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ABSTRACT 

This Record describes the work done at the Mawson geophysical
observatory from February 1960 to January 1961. The installation of a
new seismograph and an insensitive magnetograph is described in some detail.

Results of the scientific work will be published in
separate reports.



1. INTRODUCTION

During the year 1955 a magnetic observatory was established at
the Australian Antarctic base Mawson (Oldham, 1957) and since then the
geophysical programme has been expanded to include a bar-fluxmeter
magnetograph and a seismograph.

The author was resident geophysicist from February 1960
to January 1961 during which time the magnetic observatory programme
was carried on as in previous years. The Leet -Blumberg seismograph
had been dismantled and packed for return to Australia and was to be
replaced by three Benioff seismometers and galvanometers and a three -
channel recorder built at the Bureau's laboratory. The installation of
this seismograph is outlined below.

Towards the end of 1960, time was found to commence the
installation of an insensitive La Cour magnetograph which was to be run
continuously and its records to be used in conjunction with those from
the existing normal-sensitivity magnetograph. This installation was
straightforward and was completed in January 1961. Continuous recording
commenced at that date.

2. CHANGE91TER

M.S. Thala Dan arrived at Mawson on 25th January 1960. For
18 days an extensive unloading and building programme occupied all members
of the new party; during this period the outgoing geophysicist was

, responsible for the operation of the geophysical observatory and also
much of the intercomparison work. On 11th February the official change-
over took place, but it was some time before station work was completed
and full attention could be given to the geophysical programme,.

Thala Dan departed from Mawson on 16th February.
01.

3. CURRENT PROGRAMME

La qpur magnetogruh

Very little trouble was experienced with the normal-.
sensitivity magnetograph during the year. One stoppage occurred when
the drive unit failed, and approximately sixteen hours' record was lost,
Improvements to some of the traces were considered desirable; the
necessary adjustments were made during a brief period after the removal
of a full day's record in order to minimise loss of record.

During the year, the magnetograph was rewired and connected to
a new control panel.

Absolute observations 

Absolute observations were made four times per month las far
as possible. Observations could not be made at regular intervals but
were spread out over the month as evenly as weather conditions and
magnetic disturbances would permit.
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The instruments used were QHM Nos. 300 and 302 for H I

QHM 300 for D, and BMZ 62 for Z. QHM 301, which had been used for H
during 1959, was returned to Melbourne for comparison with instruments
at Toolangi.

4. BAR-FLUXNETER NAGNETOGRAPH

During the previous year, modifications had been made to the
recording camera of the bar-fluxmeter magnetograph in attempts to
eliminate jemming of the paper. These were to some extent successful
in reducing record loss but did not entirely eliminate the trouble.

After several days of partial record loss the paper jammed
in the drive rollers so tightly that the drive mechanism was damaged
and one cog-wheel partly stripped.

At this stage it was decided that drastic modifications to
the paper feed and take-up system would be necessary to eliminate
possible repetitions of this jamming which could damage the drive
beyond repair. As it-was, three hours were spent re-cutting the teeth
of the worn cog-wheel.

In the original camera, paper was fed into a take-up box
where, guided by strips of spring steel, it was expected to roll itself
between two rotating discs. Frequently the paper did not feed through
and roll up as desired, but folded itself like a concertina and jammed
between the drive rollers and parts of the body.

The take-up system was modified in the following manner.
To each of the rotating discs, which were mounted on ball bearings,
was screwed a stub axle of r -diameter brass : approximately e long
(Plate 4b). A length of^copper tube fitted over the stub axles
forming, with the two discs, a take-up spool. A key on one stub axle
engaged in a matching key-way in the copper spindle in order to transmit
torque from one disc to the spindle.

A vee -pulley about^diameter and 3/16" thick was fitted to
the outer face of this disc. A small induction motor with a gear
reduction to 1 r,p.m. was mounted on the side of the camera body
(Plate 4a), the shaft projecting through into the take-up compartment.
A small pulley, fitted to the motor drive-shaft, drove the take-up
spool by means of a spring belt drive.

The recording paper was passed through a slit in the copper
spindle and a small clip attached to the end.

After a short period of testing and adjustment, the modified
camera proved satisfactory. Operation commenced on 1st April and total
record loss for the rest of the year was three days.

