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1. SUMMARY 

This report describes the work of the Institute during 
the period July - December 1971. 

Nuclear Physics 

The period has been marked by considerable staff movement. 
Mr R.J. Sparks was granted leave to study for a Ph.D. at the University 
of Utrecht, Netherlands and left in July. Dr D.C. Robinson spent 3 
months in the Physics Department of the University of Auckland on a 
research fellowship. Mr 6.J. McCallum spent 7 weeks overseas during 
which time he visited laboratories in U.S.A., Canada, England, France, 
Netherlands, Taiwan and Australia and attended the 4th Atoms for Peace 
Conference in Geneva. 

Mr G.Wallace has submitted to Victoria University of Welling
ton his Ph.D. thesis entitled "Nuclear Structure Investigations of Some 
Medium-Weight Isotopes'* • 

The accelerator is playing a changing role in the research 
activities of the Institute. In its first few years of operation the 
accelerator was used primarily for nuclear physics research projects, 
principally the study of proton capture reactions in medium weight 
nuclei and studies on short-lived nuclei produced following neutron-
induced reactions. While work in these fields is continuing, only a 
quarter of the machine time is allotted to this sphere of research. 
The remainder of the time is devoted to electron operation for kinetic 
studies of chemical reactions, to short-lived Isotope production and 
to the development of nuclear techniques for trace element detection. 

Por considerable part of the period the accelerator was 
used by Dr J. Troughton (Physics and Engineering Laboratory, D.S.I.R.) 
and Dr J. Moorby (on leave from Macquarie University, N.8.W.) for the 
production of ^ C . This isotope was used successfully for kinetic 
studies in plant systems. 
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Another short-lived isotope, was produced in gaseous 
form for a study of nitrogen fixation in the rumen of sheep. 

Work on the determination of trace elements by inelastic 
proton scattering has shown that the technique has many possible 
applications. The determination of fluorine by this method appears 
especially promising. 

A PDP-11 system with the following configuration has been 
ordered: PDP-11 processor with l£ K core, a 256 K fixed head disc 
and dual Dectape transports. Delivery is expected early in 1972. 
This system will be used on-line for 1 and 2 parameter 7-ray coinci
dence studies and for subsequent data processing. The system should 
considerably relieve the current bottleneck in spectrum analysis. 

Radiation Research 

Studies on the dimensional stability of wood-plastic 
materials made from pinus radiata have continued. Considerable progress 
has been made in understanding the mechanism which causes increased 
stability (i.e. reduced swelling when soaked in water), and hence in 
seeking suitable combinations of monomers and other impregnating 
agents to achieve maximum stability. The ability to penetrate and 
swell the cell walls is a primary need for any such substance, and it 
appears that if this penetration is possible at all, then it is greatly 
increased by the presence of adsorbed water, i.e., by the use of wood 
at high relative humidity. Snail concentrations of polyethylene 
glycol in either methyl methacrylate or styrent-acrylonitrile are 
suitable as impregaants for wood at 65# r.h, and give products with 
twice the untreated stability. Further improvements should result 
from present studies. 

The flow system described earlier ca^tiinues to be used in 
determi&dng the chemistry of peroxy radical*, Studies op the reactions 
of HOI and 0*' with bromine and related compounds have been completed 
and reactions of these ubiquitous radicals with iodine and iodide ions 
are being investigated* 
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A complete re-building of the flash photolysis apparatus has 
been undertaken in the period to improve the accuracy of measuring very 
weakly absorbing transients. A new weak IT- TT triplet-triplet tran
sition has been found in acridine at 9,900 cm* 1 with principal vibratio
nal levels at 1310 cm"* spacings. The spectra and decay kinetics of 
free radicals derived from acridine in liquid solution has also been 
investigated. 

Isotope Geochemistry 

Now that the potassium argon dating system is fully operatio
nal and the first Age List accepted for publication (in N.Z. Journal 
of Geology and Geophysics), it is planned to extend this geochronolo-
gical work to rubidium-strontium and other similar techniques. For 
this work a solid source mass spectrometer would be required and cum
bers of the isotope geochemistry group have recently prepared a pro
posal for the purchase of this instrument. This proposal is currently 
being circulated to Hew Zealand geological groups to assess their 
support for our request for funds. 

As the new systems for the analysis of deuterium and oxygen-18 
in waters have been functioning satisfactorily for some time, the set of 
INS water standards prepared earlier are currently being carefully 
intercompared with the watar standards recently issued by the I.A.E.A. 
Further samples of natural waters are being collected this summer as 

lfl 1/5 part of a D/H and 0/ 0 survey of some New Zealand areas. 

A number of laboratory isotope equilibrium experiments asso
ciated with pur sulphur work have been started by Dr B.W. Robinson, who 
recently joined our staff. Current indications are that equilibrium 
between fi^S and S0]J in solution takes longer than had been anticipated 
by earlier workers and reaction times of up to a month are now being 
used. A thermal gradient technique is being tested at present to see 
if more reliable results for sulphide minerals cam be obtained. 
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work done in collaboration with Dr HLsutanl in Japan on 
oxygen and sulphur Isotope fractionation in biological experiments 
has shown that in the bacterial reduction of sulphate at 20° to 35°C 
the residual sulphate always becomes enriched in the 8 Isotope but 
that the 0 isotope was enriched only in the experiment at 35°C. 

Some interesting 0 studies hare been done during this 
period. Work on a series of carbonatitea from the Haast has provi
ded data relevant to the geochemistry and petrology of the Otago schists. 
In another project sulphur and oxygen isotopes were measured in a 
series of meteorite sulphates in an attempt to help elucidate the 
rather pwtllng isotope results obtained from some carbonaceous 
chrondite meteorites. 

In order to provide information on a wider basis for our 
geotkermal studies a number of gas samples have been obtained from 
the United Rations project in Kenya, fa addition a number of gas 
samples from the deep sea sediments in the Cariaco Trench off the coast 
of Venezuela have been obtained throng* the Joint Oceanographlc Insti
tutes for Deep Berth Sampling (JOEIIBS) organisation, the D/fc and 
results from the methane and carbon dioxide components have provided 
a useful comparison with those of lew Zealand geothermal areas 

Radioactive iwfctt>g and Fall-out 

Fall-out from Trench bomb tests were detected in sea water 
and rain-water collected in June. 

Potassium determinations for K-mr asms have been improved 
by studying the extent of interference by tit^nittm in thm samples. 
This effect wise shown to be negligible in most cases but a correction 
is being developed for the rare occasion* when it Si slgnifioant. Vest 
Coast reek senplea U v e yielded seme of the oldest K-mr dates in lev 
Zealand, # 5 m.y. -•' >:,%,in-t.^ .,,;... 

Measurements of tritium in the 1910 series of Canterbury 
groundwaters were completed, while tritium dmta of Antarctic snow pits 
agreed with mid-latitude records for the Southern lemispbere. 
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Determination of rates of replacement of tissues,using bomb 
C-14, has been extended to the whole world. A small, 500 cc, C«l4 
counter has been tested, while the third counting system has been almost 
completed and the leaking bellows of the original counter have been 
replaced. In this review the work on atmospheric trace gases (inclu
ding the all-important C G L ) and their behaviour at the sea-air boundary 
is reported for the first time. 

Radioisotope Applications. 

The radiometric abrasion test has been used for the abrasion 
quality control for the first three months production of filler clays 
from N.Z. China Clay Ltd. 

The report dealing with residence times of effluent in the 
tidal section of the Makarewa River, Invercargill, has been completed. 
Two trials, using radioactive tracers,have been made to study flow 
patterns and dilution of effluent from the Jfengere Treatment Plant. 

Investigation on the gamma radiometric determination of 
uranium continued. 

A start was made on the development of a comprehensive 
oc-spectrometry system for naturally occurring members of the uranium 
decay series. 

To test the theory that the "Roaring Forties" act as a sink 
for atmospheric eOp, stations measuring the atmospheric levels of COg-
from which latitudinal gradients can be determined - are being set up 
by the Scripps institution of Oceanography, California. As a joint 
project with I .U.S. one such station was recently established at Makara. 

Instrumentation 

The combined efforts of the mecb-nical, glassblowlng and 
electronics sections within the Engineering Group have produced a vacuum-
assisted double distillation system for the tritium project. As with 
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other systems previously built by the group, much of its operation is 
under automatic control to provide round-the-clock operation of the 
system, to increase the total sample output. 

A new and much improved K-Ar extraction system has been built. 
Other new types of equipment constructed include a direct current water-
cooled heating furnace for the redaction of sulphate by carbon; a 
Bayard-Alpert ionisation gauge control unit, incorporating an automatic 
turn-off system in the event of failure; a liquid scintillation spectro
meter and a frequencey synthesiser producing stable and accurate radio-
frequencies at 2 MHz intervals from 2 to 20 MHz. 

Theoretical Physics 

Brs O'Brien and Manning were each on leave from the Institute 
for a significant period, but despite this,progress has been made in a 
number of areas. 

A computer assisted design for a magnetic lens system has 
been completed. Results from the proton capture in Pe are being 
analysed in depth. Huclear structure programs have been developed for 
the ICL 1904A computer at the Government Computer Centre, and this work 
is continuing. A sophisticated system is being designed for i m p H n n g 

and analysing 7-ray spectra on the PDP-11 due to arrive in 1972. 

The theoretical physics group attempts to provide advice 
on data analysis throughout the Institute. A good example of this 
has been the successful computer simulation of a tidal stretch of 
river f or the isotope apjOication section. With the increase of 
computer facilities available to the Institute it is expected that 
this service will increase* ;-v..^-„:. 

7. 

2. mraogjcncif 

This report deals with the work of the Institute for the 
period July to December 1971* 

For the first time biophysicists, agricultural scientists 
and biologists have taken over the accelerator for several months to 
produce short-lived isotopes, C-ll and N-13 for studies in plant ki
netics and for nitrogen fixation studies of sheep rumen. Fluorine-18 
was produced, flown to Christchurch and used to obtain bone scan pic
tures of the rabbit. The sophisticated data collection and processing 
equipment at the Institute greatly facilitated this work in the bio
logical sciences. 

In the field of industrial radiation chemistry work has 
continued on the dimensional stability of wood-plastic materials made 
from pinus radiata. The chemistry of peroxyradicals continues to be 
studied and their reaction with the halogens and halide ions. The 
instrumentation required for the studies of flash photolysis has been 
rebuilt and experiments on the flash photolysis of the water-ethanol 
solutions of acrldine at different pH's commenced. 

A solid source mass spectrometer is badly needed by the 
Institute to broaden our radioactive dating facilities. In the field 
of stable isotopes much progress has been made in deuterium and oxygen-lB 
measurements in waters; a start has been made on sulphur-water isotopic 
equilibrium studies; and geologists are now making much greater use of 
our facilities for the study of oxygen isotope variations in rocks. 

A considerable amount of data is now available on tritium 
levels in New Zealand rains and groundwaters. The interpretation of 
the results in hydrological terms is being undertaken. 

Radioactive isotopes are finding increasing ises in pollution 
investigations. Two investigations, one on the Makarewa River was 
completed, and the other on the Manukau Barbour was started during this 
review period. 
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Two new developments were the development of alpha spectro
metry system for the study of Hiue Island soils and for uranium series 
dating, and a study of the seasonal and long-term variations of atmos
pheric carbon dioxide, methane and carbon monoxide in the Southern 
Ocean environment. 

Prom our scientific Instrument division new equipment deve
loped include a vacuum-assisted double distillation system; an improved 
K-Ar gas extraction system; a CGg drying system for the C-l4 dating 
project; an internal heating system for sulphate reduction; a Bayard-
Alpert ionisatlon gauge control unit; while the work continues on the 
liquid scintillation spectrometer for C-14 dating. 

Theoretical physics has been included as a separate section 
in this report. Besides highly theoretical studies dealing with the 
nuclear structure of the atom, many applied problems were tackled, 
such as the development of computer programmes for water tracing studies 
and for mineral formation temperature studies. The latter involves calculations 
based on the lattice dynamics of sulphide minerals. 

The research projects discussed below follow the pattern of 
previous reports, copies of which are available to anyone interested 
in earlier work. 

9. 

3, RESEARCH PROJECTS 

A. Nuclear Physics 
A.l General 

As noted in the summary the accelerator has been used extensi
vely for applied research. The most important application has been the 
production of carbon-U for studies on the rates of transport of sugars in 
plants,following photosynthesis. Considerable time has also been devoted to 
charged particle activation analysis and chemical analyses by inelastic 
proton scattering. It is obvious that these techniques have a variety 
of useful applications. A further new development was the production 

13 of H in gaseous form for a study of nitrogen fixation in the rumen of 
sheep. 

A novel technique for the simultaneous study of proton capture 
and elastic proton scattering in Fe was developed. 

An experiment to determine accurately the half-life of C was 
carried out using the tandem Van de Graaff at the University of Auckland. 

A.2 Accelerator 
A.2.1 Operation - R.D. More 

During this period the accelerator was used for 522 hours of 
beam time. In this period applications have been to the fore, with 
elemental analysis using proton excitation and the production of short
lived isotopes for kinetic studies in plant systems, fixation of nitrogen 
in animals and the detection of cancer in bone. The breakdown of usage 
is as follows: 

Hours Machine Days 
IlfS Accelerator Group Protons 31£*2 40 

Deuterons 15.7 4 
Helimn-3 44.2 14 

INS Radiation Chemistry Sect. Electrons 36,6 24 
IKS Chemistry Section leutrons 2.5 1 
Physics and Engineering Lab. * _ * _ - . Q* c 9* 
Mac***** OHdvettHy, #,S**V w * p q M u r' 5 

ftuakura Agriculture Res.Centre Deuterons %9 2 
total 511.7 110 
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A.2.1.1 90° Magnet - Reduction of Hysteresis - K.P. Pohl 

The following procedure has been found helpful in reducing 
beam energy errors associated with hysteresis in the magnet. Starting 
from zero* slowly increase the current to 5 amps* hold it steady for a 
minute or so* and then again reduce to zero. How increase the current 
monotonically until the desired energy is reached. (It is a useful 
check to verify the position of the 902 key Al resonance during the 
final current ramp). If the desired energy is accidentally overshot 
by more than a few keV it is* for maximum accuracy* wise to re-cycle 
and start again. 

A.2.2 Maintenance - R.D. More 

At the beginning of the period an ion source was replaced 
after a life of 446 hours. As a new one was not at hand* a source 
that had been removed prematurely was used as a replacement. Later 
in the period this source was replaced with a new one; the total life 
of the old one was 1113 hours. The usual minor maintenance connected 
with faults was carried out at irregular intervals. 

A.2.3 Development 

(a) Turbo-molecular Pump - R.D. More 

A turbo-molecular pump was installed on the Van de Graaff 
vacuum system to replace the existing mercury diffusion pump and its 
associated cold trap. Although it is too soon yet to give a quanti
tative comparison of performance* the benefits in saving of liquid 
nitrogen and convenience of not having to fill traps daily, have been 
immediate. One modification needed nup̂  be to 
closer to the turbo-molecular pump. Although convenient in its present 
position* the long length of pipe connecting the two pumps is reducing 
the pumping speed of the system. r i J 

(b) Magnetic Qjuadrupole Lenses' - D,C. Carter 
Following successful trials with a set of magnetic qHadrugoU 
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lenses borrowed from victoria University* a re-design was done by Dr B.J. 
O'Brien for a larger set capable of focussing all particles likely to be 
used at I .U.S.. The magnet cores were manufactured by the Engineering 
Section and the mounting frames and magnet coils were made in the 
Accelerator Section. The lenses have been assembled and installed on 
the beam line to the low-background room and are currently being tested. 
It has been found possible to use these as both focussing and steering 
magnets using the technique described in Hud. Inst, and Meth. 45 (1966) 
325. 

A.3 Instrumentation 

A.3.1 Target Making - G.E. Coote 
54 One new Fe target was evaporated onto a tantalum backing. 

We received carbon foils on glass slides from Yissum Research 
Co. * Israel. Their thicknesses were 10 and 40 pg/cm • It was found 
that these were easily floated off onto water but the thinner foils were 
very difficult to pick up onto our present target holders without breaking. 
The thicker foils* though much weaker than formvar films* could usually 

54 be managed successfully. Fe layers were evaporated onto two of these 
backings and used in an experiment. 

A report on "Target Preparation for Accelerator Experiments" 
was completed* This summarizes experience on preparation of backings 
and targets* and contains a short bibliography. 

A.3.2 Electronics 
(a) Data Readout System - R.E. Hicks and D.C. Carter 
The blind scalers (see Progress Reports 15 and 16* section A.3.3) 

are now in use and have proved to be very reliable. Another two are to 
be made. - • ..., f 

An inverter (three in a single width Him module) and a pulse 
generator (two in a single width Vim module) bave been built. These allow 
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greater flexibility in the control of the Ortec readout system. The 
pulse generator triggers off either a leading or trailing edge (this 
is switch selectable) or a Him pulse or level and gives out a 10 usee 
Nim pulse. 

