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COSMIC RAY BALLOON MEASUREMENTS AT
HIGH GEOMAGNETIC LATITUDES,
MARCH 1964 THROUGH JANUARY 1965
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(Manuscript received 18 February 1966)

ABSTRACT

A series of high-altitude cosmic-ray balloon flights was carried out
at Wilkes, Antarctica, during the 1964 International Year of the Quiet
Sun (IQSY), in which neutron and geiger counters were flown to heights
of approximately 10 g/cm? and floated for periods up fo 44 hours.
Preliminary analysis of the data shows no evidence of short-term increases
of intensity of either neutrons or charged particles during 1964; the
intensity versus height profiles obtained correspond to very quiet solar
and geomagnetic conditions, so that reference height profiles of the un-
modulated cosmic ray intensity in the vicinity of the south magnetic pole
will become available,
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1. INTRODUCTION

This interim report is the first of a series in which the high-
altitude cosmic ray balloon programme carried out at Wilkes {geographic
co-ordinates 66° 25’ 8,110° 27’ E; geomagnetic co-ordinates 78° 8, 179° E),
during the period March 1964 to J anuary 1965, will be deseribed. The work
Is a joint project of the Antaretic Division of the Department of External
Affairs and the Physics Department of the University of Tasmania, and has
been carried out under the guidance of Drs. A. G. and K. B. Fenton of that
University.

The report outlines the aims of the experiments and describes briefly
the instrumentation packages flown. The results of the first 9 flights are
presented in graphical form in the Appendix. Later reports will similariy
present the remaining flights and a discussion in detail of the results of
the whole series.

II. COSMIC RAY CONSIDERATIONS

The study of cosmic rays is of fundamental interest to a number of
scientific disciplines, Most of the radiation is of galactic origin, although
some cosmic rays are known to be generated in the sun, and in the study
of solar physies and solar-terrestrial relationships investigations of both
galactic and solar cosmic rays are important. In many instances, however,
investigations are made difficult because of a number of complicating
circumgtances which greatly influence the distribution of particles arriving
at the Earth. One of these factors is that of solar modulation. Galactic
cosmic rays, for example, are influenced and modulated in the solar gystem
by solar plasma and magnetic fields before reaching the Earth. The use of
neutron monitors and meson telescopes on a synoptic world-wide basis has
led to a marked increase in the knowledge of modulation mechanisms and
of the production of solar cosmic rays, but there remain many problems
which can best be examined during a period of minimum solar activity
when the modulation mechanisms are least efficient. The 1964-65 IQSY
period has afforded an important opportunity for a wvariety of projects
relating to the nature of cosmic rays and to their use as probes to investigate
the nature of the geomagnetic field surrounding the Earth. Of particular
interest during quiet solar conditions is the investigation of the energy
spectrum of cosmic rays, especially the low-energy portion which is unable
to reach the Earth at times of high solar activity.

Even during a period of low solar activity, however, cosmic ray
- Investigations are not always straightforward. The Earth’s magnetic field,
for example, acts as an energy spectrometer for the low-energy portion of

1
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2 COSMIC RAY BALLOON MEASUREMENTS

the primary flux; whilst this magnetic field provides an important means
of analysing the energy of the incoming cosmie ray flux, it restricts the
observationg of low-energy particles to high latitudes.

Further, very few primary cosmic rays are able to reach the surface
of the Earth because of the masking effect of the Earth’s atmosphere, and
most of the particles observed at sea level are of secondary origin, At an
altitude of 80 km, however, only 10-20% of the primary radiation is
altered by nuclear interactions with the residual atmosphere, and conse-
quently equipment designed to observe cosmic rays at such altitudes will
measure the primary radiation with relatively little secondary contamina-
tion,

I1I. COSMIC RAY BALLOON PROGRAMME FOR THE
1964 IQSY PERIOD AT WILKES

It is apparent from Section Il that, in order to study the low-energy
portion of the cosmic ray spectrum, even at times of minimum solar
activity, it is desirable to carry out observations at high latitudes and
high altitudes. The 1IQSY cosmic ray balloon programme at Wilkes was
designed with the idea of monitoring the flux of low-energy charged
particles and neutrons at altitudes up to 30 km and at one location near the
south magnetic pole. Of particular interest are the long-term variations
of the charged-particle and neutron intensities associated with the 11-year
solar cycle, and the short-term variations of intensity associated with
solar disturbances and short-period ionospheric and geomagnetic perturba-
tions.

