amounts to about 0.1 Gauss in auroral
regions, causes a westward current in the region of auroral
precipitation, at a height of about 100 k. A hypothesis prac-
tically identical with this has heen advanced by Chapman
{(Proc. R. Soc., v. 95, pp. 61-83, 1918) to explain world-wide
storms in which the assumption is made that the expansion
takes place over the entire Earth, although in a later paper
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(Proc. R. Soc., v. 115, pp. 242-267, 1927) he expresses the feeling
that the hypothesis in its first form must be abandoned. While
the author is in agreement with the latter view, he helieves
that vertical motion of sufficient magnitude to produce the
effects may occur in local regions.

The circulation in regions away from the center are not to
be explained as inductive effects, in accord with Chapman’s
earlier theory, but as the necessary complementary flow in
regions of poorer conductivity due to accumulation of electric
charge at the extremities of the primary channel. Air-motions,
either horizontal or vertical, in other regions will give rise to
small electromotive forces and warp the current-flow consider-
ably. The primary channel of circulation would he many
hundreds of kilometers in length.

The above hypothesis must be regarded as suggesting one
mechanism which might cause bays. An investigation of the
adequacy of this hypothesis is being undertaken. Probably the
same mechanism should not be called upon to explain all bays.
High air-velocities in the auroral region may exist at times for
quite different reasons, which, in the presence of sufficient
ionization, could induce the required electric currents. Some
collateral support for the general suggestions offered here has
been presented in a paper by Leiv Harang (Terr. Mag., v. 41,
pp. 143-160, 1936). Reflections of radio signals from the E-region
indicating abnormal ionization were observed at Tromso while
an auroral arc measured as 800 km long stretched across the
sky. Accompanying these upper-atmospheric phenomena, mag-
netic disturbances were observed at the station, indicating a
westward flow of current in the ionosphere. The phenomena
occurred shortly before midnight, local time.

Dep. Terr. Magn., C. 1. W., July 31, 1936.

THE FIELD OF MAGNETIC STORMS AS DEDUCED FROM
THE MEAN DIFFERENCE OF MAGNETIC INTENSITY
ON QUIET AND DISTURBED DAYS ‘
By L. SLAUCITAJS and A. G. McNISH
This paper attempts to derive a more accurate quantitative
conception of the field of magnetic storms from the study of

the differences of magnetic intensities observed at various
places on the Earth on internationally selected quiet and

19
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disturbed days. The treatment has been confined to what has
been termed the world-wide features of the disturbance, that
is, those which depend on universal time and latitude rather
than local time and latitude. An attempt has been made by
Chapman (Terr. Mag., v. 40, pp. 349-370, 19335) to portray the
features of world-wide disturbance in a recent paper. He did
not separate the internal and external portions of the field, the
assumption being made that the horizontal intensity at all
points was a contribution from both causes and that the external
portion was about 2.5 times as great as the internal portion,
the ratio which had been obtained from analysis of the periodie
diurnal-variation.

The validity of this assumption for certain of the harmonics
has been horne out by the writers, but there is evidence of its
inapplicability for other harmonies. More particularly the re-
sults of this investigation accentuate Chapman’s wisdom in at-
tempting no formal analysis of the data, for the roughness of
fit which is achieved by harmonic analysis casts doubt upon
the physical significance of the various harmonics. The results
of the investigation will be presented for what they are worth,
leaving to the individual reader the significance which his judg-
ment attaches to them.

Data

The data selected for this study were the differences in mag-
netic intensity on internationally selected disturbed and quict
days derived from the daily means of a large number of
observatories for the year 1927, The data are rcasonably
homogencous, that is, in nearly all cases the same days were
available for all observatories. For those observatories which
published daily means according to local time, the hourly values
were summed for this study according to Greenwich time. When
the hourly intervals were not coincident with the Greenwich
hours, the nearest hours were selected, thus introducing a slight
inhomogeneity, which, however, was of no consequence. Since
no records were available for the chosen interval from a station
near the geomagnetic pole, the eight-month series from Refuge
Harbor from November 1923 to June 1924 was used, corrections’
being made by comparison with other observatories in the same
section of the Earth for the same interval to reduce the Refuge
Harbor results to the epoch 1927. Many observatories fail to
recognize the importance to theoretical studies of the mean
values of the various magnetic elements for the different classes
of days and consequently do not publish those means. This
failure restricts the amount of data available to investigators,
for the labor of extracting the necessary means for a large



A, TERRESTRIAYL: MAGNETIBM 29i

number of observatories for many years is great. The actual
material used in this investigation is given in Table 1.

Table 1 — Differences in magnetic intensity for international disturbed
days minus international quiet days, 1927

Coordinates Intensity-diiferences
Groupi Observatory ' Geographic Geomagnetic North | East | Down
| (o [~ o al w | X|Y]2
o o [} [} <] v ¥ Y
0  Refuge Harbors 785 724 -+89.6 267.8 -+89.0 -7 -+ 9 17
1 Sodankyld 1674 260 +638 1200 —267 —-20 —1 — 9
1 Lerwick -+60.1 3588 1626 886 —236 — 7 + 3 -+ 4
1 Sitka 157.0 2247 --60.0 2754 -+214 —25 —10 —I7
2 Seddin 1524 131 525 911 —189 —13 -+ 4 L 5
2 Cheltenham —+38.7 283.2 4-50.1 350.5 24 —15 0 -1
2 Sverdlovsk 4568 6060 --48.6 1404 —134 —14 + 3 -+ 4
3 Ebro -+40.8 6.5 439 797 —I50 —I6 4+ 3 + 5
3 Tucson 4322 2492 4404 3122 L1001 —17 —2 + 2
4  Kakioka 1362 1402 -}26.0 2060 -- 6.2 —19 — 4 -3
4 Honolulu +21.3 2019 -}-21.0 2665 —+123 —22 —4 + 3
4 Luklapang 1313 1210 4200 1891 —+ 201 —24 —1 + 2
5 Bombay +186 729 -+ 95 1436 — 7.2 —27T 4+ 4 —1
5 Huancayo —12.0 2847 — 0.6 3538 4+ 13 —27 —2 —1
4 Apia —13.8 188.2 —16.0 260.2 —11.7 —22 --35 .
4 Batavia — 6.6 1068 —i8.0 1756 — 09 —22 0 — 4
3 Watheroo —303 1159 --418 186 4+ 13 —18 —2 — &
3 Toolangi —37.5 1455 —46.7 2208 4 95 —16 — 4 2
2 Christchurch —43.5 172.6 —48.0 2526 152 —i4 —- 7 -— 3

aObservatory operated from November 1923 to June 1924; data given
are reduced to epoch 1§27,

A graphical represenilation of the data is given in Figure 1.
The average storm-field, determined by the differences in mag-
netic intensity on the two classes of days, is represented by
arrows, The horizontal component of intensity is represented
by solid lines at all observatories, the lengths of which are pro-
portional to the magnitude and the directions of which are the
true directions of the horizontal componcnt of the storm-field.
The vertical or radial component of the storm-field is re-
presented at all observatories by dotted lines — an arrow
directed toward the east on the map signifies an algcbraic
increase in the vertical component, reckoned as positive in the
Northern Hemisphere.

General description of the storm-field

As revealed by Figure 1, the horizontal component of the
storm-field at all observatorics closcly parallels the geomag-
netic meridians and is directed southward, representing a




30° ° 30" 0"

1;. D R

&

ceomacneTic\ T -
7 »h\_c.nh HARBOR i = \“

zeil

it
mW
5

\.1,(
X

i

.\.\&\M._-UMQ _\ U N

¥F
/Wq P
o
)

B
el

7
\ﬂ@ &

5
2
e
S
§7‘
e
Y
5 ¢

v_ns.*mhmm\...\ik e w APV

0% Jeen cavm -

oo o

~=
!
:
T
H
IS
[
- ol
hal
__ﬂ%}
b,

T
el el

CES

o £,

4y

Sl—

'
HUANCAFO 4

T3/

..... ul i 61 BE A Fae 2l i i 9% i

PART V.— COMMUNICATIONS

292

1N |
A M, |

i = |

S ETVEL B (0

a

Sﬂﬁghrhﬁkhh N a\t.““h

N v

T 50" 60" 30’ o°

FIG. I—MEAN Sm.nﬂoh b..\\hhh&nm.w MAGNETIC INTENSITY FOR DISTURBED MINUS QUIET DAYS, 1927
- = ==VERTICAL INTENSITY -

HORIZONTAL INTENSITY;



A, TERRESTRIAL MAGNETISM 203

decrease in horizontal intensity. The numerical value of this
horizontal component is greatest near the geomagnetic equator,
decreasing in higher latitudes until a minimum is reached in
about 45° geomagnetic latitude and again increasing toward
the auroral zone. The distribution of the vertical component
is more complex, being zero at the geomagnetic equator, at-
taining maximal values, positive north and negative south, in
about 35° geomagnetic latitude, then reversing sign as the
auroral zone is approached, and recovering to the same sign as
i middle latitudes near the geomagnetic poles. The vertical
component of the storm-field is of such a sense as to cause an
increase in the numerical value of vertical intensity during
storms in about 35° geomagnetic latitude both north and south
of the equator. The direction and magnitude of the horizontal
component at Refuge Harbor do mnot fit into the picture re-
presented by the other stations. However, recognizing that it
is quite near the geomagnetic pole from which the horizontal
component diverges, the discrepancy may be attributed to a
slight asymmetry in the storm-field as a function of the geo-
magnetic coordinate-system. In other words, perhaps the storm-
field may not be most simply represented when referred to the
magnetic field of the hypothetical centered doublet but should
be referred to the magnetic field of the eccentric doublet.
However, as the axis of the cccentric dipole intercepts the
Earth’s surface in latitude 80.°1 north, longitude 277.°3 east
(J. Bartels, Terr. Mag., v 41, pp. 225-250, 1936), the horizontal
component at Refuge Harbor cannot be brought into complete
agreement in this way although the anomaly is less outstanding.
It is possible, however, to select an arbitrary pole for the origin
of coordinates between the geomagnetic pole and the apparent
magnetic pole (region of inclination = 90°) to bring all the
stations into better agreement. Such a point may be the actual
pole of magnetic disturbance, that is, the point about which
the disturbance is most symmetrical, ‘

Analysis of the dala

Because of the comparative symmetry of the storm-field
about the axis of uniform magnetization, the data in Table 1
were reduced to the components of intensity with respect to
the geomagnetic coordinate-system by the formulae X' = X
cos ¥ +Y sin  and Y=Y cos y—X sin v, X' and Y’ being
the components of intensity in the horizontal plane paral-
lel and perpendicular to the geomagnetic meridian, respectively,
considered positive toward the north and east, and y being the
angle of deviation of the geomagnetic meridian from the geo-
graphic meridian. The Y’-components were found to be neglig-
ibly small in nearly every case so that the data could be com-

19*




294 PART V.— COMMUNICATIONS

pletely fitted by zonal harmonics about the axis of uniform
magnetization. The data, as shown in Figure 2, were not found
to be completely dependent on geomagnetic latitude, indicating
that the structure of the storm-field is more complicated than
would be suggested by simple theory. Thus Lerwick, the geo-
magnetic latitude of which lies between that of Sodankylid and
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that of Sitka, exhibits much smaller values of the storm-field
in the horizontal plane than either Sodankyld or Sitka, while
the vertical component of the storm-field at Lerwick is of the
same sign as in lower latitudes although at Sodankylid and at
Sitka the vertical component is of opposite sign. These dif-
ferences are not peculiarities of the particular interval of time
considered but are characteristic of the stations and would not
differ markedly for other years as evidenced by the regularity
of the data for individual months as well as for other years,
which were examined.

In order to further simplify the analysis the data were ar-
ranged into groups as indicated in Table 1. It was assumed
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that the horizontal component of the storm-field is symmetrical
with respect to the geomagnetic equator and that the vertical
component is anti-symmetrical and therefore hoth are represent-
able by the zonal harmonics of odd degree. The various groups
were weighted in the adjustment of the parameters according
to the cosines of their respective geomagnetic latitude so that
cach group was given a weight appropriate to the area of the
Zarth which it represents. This process of weighting tended to
make the various harmonies orthogonal over the interval when
adjusted by least squares since the product of two harmonics
of different degree, integrated over the surface of a sphere, is
zero. Group 0, including only the single station, Refuge Harbor,
was given an arbitrary weight of one-half since it was taken
to represent the entire region of the Earth lying within the
auroral zone. Its contribution in determining the harmonies for
the horizontal component was negligible but for the vertical-
component harmonics it was of considerable importance. The
harmonics of degree 1, 3, 5, and 7 were used in the analysis.

The effect of grouping the stations and of fitting the data
by a harmonic series was to smooth out the storm-field, de-
creasing the sharpness of the auroral zone. Since the auroral
zone itself is not sharply defined but actually appears to shift
southward during times of intense magnetic disturbance, the
storm-field given by the harmonic series may be considered in
a frue sense a mean storm-field. The internal and external
portions of the field were obtained by the usual methods from
the coefficients of the harmonies representing independently
the horizontal and vertical components of the field. The coef-
ficients of the harmonics representing the horizontal and ver-
tical components of the field and the computed coefficients, 1
and E, representing the coefficients of the harmonics of internal
and external origin, respectively, together with their ratios, are
given in Table 2. The contributions of the separate harmonics
to the horizontal components and vertical components of the
storm-field are plotted in Figure 2.

Table 2 — Coelficients for zonal harmonics for differences in magnetic
intensity for international disturbed days minus international
quiet days, 1927

Intensit Potential .
Degree | - y — = | RIMIEO
North ‘Vertical. Internal, I External, E (I/E)

Y Y y>cm yXem

1 K I O ¥ +6.9 117.8 1-0.39
3 -+ 0.09 —- 5.38 —+0.81 — 0.72 —1.12
bl -+ 1.74 - 4.58 -+0.37 -+ 1.37 -+0.27
i - 020 --13.42 —0.80 -+ 1.00 —0.80
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Discussion

It is quite evident that the storm-field is of both external
and internal origin and that the external portion is greater than
the internal. Regardless of theories of the origin of the external
field, the most reasonable explanation of the internal ficld is
that it is due to electric currents induced within the Earth by
changes in the primary external field, an explanation which
is by no means novel. Special attention must be directed to
ratios (I/E) for the individual harmonies.

For the harmonics 1 and 5 this ratio is 0.39 and 0.27, re-
spectively, quite in agreement with the observed ratios for the
internal to the external harmonics in the solar and lunar varia-
tions, as well as for the first-degree harmonics used to fit the
data of non-cyclic change in a paper presented at this Assembly
by A. G. McNish. Thus, for the harmonics 1 and 5 of the storm-
field the vertical component of the induced field tends to neu-
tralize the vertical component of the inducing field, the two
horizontal components augmenting each other, as is found for
the other ephemeral variations. On the other hand, the ratios are
negative and nearly unity for the harmonics 3 and 7, indicating
that the augmentation takes place in the vertical component and
the neutralization in the horizontal component. These effects
are readily visualized from Figure 2, where it is shown that
the internal portion contributes more to the horizontal com-
ponent of the storm-field than does the external portion at
about 50° geomagnetic latitude, while at about 60° geomagnetic
latitude the internal portion actually over-neutralizes the ex-
ternal portion in its contribution to the vertical component.

At first sight the phenomenon exhibited by the harmonics
3 and 7 resembles a man’s lifting himself by his boot-straps,
so that there is need of considering the theory of induction of
currents in a sphere, If the external harmonics of the storm-
field are caused by systems of currents or their equivalents in
the region about the Earth which develop and decay completely
or nearly completely during the interval of the storm, then for
a mnearly perfectly conducting Earth the ratio (I/E) at the
Earth’s surface for the first harmonic will be nearly 0.50, ap-
proaching 1.00 for the harmonics of higher degree. These ratios
imply that the vertical component of the external field is nearly
completely neutralized by the vertical component of the internal
field for all harmonics. A mathematical treatment of the
problem of the induction of electric currents in a conducting,
permeable sphere has been given by Chapman and Whitehead
(Cambridge, Trans. Phil. Soc., v. 22, pp. 463-482, 1922). For
the determination of the ratio (I/E) they derive certain R-func-
tions which contain the radius of the sphere, its permeability
and conductivity, and the rate of change of the external har-
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monics. From a table appearing on page 477 of the paper cited
they arrive at the conclusion (for the first harmonic) “that the
internal component of the field may reinforce either the
horizontal or the vertical component of the external field,”
depending on the rapidity of the change in the external field.

This table of Chapman and Whitchead indicates that the
ratio (I/E) may vary between = oo, although, as the writers
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point out, the boundary-conditions may be satisfied for the
limiting ratio only if the field is entirely of internal origin. It
scems to us that a negative ratio or a ratio greater than unity
cannot be realized physically for the simple hypothetical form
of the storm-field variations mentioned above. In more recent
papers by Price (London, Proc. Math. Soc., v. 31, pp. 217-224,
1929) and by Chapman and Price (Phil. Trans. R. Soc., v. 229,
pp. 427-460, 1930) it is pointed out that the conclusions reached
by Chapman and Whitehead must be modified owing to their
neglect of the initial conditions that the induced currents in
the sphere must be zero when the time is zero. In the paper
by Price it is pointed out that the value oo for the ratio (I/E)
can never be physically realized owing to a finite limit ap-
proached by the combined fields due to the forced and free
circulations within the sphere. It seems to us that the same
considerations preclude the possibility of a negative value for
the ratio (I/E), taken as the mean over the complete interval
for a simple aperiodic fluctuation of E.

A different mechanism may be suggested for the negative
ratio (I/E) obtained for the harmonics 3 and 7. If a given
harmonic is built up in a circulatory system about a conducting
sphere, a mode of circulation will be induced within that sphere
such as to oppose the entry of the magnetic flux into that
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sphere, the induced circulation being entirely representable by
the same harmonie. The ratio of the coefficients for the internal
and external harmonics has its upper limit from 0.50 to 1.00,
depending upon the degree of the harmonic. If through dis-
sipation of energy the external harmonic decays at the same
rate immediately after it has been built up, the internal har-
monic will likewise decay. Assuming the conductivity of the
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sphere to be sufficiently high, dissipation within it may be
neglected, and the rate of change of the harmonic to he suf-
ficiently rapid, the average value for the ratio (I/E) of the
field at the surface of the sphere during the time the harmonic
persisted will be approximately the same as its value at the
time of maximum. If, however, energy is supplied to the
external harmonic so as to sustain it, dissipation in the con-
ducting sphere may not be negligible and at the end of a suf-
ficient time only the external harmonic will be perceptible at
the surface of the sphere. If at this time the energy-supply
ceases and the external harmonic is permitted to decay, a
harmonic will be induced in the sphere fo sustain the magnetic
flux which entered the sphere with the decay of the originally
induced harmonic, and the sense of this second harmonic will
be negative with respect to the first. If the rate of formation
and of decay of the external harmonic is of a certain value,
the mean value of the field at the surface of the sphere due
to the external portion will have a definite value while that
due to the internal portion will be zero, the contributions of
the first and the second phases of the induction neutralizing
each other, Thus, if the storm-field consists of both impulsive
and sustained harmonics of the same degree, the impulsive
harmonics being of one sign and the sustained harmonics of
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another, the ratio (I/E) for the mean value of the harmonics
throughout the storm may be negative, the sustained and im-
pulsive harmonics of the cxternal field ncutralizing each other
in the mean. Such a situation might find its physical manifesta-
tion in a shifting of the auroral zone during the storm.

It must not he assumed that an explanation of the negative
ratios is absolutely necessary as the values of the cocfficients
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obtained may be merely the result of the numerical adjustment
due to the assumption that the field, both internal and external,
is completely representable by zonal harmonics. The external
field may be completely representable by zonal harmonics
while the internal field may involve harmonics containing the
geomagnetic longitude since the Earth is not a uniformiy con-
ducting sphere, although, as stated before, for a uniformly
conducting splicre the induced ficld must be representable by
the same harmonics as the inducing field.

Current-systems

Having the values of the coefficients for the various internal
and external harmonies, charts may be constructed for current-
systems in assumed regions which would produce the observed
magnetic cffects. Such charts are shown in Figures 3 and 4.
In constructing the external current-system it was assumed that
the current is confined to a very thin layer 100 km above the
" Earth’s surface. In constructing the internal current-system it
was assumeced that the current is confined to a very thin layer
200 km below the Earth’s surface. Although this assumption
regarding the internal currents undoubtedly is an unreal one,
the cquivalent current-distribution in this hypothetical layer is
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of much interest. Three regions of maximal current are revealed
in both the external and the internal systems — at the equator
and near the auroral zones. In the external system the pole-
ward maxima occur in about 70° geomagnetic latitude while
in the internal system the poleward maxima are nearer the
equator.

The individual current-system for a given instant of a mag-
netic storm undoubtedly is of much finer structure than the
one depicted, which is the mean for a large number of disturb-
ances during which the auroral zone shifted through a con-
siderable distance. This shift of the auroral zone undoubtedly
occurs and will form the basis for an interesting study. Many
large magnetic disturbances at Cheltenham, which is ordinarily
quite far from the auroral zone, exhibit magnetic phenomena
which Birkeland has characterized as polar elementary storms.

The total current encircling the magnetic axis of the Earth
from east to west in the mean external current-system is over
300,000 amperes while the current from west to east in the
internal system is over 230,000 amperes. During the extreme
intensity of the greatest magnetic storms recorded the currents
probably exceed these figures by nearly two orders of mag-
nitude.

For the purpose of comparison a diagram is reproduced in
Figure 5 from the paper by Chapman previously cited. This
is to be compared with Figure 3 of the present paper. Fairly
good qualitative agreement between the two Figures is exhibited.
In Figure 3 the current flowing between two of the isometric
lines of the current-function is 5000 amperes, while in Figure 5
the current is 10,000 amperes. The reason for this difference is
that Figure 5 is based on the maximal phase of a number of
moderate magnetic storms while Figure 3 is, as previously
noted, a mean current-system for the five most disturbed days
of all the months of the year 1927.

Conclusion

The current-system derived from the spherical harmonic
analysis of the disturbed-day minus quict-day differences in
magnetic intensity exhibits three regions of maximal intensity,
near the equator and near the auroral zones. Fairly good agree-
ment is noted between the system deduced and one previously
deduced by Chapman without the use of formal analysis. The
ratios of the internal to the external harmonics are not positive
for all harmonics, indicating that the internal and external
portions of the field are not bhoth representable by the same
harmonics, owing to the non-uniformity of the Earth’s con-
ductivity, or that the relationship between the external and
induced internal portions is very complex.
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One of the writers wishes to express his indebtedness to Dr.
J. A. Fleming, Director, for making the facilities of the Depart-
ment of Terrestrial Magnetism of the Carnegic Institution of
Washington available to him for study during his sabbatical
leave from the University of Riga.

University of Riga (LS), Riga, Latvia,
Dep. Terr. Magn., (AGMeN), C. 1. W.,
July 31, 1936.

THE ATTITUDE OF THE U.S.COAST AND
GEODETIC SURVEY, WASHINGTON, TOWARDS FOUR
BRANCHES OF INTERNATIONAL WORK IN
TERRESTRIAL MAGNETISM

By J. HAWLEY

It seems well to state the attitude of this bureau towards
international work in this field. There are four principal
branches of the work in terrestrial magnetism in which it is
primarily interested:

(1) Determination of magnetic secular variation. During
recent years the Coast and Geodetic Survey has made original
and repeat magnetic observations over an area nearly equal
to 715 % of the entire land arca of the globe and has used
standardized methods throughout.

The problem now is to find means, with limited personnel,
to carry on the necessary repeat observations at regular inter-
rals over this great area, and the specific problem is to continue
this work without loss of efficiency but with a smaller number
of stations.

(2) Magnetic Observatory instrumental work., The recent
investigations, especially those at Cheltenham, have indicated
the need of unceasing watchfulness and care in maintaining
the required standards of accuracy. This is a matter, both of
personnel and instruments. Improvement of instrumental re-
sults not only permits them to meet the need of investigation
but reduces the work of the limited personnel at the obser-
vatories and also the very serious amount of work required
to put the observations in form for students of the broader
phases of terrestrial magnetism.
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(3) Preparation of magnetic results for publication. The
Coast and Geodetic Survey lacks only sufficient personnel to
bring the records of its observatories up to date for the five
observatories, which it keeps in continuous operation, but in
view of the fact that the personnel is insufficient it helieves
that if possible the needs of investigators be reviewed so as to
see whether the present information published is in excess of
the demands.

Not only is it possible that the methods could be found for
curtailing the necessary work but it may be that substitutions
of other information for some of that now furnished might be
desirable.

(4) The Coast and Geodetic Survey is interested in making
a larger contribution towards the interpretation of the obser-
vatory results, With full recognition of the importance of the
many lines of attack which are being undertaken by other or-
ganizations it still maintains that there is much valuable in-
formation to be obtained from existing records.

Therefore, owing to limited personnel it has made little
contribution in this field but if the heavy load of carrying on
magnetic and field observations and preparation of the results
for publication could be curtailed in some measure it might
become possible to do valuable work in this field.

All these activities are of course, part of the world-wide
activities which are represented by the Association and com-
paratively little can be accomplished except by international
agreement. It is felt that the Association could well give
special attention to these subjects.

May 19, 1936.

NOTE SUR LES EFFETS DE L’ELECTRIFICATION DU
CHEMIN DE FER PASSANT DANS LE VOISINAGE
DE L’OBSERVATOIRE MAGNETIQUE DE COPENHAGUE

Par D. LA COUR et E. HOGE

Le chemin de fer passant prés de ’Observatoire magnétique
de Copenhague a été ¢lectrifié jusqu'a une station distante de
I’Observatoire de 4 km env. L’énergie électrique nécessaire a
la traction des trains est constituée par du courant continu qui
passe par un conducteur aérien et retourne par les rails.
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Les perturbations magnéti-

_ ques dues a 'électrification de
g T ey cette ligne ont heurcuscment
atlein{ unc grandeur beauecoup

plus petite qu'on n’aurait pu
HILTE (10} le craindre. Dans la figure 1,
Hellerup (He) et Holie (Ho)
indiguent les deux terminus
dc la nouvelle lignce dont la
longueur est de 10 km; R ¥y
indique la position relative de
I’Observatoire, qui cst séparé
de Ho de 3.8 km seulecment.