A new teletype has been acquired and has been modified for 
use with the Ortec readout system. This means that we now have a 
second teletype available for use with this equipment. 

Now that the Ortec system has been in use for some time and 
four blind scalers are working reliably, the Autoreda, which has been 
rather unreliable in operation is no longer in use. 

(b) KicksortjAnal^ser 

(i) Kicksort Remote Control Unit. This enables ' start 
accumulate*, 'stop accumulate* and 'start readout' functions to be 
controlled remotely by Him pulses. It also provides signals which 
indicate whether the analyser is in the accumulate or the readout mode 
of operation. The unit is in a double width Him module. 

(ii) Kicksort Cyclic Group Control. This allows the 
Kicksort to be used as a 1-16 x 256, 14J x 512, 1-4 x 1024 or 1-2 x 20*»8 
channel analyser, The dwell time in each group is controlled by an 
external timer such as an Ortec 431 timer-sealer. This gives dwell 
times of 0.1 second to 80,000 seconds. 

A.4 Experimental Program 

A.4.1 ^°T±[v,7)^y - O.J. McCallum and K.P. Pohl 

A magnet cycling procedure, resulting in a more accurate 
energy - NMR frequency relationship, has been established and is detailed 
in section A.2.1.1. 

Analysis of the spectra obtained in February and June 1971 is 
continuing. This task has been considerably helped by a vacation worker, 
Mr C. Burden. 
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A.4.2 "Fe(p,7) 5 5Co Reaction - G.E. Coote and B.J. O'Brien 

A new yield curve for this reaction was measured from 1.7 to 
task 3 MeV. Use of the new Ortec scaler system made thisj(much easier than 

in the past. A thin Al target which could be lowered into the beam 
was used to provide calibration points at 991.8, 1262.2, 1724.4 and 
1799-9 keV. (These figures are from Meyer et al, Nucl. Phys A144 (1970) 
261.). 

A measurement was made of the angular distribution at the 
180£ keV resonance. Analysis of the transitions to the 0, 2166 and 
2^66 keV levels showed that this resonance has J = 5/2 rather than 3/2 
as suggested by (p,p) experiments. 

•54 The yield curve was compared to that of the Fe(p,p) reaction 
recently measured at Duke University (Lindstrom et al, Hucl. Phys Al68 
(1971) 37) • Although some resonances corresponded in energy within a 
few keV, the only exact correspondence was at 1802 keV. In addition, 
many of the (p,p) resonances were assigned J = l/2, but we had obser
ved anisotropic distributions of the primary radiations from at least 
five of these. It was therefore decided to attempt direct comparison 
of the two yield curves at selected resonances, (ste Fig. 2) 

Two separate targets were used; the target for the (p,7) mea
surement was on a water-cooled tantalum backing, which had a small 
central hole. Through this passed about 10# of the incident beam to 
strike the second target, which was on a thin carbon foil. This target 
vas at the centre of a scattering chamber which contained a surface-barrier 
detector at 140° to the beam. This arrangement^aXLows both yield curves 
to be measured simultaneously is illustrated in Fig. 3* 

A short preliminary experiment showed that: 

(1) At 1S02 keV, no resonance could be observed in the (p,p) reaction, 
(2) at 2246" keV, there was exact correspondence between the resonances 

in the two channels.(see Fig. 4) 

Ftfrlfrer measurements are to be made shortly, when it is hoped 
that the energy stability of the accelerator will be improved. 
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Currently the prime objective is to interpret the singles spectra 
carried out at 90 at 6 resonances in the energy range IL s 1.3 to 2.0 MeV. 
In all these spectra typically 220 - 250 peaks are observed; interpretation 
of these spectra is proving difficult. It is found that even 
with over 30 energy levels not all transitions can be accounted for, 
however the branching ratios for the lower levels are becoming firmly 
established. Preliminary values are illustrated in Fig. 1. 
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A.4.3 ^ ( p ^ ) 5 9 ^ - G. Wallace 

The study of this reaction, initiated by R.J. Sparks, is being 
continued at resonances of energies 1423.6, 1B43.5 and 2668 keV. Doppler 
shift measurements and 5-angle angular distributions have been determined 
at the first two resonances, and further work is planned to finalise the 
study. 

A.4.4 l i f0 Half-life , ̂ ( ^ H e / a ) 1 0 - D.C. Robinson 

The crystal oscillator which was used as a reference clock in 
half-life measurements (reported in the Jan.-June 1971 Progress Report) 
was calibrated during this period against three different frequency meters 
with accuracy specifications of the order of a few parts per million or 
better. All measurements were consistent with the conclusion that the 
oscillator, after warm-ups had a frequency drift of around 5 parts per 
million presumably due to temperature change and that its actual frequency 
was about 0.04$ higher than its nominal value. Tht numerical correction 
factor was found to be 

0.99960 £ 0.00003 
14 The previously reported 0 half-life value of 70.59 ± 0.08 sec therefore 

should be ? 0 # 5 6 + o M s e < J # 

Further measurements on this half-life were made during the period 
covered by this progress report. Again a simple discriminator was used 
but in contrast to the previous measurements the detector was a Nal crystal. The 
background was much higher in these measurements than in the previous ones 
and some of the decay curves exhibited some unexplained discontinuities. 
Curves which contained these discontinuities or which gave anomalously high 
chi-squared values were rejected. Less data was obtained than in the 
earlier measurements hut the result 70.56 1 O.U sec. was in very good 
agreement with that previously obtained. 

It is intended to report these results in a paper published in 
conjunction with the Harwell group working on the same half-life. 
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Comparison of (p,y) and (p,p) yields 

Fig. 4 

I M 
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A. 4.5 1 0C Half-life - D.C. Robinson 

One of the decay modes of C is to the mirror J = 0 , 
10 T = 1 isobaric analogue state in B and for this reason its ft value 

is of great interest. (Refer to Progress Report N0.I5, A.4.5 for more 
details). However the C lifetime has never been the subject of a 
careful and precise experiment. Two measurements have been made. The 
first by Earwaker, Jenkin and Titterton ' gave 19.48 ± 0.05 sec and 

2) the second, by Bartis gave 19«27 — 0.08 sec. These values are not 
consistent with each other. Furthermore in neither of these was much 
care taken to minimise or to allow for small sources of systematic error. 

10 Virtually the only way to produce C is by the reaction 
B(p,n) C. This reaction has a threshold of 4.88 MeV and so cannot be 

used at I.N.S., where the maximum energy is 3 MeV. However it is well 
within the capabilities of the Tandem Van de Graaff accelerator at the 
University of Auckland. 

Through the generosity of the Auckland University Physics 
Department three months were spent in working with their accelerator. 
The main aim of this work was to measure the half-life of C with an 
accuracy of at least 0.1#. Fortunately plenty of accelerator time was 
available and the professional and technical staff of the Department 
willingly gave a great deal of expert assistance. In addition Dr J.M. 
Freeman of Harwell very kindly loaned a target of B. 

A very large amount of data was accumulated and a considerable 
amount of analysis done on it. This indicated that the half-life was 
lower than the values given by the previous measurements. More careful 
analyses showed up evidence for the presence of a very small amount of 
a long-lived contaminant. Analyses allowing for this indicated that the 
half-life might be even lower than the preliminary results suggested. 
At this point further measurements were made and the analyses of these 
have not as yet been fully studied. 

The situation is therefore still not clear but it appears likely 
that the data collected will enable a reasonable half-life value to be 
calculated and that this will be of the order of one percent lower then 
the mean of the two previously measured values. 
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A.4.6 Threshold of the B(p,n) C Reaction - D.C. Robinson 

This is of interest for the same reason as the C half-life. 
A good measurement was made of it at Harwell some years ago but it could 
be improved and in any case confirmation of the Harwell value would be 
welcomed. All the equipment for doing this measurement is available 
at Auckland and a start was made on it in collaboration with a staff 
member of the University. 

One yield curve was measured which gave a reasonably accurate 
value of the threshold in terms of the N.M.R. frequency of the bending 
magnet. However an absolute beam energy measurement would have been 
required to convert this into an absolute threshold value. For this 
the magnetic spectrograph was required and unfortunately the available 
time did not permit its use. It is hoped that this collaboration can 
be continued in the future. 

References: 
(1) L.G. Earwaker, J.G. Jenkin and E.W. Titterton, Nature lo£ 272(1962) 
(2) F.J. Bartis, Physical Rev. 1£2 1763 (196?) 

A.4.7 Charged Particle Activation Analysis - N.E. Whitehead 

A request was obtained from a battery company for analyses of 
sulphur in amounts in the ppn range. Sulphur is peculiarly badly placed 

32 for activation methods of analysis, since the most abundant isotope S 
33 34 is followed by two less common isotopes S and S, which are also 

stable. "s is a beta emitter with a half-life of 88 days and could be 
potentially useful for detecting the end products of neutron activation, 
but the process is not very efficient or sensitive. 

32 / v33 P* 33 Other approaches were tried. The reaction 3(p,7) Clo g » S <- • p sec 
gives a prompt gamma ray at 2.9 MeV. Unfortunately the decay scheme is 
such that only 0.3$ of decays emit this particular gamma ray and the process 
is hence very inefficient. Another possible approach was the detection 
of the 2.24 MeV gamma ray from the inelastic scattering of protons on S, 
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but again this is liable to be very inefficient because of the high 
32 33 energy involved. The best approach seemed to be the reaction ^S(d,p)^ S 

with the emission of a prompt 842 keV gamma ray. A test with compressed 
lead sulphide showed that although this gamma ray was easily detected, 
there was interference from the reaction 0(d,p) 0 which gives a prompt 
gamma ray of energy 871 keV. Although there is normally no oxygen in 
lead sulphide and the experiment was done under vacuum, the minute 
amount of oxygen left was sufficient to prohibit the use of the above 
reaction for sulphur. 

The previous two reactions were investigated but the emissions 
observed 'were too weak to be analytically useful. 

As a final approach, the samples which had been irradiated 
with deuterons were left to stand for some weeks to allow the decay of 
other nuclides and then counted in the Widebeta proportional counter, 
to detect the decay of JJS from the reaction J S(d,p)-^S. Calculations 
from the results showed that a sensitivity of about 1 ppoi might be 
possible, assuming an irradiation time of 2 hours at 3 MeV, and a current 
of about 0.7 microamp. The amount of heat generated might necessitate 
a cooling system, and the overall process is still under investigation. 

The reaction given in the last paragraph shows that the net 
34 

effect is to add a neutron to ^ s . However the process has some ad
vantages not possessed by neutron activation analysis. In the latter 
case, because neutrons are uncharged, (a) even thick samples will not 
absorb all the neutrons,(b) other beta emitting nuclides of various 
higher atomic weights will be produced. Hence charged particle activa
tion analysis in this case will be efficient (because the deuterons are 
all stopped by a thin layer of the sample) and specific, because the 
Coulomb barrier prevents activation of higher atomic weight nuclei, and 
because of the long half-life of the product which enables one to allow 
decay of other possible interfering activities. 

A further somewhat elegant point should be noted. Because the 
activity is created in such a thin layer of sample surface, we have the 
equivalent of an infinitely thin layer for beta counting, without the 
usual tedious chemistry involved in creating such a condition. 
Work continues on making the method quantitative. 
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A. 4.8 Inelastic Proton Scattering and Proton-induced X-ray 
Fluorescence - N.E. Whitehead and G.E. Coote 

Study of X-ray fluorescence was temporarily halted pending 
purchase of a special X-ray detector. 

Work proceeded on the methodology of inelastic scattering of 
protons and a few applications were attempted. Table 1 supplementing 
the list appended to the last report shows a few further elements inves
tigated and their emissions. 

Table 1 

Element Observed Bcuissions 
Mg 389, 585, 975 keV 
Ti 160, 983 keV 
Cu 962, 1115 keV 
Cd X-rays only 
Ag K-X-rays, possible 309 keV peak 
Hg X-rays 367 keV (weak) 
U X-rays only 

It was cur experience on some poorly conducting samples that 
current integration was most inefficient. This was eliminated by 
completely isolating the target chamber electrically. We found that 
even samples which were complete insulators still gave meaningful current 
integration figures identical with those from good conductors. This 
meant that it was no longer necessary to mix samples with graphite or 
other extraneous material and probably aided reproducibility as well. 

However, even under these conditions, reproducibility of 
certain types of samples was poor* Obsidians and other homogeneous 
solid specimens were excellent but compressed volcanic ash samples gave 
a standard deviation of around 50# and compressed soils were poor, as 
were some types of coarse-grained rocks. A coarse-grained rock was 
ground to pass a 120 mesh sieve. Compressed samples of this material 
gave a standard deviation of 2.30, but 700 of that could be attributed 

23. 

to counting statistics. These figures were derived from the absolute 
values of the gamma counts,not the ratios of two peaks as was done 
earlier for the obsidians. Rather surprisingly a 240 mesh fraction 
of the above powder gave a standard deviation of 12# and this behaviour 
is being investigated. However it now appears that the method is 
reasonably reproducible and quantitative. 

At present to obtain quantitative figures, the spectra are 
compared with standards. What standards to use is a problem. Glasses 
tend to crack under the conditions of beam impingement used and powdered 
synthetic samples could not be made up reproducibly (standard deviation 
24$). On the assumption that most of the variance was due to surface 
inhomogeneities caused by the compression process forcing varying 
amounts of one component to the outside, the surface was carefully sand
papered off and the reproducibility improved to 12#. This suggested 
that there were still inherent difficulties witii the mixing procedure. 
To avoid these, the standard rocks BCR1 (basalt), DTS (dunite), and GSP 
(granodiorite) were used as absolute standards. 

An attempt was made to investigate the weathering of obsidians, 
but the hydration layers were too small. Alteration of the energy of 
proton bombardment showed only a good adherence to the law which states 
that the gamma ray yield increases as the fourth power of the energy. 
If there was a Ihick hydration rim, one would expect a much more dramatic 
increase as the ever more deeply penetrating protons encountered quite 
suddenly a layer containing fluorine, sodium and other elements. The 
energy was varied from about 1 to 3 MeV, but much lower energies would be 
necessary before such an effect could be seen. 

The study on teeth mentioned in the last report was postponed 
until much more accurate beam positioning is possible with a new target 
chamber. 

A study of fluorine in micas from the Buller Gorge was commen
ced but here again there seems to be quite surprising variation in 
absolute amounts, both horizontally along a given sheet, and vertically 
through a number of sheets. This study continues and will be easier 
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when the new target chamber is completed. Some flints of archaeolo
gical interest were also investigated by inelastic scattering of protons 
and shown to be significantly different from each other. 

A brief investigation of fragments of the Keilor cranium 
(Australian fossil man) revealed a distinct leaching of elements from 
the outer layers, this could lead to a better interpretation of ^ C results. In 
practice it was found that the recent dates were indeed found on the 
outer layers. This checking procedure could possibly be extended to 

14 other specimens and might save some C counting time. 

A.4.9 Carbon-11 - R.D. More and J.H. Troughton 

In previous experiments involving C the method used for 
producing COg was a He reaction, C( He,a) C; the target material 
was CCL gas. Although activities suitable for plant experiments were 
produced, the accelerator was run at maximum voltage and the yield 
was current limited because the beam passed through a thin foil. The 
gas target method however did not require chemistry. 

The production of carbon-11 using the B(d,n) C reaction and 
bombarding boric oxide (BpOz) was investigated. Although this reaction 

11 11 involved chemistry to convert CO to CCL, it was simple and not time 
consuming. It has proved that this is the more suitable method of 
producing C labelled COg and activities of 80 uCi as carrier-free COp 
are consistently produced with an internal target of BkO,. A technical 
note comparing the two methods of production and describing techniques 
was submitted for publication. 

The use of CCL was greatly increased in this period when a 
set of experiments was run by Dr J. Troughton, Physics and Engineering 
Laboratory, D.S.I.R. and Dr J. Moorby, Macquarie University, Australia, 
on the kinetics of plant systems. The main experiments have been con
cerned with translocation in plants and this has necessitated having 
five counting systems, each set to count the 511 keV annihilation peak 
from carbon-11. The radiation detector heads were placed at various 
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positions en the plant and the radiation information was collected 
simultaneously and printed out at intervals on the ORTEC print-out 
system. 