Twenty-six flights were planned to be launched throughout the year,
either at regular intervals or whenever geophysical conditions were such
that interesting events might be observed. Only 15 balloons were actually
flown, however, due to (i) experimental difficulties in the early stages of
the programme and (ii) unfavourable weather conditions during the
winter months (April through August). From September 1964 to January
1965 12 balloons were flown at fairly regular intervals.

The firgt two flights of the series were carried out simultaneously
with flights from Macquarie Island (geomagnetic co-ordinates 61° S,
243° T) and Hobart (geomagnetic co-ordinates 51° 8, 229° E), and the
fourth flicht was made in conjunction with an extensive high-altitude
cosmic ray latitude survey extending from Lae (New Guinea) to Wilkes,
carried out by the Physics Department of the University of Tasmania
during August and September 1964. All of these flights used near-identical
equipment, similar to that designed and used by Dr. J. G. Greenhill of the
University of Tasmania during his series of flights at Wilkes in 1963.

A 30 Mc/sec riometer was installed at Wilkes in April 1964 which, it
was hoped, would help indicate times when balloons could be flown to their
best advantage. Throughout the year, one balloon package was kept in a
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Prate 1. Balloon flight rig.

1, Neutron counter—E.H.T. assembly; 2, neutron amplifier and diseriminator;
3, neutron amplifier battery pack; 4, Geiger counters; 5, sub-carrier oscillator
circuit boards; 6, mixer board; 7, transmitter; 8, baroswitch; 9, main battery
pack.

state of readiness to be flown swiftly following any indication of geo-
physical activity shown by ground-level equipment such as the riometer,
magnetometers or neutron monitor. However, no riometer absorption
events were observed at Wilkes; ionosonde and magnetometer records
also indicated extremely gquiet geophysical conditions, and it is felt that
no important cosmic ray event was missed. As a result of such quiet con-
ditions, every effort was made to launch balloons at regular intervals on
Regular Geophysical Days. Departures from this practice were usually
due to unfavourable weather conditions,

So far, nine of the flight records from Wilkes have been reduced, and
an analysis of the data, together with the reduction of data of the
remaining flights, is eurrently in progress. The results of the whole series
will be discussed in detail in the final report, but the following points are
worth mentioning here:
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(1) X-ray events detected by geiger counters at Macquarie Island
during the period January to March 1964 were not observed at Wilkes;
indeed it is doubtful whether X-rays were observed during any of the
flights made at Wilkes.

(ii) The Wilkes data show no evidence of short-term increases of
intensity of either neutrons or charged particles during 1964.

(iii) The neutron intensity at an atmospheric depth of 10 g/em? at
Wilkes appears to have increased by about 10% during the period January
1963 to September 1964, whereas the neutron intensity at sea level has
increased by only 4 7% over the same period. Detailed results of the 1964
sea level neutron intensity have been presented elsewhere (Bowthorpe and
McKenzie, 1966).

(iv) Preliminary analysis of the data from the high-altitude latitude
survey shows that the neutron intensity at 10 g/cm? atmospheric depth

during September 1964 was about ten times higher at Wilkes than at the
equator.

IV. BALLOON EQUIPMENT

The balloon equipment can be divided into four main sections: the
detectors, the data coding system, the mixing and the transmission systems.
The data transmitted originate from a neutron counter, 2 gingle geiger
counters, a geiger telescope and a barometric encoding device. A block
diagram of the complete system is shown in Fig. 1. A brief description of
the detecting and telemetry systems is given below.

A. Detectors

1. Neutron counlers. The neutron counters, manufactured at the
University of Tasmania under the supervision of Dr. A, (. Fenton, consist
of a 1 mm-thick glass-walled envelope containing boron trifluoride enriched
to 969 in the B! isotope at a pressure of 45 em of mercury. The cathode,
made from 0-005 inch-thick nickel, is 20 em in length and 5 em in diameter;
the anode is of 0-001 inch-diameter pure tungsten wire and iz welded at
each end to short lengths of nickel which in turn are welded to lengths of
“dumet” wire passing through the ends of the glass envelope. The sensitive
length of the counters is 20 cm.

Tests were carried out on each counter to obtain plots of the relative
count rate versus pulse amplitude and also count rate versus counter
voltage, using a radon-beryllium neutron source and standard test equip-
ment. All counters used in the flight rigs had plateau slopes less than 19
per 100 volts over the range 1800 to 2150 volts, and during the flights
operated at a stabilized voltage between 1950 and 2000 volts, depending on
the individual E.H.T. supply used (cf. Section V. A).