Le courant électrique provient
de deux transformateurs qui
Fig. 1. transforment des courants al-

ternatifs & haute tension en

courant continu de 1500 Volts et de 3000 Ampéres maxima.
Les deux transformateurs se trouvent 'un a He et Paulre 4 Ho.
On a commencé a utiliser le transformateur de He scule-

ment; au cours de ees essais, des perturbations se sont monirées -

a 'Observatoire — surtout dans la force verticale. Les pertur-
bations de cet élément atteignaicnt lenr maximum (20y cnv.)
quand le frain se trouvait & Ho (c. & d. prés de I’Observatoire),
et diminuaicent graduellement quand le train s’approchait de He
(voir fig. 2). Plus tard on a fait usage du transformateur de
Ho seulement. L’effet de Iélectrification fut alors le contraire.
Les perturbations sc manifestaient en sens inverse de ce qu'elles
¢taient auparavant; mais, ce qui était le plus frappant au
commencement du moins — c’était, comme on le voit d’aprés
la figure 3, que leffet était maximum quand le train était a

S B

PR . i 1. . 1

He. Ho.
Fig. 2,

Fig. 4.

He et qu’il allait en diminuant quand le train s’approchait de
I’Observatoire. Enfin, lorsque les transformateurs ont été utilisés
tous les deux l'effet de I’électrification a pratiquement disparu
comme le monire la figure 4.
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Voici une explication probable de ces faits:

Supposons d’abord le transformateur T & He et le train en
0, au milieu de la ligne (fig. 5). Le courant va du transforma-
teur au train O par la ligne aérienne et retourne au trans-
formateur par les rails non isolés (le sens du courant dans les
rails n’est pas indiqué sur la figure). Or, pour faire passer
un courant de, disons, 1000 Ampeéres dans les rails, il faut une
certaine tension entre O et He, et cette tension donne aussi
naissance 4 des courants vagabonds dans le sol. Imaginons que

A Kos B
\\\ \\\
\\‘ \\
H;.“ Ho~
1)
0
G
4 He. He
M 1
Fig. 5. Fig. 6.

les courants prés de la surface de celui-ci soient représentés
schématiquement par les courbes C, et Cy, ol le sens du courant
est indiqué par une fleche (fig. 5). Dans ces conditions les
forces magnétiques verticales, produites par les circuits TOC,
et TOC,, sont de sens inverses et il existe des courbes neutres
N, et N, ou la force verticale n’est pas perturbée quand le
{rain se trouve a 0.

La figure 6 montre les courants vagabonds probables quand
le train se trouve prés de Ho. La tension dans les rails entre
le train O et le transformateur a He est alors augmentée
jusqu’au double (si le courant est toujours env. 1000 amp.) et
puisque les distances C; et Cy sont aussi doublées les courants
vagabonds ont gardé leur intensité. Il existe donc toujours des
lignes neutres, mais comme 1’Observatoire ne se trouve pas
exactement sur une de celles-ci (d’ailleurs variable avec la
position du train) les actions des aires plus grandes des circuits
TOC; et TOC, ne se compensent pas, et on aura des perturba-
tions assez grandes a I’Observatoire.

Les courants vagabonds pour le cas ol le transformateur se
trouve 4 Ho sont donnés par les figures 7a et 7b, (ui montrent



A, TERRESTRIAL MAGNETISM 305

Fig. 7 a. Fig. 7h.

immeédiatement pourquoi les perturbations a ’Observatoire sont
les plus grandes quand le train se trouve prés de He, c. a.d. le
plus éloigné de I'Observatoire.

Les figures 8 et 9 sc rapportent au cas actuel ou les deux
transformateurs sont en activité.

1 ‘R
Mos,,
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‘\.
Ho AT N
N
He.
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Fig. 8. Fig. 9
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Fig. 10.
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Quand le train (comme cela est indiqué sur la figure 10) se
trouve prés de Ho, le gradient de tension est beaucoup plus
grand entre Ho et O qu'entre He et O; c’est pourquoi, c’est
surtout le transformateur de Ho qui fournira de I’énergie au
train. Il s’ensuit une répartition de ’énergie des courants vaga-
bonds telle que celle qui est indiquée schématiquement sur la
figure 9. Dans ce cas les grandes aires sont parcourues seule-
ment par des courants faibles; de plus, la figure montre que
les forces magnétiques produites par les courants des grandes
aires sont opposées aux forces produites par les courants forts
dans des aires petites.

On peut faire des remarques analogues relativement aux
courants qui produisent des perturbations de la déclinaison et
de la force horizontale a R.

Le résultat qui s’est montré si heureux, a été obtenu par
hasard. A vrai dire, en vue d'éviter des perturbations a I'Ob-
servatoire de Copenhague nous n’aurions pas pu proposer un
meilleur arrangement que celui qui est actucllement adopté.
En donnant un compte-rendu de ces fails nous espérons que
nos expériences seront utiles a d’autres qui seront forcés a
s’'intéresser aux perturbations magnétiques dues & I'éleetrifi-
cation des chemins de fer de leur pays,

SUR L’EFFET DE L’ELECTRIFICATION
DU CHEMIN DE FER HELLERUP—HOLTE PASSANT DANS
LE VOISINAGE DE IOBSERVATOIRE MAGNETIQUE DE
COPENHAGUE

Par Edm. HOGE

Editorial note: Printed in Communications Magnétiques, etc.,
No. 18, Danish Meteorological Institute, Copenhagen 1937.

DETERMINATIONS DE LA FORCE HORIZONTALE
A I’AIDE D’UN QHM DANS LE VOISINAGE IMMEDIAT
D’UN CHEMIN DE FER ELECTRIQUE

Par Edm. HOGE

Editorial note: Printed in Communications Magnétiques, etc.,
No. 18, Danish Meteorological Institute, Copenhagen 1937.
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A YEAR'S COMPARISON OF TWO Z VARIOMETERS
OF THE KENIFE-EDGE TYPE

By George HARTXNELL

Introduction

The purpose of this paper is to describe the relative perform-
ance under observatory conditions, of two Z variometers of the
knife-cdge type, for a pemod suff1c1entlv Iong to afford a satis-
factory hasis of comparison.

Instriments compared

The instruments compared were the Toepfer No. 5, made
by Toepfer of Potsdam, and the la Cour Z variometer designed
by la Cour of Copenhagen®). These two variometers were
utilized in the paper entitled “A 42-Day Comparison of Four
Vertical-Intensity Variometers of the Knife-Edge Type”#**)
where a more complete description of the magnet systems and
details of mounting are given.

Brief Description of Variomelers

Toepfer No. 5. - Suffice it to state that the Toepfer No. 5
variometer has a lozenge-shaped magnet about 10 cm long,
which lies flat. It is provided with sensitivity and balancing
poises, and is damped by copper hoxes. Magnetic temperature
COIlll)Cllelthl] is used. The knife-edges are two fince pivots such
as are used in delicate electrical meters, resting on agate planes.
The magnet operates in air under ordinary conditions of room
temperature and moisture, the magnet- -house not being air tight.

La Cour Variometer. — The la Cour has a magnet of cobalt-
steel, 6.4 cm long, the mirror, knife-edge and magnet proper
heing made from a single picce of steel. The knife-edge rests
on two quartz cylinders. The variometer has two chambers.
In the upper chamber is situated the temperature compensating
device, which consists of a 45-degree prism suspended from a
bi-metallic strip of silver and platinum. The magnet, which is
undamped, operates in the lower chamber, which is evacnated
to a pressurc of about 10 mm. On account of the limited length
of the bhimetallic strip, the variometer was not completely
compensated for temperaturc. Both the No. 5 and the la Cour
were mounted in the same variation room, at a distance apart
of 4 meters,

*) Comin. Magn., etc., Danish Met, Inst, Copenhagen, 193¢, No. 8.
**) Terr. Magn., vol. 41, 1936, pp. 63-73.
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Hour selected for Comparison

The comparison is based on the scaling for some particular
hour during the night when the magnetic elements are quiet and
have the same values from day to day. As to the particular
method of scaling, no difference was found whether the scaling
was the average for the entire hour, or was for identical times.
When disturbances existed, the nearest quiet hour was used,
but this was seldom necessary. The 23-24 hour, Eastern Standard
Time, was selected. Thus the variometers were compared at
practically the same values of D and H. As a matter of fact,
scalings were made at four hours each day, but of these only
the 24th. hour fulfilled the condition for equality of D and H
ifrom day to day. The scalings were checked and corrected for
shrinkage.

Level of Magnets

Effect of level. — If the magnets were not level, obviously
any variations in the horizontal foree in the direction of their
axes would superpose additional effects on the true variation
of Z. Thus the la Cour, with magnet pointing S. E. as referred
to the magnetic meridian, would be affected by variations in
both H and E intensities, that is, by variations in H and D.
The Toepfer No. 5, with magnet pointing N, north end North,
would be affected by variations in H alone. Since variations
in H and E are of about the same magnitude at Cheltenham,
the horizontal force was the same for both variometers.

Spurious effect, — If R is the resultant horizontal intensity
along the axis of the magnet, and L the inclination,

Spurious Effect = R tan L,

the sign depending on R and L. Taking R = 60 y, and L. = 1°,
the spurious effect would be one v per degree of inclination.

At Cheltenham, D reaches its minimum at 9 hrs. and its
maximum at 14 hrs. H reaches its minimum at 11 hrs. and its
maximum at 17 hrs. Hence a comparison of the two vario-
meters for 10 hrs. and 24 hrs. when D and H are hoth low and
high, should show a constant difference in the differences,
provided both magnets are not out of level to the same extent
and in the same direction. A comparison of the 12 hr. and
24 hr. differences for 95 days during June, July and August, 1935,
showed that the absolute Z from the la Cour was 1y less than
that from the No. 5.

Experimental test of level

To test the level of each variometer magnet, an auxiliary
magnet of known strength, say 7 to 8 thousand C. G. 5. units,
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is placed with its axis in line with that of the variometer
magnet, and at the same height. The auxiliary magnet was
fastened on the base of a magnetometer having a horizontal
circle, and could be leveled and reversed by turning the cirele
through 180°. Exposures on the gram were made for deflecting
magnet north end N. (or north end pointing toward the vario-
meter) and north end S., face marked “a” up. This was re-
peated for face “a” down. If L is the inclination of the vario-
meter magnet, F, the field of the deflector, s, the scale values
in gammas, and u is the deflection in mm.,

F = 2M/r3 (or M/rs, if magnets are perpendicular to
line joing centers)

tan L = uxs/Fx105,

The individual deflections will show whether the north end of
the variometer magnet is up or down. For example, if the
positive direction of the field of the deflector points in the
positive direction of the axis of the variometer magnet, an ap-
parent increase in Z will indicate north end up. A field of 600
or 700 gammas is desirable,

Agencies affecting level

Secular change. — Even if the magnet of the variometer
were exactly leveled, it would in the course of time get out of
level, due to the secular change in Z. At Cheltenham where
the annual decrease in Z is about 70y, the change in level,
for a scale value of 3.5y, and 1 mm =— 0.7, would amount
to 15" per year.

Decrease of magnetic moment. — All magnets become weaker
with age. Thus there would be an apparent decrease in Z, the
positive ordinates on the gram becoming smaller. If magnetic
compensation is used, the change of level is practically counter-
acted, since both the variometer magnet and the temperature
compensating magnet weaken in the same proportion.

Diurnal variation. — The diurnal variation in Z changes the
inclination of the variometer magnet, and so introduces a
spurious effect. This effect, except under conditions of large
variation and high sensitivity, may be neglected.

Temperature. — The largest effects on the inclination are
caused by temperature changes, more particularly, by the an-
nual temperature range in the variation room. For example,
a temperature range of 20° and a temperature coefficient of
17y, will produce a change of level corresponding to 3407y.
If the scale value is 3.4y, and 1 mm == 0.75', the change

20°
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in . inclination due to temperature is 1.25°, This applies to a
simple uncompensated variometer.

We have to consider the temperature compensation method
used. In the optical compensation, the inclination of the magnet
is exactly the same as for an uncompensated variometer:
changes due to temperature have their full effect. On the other
hand, in the case of magnetic compensation, and also in the
thermal expansion method, the inclination of the magnet re-
mains unchanged, provided the compensation is complete. The
magnitude of the level effects is proportional to the sensitivity
of the variometer. The smaller the scale value, the greater is
the range in ordinate and inclination, for a given variation
in Z.

Results of level tests

The level tests showed that the inclination of No. 5 was 23
north end up, and that the inclination of the la Cour was 38,
north end up, the relative inclination being 61°. Under these
conditions, the effect of an inerease in H (or R) of 60y would
be 60 x tan 1°, or 1y, increasing Z for No. 5, and decreasing Z
for the la Cour.

To sece how the experimental results check up with the
grams, the differences between the 12th. and 24th, hours were
taken out for 95 days during the summer of 1935, when the
average temperature was 25°. The test for level of the la Cour
was made Apr. 2, 1936, at a temperature of 13°. The computed
change in inclination due to 12° change in temperature was 58’
The relative inclination of the two varionieter magnets would
be 58 plus 61, or 2° nearly. The average difference in H for
these two hours was 30y. Hence the difference should be 30y
x tan 2° = 1y. This was strikingly corroborated by the tabular
differences hetween the 12th. and 24th. hours for the 95 days.
The difference came out exactly 1vy.

Scale values

The scale values on both variometers were determined by
a rectangular magnet as deflector, 23 em long, magnetic moment
7400 units. The “B” position was used, that is, the deflector
was vertical, in a vertical plane passing through the axis of
the variometer magnet. The distance for No. 5 was 221.6 cm
and 2002 cm for the la Cour. Distribution effects were
negligible, because of the ratio of the lengths of the magnets,
and because of the long distances. The scale values are shown
in table L
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Table 1. Scale values
No. 5 and la Cour Z Variomelers

Scale Value Scale Value Month Scale Value

|
Scale Value | Month

Month 175 1 Cour | No.5 laCour | M°P No's™ jaCour | No.5 la Cour
1935 Y ¥ 1935 ¥ ¥ 1935 X Y 1936 5 Y
Apr. 3.48  June 350 | Aug. 3.54 | Jan. 3.53
3.90 3.7 3.51 3.54 | 3.54
May 346 3.50 3.93 3.55 | 3.53
3.46 3.52 Sept. 3.55 3.53
3.47 3.93 3.52 3.97 3.5 3.95 3.53
3.48 | July 3.54 | Oct. 3.55  Feb, 3.53
3.417 3.51 4,03  3.55 3.95 3.53
3.48 3.54  Nov. 3.53 | Mar. 3.54
3.48 3.54 3.52 | 3.94 3.54
3.47 3.52 Dec. 3.96 3.54 Apr. 3.55
3.50 3.92 3.54 1930 3.57
3.93 3.50 3.54 Jan. 3.95 3.54 3.57
June 3.50 3.54 3.54 3.91 3.55

Discussion of scale values

The scale values of the la Cour were especially satisfactory.
There was a slight tendency toward increasing values during
the lapse of time. It would appear that a cobalt-steel knife-edge
resting on quartz cylinders is a very satisfactory combination
for a knife-edge suspension. The scale values of No. 5 were
not so uniform nor consistent, but yet very satisfactory when
compared with the average knife-edge variometer. The scale
alues of the la Cour as shown by special deflections, were
constant through the range covered by the gram, 2.5°. The la
Cour is the only knife-edge variometer so far tested which has
a constant scale value. This shows what may be accomplished
by careful workmanship in shaping and grinding the knife-edge.

The No. 5 scale values, when plotted against ordinate,
showed a parabolic curve, the change being, roughly, 0.2y in
a change of ordinate of 140 mm or 105’. For the small ordinates
of No. 5, about' 10 mm, this slight variation would produce no
appreciable error in Z.

A good test for the performance of the knife-edge consists
in making scale values with a short magnet, say 2.5 em long,
and M = 60, at two distances, say 30 and 40 cm, in the “B”
position. The scale values will require a correction for distri-
bution of the form (1 - P/r2). P is computed from the formula
P = % 12— 6 I, in which 1 is the pole distance of the de-
flector, and I is the pole distance of the variomeler magnet.
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The pole distance of a cylindrical magnet is 5/12 its length,
and the pole distance of an elliptical or lozenge-shaped Z
variometer is 2/5 its length. The interesting situation is this:
When a magnet, suspended by a fiber, is deflected by a magnet,
say 1/3 or 1/4 its length, the deflections for the “B” position
will correspond to the theoretical value of P as given above,
All the Schultze and Toepfer Z variometers in operation at the
magnetic observatories of the United States Coast and Geodetic
Survey, the variometer magnets heing 10 cm long, show values
for P ranging from 20 to 133, when deflected by a short magnet.
On the other hand, two Z variometers, namely, the la Cour
and the Askania, give the theoretical values for P. If these
discrepancies are in some way caused by the knife-edge, deflec-
tions with a short magnet will provide a test of the quality of
the knife-edge.

Shifts of zero

La Cour. During the entire period of the comparison no
shifts or displacements of the zero of the la Cour variometer
occurred, and no adjustments of any kind were nccessary.
Special test deflections for level were made on April 2, 1936.
Deflections to determine change of scale value with m(hnalc
were made April 3. Deflections with a short magnet were made
April 25. The variometer was not displaced during any 01 these
operations, which speaks well for its stability.

No. 5. Special scale value deflections on No. 5 to determine
change of scale value with ordinate, were made March 11, 1936.
During this operation the zero shifted 6y. This was the only
shift during the period of comparison.

Comparison of two fiber suspension H variometers

In order to form a reasonable estimate of the performance
of the No. 5 and la Cour variometers, a brief comparison of
two fiber suspension H variometers is here given. It has been
thought that the differences noticed between Z variometers are
due to the irregular action of the knife-edge caused by minute
imperfcclions Furthermore, it has heen stated that filament
suspensions, for example, two H variometers, would not show
much differences. Fig. 1 shows a comparison of the H bifilar
(silk fiber), and the unifilar H (quartz filament) at Cheltenham
for the months of October, November, and December, 1935.
The scalings were made on the 24th hour and all known cor-
rections have heen applied.

H is generally the most disturbed of the elements, and the
sensitivity of the H variometer is usually greater than that of
the D and Z variometers. Perfect agreement cannot he expected,
even though the variometers are in perfect adjustment. Two
instruments may differ in their response to variations, espe-
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Fig. 1. — Comparison of Two “H” Variometers, Fiber Suspensions:
“H” Adie, Bifilar, Silk, and “H” Toepfer, Unifilar, Quartz.

cially rapid variations. There may also exist actual differences
in the elements recorded, even though the instruments are only
a short distance apart.

The character of the H variations is well shown in Fig. 2,
where two grams for the same day, September 29, 1934, are
reproduced. One is reproduced hy H No. 5, having a scale
value of 0.4y and the other by a special H bifilar, having a
scale value of 0.4y. Thus the H bifilar was eight times as
sensitive as the other. It will be seen that minute variations
are unrecognizable on the less sensitive gram: the average for
short periods might not be the same.

iy
i

Bifilar "H" variometer h {

Modified Toepfer ) ! s
Scale value: 0.4 gammas per mm \JH' P ! If
f ;
|
/ ‘ \\ f\
v .

Em\i‘\. h /l\“"' i

oM Rt H sH gH 104 12H

Standard Toepfer “H" variometer
{65 Scale value: 32 gammas per mm

50

Gammas

o Fig. 2. — Comparison of Grams of “H” Toepfer No. 5, Quartz,
and “H” Modified Toepfer Bifilar, Silk.
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Operating conditions

La Cour Variometer. The magnet of the la Cour variometer
operates in a vacuum, and as a further precaution, a tray of
drier is placed in the magnet chamber. Under these conditions,
the knife-edge is protected from dust, moisture, and absorption
of gases.
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Fig. 3. — Ground Tremors or Microseisms, Magnification, 600,

No. 5 Variometer. The oulside air has access to the magnet
chamber through cracks around doors and other loose joints.
If scale values are taken first in the normal position of the
magnet and then repeated after the magnet has been deflected
through a large angle, there is invariably a slight increase in
sensitivity. Apparently, the knife-edge and planes become
coated with some kind of film which is broken by a large
deflection.

As is well known, the knife-edge variometer is very sensitive
to jars and other mechanical disturbances. Another source of
disturbance comes from tremors in the ground itself. No por-
tion of the earth’s surface is free from vibrations, as shown by
seismometer records. Fig. 3 shows a portion of a gram re-
corded by a sensitive hor M()l]tdl seismometer, magnification 600.

Method of comparison

In the comparison of the la Cour and the No. 5 variometers,
the basic idea was a comparison of the grams under exactly
the same conditions, or when the values of D and H are the same
from day to day. The 24th hour fulfilled these conditions. The
scalings were carefully checked, and are probably accurate
within a gamma. The scalings in gammas were reduced to
absolute Z.
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For this reduction hase-lines are required. Evidently, for a
comparison involving differences of less than 5y, basc-lines
obtained from earth inductors, especially where the Dip is high,
would not be sufficiently precise. At Chceltenham, where the
Dip is 71°, a change of 1’ means a change of 52y in Z, or
nearly 1y per second. After a carveful examination, it was
concluded that the hasc-lines for hoth variometers were constant
during the entire period of comparison, except when No. 5 suf-
fered a small shift during some special deflections in April of
1936, near the end of the period,

The temperatures were derived from the curve on the gram
according to the formula

t = 10.90° — 0.392n

n being the ordinate measured from the base-line. There was
cvery indication that the action of the bi-metallic strip was
uniform throughout the range of 20° during the period.

The average value of Z in April, 1935, was 54080, and the
average for 7 for April, 1936, was 54050, thus indicating a
sccular decrease of 30y. This is less than one-half the average
annual decrease, which, for 26 yecars from 1902 to 1928, is 77+.

The ordinates of Z No. 5 were small, about 15 mm in April,
1933, and 10 mm in April, 1936. Any possible uncertainty in
scale value would have no appreciable cffeet. The la Cour
ordinates in April, 1933, were about 25 mm, rose to 33 mm
during the highest temperatures in August, 1935, and deecreascd
to abouf 45 nmun in April, 1936.

The temperature coefficient of No, 5 was zero. For the la
Cour, 8.5y was used. The base-lines were 534010 for No. 3, and
54210 for la Cour.
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Fig. 4, — Comparison of Toepfer No. 5 (Q=0) and la Cour “Z” (G =6.88).
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Toepfer No 5 (Q=0) and la Cour “Z” (Q=238.5).
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The actual comparison consists in plotting the absolute dif-
ferences in Z for the 24th hour of each day. On the same graph
are shown the temperatures. ;

Discussion of the graph

Fig. 5 shows the individual differences of the two vario-
meters in absolute Z at the 24th hour of each day. The dif-
ferences are referred to a zero line, the points below the zero
line indicating that the la Cour was lower than No. 5, and points
above the zero line indicating that the la Cour was higher than
No. 5.

Taking a general survey of the trend of the differences,
there was an upward trend from May 1, 1935, to June 25. This
was a period of rising temperatures, and one would look for
a temperature effect of some kind, possibly involving a lag.
It will be recalled that the bi-metallic strip of the la Cour is
situated in the upper chamber of the variometer, at room
temperature and pressure, while the magnet operates in the
lower evacuated chamber. Also, the compensating magnet of
No. 5 rests in a special holder below the magnet house. In
either case, there might be a vertical gradient which would
have opposite effects in the two variometers. However, a
similar phenomenon was not noticed during falling tempera-
tures. The interesting fact is that the trend cannot be eliminated
by using another value for the temperature coefficient. From
June 25 the differences were quite uniform until about De-
cember 12, 1935.

The question may be asked: Are these differences instru-
mental, or do they indicate real differences in Z at the stations
occupied by the variometers? The evidence cither way is not
entirely conclusive, but it is safe to say they are not entirely
instrumental. Since the variometers respond readily to forces
of less than half a gamma, and show no permanent displace-
ment after the field is withdrawn, certainly they can be de-
pended on for variations of some 3v.

Successive differences. Examining the differences from day
to day, we note that two successive days seldom differ by more
than two gammas. There was a change in the differences of
4y August 28-29. This was apparently a temporary disturbance
caused when the variation building was being wired for al-
ternating current. September 17, 1935, was 3y higher than the
preceding and following days, and scalings for the intervening
hours showed that the la Cour was higher during the entire
day. On other days whenever the differences amounted to 3y
the scalings for the intervening 24 hours showed in every case
a progressive change. This is an interesting fact, and tends to
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confirm the view of local differences in diurnal variations,

After December, 1935, we notice a conspicuous departure of
the differences from their previous course. The differences
were somewhat scattered from Jan. 11 to 21, 1936, when H
No. 5 was being adjusted. This process required the use of
electric lights and introduced some heat in the variation room
as shown by the temperature curve, and emphasizes the im-
portance of avoiding all disturbances and changes in operating
conditions.

Continuing further, we notice that the differences follow
the temperature coefficient. This was a puzzling phenomenon
until it was discovered that the vacuum of the la Cour had
been destroyed by a slow leak which began during the middle
of December. Then a temperature coefficient of 6.88 instead
of 850y was tried. The results are shown in Fig. 4, which
fully confirms the change in temperature coefficient. The
explanation is that the temperature of the la Cour magnel
when operating in a vacuum differed from that of the bi-
metallic strip which was at room temperature, but with no
evidence of a lag as might be expected. In other words, the
range of room temperature being 20°, the range of temperature
of the la Cour magnet would be about 16°. At maximum and
minimum temperatures, the temperature of the magnet would
differ from that of the bi-metallic strip by 2°. Unfortunately,
there was no thermometer in the magnet chamber to check this
conclusion.

Attention is called to another interesting feature shown in
Fig. 4. The average differences run higher than those before
December by about 5y. It seems that when the air filled the
vacuum chamber of the la Cour there would be a loss of weight
of the magnet due to buoyaney, and an apparent increase in Z.
The effect computed from uncertain data was 8y, which is
in fair agreement with the observed results.

Summary

We have now compared two 7Z variometers of the knife-edge type
for a period of some 385 days. Both of these variomelers have given
exceptionally fine performance.

The Toepfer No. 5 has a comparatively heavy magnel, supported by
instrument pivots resting on agate planes. It has all the accessories for
balancing and sensitivity. Its temperature compensation by the use of
auxiliary magnets has been very satisfactory. The magnetic and thermal
expansion methods of temperature compensation have one great ad-
vantage in that the magnet maintains its level, and when once balanced
and compensated, it is quite free from ex-level effects for a long period.
The scale values of No. 5 were very satisfactory, but not all that could
be desired; owing to the curvature of the knife-edges, they vary to some
extent with ordinate. Very careful handling of the variometer is neces-
sary to avoid shifts.
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The le Cour has a comparatively light magnet of cobalt steel, the
knife-edge being a part of the magnet and resting on quartz cylinders.
It has no accessories for balancing, sensitivity and damping. Its scale
values are wonderfully consistent, and are constant throughout the range
of the grin. The optical compensation mechanism is more conmplicated
than the ofher methods mentioned. Subjected to the full effect of tem-
perature, the magnet, for a temperature range such as 20°, changes its
level to such an extent that spurious ex-level effects are introduced. Its
stability is exceptional; during a period of more than a year there were
no shifts, and no adjustments were necessary. As regards the action of
the knife-edges, more definite information might have heen obtained
had {t been possible to operate the variometers at A sensitivity of about
2y per mm.

