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ABSTRACT.

The Bureau of Mineral Resources, Geology and

Geophysics has operated 31x magnetic observatories since the

beginning of the I.G.Y., and one other (Port Moresby) since

March 1958.^A temporary recording station at Alice Springs

was in operation from July to November, 1957.

This report presents brief descriptions of four

of these observatories, the instruments used, operating procedure

and distribution of results.^More details are presented for

the Port Moresby Observatory, since this is a new establishment

which will continue to operate after the I.G.Y.

The geomagnetic work being carried out at Watheroo

and Gnangara Observatories is described in a separate record.



I. INTRODUCTION.

Since the beginning of the I.G.Y. continuous
recordings of the geomagnetic field have been made by the
Bureau of Mineral Resources, Geology and Geophysics, at the
following observatories:

Toolangi (37 032 1 S 7 145°28 1 E)

Watheroo (300191 S 7 115° 53 1 E)

Macquarie Is. (54 (130 1 S, 158°58 1 E)

Mawson (67°36' S, 62°54 E)
Gnangara (31047' S I 115° 57' E)
Darwin (12°26' S, 130 0 50' E)

Recording at Darwin and Gnangara was started in June, 1957.
The other observatories have been operating for some years.
Magnetic recording at Watheroo and Darwin will be discontinued
after the end of the I.G.Y.^Other observatories will continue
in operation.

Magnetic recording at Port Moresby (9024 1 S 7 147°09' E)
was started in March 1958.^It will be continued after the end
of the I.G.Y.^A temporary recorder was operated at Alice Springs
(23 047 1 S, 133 0 51 1 E) from July to November, 1957.

Declination, horizontal intensity and vertical intensity
have been recorded at all stations except Darwin, where instrumental
difficulties prevented the recording of the vertical intensity
from 1st. January to 8th. May 1958. Absolute values of the
elements are known for all stations except Alice Springs, where
only relative values could be recorded.

Rapid changes of the field have been recorded at
Mawson, with a fluxmeter, since January 1958.

TOOLANGI MAGNETIC OBSERVATORY.

(i)^The first recording of magnetic elements commenced in
Melbourne in May/ 1858.

When electric trams and trains started to be operated
in Melbourne, the site of the observatory became too disturbed
and in 1919 the observatory was transferred to the present site
in Toolangi.

Except for 1939, when the observatory was destroyed by
forest fires, recording and regular control observations have been
continued until the present.

Thus, at the beginning of the I.G.Y., the Toolangi
Observatory was in full operation.

The observatory site is situated in latitude ,37°33'
south and longitude 145 028 1 east. (Geomagnetic latitude - 46.7,
longitude 220:8) at an elevation of 1500 feet above sea level.
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(it)^Equipment. The recording instruments are of the
la Cour type, with normal sensitivity and a recording speed
of 15mm/hr. Scale values for the H and Z variometers are
determined weekly by the Helmholtz coil method.^The D scale
value remains constant over long periods, since the fibre is
essentially free of torsion.^It is therefore checked ohly
occasionally.

Semi-absolute instruments are used for weekly
control observations for H and Z; these are a set of three
QHM's and a BMZ.^Absolute standards for H and Z are main-
tained by occasional comparison with a Ruska magnetometer and
a Schulze earth inductor.^These instruments are used as
standards for the Australian region.^Weekly control
observations for D are also made with the Ruska magnetometer.

The buildings comprise an underground vault
consisting of a variometer room (6' x 9'), a clock room

x 6') and a porch (3'3" x 3 1 6"), a non-magnetic hut
8' x 11') with three pillars for absolute observations, and a

storage hut.

III. MACQUARIE ISLAND MAGNETIC OBSERVATORY

(i) The magnetic observatory operated on Macquarie Is.
by the Bureau of Mineral Resources, Geology and Geophysics is
part of the scientific programme conducted by the Australian
Antarctic Research Expedition. It has been in continuous
operation since 1951.^•

(ii) Equipment. The observatory is equipped with
la Cour H,D and Z variometers used in conjunction with a 15 mm
per hour recorder.^Scale values for the variometers are as
follows:-

H: 12.5 Y/noma
D: 0.91 'Alm
Z: 14.1 Vmm

Orientation adjustments to the H and D variometers
were last made in 1956.

H, D and Z baselines are controlled by means of
weekly measurements using the following instruments:-

H: Quartz horizontal magnetometers Nos. 177, 178 and 179.

D: Kew pattern magnetometer, Dovers, Charlton and Kent No.158.
Z: Magnetometric zero Balance (BMZ) No.64.