After plateau tests had been carried out, each counter was cleaned



COSMIC RAY BALLOON MEASUREMENTS

‘UOIIBIUBIINIIS UL UOO][BY JO WRISEIp N2o|g ‘T ‘BLg

M31LIMSNYEL

$3iyaLlve ATNO aNY 'SHOLYTUIDS0
HOLIsS0dYY HOLYNIWIAOSIO ONY HAAAYIANS WININ

HIAI1dWY NOALNIN "A7ddNs "1'H'3

Y04 DY A¥3ILLva ¥04 AJvd Addlive
HILIASONYY

S/ 0041 bl 1In2d1a - £
HOLYTTIDSO ¥I1MA¥I-4Ns 40 31¥3s IINIALINICD ¥2LNNDD ¥32130

TN
YILNNOD HADIFD

IS 9|
372 000% ! 1_ FEESIEM

40L¥ITIIS0 ¥3IYAVI'Ans 40 375 | 1 —

YILLIWSNYYHL
ANy d01ynaow

§/3 O06E 7L _ bl_l_! L2y
¥OLYTTIISO ¥RIA¥vd-ans 40 31¥25 | 1 AL _ 43INNO3 ¥39139

I(zzm._.z<

/9 00EZ no | w399 HOLYNIWIZISIA ¥3LNNGY
HOLYTISO d3(uHvD-ans 40 335 | 4L aNY A3141TdHY NOYLNIN

Alddns
ML gNY ANZ




OSMIC RAY BALLOON MEASUREMENTS

v
pl

(

13y dup usineu o

vas

.\ NIS3H AX0d3

Aquissse I H'@—493unoed uolinaN {q)g 914

INISNOH 38NL
= J9AVHOSIA YNOHOD

YILNAGD NOWLNEN
\‘x \ siapunca 1ab126
— N

7

\.\ 7 e ™

MAN €

YOLYINSNE

-Ebeg 1)

{ ]
anduy A 71
LIND "LH3 o
39 001 H_l 5 072
. / / / ¥ 1000
/ d/ wee i s
y BANE N -
EOLY¥AGOW o 00 LNALAO AN T
XYM * NIddvEvd
"I9UN0D UOINSU JO WeLdelp [euclloes-ssoa)) *(¥)3g "OIg
30ONY 34073AN3 NOILYNDYAS QMY
NILSONAL $5¥79 vaos 2407135455V

Lawnd
T3AHJIN

V4

JanL @734

%
7722222 |

FA0OHLYD 13HIIN

wa gz _

_
=



COSMIC RAY BALLOON MEASUREMENTS 7

2KY

/\,._..(ﬁ - ‘;4 }._-9 to neutron amplifier

0.01 pf 220K 100 pf

3KV “[‘ 3KVH

=

F16. 2{(¢). Neutron counter ecircuit.

thoroughly and mounted inside a 1 inch-thick eylindrical shaped paraffin-
wax moderator having an external diameter slightly less than 4 inches
and length of 9 inches. The counters were held firmly inside the moderators
by wrapping a few layers of thin plastic sheeting (“Visqueen”) around
the glags tubes. The ends of the glass envelope protruding from the
moderator were lightly sprayed with “CRC 2-26" in order to reduce the
electrical conductivity of the glass, and the complete unit, together with the
E.H.T. supply, was mounted inside a 4 inch-diameter aluminium tube.
Aluminium dises were then cemented to each end of the cylinder using an
epoxy-resin so that the whole unit was completely airtight, and care was
taken to ensure that no leaks could develop at the ends where input and
output leads passed through the end-discs. A cross-sectional diagram of the
unit ig shown in Figs. 2 (a) and 2 (b).

Output pulses from the neuiron counter are fed into a high-stability
amplifier and pulse discriminator (cf. Fig. 3 (a) ). The gain of the ampli-
fier is approximately 120, and the digcriminator is adjusted so that the
output pulses are of the order of 1 volt (negative). A hias curve is obtained
for the counter-E.H.T.-amplifier assembly using a Ra-Be source, and
a suitable setting of the bias potentiometer chosen so that the threshold
value for the counter lies centrally on the plateau of the bhias curve. Since
the applied E.IL.T. voltage on the counter is fixed, and is on the plateau
of the count-rate versus counter-voltage curve, the count-rate will be
largely insensitive to equipment changes,

Each unit was then subjected to an inter-comparison calibration using
a uranium-238 source built specifically for this purpose and designed to
give a uniform neutron flux in all directions along the length of the counter.
Care wag taken to place each counter in the same position relative to the
gource to ensure that all were subjected to the same flux. After suitable
scaling, the output pulses from the neutron amplifier were registered on
a digital recorder. The whole unit was carefully shielded to eliminate
spurious pulses, and each counter was calibrated for a period of between
3 and 5 hours. Inter-comparison calibration results are presented in
Table 1. It will be noted that one counter (No. 1) has a much lower relative
count rate than the others: this is due to the fact that a polythene sheeting
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F16. 3 (b). Battery decoupling circuit for neutron amplifier.

having a high chlorine content (“Nylex”) was inadvertently used as the
packing material between the counter envelope and the paraffin-wax
moderator. Chlorine has a high capture cross-section for thermal neuirons,
and the effect of 6 layers of 10 mil-thick “Nylex” wrapped around the
counter wall, instead of the equivalent thickness of “Visqueen” polythene
sheeting, was to reduce the relative sensitivity of the unit by approximately
30%.