Tlie schemes of operating the magnet in a vacutm, thus eliminating
moisture, dust and absorption, is fundamentally sound. There may be
difficulty in maintaining a vacuum in a variometer, but the difficulty
can be surmounted.

it is not unlikely that the Z variometer of the future will dispense
with knife-edge suspension. Nevertheless, knife-edges are used in various
other types of instruments, and will continue to be used in the future.
Imiprovements in making knife-edges are possible and should he en-
couraged, and as seen in the comparison above, there is no better way
of testing knife-edges than using them in 7 variometers,

U.S. Coast and Geodetic Survey,
Washington, D.C., Aungust 1936,

WORLD MAGNETIC CHARTS

By the U.S. Hydrographic Qifice
Navy Department, Washington, D, C.

The United States Hydrographic Office presents for the In-
ternational Association of Terrestrial Magnetism and Electricity
for the Edinburgh meeting in September, 1936, copies of its
three world magnetic charts. These charts arc constructed every
five years and are designed primarily for the use of the mariner
and aviator, and contain such data as are required for the cor-
rection of the ships’ courses and for use in the practical com-
pensation of the vessels’ compasses. While good approximate
‘alues of variation, dip, and horizontal intensity may be ob-
tained from these magnetic charts for scientific needs, vet it
must be remembered that these charts are constructed solely
for the use of the practical navigator at sea, hence there is
slhown a general smooth trend of the indicated curved lines
of equal magunetic value,
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Previous to the year 1900, difficulty was encountered in
securing adequate magnetic observations and necessary material
over the world seas, for construction, or correction of the mag-
netic charts to the required degree of accuracy. Numerous iron
and steel ships in various localities of the world contributed
the best results of their observations by swinging ship and
other vessels of different types from all nations aided with
many magnetic reports; however, the results were not always
satisfactory and again large arcas at sea remained untouched.

The Carnegie Institution of Washington, realizing that only
a small part of the earth’s surface was occupied by civilized
nations and knowing that appropriations of money would not
likely be made for magnetic surveys, undertook in 1904, a
world magnetic survey. The ocean arecas were included and
three long voyages in the Pacific were made in the wooden
brigantine Galilee. Later a special non-magnetic vessel, Car-
negie, was built that sailed the world’s seas on seven long
successful voyages, supplying to all maritime nations on an
equal basis the needed values of the magnetic elements for
variation, dip, and intensity. They also occupied many repeat
stations at sea for determining the amount of annual rate of
change. Some idea of the magnitude of this work may be
realized, when it is seen that they sailed over 400,000 nautical
miles, circled the globe and covered all oceans from 70° N.,
to 60° S. Unfortunately, the Carnegie was destroyed in 1929
at Samoa. Since that date very few magnetic values have been
supplied from ships at sea or from other sources, and magnetic
charts require constant correction. Along the North Atlantic
Lane Routes, values of variation are undergoing changes of one
degree in eight years; in the South Atlantic a degree in five
vears and the same amount along the northern coast of South
America. In the Indian Ocean the high rates of 12 to 14
minutes annually, show a rapid change in these isogonic lines
in so short a period as three years.

Fortunately, the British Admiralty has completed the plans
for a new brigantine-rigged non-magnetic ship, somewhat
similar in design to the Carnegie and named the Research.
This vessel is attached to the Admiralty Hydrographic Depart-
ment and its first assignment in magnetic work will be in the
waters of the southern Indian Ocean where values are needed.
As oceanic areas are very large in extent and desired obser-
vations are many, there is also room for other nations to follow
the example of the British Admiralty in the operation of
magnelic vessels of this type for securing not only data on
terrestrial magnetism, but at the same time data on occano-
graphy, meteorology, and sonic soundings.

The world magnetic charts issued by this Office are:
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H. O. Chart No. 2406, The Isogonic or Variation Chart

H. O. Chart No. 1700, The Isoclinic or Dip Chart

H. O. Chart No. 1701, The Isodynamic or Horizontal Inten-
sity Chart

The Variation Chart shows lines of westerly variation over the
waters of the carth for each degree in full lines and easterly
variation in dashed lines. Over the land the variation curves
are shown for every two degrees as an aid to the dirigible or
aviator on flight courses. As a new feature, there is shown
in red lines, the annual rate of change in minutes of are for
every locality. The full red line with plus numerals denote
increasing variation and the dashed line with minus numerals
denote a decreasing rate. There is also indicated for the first
time the distribution and position of the different world mag-
netic observatories.

The Dip Chart shows lines of dip drawn for every two
degrees both on land and sea. In the region of northerly dip,
where the northerly needle end is drawn downward, the lines
are full and for southerly dip, the lines are dashed. The rate
of annual change in minutes of arc are indicated for all
localities by figures in parentheses.

The Horizontal Intensity Chart is expressed in centimeters,
gram and second units. The annual change is shown by figures
in parentheses in units of the fourth decimal place, the plus
sign denoting an increase in the annual rate value.

In the construction of the above described charts, the value
of the magnetic elements were taken principally from the ob-
servations of the Carnegie Institution of Washington, and much
information was supplied on the values for rate of annual
change from data gathered by this institution. Other helpful
aids on determining the annual rate of change were obtained
from the repeat values at the different world magnetic obser-
vatories, and from the reoccupation of many repeat stations
throughout the world. Advantage was taken of all exchange
magnetic data from every foreign source, together with material
from U.S. Naval Surveys, U.S. Army Engineers, and from the
U.S. Magnetic Observatories and numerous repeat stations of
the Coast Survey. In the vicinity of the poles, information
obtained in the past from all Arctic and Antarctic expeditions
of every nation were consulted.

21
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PRELIMINARY SHORT REPORTS OF MAGNETIC AND
ELECTRICAL OBSERVATIONS MADE IN THE FAR EAST
DURING THE TOTAL ECLIPSE OF JUNE 19, 1936

By A. TANAKADATE

Editorial note:

The reports printed by the National Committee of Japan
on Terrestrial Magnetism and Electricity were distributed as
Document No. 41 at the Edinburgh Meeting. More explicit
reports are printed in the Japanese Journal of Astronomy and
Geophysics, 1937, Vol. XIV, No. 2.

A preliminary report on ionosphere observations in Peru
and Australia during the eclipse of June 19, 1936 were pre-
sented at Edinburgh by L. V. BERKNER and H. W. WELLS
for comparison with the data included in the reports from
Japan.
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LATEST ANNUAL VALUES OF THE MAGNETIC ELEMENTS
AT OBSERVATORIES)

Compiled by J. 4. FLEMING and C. C, ENNIS

|

. e Deciina- . Intensity
Observatory / h?é: r L&ndg;- Year tion ‘Inch&)ahon I —
) \ (2 i Hor. (H) J Ver. (Z)
: i e | ¢ g s
~ ‘ o ! T Q i . o ’ 3 Q ’ T
Calm Bay B0 20N 152 48K | 1933 1211091 |83°06.7N | 06598 | 54611
| | 1934 121 27.81 |83 080N | .06567 | 54529
Dickson 73 30N | 80 251 | 1933 |28 31.6E 183 050N | 06971 [ .57430
| }[1934 28 294 K 83 068N | .06900 i 57208
|
Matolehkin Shar r 73 16N | 56 24 I 1933 120 413 E [80 29.6 N | 00078 | .54210
: | 1934 121 493K [80 31.6 N | .00046 ’ 54213
Tromss 69 40N | 18 STIN | 1930 1 4 077W . .. . . d1867 L
‘ ] | 1931 | 3 59.6 W |77 026N | 11548 | 50108
/ 1932 | 3 490W |77 05.8N | .11499 | 50195
1933 | 3 37.8W |77 077 N 11472 | -50203
| l 1934 | 3 259 \\’\77 10.0N | 11441 | 50223
o (1935 | 8143 W 77 126N | .11407 | 50246
Godhavn | 69 14 | 53 31 w’ 1927 |58 28.4 W |81 347X | 08255 | 55769
1932 |57 07.3 W |81 342N | 08217 | 55442
1933 /56 48.2W |81 33.6N | .082{9 | 55389
1934 | 56 30,4 W 8l 337N | 08200 | .55330
| 1935 |56 13.8 W |s: 342N | .08193 [ .55285
Sodankyld 67 22N | 26 391 | 1932 l 255.11 |76 089N | .12145 | 40254
| 1933 | 3038 76 116N | .12111 | 49284
|
Lerwickn) l60osx | 1 11w | 1932 | 13 46.1 W | 72 43.51\\1’ | 14495 ' 46608
1933 113 34.0W 172 44.6 N | 14477 | 46605
| | | 1934 il3 219W 172 484N | 14463 | 46744
: | i
Sloutzk I'se 41N | 30 201 | 1930 | 4 045K |71 462N 15539, J 47176
{Pavlovsk) | 1931 | 4 10.1F 171 488N | .15506 | .47199
! | 1932 | 4 171F |71 526N | -15166 47253
11933 | 4 2408 |71 5578 | 13433 | dran0
| 1934 | 4 30511 171 586N | .15405 | .47348
' 1935 | 4 3841 |72 022N | 15370 | 47404
Lovi | 59 21N | 17 50E | 1930 | 2585w |71 285N | 15550 | 46405
K 1981 2.49.7W 71 304N | 15528 . 46426
[ | 1932 | 2 400W |71 335N | 15400 | ‘46459
| 1933 2 15459 | 46494

a) See also tables for previous and intermediate years in Terr. Magn,, v, 4, 135; v. 5,
128, v. 8, 7; v. 12, 175; v. 16, 209, v. 20, 131; v. 22, 169; v. 23, 1915 v. 25, 179; v. 26,
147, v. 27, 157; v. 29, 1495 v 31, 27, v, 32, 27; v. 33, 93; v. 35, 165; and C. R. Assemblée
de Lisbonne, 1933; Union Géod. Geophys. Internat., Ass. Mag. Electr, Terr., Bull. No. 9,
213—218, 1934. Unless otherwise indicated, values are from continyous magnetograph records,
Preliminary values, pending final reductions, are indicated by parantheses. Observatories
marked by an asterisk =) are in regions of local disturbance.

Y Change to inductor standard in July 1935 produced discontinuity of +3' in f and
+144y in Z from January 1, 1934 as compared with published values for earlier years.

‘ i 30.6 W ‘ 71 36,5 N
|
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. | q
I ) A | Declina- | o4 Intensity
Observatory Lati- Longi- | vear s Inclm_atmn | P i vl 218U
Yo | tud \ /
- tmdecy doEe | ooy 0 TR (| Ve ()
! o I o ‘ G 2 F " Ot l c. g 3 ‘ ¢ g5
Sitka 57°03'N 1135 20W | 1929 |30 17.3E |74 224X \ 15473 | .55318
| . | 1930 |30 1528 174 2238 | .15461 | .55267
' ' 1031 [(30 13.1E) (14 215 N) ‘ (.15454) | (.55194)
| 1932 (30 10.9T) (74 21.0 N) W‘ (.15450) | (.55150)
| 1933 (30 08.5 F) (74 20.5N) | (.15450) | (.55118)
1934 [(30 0.6 F) |74 205N | (15454) | (.55129)
| 1935 (30 02.71) .‘m 20.1N) | (15450) | (.55090)
Sverdlovsk® | 56 50N | 60 371 | 1930 |10 56.4 E |72 242X | 16231 | 51178
(Katharinenburg) 1 | 1931 i10 54610 |72 269N | .16200 | .51220
Wyssokaya | 56 44N | 61 04 1932 |12 4991 |72 08.6 X | 16312 | .50634
Doubrawa | 1033 |12 500k [72 115N | .16279 | .50676
1034 |12 504 |72 144N | 16248 | 50721
' 11935 |12 51.5E |72 171N | .16210 | .50781
\ i - x !
ik (e aIN | 1z2Tk | oz 500N 16200 N | ED | isas
| 1934 | 2 103w |60 269N | .16824 | .44875
. | 1935 | 5 088W |69 20.6N | .16804 | 44927
Saimistsche | 55 50N 48 51 L | 1930 |{ 9 068K |70 363N | .16982 | .48238
{Kasan) . | 1031 | 9 07.31 |70 38.6N | .16939 | .48215
| 1032 | 9 093K [70 429N | .16892 | .48272
| 1933 | 9 11.3E |70 465N | .16836 | 48336
' | } 1934 | 9 1331 |70 465N \ 16830 | .48441
1935 | 9 154E |70 532N | .16790 | .48460
Nijnedevitzk " 55 33N | 33 21 1 | 1935 ‘l 5 33.6 1 lﬁ’? 341X \ 18588 \ .45060
Eskdalemuir | 55 19N ‘ 3 12W | 1932 \114 23.1 ‘3\ |(6)9 ngQ \ {(35;; 23‘;(1}3
' | 1933 |14 121 W |69 452N | 165 L
‘| f | 1934 |14 00.6 W |69 459N } 16536 | .44859
. : 1
Meanook 54 37N 113 20W | 1932 26 27.2 { 71 54.6§ 12740 | 594717
‘ | 1933 26 21.9F |77 540N 12736 | 59411
I - | ‘
Hel | 54 36N | 18 481 | 1934 | 2 35.5W |68 25.2N0)| 17563 | .44384)
Stonyhurst | 53 51N | 2 381\ | 1932 |13 28.0\\'d>! 68 48.0 Nov| 171760 | 442840
' 1933 13 16,5 W0 68 49.0 N9 | 171690 | .442960)
\ g | 1034 (13 04.9Wa)| 68 49.0Ne>| 17163 | .44279<)
| | 1935 12 53.2Wad) 68 50.7 Noy| .171484) | .44311¢)
- \
Wilhelmshaven | 53 32N | 8 00F | 1911 |12 282 W 161 30.7 No| .18110 | .43747
| | | |
Zouy (Irkutsk) | 52 28N 104 021 | 1929 | 0 202K |71 192N 1 .19038 | .56310
Potsdam 52 23N | 13 04 L 1929 |5 47.8W |66 48.6 N % 18442 | .43049
Seddin | 52 17N | 1301 E | 1931 5 289W |66 49.8N | 18450 | .43106

o Values irom absolute observations only.
& Values for five quiet days.
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| ) . . Declina- sy Intensity
Observatory | {Juactile Lﬁjlcﬁ: ‘ Year tion | Inc]l'r}]ahon | .
| ‘ Dy | ; | Hor. (H) | Ver. (2)
! & o] oA | o | B €. g s ‘ ¢ g s
Swider 1 82 07N | 21 15E 1931 1.49.1 W 67 03.2N .18463 .43608
\ ‘ | 1932 | 1 39.9W |67 057N | .18438 | .43639
i 1933 | 1 31.9W 67 09.3N 18420 43724
De Bilt 52 06 N ‘ 5111 | 1933 | 8 53.1W |67 03.0N | .18258 ‘ 43115
[ 1934 8 43.0W 67 03.7N .18254 | 43132
| 1935 | 8 31.9W 67 054N 18244 | 43169
|
Niemegk [ ;62 02 N: |- 12 ca LK (10328 | 5268 (W- L oo iiai i ont L som Lo i sl sB i
| ‘ 193321 5:5: T5IWE | B0 Dl 2l e B
| 1934 | 5 05.2W 66 469N | .18401 | .43106
| 1935 | 4 54.9W |66 49.4 N 18477 43159
Valentiae) 51 56 N | 10 15W (1932 |17 054 W |67 58.5N 17809 44024
(Cahirciveen) [ | 1933 |16 54.5W 67 579N 17811 44005
| i 1934 | 16 43.7 W | 67 57.5 N 17812 43993
Bochume) |5120N | 7 14E | 1932 ‘ SU15 TaWalE B8 Seu SR e M
1933802 BiWE | et il Bl I S et
1934 BT B2 A WE -0 0 Sty | e | St
| |
Abingere) i 51 1IN 023W | 1932 |12 02.6 W |66 39,1 N 18536 42940
| 1933 |11 51.7W [ 66 39.4 N 18532 42942
‘ 1934 |11 41.1 W |66 39.7TN 18533 42955
Ucclee 50 48N | 4 21E | 1931 | 946 W (... .. .....|......... ‘ .........
‘ 19323 10D GRWE | 2 dasents s el Il Aol s ey
19335(F 0F28.90Wi | Tt M B e | Fities
[ L B e L il e
Hermsdort 290746 N- (16 T4 B | 19200 4. 106 Wil v b o aliiai il
Beuthen-Mikilow ! 0009 NT 18754 5| 119300 | 42 46T We 2wy o [ on it o e
Janow 49 54N | 23 44T | 1933 | 0 06.4 ED| 64 50.9 N&)| .20110m) 428300
1934.] 0 12.7E |64 53.9N .20081 42863
Val Joyeux ‘ 48 49 N 201E | 1932 [10 380 W |64 43.TN 19637 .41596
1933 |10 27.4 W | 64 442 N .19639 41615
| 1934 |10 17.5W |64 443 N 19643 41629
Maisache) ‘ 48 12N | 11 15K | 1932 | 5 59.3\W |63 39.8 N 20299 41005
Auhof (Vienna)e | 48 12N | 16 14 1 | 1931 3 53.3W |63 200N 20506 41099
' 1932 | 3 445W |63 30.8N 20507 41153
1933 | 3 35.1W |63 327N .20507 41213
1934 | 3 25.8W |63 34.4N .20501 41252
Munich 48 09N | TT 3T E- | 19260 6 54T W | cowesmed [ 0 0 0 [0 A0
Stara Dala 47 52N | 18 11 E | 1931 | 3 103 W Rt dt | (NI ] (S .
(O'Gyalla) 19324 85009 Wilawee = 0 D e e
|

e) Succeeding Greenwich.
n Seven months, May to December.

® Not homogeneous.

n) Four months, September to December.
i Three months, October to December.

21*
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‘ w . Declina- — ‘ Intensity
Observatory | h?ctllej | L;)li‘ldgel ‘ oat ‘ ion | Inch{r};atmn‘ e
‘ ‘ - [~ aD) - | Hor. (H) | Ver. (Z)
: o r o ¢ o_ o i €828 ‘ €: Ll
Stara Dala | 47 52N 18 11E | 1933 | 2 513W |.......... e
(O'Gaylla) \ 1934 | 20425 Wl cacs o v v o o v 3 alumoanss g
1835 1.2 320 Wil comvrmmnsn Jwvms o vy i .........
|
Nantes) 47 15N 1 3¢W | 1932 |11 43.8W |63 444N | .20244 41035

1933 |11 33.2W |63 444N | .20250 | 41045
1934 |11 229\ |63 43.1 N ‘ 20245 | .40995

Tyohara 46 58N 142 45 1| 1933 8 36.8W |60 41.3N | 25035 | .4459!

Otomarie | 46 39N 142 4611 | 1932 8 385W |......... st e
1933 | 8 40.8W [, ......... R i I
LR S ) et el PRI

Odessa | 46 26N 30 46E | 1923 1529V |63 21267 | 42008

119N |
1924 1 44.6W 63 151N | 21246 | .42154
1925 | 1 36.4W |63 189N |

Agincourt 43 47N 79 16 W | 1932 7 358 W |74 469N 15485 56924
; 1933 | 7 37.7W |74 474N | 15453 | 56836
Karsani 41 50N | 44 42\ 1930 | 4 2175 |58 24.9N | 24599 | .40008
1931 4 225E |58 285N .24506 | .40007
; 1932 4 23.9F |58 330N 24581 | .40192
! 1033 | 4 254 |58 37.1N | .24576 | .40291
1934 \ 4265F |58 409N | 24574 | .40388
| | | 1
Tashkent 41205 | 69 181 | 1930 | 5 3081 LIS W iy Lo
\ toulbonetra Bl L i e
; g B AR L o il ces o o s
1033 | 52378 0000000
084 | B IGHE | oo e 2 bt oo oot i 85
1935 | 5 17.2E \ ............................
|
Ebro (Tortosa) 40 49N | 0 30E | 1932 ‘ 10 0201V |57 286N | 23420 36610
. | 1933 | 9 543\ 57 220N | 23436 | 30622
1034 | 9 45.5 W isv 221N | 23456 ‘ 36645
Coimbra 40 128 | 8 25W/| 1031 |13 45.5W |57 522N | 23196 | .36931
Cheltenham 0 38 44N | 76 50 W | 1931 | 7000W |71 00.0N | .18543 | .54316
r 1932 | 7 03.7W |71 109N ‘ .18487 ‘ 54248
1033 | 7(06.2)W |71 (12.8)N | (.18432) | (.54186)
1034 | 7(06.8)W |71 (142N | (.18384) | (.54116)
1935 | 706.4HW | .. ....... (.18335) |........
San Miguel* | 37 46N | 25 30 W | 1932 |18 18.3 W |59 37.9N | 23334 | .39822
(Ponta Delgada) 1933 |18 125\ |59 35.3N | 23374 39822
Zinsencl 37 30N 126 38E | 1926 | 5 57.8W [53 09.0N | .30001 | .40030
| 1927 | 5 59.3 W |53 077N ‘ 29971 | 130959

i Electrical disturbances, especially in Z.
) Zinsen series extended back to 1926 due to revised observed values; Z computed
from [ and H.
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: ; Declina- |, . .. Intensity
Observatory i‘fé‘e Lt?:égel' Year tion Iucl:(r}?hon
(D) ' Hor. (H) | Ver. (Z)
2 o ‘ ‘ okl e G gis. | opgs
Zinsenek) 37 30N [126 381 1928 | 6 00.8W |53 12.8N | .209965 | .40074
1929 | 6 02.4W |53 16.1 N | .29923 .40099
1930 | 6 03.8W |53 07.9N | .20831 | .39777
[ 1931 | 6 03.9W |53 11.7N | .29866 | .39915
1932 | 6 04.1W |53 12.3N | .29975 | .40076
1933 | 6 03.7W |53 13.0N | .30027 | .40162
[ 1934 | 6 05.8W 53 127N | .30027 | .40155
San Fernando 36 28N | 6 12W | 1932 |12 18.0W |53 24.2 No| .25129 .3384()'
. 1933 |12 08.1 W |53 21.1 No}| .25148 | .33802
1034 |12 01.9W |53 15.6 Ne)| 25190 | .33746
Kakioka 36 14N [140 111 | 1931 | 5 42.8W |49 276 N | .29734 | .34765
1932 | 5 44.3W |49 287N | 20722 | .34773
[ 1933 | 5 45.5W [49 287N | 29723 | .34775
1934 | 5 47.1W |49 205N | .29720 | .34788
Tsingtao | 36 04N 120 19E | 1932 | 4 32.1W 52 05.1N | .30892 | .39662
1933 | 4 34.1W |52 052N | .30901 | .39675
1934 | 4 34.9W |52 05.1N | .30019 | .39697
1935 | 4 36.6 W |52 05.6 N | .30923 | .39714
Ksara 33 40N [ 28 881 | 1080 |- LD |t vt v bt i s bt s
| |
Tucson | 32 15N (110 50 W | 1929 13 45.7F |50 34.6 N | .26496 | .45111
1930 !3 476 K 59 36.2N | 26444 45080
‘ 1931 |13 (49.5)F |59 (37.5N | (.26399) | (.45038)
| 1932 |13(51.11E 9(39.2)N | (.26355) | (.45015)
1933 |13 (52.2)1 59 (39.8)N | (.26319) | (.44972)
1934 |13 (52.4) | 59 (39.8)N | (:26204) | (.44933)
[ 1935 13(52.2)11 59 (40.4)N | (.26259) ‘ (.44889)
Lukiapang) 31 19N |121 02E | 1929 | 3 35.8W |45 255N | .33269 | .33766
1930 | 3 35.8W |45 253N | .33202 | .33755
1931 | 3353\ 45 232N | 33306 | 33758
1932 | 3 34.9\W |45 244N 33316 | .33792
1933 | 3 354 W | 45 231N | .33320  .33791
Zo-sd |31 06N 121 11E | 1934 | 3 24.6\ |45 309N | .33254 | .33858
Dehra Dun 30 19N | 78 03F i 1932 | 1 054E |45 37.3N | .33032 | .33755
| 11933 | 1 028E |45 382N | .33056 = .33798
1934 | 1 00.0E |45 300N | .33087 = .33847
Helwan 20 52N 31 201 | 1928 | 0 24.3W |41 365N | .30036 | .26675
| 1920 0 188 W \41 30.4N | .30057 | .26740
11930 0 140W 41 430N | 30078 | 26814
[ 1931 | 0 00.1W 41 453N | 30130  .26897
1932 0 04.1W |41 477N | .30140 | .26944
1933 | 0 00.6 W |41 49.3N | 30180 . .27004
193490 0 03.6E |41 480N | .30232  .27045
‘ : !
1) Succeeded by Zé-seé.
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‘ ol it . | Declina- it Intensity
Observatory | I{‘f(ti: ! Ltol:]d%]' | Year | tion I“CIIFI?UOH alsner i
! i : (D) Hor. (H) | Ver. (Z)
=] r { o ’ o ’ L=} r c g o ‘ Cg s
Taihokue) 25 02N 121 31E 1950 | 2002 W . oo ne i s oo uomspmihs v ne i
; . 1931002 096K [ L v il [ it o i
| 19000 1.2 08 BRIl e 5 (ks cenitiily v s
= T332 500 00 et O Relk il D ot il Tl
iR RS R I SRR s [ e
Au Taue) 122 27N 114 03E 1931 | 0 43.3W |30 344N | 37522 | .22164
1932 | 043.3W (30 331N | .37545 | .22161
; (1933 | 0 43.0W |30 324N | 37546 | .22151
; (1934 | 0423 W |30 315N | 37557 | .22145
| |
Honolulu 21 19N 158 04W 1920 |10 0471 |30 203N | 28582 | .23551
| 1930 |10 04.4F |39 28.1N | 28558 | .23515
[1931 |10 04.31 |39 241N | 28556 23457
|1932 10 05.0 1% |39 20.6 N ‘ 28550 | .23403
1933 | 10(06.0)12 |39 (163N | (.28543) | (.23339)
| 1934 |10 (07.7)E |39 (12.2)N | (.28544) | (.23283)
1935 | 10(09.7)E | 39 (10.0)N 1 (:28534) | (.23244)
Teoloyucan 19 45N | 99 11W [1932 | 9 30.6L |47 021N | .31102 | .33394
1933m| 9 33.8E |47 05.2N | .31047 | .33395
; 1934 | 936.1F |47 07.3N | 31017 | .33403
Alibag | 18 38N | 72 5210 1930 | 0 08.0W |25 30.6N | .37253 | .17777
. 11931 | 0 10.5W |25 30.3N | .37323 | .17806
11932 | 0 127W |25 30.6N | .37364 | .17830
11933 | 0 14.5W |25 304N | .37408 | .17848
11934 | 0 16.2W |25 299N | 37462 | .17867
| | |
San Juanw 18 23N | 66 0T W 19260 4 21.0W |52 106N | .27743 ‘ .357317
11927 | 4 26.1 Wp) 52 14.0 No)| .27709(11‘ 357640
119289 4 35.5W |52 208N | 27645 | .35828
11929 | 4 41.9W 52 244N | 271558 | 35793
1930 v 505 W |52 (286N | 27303 | (35813)
1931 | 4(588)W |52 (30.IN | (27451) | (.35777)
1932 | 5(06.5)W '52(34 2N | (27397) | (.35794)
1933 | 5(13.0)\V |52 (38.1)N | (.27350) | (.35817)
1934 | 5(19.7)W |52 (43.5N | (.27322)  (.35898)
1935 | 5(25.0)W |52 (46.TN | (27290) | (.35926)
Antipolo 14 36N 121 10E 1928 | 0 26.6 1 |15 504N | .38220 | .10844
1929 | 0 262 |15 47.6N | 38238 | .10815
1930 | 0 2671 |15 47.0N | 38253 | .10813
1931 | 0 27.51 |15 482N | .38276 | .10834
1932 | 0 2841 |15 488N | 38286 | .10844
1933 | 0 30.1E |15 486N | .38285 | .10841

m) No observations in March.
n) San Juan series extended back to 1926 due to revised observed values.
o) Values for April interpolated.
») Mean of five months, January to May.