A.4.10 Nitrogen-13 - R.D. More 

In previous applications of N the experimenter required 
nitrate ions and ammonium ions labelled with N. This was produced 
by using an external deuteron beam and bombarding solid sodium carbo
nate, NaoCO,. By suitable chemistry the labelled ions could be 
isolated. A request was received for N in gaseous form. A diffe
rential pumping system would be required to produce large quantities 
of labelled gas; lacking this facility the exhaust gas from a target 
pumping system was used. The deuteron beam bombarded a solid carbon 
target, the reaction being C(d,n) N; the liberated 'N gas extracted 
by a target pumping system was pumped into the experimental area ready 

of . 
for use. The activities were low,^ the order of 1 yuCi/minute, due to 
the absence of a scavenger gas on the target system but were sufficient 
for a qualitative experiment. Dr D. Wright of the Ruakura Agricultural 
Research Centre used this N gai 
fixation studies of sheep rumen. 
Research Centre used this N gas for qualitative experiments in nitrogen 

A.4.U Production of Fluorine-l8 for Medical Applications 
G.J. McCallum and R.D. More 

Further target development work was carried out and a local 
target pumping system installed. The target used was 10 ml of water 
frozen in the horizontal plane with a liquid nitrogen vessel jurroun'ling 
the target. The best yield of fluorine-IB was obtained with a 3.2 MeV 
\ e beam, a current of 4.1 uA and an irradiation time of 160 mirutes; 
an activity of 300 pCi was obtained. The isotope has a half-life of 
110 minutes,therefore delivery times to the medical centres must be 
kept to a minimum. To test the logistics of the transpcii; system and 
whether sufficient activity could be produced for a bone scan, a preli
minary experiment was conducted in association with the Christ church 
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Hospital. Excellent bone scan pictures of a rabbit were taken. If 
the specific activity present in the rabbit could be presert- in a 
human patient, then the gamma camera used would be an excellent instru
ment for bone scanning for the detection of cancer. The amount of 
activity needed is more than can be produced so far and further work 
is proceeding to endeavour to increase the yield. 

A.4.12 Energy Calibration of Gamma Ray Spectra - K.P. Pohl 

A solution to the energy calibration problem (viz: readily 
available 7-ray sources are only available with energies less than 3 MeV) 
has been found. The procedure is described in Physics Letters Vol. 30B 
No.6: "A Simple and Versatile 7-ray Source for the Calibration of High 
Energy Ge(Li) Spectra". C. Van der Leun and P. de Wit. It consists 
essentially of detecting the neutron capture 7-rays from materials, 
placed near the detector, irradiated by neutrons from a suitably therma-
lyzed neutron source. 

Using the V.U.W. Physics Department's 100 mCi Am-Be neutron 
source and Ge(Li) detector as described below, a count-rate of up to 
tens of counts per hour in the main peaks of interest was obtained. The 
source, in its holder, was fitted into the thermalizing shield usually 
used with our BF, neutron counter. The thermal neutrons thus generated 
impinge on the sample and the consequent 7-rays enter the detector. The 
sample is placed as close as possible to the detector and in our case 
some 20 cm from the thermalising shield. (it is preferable to arrange 
shielding so that the thermal neutrons do not directly enter the detector) 
The samples were about 0.5 x 10 x 20 cm or larger. 

The most accurate energies reported to date are those for OPe 
and ^Fe (See P.460 Nuclear Physics A.170(l97l) 3 Aug.l97l). 

^Fe 5921.4 ^Fe 9299-5 ±- 0.4 keV 
6019.4 + 0.2 keV 
7279.9 
763C.2 
7646,6 
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A useful compendium of reasonably accurate energies likely to 
be encountered using this technique may be extracted from the Australian 
AEC Report E200: "Compilation of keV Neutron Capture 7-rays in the Mass 
Range A = 40-70" by Allen, Bird and Kenny. 

A.4.13 Multichannel Analyser Correction - K.P. Pobl and G. Wallace 

All mLLLtichannel analysers have some residual non-linearities, 
both integral and differential. It is important to be able to allow 
for these in any detailed analysis of spectra obtained using them. 

We are investigating the method as described in "Numerical 
Correction of Multichannel Analyser Data for System Non-linearity" by 
C.E. Turner N.I.M. 87 (1970) 45-57. This, in essence, entails two 
steps: firstly to use a sliding pulser to generate a spectrum in which 
each channel's contents are proportional to its width, and secondly to 
use this information to correct a spectrum and thus obtain a final one 
in which all channels have identical widjh. 

Generating the necessary sliding pulser spectrum has proved 
somewhat difficult for the following reason: each successive pulse is 
onlj marginally larger than the preceding and so each channel is addressed 
many times consecutively; this generates transients in the analyser to 
such an extent that the channel width inferred is often many percent 
different from that obtained using an even distribution of random pulses 
(e.g. the Compton distribution in a 7-ray spectrum). The analyser fault 
implied is the subject of correspondence with the manufacturer at present. 

A preliminary program for the PDP-8 computer to correct spectra 
as described above has been written and is at present being used to check 
the accuracy of the corrections obtained using the pulser. 

A.5 Nuclear Magnetic Resonance - L.A. McLachlan 

Some improvements in the apparatus have been made, but unsatis
factory performance of the crystal oscillator has hindered progress. 
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The short term magnet stability was improved until it is now about 1 part 
7 in 10 . A 200 channel <Iigilal signal averager arrived and was tested 

and an with the equipment,/^ order 0 f magnitude improvement in signal to noise ratio 
was obtained. Mr B. Hicks completed the integrated circuit pulse 
programming unit which supplies all the pulses needed to operate the 
equipment. All the pulse timing and shaping units are now in their 
final form and the pulse sequences needed for all the standard NMR expe
riments can now be selected by setting a few switches. The Electronic 
Engineering Section finally finished the variable frequency oscillator 
and crystal controlled oscillator but the former was found to have 
severe parasitic oscillation and has been returned for further modifi
cation. 

A.6 PDP-8 Data Processor 

A.6.1 Operation - D.C, Carter and R.E. Hicks 

Running tine to 31.12.1971 - 13806 hours 
" this period - 1013 " 

Two faults have occurred during the period, one in the 
processor and one in the disc memory system. 

A .6.2 Programming 

Program Author Description 

UOTY G. Wallace Corrects a 7-ray spectrum for 
analyser non-linearity: the 
correction is made by normali
sing channel widths with res
pect to a random pulse spectrum 

AUTOPK OUTPUT G.J. McCallum This program (described in the 
MANIPULATOR last progress report) has been 

expanded and now has 16 valid 
commands. 
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A.7 PDP-9/L Data Processor 

A.7.1 Operation - D.C. Carter and R.E. Hicks 

Running time to 31.12.1971 
" " this period 

4117 hours 
425 " 

The PDP-9 has operated satisfactorily except for two faults, 
both in the control memory section. 

A.7.2 Programming 

Programme 

EFF01 

EPF02 

AN0002 

IRESC 

Author 

D.C. Robinson 

D.C. Robinson 

D.C. Robinson 

D.C. Robinson 

Description 

Computes a relative efficiency 
curve for a gamma ray detector 
given the energies and relative 
intensities of a set of indepen
dent pairs of gamma rays. 

A less comprehensive form of 
EFP01 

Used for the analysis of sets of 
decay curves. It computes over
all means as well as the half-
life, intensity and background 
of each decay curve. 

Computes the energy spectrum of 
the recoiling daughter nucleus 
following allowed beta decay. 

A.8 Cosmic Radiation - H.S. Jansen 

This work still could not progress due to delays in making the 
barograph and the electronics for the liquid scintillation counters, both 
with the engineering section. 
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B. Radiation Research 

B.l General 

Dr H. Melhuish spent two months on vacation in America in 
this period, and took the opportunity of visiting the Livermore 
Radiation Laboratory during his visit. 

A paper on the rate of hydration of keto formaldehyde in 
aqueous solution has been accepted for publication in "Chemical 
Communications". Two more are in preparation, both dealing with 
peroxy radicals studied by means of the flow system. 

B.2 Radiation Sources 

B.2.1 Electron Beam Irradiations 

The "instant conversion" beam of electrons from the Van de 
Graaff accelerator has been used for three sessions of one week and 
one of two weeks in this period, in experiments with the flow system. 

B.2.2 Cobalt Source 400 curies ) N o t M n g t Q ^ ^ 
B.2.3 Proposed 20,000 curie Co source) 

B.3 Radiation Chemistry of Aqueous Solutions - H. C. Sutton and 

M. T. Downes 

B.3.1 Reactions of Hydroperoxy Radical, H0£ 

B.3.1.1 Yield of HOl in formate radiolysis. 
The radiation chemical yield of HOl formed in the flow system 

by radiolysis of oxygen staturated formate solutions has been measured at 
pH 2.5 and 7.0, after recent dosimetry measurements. In both cases the 
yield was 5.9 i. 0.1 radicals per 100 eV, in agreement with a value of 
approximately 6.0 calculated from the mechanism formerly given for formate 
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radiolysis as the sum of the yields of all radicals (solvated electrons, 
H at. runs. OH rarHcAls^ TYrnrhio*»rt -in watpr rhi-rlrw o l o ^ f w « { V W ^ B H M . 

B.3.1.2 Reactions with bromine 

The work begun in the last period on the reactions of H0l and 
its dissociated form, 0 " with bromine compounds has been continued, 
using the formate flow system to produce HO*. The rate constant for 
ths reaction of Op* with Br" has been measured; several experiments 
have been done to confirm the rate constants determined previously, and 
a number of possible sources of error in these measurements have been 
examined. Most of these could arise in principle from secondary 
reactions of HO* with products formed from its reaction with bromine 
(svch as Brg") or tetranitromethane (TNM) which was used as a reference 
reagent reacting at a known rate with HO* In the latter case these 
products include the nitroform ion CtNOp)^, nitrite ion, and nitrate ion. 
All of these have been shown to react negligibly slowly with H0l in 
comparison with its fast reaction with TNM. The radical ion Br"* is 
known to react rapidly with H0l but not oZ, and the effect of this 
reaction on our rate measurements has been calculated using rate constants 
available in the literature. The following table summarises our revised 
and completed measurements of rate constants at 20 C:-

No Reaction Rate Constant 
(M" sec" ) 

12 H0g + Br 2 — H + + 0 2 + Br " (1.0 t g-J) x 10 8 

13 0g' + Br 2 — 0 2 + Br2* (5.6 ± 0.7) x 10 9 

14 H 0 2 + Br" — H + + 0 2 + Br" + Br 2* < 10 7 

15 0 2' + Br" — 0 2 + Br" + Br 2* (3.8 i 0.7) x 10 9 

Q 
17 0 2" + HOBr — OH* + 0 2 + Br* (9-5 ± 0.8) x 10 

These show that the simple electron transfer reaction (13) 
proceeds as expected at nearly the diffusion controlled rate, whilst 



52. 

reactions involving bond breakage (although exothermic) such as HO' 
with Br p (reaction 12) are less rapid. However it is curious that 
k n i l for HO* with Br" should be so much lower than k ^ for HO* with 
Br p, whilst the corresponding reactions of dl with Br 2 and Br" occur 
at nearly the same rate. In addition to resolving a long standing 
disagreement in the literature regarding the magnitude of Is-* and k^g, 
and providing a basis for interpreting more complex situations in which 
these reactions occur, these data should provide a useful starting 
point for theoretical studies of the rates of radical reactions. 

This work has been completed and written up for publication. 

B.3.1.3 Reaction with i" and Ig 

A start has been made on a study of reactions of HO* with 
iodide ion and iodine in aqueous solution. These reactions occur in 
several systems such as the photolysis and radiolysis of iodide ions 
in which it has been assumed that the following reactions occur: 

HOg + H + + I" 5=* HgOg + I' (1) 

HOg + Ig -* H + + Ig" + Og (2) 

2 Ig - -» Ij + I" (3), 

with the equilibrium in (l) lying to the right in acid solution. 
Direct studies on these reactions are lacking. 

Using the formate flow system we have sought for reaction (1) 
(forward) by mixing potassium iodi.de solutions with HO* (14 uM) and 
subsequently analysing for \^^2J + @2.Jj b y t n e f o m a t i o n o f ** 
in iodide solution. Every reaction of type (l) (forward) would lead 
to the production of 1.5 molecules of (HgOu + Ig) as compared with only 
0.5 molecules of HgOg formed by 

2H0£ - » HgOg + Og 

in the absence of iodide ion. Ho increased yield of iZ was found with 
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/T"_7 U P *° 0.1 M in excess of that produced when mixing HO* with water, 
and from analysis of the data we conclude that k-, (forward) < 0.3 M^sec" 1 

ft T i 

at pH 2.9. Assuming that kg ̂  10 M" sec" (as observed for the corres
ponding bromine reaction) these low values of k, (forward) rule out the 
occurrence of the supposed equilibrium (1) at pH 2.9, since reaction (2) 
would proceed at least 10 times faster under the usual experimental 
conditions (/l~j4t 0.1 M and [l^J > 1 0 " 5 M ) . 

An attempt has been made to measure k~ by flowing Hoi into 
mixtures of TNM and iodine, using the same method as for bromine solu
tions. This work is greatly hindered by the fact that iodide, which is 
a reaction product of HOg with Ig, reduces TNM to nitroform. This 
interfering reaction is so fast as to exclude the use of TNM concentrations 
aftove 5 x 10" 5 M when jjrj = 5 x 10"^ M. Other difficulties also have 
been encountered. A preliminary estimate is t. ̂  it? M" sec" at pH 5.5 
but little confidence can be placed in this value unless present diffi
culties can be overcome. 

B.3.2 Reactions of Methanol Peroxy Radical, HOCHgO* 

No experimental work was done on this subject but the measure
ment of the rate of hydration of keto formaldehyde in water, reported in 
the last period, has been written up and accepted for publication in 
"Chemical Communciations". 

B.4 Radiation Mechanism in Plastics and Solids - W.H. Melhuish 

B.4.1 Free Radicals and Radical Ions in Perspex 
Nothing to report. 

B.4.2 Flash Photolysis 

(a) Instrumentation. Gradual changes in experimental proce
dures in the last few years have necessitated a complete re-building of 
equipment. The flash apparatus and the spectrofluorometer have been 

http://iodi.de
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mounted on l/2" aluminium plates and optical benches are rigidly mounted 
on these. Equipment was also needed for measuring standard fluorescence 
spectra and several concave and plane aluminised mirrors were made 
(vacuum coated in this lab.). A rhodamine B quantum counter box and 
an excitation spectrum apparatus was also made. The new spectrofluoro-
meter will be described at a conference at N.B.S. (Washington D.C.) in 
March 1972. Electronic construction undertaken was as follows: (l) 
Two regulated photomultiplier supplies (0.9 kV and 1.8 kV) were made. 
These were completely transistorised and have sufficient stability for 
most work. (2) Two electrometers with single FET inputs were construc
ted. Drift is about 10" A per hour, 20 minutes after warm-up, and 
they are proving quite satisfactory for measuring photocurrents frcm 
photomultipliers in the range 10* to 10 A. (3) A charge sensitive 
preamplifier was made for scintillation and photon counting with a gain of 
10 volts/coulomb and noise of 8 x 10" coulombs. (4) A discriminator 
and rate meter module for connection to the preamplifier has also been 
made. (5) The Heathkit recorder has been altered to allow its use as 
a ratio recorder when required (e.g. in double beam luminescence measu
rements) . 

(b) Exgerimental. The flash photoysis of acridine in liquids 
and in perspex (PMMA) is being studied in order to get further informa
tion which might explain the rather peculiar photochemistry of this 
molecule. 

An intense transient absorption was observed after flashing 
acridine in PMMA with a lifetime of 31 millisec at 77°K and 20 millisec 
at 293°K. Sets of bands with vibronic structure were observed at 

-i -1 -1 
9,900 cm , 19,000 cm and 22,900 cm . The peak marked Tk in dia-
gram I is the Tj.<- T, transition at 22,900 cm . The T-T spectrum is 
similar in shape to the anthracene spectrum (acridine has a similar 
structure and is iso-electronic with anthracene) but the low energy 
transition is nearly 100 times more intense in acridine. It is conclu-
ded that the lowest triplet state of acridine is // -IT and the 
efficiency of triplet formation is between 0.5 ^ d 0.7. The photophysical 
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properties of acridine are summarised on the energy level diagram II. The 
T* and Tj. levels have been observed previously by other workers. The 
proximity of the S, and Tp energy levels means that inter-system 
crossing (singlet —^triplet) is very efficient and the low photo
chemical yield of the S, state (Qj^O.l) is now explained. 

Initial experiments on the flash photolysis of water-ethanol 
solutions of acridine at different pH's have been made. The spectra of 
the transient at pH = 3 (solid line) and pH = 11 (dashed line) are shown 
on diagram I. The decay of this transient is second order with a rate 
constant kg = 1.1 ±- 0.1 x 10 x£ lit.mol" sec" . Above pH = 9 a weak 
longer-lived transient can be detected. (Spectrum shown by the dotted 
line) with a second order rate constant of kp = 2.8 + 0.3 x lCr x £ ' . 
Since the pi^ of the S, state of acridine is about 10.5 it is suspected 
that the shorter-lived radical absorbing at 18,300 cm" is the ionised 
acridanyl radical: 

and the longer-lived radical is the neutral radical: 

H 

Further work is needed to establish these assignments. A 
literature search of the photochemistry of acridine will be continued 
to see how these new facts can be used to explain the photochemical 
reactions of acridine. 

B.5 Applications in Industry 

B.5,1 Wood-plastic - R.M. Smith and H.C. Sutton 

Most of the work in this period has been concerned with the 
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dimensional stability or "anti-swell efficiency" (A.S.E.) of pinus 
radiata sapwood impregnated with a chemical monoDier, and subsequently 
irradiated to 1 megarad or more to polymerise the monomer. Ordinary 
wood swells when soaked in water. For present purposes we define A.S.E. 
as the percentage reduction in total volumetric swelling from oven dry 
to soaked, caused by loading the wood with polymer. 