When in the balloon rig, the neutron counter is mounted with its axis
in the vertical direction,

Table 1. U238 intercomparison calibrations of neutron counter assemblies

Flight no. Counter no. Count rate
) _ (cpm) -
1 1 103-3*
2 2 145-1
3 3 148-4
4 4 148-8
5 b 147-8
[ f 139-8
7 7 1474
8 8 150-9
9 9 154-9
10 10 1406
11 11 144-9
12 12 146-3
13 13 187-2
14 14 145-0
15 15 1557

w With “Nylex” polythene sheeting around counter tube
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2. Geiger counters. A cross-sectional diagram of the geiger counters,
manufactured at the University of Tasmania under the supervision of
Drs. A. (. and X. B, Fenton, is shown in Fig. 4. The walls of the counters
are of aluminium tubing machined to a thickness of 0-020 inches (= 0-003
inches), and aluminium dises are sealed onto flanges at each end. The
internal walls and ends of the tubes are copper-plated, and the tubes filled
with argon plus 109% butane-propane mixture at a pressure of approxi-
mately 6 cm of mercury. The anode is of pure tungsten wire 0-003 inches
in diameter, welded at each end to nickel leads which pass through the
end-plates of the counters. The internal diameter of the aluminium envelope
is approximately 3-5 cm and the sensitive length is 10 em.

After manufacture, plateau tests (count-rate versus operating voltage)
were carried out on each counter at room temperature and at —50°C to
—-60°C, using a strontium-90 source. All counters performed satisfactorily
at room temperature, but there was a tendency for many to break down
at lower temperatures and go into continuous discharge. The unsatisfactory
tubes were dismantled and replated with a slightly thicker layer of copper,
and about one-half of these gave satisfactory performance when cold-
tested again. The remaining counters showed satisfactory low-temperature
performance only after oxidation of the copper by baking in air. Details
of the performance of the individual counterg are given in Table 2.

The selected operating voltage for most counters was approximately
950 volts, and the output pulses were of the order of 1 volt (negative).

In addition to their ability to detect ionising particles, the geiger
counters were estimated to be about 1% efficient for the deteetion of
X-radiation, One of the counters flown in each rig (counter B} was sur-
rounded by a 0-004 inch-thick iron foil; the energy losses for X-rays in
the unshielded and shielded counters were 25 kev and 40 kev respectively,

3. Geiger telescopes. In addition to the single geiger counters A and B,
a 3-fold vertical-pointing coincidence telescope consisting of counters A,
B and C was used on several occasiong, On other occasions, however,
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counter C was not used, and counts were recorded from the single counters
A and B and from the 2-fold coincidence telescope AB only. The geometry
of the 3-fold telescope is shown in Fig. 5. The extreme angle of acceptance
is approximately 53°, although the effective extreme angle is undoubtedly
larger, due to scattering and secondary production above the telescope.

The telescopes were made from individual counters having comparable
starting voltages (to within 10 volts} and comparable plateau slopes.
Unfortunately, it was not possible to calibrate the telescopes in Hobart
prior to departure for Wilkes, due to the limited time available; most 3-fold
coincidence telescopes, however, were calibrated at Wilkes for periods of
24 hours, using the natural cosmic ray background as a source, and one of
these telescopes was returned to Hobart to be re-calibrated, using a
standard source.

B. Bealloon telemetry system

The telemetry system used for the cosmic ray balloon experiments has
been described elsewhere (Greenhill, 1966). However, a brief description
will be given here for completeness.

1. Data coding system. The data coding system consists of 4 modula-
tors and sub-carrier oscillators. A transistor-switch modulator is used
which helps preserve the full sub-carrier deviation, but which inherently
limits the amount of information which can be put onto any one channel
to one set of modulations only. The oscillators operate on the standard
IRIG frequencies of 1-7 ke, 2-3 ke, 3:0 ke, and 39 ke, and are frequency-
modulated. Channel allocation of the various detectors in the rig is as
follows:

Geiger counter A (unshielded) 39 ke
Geiger counter B (shielded) 30 ke
Neutron counter 23 ke

Geiger telescope AB or ABC, plus baroswitch 1-7 ke
The frequency deviation of each oscillator is approximately = 637.