@) Mean of seven months, January to July.
1) Mean of eleven months, February to December.
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: : Declina- | Incli- Intensity
Observatory tl{fg'é Ltc:llll%l' l Year ‘ tion ' nalion
| | [ (D) i Hor. (H) | Ver. (Z)
thenly o l ot o G- &5 l €.g s
Palaue) | T20N 134 20K | 1932 [ 2 03.6E |........ooleviununnn et oo Ui
TOBSEOn 1 B o iy oo s v s
‘ 1934 ‘ i i el S o S [ e SR [P )
Batavias) 6 028 (106 44 E | 1929 0540k 32 13.68 36821 23212
(Kuyper) 1930 | 0 5471 |32 16.78 36846 23213
1931 | 0 582K |32 1948 36863 | .23325
1932 1 01.7E |32 21.28 36869 .23356
1933 1 05.2E |32 21.68 36891 233176
1934 ‘ 1 06,6 5 [32 20.68 37001 23430
1935 1 092K |32 2088 37035 .23455
Huancayot 12 038 75 20W 1926 | 7 549K 1 09.8N 29666 .00601
| 1927 | 7 504 1 1 173N 29659 00667
1928 ‘ 7 46.1 K 1 25.8N 29646 .00740
1929 7416 K 1 339N 29636 .00810
: 1930 | 7 365K | 1425N | 29614 | .00883
| 1931 7 30.8 1 50.3N 29624 .00951
1932 | 7 25.7L 1 58.4N 29617 01021
1933 7 214K 2 041N 29614 | .01075
| 1934 7 18.1E 2 08.5N .29622 01107
[ 1935 7(15.2)E 2(11.2)N | (.29612) (L01130)
Apia 13 488 |171 46 W 1932 |10 36,51 | 30 1368 35116 | -20460
| 1934 |10 422F | 30 2248 30049 | —.20541
Tananarive [18 558 l 47 33K 1929 | 8 06.7W | 53 19.68 21649 .29073
i 19320} 8+22.0. W 0 21412 .28986
1 1933 81200 M [ el 21386 28934
| 1934 8124, 0:W) [t bl S0 e, 21326 .28382(7)
| |
Mauritius 20 068 57 33 I I1932 12 28.4W | 52 4238 .22642 29726
1933 |12 37.2 W | 52 43.88% .22562w) | 29649
11934x) 12 50.9 W | 52 46,58 22542 29671
| 11935 12 59.6 W | 52 48.6 8 22529 29690
La Quiaca |22 078 65 35 W 1932 4 242K | 12 2168 26241 05750
1933 4 167E | 12 21.28 26223 05743
Vassouras 22 248 43 39 W 1930y 12 424 FE | 17 0528 24146 | -.07422
1931» 12 495K | 17 11.38 24112 | -07459
1932a) 12 57.1 K | 17 20.6 8 24072 | -.07518

s)

3]
u)
v)
w)
x)
¥)
z)

Kuyper values reduced to Batavia by absolute values at Batavia; values 1932 to 1935

are preliminary.

Huancayo values extended back to 1926 due to revised observed values.
Means for November and December only.
Eight months, January to August.
Discontinuity about 61y, due to new collimator, in .
Seven months, June to December.

March omitted.
May and June omitted.

an) December omitted.
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Lafi- | Longi- ' Declina- = Iuclina- ‘ Intensity
Observatory h;de ; tudge ¢ Year tion tion |
‘ )] h ! Hor. (H) | Ver. (Z)
A oL, ., Cegs | gos
Watheroob 30 198 115 52 1919 - 4 228 W I 63 3148 24925 | -.50780
‘ C 1920 1 4 221 W [ 63 5478 24889 | -.50832
| S 1921 | 4 21.6W | 63 3828 24842 | -.50865
| S 1922 4 20.9W | 64 01.08 24799 | —.50885
| ‘ 1923 4 195W | 64 03.08 24776 | -.50014
: 1924 4 18.2W | 64 05258 24750 | -.50941
| ! 1925 4 17.6W | 64 07.85 24720 | -.50997
T ‘ 1926 4 17.2W | 64 1088 .24680 | -.51007
: 1927 4 163W [ 64 1198 24670 | -.51030
| - 1928 4 15.0W | 64 13.73 24656 | -.51070
: L1929 4 121 W | 64 1558 24646 | -.51116
i i P 1930 0 4 08.0W | 64 1778 24634 | -31174
: : S 1931 | 4 03.3W | 64 1808 24650 | -.51218
; ! 11932 | 3 584W |64 1918 246561 [ -.51264
: ) 11933 | 3 53.4\W | 64 19.88 24659 | -.51308
i 1934 | 3 47.8W | 64 20.1 8 24069 | -51340
! 1935 | 3{42.5)W | 64(21.08 i (.24672) |I-.51379
Pilar 31 405 ;63 33 W | 1932 | 6 114E | 25 53.68 ; .24607 | 11945
: j 1933 | 6 03.0 E {25 5598 | ,24559 |-.11942
l F1934 | 5 59.0E | 25 59.28 245106 |- 11950
| £1935 | 5 535 | 26 03,78 24456 | -1196t
‘ I
Capetown 33578 | 18 28K 1933 124 300W | ... ... |
. I 1034 124 36.6W | ... .0 e
Toolangi 37 328 145 28E 11930 8 2081k | 67 51538 22872 | -.56208
; | 1931 8 249E | 67 5088 22884 | -.56200
; 11932¢)| B 27.010 ; 67 51.1 8 22886 | -.56226
i 1933y 8 34.3E | 67 50.18 22894 | -.56198
1934 | 8 3231 | 67 49.28 22909 | -.56193
Amberleyeo) 43 108 |172 44K | 1930 |17 531.0[ | 67 3848 22351 | -.55246
! ! 1931 {17 544K | 67 57.78 22360 [ -.55236
| 11932 |17 57.3 1 1 67 58.28 22347 | -.55227
! | 1933 |18 00.2F | 67 58,78 | 22339 | -.55233
! : 1934 |18 0291 | 67 59.18 | 22332 1-.55229
i i 11935 |18 06.3 L | 67 59.7% | 22317 |-.55223
H I
| ! |

bb) Watheroo values extended back to 1919 due to revised

e} Bucceeding Christchurch.

observed values.
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SUR LA NATURE DES PERTURBATIONS MAGNETIQUES

Résultats préliminaires au sujet de quelques perturbations
enregistrécs pendant 'Année Polaire Internationale 1932-33

Par Mario BOSSOLASCO

Dans le but de pouvoir décéler la vraie nature des phéno-
ménes qui composent la vaste classe des perturbations du
cltamp magnétique terrestre il est avant tout nécessaire de
connaitre Pallure de ces perturbations sur la surface du globe.
Sous cet aspect, le nombre relativement grand de stations ma-
gnétiques qui élaient en fonction pendant 'Année Polaire Inter-
nationale 1932-1933 rend les perturbations enregistrées dans
cette période particuliérement importantes ct bien méritables
d’étre étudiées dans les détails.

Or, parmi les perturbations qui sc sont vérifiées pendant
I'Année Polaire, Vorage magnétique a caractére mondial (et &
début brusque) du 30 Avril 1933 cst sans doute la manifestation
la plus intense entre celles de ce type qui a cu licu dans cctte
période. Il m’a done paru intéressant d'entreprendre une étude
détaillée sur cct orage cn cherchant de rassembler, de réduire
et de discuter un bon nombre des enregistrements obtenus par
les stations magnétiques qui étaient en fonection a cette date.
Une premiére partie de ece programme d'étude a déji trouvé
sa réalisation grace 4 Paimable mise 4 ma disposition de copies
de ces cnregistrements de la part des dirceteurs de plusicurs
obscrvatoires et auxquels ie renouvelle iel mes vifs remereic-
ments.

L’élaboration du matéricl ainsi rassemblé sur cet orage
magnétique du 30 Avril, quoique pas encore achevée, a déja
permis de déduire quelques conclusions intéressantes & propos
desquelles je désire donner iei un trés court exposé, en me
reservant de développer ensuite celte étude larsqu’il me sera
possible de traiter dans unc maniére compléte les différentes
questions qui se posent en analysant un orage magnétique.

Les sujets considérés ici sont essentiellement deux: 'un
regarde le vecteur qui définit 'impefus initial d’un orage ma-
gnétique, tandis que Pautre se rapporte aux perturbations spé-
ciales dites »Bay-Storungenc,

1. Etant donné le nombre relativement restreint des cnregis-
trements 4 marche rapide 'étude du vecteur impetus de orage
du 30 Avril 1933 a été faite en utilisant toujours, dans Pintérét
d'uniformité, les diagrammes obtenus avee des enregistreurs a
marche normale. Ainsi, cn remarquant que Porage magnétique
en question a cu son début & peu prés vers 16"27".5 T.A.G
lorsque le soleil se trouvait au zénith le long du méridien de
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Fig. 1.— Intensité de la composante horizontale (AH) de Pimpelus de
I'orage magnétique de 30 Avril 1933 dans les stations équatoriales.

1 mm = 4y

Fig. 2. — Allure de V'impetus de I'orage magnétique du 30 Avril 1933
dans les stations situées prés du méridien qui passait par le soleil
a Pinstant du début de l'orage.
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67°W de Greenwich et a la latitude de 15°N env., on a cherché
Pallure du vecteur impetus sur le globe en tenant compte de
cette position du soleil. Dans ce but on a représenté dans la
figure 1 la variation du vecteur impetus avee la longitude telle
quelle s’est vérifiée dans les stations équatoriales, ce que 'on
a fait simplement au moyen des valeurs de AH; d’ailleurs, la
figure 2 montre la distribution de I'impetus le long du cercle
maximum de la terre contenant le méridien susdit de 67°W
de Gr. déduite des diagrammes des stations situées dans la
proximité de ce cercle et qui heureusement sont suffisamment
bien distribuées.

Ces figures exigent quelques remarques. Avant tout,
I'impetus d’'un orage magnétique étant un vecteur variable avec
le temps, on a été amené a le représenter seulement au moyen
de ses valeurs extrémes ou avee ses positions de changement
de direction bien marquées; cela a toujours été limité aux pre-
mieres dix minutes depuis le début de l'orage, parce que la
ariation rapide initiale du champ magnétique qui définit
I'impetus en toute son intensité n’a jamais dépassé cette durée.
De plus, en ce qui concerne la figure 2 les vecteurs représentés
sont toujours I'image de I'impetus en vraie grandeur et non
pas leurs projections sur le plan du méridien considéré, qui
d’ailleurs ne différent pas sensiblement I'un de Pautre, car les
valeurs de la déclinaison et de la déviation latérale provoquée
par la perturbation sont en général petites (la station de Thule
exceptée).

Examinant Pallure de la variation de Pintensité de Pimpetus
sur le globe on voit que, pour Porage magnétique en question,
lorsqu’on exclut les régions polaires, le maximum de cette
intensité se présente a la station de Huancayo, qui est en méme
temps la station la plus proche du méridien du soleil au zénith
a Pinstant du début de I'orage et qui est & peu prés située sur
Péquateur magnétique. En outre la figure 1, avee le maximum
nocturne bien marqué pour AH, démontre que ’action du soleil,
comme donnant origine aux perturbations par émissions de
corpuscules électrisés, — en ce qui concerne I'impetus d’un
orage — est influencée aussi directement par le champ magné-
tique permanent de la terre et s’exerce non sculement par
propagation dans les couches ionisées qui enveloppent le globe.
Sans discuter cette interprétation, on déduit encore de la fig, 2
que Pimpetus tel qu'il s’est présenté vers la minuit locale
se compose d’'un vecteur dirigé dans une direction presque
constante (pour chaque station), tandis que dans les environs
du méridien qui passait par le soleil I'impetus se compose en
géncral de deux vecteurs ayant des directions bien différentes
ou presque opposées.

D’ailleurs, une exception & ce propos est fournie par la
station de San Juan qui avait le soleil presque au zénith a
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I'instant du début de Porage; cela est & rapporter & la circon-
stance que lintensité de Pimpefus a présenté sa plus petite
valeur dans la région avoisinante et particuliérement au Nord,
comme le prouvent les diagrammes des stations de Cheltenham
et Agincourt. Quant 2 la station de San Juan il est aussi & re-
marquer que impefus s’est manifesté ici selon une direction
azimutale qui difféere de 20° cnv. des directions des aufres
stations tropicales, tandis que ces dernieres sont entre elles a
peu prés paralléles. L’explication de ces faits est a rechercher
dans le caractére du systéme des courants électriques qui domi-
naient sur cette région lors du début de orage en rapport avec
la charge des corpuscules émis par le soleil,

Enfin, Panalyse faite sur la durée de impetus a monfré
que dans les hautes latitudes le développement de Iimpetus est
sensiblement plus rapide que dans les régions équatoriales;
naturellement il n’est pas toujours simple de définir avec pré-
cision et dans une maniére uniforme la fin de Pimpetus, tandis
que d’un autre ¢6té il parait que Pinertie des aimants employés
pour les enregistrements, qui sont encore de type trop différent
entre cux, doit jouer un rdle non favorable pour ces com-
paraisons.

2. Dans la recherche entreprise sur Porage en question on a
étudié en détail I'allure des variations du champ magnétique
relatives a toute la période entre le 28 Avril et le 5 Mai 1933,
En conséquence, on a été amené a examiner aussi les trois
«Bay-Stérungen» (B.-S.) qui se sont présentécs pendant les
jours de: 30 Avril (entre 20" et 22" T.M.G. env.), 3 et 4 Mai
1933 (entre 18" et 20" T.M.G. env, tous les deux jours),

L’analyse de ces perturbations spéciales a conduit aux ré-
sultats suivants, valables vraisemblablement pour toute sorte
de B.-S. .

Le caractére essentiel d’'une B.-S., tel qu’il cst défini par le
comportement du veeteur perturbateur, reste le méme, soit pen-
dant un orage magnétique (30 Avril 1933), soit dans les jours
calmes ou presque calmes (3 et 4 Mai 1933); 1a scule différence
est que dans le premier cas 'ampleur ou l'intensite de la B.-S.
est nettement plus forte que dans les autres. En effet, étude
de la variation du vecleur qui définit une B.-S. a montré que
ce vecteur a en tout cas la tendence 4 déerire un plan (tandis
que Pextrémité du méme vecteur déerit en général unc courbe
fermée sur ce plan). Dans une méme station Porientation de
ce plan parait étre tout-a-fait indépendante des conditions
orageuses du champ magnétique de la terre, tandis que lin-
clinaison du plan de la B.-S. est variable avec le temps. Il
s’ensuit que les actions qui provoquent unc B.-S. doivent éire
de nature originairement différentc et indépendante de celles
qui donnent naissance aux orages magnétiques, tandis que ces
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derniéres cxercent seulement un cffet de grossissement sur les
premiéres. Enfin, contrairement a ce que 'on a affirmé ré-
ccmment®) la propagation d’'une B.-S. sur le globe doit se re-
garder comme tout-a-fait indépendante de la longitude, parceque
on a clairement constaté que pendant unc B.-S. les valeurs
maxima du vecteur perturbateur se présentent dans toutes les
stations dans le méme instant (4 une minute prés, en raison
des difficultés qu'il y a pour définir toujours avec la méme
exactitude ce maximum lorsgqu’on utilise simplement les dia-
grammes ordinaires obtenus avec des enregistreurs 4 marche
normale).

OBSERVATIONS OF HORIZONTAL FORCE WITH THE
UNIFILAR MAGNETOMETER: THE P & Q COEFFICIENTS

By A.H, R.GOLDIE

Reference is made to the “P and @ Cocfficients” in the
report of the British National Committec [pp. 91-94 (a) and
(b)]. The mean values of the P’s and Q’s at Eskdalemuir and
Lerwick vary a good deal from year to year in a way that used
to scem to be casual, but when the results for a series of years
arce considered it is secn that the courses pursued by the coef-
ficients at the two observatorics have a certain parallelism.
The P’s for Eskdalemuir and Lerwick are plotted in Fig. 1.
Roughly the  wvariation is opposite to the P variation in each
casc, so that we need consider only the P varviation. If it were
not that the Eskdalemuir and Lerwick curves move in opposite
directions between 1928 and 1929 the parallelism is very nearly
perfeet. In fact the six years 1923 to 1928 show a linear relation.
According to the observation hooks the Eskdalemuir collimator
magnet reccived a “slight knock” in June 1928, and this, though
it Ieft the moment of the magnet unaffected, may conceivably
have caused some rcal change in the distribution of magnet-
ization. The Eskdalemuir wvalue for 1929 was markedly
displaced from the previously existing linear relationship with

*}y E. Wiechert: Untersuchungen an Baysttrungen unter besenderer
Beriicksichtigung der Stérmerschen Theorie (Mitteil. der Geophysik.
Warte Gr. Raum der Albertus-Universitiit Konigsherg/Pr. Nr, 22, 1934,
S. 9).
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Fig. 1.

the Lerwick values; 1930, 1931 and 1932 showed some return
and 1933 almost a complete return; 1934 and 1935 showed
divergencies in the opposite sense. It has however to be
remarked that since the middle of 1931 the number of three-
distance deflection observations by the unifilar magnetometer
has been reduced at both observatories to quite a small fraction
of the number made in earlier years; on this account an in-
creased scatter in the results would be not unlikely to arise.
The parallelism of the curves shows that an important part
of the variations in the annual means of the distribution coef-.
ficients is due to a cause which is common to Eskdalemuir
and Lerwick. Obviously it would be interesting to see whether
other observatories show any similar effects. Valentia, Kew
and Abinger have published values of the P coefficients but
unfortunately no one of these observatories has a homogeneous
series covering the whole period from 1917. Valentia has been
in operation throughout the period, but prior to 1926 the
method of calculation of the P coefficient was by overlapping
seven-monthly means, so that without a fairly exhaustive re-
calculation it is only possible to get a somewhat smoothed
curve for the period 1918-25; for the period from 1926 it is
however possible to get data closely comparable with the
Eskdalemuir data. These values, together with those of Kew
for 1918-24 and Abinger for 1929-34, have been plotted also in
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Fig. 1. It was obvious that these three observatories also showed
a certain general parallelism in their data, but that the course
of the P’s at the southern observalories was practically opposite
fo that at Eskdalemuir and Lerwick. The data for the southern
observatories have therefore been plotted with P increasing
downwards as compared with the Eskdalemuir and Lerwick
values. Though there are a few anomalies the many points of
similarity in the curves of the five observatories in Fig. 1 cannot
be dismissed as casual. There is relatively close correspondence
between the curves for Valentia and Eskdalemuir from 1926,
as close for example as we should find if we plotted annual
means of wind speed for the two observatories. The movement
of P at Eskdalemuir between 1928 and 1929, noted above as
being at variance with that at Lerwick at the same time and
as being possibly connected with an accident to the magnet,
happens to be in harmony with the movement at Valentia.
Curiously enough the Abinger magnet is noted as having been
subjected to repolishing in August 1928 to remove rust; (and
the mean values of P for 1928 and earlier years are not
published) so that unfortunately there is no means of inquiring
further into the 1928-29 changes.

Coming now to possible causes, the first cause likely to be
common to the area of the British Isles is something connected
with magnetic disturbance which, as is well enough known,
adds to the uncertainties of absolute observations, particularly
at the more northerly observatories. It is obvious that the extent
to which H varies in the course of an observation is liable
to affect the final determinations. At the same time none of
the ordinarily employed measures of magnetic activity, or even,
say the inequality ranges of quiet days, pursues for the different
years a course exactly parallel to any one or to the mean of the
curves in Fig. 1. This is the case even if we consider the
absolute ranges only on the days on which absolute observations
were actually made at Eskdalemuir. Further, the times and
even the dates of observations at Eskdalemuir have differed
from those at Lerwick and at the other observatories and it
is scarcely to be expected that there should be a parallelism
between five activity curves based on different short periods
of time at five observatories. Other possible causes of spurious
or non-magnetic effects, e.g. air temperature as affecting
obhservations, have been examined, but without positive result.
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SUR I’ETUDE DES PERIODES DES PHENOMENES
' MAGNETIQUES

Par H. LABROUSTE

I. — Madame Labrouste et moi avons continué 'étude des
variations périodiques en magnétisme terrestre et notre at-
tention a surtout porté sur les composantes diurne el semi-
diurne de la déelinaison dont les wvariations de phase et
d’amplitude ont été examinées dans le cas des jours calmes et
dans le cas de tous les jours.

En particulier, les variations undécennales de ces grandeurs
ont été comparées a la courbe undécennale de Pactivité solaire
Des différences marquées ont été mises en évidence entre les
courbes correspondant a4 ces deux cas. Par cxemple, si 'on
considérc la composante diurne, on constate dans le cas de
tous les jours que la variation undécennale de sa phasc cst
déecalée par rapport a la courbe undécennale de Pactivité solaire,
tandis que les 2 courbes coincident dans le cas des jours calines.

Ces résultats ont été publiés et la bibliographic se trouve
dans le rapport national francais (p. 85).

II. — D’autre part, nous avons aussi ajouté quelques
résultats théorigues relatifs 4 la méthode d’analyvse par com-
binaisons linéaires des ordonnées publiée dans le Ferrestrial
Magnetism. Depuis la parution de ce Mémoire en mars et
juin 1936, nous avons précisé quelques points nouveaux qui
permettent d’énoncer les propriétés suivantes:

Si 'on considére une suite d’ordonnées équidistantes y d'un
graphique, les combinaisons successives généralement utilisées
sont équivalentes 4 une translormation sélective dans laquelie
chaque ordonnée, désignée par y cst remplacée par une somme
de la forme:

ft=—+m

§ Ku Yo
m

{{ — —
P

On trouve ue les meillecures conditions de sélectivité sont
obtenues lorsque la courbe des coefficients K,,, définie dans
Iintervalle —m a +m, représente un groupe (au sens ol ce
mot est employée dans la théorie de la dispersion) et gquand la
pseudo-période du groupe cst égale & la période de la com-
posante a isoler. On montre enfin que la sélectivité varie
sensiblement comme la longueur du groupe.
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SUR L’ETUDE DES RELATIONS
SNTRE LES PERTURBATIONS DE LA RADIO
ET LES PERTURBATIONS MAGNETIQUES

Par M, JOUAUST

Le comité francais de radiotélégraphie scientifique a ouvert
unc cnguéte sur les phénomeénes d’évanouisscment (fading) qui
ont été trés nombreux en 19353-36. Ces évanouissements con-
sistent en un arrét complel des transmissions par ondes courtes,
arrét qui dure de quelques minutes 4 quelques heures. Ces
évanouissements se produisent hrusquement. On peut citer
comme évanouisscinent typique celui qui s’est produit en 1936,
Ie jour de I’éclipse solaire. De 16h 4 18h (T.M.G.) les postes
francais ont dii écouler leur trafic sur ondes longues, pendant
gue les postes ameéricains devaient envoyer leurs télégrammes
pour I’Angleterrc 4 Buenos Ayres qui les retransmettait a
Londres. I’enquéte a consisté & interroger les ohservatoires
s’occupant d’astronomie solaire et ceux s'occupant de ma-
gnéfisme terrestre sur les phénomeénes qu’ils avaient pu constater
dans les journées précédant ou suivant I’'évanouissement.

A plusieurs reprises, des éruptions chronosphériques ont
¢té constatées quelques heures avant Pévanouissement. Mais
en général tous les évanouissemcnts n’ont pas élé accompagnés
d’éruption et toules les éruptions v'ont pas donné lien a
évanouissenment,

Par contrc tous les évanouissements sc sont produits en
période d'activité magnétique importante. Il y a donc peut-
étre dans P’étude des évanouissements un procédé permettant
de discerner le réle que jouc la haute atmosphére dans la
production des perturbations magnétiques. L’interprétation de
ces phénoménes ne peut évidement étre faite que par les
physiciens spécialisés dans I'étude du magnétisme terrestre.
C’est pourquoi, au nom du Comité francais de radiotélégraphie
scientifique, M. Jouaust propose 4 toutes les personnes que la
question peut intéresser de leur communiquer les documents
déja rasscmblés ct ccux qui le seront dans l’avenir.

En terminant, M, Jouaust remercie M. le Directeur la Cour
de tous les renseignements qu’il a hien voulu lui communiquer
atu cours de son enguéte.
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B. Ionosphere. Cosmic Radiation.

AUTOMATIC MULTIFREQUENCY TECHNIQUE FOR
IONOSPHERIC MEASUREMENTS

By L.V.BERKNER, H. W. WELLS, and S.L.SEATON

Abstract: Advances in ionospheric research have necessitated the
development of an automatic multifrequency equipment capable of con-
tinuous operation to obtain more complete data concerning the upper
atmosphere. Such an equipment, as developed by the Department of
Terrestrial Magnetism, Carnegie Institution of Washington, is described.
The problem involves recording of an essentially three-dimensional
figure where virtual heights of all values of ion-densities change with
time through the extent of the ionosphere. This figure is established by
obtaining a series of cross-sections at regular intervals. Such sections
are obtained from a record of the time-retardations of the reflections
of a radio transmission as the frequency is swept through the requisite
range. The frequency-range is 16.0 to 0.516 mc/sec. A sweep through
this range is completed every 15 minutes. The receiver and transmitter
operate from the same oscillator and on the same antenna. Tuning, ac-
complished by selected cams, is described. An antenna-coupling network
to give reasonably constant output has been developed. Special attention
has been given to the character of the emission so that the transmission
has been proven to be entirely non-interfering, Sample records of the
type obtained by this equipment are shown.