In the previous report we noted that the A.S.E. values observed 
for our pinus radiata - methyl methacrylate (MMA) specimens were lower 
than most of those reported in the literature for American sapwoods of 
similar structure. Now it appears that some of these earlier reports 
relate to the swelling observed in a limited period of soaking but not 
to saturation; a recent paper gives revised figures for prolonged soaking 
which agree with ours. We therefore accept our low and sometimes 
negative values of A.S.E.xtypical of those for pine woods treated with 
a monomer which fills the cell cavities but does not penetrate the cell 
walls. In an attempt to improve these values agents have been added to 
the monomer to aid its penetration (methanol, MeOH), or to provide 
dimensional stability by other means (polyethylene glycol, PEG). In 
the first experiments 4 sets of end-matched wafers were cut from straight-
grained pinus radiata sapwood and used for the treatments shown in Table 1 
(opposite page). These comprised: 

(1) Impregnation in (a) MMA alone, (b) MMA + 10£ MeOH, (c) MMA + 
10# PEG, (d) MMA + 10# MeOH + 10£ PEG, and (e) to (h) mixtures identical 
with those above, but using styrene 60#, acrylonitrile 40# (St/ACN) as 
the monomer in place of MMA. 

Each impregnant was used both with wood at 65# relative humidity 
and 0% r.h. obtained by oven drying. The contraction caused by oven 
drying from 6& r.h. is shown in the third column while the swelling 
caused by impregnation appears in the fourth. 

(2) Polymerisation by radiation to complete conversion, which 
caused the % volume change is shown in the fifth column. 

file:///J5vto


Table 1 - Properties of Wood-plastic Combinations (W.P.C.) 

Impregnating 
liquid 

Relative 
humidity 
of wood 
at impreg
nation {%) 

% volumetric change during preparation and testing Anti-swell 
Efficiency 
(A.S.E.) 

% 

Impregnating 
liquid 

Relative 
humidity 
of wood 
at impreg
nation {%) 

Oven 
drying 

Impreg
nation 

Polymeri
sation 

Oven dry
ing of 
W.P.C. 

Water swelling (oven 
dry to soaked) 

Anti-swell 
Efficiency 
(A.S.E.) 

% 

Impregnating 
liquid 

Relative 
humidity 
of wood 
at impreg
nation {%) 

Oven 
drying 

Impreg
nation 

Polymeri
sation 

Oven dry
ing of 
W.P.C. treated 

(W.P.C.) 
untreated 
wood 

Anti-swell 
Efficiency 
(A.S.E.) 

% 

MMA 0 -4.0 0 -1.5 0 10 8.5 -17.6 
MMA 65 - 0.8 -5.1 -5.2 8.9 8.5 - 4.7 
MMA-MeOH 0 -4.1 4.0 -3.3 -1.5 8.9 8.75 - 1.7 
MMA«MeOH 65 - 2.4 -1.6 -5.5 7.8 8.75 11 

MMA-PEG 0 -4.25 0 -0.4 -0.8 8.1 8.65 6 
MMA-PEG 65 •» 3.Z -2.0 -1.0 4.6 8.65 46 
MKA-MeOH-PEG 0 -4.2 5.0 -5.0 -0.7 7.5 8.5 12 
MMA-MeOH-PEG 65 - 3.3 -1.8 -4.0 5.5 8.5 58 

ST/ACN 0 -4.4 1.8 0.7 -1.0 8.5 8.5 2.5 
ST/ACN 65 - 1.1 1.8 -2.1 7.0 8.5 17.5 
ST/ACN-MeOH 0 -4.5 5.1 0.8 -1.5 6.5 8.75 26 
ST/ACN-MeOH 65 - 5.0 5.5 -4.1 4.8 8.75 45 
ST/ACN-PEG 0 -4.5 1.5 0.4 -0.6 8.6 8.65 1 
ar/ACN-PEG 65 - 2.6 2.1 -1.4 4.2 8.65 51 
Sr/ACN-MeOH-PEG 0 -4.2 4.5 0.7 -1.8 7.2 8.5 15 
ST/ACN-MeOH-PEG 65 - 5.5 5.1 -2.5 4.1 8.5 52 
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(3) Measurement of A.S.E. Each of the 4 sets of samples and 
untreated end-matched blanks were oven dried causing the volume 
change shown in the sixth column, and then soaked to constant volume 
in water. The resulting swelling and A.S.E. values are shown in the 
last three columns. 

The numbers quoted should provide good comparative data for 
the different treatments, but since only 4 sets of specimens were used 
they may not be representative of sap pine wood in general. 

The following conclusions may be drawn from these data: 

(1) Improved A.S.E. results only when the impregnant enters the 
cell walls and swells the wood. MMA alone cannot do this, 
but St/ACN does to a limited extent. 

(2) If swelling occurs either by the monomer or additive, then 
the presence of adsorbed (hydrogen bonded?) water at high 
relative humidity greatly improves the resultant A.S.E. In 
all cases the A.S.E. at 6j& r.h. exceeds that at Q$ r.h., 
but the difference is marginal for the non-swelling monomer 
MMA when used alone. 

(3) PEG is the most efficient stabilising agent tried, giving 
A.S.E. values around 50# in every system impregnated with 
10# PEG at 65 r.h. It remains in place after irradiation. 
Its action is presumably independent of irradiation and 
polymerisation processes but it does require the presence of 
water. 

(4) 10# methanol aids the entry of St/ACN into the cell walls, 
giving increased impregnation swelling and A.S.E. nearly as 
high as with PEG. It swells M4A-treated wood to about the 
same extent but with only a small gain in A.S.E. Methanol is 
evolved when MeOH-treated samples are oven dried but measure
ments are needed to establish how much and at what rate. The 
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contraction on oven drying of 0# r.h. samples was less than 
the impregnation swelling due to methanol, in support of 
the view that methanol acts only as an aid to cell wall 
penetration. 

(5) Wood-plastic specimens based on St/ACN differred from those 
using MMA in expanding on polymerisation. This expansion 
was greatest in specimens with high A.S.E., and might lead 
to strain and deformation in large samples. Pure St/ACN 
monomer contracts on polymerisation to about the same 
extent as MMA (15$). 

These experiments indicate that PEG may be a suitable additive 
for wood-polymer materials of high dimensional stability. An ideal 
additive would presumably combine the hydrogen bonding characteristics 
of polar wall-swelling agents such as methanol with the unsaturated 
groups needed for radiation polymerisation or grafting to growing 
polymer chains. The molecules allyl alcohol (CHo = CHOH), acrylic acid 
(Ch^ = CHCOOH), and methacrylic acid (Ch^ = cCchOcOOH) appear possibi
lities in this respect. 10# mixtures of these with MMA can be polyme
rised by 2 megarads, so wood-plastic wafers were prepared from these 
mixtures using sapwood at 65# r.h. Observations on these are shown in 
Table 2 and are disappointing. The gain in A.S.E. is much less than 
with PEG, although acrylic acid might possibly be useful at other concentrations. 

Table 2 

Impregnating 
liquid 

Swelling on 
impregnation 

% 

Contraction on 
polymerisation 

% 

Contraction on 
oven drying 

% 

A.S.E. 

MMA 1.14 3.5 3.0 -4 

MMA + Allyl alcohol 1.9 3.15 3.0 +3 

MIA + Acrylic acid 1.95 5.0 2.9 +12 

MMA + Methacrylic acid +2 
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There is a considerable difference in annual ring separation 
from one piece of sapwood to another. Variations in the relative 
proportions of early wood to late wood probably accompany this diffe
rence and could lead to corresponding variations in swelling properties 
and A.S.E. To investigate this point, a comparison was made of 10 
randomly selected pieces of wood with widely separated rings (separation 
about 1.0 cm) with 10 averaging 0.4 cm separation. The A.S.E. of each 
sample after treatment with MMA and 10# PEg at 63$ relative humidity 
was determined by comparison with an untreated specimen cut from wood 
adjacent to the sample. The mean A.S.E. of the 10 wide-ringed samples 
was 4l# with a standard deviation of 9# as compared with 35# with r?# 
standard deviation for those with narrow rings, showing that ring size 
has no significant effect on A.S.E. The large standard deviations 
illustrate the difficulties in comparing the same treatment on different 
woods, even though each sample was compared with an end-matched control. 
The narrow-ringed samples swelled on soaking more than those with wide 
rings, both in the case of treated (7.44 + 0.39& narrow; 5.59 1 0.26#, 
wide) and untreated (11.96 t 0.94#, narrow; 9.61 ± 0.62$, wide) samples. 

Several other topics are being investigated and will be reported 
when results are available. 

B.5.2 Service Irradiations - M.T. Downes 

The cobalt source was used in this period for other laboratories 
as listed below: 

Specimens for E.S.R. studies at Physics and Engineering Laboratory 32 hours 
Plants, irradiated for a private investigation 3 " 

I Mice, irradiated for the Animal Research Station at Wallaceville 1? " 
Calibration of dosimeters for Tasman Vaccine Laboratory 40 " 
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C. Isotope Geochemistry - Stable Isotopes 

C.l General - J.R. Hulston 

The use of the N.A.A. and general purpose (G.P.) isotope 
mass spectrometers during this period has continued at the record 
level set during the previous six months, while that of the D/H machine 
has increased to 500 measurements now that the associated chemical 
conversion system is fully operational. Following the ^ C Radiocarbon 
Users Conference in August, Mr H. Polach of the Australian National 
University (A.N.U.) spent several days running some 60 *3c samples 
associated with the A.N.U. carbon-l4 dating laboratory on our N.A.A. 
mass spectrometer. 

During August Dr Brian W. Robinson joined the staff to work 
on the sulphur isotope project. Dr Robinson comes initially from 
England, where he did a B.Sc (Hons) degree at Nottingham University 
and an M.Sc in geochemistry at Leeds University. Immediately prior 
to joining our staff he had completed M s RuD. degree at University 
of Alberta, where his thesis work involved geochemical, geochronologi-
cal and stable isotope studies of the Echo Bay silver deposit in the 
Northwest Territories. 

C.2 Mass Spectrometry Instrumentation 

C.2.1 Automation of Mass Spectrometers - J.R. Hulston 

For some time an automatic readout system, based on an 
electronic calculator, has been in use on the N.A.A. mass spectro
meter. Now that this system has demonstrated the saving in man
power and the consequent increase in throughput which can be ac4Lteved 
by automation of isotope mass spectrometers, it is planned to automate 
the readout and as much of the operation as possible of the mass 
spectrometers used for deuterium and sulphur isotope measurements. 
Since an automation system will also be required for the proposed 
solid source mass spectrometer, it is considered that the use of a 
small digital computer will be the most satisfactory way of automating 
all these instruments. Initially it was proposed to purchase a new 
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computer but with the replacement of the accelerator group's PDP-9/L 
by a PDP-11 it was agreed that the PDP-9/L would be transferred to 
the mass spectrometer section for this purpose. A 12 bit analog-to-
digital converter has been ordered for this computer which should 
arrive in the first quarter of 1972. In order to avoid too much 
disruption to the work in progress it is planned initially to auto
mate the deuterium mass spectrometer only and then gradually add the 
other mass spectrometers to the system. 

C.2.2 Proposed Solid Source Mass Spectrometer -
J.R. Hulston, C.J. Adams, R.W. Robinson 

During this period a report on the proposed uses of a solid 
source mass spectrometer was prepared for submission to Head Office 
with a request for authority to purchase in early 1973. The proposed 
uses of immediate concern are predominantly in the earth sciences, 
namely (l) isotopic geochemistry, especially (a) geochronology and 
(b) isotopic ratio studies; and (2) trace element analysis. This pro
posal is also currently being circulated to university and Government 
geology departments and one university in its reply even asked when 
could they start students on projects which would require ages by the 
rubidium-strontium (Rb-Sr) technique. 

Once approval to purchase the mass spectrometer is obtained 
it is planned to start immediately on the construction of the necessary 
chemical extraction equipment for Rb-Sr dating so that at least pre
liminary test samples are available by the time the mass spectrometer 
arrives. 

C.3 Oxygen Isotopes 

C.3.1 Oxygen Isotopes in Rocks, Minerals and Solutions -
P. Blattner (N.Z. Geological Survey) 

In this period the bromine pentafluoride method of obtaining 
carbon dioxide from silicates and oxides was improved as follows: A 
new direct connection was made (R.A. Ansin) from the waste cold traps 
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to the converter, still using one Toepler pump only. In this way 
preparation times were cut as follows: 

Preparation time Original (Clayton), Present 
using 2 Toepler pumps 

for 1 sample 30 min. 11 min. 
for 6 samples 105 " 66 " 

The corrections for mass spectrometer output were re-checked in detail. 

All determinations of reference samples since I968 have been 
thoroughly reviewed and a reference grid based on several such samples 
is now presented and discussed. Based on this experience various 
other improvements of procedure have offered themselves. 

In a joint project with Dr A.F. Cooper (Otago University) 
twenty-one mineral samples from carbonatites in the Haast area have 
beei analysed, mostly in duplicate, with the continued help of Miss 
I.M. Smolnicki. Data proved quite relevant to Otago schist petrology 
and geochemistry. Additional determinations on Broadlands samples, 
liquids,and laboratory-grown crystals were made. 

Mrs Diane Seward of Victoria University of Wellington has 
begun a series of oxygen and carbon isotope determinations on carbo
nate fossil shells in sediments from the Wanganui Series. An attempt 
will be made to trace any fresh-water origin of the beds by using 
both carbon and oxygen isotopes. 

Working conditions in geochemistry at the D.S.I.R. could be 
improved. The present organisation tends towards projects in pure 
physical chemistry, or towards semi-quantitative assaying jobs, to 
the detriment of New Zealand geochemistry. Co-ordinated projects in 
actual crustal geochemistry would help considerably with the evaluation 
of mineral resources. The institutions within D.S.I.R. as they now 
stand are, for historical reasons, technique-oriented. It is time 
to look into the future and work toward a topically oriented New Zealand 
Institute of Earth Sciences. 
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C.3.2 Oxygen and Sulphur Isotopes in Sulphates - T.A. Rafter 
M.A. Findlay and A.M. Murray 

During the period,over 140 specimens of barium sulphate 
from various sulphate minerals together with standards were reduced 

18 for 6 0 values v . alphates. Overseas scientists had stated that 
there was a memory effect in the method we use. To test this, stan
dards were run before and after a series of 10 reductions but there 
was no evidence of memory following our procedures. If however 
the CO or CCu gas was allowed to remain in the hot silica tube, 
exchange with the walls of the reaction tube was shown to take place. 

C.3.2.1 Oxygen and Sulphur Isotopes in Biological Experiments. 

For Dr Y. Mizutani of Nagoya University, Japan, we reported 
18 34 
8 0 and 5 S values on twenty-eight BaSQij. samples recovered in bac
terial reduction experiments. The temperatures of the medium used in 
this series were 20 C, 25 C and 35 C, and incubation times from 0 to 
39 days at 20°C, 0 to 52 days at 25°C, and 0 to 15 days at 35°C. At 

ift 20°C and 25°C there appeared to be no appreciable shift in the 5 0 
values, which remained between 10.0 and U.O / Qo» The 6 S values 
at 20°C moved from l8.7°/oo at 0 days to 22.2°/oo* and at 2?°C the 
range was greater from 15.2 /oo at 0 days to 24.3 /oo» This indicated 
that as reduction proceeded the residual sulphate became enriched in 
S S. At 35°C enrichment of the sulphate in 5 0 and 5 5 S was found. 

These results show that when sulphate ions are bacterially 
34 18 

reduced 5 S enrichment is not always accompanied by 5 0 enrichment. 

During this period preliminary work was carried out to develop 
an induction furnace, for use with BaSOj, and graphite reductions. This 
is now being assembled and will be used to detect any memory effect 
present in our normal method which involves heating the sample within 
a silica tube . We have not been able to detect the memory effect in 
our present method that has been noted by Dr Y. Mizutani in his labo
ratory. This effect is thought primarily to be due to COp reaction 
with the walls of the hot silica tube - an induction furnace which heats 
the platinum boat, keeping the furnace tube cool, should remove this doubt. 
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C,3.2.2 Oxygen and Sulphur Isotopes in Meteoritic Sulphates. 

For Dr I.E. Kaplan of University of California, Los Angeles, 
we examined five meteorite sulphates. These gave 6 0 values around 
+5°/oo and 6 S values around -1.0°/ o 0. These low values are most 
interesting. They point to a common source for oxygen, except for the 
Murray meteorite. One would have expected to have positive o S 
values for sulphate rather then negative values. Further meteorites 
are to be studied before publication. 

C.3.2.3 Oxygen and Sulphur Isotopes in the Northern Pennines. 