The modulator input signals are square waves from a scale-of-sixteen
binary system preceding each sub-carrier oscillator, and the modulator
is reasonably linear over the standard = 7}% bandwidth.

The capacitor C, in Fig. 6 (d) is essentially responsible for con-
trolling the output frequency of the oscillator, and final tuning is accom-
plished by adjustment of the slug in the inductance L. The coil consists of
2260 to 2900 turns of 40 B and SP “Posyn” wire wound onto a D25,/16 pot
core bobbin, and this is fitted onto a Q-plus USW2 unwound coil former.
The slug gives an overall frequency adjustment of approximately 15%,
and the same type of coil is used for all sub-carrier oscillators. The distribu-
tion of additional switched capacity (C; in series with C;) between C; and
C, was adjusted to maintain equal output amplitudes in the 2 oscillator
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states. The output voltages vary from 025 volts peak-to-peak for the
1-7 ke oscillator to 0-5 volts peak-to-peak for the 3-9 ke oscillator.

The 1-7 ke oscillator has an additional capacitor (Cg) which is paral-
leled across C. by the “closing” of the baroswitch. The effect of the additio-
nal capacitance is to produce a 4% decrease in carrier frequency; the total
frequency deviation between the high state (with baroswitch “open”) and
low state (with baroswitch “closed”) is approximately = 619. Further, in
the case of the 1'T7 ke channel, a coincidence circuit is used before the first
binary stage, so that only particles passing through all geiger counters
“simultaneously” are recorded. The resolution of the coincidence circuit is
about 4 microseconds.

The coincidence circuit, binaries, modulators and oscillators operate
from a stabilized —6-volt supply employing a zener dicde. The —12-volt in-
put for the stabilized supply is obtained from the main battery pack, and it
is possible to maintain full binary collector swing, and consequently positive
switching of the sub-carrier modulator, even when the battery volts fall
considerably. Polvester capacitors are used in most of the circuits, particu-
larly in the oscillators, and virtually no change in amplitude nor drift
in frequency is observed at low temperatures.

2. Mixing system. The mixer consists of a very linear amplifier with
four inputs (one for each sub-carrier oscillator). Four common-collector
amplifiers are used to drive a common-base amplifier. Mixing is accom-
plished at a low impedance level and very little distortion and cross-talk
occurs. The input resistors Ry, to Ry (Fig. 7) are adjusted such that the
mixer outputs of the individual sub-carrier oscillator inputs are in the
ratios of approximately 1 : 1-6 : 2-8 : 3-4 for the 1'7 ke, 2-3 ke, 3-0 ke and
39 ke oscillators respectively. The total linear output swing of the mixer is
about 8 volts peak-to-peak.

3. Transmission system. The transmission system consists of a
frequency-modulated power oscillator using a 2N707 power transistor. The
transmitter is basically a common-base oscillator, the main difference from
the conventional eircuit being the grounding of the collector instead of the
base. Feedback is applied to the emitter-base junctfion, and the output is
taken from the collector-base junction. The transistor is mounted rigidly
in a small aluminium heat sink which is secured to the copper-plate chassis.

The transmitter layout is not very critical, but it is desirable to have
short leads in the tank cireuit. The tank coil consists of 11 turns of no. 16
wire wound on a -inch diameter, and the tap for matching into a 72-ohm
load is placed § turns from one end. With 18 volts supplied to the base
circuit, the transmitter output varies from 130 mw to 200 mw at 86 Mc/sec;
these values vary with individual transistors and layouts. Higher supply
voltages will result in higher output power if required. A 150-ohm resistor
in the emitter circuit limits the transistor current to 35-40 milliamps.
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Shielded cable is used in the audio-signal line from the mixer to trans-
mitter, and the transmitter is gshielded by placing it in a metal can within

the rig.

17

The antennas used on all flights were horizontal turnstiles, although
the transmitter will operate well with other types.
In a few cases, the transmitters proved somewhat difficult to align

8Y
33K 10K SEK
L .l L
From callectar I
[
of final binary : C.
2K
2K * beraswitch
F—"—’\/\/\/—‘;p_—l c
A
| L h > o mixer
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(All tronsistors — SFT 108}
FREQUENCY c, c, ¢, €, L
(e/smc) (mh}
1700 1.0 uf 0.1 0,033 Q.22 0.27 o ~ 100
2300 0.47 0,058 0.022 0.22 0.22 - ~ 100
3 000 0.22 0,033 0.022 0.1 0,22 - ~100
3900 .22 0,022 0.0 0.058 0,22 - ~100
All capacitonces in uf

FiG. 6(d). Modulator and sub-carrier oscillator.
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F———— — 6V stabilised output

F1G6. 6(e). Stabilized six-volt supply.