(I) Introduction.

Complete information regarding the state of ionization in
the upper atmosphere is essential to an interpretation of many
cffects in the field of geophysics. The ionized regions of the
upper atmosphere are involved in long-distance radio-wave
propagation, in the short-period variations of the Earth’s mag-
netic field, and in a large number of closely related geophysical
and meteorological branches of science. There is some reason
to believe that such a knowledge will yield the most effective
information which can be ohtained concerning changes in solar

‘adiation. Furthermore, the ionosphere yields to the field of
physics a fertile field for the investigation of the propagation
of electromagnetic waves in a doubly refracting inhomogencous
medium. At normal incidence radio waves of different frequen-
cies penefrate to levels of different ion-density. To obtain the
distribution of ion-density with respect to height, the frequency
of the exploring radio-transmission must be varied, continuously,
through a wide range depending upon the limiting constants
of the ionosphere. The ionization of the upper atmosphere
undergoes rapid and irregular changes. Previous methods of
ionospheric research have not provided the continuity and
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completeness of detail necessary to a most thorough under-
standing of these phenomena [see 1 of “References” at end of
paper]. Such methods provide only for measurements or re-
cords on a single frequency, on a series of single frequencies
by a cumbersome manual technique, or continuously over a
restricted band of frequencies. An automatic, continuously re-
cording, multifrequency equipment developed by the Depart-
ment of Terrestrial Magnetism, Carnegie Institution of Wash-
ington, has overcome most of these difficulties. Complete data
are obtained with only the nominal supervision of an operator.
Such an equipment involves transmission through most of
the useful radio spectrum and must possess the following
characteristics: (1) Ability to record successfully without inter-
ference to or from existing radio services; (2) relatively uniform
vertical radiation throughout the frequency-range; (3) automatic
interlocking of transmitter- and receiver-tuning; (4) mechanical
simplicity; (5) uniform limits of precision and resolution. Each
of these factors inherently involves certain features of the
others; a successful equipment must depend upon a series of
compromises. The design of the equipment requires an under-
standing of these factors, and the utilization of methods and
devices which permit the most satisfactory compromise.

(I) General description.

The equipment consists of a radio transmitter and receiver
located together, both utilizing the same antenna-system and
tuned circuits, together with a suitable recorder. The method
is fundamentally that of Breit
and Tuve [2] wherein a radio-
frequency pulse of short dura-
tion is transmitted and the
time-retardation of the reflec-
tions is recorded.The transmis-
forts sion-frequency is changed con-
= ‘ tinuously so that a complete
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sweep through a frequency-
range from 16.0 to 0.516 mc/sec
is repeated every few minutes,
providing a continual record
of the constants of all regions
of the ionosphere.

The general arrangement
of the equipment is shown in
Figure 1, which is a block-
diagram showing the connec-
tions of the various units. This
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order that the transmitter and receiver be locked preciselyin tune
at all frequencies. A single variable oscillator serves for both
the transmitter and the receiver, as suggested by Gilliland [3].

In describing the operation, let f; be the frequency to which
the  intermediate-frequency amplifier is tuned and let fy be
the variable frequency radiated and received at the antenna.
Then the variable-frequency oscillator (VO) will operate at a
frequency

f\'() = f‘» —+ f[ or f\'() = f\v S f[ (1)

This oscillator excites the suppressor grids of the fully balanced,
Class-B modulator (M). The control-grids of this modulator
are excited by the intermediate-frequency oscillator (I), which
has a fixed tuning, and operates at a frequency f; which is
identical to the frequency to which the intermediate amplifier
is tuned. The output of the fully balanced modulator contains
only the two side-band frequencies which are

f\-o + f| and f\'() — 1 (2)

The frequencies fvo and f; are completely suppressed by the
fully balanced modulator.

The frequencies in the output-circuit of the modulator will
then be, from equations (1) and (2)

f.\n = f\'o 1= f| = {4+ f[ + f) = I‘\' + 21‘[ (3)
fyjp=fvo—fHi =+ —f) = 1,

These two side-bands fy; and fy. are therefore separated by
an amount 2f,. The intermediate frequency f; is approximately
500 ke so that the separation of the two side-bands is about
1000 ke. The side-band fwr is readily suppressed in the tuned
tank-circuit of the modulator which has a variable tuning and
is adjusted to pass only frequency fy, = f, to the power-amplifier.

The first detector, which is also a fully balanced modulator,
is arranged so that it will pass no energy when the power-
amplifier is excited, recovering in about 10 second after the
excitation is stopped. These are tubes of the transmitter-type
with the requisite grid-insulation and construction to withstand
transmitter-voltages. The power-amplifier tank is tuned to fre-
quency fy and forms a tuned circuit for both the transmitter-
output and the receiver-input.

The received signal is also of frequency identically f, and
is applied to the control-grids of the first detector. The second
grids of these tubes are excited from the variable-frequency
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oscillator (VO) which also excites the modulator, Its output
will therefore contain the frequency

fvo —fy =i+ — v =1, (‘E)

This is the intermediate frequency which is amplified in the
usual manner by the intermediate-frequency amplifier. In-
asmuch as all of the reflections which are recorded arc re-
ceived within 12 milliseconds after the transmitted pulse, the
detuning effect in this time due to the changing frequency of
oscillator (VO) is not serious. This factor does, however, limit
the rate of sweep of frequency over the band, as is shown later,

To maintain the receiver and transmitter in tunc, the only
condition imposed is that the fixed-frequency oscillator {7 he
funed to the intermediate-frequency amplificr, a condition easy
to fulfill.

The intermediate-frequency oscillator is “pulsed” through a
keying amplifier by means of an eclectromagnetic device ge-
nerating a sinusoidal pulse. This is generated by rotating a
thin segment of “hypernik” through an unsaturated laminated
“hypernik™ core so that the flux in the core is changed for a
short period as the segment is rotated through the core, in the
manner of an ordinary electrical generator. A pulse is induced
into a coil wound around this core. The intermediate-frequency
oscillator operates only during the instant that the pulse is
transmitted.

A fast automatic volume-control is incorporated in the inter-
mediate-frequency amplificr which has a time-constant of about
10* second to prevent oscillations of excessive amplitude in
the amplifier. In addition, a slow auntomatic volume-control,
which integrates over 2 X 107 second, adjusts the sensitivity
of the amplifier in accordance with the noise-level encountered,
so that the records are not destroyed during periods of cxces-
sive noise. The equipment will record with a minimum input-
signal of about 2 X 10-° volt. A diode rectifier operates a fully
balanced direct-current amplificr which in furn opcrates the
oscillograph.

The gencral arrangement of the photographic recorder,
shown in Figure 2, is similar to that deseribed by Gilliland {4].
A permanent magnet, Dudell type oscillograph-element is used,
although a cathode-ray tube could be used with equal facility.
‘The galvanometer is normally operated with a bias such that
the deflection is negative. The pulse mercly reverses this hias
so that the restoring force of the galvanomcter assists in its.
initial accelcration, giving somewhat faster opcration than with
conventional opcration, to provide for the short pulse-lengths
used.

3
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Fig. 2. — Photographic recorder for automatic multifrequency equipment.

The camera is driven by a synchronous motor and has an
adjustable speed through a reduction-gear. Recording is done
on photo-sensitized paper having a width of 12 em so that
scalings may be made without magnification of the trace. A
vertical resolution of about 0.66 ¢m/100 km is ordinarily used.
A speed giving about 60 c¢m of record per hour is found most
useful. A spherical lens is included in the optical system which
is focused on the recording slit of the camera. This lens is so
placed that the oscillograph must deflect to about two-thirds
normal amplitude before the beam falls on the lens; the last
one-third of the deflection is focused on the recording paper.
A resistance-capacity filter is placed between the output of the
intermediate-frequency amplifier and the recorder, so that
steady signals cannot deflect the element more than one-half
normal amplitude. In this way much unwanted interference
is avoided as it does not reach the spherical lens.

Successful recording is accomplished because reflection-pat-
terns are not random and form a coherent trace on the paper;
noise and modulated interference, which pass the filter, are
-andom and therefore incoherent on the record, merely causing
some fogging. Recording is possible at all times even though
the rececived low-level pulses may be entirely inaudible through
the noise, such as experienced during local thunder-storms.
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(III) Factors of design.

Before discussing the automatic features, certain factors con-
trolling the design must be considered. A pulse-duration of
about 100 to 200 microseconds is used. This is necessarily a
compromise; the maximum length is limited by the resolution
required between reflections arriving at nearly the same time
as is often the result of double refraction (vertical resolution);
the minimum length is limited by the band-pass restrictions on
the intermediate-frequency amplifier determined by the limita-
tions of incoming interference, by the required fidelity of re-
production of reflection, by the necessity for restricting the fre-
quency-spread of transmitted side-band energy to prevent inter-
ference to other services, and by the requisite resolution of
critical-frequency phenomena which become indistinet when
the radiation embraces too wide a band of frequencies (horizon-
tal resolution).

The minimum time of sweep through the band is controlled
by the pulse-frequency, the width of the band, the allowable
frequency-change between pulses, and the allowable detuning
of the receiver from the transmitted frequency between pulses.
To sweep the required frequency-range in time, T, the frequency
must be changed by an amount, Af, between pulses. If N pulses
are transmitted per second, the time between the commence-
ment of successive pulses is given by At = 1/N. Suppose the
frequency, f, at any time during the sweep to be defined by
a function

i B(1) (5)

Then f_\.‘t
Af =\ dF(t) (6)

0

The most general expression for F(t) must involve the deter-
mination of three constants depending upon the limits of the
frequency-range to be swept and the permissible time-rate of
change of frequency. Two of the necessary equations are formed
by substituting in equation (5) the value f,.., the highest
frequency, and fu,, the lowest frequency of the range. The as-
signment of values to Af,., and At,, yields a third equation

((]f/dt)nmx == AI‘nm);/ﬁtmin (7)
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The minimum time required for a sweep therefore depends
upon the values assigned (o fuax fuin Afwae and Aty for
any form of I(t).

The upper limit of the frequency-range must be a frequency
above which it is improbable that reflections will be returned
at vertical incidence. Reflections have been observed at fre-
quencies up to about 14 me/sec on unusual occasions. At night,
reflections can be observed on indefinitely low frequencies,
although the reflections are observed usually from the 100-km
level on a frequency of about 0.5 me/see. Because of the loca-
tion of the international distress-band on this latter frequency,
the frequency-band of 0.516 to 16.0 me/sec has been selected.

For a given band, equation (7) must be maximized for the
most rapid sweep. The value of At is limited, however, by
consideration of interference to existing services. Pulse-fre-
quencies over 20 per second constitute a coherent sound, and, as
a consequence, N must be limited to about ten pulses per se-
cond.

While the maximum value of Afy.. must be kept low to
prevent progressive detuning of receiver, this is not ordinarily
a limiting factor. To properly define the complex pattern of a
critical frequency at low frequencies, such as frequently observed
in a band of 50 ke, about 100 discrete pulses ave required. This
requires that Af be about 0.5 ke/sce/pulse at low frequencies.
This requirement is not so severe at the higher frequencies,
because of the broader character of the critical frequencies.
Here a value of about 3.0 ke/sec/pulse is acceptable.

The rate of frequency-change must allow the production of
a trace which is satisfactory for scaling. If the percentage
accuracy of the scaling is to be constant, the frequency must be
changed along a record moving at a uniform velocily by

qlogt =1 (8)

where ¢ is a constant and 1is the distance along the recording
paper. Let p be the percenlage accuracy of the frequency which
should correspond to an uncertainty of I’ as scaled on the ree-
ord. Then
log (1+p)f—1log f=(1/q) 1.
from which
q= U'/log (1 +p)=1/(1+ p), where p is small &)

Then

1= “r/(l _+_ l))] lUg fnmx/fmin (10)
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This expression gives the length of record such that the
uncertainty of frequency corresponds to the uncertainty of scal-
ing. Assuming that the frequency-stability of a well-designed
oscillator is 0.2 per cent when operated over long periods of
time, and that the record can he measured to 0.1 mm, length
of record of about 15 cin is necessary from the above expression
to provide the necessary accuracy in scaling a single sweep
of the frequency-band. When the light-heam is sufficiently
narrow to delineate complex patterns, not less than 300 pulsesjem
are’ necessary to completely expose the recording paper.
The minimum time for the cntire sweep for proper film-ex-
pposure, horizontal resolution, and accuracy of scaling is there-
fore limited to about 7.5 minutes for N = 10. The maximum
value of Af must be consistent with this minimum time.

It is not practical to use the ideal law for frequency-change
given by equation (8). Not only must the absolute value of fre-
quency bhe measured, but also the difference-frequencies, as
is the case in measuring the separation of critical frequencies
duc to double refraction. Because of the tendency of an oscil-
lator to drift off frequency in the same direction throughout
the band due to some single cause, the relative separation of
two adjacent frequencies is known to a much greater accuracy
than the precision of the absolute frequency. It is desirable
that frequency-separations he measured with approximately the
same accuracy over the whole scale, For this purpose, a linear
frequency-scale would he most snitable. Such a seale would
have the following disadvantages: (1) Non-uniform absolute
accuracy; (2) crowding of frequency-scale below 2000 lie where
reflections are observed at practically all times, whilc expand-
ing the high-frequency scale where reflections are observed
only during exceptional conditions, leaving much unused film
under ordinary circumstances; (3) requires too much time per
sweep if necessary accuracy of scaling is to he obtained at low
frequencies; (4) increases difficulty of the problemn of design
as made clear in subsequent discussion.

A square-law secale is a logical compromise hetween the two
extremes. Such a scale lcaves the higher frequency-scale suf-
ficiently open to observe unusual conditions with some accuracy,
and at the same time yiclds the requisite accuracy at the lower
frequencics where reflections are always obscrved. The fre-
quency-sweep is madce to travel from high to low frequencies to
eliminate certain mechanical difficulties in the cquipment at-
tendant on tuning of antenna and is expressed by

f = Kk[(T —t)-+c]? (11)

With the values of f,.. = 16.000 ke/sec, f.;, = 316 ke/sec,
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N = 10 pulses per second, and Af,.. = 3.0704 ke/see, the
constants evaluated from equations (6) and (7) are

ke? = 516 (12)
k(T + ¢)? = 16.000
9k (T + ¢) = 30.704

for which the solution is T = 8535 scconds, k == 0.014731 ke/sec,
and ¢ = 187.18 seconds.

The entire frequency-range from 516 to 16,000 ke is divided
into six bands, each requiring 1425 seconds to traverse, with
7.5 seconds between bands for switching. Thus one sweep re-
quires just 15 minutes for completion. During the switching
period, no pulses are emitted. These bands, as determined from
equation (11), are given in Table 1.

Table 1 — Frequency-bands

FaNoS

e —el——r il e —le—
H M i M r
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Band | Frequency-range in ke
#o00 1 16000 to 11924
2 11924 to 8446
$ 3 8446 to 5566
¥ 4 5566 fo 3284
y oo 5 3284 to 1610
H 6 1610 to 516
¥
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(IV) Mechanical control.

Figure 5 shows that only four variable tuning-controls are
required for both the transmitter and recciver. These are
variable capacitors in cach case. Associated with cach variable
tuning-control is a sclector-switch which introduces the proper
values of L. and C into the circuit for each band.
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FIG 5 SIMPLIFIED SCHEMATIC DIAGRAM OF ESSENTIAL DETALS,
RADIO-FREQUENCY POWER-CIRCUITS OF AUTOMATIC MULTI=
FREQUENCYK IONOSPHERIC MEASURING -EQUIPMENT
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ANTENNA-SRITENES NOT INDICATED
VARIABLE TUNING-CONTS0LS INQICATED 87 TC

A selector-pancl, shown in Figure 6, is located at the bottom
of a relay-rack and provides the entire mechanical control for
the equipment. The units which have the variable tuning are
mounted above the selector. The main cam-shaft of the selector-
panel is driven continuously at 0.4 revolution per minute by
a 1/75 horse-power synchronous motor through a reduction-gear.
This shaft rotates 24 cams in four groups of six, each group
corresponding to one variable tuning-control. Twenty-four short
cam-followers, one following each cam, have vertical motions
which are determined by the shapes of the cams. Above each
group of six cam-followers is a rolary cam-selector having an
arm as shown in Figure 7. This arm is capable of both in-
termittent rotary and vertical motion. It has six positions, 60°
apart; each position corresponds to the selection of one of the
six cam-followers in its group. The vertical motion of a selected
cam-follower causes the cam-follower seclector to rise with a
motion determined by the shape of the cam. This rotates the
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variable capacitor, providing the proper tuning. At the end
of the frequency-band, the cam-followers drop and the four
cam-follower selectors rotate, selecting a new set of four cam-
followers. In this way a new set of cams is selected for each
hand.

I'ig. 6. — Automatic tuning-unit for multifre-
quency equipment (covers removed).

The cam-follower selector is motor-driven and operated
through a switching device of special design. Any band-se-
quence can be set up by merely operating any combination of
a series of six switches. Slight changes in positions of the se-
lector-arm, due to change in frictional force, are not cumu-
lative. The selector-arm drive-shaft also operates the selector-
switches in the four tuning-units by means of a direct chain-
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drive to each unit. The entiré assembly of an experimental
multifrequency equipment is shown in Figure 8. The units are
arranged as shown in Figure 1 with the receiving equipment
and powcr-units on the right.

The design of a radio-frequency band-switch is shown in
Figure 9. The switch has six positions corresponding to the six
bands and the switch-cams can be readily cut into any desirable
shape to provide for practically any combination of contacts in

Fig. 7.-—- Details of selector-arms.

cach position. In addition, cach switch is equipped with back-
contacts so that unused inductors are grounded. The design of
these switches is an important feature in successful operation
of the equipment. The variable capacitors are scctionalized
so that the total capacitance available is changed for different
bands, providing for rotation through the full 180° in each hand,
which is necessary if requisite frequency-calibration is to be
maintained.

(V) Antenna-arrangement.

The details of the antenna-tuning nectwork are shown in
Figures 5 and 10. Table 2 shows schedule of contact-closure
for switches 1 to 3 in thesce Figures. As shown capacitor-sections
may be put either in series or in parallel so that the total con-
denser-reactance corresponds to the required values in any part
of the frequency-range. It can be seen that resonance of the
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Fig.8.— Assembly of experimental automatic multifrequency equipment
showing mechanical linkage.

Fig. 9. — Design of band-switch
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output-tank can bhe ohtained lor an infinite number of scttings
of the tank condensers. Therefore, the ratio of these capaci-
tances can be adjusted by the cam-motion so that the impedance
at the sending cnd of the transmission-line is matched to the
outpul-tank both as to sealar magnitude and phase-angle at all

frequencies,

Table 2 — Schedule of switch-contacts for antenna-nefwork

(X indicates contact closed in position so marked; G indicates
contact grounded through back-contact; — indicates contact open}

‘Nos. 1and 2 (front})| Nos. 1and 2 (hack) No. 3
Switch-hband i ‘ B : R P -
tf2ls a5 612 3 415 61 2 3]e)5 6
Contact 1 X X XX - -~ XX XXXX - ——X XXX
2 —_ - — — - X X XX XX0G6G X XGGa
3 — X XX XX -—-——-—¥XXX-—-——X———
4 — — —— X X —— X X X X -—-———— —— —
5 Given below X — — — — — G GG G X X
6 Given below XXo6c6G6 404G ——— — X —
No. 1 {iront) No. 2 (fronf)
5 X X —— —— XX XX XX
p — . - XX XX - — - XX

Two antennas are used to maintain high-angle radiation
throughout the range. Antenna 1 is uscd for bands 1 to 4 (16,000
to 3284 kc), inclusive, and is 30 meters in length. Antenna 2
is used in bands 5 and 6 (3284 to 516 ke) and is 125 meters in

23
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Iength. Both antennas are in the form of horizontal doublets
with 550-ohm transmission-lines conneeted to the centers. Mateh-
ing hetween the transmission-lines and the antennas is evidently
mmpracticable, in so far as scalar values of the impedance arc
concerned, while the reactance is taken up in the antenna-
tuning network af the transmitter. To reduce the anti-re-
sonant impedance of the antenna, each arm of the doublet is
of the form of a cage of diameter about two meters. The anti-
resonant resistance of such a doublet at the center is given
approximately by the expression

R = Zi/Re (13)

where R, is the radiation-resistance and Z, is the surge-im-
pedance of the doublef, If, for example, a No. 10 Brown and
Sharpe gage doublet-antenna is compared to the 2-meter cage
doublet-antenna, the anti-resonant impedance of the cage is
about 3000 ohms as comparcd to about 30,000 ohms for the
No. 10 wire, with some variation depending upon the other
dimensions of the antennas. The mismateh between the trans-
mission-line and the antenna is not serious in this case, never
excceding about 5:1 cither way. Similarly, it is practicable
to match the anti-resonant resistance of 3000 ohms into the
power-amplifier tank efficiently. Likewise the reactance is cor-
respondingly reduced so that the tuning-matching arrangement
is feasible.

(VI) Calibration.

To obtain proper calibration, the maximum cam-rise is 100
mm which, when coupled to'a disec having a periphery of 200
min, provides for capacitor-rotation of 180°. It is possible to
grind the cams to 0.1 nun providing for a mechanieal calibra-
tion-accuracy of onc part in 1000. The oscillator is designed
to operate within these limits. Frequencics are repeated for
given cam-positions on successive runs to well within one part
in 10,000. The calibration on the automatic tuning-unit provides
for cam-settings of one part in 1000. To obtain the proper
shape of cam, the calibrated readings of the dials on the four
tuning-units are obtained directly from a dial reading 0 to 1000.
This calibration corresponds cxactly to the rise of cam in tenths
of millimeters,

(VII) Non-interference of emission.

It is essential that for successful operation there must exist
no interference to radio service whatsoever. That this is the
case is apparent from a review of the following details of design:



(1)

(2)

(3)

(6)

(7)
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The emission is a short pulse of 1/10,000-second duration.
One such pulse is emitted each one-tenth second. On an
average, the frequency sweeps at the rate of about 900 ke
or more per minute so that the frequency advances an
average ol 1.5 ke between each pulse (see curve of Figure
2 for exact data). On an average, about five pulses occur
in any channel.

One complete sweep of trequency is made in about 15
minutes. Therefore, the pulses are repeated in any channel
only at intervals of about 15 minutes.

The antenna is a high-angle radiator with practically no
low-angle radiation. Therefore, to even a nearby receiver
located just outside the induction-field of the antenna the
ground-wave is inappreciable. Such a receiver is thus at
an equivalent distance of not less than 200 km from the
equipment (the lowest layer is about 100-km height).
The average radiated power of the equipment is 0.64 watt,
and the peak-power of any pulse is less than 800 watts.
Therefore, the power involved is much less than that of
most existing services. Only sufficient power is used to dis-
criminate against atmospheric noise. The level of the
reccived pulse is often down into the atmospheric noise-
level.

The pulse is of very short duration and as nearly sinusoidal
form as possible so that the side-band energy occupies a
restricted band. The side-band frequency of the pulse is
greatly attenuated by all but receivers especially designed
to receive it.

The pulse-frequency (10 pulses per second) is so low that
it does not constitute a “sound” as defined in audio-fre-
quency parlance. This pulse-rate has been made the
minimum consistent with the rate of frequency-change, any
lower rate materially affecting the completeness of the
record,

The emission can only be received continuously on a special
receiver whose frequency is changed with the frequency
of the transmitter. The pulses and their side-bands will
be actually emitted in any channel for a total time of only
0.0003 to 0.0005 second during the period of less than one-
half second that the equipment-frequency is passing through
the channel. This will be repeated once each 15 minutes.
Thus the emission, to a receiver adjusted to the threshold
of maximum sensitivity, will sound about like a watch
ticking in any channel for less than one second in each
15 minutes.

The equipment has been subjected to exhaustive tests and

inspections by the engineering staffs of the United States Federal
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Communications Commission to determine whether interference
to existing radio services might possibly result. It has been
found after extensive listening tests that interference does not
occur. License has been granted for operation at Kensington,
Maryland, which, being within a few miles of governmental,
commercial, and broadcast activities, demonstrates most aptly
the non-interfering character of the emission.

(VIII) Nature of results.

Typical records are shown in Figure 11 for the afternoon of
December 27, 1935, and the night of January 28, 1936. These
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records were made over a frequency-range of 16,000 ke to 1610
ke, or bands 1 to 5. Figure 12 shows a record for May 14, 1936,
and illustrates by contrast the change which has taken place
in the ionosphere during this period. Many details, which are
impossible to obtain by manual methods, are immediately ap-
parent in these records. Such records lend themsclves to rapid
scaling using a glass calibrated in frequency and height. The
band-swiltching intervals act as calibration-points. It is cxpected
that cquipments of this type will he located at Huancayo in
Peru, at Watheroo in Western Australia, and perhaps at College
in Alaska. Thesc stations operating continuously, together with
a somewhat similar equipment of the National Bureau of Stand-
ards at Washington, should provide a much more complete
survey of the upper atmospherce than has been heretofore pos-
sible.
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STUDIES OF THE E-REGION OF THE IONOSPHERE
AT LOW LATITUDES

By L. V. BERKENER and H, W. WELLS

Abstract: The widespread interest in sudden and irregular ionization
of the upper atmosphere, frequently observed at a height of about 100 km
in the Northern Hemisphere, has led fo conjecture as to the possible
origin of such effects in the high electric fields of thunder-storms. This
paper reports observation of this effect at Huancayo, Peru (12° south,
75° west) on the geomagnetic equator, and at Watheroo, Western
Australia (30° south, 116° east). Abnorimal ionization of this region is
practically non-existent at Huancayo, although the frequency of thunder-
storms is high. At Watheroo, the effect is about 70 times as pronounced
as at Huancayo, appearing similar to the cbserved effects in the north
temperate zone. Thunder-stormn conditions are much less frequent at
Watheroo than at Huancayo. The results indicate that generation of this
abnormal ionization by thunder-storm fields is improbable. The absence
of the effect at Huancayo and its great prevalence in the polar regions
suggest that the phenomenon may depend upon geomagnetic latitude,
There is some evidence that the abrormal ionization may be related to
magnetic bays and aurorae which have a similar distribution with latitude
and probably originate in the same atmospheric region.