NOTE: When visiting Iles de Kerguelen on the return voyage, the
author observed that a similar recording system was in operation.
In reply to questions regarding the performance of the fluxmeter
camera, the geophysicist replied that he had difficulties with
paper jamming and had resorbed to changing camera units at frequent
intervals - more than once each day if necessary.
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5. SEISMOGRAPH INSTALLATION

Initial installatim

The new seismograph, consisting of Benioff seismometers and
a Bureau recorder, required considerably more space than the Leet-
Blumberg seismograph used previously. To accommodate the seismometers
an addition was made to the seismic hut. Wall, floor, and roof sections
of plywood and Masonite had been made in Melbourne. A central opening
had been made in the floor section to accommodate the seismometer pier.
This opening was used to support formwork for the pouring of the new
pier (Plate 3b).

Firstly the floor panel was set up on timber foundations )

levelled, and nailed to the floor members of the old seismic hut.
Steel reinforcing rod was cemented with melted sulphur into holes
drilled in the rock beneath the opening. The formwork, made from scrap
timber, fitted inside the floor opening.

A calm afternoon was chosen for the mixing and pouring of the
concrete, but the next day snow accumulated around the new work. Some
surface freezing resulted, but later examination indicated that the
concrete had set satisfactorily. A two-inch-thick slab of slate was
fastened to the pier with eight^bolts, and sheet sponge rubber
was used to make the floor and pier weatherproof. The seismometer
crates were placed on the pier, and the wall and roof sections of the
hut were erected and nailed strongly together l weather, ^stripping being
added shortly afterwards.

Uncrating and setting up of the seismometers were done as
indicated in the manual provided by the manufacturers.

The recorder to be used was the 3 -channel recorder built in
the Bureau laboratory. It had been fitted with a mechanically actuated
prism system which produced trace deflections to indicate time marks
on the seismograms. The helical trace was produced by continuous travel
of the light sources across the front of the drum. The three light
sources, comprising 12-volt 6-watt globes, collimators, and prisms, were
mounted on a trolley which was driven by a worm feed as the drum rotated.
As the trolley moved, the collimators rotated about their vertical axes
so that the light beam was directed always at one point. The rotation
of the collimators was limited by the design of the trolley unit, with
the result that the nearest point that could be illuminated during the
full travel of the trolley was about one metre distant. Unfortunately
this fact was not realized until an attempt was made to set up the
recorder and galvanometers, which were fitted with 2 -diopter lenses.
The recorder-to-galvanometer separation, determined by the lenses,
would in this case have had to be one half metre, and this was too
short a distance to be used with the collimator system as it was.

At this stage, two means of overcoming this problem
were considered. Firstly, an alteration to the optical system in order
to permit the use of a recorder-to-galvanometer separation of one metre
or mole, retaining the original moving light system but necessitating
the setting-up of galvanometers and recorder on different piers.
Secondly, an alteration to the moving light system; this would permit
the use of the original lenses and the positioning of both galvanometers
and recorder on the one concrete pier available.
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Experiments in the cutting and polishing of perspex lenses
on the lathe looked promising and after a little practice a piano-
concave lens was cut from^perspex; used in conjunction with the
short-period galvanometer, this lens produced a focused image at a
recorder-to-galvanometer separation of about 1.2 metres. A small
section of this lens was cut and screwed to the front of the short-period
galvanometer, and the setting up of the recorder and galvanometer was
completed, the recorder resting on a solid wooden box.

Recording, of the vertical component only, began in May.

It was found at Mawson that the long-period galvanometers
had been damaged in transit, and each of the gold-thread suspensions
was broken. The suspensions were replaced by single strands of nylon
from a nylon climbing rope, and a conducting path was provided by pieces
of the broken thread, bent in the form of a watch hair-spring, soldered
to the coil and to a piece of copper wire leading to one input terminal.
Minor changes were made to the galvanometers so that the maximum possible
length of nylon was used in the suspension. However, even after this
precaution the galvanometer free-period was reduced from 67 seconds to
approximately 30 seconds.

The galvanometers operated in this form for six months. Records
indicated certain weaknesses - a tendency to drift with temperature
changes, and occasional jamming of the coil as a result of slight
stretching of the nylon. The galvanometer sensitivity, however, was
adequate in the recording system finally adopted.

Recorder modifications

Attempts to use perspex lenses on the long-period galvanometer •
proved unsuccessful, so a second solution was sought. It was decided
finally to adopt a scheme that would permit the setting up of galvanometers,
light trolley, and recorder on the one pier available. To do this the
moving light source was abandoned in favour of a moving drum system.

A trolley was made from steel plate and angle iron (Plates 1,2,
3), supported by three ball-races which ran on lengths of bronze bar
mounted on a base plate of steel. Guide wheels maintained the trolley
in its correct path on the rails. The recorder was mounted on this
trolley. A half nut of canvas bakelite, bolted onto a hinged arm, engaged
with the worm screw on the recorder to produce movement of the trolley.