18 COSMIC RAY BALLOON MEASUREMENTS

for maximum power at the desired frequency, although, once aligned,
usually remained very stable and drifts in frequency were negligible.
Strong reflections at 92-94 Me/sec, and occasionally at 72 Me/sec also
were often observed when setting up the transmitter on the ground at
Wilkes, but these became very weak when the rig was taken about 200
yards away from the receiver, and were undetectable once the rig became
airborne,

Circuits diagrams of the telemetry system are given in Figs. 6 (a to
e), 7 and 8.

b ¥ =18V
22 Kk nké zzxé 2“é L1k § 5K

R 0.0 ) R
sco1 ——ANA—] A A4 . 3

R
5C02 T"\/\/\/—| — L to madulater

ond tronamittar

sep3 —AAA— —1

RI
5004 ~——AAN— — Sy =

1

All rransisters - SFT 153

Fic. 7. Mixer circuit.

-15Y ERTRY)

1000

270 K 4 —

1K 001 RFC lo 4700

2NFO7 '1
4-30

|2 RFC 1500
80 —— QA sz 3 - !2.;_ _24 ¥

202
157 _|_ 1000 T

~NL

All capocitances in pf

unless stated otherwise

Fic. 8 Modulator and transmitter,
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V. AUXILIARY EQUIPMENT

A. E.H.T. supply

The E.H.T. provides a nominal 900-volt unregulated supply for the
geiger counters and 2000-volt regulated supply for the neutron counter.
In practice, these values ranged from 890 to 925 volts and 1900 to 2000
voits respectively from board to board. However, for any one board the
output voltages varied by less than 5 volts when the input voltage was
reduced from —12 volts (at room temperature) to —6 volts (circuit sprayed
with circuit-cooler). For a counter having a plateau slope of 4% per
100 volts, the change in counting rate due to changes in the supply voltage
is less than 0-2%,

REC 0.0047 0.0047 0.0022
|

12V — R~

£ K 2M
: LN
AN > 2Ky
L!
oc 77
0,001 —— C) -4 00
TRy TN T kv
3KY
wo -!'
CORCNA J__

REGULATOR

Diodes - 04 211 Al capacitances in uf

L 450 turns of 38 B & 5 wire
L, i 100 turas of 38 B & S wire
L, : 4500 turns of 40 B & S wire

Fic. 9. E.H.T. supply.

A circuit diagram of the E.H.T. supply ig given in Fig. 9. The unit
is mounted on two 4-inch diameter circular matrix boards, and fits into one
end of the aluminium tube containing the neutron counter (cf. Fig. 2 (b) ).

B. Baroswitches

As the experiments require that the balloon and payload should
float at a fixed altitude, the use of the standard meteorological baroswitch
may lead to ambiguous results, since once the balloon has approached
floating altitude, a change in baroswitch contact will not always indicate
whether the balloon has risen or fallen. This ambiguity has been resolved
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to a large extent by incorporating a third set of contaets onto the com-
mutator strip of a standard baroswitch such that, at altitudes above
approximately 20 millibars, a change in contact will indicate unambiguously
whether the balloon has risen or fallen, Some ambiguity still exists due to
the finite width of the contacts and spacings between contacts, but the
error arising from this is smaller than the error expected in the baroswiteh
at these pressures.

When this type of baroswitch is used, three additional capacitors are
included on the 1-7-ke oscillator board, The action of the aneroid cell arm
when touching a contact is to switch one of these three capacitors in
parallel with C,, thereby shifting the carrier frequency by 1%, 23% or 4%
towards lower frequencies.

A second type of baroswitch (manufactured by A. Sprenger Co., West
Germany), in which the commutator strip is replaced by a rotating drum
on which the contacts have heen etched, was also used on several flights.
The pressure readout is in the form of a series of dots and dashes, and
readings are obtained for each rotation of the drum (approximately three
times per minute when the motor is driven from a 4i-volt battery). Any
rise or fall of the balloon is at once evident.