23*
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Investigations of ionization of the upper atmosphere during
recent years by radio methods have provided a new field of
investigation in physics involving the propagation of electro-
magnetic waves in a doubly-refracting medium of non-uniform
density and the production of ions in gas of low density. The
dependence of terrestrial-magnetic variations and long-distance
-adio transmission upon the character of this ionization has
insured the rapid progress of investigation which has taken
place. With the introduction and improvement of suitable
methods of investigation, the conception of the ionized upper
atmosphere has progressed from the original rather vague idea
to a more comprehensive picture of several major regions,
sach of which, while merging into adjacent regions, has cer-
tain specific characteristics. These characteristics change with
location over the surface of the FEarth, and it has been neces-
sary to carry on the work at a number of stations which are
strategically located. In recent publications by Appleton [see 1
under “References” at end of paper] and Mitra [2], the progress
of these investigations has been comprehensively reviewed in
an interesting and effective manner. We are concerned here
only with a particular property of the ionized region found
at about 100 km which is generally designated as the E-region.
The data reported herewith from two stations in the Southern
Hemisphere adds information which must effectively change
the background upon which the rather extensive discussion of
the phenomenon has been based.

Investigation of this region in the Northern Hemisphere has
disclosed the existence of occasional abnormally high values
of ion-density at heights of 100 to 110 km. These are important
because of their predominant effect during periods of occur-
rence. Normally, the ion-density of this E-region undergoes
relatively smooth diurnal and seasonal variations [3, 4]. It has
been demonstrated that this normal ionization is caused prin-
cipally by electromagnetic radiation [5, 6] from the Sun. It is
probably the result of ionization of atomic oxygen by ultra-
violet light. This normal maximum of ion-density reaches a
alue of about 1.8 X 10°, expressed in equivalent numbers of
electrons per ce, when the Sun is directly overhead [7]. A
wave of radio frequency 3.8 me/sec will just penetrate a region
of this ion-density at normal incidence.

Occasionally, veflections of great magnitude are observed
from the E-region when frequencies much higher than the
normal critical penetration-frequency for the E-region are used
[3, 4, 8, 9, 10, 11]. Reflections from the upper regions, other-
wise apparent on these frequencies, may be entirely obscured.
It is therefore supposed that an abnormal or “sporadic™ ioni-
zation must have occurred in the E-region. Such events may
occur at any hour and last for a few minutes or even several
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hours. lon-density during such periods often exceeds 10°
equivalent electrons per ce, as deduced from the penetration-
frequency.

lonospherc-observation at the Huancayo Magnetic Obser-
ratory, Peru, in latitude 12° south and longitude 75° west [12,
13, 14], and at the Watheroo Magnectic Observatory, Western
Australia, in latitude 30° south and longitude 116° east [15],
by the Department of Terrestrial Magnetism, Carnegic Insti-
tution of Washington, permits a further investigation of this
effect. It is especially significant that Huancayo Magnetic Ob-
servatory is at the geomagnetic equator and that both stations
are in the Southern Hemisphere.

The results at these observatories, upon which this paper
is based, cover the period July 1, 1935 to May 15, 1936. The
frequency of 4.8 me/sec, used in the study, ordinarily penetrates
the E-region, but is reflected from this region when the ion-
density increases about 50 per cent over the normal maximum.
Records at Huancayo are practically. continuous for about 7680
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hours during the period. Data at Watheroo were taken
manually three days a week during such times that the entire
24 hours were canvassed regularly. These observations covered
about 1090 hours — one-seventh of the entire period.

Two phenomena, somewhat similar but nevertheless distinet,
were observed. The first, represented by the black blocks of
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Figure 1, was the appearance of strong reflections from the
E-region, accompanied by one or more multiple reflections,
characterized by complete cessation of reflections from higher
regions on the observing frequency. The second, shown by the
hatched blocks of Figure 1, was similar except that reflections
from the upper regions were observed, This latter effect
probably arises from partial reflection from a relatively sharp
boundary; it may indicate a change of ion-distribution or ion-
gradient [16] but not an increase of equivalent electron-density
to 2.8 X 10°.

Twao factors of particular significance are recognized in Figure
1. While sporadic ionization is not infrequent at Watheroo, it
is rarcly observed at Huancaye. Furthermore, its occurrence
scems definitely related to the December solstice.

Sporadic ionization of the E-region al Huancayo was ob-
served only during 6.3 hours of almost a year of continuous
observation, while at Watheroo, in only one-seventh of the total
observing time (1090 hours), it appearced during ahout 60 hours.
The effeet was therefore about 70 times as appavent at
Watheroo, :

The cffect at Huancayo was confined to four days in De-
cember and January which corresponds to its most frequent
appearance at Watheroo, The Sun is overhead at Huancayo
during Oectober and Febrnary; thercfore, the effcet scems
associated with the Sun’s declination.

The association of the effect with local summer months
causcd much conjecture concerning a possible local terrestrial
origin. Two mechanisms proposed by C.T. R Wilson [17] in-
volving the effect of the high electric fields of thunder-clouds
have been invoked [3, 9]. The first involves the electrical
breakdown of the high atmosphere above thunder-clouds.
Sporadic ionization of the E-region from this cause should
appear in the vicinity of the thunder-storm area, unless high
conductivity of the ionized region disposes of the charge as
rapidly as formed. The frequency of thunder-storms is very
much greater at Huancayo than at Watheroo. When the re-
lative absence of abnormal ionization at Huancayo is considered,
this explanation for the effect seems improbable, in agreement
with the conclusion of Healey [18], based on theoretical con-
siderations.

The second involves ionization by heta particles, or “runaway
electrons,” accelerated in high thunder-storm fields. The elee-
tron, accelerated upward in the high electric field and at
Huancayo across the Earth’s magnetic field, would move east-
ward. It might be argued that sporadic E-region ionization at
Huancayo does not occur because the necessary thunder-storm
field must be westward and therefore over the Pacific Ocean
where thunder-storm conditions are infrequent. It could be
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further adduced that, while Watheroo is similarly located near
a western coast, the high inclination of the Earth’s magnetic
field there would not prevent a sporadic ionization from local
thunder-storms. Infrequency of thunder-storm fields near
Watheroo minimizes this possibility.

The prevalence of sporadic E-region ionization in polar
regions has been mentioned by Appleton [9] and Fleming [10].
The effect is in evidence in such latitudes even during the
winter night. It is difficult to reconcile this fact with the sug-
gested origin of sporadic ionization in thunder-storm fields, in
view of the absence of such ionization at Huancayo.

The relative absence of sporadic ionization of the E-region
at Huancayo is particularly significant. Prevalence of such ef-
fects north and south of Huancayo suggests that the phenomenon
may depend on latitude or, more probably, on geomagnetic
latitude, as well as on solar declination. Other geophysical
phenomena such as aurorae, and certain types of magnetic
disturbance such as bays, are similarly distributed with respect
to latitude, have a secasonal distribution of occurrence, and
probably originate in the same atmospheric region. No relation
between the sporadic E-region ionizations and magnetic disturb-
ances of wide-spread character is apparent so far at Huancayo
and Watheroo. However, magnetic conditions have been re-
latively undisturbed during this period. It is probable that
these cffects are related more closely to the relatively frequent
and local magnetic disturbances observed only in large mag-
nitude near the polar regions as shown by Harang [19].
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NEW FACTORS IN THE INVESTIGATION OF THE HIGH
REGION OF THE UPPER ATMOSPHERE

By L. V. BERKNER and H. W, WELLS

Abstract: Recent data from the Southern Hemisphere indicate thal
the maximum ion-densily of the upper or Fa-region of the ionosphere
does not undergo the simple seasonal change originally thought. That
the variation seems to be of the same form in both hemispheres leads
to a strong presumption that the effect is an annual one. Separation
of the F-region into the Fi- and Fs-regions is considered. The fact that
this separation exists, indicates some basic difference in the manner in
which the Fi- and Fe-regions become ionized. The resultant effect of
one region on the other because of overlapping is considered. Ap-
parently anomalous results during eclipses appear consistent when this
effect is taken into account, and differences in average ion-densities in
different locations of apparently seasonal nature seem to be satisfactorily
explained. During local winter when the regions are merged, the two
modes of ionization would act in the same region to give the resultant
I*-region ionization.

Location of stations for observation of the ionosphere in a
number of geographically very different locations over the
surface of the Earth has made available much more extensive
data for use in upper atmospheric studies. Earlier observations
in the Northern Hemisphere alone had led to the establishment
of certain characteristics of the several ionospheric regions.
Maximum ion-densities of these regions were found to be
functions of the Sun’s altitude, in some cases quite complicated.
For the two lower regions, the E and the F,, the maximum
ion-density was found to increase with increasing altitude of
the Sun, indicating relatively simple ordinary diurnal and
seasonal variations; for the upper or Fs-region a more com-
plicated form of variation was apparent. While a diurnal cha-
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racteristic was observed, it changed with the time of year,
Further, the maximum ion-density was lower during the June
than during the December solstice, and the diurnal and day-
to-day variations were extremely irregular as contrasted to the
lower regions.

The attempt to explain these phenomena also as scasonal
effects was natural in the absence of further data. Various
explanations were offered; one advanced the possibility of
limitation by absorption due to redistribution of ionization
during the summer [see 1 of “References” at end of paper],
while another postulated an expansion of the upper atmosphere
under the more direct rays of the Sun [2, 3].

Regular observations were begun in the Southern Hemi-
sphere in 1933 by the Department of Terrestrial Magnetism,
Carnegie Institution of Washington, at its Magnetic Observatory
near Huancayo, Peru, located on the geomagnetic equator [4, 5].
Similar observations at its Watheroo Magnetic Observatory in
Western Australia were undertaken in 1935 [6]. Regular
measurements of the ionosphere are conducted at both stations
on three days each week by manual multifrequency methods.
At Huancayo, continuous automatic records of the ionosphere
are obtained on a frequency of 4.8 me/sec in addition to these
triweekly runs.

Data from these stations in the Southern Hemisphere require
some revision of ideas concerning the upper region of the iono-
sphere, while extending and confirming the concepts of the
lower regions. It is found that the seasonal characteristics of
the E- and F-regions exist as originally conceived, with values
of maximum ion-density in close correspondence to those cal-
culated from latitude and solar declination on the basis of ob-
servations in the Northern Hemisphere. That the values arc
slightly higher is to be expected from the slight ellipticity of
the Earth’s orbit and the resultant change in received radiation
in a given location.

Curves for maximum ion-density of the upper or Fy-region
reveal a result perhaps unexpected but nevertheless ol par-
ticular significance. These curves are shown in Figure 1 where
they are compared with the data published by the National
Bureau of Standards for Washington, D. C. Over a period of
three years, the average maximum ion-densities at Huancayo
and at Washington have varied in a similar manner not-
withstanding the fact that they are in different hemispheres.
Likewise, at Watheroo, the maximum ion-densities also exhibit
their lowest values during the months of June to August. These
data require a revision of the idea that the effect is a simple
seasonal one, and lead to a strong presumption that instead it
is an annual effect, though probably complicated by secondary
factors of seasonal nature peculiar to the particular locations.
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These facts render untenable the simple hypotheses of absorp-
tion or thermal expansion based upon the assumption that the
effect was a seasonal one,

An examination of the minimum virtual heights of the F,-
region indicates a variation of seasonal nature. Curves of
Figure 2 for Watheroo and Washington appear quite definitely
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of opposite phase. At Huancayo the effect, while exhibiting a
seasonal characteristic, is more complicated. There the minimum
virtual height follows a function of solar zenith-angle which
is roughly the reverse of that observed in the temperate zones.

As previously mentioned, the maximum ion-density at a
particular station, while exhibiting what appears to be an annual
characteristic, must be complicated by secondary seasonal ef-
feets which change the resultant maximum in different lo-
cations. That the F-region separates into the F;- and Fy-regions
under small zenith-angles of the Sun is well established. For
example, at a station located centrally in a temperate zone, this
separation is usually well defined during the summer, becoming
indistinet or non-existent during the winter. This is illustrated
graphically in Figure 3 which shows two automatic records of
the ionosphere taken during the afternoons of December 27,
1935, and May 14, 1936, at the Kensington Experimental Station
of the Department of Terrestrial Magnetism near Washington,
D. C.

The fact that two separate F-regions exist at all [1, 4, 5]
indicates some basic difference in the principal manner of ioni-
zation of each, either with respect to the ionizing agent or the
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physical nature of the particles ionized. If this difference is
assumed, then the ionization due to one mode must contribute
to some extent to the ion-density of the other region bhecause
of overlapping. During local winter this effcet must be great,
for when the separation of the regions is not distinguishable,
it follows that the maximum ion-density must be the result of
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these two ionizing modes acting separately and simultancously
in the same region. Converscly, during summer, when the
separation of the regions is great and their two maxima exist
separately, the ionization due to one mode can contribute but
little to the ion-density of the other region, and they can he
recognized scparately,

From November to January, when the maximum ion-density
of the Fy-region is greatest, this effect will act to inerease the
ion-density at Washington without a corresponding increase at
Watheroo, while from May to August, when the maximum ion-
density is low, the reverse is true. Thus the range of maximum
ion-densities should be greater in the northern than in cor-
responding southern latitudes hecause this cffect is added to
the annual one. Figure 1 shows that these relative maximum
ion-densities have been maintained at Washington and
Watheroo during the past year.

More critical study of the data indicates that the peak of
ion-density at Washington around December was accompanied
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by almost, if not complete, cessation of distinction between the
F;- and Fy-regions, while at Watheroo the separation was
marked and associated with somewhat lower values of ion-
density. By April, the F;- and Fy-regions were practically
merged at Watheroo, \\lth accompanying high ion-densities,
while at Washington the separation was becoming evident and
was associated with rapidly falling values of maximum ion-
density. Thus there is some support for the view that the F;-
and Fo-regions represent the result of two distinet modes of ioni-
zation which continue to operate even though the two regions
are merged.

During the solar eclipses of August 1932 [7] and 1933 [9],
in contrast with the effects observed in the lower regions, no
decrease in the maximum ion-density was observed in the
Fo-region which could be attributed to the optical eclipse.
Subsequent observations during the eclipse of February 1935
[8, 10] indicated that a decrease took place in the upper region,
though less sharp than that for the lower regions. The result
during the later eclipse [11] has been accepted as more re-
presentative because of better correspondence with theoretical
ideas. However, a critical point may have been overlooked. At
the time of the eclipse of August 1932, the Fi- and Fy-regions
were widely separated because the Sun’s zenith-angle was
small, while during the February 1935 observations the Sun’s
zenith-angle was large and the regions were nearly merged.
Under the latter condition, the maxima of the two regions are
only slightly separated in height, so that the contribution of
upper IF;-ionization to the maximum Fy-region ion-density must
be large. Therefore, although the Fy-region appeared to be
cclipsed during the February eclipse, the decrease of maximum
ion-density observed can be attributed to the decrease of the
ionizing agent of the Fj-region rather than to a change in the
primary ionizing mechanism in the Fs-region. This view makes
the data during the various cchpsc observations mutually
consistent, and indicates that the primary ionizing mechanism
for the Fy-region is not eclipsed at the time of an optical cclipse.
While such a conclusion does not agree with the frequently
proposed mechanism [12] for ionization of the Fs-region in-
volving ultra-violet light alone, it must be admlttcd that, with
the new data, there is a sufficient conflict of fact to leave
unanswered the important question of the nature of the ioniz-
ing mechanism in the Fy-region. Ionization by collision of
corpuscles from an extra-terrestrial source must remain a pos-
sibility at the present time.

In I‘Lv1ew1ng the data, the pronounced increase of ion-density
of all regions during the past year must be mentioned. This is
apparent from Figure 1, where the average ion-density for the
Fsy-region shows a twofold increase. At Huancayo, critical fre-



B. TONOSPHERE., COSMIC RADIATION 367

quencies for the IF,-region have increased by a ratio of about 4.8
to 5.3 representing an increase of ion-density of 20 per cent. This
is of the same order as the seasonal variation. The E-region has
undergone a similar increase. It should be remarked that,
while changes in the E- and F;-regions, when the chief ionizing
agent is known to be ultra-violet light, are similar, the change
in the Fy-region has been relatively enormous. This lends ad-
ditional significance to the previous suggestions.

The fact that a diurnal characteristic exists for all regions
shows the Sun to be the source of the ionizing agents, whether
they be ultra-violet or corpuscular in nature. This reasoning
leads to the conclusion that the Earth may experience relatively
large changes of solar radiation of the types responsible for
the ionization of the upper atmosphere, changes of a magnitude
unknown in the visible spectrum. While observations are as
vet limited to about a half sunspot-cycle, the annual mean
values of ion-density show a correspondence to sunspot-changes.
The data are, of course, too restricted to reach any final con-
clusion in this regard. However, the possibility that changes
in the value of critical frequencies may yield a sensitive
measure of changes of solar radiation in the invisible spectrum
must not be overlooked. A day-to-day correspondence with ob-
served sunspot-phenomena is not to be expected necessarily,
when it is remembered that the sunspots in themselves may not
be the source of the ionizing agents, but rather the manifestation
of a more fundamental solar-variation which is otherwise in-
visible through the Earth’s atmosphere. This is indicated from
observed phenomena of terrestrial magnetism; the dependence
of magnetic activity on solar changes [13] is a statistical rather
than a one-to-one correspondence.
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NEW RESULTS OF COSMIC RAY RESEARCH
By V. F. HESS

Continuous registrations of the cosmic ray ionisation by
Steinke’s Standard Apparvatus in 2300 and 600 meters altitude
(Hafclckar-Observatory and Innsbruck) kept at constant temn-
perature from 1931 to 1934 and in 1936, have brought intcrest-
ing results: for instance the existence of regular, small diurnal
variations according to solar time has been established*).

Recently one of my collaborators (W. Illing**) tested the
existence of diurnal variations according to sidereal time as
postulated by A. H. Compton’s theory of the extragalactic origin
of the cosmic radiation. The curve derived from 21000 hourly
obscrvations in three years showed a certain resemblance to
Compton’s theoretical curve which, however, disappeared when
all observations were reduced to the same out-door temperature.

I. The External Temperature-Effect.

Several authors have shown that the cosmic ray ionisation
after reduction to a constant barometfric pressure still shows
a certain correlation to the out-door temperature. On the
Hafeclekar, in 2300 meters above sea level with the apparatus
sereened by lead (10 em thick) on all sides, the ionisation
decreases by about —0.9 per mille when the ouft-door
temperature rises by one degree. It seemed important to
investigate this “external temperature effect” thoroughly.

It may he realised that an effect of this kind can only
be due to the change of density of the air in the neighbourhood
of the station, perhaps within a few hundred meters, caused
by out-door temperature variations; a rise of temperature re-
sults in a diminution of scattered radiation from the vicinity
of the apparatus.

#) V. F. Hess and H. Th. Graziadei, Terr. Magn., vol. 41, pp. 9-14, 1336.
%) VW, Illing, Terr. Magn., vol. 41, pp. 185-191, 1936.
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Therefore it seems feasable that every change in the mass-
distribution within the air — even at constant barometric press-
urc — should be accompanied by a slight variation of the
observed cosmic ray intensity.

In order to study this “external temperature cffect” more
closely it was necessary to work out quantitatively the corrcla-
tion between out-door temperature and barometric pressure and
then — on account of this — by the method of multiple cor-
relation (1) the corrclation between cosmic ray ionisation and
atmospheric pressure, and (2) the correlation between cosmic
ay ionisation and out-door temperature.

This analysis of our observations of 1931-1934 has been car-
ried out by J. A. Priebsch and W, Baldauf. The whole material
was divided in 25 scctions (comprising one to two months each)
and the corrclation- and regression-cocfficients were individual-
ly calculated for each section, using daily mean values of the
cosmic ray ionisation (J), temperature (T) and barometric
pressure (B).

It was found that the out-door temperature cffect is not
constant but shows scasonal variations. On the Hafelekar (mean
infensity of cosmic radiation, filtered by 10 em, lead 2.7 J =
2700 mJ) the temperature coefficient in the average of three
years amounts to about —2.8 mJ per degree in winter and
to —1.5 mJ per degree in summer.

Thus it would be incorrect to reduce the observations by
using an average temperature coefficient for all seasons.

The practical use of the method of mutiple correlation was
much simplified by J. A. Pricbsch*) and can be applied
readily without unduc loss of time wlhen daily average values
of J, B and T are used. Instcad of the out-door temperature
T the density of the air can be introduced by a simple trans-
formation.

The variation of the cosmic ray ionisation with the haro-
melric pressure is usually expressed by an J/B-diagram; G.
Hoffmann and E. G. Steinke were drawing these diagrams in
such a way that the corresponding J/B-values of successive
days were connected by straight lincs. Thus a broken line-
graph is obtained. Priebsch and Baldauf showcd that these
graphs are much more regular when the J-values arc already
reduced to a constant out-door temperaturc. It was also proved
conclusively that reduction to a constant deusity of out-door
air has the same cffect as the reduction to constant temperaturec.
In the first ease, however, the correlation between cosmic ray
ionisation and barometric pressure is a better one. A full ac-
count of these studies will be published in Sitzungsberichte
d. Wiener Akademie d, Wissensch. in Octoher 1936.

*) J. A, Priebsch, Sitz. Ber. Wien. Akad. d. Wiss., H a, 145, pp. 101-144, 1936.
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"The seasonal variation of the temperature coefficient of the
cosmic ray ionisation is most probably duc to the different
vertical mass-distribution of the air in different seasons.

II. Cosmic Rays and Solar Activity.

From all that we know at present it is generally considered
as not very probable that even a small percentage of cosmic
rays is primarily emitted by the sun. Nevertheless it seemed
inferesting to investigate if cerlain processes on the sun are
accompanied by variations of the cosmic ray intensity. This
analysis was carried out by H. Th. Graziadei in the Institute
of the writer (Sitzungsber. d. Akademie d. Wissensch., Wien,
ITa. Bd. 145, Nr. 7/8, 1936, under press).

First the correlation with the number of floceuli was in-
vestigated. In 1931 to 1934 it was found that the intensity of
the cosmic ray ionisation at the Hafelckar shows a slight de-
crease with increasing number of floceuli. The corrclation
cocfficient was —0.48 2-0.08.

Then the whole observational material was divided accord-
ing to the cycles of the sun’s rotation. Different periods of
rotation (from 25 to 20 days) were tried out and it was found
graphically that a rather regular variation of the cosmic ray
intensity {expressed by the daily mean values) deoes result
within the rotation period when this is taken as 27,2 days. The
amplitude of this variation amounts to + 7m J. Tt seems there-
fore that according to the relative position of the surface of
the sun to our planet the intensity of the cosmic radiation
shows a slight but distinet variation. Now since our observa-
tions are covering as yet not much more than one third of
a whole sunspot-cycle of 11 years it would be premature to
draw far-reaching conclusions at present, Nevertheless a certain
relation between cosmic ray ionisation and solar activity seems
to be established.

III. Irregular Fluctuations of Cosmic Ray lonisalion.

Aside from the statistical variations the existence of ir-
regular fluctuations of the cosmic ray ionisation (variations
of the second kind, as termed by A. Corlin) was found by
several authors.

Our observations show that these fluctuations of the daily
mean values, sometimes amounting to as much as 2 per cent,
do occur even after reduction to normal barometric pressure
and to a constant out-door temperature.

The existence of these fluctuations was proved more di-
rectly and conclusively within the last few months by inde-
pendent registrations of the cosmic ray intensity at two distant
stations and also by simultancous registration of counter coin-
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cidences. The two stations were 5 kilometers apart, at the
Hafelekar (2300 m above sea level) and in Innsbruck (under the
roof of the University Building, 600 m above sea level), The
ionisation was registered by two Steinke apparatus, surrounded
by lead screens, 10 em thick on all sides (plus 7 cm iron at
the Hafelekar). A double coincidence counting set was also
placed at the Hafelekar with the tubes parallel and with their
axes vertically above each other. The daily meah values of
the ionisation and of the number of coincidences were reduced
to normal pressure and then plotted with the time as abscissa.
This graph shows beautifully that the variations of ionisations
and of the number of coincidences occur simultaneously in
both stations and therefore cannot be due to instrumental
deficiencies. The graph shows a general decrease of infensity
from May 27th to June 2nd and a very sharp increase begin-
ning on the 20th of June, reaching a maximum on the 25th
of June. This inerease amounts to +50 mJ on the Hafelekar,
and +34 mJ in Innsbruck, i.e. 2 per cent of the total intensity,
and the counting tubes showed at the same fime an increase
of the number of double coincidences of +8 per cent (vertical
radiation). A ftriple coincidence counting set, registering the
number of showers (tubcs in triangle arrangement) also showed
a similar increase. From all this we must conclude that hetween
the 20th and 25th of June a real increase of the cosmic radia-
tion was registered by our instruments. The appearance of a
new star (Nova Cephei), visually discovered in the night of
June 18th to 19th might be a mere coincidence; it will be
remembered that no effect of the last Nova (Nova Ilerculis)
on the cosmic ray ionisation could be detected with certainty.
It will nevertheless be very interesting to compare our results
with the observations in other countries.

Innsbruck, July 30, 1936.

REPORT ON CONSPICUOUS INTENSITY VARIATIONS
WITHIN THE AURORAL SPECTRUM DUE TO
SUNLIGHT AND OTHER CAUSES

By L. VEGARD

As it appears from previous publications (1, 2, 3, 4) the
auroral spectrum has heen extensively explored from infrared
to the limit in ultraviolet and is found to be dominated by
nitrogen band systems. It is therefore very remarkable that
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the green line 5577 and sometimes the red one 6300 (or rather

triplet) are the only strong atomic lines in the auroral spectrum.

In papers published some years ago (cfr. No. 2) this fact was

explained by assuming these lines to be excited indirectly by

the action of activated nitrogen upon oxygen molecules.

The intensity distribution within the auroral spectrum call
for great interest. The distribution of intensity of vibrational
bands gives us information with regard to the excitation process,
but can give us no means of temperature determinations. The
intensity distribution within the rotational bands, however,
gives us a very reliable method for determining the temperature
of the upper atmosphere (1, 7).

The most conspicuous variations within the auroral spectrum
and which are l‘LSPOllSiIJIC for colour changes are those cor-
responding to changes in the relative frequency with which
the electronic transitions take place, and we have here first of
all to consider the transitions corresponding to the negative
and the 1st and 2nd positive groups of nitrogen and the
(1S, - 1Dy) and the (1D, - 3Py;9) transitions of the oxygen
atom, the latter two giving the green and red lines respectively.

Extensive investigations carried out since 1923 and during
the last years in collaboration with Mr. E. Ténsberg led to the
discovery of a considerable number of conspicuous spectral
changes “of which the following are the most important.

(1) Enhancement of the negative bands relative to the green
line with increasing altitude, showing, that nitrogen is the
dominating component up to the extreme limit of the atmo-
sphere (cfr. paper 1).