A paper entitled "Sulphur and Oxygen Isotope Studies in the 
Northern Pennines in Relation to Ore Genesis" by M. Solomon, T.A. Rafter 
and K.C. Dunham, INS Contribution No. 46l, was published in the Insti
tute of Mining and Metallurgy Transactions, Section B, Vol. 80, 1971. 
In this study sulphur ratios of 8l sulphides, sulphur and oxygen 
ratios of 26 barites from Pennines and of 29 evaporitic anhydrites of 
various ages were determined. 

The consistency of the isotopic composition of the barite, 
sulphur and oxygen, indicates an isotopically homogeneous source of 
sulphate. The similarity of these isotopic ratios to values for Lower 
Carboniferous evaporites suggests the sulphate originated from Ljwer 
Carboniferous connate waters. 

34 o 
The sulphides covered a wide range of 5 S value3 +I5.0 / 0 0 

to -5.9 /oo* Bud- because of this spread and the relatively high 5^ S 
values a fully magmatic origin seems unlikely. The probable source 
is connate groundwater derived from deeper levels of sediments. These 
sulphides also show an outward zonation with higher values in the 
central fluorite zones and mainly negative values in the outer barite 
zones. 

Temperatures of deposition calculated from galena/sphalerite 
isotopic fractionation were similar to those determined by fluid inclu
sion studies. 
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C. 3.2.4 Oxygen in Interstitial Water. 

Dr M. Lloyd of Houston, Texas, reported to us oxygen isotope 
values from interstitial water sulphates obtained from the cores of 

18 Joides - DSDP leg 15. The 6 0 values varied considerably but for 
ifl 

one site in the Venezuela Basin the 5 0 value was throughout the core 
approx. 10 /oo. If the 5 S values could be run, an indication of 
whether or not the sulphate was sea-water sulphate could be obtained. 

C.5.2.5 Oxygen and Sulphur Isotopes in Minerals. 

For Dr E. Mazor of the Weizmann Institute, Israel, we ran 
18 two anhydrites and two pyrite specimens. The anhydrites gave 5 0 

values of 32.9°/O0 and 5 S values around 15.0°/oo. One pyrite 34 nodule on organic remnants in Lower Cretaceous clays gave a 5 S value 
of -40 /oo but on sectioning the nodule, the dark core gave a value 
of -21 /oo# whereas outer sections were around -41 / 0 0 , Pyrite 
associated with a charcoal core gave a 6 S value of -32°/oo» Fyrite 
in fossils embedded in Jurassic marble on the other hand gave a value 
of +3%>o. 

We also examined some gypsum and alunite specimens for 
Dr Mazor. A Trias sic gypsum gave a value of 14.9 /oo for Zr S and a 
Cenozoic gypsum -24.9 /oo» ^ n e values indicate an evaporitic origin 
for the Triassic gypsum. The very negative value for the Cenozoic 
gypsum does not indicate an evaporative origin. One suggestion is 
that such gypsum veins may be formed on the mud of the ocean from 

18 interstitial water sulphate. Unfortunately while the & 0 value of 10.6/ 
mill quoted for this sulphate could indicate such sulphate, we do not 

34 yet have any 5 3 values for such water sulphates. 

C.3.3 Oxygen-18 Measurements in Natural Waters - C.B. Taylor and 
Miss J.R. Jacomb 

The new system for oxygen-18 equilibration mentioned in 
Report No. 17 has been tested and is now functioning routinely. 
Calibrations of working and international standards has been performed. 
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Our three working standards are used also in deuterium measurements, 
and are INS-3 (distilled sea-water), INS-4 (Antarctic snow from coas
tal regions), INS-5 Antarctic snow from polar plateau). These have 
been calibrated against the international standards SMOW (Standard 
Mean Ocean Water) and SLAP (Standard Light Antarctic Precipitation). 

•jQ 
The 5 0 values per mille relative to SMOW are 

6SM0W ( I N S" 3 ) = + 0- 5 6 ± C - 0 4 

6SM0W ( I N S" 4 ) = ' 5 2 ' 3 8 ± °-°4 

8SM0W ( l N S~ 5> = " 5 ° * 6 4 ± °- 0 6 

5SM0W ( S L A P ) - " 5 5 - 7 5 ± °- 0 6 

The value for 5g,0W(SLAP) agrees reasonably well with the new value 
-55*37 from measurements of 17 other laboratories co-operating in an 
intercalibration organised by the International Atomic Energy Agency. 

18 
A start has been made to a general survey of 0 concentra

tions in New Zealand waters, particularly in areas where the infor
mation will be complementary to tritium investigations. 

C.4 Sulphur Isotopes 

During the period over 80 specimens were prepared for sulphur 
isotope measurements. Many of the sulphide samples had to be purified 
before combustion. Samples are run in duplicate and standards run at 
regular intervals to check both chemical and mass spectrometrie pro
cedures. 

C.4.1 Sulphur Isotope Studies in Natural and Experimental 
Geochemical Systems - B.W. Robinson 

A closely co-ordinated study of s^phur isotope fractiona
tion and sulphur isotope trends in natural and experimental systems 
has been planned and initiated. Several overseas vein type and con
formable ore deposits are being studied and a series of experiments has 
been commenced to promote a more meaningful interpretation of the 
isotope data from these and other deposits. 
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Recent advances in the more theoretical aspects of sulphur 
isotope and geochemical studies of ore deposits have shown that the 
54 6 S values of sulphides are primarily dependent on the pH and fOu of 

the ore bearing solutions. Even small changes of these parameters in 
34. 

critical regions can profoundly influence the o S values of precipi
tating sulphides. In addition the previously used uiagnostic attri
bute of sulphur isotopes, viz. the assessment of meteoritic, biogenic 
and sea-water sulphate affinities may in many cases be invalid. 

In order to document a very striking example of the effect 
34 

of pH and fĈ > solution changes upon the 5 S values of precipitating 
sulphides from an ore solution the fist draft of a paper: n The inter
relationship between sulphur isotopes and geochemistry at the Echo Bay 
Deposit Northwest Territory, Canada" by Robinson and Ohmoto (Pennsyl
vania State University) has been prepared. Here the mineral parage-
neses have provided estimates for the fSo-f0o-pH regime of the ore 
fluid. The 5 S values for the vein sulphides change from -£l°/oo 
(early) to +27 /oo (late). This spread of values can be explained 
by an increase in pH and decrease of f0 2 values of a solution which 
initially contained a total sulphur value of +23 /oo a n d moved from a 
S07 species enriched state to a HS~ enriched state. The sulphur is 
probably of non-juvenile origin. 

Additional sulphide samples from other mines in this area 
have been obtained and sulphur isotope analyses performed. It has been 

34 found that the 5 S values of vein sulphides do not always display the 
spread in values exhibited at Echo Bay. The results are presently 
being interpreted together with a considerable amount of oxygen and 
carbon isotope data on vein carbonates from this area. 

It was felt desirable to test some of the theories developed 
from the Canadian deposits with other deposits of different geological 
environments. Thus sulphate and sulphide samples were collected from 
the Derbyshiie ore field, U.K. and sulphur and oxygen isotope analyses 
are at present being perfoxmed. The results to date indicate decreasing 
34 by 8 values for the vein sulphides with increasing time of deposition 
and also decreasing values along the veins from the centre to the margin 
of the ore field. 
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It can thus be demonstrated that a careful investigation of 
the sulphur isotopes of an ore deposit can indicate the palaeo-
geochemical regime. This in turn is useful in determining the eco
nomic potential of veins, particularly where noble metals may be 
present. 

The interpretation of sulphur isotope data in relation to 
the geochemical environment has thus far relied upon the use of theo
retical fractionation factors between the sulphur solute species 
(RgS, HS~, SOT, HSOr and £~) calculated in recent years. It is impe
rative that we test these fractionation factors experimentally at the 
Institute. 

The reaction: 

4s + 4HgO = S&^S + HgSO^ 

which is thought to take place in the 'geothermal environment' is 
being studied to test sulphur isotopic equilibrium between RpS and 
HpSCk. Chemical equilibrium is attained in less than 24 hours at 
temperatures above 200 C but previous work has shown that isotopic 
equilibrium must be much slower. Reaction times of up to a month 
are being allowed. 

Further experiments to test fractionation between other 
sulphur solute species are being planned with Dr T.M. Seward of Chemist
ry Division. Of particular interest is the investigation of poly-
sulphide species such as S,JT" which are thought to be present in 
natural systems below 200°C in near neutral pH ranges. Use will be 
made of a large gold bomb for this series of experiments. 

Two furnaces have been set up in Chemistry Division to carry 
100 ml stainless steel bombs. Each bomb-furnace pair has been calib
rated for the production of a thermal gradient of between 20°C and 50 C 
along 2j inch charge-tubes held within the bombs. This thermal gradient 
is being utilised in a study of co-existing sulphides described below. 
The sulphide charges are transported from the hotter to the cooler end 
of the charge-tubes. An internal thermocouple measures the actual 
temperature of deposition of the sulphides and two thermocouples 
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strapped to the outside of the bomb monitor the thermal gradient. As 
a mineraliser 6 M NH^Cl solution has been used and gold charge tubes 
have to be used above 350 C whilst silica tubes suffice at lower 
temperatures. 

Using this technique re-crystallisation yields and textures 
have been obtained for the AgoS-FbS system. Sulphur isotope fractio
nation between the acanthite-galena pair appears to be small (** 0.5 / 0 0 

at 200°C) with the light isotope being enriched in the acanthi te. 
Sulphur isotope equilibrium is being tested using both isotopically 
identical and vastly different starting materials which have now been 
prepared. 

C.4.2 Sulphur Isotopes - T.A. Rafter, Mrs M. Findlay and 
Miss A. Murray 

For Dr P. Solomon of Sydney a suite of samples comprising 18 
sulphides and 8 quartz or carbonate phases were examined. There were 
two compatible assemblages in the sulphides and four quartz-carbonate 
compatible pairs. Unfortunately the first FeSp - CuFeSg pair gave 
the same 6 S value of 420.5°/Oo and the other FeSg specimen of the 
pair was missing. 

The quartz-carbonate pairs were reported to Dr Solomon by 
Dr Blattner and it would appear that the carbonates were broadly in 
equilibrium with the quartz at geologically reasonable temperatures 
(perhaps 400°C). 

The paper in manuscript form by D.M. Pinckney and T.A. Rafter 
titled "Fractionation of Sulptmr Isotopes During Ore Deposition in the 
Upper Mississippi Valley Lead-Zinc District" has now been reviewed by 
Dr I Friedman and Dr H.R. Krouse for Economic Geology and favourably 
commented on. This paper should be published early next year. 

Dr R. Letoile of the Faculte des Sciences Universite de Paris 
wrote to us saying that they are starting up sulphur isotope studies 
and requesting samples of our sulphate and sulphide standards for 
intercomparison purposes. It is interesting to see other groups star
ting around the world. 
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C 5 Hydrogen Isotopes - G.L. Iyon, Miss M.A. Savsll, J.R. Hulston 

During August the hydrogen preparation system was transferred 
to the room opposite the mass spectrometer laboratory and considerable 
modifications made to have a more compact unit. Some troubles with the 
Toepler iwmp and with outgassing were encountered, but these problems 
are now satisfactorily resolved, except for occasional failure of the 
non-return valve in the Toepler pump. 

The mass spectrometer used for D/H ratio measurements has 
given little trouble. Initial intermittent problems with one of the 
vibrating reed electrometers and with loss of oil from the oil diffu
sion pump in the sample system have now been remedied. 

The majority of the 280 samples converted and measured have 
been for calibration purposes. A new set of working standards have 

18 16 been prepared for D/H and 0/ 0 work and the bulk water stored in 
ten and twenty litre flasks. These standards which are now being 
compared against the I.A.E.A. international standards SMOW (Standard 
Mean Ocean Water), SLAP (Standard Light Antarctic Precipitation), and 
the older NBS reference samples NBS-1 and NBS-1A have the following 
approximate compositions: 

INS-3 has a D/H value close to SMOW 
INS-4 has a 5D value of about -250°/00 (relative to SMOW) 
INS-5 has a 5D value of about -400%o which is similar to SLAP 

Once the inter-calibration of these samples has been completed to the 
best possible precision, considerable time will be saved by running all 
unknown samples against the working standard closest in isotopic compo
sition. 

Collection of monthly samples of local precipitation and river 
waters has now been initiated and a collection of river and lake waters 
from throughout New Zealand is under way for a general survey of D/H 
variation in New Zealand. 

The D/H ratios of some methane samples have also been deter
mined. A set of ten samples from Deep Sea Drilling cores are described 
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elsewhere (see C.6.2). Also the D/H ratios in water and natural gas 
from a EHP well in Australia, were measured. For Chemistry Division 
a further series of six steam and water samples from geothermal wells 
in Chile were analysed for their D/H and 0 concentrations as part of 
a United Nations project for power production. The isotope studies 
aid the interpretation of the complex hydrological situation in the 
El Tato area. 

C.6 Carbon Isotopes 

C.6.1 Geothermal Chemistry - G.L. Lyon, Miss M.A. Savell 

A series of samples of geothermal gas from Yellowstone 
National Park (U.S.A.) supplied by Dr A. Truesdell, who until recently 
was in New Zealand on leave from the United States Geological Survey, 
Menlo Park, California, have been analysed. All these samples had 

15 12 very small amounts of methane, which had C/ C ratios in the range 
-22 to -29°/oo relative to FDB. Thermodynamic isotopic fractionation 
with the carbon dioxide of 5 ^C = -0.9 to -3.5°/oo» indicated tempe
ratures underground which are similar to those found at Wairakei. 

A sample of gas from Kenya was analysed mass spectrcmetri-
callyforDr R.B. Glover who is working on the United Nations project 
there. The geothermal well gas has unusually low HgS content, and 
high non-condensible fraction. The non-condensible gas was found to 
be mostly nitrogen (98.5^) with very low amounts of hydrogen (0.1#) 
and methane (0.25$). Argon was present at a level similar to normal 
air. 

During November a field trip was made to White Island, an 
active volcano in the Bay of Plenty. Three gas samples were collected 
for isotopic studies, while Chemistry Division and Victoria University 
Geology Department made other measurements and collections. 

C.6.2 Deep Sea Drilling Samples - G.L. Lyon 

In co-operation with the Lament Geophysical Observatory in 
New York, a series of gas samples from deep sea drill cores were 
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obtained for isotopic analysis. These samples were from sediments 
800 m below the sea surface in the Cariaco Trench off the coast of 
Venezuela. These anaerobic sediments were drilled as part of Leg XV 
of the Deep Sea Drilling Project (DSDP) financed by the United States 
National Science Foundation, and co-ordinated by JOIDES (Joint Ocea-
nographic Institutes for Deep Earth Sampling). 

Ten gas pockets in the sediments from core depths between 
45 and l80 m were sampled and aliquots analysed. The methane iso
topic dara show carbon that is extremely depleted in C, as is 
usual for the products of anaerobic micro-organisms and natural marsh 
gases. The range of 5 ^C, between -59 and -7o°/oo(w.r.t. PDB), is 
similar to those from sediments in the Gulf of Mexico. The deuterium 
contents of the methane are all essentially identical, 6D = -1BO°/Oo 
w.r.t. SMOW, and within the range for natural gases from Germany and 
South Africa, though heavier than geothermal methane. 

13 
Using calculated isotopic fractionation factors C equi

librium temperatures between 27-52 C are estimated for the pair 
CHh-COg and D/H temperature of -17°C for CH^-flgO. The actual water 
temperature is 16.9 C in between the isotopic estimates. However the 
D/H of the water was not actually measured and improved calculations 
may reduce the discrepancy. 
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D. Radioactive Dating and Fall-out 

D.l General 

The staff vacancy created by Miss V. Halcrow leaving the 
C-14 project in June was filled by transferring Mrs H. Anderson from 
part-time staff to permanent staff. The consequent vacancy thus 
created for a part-time assistant will be filled by Mrs M. Shirer, 
commencing in February 1972. 

D.2 Carbon-14 Dating and Carbon-14 Variations 
H.S. Jansen, D.R. Currie, M.K. Burr, R.C. McGill, H. Anderson 

D.2.1 Sample Processing 

From July to December 1971 inclusive, 160 samples w jre pro
cessed; 69 for the original counter, 83 for the duplication and 8 for 
mass spectrometry only. The samples may be classified as follows: 

Overseas laboratories: 19 

Government laboratories: 
Geological Survey 30 
Soil Bureau 12 
N.Z. Oceanographic Institute 3 
N.Z. Forest Service _2, 47 

N.Z, Archaeological Association 30 

Museums, universities, etc. 19 

Institute of Nuclear Sciences 
Sea-waters 10 
Air samples 17 
Hyridella project 8 
Human and animal tissues 3 
Antarctic samples 1 
Tree-ring project 2 
Standards Jv j £ 

160 
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D.2.2 Hyridella Project 

A project was commenced during this period, the object of which 
is to investigate the possibility of utilising the shell or epidermis 
of Hyridella (fresh water mussel) as a secondary C-14 standard. If it 
could be ascertained whether shells or epidermis vary consistently from 
the environment, it should be possible to date these shells more accu
rately when they are discovered in archaeological middens. Eight 
samples were processed to this end and a further 30 await processing. 
It will be necessary to get good agreement before any definite conclu
sions may be drawn. 