The baroswitch contains two aneroid cells, one of which operates from
1100 mb to 30 mb, and the other (more sensitive cell) from 200 mb to 4 mb.
In practice, it was found that, at pressures below 200 mb, the two aneroid
cells differed in their pressure readouts by as much as 10 mb. On several
flights made from Wilkes, however, a standard meteorological radiosonde
was attached to the balloon; in all cases, the Sprenger baroswitch agreed
well with the Bendix-Friez meteorological baroswitch between ground-
level and 200 mb, and between 180 mb and 5§ mb. In the region of 200 mb
to 180 mb, correlation could be obtained if a gradual uniform transfer was
made from one cell to the other of the Sprenger baroswitch, and this proce-
dure was adopted for obtaining the pressure in this region whenever
Sprenger baroswitches were flown.

A temperature-measuring device employing a bi-metallic strip is also
incorporated in the baroswitch, and temperature readings down to —65°C
may be obtained if necessary.

RF interference from the baroswitch motor was virtually eliminated
by shielding the baroswiteh in a metal can and by using rf chokes and
by-pass condensers in the leads to the 17 ke sub-carrier oseillator.

C. Battery packs

The main battery pack supplies power to the sub-carrier oscillator
boards (viz. trigger, coincidence, binaries, modulator and oscillator cir-
cuits) via the emitter-follower zener diode stabilized supply, and to the
mixer, E.H.T, supply and transmitter. A second pack supplies power to
the neutron amplifier and discriminator although, on occasions, power for
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this has been obtained from the main pack via a decoupling ecircuit in order
to minimize weight.

The main pack was made from a combination of “Eveready” E95
(D-size) and E94 (3D-size) 14-volt alkaline manganese cells supplying
a total of 24 volts, The number of each type used depended on the expected
duration of the flight; 16 E94 cells were adequate for flights lasting less
than about 8 hours, whilst 12 E95’s (0-18 volts) and 4 E94’s (18-24 volts)
enabled data to be transmitted for more than 36 hours. Many (~40%)
unused batteries were rejected before flying due to leakage of the alkaline
and to open-circuiting within the battery, but those accepted performed
well, even al the lowest temperatures (—~ —55°C) encountered.

The current drain from the battery pack is as follows:

— 24 volts 356 — 40 ma for transmitter only
— 18 wvolts < 1 ma for transmitter
0-5 ma for mixer
— 12 volts ~ 38 ma for E.H.T. supply and emitter-follower stabilized
supply for s/c oscillator boards
— 6 volts 1-2 ma for mixer only.

The neutron amplifier battery pack consists of 12 “Eveready” E91
14-volt alkaline cells, with outputs at —6 and —18 volts. Current drain is
6 ma at —18 volts.

Three E91 batteries are used to drive the motor of the Sprenger baro-
switeh.

Transmitter modulator bias is provided by an “Eveready” 15-volt
“Mini-max” cell,

VI. RIG LAYOUT

A photograph of the complete rig is shown in Plate 1. The detectors,
circuit boards, ete., fit inside a box of 1 inch-thick white polyurethane foam
measuring 7 inches > 184 inches 24} inches, and the total weight of the
rig {(including batteries and antenna) is about 18 Ib.

After the final festing of each section, the front panel of the rig is
taped into position, and the rig placed in a cotton harness which ensures
accurate level support. Leads from the batteries to the mixer/sub-carrier
ogcillator boards, transmitter and neutron amplifier, and also to the motor
of the Sprenger baroswitch, pass through the sides of the rig, and are
connected just prior to launch.

VII. BALLOONS

The cosmic ray balloon programme required that the instrumentation
packages be flown to altitudes of approximately 10 g/cm? and float in that
region for as long a period as possible. A number of “constant-floating-
level” polythene balloons (volume: 58,000 cu ft, manufactured by Raven
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Industries Inc.) were purchased, and the programme was gupplemented
by the use of several “Darex’ 2400 gm extensible neoprene balloons {types
J11-28-2 400 and J11-28P-2 400 manufactured by Dewey and Almy Pty.
Ltd.).

Polythene balloons were used whenever wind conditions were such
that data could be obtained for a period of 8 hours or more. A method of
floating the neoprene balloons at high altitudes, uging a modifieation of
the valve technique developed by Hopper and Laby (1960), was arranged
for the Darex balloons, and a number of valves were made for this purpose.
The valves were not used, however, since neoprene balloons were flown
only during the September-October period when high-altitude winds were
often in excess of 180 km/hr; in most cases the balloons were out of tele-
metry range within a few hours, often before bursting altitude was
reached.

The performance of the polythene balloons proved to be highly reliable
and, despite some difficulties experienced in handling in winds exceeding
20 km/hr, were comparatively easy to launch with a limited amount of
assistance. A floating altitude of 10-12 g/cm® was achieved by most
balloons, and with 309 free lift would reach this altitude within 2 hours.