(2) Enhancement of the bands of the 1st positive group, the
negative bands and the red line 6300 from diffuse areas.
(Cfr. 2, and results to be published).

(3) The intensity of bands of the 2nd positive group relative
to those of the negative diminishes with inereasing altitude,
and is different for various auroral types. For high altitudes
and for certain diffuse forms a considerable number of
bands or lines appear in the region 4700-4000. The dis-
persion by which they are obtained is too small to (1110\\
all of them to be measured and identified. (Cfr. publ. 1,
and paper to be published).

(4) Enhancement of the 1st positive group producing the red-
coloured aurorae of type B (red colour restricted to lower
limit) (2, 8).

(5) An enormous enhancement of the red line 6300 producing
the red aurorae of type A (red colour along the whole
streamer) (9, 2).

(6) A most conspicuous enhancement of the red line 6300 and
usually bands of the 1st positive and perhaps the negative
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group of nitrogen from aurorac appearing in a sunlit
atmosphere (10).

(7) A comparison between the auroral spectrum and that of
the night sky luminescence showed very marked differences,
which were explained when the aurorae are supposed to
be mainly due to direct excitation with electric rays and
the night sky luminescence to a process of recombination
from excited states produced during the day (5, 6).

The enhancement of the red line 6300, responsible for the
red aurorae of type A, and found for sunlit aurorae is most
likely due to an excitation process which brings the oxygen
atom into the 1D, -state, but not to the 1S, -state. In previous
papers it was suggested that activated nitrogen molecules in
the metastable A state acting on ozon, might give an excitation
process of this kind (2, 5, 6).

A diminution of pressure might increase the probability for
the (1Dy-3Pg ) transition and thus enhance the red line (6300),
but this cannot explain red aurorae of type A, because we
should then expect all auroral rays to be red at the top where
the pressure is small.

Previous publications:

1. L. Vegard: Results of investigations of the auroral spectrum during
the years 1921-1926. Geofys. Publ., v. IX, No. 11, 1932.

2, L. Vegard: Investigations of the auroral spectrum based on observa-
tions from the Auroral Observatory, Tromse. Geofys. Publ.,, v. X,
No. 4, 1933.

3. L. Vegard and L. Harang: The auroral spectrum in the region of
long waves. Geofys. Publ,, v. X, No. 5, 1933.

4. L. Vegard and L. Harang: The wave-length of the green auroral line
determined by an interferometer-method. Geofys. Publ., v. XI, No. 1,
1934.

5. L. Vegard and E. Ténsberg: Die spekirale Intensitiitsverteilung im
Nachthimmellicht und Nordlicht, Zs. Physik, v. 88, pp. 709-726, 1934.

6. L. Vegard and E. Tonsberg: Nachthimmellicht und Nordlicht im
langwelligen Spektralgebiet. Zs. Physik, v. 94, pp. 413-433, 1935.

7. L. Vegard and E. Tonsbherg: Continued investigations on the tem-
perature of the upper atmosphere determined by means of bands
appearing in the auroral spectrum, Geofys. Publ., v. XI, No. 2, 1935.

8. L. Vegard: The aurorae and night sky spectra and the upper atmo-
sphere, Trans. of American Geophys. Union, p. 38, 1935.

9. L. Vegard: On the origin of the red colour of the aurorae of Jan. 26,
1926. Nature, 117, 356, 1926.

10. L. Vegard: Enhancement of red lines and bands in the auroral
spectrum from a sunlit atmosphere. Nature, v. 137, p. 778, 1936.

Physical Institute,
University, Oslo.
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REPORT REGARDING PROPOSED SUB-COMMITTEE

ON IONOSPHERIC RESEARCH

I. Organization.

I1.

It is recommended

1,

that an ionospheric sub-committee of the Committee on
the study of the relationship between solar activity and
terrestrial magnetism of this Association be formed.

that this sub-committce be instructed to work in conjunc-
tion with the ionospheric sub-committee of the Interna-
tional Scientific Radio Union (U.RS.L) and with an
appropriate committee of the International Meteoro-
logical Organization, Commission on Terrestrial Mag-
netisim.

that this Association communicate immediately with the
above mentioned bodies inviting their co-operation.

that the Executive Comimitiee consider the following
namecs to constitute the proposed sub-committec:

Applcton, Chairman
Berkner, Secretary
Chapman

Martyn

Mitra

Jouaust

Purposes and functions.

1.

2.

To maintain a current list of all stations conducting
ionospheric investigations.

To consider the most strategic distribution of a world-
wide network of stations for ionospheric investigations
and to take steps toward the recommendation of addition-
al suitable sites to the appropriate local authorities.

To encourage and facilitate the fullest interchange of
constructional data in order that the work in different
parts of the world may proceed with the minimum
duplication of effort.

To consider and recommend the details of types of
measurements hy which the ionospheric characteristics
may be most readily determined and to communicate
these recommendations to all adhering organizations.

To encourage and arrange for the prompt interchange of
data between organizations conducting such measure-
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ments, and to consider and recommend methods of such
interchange of information.

6. To report to the full commission prior to the next
general session of the Union,

E. V. APPLETON. I.. V. BERKNER.

C. Atmospheric and Terrestrial Electricity.

SUR LES CARACTERISTIQUES DE L’APPAREIL
DE GERDIEN ET LEUR VARIATION SAISONNIERE

Par W. SMOSARSKI

On peut déterminer la conductibilité élcctrique de Iair
atmosphérique & condition que la fension qu’on emploie dans
Pappareil soit assez faible, de sorte que Pafflux d’électricité
dit aux iocns reste proportionnel au champ du condensateur.
Mais les déterminations ancienncs de conductibilité étaient
faites fréquemment avee des tensions trop fortes qui ne ré-
pondaient pas & la condition indiquée. Il me semblait done
utile d’examiner plus en détail les variations du courant ionigque
dans ’appareil de Gerdien en fonction de la tension du conden-
sateur de la méme maniére qu'on le fail pour les appareils
plus perfectionnés, comnic les compteurs d’ions, et de construire
en particulier les courbes caractéristiques correspondant aux
différentes saisons de 'année,

L’apparcil employé a Poznan est composé de trois cylindres.
Le eylindre extérieur muni d'un ajutage divergent reste relié
au sol, le cylindre intermédiaire (13.9 - 41.5 cm) est isolé et
porté & un potentiel choisi; I'électrede intéricure (1.5 253.4 cm)
reliée a 1'électromeéetre bifilaire de Wulf est d’abord mise au
sol, puis isolée et se charge des ions captés pendant Pexpérience,
La capacité électrostatique du systéme électrode-électrometre
(déterminéc A Paide du condensateur de Wulf) est 12,1 em, la
capacité de D'électrométre avee une tige de diamétre et de
longueur convenable, atteignant louverturc de la paroi du
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cylindre intermédiaire, est 4.0 em; la capacité de I’électrode
seule et de la partie de leur tige surmontant la paroi du cylindre
est donc 8 ¢cm environ. L’électrométre est muni d’'une pile de
charge de 50 volts, ce qui assure la constance de la sensibilité.
Pour les prises de potentiel, de honnes batteries des piles séches
de radiophonie ont été employées. L’électrometre et les piles
étaient étalonnés a l'aide d’une batterie étalon de piles de
Krueger. Le ventilateur est mi & main et Puniformité de la
rotation est vérifiée a I'aide d’une montre a secondes. La vitesse
du courant était 140 cm/sec. Pour déterminer la fuite de 1'élec-
tromeétre par le défaut de lisolement, deux expériences étaient
faites successivement avec 'appareil clos; le cylindre inter-
médiaire étant relié au sol on observait d’abord la chute a du
potentiel de I'électrométre chargé préalablement; puis la prise
du potentiel correspondant était portée au cylindre inter-
médiaire et on notait le potentiel b acquis par 1’électrode in-
térieure par 'afflux des ions dans le méme intervalle de temps.
La différence a - b, qui pouvait atteindre 70 % de la perte totale
a, représente 4 peu prés la fuite de D'électromeétre par le
défaut d’isolement. La correction qui en résultait se montrant
négligeable dans les conditions des observations, je n’en tenais
pas compte. Iappareil était nettoyé soigneusement chaque fois.

Le cylindre intermédiaire était porté successivement aux
potentiels négatifs proches des valeurs suivantes: 10, 20, 30, 40,
60, 100, 150, 200 et 250 volts. Chaque expérience durait 5 mi-
nutes ou la moitié de cet intervalle de temps, si les déviations
de D’électrometre devenaient assez grandes. Les expériences
étaient répétées en chaque série dans 'ordre inverse des degrés
du potentiel, pour réduire l'influence de la variation diurne
de la tencur en ions de l'air atmosphérique et de causes de
perturbation accidentelles. Les expériences étaient faites entre
10 et 12 heures. Le nombre des courbes caractéristiques trouvées
depuis 1'été de 1935 jusqu’au mois de juillet de 1936 est de 38.
En rapportant le potentiel mesuré v de 'armature intérieure
dit aux ions captés, a la tension moyenne du condensateur entre
V au commencement et V-—p & la fin de chaque observation
partielle, j’ai déterminé par interpolation les valeurs du courant
ionique correspondant aux valeurs arrondies indiquées de la
tension du condensateur et j’en ai calculé les valeurs moyennes
pour chaque saison de 'année. Les résultats moyens sont re-
présentés dans le tableau suivant.

On en peut tirer les remarques suivantes:
(1) Le rapport p/V va en diminuant, commenc¢ant méme par
les valeurs les plus faibles du potentiel employées. On ne peut
done, suivant les observations présentées, établir une limite du
potentiel, au-dessous de laquelle T’afflux des ions soit rigou-
reusement proportionnel au champ du condensateur. Cependant,
si Pon calcule la conductibilité pour les diverses prises du
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Tension moyenne du condensateur en volts

—10 —20 —30 —40 —50 —100 —150 —200 —250

Charge négative de 'armature intérieure
due aux ions, en volts par minute

Eteé 62 1.22 1,77 227 270 445 531 516 5.16
Automne 45 .87 1.25 1.62 200 286 373 366 3.64
Hiver .26 .48 1 94 1.12 1.81 2.27 231 2.34
Printemps 45 83 1.19 155 196 3.15 385 4.04 398

potentiel jusqu’a 40 volts par la formule, au cas aciuel
L =012/t - log nat (V+v/2) : (V—v/2), on recoit des valeurs
concordantes a la 4ieme décimale preés.

(2) Si Pon désigne la valeur de l'expression log (V+v/2):
(V—v/2) pour la prise du potentiel 20 volts par 100 % et
exprime conformément les valeurs pour les potentiels 50, 100
et 150 volts, on regoit le tableau suivant:

L | Eté Automne Hiver Printemps  Année
Tension | : .
| Valeurs relatives du logarithme
|
20 volts | 100 9/, 100 9/, 100 9/, 1009/, 100 9/,
50 89 92 04 85 90
100 | 13 67 75 76 73

150 ‘ 59 57 63 62 60

On peut s’en rendre comple de erreur qu'on commettrait

en calculant la conductibilité, si la tension du condensateur
était trop forte, par exemple 100 ou 150 volts, Cependant, les
pourcentages présentant une marche annuelle qui n’est pas trés
prononcée ni réguliére, on aurait bien raison de considérer les
raleurs calculées comme des valeurs relatives de la conductibi-
lité qui se prétent assez bien a représenter la variation annuelle
de la conductibilité, & condition qu’on portait le condensateur
toujours au méme potentiel initial et employait la méme vitesse
du courant d’air.
(3) L’afflux des ions va en croissant jusqu’a la tension du
condensateur, de 150 volts, mais a 200 volts il se montrait le
plus souvent affaibli. Suivant les recherches de Yo Ilfiwara
(Phys. Zt., 1931, p. 97) on doit attribuer ce phénomene a 'action
du champ du condensateur qui empéche que les petits ions ne
pénetrent dans l'appareil.

Les remarques que je viens d’exposer concernent les ions
négatifs. ILes circonstances pour les ions positifs semblent dif-
férentes. Ainsi des comparaisons faites pendant plusieurs jours
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ont montré quec les valeurs calculées pour la conduetibilité
des ions positifs 4 la tension du condensateur 42 volts étaient
de 10 % au-dessous de celles a la tension de 21 volts, tandis
que les valeurs pour les ions négatifs élaient concordantes en
moyenne dans les mémes limites de la tension. De plus, en
variant la vitesse du courant d’air aspiré dans I'appareil, j’ai
constaté que Vaugmentation de la vitesse pouvait produire un
afflux croissant des ions positifs, bien que les variations de
vitesse semblables laissaient I'afflux des ions négatifs invariable.
Cette observation s’accorde bien avec lopinion que les ions
positifs ont unc mobilité plus faible que celle des ions négatifs.

Institui de Météorologie de U'Université de Poznan,

NEW ASPECTS OF EARTH-CURRENT CIRCULATIONS
REVEALED BY POLAR-YEAR DATA

By O. H. GISH and W. J. ROONEY

A study made during the past year has shown that the
carth-current data recorded at College, Alaska, and at Chester-
ficld Inlet, Canada, during the Second International Polar Year
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contain convineing evidence of the existence of a polar system
of cleetrie circulation in the Earth’s crust. That such a system
exists in lower latitudes has been apparent for some time, hut
no satisfactory declineation of this has bcen published.

In that study, upon which this brief report is based, an
attempt was made to construet on a world map the boundaries
of tubes of flow in such a way as to be consistent with the
mean diurnal-variation in the observed carth-current intensities
on quiet days. The type of chart obtained is shown in Figures
1 and 2. Although all the principal series of available earth-
current data have heen examinced in a similar manner, yet
the charts cxhibited here are based, in so far as concerns their
quantitative aspeets, wholly upon data from three stations,
namely: Watheroo, Western Australia; Tueson, Arizona, United
States; Chesterfield Inlet, Canada. A selection was neccssary
because no satistactory means has been found for constructing
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a chart in such a way that it would constitute the “best fit”
for all the available data. However, the other data, especially
that for Huancayo, Peru, did serve as a guide in the construe-
tion of some parts of the charts. No special merit is claimed
for this particular selection except that the use of the data
from Chesterfield Inlet along with those for Tucson may re-
present the relation between the polar- and the lower-latitude
circulations better than do the data from College because
Chesterfield Inlet and Tucson are in nearly the same geomag-
netic longitude.

The curves on the charts of the electric circulations are con-
structed in such a way that two adjacent curves represent
the boundaries of a tube of flow. Those tubes which are
bounded by solid lines contain the same amount of current,
except the innermost ones which in some cases are not full
tubes. In order to show some of the weaker eddies, it was
necessary to subdivide certain tubes into halves and sometimes
into quarters. These are outlined by broken lines with long
segments for the halves and short segments for the quarters.
The direction of flow is indicated by arrows. The interpretation
of these charts is briefly as follows.

Electric currents in the Earth’s crust circulate in a number
of extensive eddies. Eight of these are located in the middle
and low latitudes. Four in the Northern Hemisphere and four
in the Southern Hemisphere form a symmelrical arrangement
about the equator. The centers of these eddies are about equally
spaced in longitude and lie near the tropics of Cancer and
Capricorn, respectively.

Four other eddies also appear in high northerly latitudes
with their centers near the aretic circle. These also are about
equally spaced in longitude. A corresponding set of eddies
presumably exists in high southerly latitudes, but data to
establish the fact are not available.

All these eddies follow the Sun in such a way that eight
of them are always on the sunlit side of the Earth and cight
on the dark side. The current in the daylight eddies of middle
latitudes is considerably greater than that in the corresponding.
night-time eddies. However, a contrast of this character is not
a common feature of the circulations constructed from data
obtained at high latitudes. The centers of the forenoon eddies
in middle latitudes lie near the meridian for which the time
of day is 9 a.m., while the afternoon cddies center on the
meridian for which the time is about 3 p.m. This feature
varies between stations by as much as two hours. The current
circulation is clockwise in the forenoon eddy of the Northern
Hemisphere and in the afternoon eddy of the Southern Hemi-
sphere. The sense of the circulation in the other middle-latitude
eddies may be ascertained by applying the rule that the sense
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of circulation is opposite in any two adjacent eddies of cor-
responding latitude. Thus the circulations in the eight eddies
of the middle-latitude belt are related in the same way as
are the rotations in a series of interlocking gears when oriented
in a manner similar to that of these eddies.

The rule just stated applies to the circulations in the four
eddies of a high-latitude belt but it does not seem to describe
the relationship between a high-latitude eddy and the adjacent
eddy of the lower-latitude belt, for here the sense of circula-
tion is the same in each eddy of such a pair. As a result,
there is an area between these eddies in which the currents
(or impelling forces) of the two eddies are in conflict. The
recognition of this circumstance helps to reconcile some carth-
current data which heretofore seemed to be inconsistent with
the majority of observations.

The entire system of eddies moves with the Sun in its ap-
parent daily motion so that a given place on the Earth will
at different times of day occupy different positions in the
system of eddies. It is in this way that the intensity and direc-
tion of the electric currents in the Earth at a given place vary
on a daily schedule, and that this schedule in turn varies with
the latitude of the place.

Because of the great contrasts in electrical conductivity
presented by different constituents of the Earth’s crust, especially
that between sea-water and land, and because of the irregular
distribution of these, considerable tolerance must be allowed
in the simple picture which is presented by the charts.

This picture will better represent the observed facts if the
eddies are regarded as very flexible, easily deformable, so that
their content may vary, their slmpe be distorted, and their
progress around the Earth may be halting and devious, all
to an extent and in such manner as to be in conformity with
the distribution of the clectrical properties of the Earth, especial-
ly of that portion which constitutes the more immediate en-
vironment of a given eddy. It also seems likely that the develop-
ment and orientation of the eddies is complicated by the fact
that the magnetic axis of the Earth does not coincide with its
geographic axis.

If due allowance is made for these modifying factors, which
cannot yet be taken into account in a quantltaln ¢ way, then
this mtelptc ation will, it is belicved, be found in accord with
the ohserved facts.

This interpretation, in addition to unifying observed quiet-
day earth-current phenomena, may well serve as a guide when
consideration is being given to the location of new stations
for the registration of earth-currents. Thus, for example, it
would seem desirable to obtain registrations at stations located
in magnetic latitude 15° to 20° north or south and also in
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about magnetic latitude 80° north in order to better locate the
centers of the low-latitude and the high-latitude eddies, re-
spectively. It would also seem advisable to avoid locations within
the belt of confusion which lies between the high-latitude and
the low-latitude circulations. '

The improved perspective in which it now seems possible
to view ecarth-current phenomena may be regarded as an
achievement of the Second International Polar Year and should
accordingly be a source of satisfaction to the Association of
Terrestrial Magnetism and Electricity and to the International
Polar Year Commission whose members by their tireless and
effective efforts made the realization of that project possible.

Dep. Terr. Magn., C. 1. W., July 31, 1936.

INFORMATION TO BE OBTAINED FROM SOME
ATMOSPHERIC-ELECTRIC MEASUREMENTS
IN THE STRATOSPHERE

By O. H. GISH and K. L. SHERMAN

On the stratosphere flight, sponsored by the National
Geographic Society and the United States Army Air Corps,
which was made on November 11, 1935, in the balloon
Explorer II commanded by Major Albert W. Stevens and
piloted by Captain Orvil A. Anderson, one of the scientific
projects was to obtain a continuous registration of the electrical
conductivity of air. This was satisfactorily accomplished with
apparatus designed and constructed at the Department of
Terrestrial Magnetism of the Carnegie Institution of Washington.

The results and some of the conclusions which have been
derived from the record contain points of interest, which it
secems appropriate to present before the Association of Terres-
trial Magnetism and Electricity of the International Union of
Geodesy and Geophysics, especially since a report of some
features, which suggest projects and programs for the future,
may further the objectives of the Association. It shall, therefore,
be our purpose in this report to stress features which indicate
wherein further direct measurements of the atmospheric-
clectric elements in the high atmosphere may aid, not alone
in the study of atmospheric electricity, but also in the solution
of other problems of the atmosphere.
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The apparatus used for registering air-conductivity on this
flight consisted of a conventional Gerdien condenser mounted
in a vertical position outside the gondola, with its mid-point
about 16 inches (41 cm) away from the gondola and lying in
its equatorial plane. The condenser was supported by a
cylindrical neck through which passed a fine wire that
connected the central element of the condenser with the recorder
inside the gondola. Air was circulated through the condenser
at a velocity af 880 feet per minute (when the balloon was
stationary) by an electric fan. A device, termed an electrostatic
pilot, governed the recharging of the central element of the
Gerdien condenser. As soon as a definite predetermined
quantity of electricity had been dissipated the pilot first
provided a preliminary recharge. The charging pulse, through
capacitative coupling with a vacuum-tubhe amplifier, was made
to actuate a pen, which marked the event by an instantaneous
departure from the spiral which it normally traced on a rotating
disc of paper. The amplified pulse acting through a relay also
operated an electromagnetic contactor which supplied the final
charge to the central system. The potential of this contactor
could be readily controlled so that at the start of an interval
of measurement the central system was at a potential either
greater or less than that previously applied directly by the pilot,
In this way the quantity to be dissipated between charges could
be readily altered, thus providing a means of changing the
sensitivity of the recorder. The change of sensitivity ac-
complished in this way, together with that which could be
cffected by changing the field across the Gerdien condensecr,
permitted the selection of a wide range of sensitivity. In
operation, one of five available sensitivities could bhe selected
as required by turning a dial to the appropriate position. The
sensitivities provided for were related roughly as the terms of a
geometrical progression with a common ratio of about 3, the
highest sensitivity being 38.5 times the lowest. With this range
of sensitivities, and the normal range at a given sensitivity,
satistactory records could be obtained if the conductivity varied
more or less steadily with altitude from the usual valuc at the
surface up to 1000 times that value. A switch was provided
for selecting the sign of the polar conductivity which it was
desired to record. It was planned to record positive and
negative conductivity alternately for intervals of five minutes,
but this required more attention from the halloonists than it
was possible for them to give to this aspect of the crowded
program which they had to carry through. The clectric fan
in the end of the Gerdien condenser was operated by a 12-volt
storage-battery, which was also used for other equipment. Ex-
clusive of this storage-battery, the entirc weight of the equipment
for recording conductivity was 50 pounds (23 kg).
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A photographic copy of the record obtained on this flight,
with some auxiliary information added, is reproduced in
Figure 1. The spiral is generated from the center outwards at
the rate of onc turn per hour. The marks or “teeth” on the
spiral constitute a record of the times when the system was
recharged. They are on the convex side for positive conductivity
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and on the concave side for negative conductivity. When the
instrument is switched from the recording of positive to the
recording of negative conductivity, the spiral is abruptly
displaced outward and remains thus displaced as long as that
sion of conductivity is being recorded. Time-control marks,
which appear in pairs 15 seconds apart at intervals of about
15 minutes, occur as displacements on the concave side of the
spiral. The length of these displacements is less and their
duration is greater than in the case of the charging marks and,
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furthermore, a charging displacement and a time displacement
are additive when they occur simultancously. These charac-
teristics enable one to identify the charging marks when they
occur simultaneously with a timemark.

It is, of course, obvious that for a given sensitivity-setting
the charging marks are more closely spaced the greater the
conductivity. From the spacing of the marks on this record
it can be seen at once that, although there are minor irregular-
ities, the conductivity generally increases with altitude.

The values of conductivity derived from this record by
taking the average frequency of marks over altitude-intervals
of about 1000 feet are shown graphically in Figure 2, where
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the altitude above sca-level is shown as ordinate and the polar
conductivity as abscissa. The record, as can be scen by
inspection of Figure 1, contains many details not shown in this
chart. A discussion of those shall not be undertaken here further
than to say that an attempt to correlate them with activities on
the craft, such as discharge of ballast, velocity of ascent or
descent, ete., have shown no relationship except that the negative
conductivity is, at the highest altitude, related to the velocity
of ascent of fhe balloon. Graph A, Figure 2, represents the
values of positive conductivity during the ascent and Graph B
that for the descent. Aside {from the incrcase of conductivity
with altitude, one of the first features to be noted is that the
values recorded on the ascent are generally less than those
recorded on the descent. The only suggestion which can he
offered to account for this featurc is that the sample of air
involved in a measurement on the ascent may have been
“polluted” by its previous proximity to the large balloon,
whereas on the descent the sample was taken from the
uncontaminated air into which the gondola was continuously
moving at an average rate of about 500 feet per minute. The
values measured on the descent should, therefore, be repre-
sentative of conditions prevailing in the free atmosphere. Ac-
cording to this obscrvation it scems preferable when measuring
air-conductivity on halloon-flights to utilize the descent for this
purpose. It may be mentioned here thaf these data show not
the slightest trace of such ion-densities as would be required
to return radio waves (R. C. Colwell and A. W. Friend, Nature,
v. 137, p. 782, 1936; IR. A. Watson Waltt, L. H. Bainbridge-Bell,
A. F. Wilkins, and E. G. Bowen, Nature, v. 137, p. 866, 1936;
and S. K. Mitra, Naiure, v. 137, p. 867, 1936).

Attention is next invited to the relation between values of
positive and of negative conductivity — the former marked by
oblique crosses, the latter by solid circles. The negative con-
ductivity is generally greater than the positive values recorded
at the same level, the only significant exception being the group
of negative values shown near the top of the chart. These
values are doubtless too small beeause calculation, in which
account is taken of the ascensional velocity of the balloon
together with the pressure and other pertinent factors, indicates
that for the measurements of negative conductivity at this level
the conductance across the airstream in the Gerdien condenser
was not of an ohmic character, at least for the higher ascensional
velocities. Furthermore, the correlation of negative conductivity
with the ascensional velocity of the balloon, which was some-
times rising and sometimes falling at this level, bears out the
conclusion derived from the calculations. This comparison also
yields a rough estimate of the mobility of tle negative ions
at this altitude, which is of interest in that it corrohorates the
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conclusions regarding negative ion-mobility derived by a com-
parison of the values of negative and of positive conductivity
measurcd at other levels.

Except for the group of values just mentioned, the ratio of
negative to positive conductivity is approximately constant at
all altitudes where comparison is possible. This is shown by
the satisfactory alignment of the points which correspond to
the observed values of positive conductivity those marked
by crosses — with those which are marked by open circles,
The ahscissae for the latter were obtained by multiplying the
obscrved values of negative conductivity by a constant. The
constant which was used (0.78) is the ratio of the mobility of
the positive to that of the ncgative ion in air at standard
temperature and pressure, the former bcing taken as 1.4 and
the latter as 1.8 em? volt? sec.

From this observation it seems necessary to conclude
that the ratio of positive to negative conductivity, under the
circumstances which prevail in the free atmosphere, is constant
over the range of pressures from 760 to 30 mm of mercury.
This unexpected result, whiclh we have been unable to trace
to an instrumental source, harbors important implications,
which will now be discussed.