This "recorder feed" system was set up on the same pier as
the light sources and galvanometers, the now immobile light trolley
being positioned midway between the galvanometers and recorder drum.

Recording of three components began in September. Magnification
was adequate, and as the sea-ice weakened and broke out in Summer, the
seismometer output had to be attenuated considerably owing to the high
microseismic level.

6. INSENSITIVE MAGNETOGRAPH 

The setting up of the low-sensitivity La Cour magnetograph
differed only in detail from that described by Oldham (1957) for the
normal-sensitivity magneto graph.

Pier construction

(a) Black Italian Cloth curtains were put up in the variometer hut to
isolate the working area from the normal-sensitivity magnetograph.
Electric lights and switches were fitted.
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(b) Working from known azimuth marks a line of known direction
was established in the variometer hut.

(c) From a scale drawing made in Melbourne the positions of the
slate slabs and piers were marked out on the floor, holes
were cut for the piers, and the floor panels removed.

(d) Snow and debris were removed from under the building and
holes were drilled with a rock drill at the base of each
pier. Sulphur was used to secure -a-in. diameter brass rod in
the rock, the rod being threaded at the lower end and bent
into a hook at the upper end.

Cardboard "Forma-tube" was used for the pier formers, and proved
very satisfactory. Its chief advantage over earthenware pipes
was the ease with which it could be cut to the lengths required,
or cut to fit the irregular rock surface.

Four piers were made, two to support the 60" x 15" slab for
the variometers, and two to support the 30" x 21" slab for the
recorder.

When the concrete had set, the piers were surfaced with
cement mortar and the slate slabs set up level on the piers.

Magnetograph installation

Having completed the pier construction, an accurate plan of the
magnetograph was drawn out on the slate slabs. Alignment of the
variometers, coils, and recorder was carried out by measurement from a
linen thread fastened at each end to the walls of the hut and lying in a
known azimuth.

Initial adjustments were made without magnets in the
variometers; it was then found that there was not sufficient difference
between the heights of the piers, and that the heights of the variometers
also were so nearly equal that the trace spots overlapped.

The recorder and the Z-variometer were therefore elevated on
pieces of ebonite rod about one inch long. This rod was cut on the lathe
so that opposite faces were parallel and all four pieces fitting under
the recorder base were the same length. The three foot-screw bases of
the Z-variometer fitted into recesses in the ebonite (Plate 5a). Plate 6
illustrates the fastening down of the recorder base and the Z-variometer
feet.

It was found that the time-mark lamp did not illuminate the D-
variometer, so a slit was cut in the light cover to rectify this.
Various extra time marks arose from the illumination of the variometers
by the time lamp and reserve prisms. These spots were eliminated by
masking the time lamp with two adjustable partitions of sheet brass
so that only direct rays from the time lamp reached the H- and Z -
variometers.

The horizontality of the Z-magnet was determined by observation
of the trace spots on the recorder drum with the magnet oriented north-
end-north and north-end-south. During these adjustments, the perspex
cylinder that supports the upper half of the Z-variometer was replaced
by two pieces of ebonite rod, thus permitting the reversal or removal
of the Z-magnet without alteration to the optical system. A little
grinding of the north end of the magnet was necessary before the two
trace spots from the magnet mirror fell at the same point on the drum.
If the spots fall at the same point, the axis of the magnet and the
plane of the mirror must both be horizontal. With a long optical lover,
as in this case, the accuracy of this method is very high. At the time
of setting up, the magnet was within 0.2 minutes of horizontal.

(e)

(f)
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The setting up of the H- and D-variometers was carried out as
described by Laursen (1943). The H fibres supplied were marked
incorrectly in their box and both had to be tried before it was known
which torsion constant was being used.

Ad *u tmer_^ra ^t

The relative intensities of baseline, trace, and temperature
spots for each variometer were adjusted without recourse to masking
of mirrors.

The magnet mirror in the Z-variometer was illuminated as fully
as possible, and the temperature trace mirror was adjusted in its
holder so that ofaly a small part of it intercepted the incident light
beam. The baseline mirror in the Z-variometer was moved from its
adjustable frame mount and attached to the front of the frame, at a lower
level, exposing all of the mirror. The reason for this was that, owing
to the extreme shortness of the bimetallic strip, the baseline mirror was
illuminated by light passing below the prism, not above it as in a normal
variometer, and the prism could not be raised fully or the incident
beam would be cut off by the Helmholtz coil (Plate 6b). The intensity of
the baseline spot was then adjusted by vertical movement of the bimetallic
-strip carrier and prism.