D.2.3 Soil Science 

During this period we continued investigations on certain 
aspects of soil science for Mr M. Leamy, Soil Bureau. A series of 
24 carbonate and soil carbon samples were examined. One profile gave 
ages ranging from 28 000 to 42,000 years and an adjacent profile, 
ages from 6,000 to 7*700 years. At the moment no explanation can be 
given. The carbonates gave 5 C values from -7.6 to -9-4°/0o and the 
soil carbons -22.3 to ^>3.6 /oo» These are the suspected 6 ^C values 
for fresh-water carbonates and soil carbons. 

For Dr J.D. Stout, Soil Bureau a comparison has been made 
14 for different top soils of the C activity in 1966 and 1970 to 

measure turnover of soil organic matter; sites examined were at Foxton, 
Motuiti, Waitarere and Koputoroa. 

D.2.4 Carbon-14 Tree-ring Project - H.S. Jansen 

Labelled organic solvents have been extended to acetone, 
methanol and to ethanol labelled on a carbon atom in a different posi
tion. It was indicated in the previous report that a heated vacuum 
desiccator would be used to tag and remove solvent carbon from wood 
samples so that organic solvent extraction can be used with safety. 
This method has the great advantage of allowing full use to be made of 
the samples which are frequently encountered and most frequently when 
the greatest accuracy is required, i.e. in cases where the radiocarbon 
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dating method itself is being calibrated. Such calibration is the 
purpose of the tree-ring work. Pressure from outside users of the 
C-l4 method for tables to apply corrections to N.Z. dates, based on 
this work, mounted rapidly during the period under review. 

The work has been handicapped by the apparent loss in 
transit of the heated vacuum desiccator between the U.S. manufactu
rers and New Zealand. 

Meanwhile a large (6.75 kg) master sample of kauri wood has 
been prepared by chipping and grinding planks. After elaborate homo-
genisation two samples were counted as a final check on the mixing 
techniques. They agreed within 0.8#, which is more than sufficient 
for this work. 

D.2.5 Physiological Applications of Bomb C-14 - H.S. Jansen 

The theoretical work has been extended to cover the entire 
world,divided into eight belts of latitude. A wide variety of published 
data has been used. It was still necessary to interpolate and extra
polate to a considerable extent for areas with scarce observations. 

A new FORTRAN 4 program "EUROPE" proved to be wholly success
ful in plotting families of 10 curves for each latitude belt. The 
length of time intervals considered has been reduced from one year to 
half a year. This is regarded as optimal for accurate interpretation 
of measured C-14 activity of tissues and for selection of tissues of 
a suitable age in each instance. More experimental samples are now 
needed to apply the method and to find its shortcomings, if any. 

Many tissues are separ ted into their components by means of 
organic solvents. The tree-ring work has proved how important it is 
to mearare retention of solvent carbon by plant tissues and there is 
no reason to assume that brain and other tissues are entirely free 
-„'rom this problem. Tests with C-14 labelled solvents are planned, the 
main problem being the lack of commercially available C-14-labelled 
ether and chloroform. 
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An INS report has been written on progress to date. Publi
cation in a journal is slowed down by the large number of graphs that 
have to be drawn by myself. 

D.2.6 C-14 Counting Equipment - M.K. Burr 

The establishment of a third counting system. As mentioned 
in the progress report of January-June 1971* work on this project has 
been almost completed. However, during test runs it became obvious 
that an appreciable number of spurious counts were being registered by 
both systems. This was evident from the fact that if the voltage was 
removed from both counters, up to 200 counts would be recorded during 
a night's run. Investigation disclosed high earth currents in the A.C. 
mains circuits supplying the counting laboratory. A new mains earth 
was run from the switch hoard to an earth stake located outside the 
workshop wall, this being the nearest suitable point available, and 
resulted in some improvement. The re-arrangement of earthing inside 
the shield adjacent to the counter produced a further improvement which 
virtually eliminated the remaining spurious counts. 

Also in this period a comprehensive internal report on the 
transistorised C-l4 counting equipment has been written and is ready 
for printing. It includes a general description of our counting pro
cedures as well as full circuitry and details of operation. 

Original C-14 System. For some time a small leak in the 
counter of this system had been suspected. The initial indication 
was from a decrease in the cross-point voltage when a sample was 
counted for more than one night. In the early stages the effect on 
the count rate was insufficient to cause any alarm. However the rate 
of leaking increased over a period of time until its effect could be 
seen on the filling manometer and ultimately in a falling count rate. 
As the metal tap at the end of the filling system was suspected, it 
was replaced, but with no improvement. Logically the next weakest 
point were the bellows connecting the counter to the filling line. 
To replace these it was necessary to remove the counter from the shield. 
This is a major operation as not only does the counter usually take 
some days to settle down after having been opened, but also both back-



58. 

ground and modern standard count rates have to be re-established. 

The new bellows fixed the leak but unfortunately shortly 
after everything had settled down, a series of bad samples upset the 
counter again. The effect was to cause an increasing and unstable 
background necessitating the counting of standards at much shorter 
intervals than normal. This occurred early in November and with the 
Christmas break only two months away, it was decided to carry on 
counting until then, but to count only samples with relatively high 
count rate and to count standards twice as often as normal. It is 
imperative that first thing in the new year the counter is removed 
and cleaned before normal counting can be resumed. 

During the period under review it was decided to stop weekend 
work and sample changing in the C-14 laboratory. To do this it was 
necessary for the counting equipment to run continuously from Friday 
afternoon to Monday morning - a period of nearly 4000 minutes. There 
were certain reservations as to the practicability of doing this but to 
date, it has proven completely satisfactory. 

In September a replacement set of ring tubes was received 
from N. Wood Counter Laboratories. This is the ^irst time that this 
firm has supplied us with this type of counter, although our original 
neutron counters (which are still in use) were bought from them approxi
mately 16 years ago. Our previous suppliers of ring tubes, R.C.L. and 
Tracer lab, are no longer in this line of business. Plateaux were run 
on the new tubes and showed them all to be within the specified limits. 

D.2.7 Development of Small C-14 Counters - D.R. Currie 

The 500 cc volume counter with an internal ring has been 
constructed and tested. The detachable counter ends with polythene 
seals have proved a great success allowing a good vacuum to be obtained 
in the counter. The high-voltage electrodes incorporated in the coun
ter ends were made by the workshop and consist of polythene insulators 
which also act as seals when clamped down with bolts on to the machined 
metal surfaces. It is interesting to note that the final attainment 

59. 

of good sealing for both counter ends and electrodes was reached by 
pouring hot water over the seals after an initial tightening up. 
The consequent softening of the polythene allowed further tightening 
up of the bolts after which any roughness on the metal side of any 
particular seal sank into the softened polythene, thus lessening any 
tendency to leak. 

The central anode and outside ring were tested separately 
and in conjunction with each other at one atmosphere and a half 
atmosphere, and the initial results seemed promising. 

At the moment the extra high tension (E.H.T.) distribution 
and filter system is not one hundred percent perfect and needs some 
improvement. This item and a satisfactory gamma shield are future 
requirements. 

In connection with developing smal1 carbon-14 counters consi
derable work has been done in the review period in developing an E.H.T. 
pack in which a 45 volt battery drives a transistor oscillator coupled 
to a line output transformer. The idea is to achieve portability when 
appropriate. 5 ̂ V is attainable but some troubles have been encountered 
in the regulation circuits and with transistors overheating. The 
regulation is based on ideas in an article in Radio, Electronics and 
Comciunication, July 1970, where low voltage transistors are used with 
some breakdown device to achieve a high degree of stabilisation in a 
conventional mains-operated high voltage supply. Simplification is 
possible for counter supplies since negligible current is required; 
for example it has been calculated that the current drain of the dupli-

-12 cation 5.5 litre counter would be less than 12 x 10 amperes! 

D.2.8 C-14 Duplication System - D.R. Currie 

Geiger Counter Supply.- Some effort has been put towards 
obtaining a 1.5 kV supply for the Geiger counters on the dupli'?.t' en 
system. The majority of effort so far on this project has been from 
Mr Heald, who has contributed some ideas. A suitable chassis is being 
sought at the moment as well as the design for a suitable protection 
circuit, should the stabiliser fail. Here again very low current 



60. 

requirements have simplified the design. The total current to the 
duplication ring Geiger counters has been measured at 0.09 micro
amperes. If the univibrators are not being used this current is 
doubled, indicating that the univibrators possibly double normal 
counter life. 

D.3 Tritium in Environmental Waters - C.B. Taylor, L.J. Prieditis 
Miss R.J. Jacomb 

During the review period tritium analyses of 193 environmen
tal waters were completed. Of these, 73 were monthly rain-waters from 
our South Pacific collection network. The remainder comprised mainly 
Canterbury groundwaters, Antarctic snows and ocean waters. 

T\e 1970 series of Canterbury groundwaters was completed. 
Oxygen-lS measurements are required to supplement the tritium data. 
The 1970 Antarctic pit series (comprising in all 117 samples from pits 
on the Ross Ice Shelf and at South Pole) is about two-thirds completed. 
The thermonuclear fall-out record in both pits so far parallels the 
mid-latitude record, and exhibits the same seasonal effects. Results 
from the pre-thermonuclear layers are not yet to hand. 

An ocean profile in circumpolar water at (63° 24.b'S, 150°55'E) 
23 January I971 showed presence of tritium down to 1920 m in irregular 
amounts varying from 0.5 T.U. at depth to 5.7 T.U. near the surface. 
(1 T.U. = 1 Tritium Unit s 1 atom 7 / 1 0 1 8 atoms H ) . Interpretation 
of this profile will be dependent on a reliable assessment of the labo
ratory blank. The sample of 0.5 T.U. represents our lowest measurement 
for some years. Nevertheless the integrated tritium in this profile is 
not too much beyond expectations. Results for profiles between New 
Zealand and Tahiti are presently being obtained. 

An investigation of repeatability in enrichment by electro
lysis has been completed, and a paper, "Precision Enrichment of Tritium 
by Electrolysis", has been prepared. 
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D.4 Potassium-Argon Age Measurements 

D.4.1 Argon Analysis -C.J. Adams, C.T. Harper, J.E.R. Penman 

Dr C.T. Harper (Florida State University) visited the labo
ratory for one month during this period and the opportunity was taken 
to start a series of inter-laboratory analyses of several standard 
rock and mineral samples. These include: (l) FSU Arvonia slate A7, 
(2) GSC muscovite and hiotite, (3) USGS-P207 muscovite, (4) Swiss 
Bern 4M muscovite and (5) small samples of Tallahassee (US) and Grace-
field (NZ) air, to compare isotopic composition. Satisfactory agree
ment within 3# was obtained between INS, FSU and the other published 
analyses, with the exception of the GSC standard,where both INS and 
FSU analyses are substantially below the "accepted" values of GSC. 
Further work is being done on the last point. Measurements of the 
isotopic composition and concentration of argon in the N.Z. and U.S. 
air samples were also in agreement. 

Dr Harper and Dr Adams in co-operation with Mr S. Nathan and 
Dr M. Laird (N.Z. Geological Survey) also completed a dating study of 
slate samples (Greenland group) from the west coast of the South Island. 
Potassium analyses were done at INS and argon analyses at FSU. Whole-
rock K-Arages of both Greenland and Waiuta group slates, of presumed 
Precambrian or Lower Palaeozoic age, range from 220 to 3^5 m.y. and 
the oldest ages at 385 m.y. are at present the oldest mineral ages 
obtained from New Zealand rocks. The ages appear to reflect a wide -
spread geological event at least 385 million years ago probably asso
ciated with the Tuhuan orogeny (Palaeozoic), whilst the younger ages 
reflect a later, variable thermal overprint associated with the 
Rangitata (Cretaceous)orogeny. 

Routine argon extractions on 30 Antarctic and N.Z. volcanic 
rocks were started, although mass spectrometric analysis has been 
delayed owing to several leakage problems in the mass spectrometer. 

The new argon extraction system was completed during this 
period and vacuum pump-down was started. It was hoped to start 
calibration work early in 1972. 
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D.4.2 Potassium Analysis - W.J. McCabe, C.J. Adams, R.G. Ditchburn 

During this period over 100 analyses have been done. About 
60# of these have been U.S.G.S. 2nd series and other standard silicate 
rocks, the remainder being rock samples for routine dating. 

A fuller investigation intothe effect of titanium on the 
flame spectrophotometric determination of potassium has been carried 
out. Varying quantities of titanium were added to solutions containing 
0.5, 5 and 500 ppm potassium. These were then compared with the 
appropriate pure potassium solutions. The experiments showed that the 
signals from solutions having low potassium concentrations of about 
5 ppm would be enhanced by 1# if high titanium concentrations of I50 
ppm were also present. When the titanium concentration was reduced 
to 20 ppa, no significant effect on th3 5 PP& potassium could be obser
ved. It was also shown that the signal produced by a 50 ppm potassium 
solution was unaffected by the presence of 150 ppm titanium. When 
processing rocks routinely, the potassium concentration in tae solution 
to be measured is generally 50 to 50 ppm. The titanium is sometimes 
flushed through the column as a fluoride complex, when the dissolved 
rock sample is being loaded onto the resin. On other occasions the 
titanium remains on the column initially and is then eluted as a broad 
band throughout the entire alkali metal fraction. Colorimetric ana
lysis, using the hydrogen peroxide method, indicates that the titanium 
concentration in the potassium fraction is rarely more than about 10 
ppm. These facts combined with the results of the titanium experi
ments lead to the conclusion that the effect of titanium is so small 
that usually it can be ignored. However, methods for compensating for 
the presence of this element are being considered, to allow for excep
tional cases. The facts that titanium is weakly held by the resin and 
also forms a fairly strong fluoride complex lead to the possibility of 
removing it from the resin initially by passing a very weak hydrofluoric 
acid solution through the column, prior to eluting the alkalis with 
0,75 M nitric acid. This would require reconstructing the columns 
and loading flasks in plastic. 

An easier approach is indicated by the interference experi
ments. It may be better to tolerate the presence of titanium in the 
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potassium solution and ,01ow for it instrumentally. A wavelength 
scan has been carried out on a pure titanium solution. This showed 
the emission to be a broad continuum with a maximum when X = 615 
nanometres. Dividing this maximum emission reading by 20 gives the 
signal that is produced at the potassium wavelength (766 nanometres). 
When potassium is being determined the direct spectral interference 
due to titanium can thus be measured and deducted. Unfortunately 
mutual enhancement probably occurs, which suggests that a more complex 
correction formula will be needed. 

The possibility of expanding this ion-exchange system, for 
determining the other alkalis, has been considered. The literature 
survey suggested that magnesium and caesium would be eluted from the 
column together. This was proved to be true experimentally. It is 
likely that a method for compensating for interference by magnesium 
can be developed. 

D ' 5 Radioactive Fall-out - W.J. Mason, R.G. Ditchburn, W.J. McCabe 

The French detonated 4 bombs at Mururoa Atoll during this 
period (a) on 6.6.71 low power, (b) on 13.6.71 medium power, (c) on 
9.8.71 low power and a hydrogen bomb on the I5.8.7I. These were detec
ted in both r^n-watero^ntdJfater^rStea-water in the June samples. As 
is indicated in Tablg.^and ma&J, of Progress Report No.17, the fall
out must have reached the Wellington area just before the end of June. 
As is usual, the arrival of the peak of the short and longer-lived 
radionuclides in rain is displaced due to the significant decay of the 
former over the transit time. 

The August tests contributed less to the immediate fall-out 
than the June tests, due to the stratospheric injection of material 
from the hydrogen bomb. 

D.6 Dating of Corals - N.E. Whitehead 

Alpha spectrometric methods of coral dating are currently 
being developed. See section E.6. 



TABLE 1 - RADIONUCLIDES IN RAIN UfATER - JULY - DECEMBER 1971 

Station - Gracafiald, Lower Hutt. E 174°55* S 41°14* Stainless Staal Collector 30.5 cm diameter 

Sampling 
pariod 

Rainfall 
on. 

Ca-137 
Tf • 30y. 

Sr-90 
• 28y. 

Pm-147 
2.65y. 

Ca-144 
2B4d. 

Y-91 
59d. 

4.6 

41 

Pr-143 
13.7d. 

da-140 
12.Bd. 

Nd-147 
11.Id. a 14Q / C 90 8a. /Sr C. 1 3 7/Sr 9 0 

1.35 
1 July 
to 

30 July 
10.98 

2 
mc/km 
pc/1 

0.123 

1.11 

0.091 

0.82 

0.61 

5.5 

I.89 

17.0 

Y-91 
59d. 