These instruments are corrected to IMS through
intercomparisons with absolute instruments brought from Melbourne
during relief operations at the end of each year.

(iii)^Characteristics of records: The proximity of the
island to the auroral zone is reflected in the high average level
of magnetic disturbance.^A typical feature of the magntic
records is the frequent occurrence of polar bays around the time
of magnetic midnight.
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IV. MAWSON MAGNETIC OBSERVATORY.

(1)^The magnetic observatory operated at Mawson by the
Bureau of Mineral Resources, Geology and Geophysics is part of
the scientific programme conducted by the Australian Antarctic
Research Expedition.^It has been in continuous operation since
1955.,

(ii) Equipment, A set of la Cour variometers is used
at a recording speed of 15 mm./hour; scale values are, for Ho
9+4 gammas/mm., for D 0.85 min./Mm., and for Z 9.9 gammas/Mm:
Baseline control is maintained with a la Cour pattern BMZ for Z,
and la Cour pattern QHM's for H and D.^Record loss has been
very small.

A -"bar-fluxmeter" system, a copy of that described
by Selzer (1956), for recording rapid magnetic variations, was
installed during 1957.

The apparatus consists of three mutually per-
pendicular "bars", which act as "magnetic aerials", and three
fluxmeter galvanometers, the deflections of which are recorded
photographically.^Each bar is formed of approximately 13,000
turns of copper wire on a core of Anhyster D.^The fluxmeters
have a natural period of 9 seconds, a coil resistance of 50 ohms
and a current sensitivity attaining 0.25 x 10-9 amp./mm. at
1 metre.^It is claimed that the bar-fluxmeter assembly has a
flat response for periods from - 2 seconds to 2 minutes but that it
records periods as short as 1/10 second,

Although considerable record of two components
(viz. H and Z) was obtained at intervals during November and
December of 1957, and January 1958, full scale recording of
three components was not commenced until 28th January, 1958,
when a programme of 4 hours recording on normal days and 24 hours
on World Days, was instituted.^Recording speeds of 5 and 25 mms,/
min. are used; a speed of 100 mms./min. is also available.
The speed of 25 mms./min. gives a very clear and detailed record,
but that of 5 mms./Min. during disturbed periods gives so
confusing a record as to be practically useless.

(iii) Characteristics of records.^A feature of the
records from the la Cour magnetographs has been the consistently
high average disturbance level, which has made the deterulination
of monthly Sq curves extremely difficult, and sometimes
impossible.^More or less sinusoidal variations such as micro-
pulsations and giant pulsations are very prominent on the records
of both the magnetograph and the fluxmeter.^Although most
common on disturbed days, their occurrence is not restricted to
them, some otherwise quiet days exhibiting well defined pul-
sations, particularly during the morning hours of the Greenwich
day.^Periods as long as 10 minutes and amplitudes as great as
200 gammas in H have been recorded on the la Cour magnetograph.

Because of the volume of record, and its complicated
nature, no detailed analysis of the fluxmeter records has been
attempted yet.^However, some interesting features are clearly
exhibited.^There appear to be two basic types of pulsations:
(a) those which have a random character and period, and appear
more or less as background noise, and (b) those which are of
sinusoidal character and usually occur in trains, each with a
predominant period.^The latter, which give the appearance of
beats, are normally of greater amplitude than the former, and
differ- from them also in that very often the three elements are
almost exactly in phase.^The transition from one type to the
other can be quite sudden; one good example of this appeared
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on a record of the vertical component (the other two components
were not being recorded at that time) during the solar eclipse
of 1957 October 23rd.^On this occasion the transition was
from regular pulsations of period 20 - 30 seconds to irregular
noise.

Very large amplitude pulsations (i.e. 30 - 50
gammas) were always associated with magnetic storms and auroral
bay disturbances.

V. DARWIN MAGNETIC OBSERVATORY 

(i) A temporary magnetic observatory was established in
the Botanical Gardens in Darwin in June, 1957 and is operated
by the Darwin group of the Bureau of Mineral Resources, Geology
and Geophysics.^It will be operated only until the end of
the I.G.Y.

(ii) Equipment.^The recording instrument is an Askania
portable variograph.^Semi-absolute standardisations are
carried out once a week using two QHM's and a BMZ.^These in
turn have been standardized at Toolangi.

About 30% of recording time has been lost because
of instrumental trouble.^Most of this was caused by the
thermostat system of the variograph.^A fibre of the Z vario-
meter broke on 1st January, 1958, so until 8th May only H and D
are recorded.

