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DEPAR TMEN T OF THEO RETIC AL PHYSI CS
Staff
Profes sor and Head of
Depart ment:

K.J. LeCou teur, M.A., Ph.D. , F.A.A .

Profes sor:

D. C. Peasle e, Ph.D.

Senior Fellow :

F.C. Barke r, M.Sc. , Ph.D.

Resea rch Fellow s:

L. J, Tassie , Ph.D. (to Februa ry)
B. A. Robso n, Ph.D.
M. Yonez awa, Ph, D. (from August )

Visitin g Fellow :

K. Kumar , Ph.D. (to July)

Resea rch Schola rs:

R. J. Baxter , B. A.
Elizab eth Bradfo rd, B. Sc, (to August )
R. Dreizl er, Dip. Phys.
H. A. Cohen , B. Sc. (from Februa ry)
B. A. Faithf ull, B. Sc. (to March )
S. K. Kundu , M.Sc. (from April)
M. K. Roy, M.Sc.

Dr. Tassie transf erred to the School of Gener al Studie s as
a Senior

~ecturer.

Miss Bradfo rd submit ted her thesis on "Selec ted Proton
Reacti ons in Light Nuclei " in March and was approv ed for the degree
of Ph.D.

She was awarde d a Univer sity Overs eas Travel ling Schola rship

and later a Harwe ll Resear ch Fellow ship.
Resea rch Progra m
During the year the Depart ment has worked mainly on theore tical
aspect s of nuclei , elemen tary particl es and plasm as.
Work was continu ed on the electri c dipole absorp tion of radiati on
by nuclei to give a more detaile d accoun t of the splittin g of the main
resona nce into two compo nent peaks, and led to the conclu sion that the
interac tion betwee n particl es in the nucleu s must have a strong non-

centra l compo nent of quadro pole type.
A detaile d study was made of the levels of Ne

21

, by combin ing

the motion of an additio nal neutro n with the known rotatio nal state of
Ne20.
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Detailed shell model investigations of the light nuclei continued,
particularly of nuclei containing 6, 7, 13 or 14 particles.

These studies

were used to suggest and interpret experiments with the tandem accelerator.
The frequent occurrence of a nuclear level near the threshold
energy of a nuclear disintegration, and its effect on the reaction probability were investigated.
A phenomenological analysis of the sizes, binding energies and
density distributions of real nuclei was completed and used to determine
some moments of the effective interaction potential between pairs of
particles in the nucleus.

Work is continuing on the relation of these results

to nuclear forces.
Computer programs for calculation of nuclear scattering and
nuclear reactions in the distorted wave Born approximation were established
and tested.

Analysis of the B

11

(d, p)B

12

reaction was completed and showed

the importance of spin-orbit intereaction on both the incoming and outgoing
particles.

This work required hundreds of hours on our I. B. M. 1620

computer.

We are therefore glad to acknowledge the award of a grant

from the Australian Institute of Nuclear Science and Engineering of £1, 500
in 1963 for the hire of time on the I. B. M. 7090 computer at Salisbury.
Using our tested programs, this grant will make it possible to investigate
more reactions in 1963.
In Elementary Particle Physics, the effect of exchange of
intermediate Bose particles on photon-proton and proton-proton
scattering has been studied. Although these theoretical models have
many uncertainties, they deserve careful consideration since the
experimental discovery of several new Bose particles.
The statistical mechanics of one dimensional plasmas has been
studied and integral equations have been found which permit exact
numerical evaluation of the thermodynamic properties and of the
two-body correlation functions.
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Other Activities
Professor Le Couteur and Professor Peaslee were on study
leave during July and August and attended the CERN Conference on
High Energy Physics at Geneva, as well as visiting overseas laboratories.
Dr. Barker visited Melbourne University for a week and lectured
on several aspects of nuclear physics.
Publications
Barker, F.C. - "Electric-dipole giart-resonance energy".
~. 529' 1962.

Nuc. Phys.,

"Ground-State correlations in 0 1611 • Nuc. Phys.,~. 535, 1962.
Barker, F.C., Treacy, P.B.* - "Nuclear levels near thresholds".
Nuc. Phys. , ~. 33, 1962.
Hush, N. S. * - "Co-ordinated transition complexes".
~. 378' 1962.

Aust. J. Chem, ,

Kumar, K. - "Perturbation theory and nuclear many body problem".
pp. 235, North Holland Publishing Company, Amsterdam.
Le Couteur, K. J. - "Nuclear reactions at high energy".
Dictionary of Physics, 5, 91, 1962.
"Nuclear evaporation".
5' 5 7' 1962.