In order that the air-to-earth electric current may he
continuous, the number of positive ions must, on the average,
bhe nearly equal to that for negative ions at a given altitude,
except very near the Earth’s surface, and hence the ratio of
the polar conductivities should be equal to the ratio of the
mobhilities. Howcever, measurcments made in the laboratory, as
reported and interpreted in handbooks and treatises on the
conduction of electricity in gases, would have the negative
mobhility increase relative fo the positive, beginning slowly at
about 200 mm of mercury and progressing rapidly at pressures
of 100 mm and below. The results reported by Kovarik (Phys.
Rev., v. 30, p. 415, 1910) would lead one to expect the negative
conductivity to be at least eight times the positive conductivity
at the maximuwmn altitude of this flight. The failure to realize
this expectation calls for a careful examination of the following:
{a) Whether the conductivity-measurements as a function of
pressure may have been vitiated through faults in the measuring
instruments or by obtaining samples of air which were not
representative; (b) whether the results of the study of mobility
made in the laboratory have been correctly interpreted; or
(¢) whether there exist factors in the free atmosphere which
prevent the effect observed in the laboratory. Such an
examination can not be reviewed here. It must suffice to say
that scveral lines of cvidence seem to exclude (a), especially
during the descent. As regards (b) there seems to be ground
for thinking that the usual interprefation of the results of
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investigations in the laboratory of the mobility versus pressure
is too general. It is doubted whether enough is yet known about
factors which may critically affect the negative mobility at low
pressures to enable one to give much consideration to (c).
Lattey (Proc. Roy. Soc., v. 84, p. 415, 1910) reports that in air
at low pressures, such as come into account here, the negative
mobility is much less than that in dry air. Perhaps there is
sufficient water-vapor in the air, even at altitudes as great as
22 km, to prevent the ratio of mobilities from increasing at the
lower pressures.

The absolute value of the ratio of the 1110])111t) of negative
ions to that for positive ions may also he a criterion of the
presence of water-vapor for Erickson (Phys. Rev., v. 34, pp.
635-643, 1929) reports that in very dry air at atmospheric
pressure this ratio should be close to unity, while Griffiths and
Awbery (Phys. Soc. Proc., v. 44, pp. 240-247, 1929) find that
the negative mobility decreases 18 per cent as the relative
humidity increases from 0 to 100 per cent.

The foregoing is designed to show a type of information
which may be derived from air-conduectivity measurements in
the high atmosphere. However, it scems obvious that in order
for some aspects of this information to bhe definite, further
studies in the lahoratory pertaining to the mobility of ions in
air are required. The conductivity-data would, of course, he
enhanced for this purpose if both positive and negative con-
ductivities were registered continuously or, next hest, if
measurements of these were made alternately and over intervals
just long enough to vield satisfactory precision. A simple method
of making a direct measurement of the ratio of the polar con-
ductivities or of the mobilities of positive and negative ions
would be helpful for this type of investigation.

Some other points of interest have come from a joint con-
sideration of these air-conductivity data and measurements of
the intensity of the cosmic radiation which were kindly sent
us by Professor E. Regener. These were obtained on a sounding-
balloon flight from Stultgart, Germany, May 19, 1934, and are
regarded by Professor Regener as the most reliable data he
has thus far obtained. It should be noted that the magnetic
latitude of Stuttgart is within a degree of that for Rapid City,
South Dakota. The cosmic radiation is doubtless the only
important ionizing agency in most of the region of the
atmosphere with which we are here concerned, namely, from
1.5 to 22 km above sea-level. Hence, values of positive con-
ductivity were calculated assuming that the air contained no
condensation-nuclei and using the following relations: (a) The
mohilitj), k, varies directly with the absolute temperature, T,
and inver selv with pressure, p; (b) the rate of formation of
ion-pairs, (¢, in the open air is directly proportional to the
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measure of cosmic-radiation intensity, I, expressed in ions per
cubic centimeter per second at standard temperature and
pressure, and to the density of air; (c¢) the population-density
of ion-pairs, n, is equal to the square root of the quantity, q,
divided by the recombinatlion-coefficient, «; (d) the re-
combination-coefficient varies directly as the pressure and
inversely as the 7/3 power of the absolute temperature; (¢) the
positive conductivity is the product of the electronic charge, e,
the mobility of the positive ions, k;, and the population-
density of ions, n. The following values of the constants at
standard temperature and pressure were used: (kg); : 1.31
cm?volt—lsec™!; @ : 1.6 x 10—,

The values for positive conductivity obtained from this
calculation are represented by graph C of Figure 2. It will
be noted that every one of these values is greater than that
observed at a corresponding altitude. A difference of this
character, but decreasing with altitude, was expected for
altitudes up to five or six km on account of the presence there
of condensation-nuclei (see graph B, Fig. 4) to which the small
ions readily become attached, thus forming large and relatively
immobile ions which contribute little to electrical conduction
in the air. However, it seems unlikely that the difference
between the values observed and those calculated for altitudes
above six km may be attributed to the presence of nuclei. It
would be difficult to account for the quantity of nuclei and
the character of their distribution which are required for such
an explanation. For example, the distribution of nuclei should
be such that in the altitude-range 6 to 18 km their effect
varies quite regularly as the reciprocal of the pressure. The
distribution of nuclei up to an altitude of nearly nine km
observed by Wigand (Ann. Physik, v. 59, pp. 689-742, 1919),
see graph B, Figure 4, on 14 balloon-flights indicates that their
effect should vary directly as the pressure and that this should
be negligible at an altitude of six km and above.

Confronted with these circumstances, a reexamination was
made of the assumptions and relationships involved in the
calculations. This led to the suspicion that the dependence of
the recombination-coefficient upon pressure under conditions
which obtain in the atmosphere may differ from that used in
the calculations. Although several investigations in the labo-
ratory indicate that this coefficient varies as the first power
of the pressure, others have indicated a lower power and
several have shown no dependence on pressure. In the most
recent investigation, that of E. Lentz (Zs. Physik, v. 76, pp.
660-678, 1932), the first-power relation was found (this paper
summarizes the results of others), whereas J. Schemel, a few
years ecarlier, found no dependence. Apparently many dif-
ficulties attend the investigation of this relationship, and
perhaps not all these have vet been overcome.

25*
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This surmise is strengthened by the obscrvation that the
ratio of the ecalculated to the observed conductivity-values
varies as a simple function of the pressure throughout the range
of altitudes from 6 to 18 km. This function is the 0.36 power
of the pressure, expressed in atmospheres. The exponent, 0.36,
was determined by applying the method of least squares to all
the data obtained during the decscent from the 18-km level to
the 6-kin level. The nature of the fit may be seen by comparing
graphs B and D of Figure 2. The data for lower levels were
not used because it i1s expected that factors, for which allowance
could not he made in the calculations, are more or less active
there, The reason for omitting the data for higher levels from
consideration when making this adjustment will be seen from
an inspection of Figure 2, namely, the anomalous character off
that data. Further discussion of this will be given later.

If the adjustment of the calculated data, mentioned above,
is regarded as a correction upon the relationship between the
recombination-coefficient and the pressure, then one must
conclude that this comparison of air-conductivity data and data |
of cosmic-radiation intensity indicates that, for the conditions
which prevail in the free atmosphere, the recombination-coef-
ficient for small ions in air varies as the 0.28 power of the
pressure,

It is not intended to claim that the evidence presented is
adequate to establish this relationship. It may be suggestive
rather than definitive, in that it points toward the need for a
reinvestigation of this, a relationship which is required for the
consideration of various electrical phenomena of the atmosphere.,
In order to illustrate this, it may be mentioned that estimates
which have been made of the population-density of ions
maintained in the ionosphere by a given agency are two orders
of magnitude greater than thec estimates which are obtained
when the relationship given ahove is used.

Information of another type is derived from a joint con-
sideration of the air-conductivity observed on the flight and
the air-earth current-density measurements made at the surface
of the Earth. If the reciprocals of the valucs of air-conductivity,
or the values of air-resistivity, are integrated from the Eartlh’s
surface up to a given altitude, the resistance of a column of air
of unit cross-sectional area is obtained. The values of resistance
obtained in this way may be read from the graph in Figure 3
by referring to the scale at the top of the Figure. The potential,
relative to the Earth, of a point at a given aititude in the
atmosphere, may be ascertained from the graph by referring
to the scale at the bottom of the Figure. The asymptote of
this graph is obtained by extrapolation from 18 kan to *infinity”,
on the assumption that the population-density of ions is constant
at all higher altitudes. This over-simplified assumption is not
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in aceord with the conductivity-values measured at altitudes
greater than 18 or 19 km. However, the decrease in conductivity
at these higher altifudes is probably not a permanent feature,
nor is it likely that it exiends to altitudes far beyond that
reached in this flight. The limiting values defined by the
asymptote of the graph may therefore have some significance.
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This may then indicate that the high atmosphere (say, the
icnosphere) is at about 400.000 volts higher potential than the
Earth. The potential and the resistance increase rapidly with
aliitude at the lower levels, so that nearly half the limiting
value of cach is found at an altitude of two km and nine-tenths
at an altitude of ten kim. From this it can be seen that any
process which would, for example, double the clectrical con-
ductivity of the air throughout the troposphere may be expected
to nearly double the clectrie current which normally flows from
air to Earth. So far as the features illustrated by Figure 3 arc
alone concerned, one would expect the average air-carth current
to be greater over a high plateau than over a low-lying plain.

As has already been noted, the air-conductivity values
chserved on the descent from altitudes between 18 to 6 km
may be reconciled with the obhserved values of cosmic-ray
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intensity provided the relationship for calculating conductivity
from the cosmic-radiation data is revised. However, below six
km and above 18 km the revised calculation yields values which
are greater than those observed. (See graphs B and D, Fig. 2).
If these differences are attributable to the presence of dust or
condensation-nuclei, then the distribution of the dust and nuclei
in the atmosphere up to 22 km at the time and place of this
flight may be described with the aid of Figure 4. In that FFigure
ordinates represent altitude and abscissae represent the number
of nuclei per cubic centimeter., The means of values ohserved
by Wigand with an Aitken counter on 14 balloon-flights are
also shown here by the broken curve. Although the individual
values which go to make up his means fluctuate over a con-
siderable range, especially at the lower levels, vet on the average
the number of nuclei over central Europe, where his ob-
servations were made, apparently decreases with altitude in
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a fairly regular manner, becoming negligibly small at about
6-km altitude.

The number of nuclei per cubic centimeter as here calculated
from the conductivity-data is of somewhat doubtful quantitative
significance because it is not definitely known how some fac-
tors (namely, the combination-coefficients of small ions with
large ions and with neutral nuclei) involved in such a calculation
vary with temperature and pressure. However, it is thought
that the values shown graphically in Figure'4, especially those
for the lower levels, are a sufficient approximation for the
present purpose, which is chiefly to illustrate another sort of
information which may apparently be derived from a joint
consideration of measurements of air-conductivity and of
cosmic-radiation intensity.

No estimate of the distribution of nuclei at levels below
1.5 km can be made from the air-conductivity data except by
extrapolation, which, however, indicates that the nuclei-content
in that region was less than the average observed by Wigand.
This seems reasonable because in the sparsely settled area over
which the conductivity-measurements were made there are no
large cities and relatively few towns such as doubtless con-
tributed large numbers of nuclei to the atmosphere in the
regions where Wigand’s observations were made. The number
indicated at levels between 1.5 and 6 km is greater than that
reported by Wigand. This is within a body of air which
appears to be of Polar-Pacific origin, but the indicated number
of nuclei is somewhat greater than has been observed at sea
on the Carnegie. It therefore seems likely that additional nuclei
have been carried to these altitudes while this air was traversing
land where the number of nueclei at the surface is generally
much greater than at sea.

From analyses kindly supplied by the United States Weather
Bureau, it appears that Polar-Pacific (P,) air, overrunning
Polar-Continental air, extended from about 2-km to more than
3-km elevation and that above this a layer of active transitional
Polar-Pacific (N,,) air extended to a height of over four km.
The excess of nuclei, relative to the trend indicated by Wigand’s
data, appears to be associated chiefly with the Polar-Pacific
air-masscs. That there could have been sufficient mixing to
carry nuclei up from the Earth while these air-masses crossed
the 1000 miles of high plateaus and mountain-ranges seems not
unlikely. In a study of dust-storms which occurred over the
Great Plains in recent years, G. R. Parkinson (Bull. Amer. Met.
Soc., v. 16, p. 186, 1935) remarks that in many cases the dust
was confined to transitional Polar-Pacific air. This may be
taken to indicate that conditions in N, air are such as to keep
nuclei in suspension for relatively long periods of time.
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The greatest surprise presented by the calculations exhibited
in Figure 4 is the indication of considerable quantities of nuclei
at altitudes above 18 km, the number increasing from that level
to the highest altitude reached (22 km). The balloon apparently
entered a ditferent air-mass at about the same level as that of
the lower boundary of this apparent bank of nuclei. The air-
movement here was brisk from the west-southwest, which
suggests that this air may have been of fropical origin. This
surmise is entertained because several observers have reported
that nuclei are relatively abundant in surface-air of tropical
origin.

One might speculate as to other possible sources of these
nuclei, such as voleanic eruptions, the disintegration of meteors,
or the more general capture of matter from cosmic space.
Since the range of speculation here is not yet limited by much
quantitative information, one may also be free to surmise that
ozone, which becomes especially abundant in about this same
region of the atmosphere, acts as an agent in the formation of
nuclei. But until such speculation can be guided by a greater
variety and abundance of quantitative information it is likely
to he of little value.

The illustrations given in this report will, it is thought, have
shown that in addition to the information about the magnitude
and distribution of the electrical conduectivity of air and about
related electrical phenemena, which is provided by measure-
ments of that property in the free atmosphere, other information
of interest may apparently be derived from them. Thus the
constant ratios found between the positive and the negative
conductivities call into question a generally accepted inter-
pretation of measurements made in the laboratory according
to which this ratio should increase at pressures helow 100 mm
of mercury. The ratio of the conductivities may also bear on
the question whether a significant amount of water-vapor
exists in the stratosphere, especially in its higher reaches. A
joint consideration of air-conductivity and cosmic-radiation
intensity data indicates that the coefficient of recombination
for small ions in the atmosphere probably decreases less rapidly,
as the pressure decreases, than is generally assumed. If this
point is settled, then a joint consideration of air-conductivity
and cosmic-radiation data appears capable of providing in-
formation about the amount and distribution of dust, con-
densation-nuclei, or other substances which diminish the con-
ductivity of air.

In order to realize the definiteness and reliability desired in
information of this sort, it is not only necessary that further
measurements be made of the electrical properties of the free
atmosphere but also that the properties of ions in air be further
investigated in the laboratory. It is hoped that the need of
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the latter for the investigation of geophysical problems may
stimulate physicists to further research along this linc.

Although it seems feasible to obtain, in the future, valuable
registrations of air-conductivity with light apparatus, of design
similar to that deseribed in this report, which may be carried
aloft by sounding balloons, yet the advantages for the present
work which were provided by the facilities of the Explorer I,
especially the full line of auxiliary and control data which were
obtained, seemed indispensable.

Dep. Terr. Magn,, C.1.W., July 31, 1936,

CHANGE FROM YEAR TO YEAR IN THE POTENTIAL
GRADIENT AND THE ELECTRICAL CONDUCTIVITY
OrF THE ATMOSPIHERE AT EBRO, WATHEROO,
AND HUANCAYO

By G. R, WAIT

The universal character of the diurnal variation in atmo-
spheric potential-gradient at stations undisturbed by local
effects, as first shown by Mauchly, is now generally accepted
as an established fact. The diurnal variation is believed to be
due to a systematic variation through the day in the average
amount of electric charge coming to the Earth’s surface. It is
of interest to inquire whether or not there is also a variation
in the amount of charge eoming to the Earth’s surface, having
periods longer than 24 hours. Unfortunately, practically no
location over land can qualify as an undisturbed station, and
there do not exist sufficient data from oceanic areas to make
it possible to investigate the longer-period variations. Notwith-
standing the fact that all stations on land arc to some extent
affected by local effects, it seems worth while to select data
from a few of the more suitably located stations for possible
indications of longer-period variations. Consequently data from
Ebro, Watheroo, and Huancayo have been assembled, caution
being exercised to exclude data known to be affected by factors
such as smoke, meteorological conditions, and known accidental
variations, Yearly mean values of the potential gradient from
each of the three observatories are plotted in Figure 1 for the
years 1924 to 1934. If the average electric charge coming to the
surface of the Earth varies from year to year, the average value
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of the potential gradient will likewise vary, except as it may he
modified through local effects, the wvariation at each station
being similar. One may therefore examine the curves for
similarities in the variations at the three stations. There is
little doubt that some similarities do exist in spite of the fact
that local effects must, to some extent, be present in the data
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and that these tend to obscure any similarity that otherwise
might exist.

In addition to analyzing the results for the potential gradient
from the three observatories indicated above, the values for
the electrical conductivity of the air have likewise been
examined. Due precaution was exercised also in this case to
exclude data known to be affected by local factors. Graphs
of the results are shown in Figure 1 for the same years as for
the potential gradient. There is less recason to expeet any
similarity in the curves for this element than for the potential
gradient. There is no known ionizing agency that varies in
a known universal manner to an extent sufficient to produce
marked variations in the conductivity. The mobility of the
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small ions could hardly be expected to vary in any marked
manner from one year to another, and the destroying agencies
are supposed to be of local origin. One cannot entirely exclude
the possibility of a portion of the destroying agencies acting
in a somewhat universal manner having a long period, since
it is known that finely divided dust has been observed to travel
several times around the Earth. To that extent one is justified
in looking for a universal variation in this element. The local
effects are, however, likely to be so pronounced as to mask any
universal effect. The curves as presented show very little
tendency towards similarity in variation, certainly less than do
the curves for the potential gradient.

The question of establishing additional stations for the col-
lection of -atmospheric data, especially those on the potential
gradient and the conductivity of the atmosphere, arises from
time to time. There is a question also as to the length of time
the observatories already collecting such data should continue
such work. As a result of this survey, it seems to the writer
that additional data from very well-located stations (C. R.
Assemblée de Stockholm, ao(it 1930; Union Géod. Géophys.
Internat., Sec. Mag. Eleetr. Terr., Bull. No. 8, pp. 346-347, 1931)
would be of assistance in determining to what extent universality
exists in the variations of both the potential gradient and the
conductivity. Data from those stations that are already well
located are also of value, and additional data from such stations,
if carefully selected, are desirable. It is not intended to infer
that all other stations, where local influences are more
pronounced, should immediately cease the collection of such
data. It is suggested, on the other hand, that in those localities,
wherever possible, more detailed investigations be carried on
to determine in what manner the local influences act and the
laws underlying such action.

Dep. Terr, Magn., C.1. W., July 31, 1936.

THE VARIATION OF LIGHTNING CURRENTS
By Harald NORINDER

At the Institute of High Tension Rescarch of the University
of Upsala I have, during the last few years, studied the rapid
variations in the magnetic field caused by lightning discharges.
Similar measurements with improved experimental arrange-
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ments have also
been carried out
during the thun-
derstormscason of
this vear (1936).
It will be the pur-
pose of this com-
munication to give
a short account of
the most import-
ant results cover-
ing the period of
investigationmen-
tioned.

The principle of methods employed

The measurements of the magnctic field variations were
carricd out by using the induced effect from the lightning cur-
rents on frame acrials.

The ficld variations proved to be so rapid, that it was
neeessary to work with specially
constructed cathode ray oscillo-
graphs in order to record the
variations. These instruments
have heen described in an earlier
publication.*)

The external arrangements !-
of the observation station with
the frame aerial visible are re-
produced in Fig. 1 and the equip-
ment of cathode ray oscillographs
with amplificr in Fig. 2.

It the field force is H in cgs
units and if the surface of the
frame acrial is A in cm? and its
turn number is n, the induced
voltage in volts between the ends
of the frame will follow the well
known relation

Fig. 2.

*)} Harald Norinder: Ein hesonderer Typus der Kathodenstrahloszil-
lographen. Zeitschrift fiir Physik, 63, 9-10. Berlin 1930.
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Ve=n ,A % 108 cos ¢ 1)

In relation (1} ¢ is the angle between the field force lines
and the coil axis.

In the following measurements the direction and the distance
between the observation-point and the lightning paths were
directly observed.

From an integration-procedure of the oscillographic curves
it was possible, as is shown by relation (2), to calculate the
inagnetic field component H in the frame plane or:

108 ¢ )
Hp =3 \vat (2)

From thc observed variations in the magnetic field it was
further possible, with regard to vertical lightnings located
within a certain distance from the observation point, to make
an approximate calculation of the current variations in the
lightnings, The principle of this calculation has been given in
an carlier work.®)

The meastirements

By the usc of frames cxposed in the free air in vertical
planes, the observations were limited to the horizontal com-
ponents of the magnetic field. In earlier investigations I used
frames of such a size that the induced voltages from the frames
became directly recorded in the oscillographs. The order of
voltage reeeived befween the ends of the frame in such a casc
was about 200 volts for lightning discharges within 2 to 4
kilometers from the observation-point. The method did not
allow a record of weak field-variations.

In order to complete the investigations, also with regard to
weaker fields, I have improved the experimental equipment
by the use of an amplifier in the circuit. This improvement
worked very well and the first results where T uscd the im-
proved arrangements, were obtained during the past summer.

Typical oscillograms of the observation period mentioned,
where a rapid time-variation record of the order of micro-
seconds was uscd, are reproduced in Fig. 3. The recording
methods, as illustrated in Fig. 3, were mainly used to study
the variation characteristics of individual current pulscs.

In order to analyze the sequence of individual current pulses
of which a lightning discharge is built up, it was, on the other

*) Harald Norinder: Lightning Currents and their Variations., Journ.
of the Franklin Inst.,, vol. 220, No. 1, July 1935.
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hand, necessary to complete the rapid registration by a slow
moving record method as exemplified by the oscillograms in
Fig. 4.
The results

The observations allowed a calculation of the total duralion
of the current pulses in 50 lightnings. The result is reproduced
in Fig. 5. The greater part of the lightnings gave results which
consisted of total durations of current pulses below 5 thousand
parts of a second.

%
30

20 Fig. 5.
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The time distance between sequent partial lightning current
pulses for a number of 344 individual cases are reproduced
in Fig. 6. The most usual time distance is characterized by
time intervals below 1/1000 second.
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The percentage distribution of the number of current pulses
in 127 lightnings is reproduced in Fig. 7, from which follows
that the most usual number consisted of three separate pulses.

It is of interest to analyze the distribution of the maximal
current amplitudes in sequent individual pulses. In lightnings,
consisting of a number of 4 or more current pulses, I have

26
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observed the maximal current amplitudes to be located in 85
per cent of the cases to the two first pulses or within the first
half part of the discharge. At lightnings consisting of 3 partial
discharges I have observed the maximal current to he located
quite as oftento the first as to the second of the threce dis-
charges.

The distribution of the observed horizontal components of
the magnetic field has been calculated in cgs units in observed
vertical lightnings and is reproduced in Fig. 8 The positive
sign is defined when a positive charge goes to earth.
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Of 88 recorded vertical lightnings 47 % were positive and
33 % negative, which is in full accordance with earlier results.

In 28 cases vertical lighitnings were suitably located with
regard to their distances to the ohservation point so as to permit
a calculation of the maximal current values in the partial
discharges. It was thus possible to calculate a number of 63
such partial discharges. The distribution of these calculated
current values in kiloamperes is reproduced in Fig. 9.

The order of magnitudes of the maximal currents is in very
good agreement with my earlier results. It is necessary to point
out that a difference exists with regard to the distribution of
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the lower maximal current values. This difference can he fully
explained by the following circumstance. In my earlier in-
vestigations as I have already mentioned, experimental ar-
rangements were not sensitive enough to record the lower field
amplitudes,
%
30

N

20 Fig. 9.

10

50 100 kA

The improvement, which was adapted during the past season
and which consisted in the usc of an amplifier in the frame
aerial circuif, allowed records also of currents characterized
by relatively small amplitudes. The possibility of recording
such small amplitudes explains the occurrence of lower
maximal current amplitudes compared with my earlier
measurements, which gave amplitudes from 20 to 40 kilo-
amperecs as being the most common values,

THE MEAN ELECTRIC CHARACTER
OF EIGHT WIDELY DISTRIBUTED STATIONS

By 0. H. GISH

As a preliminary step in a study of the relative merits of
scveral possible schemes for assigning an clectric character-
number to each day, it was undertaken to colleet and compare
such numbers as have heen assigned according to the scheme
employed in the British Mecteorological Office. The collection
is as yet incomplete, but it is thought that it may constitute a
sample sufficiently representative to be of some value to others.
The geographical distribution and periods corresponding to the
available data may be secn from Table 1.
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Table 1

| Ble-
vation
above Epoch for which data
sea-

Station \
\
‘ 1 level

5 - Ineters
College, Alaska
(near Fairbanks) 147.8W 64.9N 180 October 1932 to August 1933
Lerwick, Shetland

Islands 1.2W 60.1N 85 Since about 1926
<skdalemuir,
Scotland 3.2W 55.3N 240 Published since beginningof 1922

Kew Observatory,

Richmond, England 0.3W 51.0N 6 Published sincebeginning of 1922
Washington, D. C.  77.1W 400N 85 February 1917 to December 1930
Tucson, Arizona 110.8W 322N 770 Since January 1930

Huancayo, Peru 75.3W 12,05 3350 Since February 1924
Apia, Western
Samoa 171.8W 13.8S5 2 Assigned for land station since
Watheroo, Western January 1926
Auslralia 115.9E  30.3S 244 Since January 1925
Oceans (Carnegie) All 53N-40S ... August 1928 to November 1929

An electric character-number, according to classification 0,
1, or 2, is assigned to cach day at all of these stations on the
basis of the registered air-potential and in accordance with the
following:

“0” for days on which no negative potential was recorded

“1” for days on which negative potential was recorded
for at least one short period, but for an aggregate
duration of less than three hours

“2” for days on which negative potential was recorded
for an aggregate duration of three hours or more

At Eskdalemuir and Lerwick some sub-classes are assigned.
Those data have not yet been collected for this study.

Although the significance of the arithmetical mean of
numbers, defined in this way, is vague, yet it seems worth
while to attempt to determine whether such numbers may be
used to advantage for studying some general aspects of electric
events which occur in the atmosphere,

The annual variation in the monthly means of these
character-numbers for each of seven stations on land and for
the oceans covered on Cruise VII of the Carnegie is shown in
Fig. 1. The magnitude and character of this variation,
although quite regular for a given place, differ considerably
from place to place. This usually reflects the rainy season at