(iii)^Characteristics of records, As would be expected
at a tropical observatory, variations in the horizontal
component are considerably greater than in the other two
components, and there is a pronounced maximum in the horizontal
Component at local noon on quiet days.^The diurnal variation
of the vertical component, however, appears to be anomalous,
and warrants further study.^There is a strong tendency for
short .period upward movements in Z tobe positively correlated
with westward movements in D.

VI. ALICE SPRINGS MAGNETIC STATION

(1)^A temporary magnetic recording station was operated
on the aerodrome at Alice Springs from 22nd July to 15th
November, 1957.^It was established by officers of the Bureau
of Mineral Resources and maintained by an officer of the
Department of Civil Aviation.

(ii)^Equipment. The recorder used was an Askania
porteble magnetic variograph.^Considerable difficulty was
experienced with the thermostat.^About 20% of recording time
was lost.

There was no opportunity to maintain control of
baseline values.^Therefore, since the rate of drift was
rather high, only relative values of the elements over a few
days are known.

(iii)^Characteristics of records.^The most prominent
feature of the records is the almost complete absence of rapid
variations in the vertical component.^This is in sharp
contrast to the behaviour at Darwin, 800 miles further north.
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VII. PORT MORESBY GEOPHYSICAL OBSERVATORY 

(i) Construction of a Geophysical Observatory at
Port Moresby, Papua, was begun in 1957.^The Observatory was
designed, and is operated by, personnel of the Australian
Commonwealth Bureau of Mineral Resources, Geology and
Geophysics, Department of National Development.

It is situated in low hilly country approximately
5 miles north of Port Moresby township (see Figs. 1 and 2)and
consists of two underground vaults which house equipment for
recording geomagnetic field variations and seismic phenomena,
an absolute magnetic building, and a fourth building which will
house ionospheric sounding apparatus and a photographic dark-
room.

The observatory site is divided into two sections
(Fig.3), the western section containing the buildings for
magnetic and seismic recordings situated on interbedded Eocene
cherts and argillites, and the smaller eastern section con-
taining only the ionospheric installations sited on tuffs and
flows which unconformably overlie the above formations.

It is expected that the observatory will become
*fully operative towards the end of 1958 or early in 1959 when
all magnetic, seismic and ionospheric recording equipment should
be installed.

(ii) Buildings.^The position of the magnetic buildings
with respect to the rest of the observatory is shown in Fig.3.
Photographs of the absolute hut and variometer vault are
indicative of their setting (Fig.5).

The variometer vault is an entirely non-magnetic
concrete vault with arched concrete roof and internal dimensions
8 feet by 24 feet.^Entrance is by concrete steps through a
small porch and inner porch in which the pendulum clock for
magnetograph time control is housed.^The vault is designed
to accommodate two sots of la Cour variometers, a normal
sensitivity set (paper speed 15mm per hour) at the eastern
end and a quick run recorder (paper speed 180mm per hour) at
the western end.^A feature of the design is the incorporation
of two small copper tubes projecting vertically through the
concrete roof and placed north and south of the eastern.
instrument pier (Fig.) in line with the inner side of the vault
wall.^Plumb lines suspended inside the tubes reach down inside
the vault, and can be aligned from an absolute house pier, so
that the azimuth of the plane through them can be determined.
Horizontally mounted brass rails with sliding markers on the
north and south walls of the vault allow a line of azimuth to
be set from the plumb lines for determining variometer magnet
orientation.

. Control of variometer recordings is maintained by
semi-absolute instruments in the absolute house 120 feet south
of the vault. The plan of the absolute house is shown in
Fig.4.^Piers 1 and 3, and 2 and 6, are designed for earth

: inductor measurements of inclination with the galvanometers on
piers 1 and 2.^Piers 4 and 7 are 3 feet 6 inches high and are
used for B.M.Z. measurements (Fig.5b).^Piers 5 and 8 are 4
feet 6 inches high for use with Q.H.M. and magnetometers.

,
(iii)^Magnetic Instruments.^The normal sensitivity
la Cour magnetograph was installed in February, 1958, and
regular recording commenced in March.^Initial variometer
sensitivities are:-
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H 6.5 Y/mm

D /Mm

Z 7.1 (/mm

Semi-absolute instruments at present in use for
control measurements are Q.H.M's 187, 188, 189 and B.,M.Z.
No.68.^I.M.S. corrections are provisional only. Delivery
of an Askania pattern magnetometer for permanent use in
determining H and D is expected within 6 months.^Accurate
reduction of observed values to I.M.S. should then be possible.

When absolute measurements are made, a manual time
mark is registered on the magnetogram using a small hand
switch (Fig.5b).