Encyclopaedic

Encyclopaedic Dictionary of Physics,

Peaslee, D.C., Carver, J.H. ,*Taylor, R.B.* - "Nuclear El overtones".
Phys. Rev,, 127, 2198, 1962.
Peaslee, D. C. , Cleary, J. R. *** - "Amplitude perturbations in Rayleigh
waves". J. Geophys. Res.,~. 4741, 1962.
Robson, B. A. - "The spin-orbit interaction in the scattering of 14 7-220
MeV nucleons by light nuclei". Nuc. Phys.,~. 316, 1962.
Robson, B. A. , Bradford, Elizabeth. - "Distorted wave analysis of the
inelastic scattering of protons and the 9. 63 MeV state of C 1211
Nuc. Phys., 29, 442, 1962.
Tassie, L.J. ,**Lipkin, H.J., **** -Peshkin, M. **** - "Flux
quantization and the current-carrying state in a superconducting
cylinder. 11 Phys. Rev., 126, 116, 1962.

*

Member of the Department of Nuclear Physics

**

Based on work done while a Visitor in the Department.

***

Member of the Department of Geophysics

****

Not a member of the A. N. U.
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Electronic Computer
During 1962, the I. B. M. 1620 Computer was administered by the
Theoretical Physics Department, but used by the whole University.
The Computer arrived on 2nd January , 196 2 and was operating
as a paper tape system with 20K of store by 8th January.

During April,

an additional 20K of store (1623 unit), a card reader-punch (1622 unit)
and an 870 off-line system were added.

A second off-line card punch

(026 unit) was obtained in October and air-conditioning units were installed
towards the end of the year.
The operation of the machine has been carried out by two fulltime operators (day shift) and trained users (other shifts).

This policy

of partial access seems to have been acceptable to all users and has
been very satisfactory.

The first two hours of the day shift, 8, 30 -

10. 30 a. m. , were reserved for program pre-compiling and compilation.
In addition, a service of punching source program cards was given.
Thus it was possible for users to merely hand in a Fortran program
with some instructions for running the object deck and to get their
results back without being present during the operating time or alternatively to do the whole job themselves and hence learn a good deal
about computer logic.
Immediately prior to the arrival of the computer, two Fortran
courses were given, one at Mount Stromlo Observatory (attended by
about 40 people) by Mr. J. Grenot of I. B. M. , and one in the University
(attended by about 90 people) by Dr. B. A. Robson.

During September,

Dr. Robson gave a third computer course (attended by about 50 people,
including 16 students doing Statistics III).
In the following figures program testing refers to time spent
checking programs for logical errors and also pre-compiling tests,
while in production time useful results were produced,

Library

development includes testing, compilation and reproducing decks of

1
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cards.
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Demonstration time only includes useful time spent solely for

this purpose.

Standby refers to time the machine was idle but ready for

use.
The first table shows the total usage of the computer during the
year.

As the number of trained users steadily increased in the last quarter,

the average weekly use rose to 110 hours of which 66% were productive.
The second table shows the use of the computer made by the
various departments.

Altogether there were 74 individual users including

29 research scholars, 1 75 different projects were carried through.
It is clear. that the facilities, though of high quality are insufficient

for this University.
Use of IBM 1620
Table I

Hours

%

2783.0

54. 61

Program Testing

949. 1

18.62

Program Compilation

800.2

15. 70

Library Development

246.5

4.84

Scheduled Maintenance

67.7

1.33

Unscheduled Maintenance

58.2

1. 14

Demonstration

19. 0

0.37

Standby

87. 6

1. 72

Warm Up

85.3

1. 6 7

5096.6

100.00

Production

TOTAL

WEEKLY AVERAGE

104. 0 Hours

6.
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Table II
Hours

%

1210. 4

25.32

Geophysics

954. 6

19. 97

Mathematics, S.G.S.

612.3

12. 81

Astronomy

554. 2

11. 60

Nuclear Physics

464. 0

9. 71

John Curtin School of Medical Research

312. 1

6.53

Library Development

246. 5

5. 16

Ion Diffusion Unit

166. 6

3. 49

Particle Physics

84. 4

1. 77

C.S.I.R.O.

63.9

1.34

Economics

36. 3

o. 76

I. B. M.

24. 7

o. 52

Superannuation Board

24. 3

o. 51

Statistics, S.G.S.

10.0

o. 21

Demography

8. 2

0.17

Statistics, I.A.S.

2. 7

0.06

Administration

2. 0

0.04

Psychology

1.6

0.03

4778. 8

100,00

Department
Theoretical Physics

TOTAL
Demonstration

19. 0

TOTAL USEFUL TIME

% Useful Time

=

94. 14

4 797. 8