4.6 

41 

6.0 

54 

6.2 

56 
1.59 
14.4 

68.3 

C. 1 3 7/Sr 9 0 

1.35 

30 July 
to 

31 August 
1B.33 

mc/km 

*c/l 

0.214 

1.15 

0.167 
0.90 

1.23 

6.63 

2.40 

13.0 

4.6 

25 

1.68 

9.09 

1.43 

7.73 

0.38 

2.04 
8.6 1.28 

31 August 
to 

30 Sept. 10.7 
mc/km 

pc/1 

0.113 

1.05 

0.082 

0.76 
O.65 

5.99 

1.48 

13.73 

2.78 

25.7 

1.59 

14.73 

1.26 

11.7 

0.44 

4.03 
15.4 1.38 

30 Sept. 
to 

1 Nov. 
15.67 

me/km 

pc/1 

0.29 

1.82 

0.230 

1.45 

1.60 

10.10 
3.59 

22.7 

6.84 

43.23 

1.25 

7.92 

1.10 

7.0 

0.30 

I.89 
4.83 1.25 

1 Nov. 
to 

1 Dec. 
7.53 mc/km 

pc/1 

0.128 

1.68 

0.105 

1.38 

0.68 

8.96 
1.55 
20.42 

1.82 

23.90 

0.083 
I.09 

0.051 

0.68 
0.033 

0.43 
0.49 1.22 

mc/km 

pc/1 

OS 

Tha overall uncertainties give a atandard deviation of approximately ± 5% 

mummm •'•'lflHf:if"i'ffim«llr-''fr* '•i1r^-Mi^r-tririimwrtiirti*«tfil'iiMW m r —•. 

TABLE 2 - RADIONUCLIDE CONTENT OF NEW ZEALAND COASTAL WATERS 

R.No. Location Col lect ion 
Date 

Chloride 
g . / L 

Cs-137 
. x Pc /1 
*=50 y . 

Sr-90 
p c / 1 

= 28y 

Rarl47 
pc /1 

=2.65y. 

Ce-144 
Pc /1 

=284d. 

y-91 
Pc/1 
=59*. 

Pr-143 I Ba-140 
Pc/1 Pc/1 

=13.7d. =12.8d. 

Nd-147 
pc /1 

=11.Id 
^VOgr 

4045 
18.8 

Makara 1 . 7-71 

O.O65 
0.007 
0.067 

0.063 
0.114 
0.061 

0.036 
0.039 
0.036 

0.038 
0.065 
0.037 

0.015 
0.025 
0.015 

0.013 
0.031 
0.012 

0.019 
0.028 
0.019 

0.004 
0.017 
0.003 

1.11 

4072 Makara g 
C 

30 . 7 .71 
19 .0 0 .071 

0.025 
0.072 

0.063 
0.112 
0.062 

0.090 
0 . l £0 
0.088 

0.138 
0.324 
0.133 

0.214 
0.564 
0.204 

0.187 
0.467 
0.180 

0.167 
0.271 
0.164 

O.057 
O.I96 
0.053 

1.16 

4080 Makara 5 
C 

3 1 . 8 .71 
I 8 . 9 0.068 

0.011 
0.070 

0.064 
0.105 
0.063 

O.O57 
0.076 
O.O56 

O.O85 
0.149 
0.083 

0.104 
0.203 
0.101 

O.O23 
O.O53 
0.022 

0.035 
0.036 
0.035 

O.OO96 
0.021 
0.0092 

1.11 

4098 Makara R 
C 

29 . 9-71 19.8 0.073 0.057 0.024 0.035 0.067 0.013 0.033 0.0036 
1.28 

4122 Makara 
S 
R 
C 

18.8 
29 .10 .71 

0.073 
t).010 
0.075 

0.062 
0.112 
0.061 

0.052 
0.064 
0.052 

O.O89 
0.114 
0.087 

0.091 
0.125 
0.090 

0.020 
0.012 
0.020 

0.011 

0.011 

0.004 
0.007 
0.004 

1.23 

S 
R 
C 

S 
R 
c 

4. + + — I h 
S - Sea-vater as collected; R - River-water; C - Sea-water cerrected far dilution by rivei^ water. 
The overall uncertainties give a standard deviaticn of apprcximately ± 5# 
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E # Radioisotope Applications and Atmospheric Trace Gases 
W.J. McCabe, P. Pohl, 0. Rowse, R.D. Ditchburn, D.C. Lowe 

E.l Abrasion Testing 

At the request of N.Z. China Clay Ltd., we agreed to do the 
abrasion quality control on daily samples from their first three months 
full scale pro&iction. These samples have all had abrasion values as 
low as, and frequently lower than, our reference Ruber clay. 

E.2 Location of a Blockage in Gas Pipes 

A cleaning "pig" tagged with a radioactive source was used 
to locate a broken "pig" in the new gas mains being laid in the Petone 
area. 

2.3 Makarewa River Sewage Investigation 

The report on this work was completed. The following conclu
sions (under conditions of a virtually constant flow in the Makarewa 
River of 60 cusecs (1.7 nr/sec)) were reached: 

(1) The mean residence time for material injected at the treatment 
plant outfall varied 

(a) with the point in time on the tidal cycle at which 
injection occurred, being shortest for a high tide 
injection and longest for a low tide injection, 

(b) linearly with the predicted high water levels at 
Bluff Harbour for injections at a particular point 
of the tidal cycle. 

(2) The long term build-up of material from continuous injection 
would be two and a half times the amount injected in one tidal cycle. 

E.4 Manukau Harbour 

Two trials were made using 2 curies of I-151 as a tracer. 
5th August trial: Injections of the activity into the northern pond 
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outfall was for three hours on an outgoing neap tide. Traverses of 
the Purakau Channel were made at five buoyed sections. From this it 
appeared that the effluent stream after leaving the outfall, ran in 
a minor channel north of Puketutu Island and then tended to float to 
the surface as it moved down Purakau Channel. Concurrent measurements 
of salinity and faecal coliform organisms were in reasonable agreement 
with the activity measurements. 

i2_?2Y?5*>?r_*£i£^: O*1 t n i s occasion injection was into the southern 
outfalls for three hours on an outgoing neap tide. Several activity 
traverses were made but the survey data for most of these is not yet 
available. Vertical mixing rates were very low however, due to very 
calm conditions prevailing during the test. A long zig-zag traverse 
into Onehunga Harbour toward high tide was useful in providing qualita
tive data on the water movements. A piling up of the lighter, labelled 
surface water along the northern shoreline between Cape Horn and White 
Bluff was apparent. 

One of the main objects of this test was to find the "die 
off" rate of bacteria in these saline waters. This is done by compa
ring the true dilutions measured from the activity with apparent 
dilutions obtained from bacteriological measurements taken concurrently 
on a time basis. IXie to the sampling boat running aground, no useful 
samples were taken during the first three hours and subsequent samples 
failed to show any"die off". This will be checked again in later trials. 

E.5 Radiometric Assay of Uranium Ores - N.E. Whitehead 

No further ores were submitted for analysis during this period. 
A little further work was done on the analytical discrepancies observed 
earlier (see Report No,17). Some previously counted samples were re
counted for longer times than previously and it was confirmed that the 
calculated uranium was too high. In fact there seemed to be some rela
tion between the length of counting and the error in the answer. Synthe
tic spectra, made from and Ra standards for brief times gave 
results of satisfactory accuracy, but when the accumulation rate was 
made very slow, the amount of apparent uranium seemed to increase markedly 
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beyond the actual amount known to be present. This phenomenon is 
s'vill under investigation, but may bear some relation to the diffi
culty of subtracting an adequate spectral background, a process 
which may be aided by computer programmes under development at this 
time. 

E.6 Uranium Daughter Products in Niue Island Soils - N.E. Whitehead 

We were requested to repeat some work done by Harwell on 
the alpha emitters in the above soils and have embarked on a programme 
to institute an alpha spectrometry system which could be used not 
only for this, but for uranium series dating and other projects. 

Alpha spectrometry demands infinitely thin sources, a solid 
state detector and a multichannel analyser. To obtain the infinitely 
thin source, a considerable amount of chemistry is needed. 

The elements of concern in the uranium and thorium decay 
series used for dating are uranium, thorium, protactinium and some-
times Ra. Uranium/lead dating involves the use of the stable 
isotopes of lead and will not be considered in this section. However 
for a general system which examines all the significant alpha emitters, 
attention must also be directed to actinium and other isotopes of radium 
and polonium. It is also necessary to prepare infinitely thin sources 
containing different elements, since some of the alpha emitters have 
energies so close that they cannot be adequately resolved by conven
tional surface barrier detectors. 

The problem resolves itself into three segments; the solu-
bilisation of the elements from the sample under investigation, the 
separation of the chemical elements of interest, and the preparation 
of infinitely thin, very uniform layers of the element on suitable 
backing materials. All three segments are being tackled simultanously 
and progress is reported in the above order. 

(1) Solublli sation 

The material of concern is at present either of rock or 
biological origin. For rocks the system already in use for potassium 
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analyses has proved satisfactory, but for biological material wet 
ashing will be required to prevent volatilisation of the polonium 
isotopes. Wet ashing is a process of oxidative destruction done 
with perchloric and nitric acids under reflux. 

(2) Chemical separations 

The approach of Nakanishi and Sakanoue (Radiochimica Acta 
H 119* 1969) seems simpler than the very complex separation schemes 
used by the groups at Washington and Lamont, and was adopted. A so
lution of the material under investigation is passed through an anion 
exchange column. Most of the isotopes of interest are retained and 
are sequentially eluted with different reagents. Polonium is retai
ned extremely strongly on the column and is so difficult to remove 
that an effort will be made to plate it out spontaneously on silver 
before any of the solution is passed through the column. Attempts 
to do this from a uraninite solution from the solubilisation step 
have so far resulted in the appearance of some uranium peaks also, in 
the alpha spectrum. 

The ion exchange column in the system of Nakanishi and 
Sakanoue is in the oxalate form. They recommend changing the form of 
the resin to chloride at one point, but this caused complete clogging 
of the column with precipitated oxalic acid, and a citrate system was 
investigated instead. 

Some difficulty was experienced in monitoring the effluents 
from the column, since most of the constituents are only present in 
trace amount, however thorium was identified from the U.V. absorption 
of its citrate complex; uranium by the distinctive yellow colour of 
the uranyl ion and the other elements were subjected to alpha and 
beta counting on the Widebeta counter. The column (Bio-rad AG 1 X-8) 
is converted to the citrate form and the solution, which has been 
diluted to a concentration less than 0.5 M, is passed through. At 
present hydrochloric acid solutions are used. 

Radium comes straight through the column together with the 
alkali earths and metals and also actinium. According to the work of 
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Samuelsson and others, some separation is possible before these 
metals emerge,by control of pH and concentration and this will be 
investigated. 

Thorium, protactinium, uranium are retained on the column. 
The reference states that thorium can be removed with 8 M HC1. This 
proved correct, but uranium was also partially eluted. It proved 
better to elute the column with strong citrate. Subsequent elation 
with the HC1 removed m-in*!"** uranium, but removes a beta emitter 
which is probably protactinium and elation with water removes uranium. 
Confirmation of these awaits perfection of the source preparation 
technique. 

(3) Source preparation 

The effluents from the column will be extracted by organic 
solvents (probably thenoyl trifluoracetone in benzene) at controlled 
pH and probably electroplated onto suitable discs. 

The technique of molecular plating will probably be used. 
This is done in a non-polar solvent, such as acetone or isopropyl 
alcohol with a very small amount of water added. The electrodes are 
subjected to several hundred volts at about a milliamp for about an 
hour. The material is deposited on the electrode in a molecular form, 
hence such materials as radium can be deposited which is impossible 
by conventional techniques. Sources of thorium and uranium were pre
pared by this method and gave good alpha spectra. Flaming the discs 
to remove unvwanted solvent, as recommended by the originators of the 
method, did not prove necessary. 

The final system may be used in the dating of young volca
nic s and ash showers. 

E.7 Atmospheric Trace Gas Project - D.C. Lowe 

This project is a joint investigation by I.N.S. and Scripps 
Institution of Oceanography (S.I.O.), California. The aims of the 
project are to obtain data on seasonal and long-term variations of 
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atmospheric carbon dioxide, methane and carbon monoxide in a southern 
ocean environment. Such measurements are of great importance in 
determining the validity of the "green house effect" theory of clima
tic regulation. This theory postulates that atmospheric carbon 
dioxide acts as a major regulator in determining the earth's radiation 
balance. It is believed possible that the present rise of atmosphe
ric C0 2 due to man's activities may precipitate a general increase in 
the earth's temperature, leading to substantial melting of the ice 
caps and a serious increase in sea level. Measurements of seasonal 
and long-term variations of atmospheric COp will help to decide this 
theory one way or the other. 

Under the direction of C D . Keeling (S.I.O.) precise measu
rements of atmospheric COp concentration were begun at Mauana Loa 
observatory, Hawaii in 1958. Continuous measurements of C0 p concent
ration have been taken there ever since and the record shows a syste
matic increase of 0.7 ppm of COg per year. This increase is attribu
ted to the ever increasing amount of C0 g released into the atmosphere 
by the combustion of fossil fuel. 

Not all of the fossil fuel C 0 2 remains in the atmosphere 
however; varying amounts of it are taken up by the biosphere and the 
oceans. The transfer of atmospheric C0 2 into the oceans is dependent 
on several factors, one of which is wind velocity. This leads to 
the supposition that the ocean in the "roaring forties" wind belt 
south of New Zealand acts as a major sink for atmospheric COp. 

In order to test this theory a large amount of data on the 
latitudinal £radient of atmospheric C0 2 is required. Preferably this 
data should be long term measurements of CCu concentrations in a 
marine environment taken at several latitudes. New Zealand proved 
to be a convenient starting point and a measurement program was under 
way by late 1970. Automatic gas sampling and recording equipment was 
installed at Makara and continuous measurements of atmospheric carbon 
dioxide concentrations have been made there since 1970. Limited 
measurements of atmospheric methane and carbon monoxide concentrations 
have also been made at Makara. 
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Atmospheric CQu concentrations at Nakara are measured with 
an infrared gas analyser. The gas analyser is continually calibrated 
with a series of standard COg in nitrogen mixtures made by S.I.O. and 
stored in steel gas cylinders at 2000 psi. All the data from the 
analyser is digitised and recorded, with concurrent wind information 
aud local time, onto magnetic tape. The magnetic tapes are processed 
on our PDP-9 computer, the final output being in terms of hourly 
averages of atmospheric COQ concentrations, wind speeds and wind 
directions. 

Measurements of atmospheric CH^ and CO concentrations at 
Makara have been made using a gas chromatograph with a D.C. discharge 
detector. This type of detector is extremely sensitive but is liable 
to be unstable. So much trouble was experienced with the gas chro
matograph at Makara that it was shut down and brought back to I.N.S. 
for laboratory testing. 

Atmospheric COL measuring equipment is presently situated 
at the Post Office radio receiving station at Makara. The air sampling 
intake is located on a mast 50 ft above ground level. Although this 
site has proved ideal in many respects for sampling marine air, one 
major drawback has been the presence of 3/4 of a mile of grassed hill
side between the air sample mast and the sea. On warm, still days 
a distinct minimum in the COg concentration is observed, caused by 
photosynthesis in the grass cover. This effect immediately masks the 
much smaller southern ocean seasonal variations in atmospheric COg. 

A second infra-red gas analyser owned by I.N.S. is now being 
used to find a better site for sampling atmospheric COL. in New Zealand. 
Site requirements are: 

(.*) Remoteness from any man-made sources of COL 
(ii) Freedom from the effects of photosynthesis by vegetation 
(iii) Reasonable access for maintenance, etc. 
(iv) A coastal site with a prevailing on-shore wind. 

A possible site on the Makara cliffs satisfying all these 
criteria is being investigated at the present time. 
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F. Instrumentation - J.D. McCormick 

F.l Mechanical - L. Wyatt, L. Whiteley, A Jalil, S. Clarke 
and Miss M. Kirkham 

F.l.l With the installation of the 17 inch surface and boring lathe, 
commissioned at the beginning of the year, larger and much heavier work 
can be undertaken. To assist in the lifting of these heavier compo
nents on to the lathe and the milling machine, an overhead hoist has 
been made and installed. Its provision has proved to be timely as 
now has arisen a need to make four 15 inch diameter steel rings out of 
4 inch solid steel plate as shielding for a new C counter. 

The arrival of a tool and cutter grinder means that lathe and 
milling tools, as well as larger drills, can be accurately re-ground as 
required thus avoiding the delays and inconveniences of the past in 
having the work carried out outside. 

F 1.2 A vacuum-assisted double distillation system developed for the 
tritium project has been commissioned. The various modules 

developed for the system include an electronically controlled vacuum 
unit, a capillary unit having eight thin-walled stainless steel tubes 
(O.787 cm I.D. of the style manufactured for blood transfusion purposes) 
welded into a stainless steel manifold and connected into the vacuum 
system, a refrigeration unit with automatic control to maintain the 
water bath temperature at about 1 or 2 C, and an electronically controlled, 
electrically operated evaporator for both the first and second stages of 
the distillation. All three sections - electronics, mechanical and 
glassblowing - of the Engineering Group were very much involved in its 
design and construction. 