(iv)^Characteristics of records. At the time of writing
(June 1958), three months continuous record of the variations
in H I D, and Z had been made with the normal sensitivity
magnetograph.^Lack of staff had prevented any detailed
scaling of records to be carried out.^Nevertheless, some
comment can be made on measurements so far, from an inspection
of the records and the results of absolute measurements.

(a)Diurnal effects.^The value of the horizontal component
of the magnetic field is approximately 0.365 gauss.
Examination of magnetograms showed an approximate quiet day
diurnal variation of 80 gammas in March decreasing to 50
gammas in May.^Maximum values occur at about 12 hours L.M.T.
and minimum values are poorly defined at about 17 to 21 hours.

Quiet day variations in vertical intensity have ex-
hibited similar trends to those in H, the average for March
being 55 to 60 gammas decreasing to approximately 30 gammas in
May.^Maximum (least negative) values of Z occur at about 12
to 13 hours L.M.T. and minimum values are also pborly defined
at about 17 to 21 hours.^The value of Z is approximately
0.227 gauss.

The value of declination is approximately 6 0 east
of north and the quiet day diurnal variation is approximately
5 to 10 minutes of arc.^Declination has a minimum easterly
value at about 10 hours L.M.T. and reaches a fairly well defined
maximum from 15 to 17 hours.

(b)Disturbance Effects.^In the three months of operation.,
five definite storm sudden commencements have been recorded.
Of these, three were during night hours (between 21 and 03 hours
L.M.T.) and in each case the movements of the elements have been
H+, Z-F, Di-.^The movements of the remaining two (10 to 14 hours
L.M.T.) were 11+,^D-.^See Fig.7.

The records reproduced in Fig.7 illustrate the
simultaneous movements in the H and Z components of the magnetic

•vector.^The amplitudes of the shorter period movements are
very nearly the same, Z being slightly less than H.^This
characteristic movement of the magnetic vector is shown also
in the variations of longer period (order of several hours)
•with the difference that the proportion of H to Z amplitudes is
larger.

The end point of the total force magnetic vector
therefore appears, from the limited evidence yet available,
to 16 constrained to move almost in a plane at right angles to
the magnetic meridian plane and inclined downwards to the north
at roughly 40 to 45 0 for variations of period up to two or three
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hours.^This angle decreases for variations of longer period.

No clear cases of isolated bays with or without
pulsations have been recorded, and no pulsational effects have
been observed.^Opportunity for recording the latter will be
given better by the quick run recorder when it is in operation.

VIII. DISTRIBUTION OF DATA 

Current magnetic data from observatories operated by
the Bureau of Mineral Resources, Geology and Geophysics, is
published in the monthly "Geophysical Observatory Report",
issued by the Department of National Development.^This
contains the following information:-

(a)K-indices for Toolangi, Watheroo, Macquarie Is. and
Mawson Observatories.

(b)Provisional monthly mean values for the three elements
(declination, horizontal intensity and vertical
intensity) for Toolangi, Watheroo, Macquarie Is. and
Mawson Observatories.^Values from the Antarctic
stations are sometimes a few months late.

(c) Data on magnetic storms, SC's and SFE's for Toolangi
and Watheroo each month, and for Macquarie Is. and
Mawson once a year.

Final magnetic values are published in separate annual
reports for each observatory; see References.^These contain
hourly mean values of the three elements (declination, horizontal
intensity and vertical intensity) corrected to International
Magnetic Standard.^The Cheltenham standard has been adopted.
These reports also contain lists of the principal magnetic
storms and sudden commencements recorded during the year to
which they apply.^Future reports for polar observatories will
also contain Q-indices.^For Macquarie Is. and Mawson
Observatories reports are issued about three years after the
year to which they refer.^Similar reports for Toolangi and
Watheroo Observatories are being prepared for publication.

The scaling of mean hourly values from the traces
for Gnangara, Port Moresby and Darwin observatories has not
yet been started.^They will be scaled with the aid of a
semi-automatic trace-reader, and results will be published in
due course.^Hourly values for Alice Springs will not be
published owing to lack of absolute control.^The traces
however, are available for special projects when required.

During the I.G.Y., data on K-indices, SC's and SFE's
for Toolangi and Watheroo Observatories and K-indices for
Macquarie Is. and Mawson Observatories are sent monthly to
WDC A (Washington) WDC Cl (Charlottenlund), WDC C2 (Kyoto)
and the Permanent Service Centre at De Bilt.^Tabulations of
hourly values and microfilm copies of magnetograms will be
forwarded to the WDC's when ready.^However, shortage of staff
is delaying the work, and it is expected that these results
will not be available for some time.
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