The neoprene balloons were treated in a humidifier for several hours
before flying, and generally performed well. Parachutes were attached
to the rigs carried by these balloons so that data could be obtained during
descent in the event of a premature burst. Premature bursting (at
187 g/cm?) occurred on one occasion only, and data was obtained for a
large portion of the descent stage of the flight.

Details of the rig and balloon performances are presented in Table 8.

VIII. GROUND TELEMETRY SYSTEM

The telemetry equipment used was that left at Wilkes by Dr. J. G.
Greenhill after his series of flights in 1963 (Greenhill, 1966), and will
not be described here in detail. A block diagram of the system is shown in
Fig. 10; the system is completely transistorised and operates from a
12-volt batttery supply. The 240-volt 50-c/sec supply for the pre-amplifier
power supply, tape recorders and chart recorder is obtained from a
12/240-volt transverter and 50-c/sec synchronous amplifier, the 50-¢/sec
signal being obtained from the erystal clock.

The rotatable antenna system, consisting of a stacked pair of 5-element
vagis, was mounted on a hill near the cosmic ray laboratory, and was con-
trolled from within the laboratory. The FM receiver output is played
directly onto magnetic tape, and also onto paper chart {using a 4-channel
“Both” oscillograph) after suitable amplification, filtering and discrimi-
nating, etc. Provision is also made to record gignals onto an ‘“event”
recorder, using a variety of convenient scaling factors; unfortunately, the
event recorder was unserviceable and could not be used. One-second and
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one-minute timing pulses are fed onto the tape and paper-chart recorders
from the erystal elock via the timing panel.

The telemetry system at Wilkes did not have any form of digital
readout, but a digital readout panel has been included in a similar telemetry
system at Hobart. Magnetic tapes on which original fiight data have heen
stored can be replayed into the telemetry and timing panels (replacing the
direct receiver and crystal clock inputs respectively) and it is by this
method that most of the data from the 1964 Wilkes flights have been
reduced to date.
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Fic. 12. Triple coincidence count rate, Flight 1, 2 March 1984,
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Fic. 13. Geiger (unshielded) eount rate, Flight 1, 2 March 1964.
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Fic. 14. Geiger (shielded) eount rate, Flight 1, 2 March 1964,
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COSMIC RAY BALLOON MEASUREMENTS
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F16. 28. Neutron count rate, Flight 4,
20 September 1964.
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Fic. 24. Triple coincidence count rate, Flight 4,
20 September 1964,
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Fic. 26, Geiger (unshielded) count rate,
Flight 4, 20 September 1964,
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Fic. 26, Geiger (shielded) count rate, Flight 4,

20 September 1964.
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Fic. 27. Neutron eount rate, Flight 5, 27 September 1964.
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T1c. 28. Double coincidence ecount rate, Flight 5, 27 September 1964.
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Fic. 29, Geiger (unshielded) count rate, Flight 5, 27 September 1964.
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F16. 31. Neutron count rate, Flight 6,
2 October 1964,
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F16. 32. Double coincidence count rate, Flight 6,
2 October 1964.
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Frg. 33. Geiger (shielded) count rate, Flight 6,
2 Qctober 1964,



40

COSMIC RAY BALLOON
PRESSURE g fem? e o
D omegty B8 A% BB R =
- S T e -
Faoo
€
|
E
= RN R
S 2000 o L,
_S ST -
- i ey
:‘ o
= r e
»—L i ot
Z 11000
[=]
°
_;L":_ R — -
0900 0930 1000 1030 100 1130
UNIVERSAL TIME
Fig. 34. Neutron count rate, Flight 7,
7 October 1984,
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Fic. 35. Double coincidence count rate,
Flight 7, 7 October 1964.
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Fi16. 36, Geiger (unshielded) count rate,
Flight 7, 7 October 1964,
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F16. 37. Geiger (shielded) count rate, Flight 7,
7 October 1964.
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Fig. 38, Neutron count rate, Flight 8,
17 October 1964.
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F1c. 39. Double coincidence count rate,
Flight 8, 17 October 1964.
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Fra. 40, Geiger (unshielded) count rate,
Flight 8, 17 October 1964,
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F1G, 41. Geiger (shielded) count rate, Flight 8,
17 October 1964,
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FiG. 42. Neutron count rate, Flight 9,
21 October 1964,
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Fig. 43. Double coincidence count rate,
Flight 9, 21 October 1964.
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F1c. 44. Geiger (unshielded) ecount rate,
Flight 9, 21 October 1964,
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Fi16. 45. Geiger (shielded) count rate, Flight 9,

21 QOctober 1964,
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