The intensities of the H spots were adjusted by directing the
images slightly high or low on the cylindrical lens - thus only part of the
image slit was focused onto the drum.^.

Raising or lowering of the magnet in the D-variometer determined
the area of baseline mirror exposed to the incident beam, thus determining
the relative spot intensities.

The spots from the H-variometcr were much brighter than those
from the D- and Z-variometers. This was rectified by putting a mask of
black adhesive tape along the lower half of the cylindrical lens.

In this way the spots from all mirrors in the variometers were
adjusted to suitable relative intensities.

Temperature compensation

In the list of constants supplied with the magnetograph,
approximate values were given for the lengths of the temperature-
compensating strips in the H- and Z-variometers. Also it was suggested
that, as the strip for Z was very short, it should be replaced by a non-
compensating copper strip, However, minor changes to the Z-variometer
made it possible to use the compensating strip, and as there is a range
in temperature of over thirty centigrade degrees during the year, the
bimetallic compensator was retained.

Tests for compensation were carried out by heating the
varioneters with floodlamps and then recording the movement of
temperature and trace spots. The advantage of heating the variometers
in this way was the rapid cooling that resulted - a change in temperature
of nearly thirty centigrade degrees in three hours.
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The first test showed that the bimetallic strips were
reversed - the trace movement was almost twice the temperature trace
movement. From scalings of the movements a new value for the
compensating length was determined. The strips were then changed around
to act as compensators and were adjusted to the new lengths. A second
test was carried out in the same way. The trace movements indicated
over-compensation, so an appropriate adjustment was made. The lengths
calculated were small, and a feeler gauge was used to measure the space
between prism and strip clamp. The lengths of the compensators for . H
and Z were 0.51 millimetres and 0.33 millimetres respectively. A final
test record indicated a very low temperature coefficient for both
variometers.

.Scale values

Using one of the Helmholtz coils supplied for H and Z scale -
values, a series of determinations of the D scale-value were made. Also
a test was carried out to find the torsion factor.

At a later stage, the D scale-value was determined by
comparison of the D trace with observations of D made at two-minute
intervals for one-and-a--half hours with an Askania declinometer.

Scale-values of H and Z were determined after the installation
was completed, by the coil method.

The values obtained were

H^52.6 '/mm

Z^50.1 96-a

D^2.40 7Mm

Contr91 panel

To accommodate wiring for the new magnetograph a new control
panel was made in Melbourne. It replaced the original control panel
at Mawson, and included a transistorised time-mark circuit, requiring very
low input current, as well as the usual controls for trace- and time-lamp
currents and scale-value observations for both magnetographs.

7. TIME-MARKS

Time marks were supplied to the seismic and fluxmeter recorders
by a Mercer chronometer fitted with hour and minute contacts. At one
stage this chronometer developed a permanent closed circuit in the hour
contact and was taken out of service for repair and replaced by a spare
chronometer. This operated for six weeks, and then stopped for an
unknown reason. The repaired chronometer was put back again and ran for
one month, until in April its fusee chain broke. As the spare
chronometer was not serviceable at this stage, its fusee chain was removed
and put in place of the broken one. The original chronometer was put back
once more and gave no further trouble during the year.

Corrections to the time marks were determined from marks put
on the seismograms and fluxmeter records by a key, in the Geophysics
Office, connected to the time-mark circuit.

An Eddystone 680X receiver and a Mercer chronometer kept in
the Geophysics Office provide standard times throughout the year.



8. BUILDING IMPROVEMENT AND MAINTENANCE

During the winter months some time was spent making
improvements to the office and darkroom. Extra cupboards and shelves
were built and a sink fitted in one corner of the office, draining into
a forty-four gallon drum outside. This provided much more convenient
disposal of waste water and photographic solutions.

The office interior was repainted and table tops repolished.
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PLATE 3

(a) SEISMOGRAPH TROLLEY

( b) SEISMOMETER PIER
before completion of hut
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PLATE 4

(a)^BAR FLUXMETER CAMERA MOTOR DRIVE

(b) BAR FLUXMETER CAMERA TAKE - UP SPOOL
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PLATE 5
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PLATE . 6

(a) DETAIL OF INSENSITIVE MAGNETOGRAPH RECORDER

MOUNTING ON PIER

( b) OPTICAL COMPONENTS OF LA COUR Z- VARIOMETER
(AS MODIFIED)
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