F.l.3 An improved K-Ar extraction system has been built. Its vacuum 
system, using a backing pump, a vac. ion pump and a titanium 

subliination pump, is basically an all-metal system as is the argon spike-
the original glass one being replaced with a stainless steel one. 
Although the vacuum piping system was made by using mainly 1 inch 
Edwards fittings, some special fittings had to be made, for example 
the coupling between the sublimation pump and the control valve and the 
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coupling from the vac. ion pump to convert its 1/2" connection to 1" 
for compatibility. All components used, including the valves, are 
of a type that permit bake-out at at least 200 C. All components 
were leak tested before and during assembly as was the whole system 
when completely assembled. 

The oven hood insulated with fibre-glass was made in two 
halves for convenient removal and use. 

F.2 Scientific Glassblowing - J.W. Judd 

The transfer of Mr Ansin to Chemistry Division occurred in 
October; it is thought he may return to us early next year, depending 
on staff allocations. 

Work is going ahead on the benzene C-14 system and the new 
K-Ar system. 

An additional C-14 system to increase sample output has been 
started. This system will enable the drying of COg gas to be carried 
out in the C-14 chemical laboratory before being transferred to the 
counting system. 

An apparatus for the conversion of sulphates by internal 
heating, using a platinum sample boat as the heating element, has been 
made and tested. As the only platinum available was some scrap, Judi
cious use of the spot-welder was required. We were able to establish 
the feasibility of the method. Platinum is now on order and an appa
ratus will be made and fitted into the existing sulphur line. Repairs 
and maintenance, particularly in the mass spectrometer laboratory, have 
been heavier than usual. 

F.3 Electronics - W.H. Heald, J.K. Gough, K.W. Low, 
R.G. Currie, C.F. Brumm 

F.3.1 Bayard-Alpert Ionisation Gauge Control Unit - W.H. Heald 

As part of a new vacuum system for K-Ar analysis, it was 
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required to construct a control unit for a Bayard-Alpert ionisation 
gauge. In this type of vacuum gauge a heated filament emits electrons 
which are attracted to a grid held at +150 V. During their travel 
the electrons ionise gas molecules and the number of ions produced is 
proportional to both the gas pressure and the grid current. The 
positive ions are attracted to a collector at -50 V and if the grid 
current is held constant, the collector current is directly proportio
nal to the gas pressure. 

The gauge control unit acts to regulate the filament current 
so as to hold the grid current fixed at any one of four selected 
values. The collector current, which for pressures of the order of 

-9 
10 torr may be in the picoampere region, is measured using an ope
rational amplifier as an electrometer. 

Provision is made to turn off the gauge and associated units 
if the grid current ceases to be regulated, or if the pressure indi
cation exceeds full scale on the range selected. Full scale deflec-

-3 -10 
tion ranges from 10 ' torr to 3 x 10 torr. The gauge electrodes 
may be electrically heated to effect outgassing. 

A development unit has been constructed and tested in service, 
and final design for construction of three controllers is now being done. 

F.3.2 Carbon-l4 Liquid Scintillation Equipment - K.J. Gough 

The design of the pilot liquid scintillation spectrometer, 
reported in progress report 17, has proceeded during the 6 months under 
review. 

The photomultiplier R.C.A. type 885O arrived and was exten-
14 sively tested. The dark current and C spectra were measured at a 

variety of operating points and the maximum merit figures estimated. 
It was found that at the best operating point the maximum figure of 
merit required the discriminators to be set to give only 60# efficiency 
for 14-C counting. It was decide to revert to two photomultipliers 
in-coincidence. 
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The major design features of the shield and s^pie-changer 
have been done with graded shielding comprised of a stack of steel-
rings, containing an annular mercury tank. The sample vials are to 
be raised by a pneumatic elevator into the counting space frem an 8 " 
sample turret, all of which is in a light-tight space. 

Preliminary work has been completed on the design of a 
charge-sensitive preamplifier. Calculated noise figure and stability 
are excellent, due to the use of a new cascode field-effect transistor. 

The counts will be accumulated in four channels. The low 
countrate expected (approx. 150 c.p.m.) allows the use of a single 
large M.O.S. shift register for all storage. This approach is compa
tible with the Solartron data transfer unit which is to be used for 
the preliminary experiments and would need very little interfacing to 
an on-line computer. 

In addition electronics is being developed to time the 
counting period and operate the sample-changer. The sample will be 
identified by encoding the position of the sample turret and recording 
this with the accumulated counts and time. 

F.3.3 Controller for Double Distillation System - K.W. Low 

Daring this period the controller for the double distillation 
system - for the tritium project - was completed and tested. The con
troller is a sequential timing device which enables a distillation 
process to run overnight by setting up process variables prior to the 
run. 

In initial tests of the still, it was found that the sample 
transfer rate was not as high as expected. This necessitated a longer 
time period on one stage of the process. The controller was modified 
and can now control the process for up to 24 hours if necessary. 

F.3.4 Atmospheric Gases - K.W. Low 

A mobile COg gas sampling station has been set up for the 
atmospheric gases project to complement the Makara station. This 
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consists of petrol generator, stand-by inverter analyser and recorder. 
The system is undergoing trials at Makara. 

F.3.5 Tritium Electrolysis - K.W. Low 

Over the past few months a bottleneck in the electrolysis 
process has become evident on stage 3. A check showed that increasing 
the capability of the stage 3 current supply from 8 cells to 12 cells 
would alleviate the problem. The maximum voltage of the supply was 
raised from 27 volts to 40 volts to accommodate four additional cells. 

F.3.6 Data Transfer Unit - K.W. Low 

During the test of this unit several problems were found 
which appeared to be due to insufficient testing before leaving the 
factory. With the co-operation of the sales engineer from the local 
agents the equipment was made to function correctly. Cables were made 
up and interfaces modified for Rochar digital multimeter, Solartron 
voltmeter, Marconi counter-timer. Setting-up procedure was written 
and incorporated in the operating manual. 

F.3.7 Cosmic Ray - K.W. Low 

A scintillator tray was set up in the accelerator control 
room to obtain multi-channel analysis of the tube and liquid scintilla
tor. Unfortunately it was found impossible to get the sheet metal 
tray light-tight and the experiment was abandoned. Discussions on 
the next step are continuing. 

F.3.8 Frequency Synthesiser - R.G. Currie 

The development of a frequency synthesiser, to provide stable 
and accurate frequencies from 2 to 20 MHz from a 2 MHz quartz crystal 
for the NMR project, was finalised during the period. By choosing 
suitable R.F. integrated circuits the number of components and their 
size was reduced to a large extent, making the overall size of the 
equipment very much smaller than it would have been otherwise. 
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This unit replaces a radio-frequency synthesiser, using 
discrete components designed and constructed earlier, to cover the 
range of 2 to 8 MHz in 2 MHz steps. The accuracy of the new instru
ment is at least equal to the Institute's Marconi frequency meter 

o 
which is typically + 5 part in 10 . 
F.5.9 Radiation Measuring Equipment - R.G. Currie 

Two separate systems of Troxler transistorised scaler-rate-
meters and related equipment,and a sediment gauge were overhauled 
for the Ministry of Works. In the Troxler equipment timing circuits, 
read-out systems and high voltage power supply corrections were made. 
A new radioactive source was obtained for the sediment gauge and sui
table modifications were made to the holder to accomodate the stronger 
source recommended by the manufacturer. 

The Institute's radiation monitors have required overhauling 
and re-calibration from time to time. Replacement of special batte
ries used in these instruments present difficulties and consideration 
is being given to replacement with small chargeable ones. 

The timing system for the cobalt irradiation unit required 
attention during the period. 

F.5.10 Re-calibration of Oscilloscopes - C.F. Brumm 

All the Institute's various oscilloscopes have, over a period 
of about 8 months, been re-calibrated. Defective or poor components 
have been replaced as required, to restore these instruments to 'as-new' 
condition. 

Repairs and re-calibration to other measuring instruments 
have also been carried out as required. These include mainly multi
meters and digital voltmeters. 
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G. Theoretical Physics 

G.l General - B.J. O'Brien, M.R. Manning, J.R. Hulston 

During the period Dr O'Brien attended the 12th International 
Conference on Cosmic Rays held at Hobart, Tasmania from 16-20 August 
on behalf of the United Nations Scientific Committee on the Effects of 
Atomic Radiation (UNSCEAR). He was also on leave, working for UNSCEAR 
for three and a half months, September to December. 

An invitation to visit Auckland University was accepted by 
Dr Manning and ten weeks were spent working in the Physics Department 
there. In retrospect the visit appears to have been at a rather bad 
time of the year as many of the University staff were preoccupied with 
the university examinations. Despite this, several interesting ideas 
were developed during discussions with Prof. A.P. Stamp and other mem
bers of the Department. The excellent library facilities available 
at the University proved extremely useful during the writing of a 
paper for publication. The range of books and journals available 
within D.S.I.R. is quite restrictive in comparison. 

0.2 Magnetic Quadrupole Lenses - B.J. O'Brien 

A magnetic quadrupole lens system was designed for use with 
the accelerator. The design was based upon those designed by the 
Victoria University Physics Department. To facilitate the design, 
a Fortran program for the PDP-8 was written to solve the lens equation. 

G.3 ^Te(p.r)^Co - B.J. O'Brien 

Analysis of angular distribution results obtained in February 
of 1971 continued. However there seemed to be discrepancies caused 
by fluctuations in the monitor gain. This may necessitate using some 
of the more isotropic transitions to normalise our data. 

A lecture on"Radiation and Ionization" was given at a seminar 
on 'Pollution: Causes and Control' at the Central Institute of Technology, 
on 25 August. 
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G.4 Nuclear Structure Calculations - M.R. Manning 

A new approach to the structure of many body systems, parti
cularly light nuclei, has been developed further. A talk was given to 
the Rutherford Centennial Symposium,explaining some of the background 
to the current work and the first half of a more lengthy paper has 
been written. The main effort at present, however, is towards the 
development of computer programs to carry out some initial calculations. 
The usefulness of any many-body theory depends very largely on how well 
it can be translated into a computer program giving the correct, or 
nearly correct, answers. Because of this, publication of the theory 
is being delayed until some preliminary calculations on the He nucleus 
have been completed. 

During the period covered by this report most of the computer 
programs needed have been completed. This has involved developing 
sophisticated numerical methods for solving the Schrodinger equation 
for two particles interacting via a realistic two-imeleon forte while 
both in a harmonic oscillator potential. Initially the calculations 
for He were carried out using the Hamada-Johnston potential but the 
results were unsatisfactory and it appears that the infinite hard core 
of this potential produces peculiar results in this theory. Currently 
the Reid soft core potential is being used and so far appears to pro
duce good results. 

G.5 Data Analysis - M.R. Manning 

The analysis of data from isotope tracer studies of the 
Makarewa River has been completed. The computer program which was 
written to simulate a simple model of the Makarewa River proved sur
prisingly successful. The experience gained in this relatively simple 
simulation indicates that simple models for tidal river stretches can 
be quite accurate. In general even a very simple model should he 
simulated on a computer as this allows the use of detailed measurements 
of such things as flow rates to be utilised effectively. 

Development of a spectrum handling and analysis system for 
the PDP-11 is being planned very carefully. While detailed plans 
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were being made in the early part of the year these were shelved for 
some time because of uncertainties in ordering the PDP-11. Development 
started again in earnest in December and an initial set of design 
standards was made out. 

G.6 Calculation of Sphalerite -Galena Sulphur Isotope 
Fractionation - J.R. Hulston 

Some further calculations of the Zn S - Pb S isotopic 
equilibrium constant based on lattice dynamics studies have been made 
and a preliminary draft of a paper has been completed. Unfortunately 
however the results of the improved "shell model" fit for sphalerite 
(ZnS) are not yet available and this is delaying the final completion 
of this manuscript. 

G.7 Establishment of Improved Computing Facilities on the 
Gracefield Campus - J.R. Hulston and M.R. Manning 

Institute representatives have taken a leading role on a 
Gracefield Campus Committee to formulate an economical method of obtai
ning improved computing facilities on the Gracefield site. Approval 
has been obtained for the purchase of a mini computer with disc 
storage and lineprinter facilities which can serve either as a terminal 
to the computer in the Government Computing Centre in Wellington for 
large jobs or as a 'stand-alone' batch processor for smaller computing 
jobs. The use of this active computer terminal is no more expensive 
than the use of passive terminals which a number of other Government 
departments have installed but is considered to be much more flexible 
in operation. Once this facility has been installed (probably April 
1972) and the success of the project is established, it is planned to 
request approval to spend a further $12,000 (approx.) on extensions 
to allow 16 user time share operation, using the conversational language 
BASIC. This language is particularly useful for small programs such 
as those which are just too big to be handled conveniently by currently 
available programmable electronic calculators. 
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Currently large computer programs are being sent to the 
Government Computing Centre in Wellington, where they are run on an 
ICL19C4A computer under the "GEORGE 3" multi-user operating system. 
A typical job which requires 50 seconds of central processor time and 
takes only 10 minutes to run on the computer, requires a typical turn-
round time (from laboratory to its return) of 2-3 working days. Once 
the Gracefield Campus Terminal is in operation it is hoped that this 
turn-round time will be reduced to 2-3 hours. 
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I wish to acknowledge the considerable help given by all staff 
members in the compilation of the report. 

Fortunately during the period of this report there was only 
one resignation, that of Miss V. Halcrow. We wish her well in her new 
employment. Mrs H.C. Andersen was transferred from the temporary to the 
permanent staff, a tribute to the calibre of the work she is doing in 
the Carbon-14- Dating Laboratory. 

In August Dr B.W. Robinson joined the staff from Canada, 
where he had completed his Ph.D. studies at the University of Alberta. 
Dr Robinson did his M.Sc. in Geology at the University of Leeds. His 
appointment considerably strengthens us geologically and he brings with 
him the latest developments overseas on the interpretation of isotopic 
data to mineral genesis. 

The year 1971 saw the consolidation and development both in 
depth and width of many of our scientific projects. Our workshops 
have been able to up-date much of our equipment. As we have a number 
of instruments that have been in continuous operation now for over twenty 
years, complete replacements of such equipment would have involved us in 
considerable capital expenditure. 

This report, as previous reports, shows an ever increasing 
number of applications for nuclear scientific methods to New Zealand 
problems. The work of the Institute ranges over 19 of the 37 areas 
of activity defined by the National Research Advisory Council, 1970. 
Nuclear science is a discipline of science applicable to any scientific 
endeavour. New Zealand has much to gain by the full exploitation of 
nuclear methods. 

(T. A. Rafter) 
Director 
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APPENDIX I 
CURRENT RESEARCH PROJECTS 

For ease of administration and finance, the work of the Institu
te is grouped under project headings. Each month a short statement of 
progress made is requested. These statements assist considerably with 
the writing of six-monthly reports and are a permanent record of many 
problems that never reach the publication state. Most projects are 
the co-ordinated effort of several divisions of tha Institute and in 
the list below are named only those officers primarily concerned with 
each project or sub-project. 

Project No. 
101 
102 
103 
105 
106 
107 
108 
109 
110 
HI 
112 
113 
114 
115 

UJ8 
120 

121 
124 

125 
126 

129 

Sulphur Isotopes Rafter/Robinson/Keith/FindlayiA4urray 
C-14 Age Measurements Jansen/McGiH/Burr/Currie/Andersen 
i^/^C Variations in Nature McGill/Keith 
Industrial Applications 
15N Studies 
l^C Natural 
Deuterium Measurements 
Mass Spectrometers 
Cosmic Ray Studies 
Tritium 
Cobalt Source 

Jansen/McC abe/Pohl/Ditchburn/Rowse 
Rafter/Keith 
Rafter/Jansen/Burr^loGrill/Andersen 
Hulston/Lyon/Savell 
Hulston/Penman/Keith 
Jansen 
Taylor/Prieditis/Jacomb 
Downes/Sutton 

Radioactive Fall -out McCabe/Ditchbura/^lason 
Potassium-Argon Measurements Adams/McCabe/Hulston/Ditchburn 
Radiation Chemistry 

(a) In Aqueous Media Sutton/Downes 
(b) In Plastic Media Melhuish 
(c) Industrial Applications Sutton/Smith 

Theoretical Nuclear Physics O'Brien/Manning 
Theoretical Study of 

Hulston 
Lyon/Savell 

Isotope Effects 
Geothermal-Geochemistry 
Oxygen Isotopes 

(ct) Sulphates 
(b) Rocks 
(c) Carbonates 
(d) Waters 

Glassblowing 
Accelerator Physics 

(a) Accelerator 
[b) Accelerator Electronics Carter/Hicks 

Rafter/Findlay/Keith/Murray 
Blattner (N.Z.G.S.) 
Hendy (overseas) 
Taylor 
Judd 

McCallum/More/Carter 

c) Nuclear Reactions 
(d) Detector Development 
(e) Activation Analysis 
(f) Radiation Damage 
(g) 3-decay Studies 

Engineering 
(a) Mechanical 
(b) Electronic 

McCallum/Coote/Sparks/Pohl/O' Brien 
Coote 
McCallum/Wallace/Whitehead 
McLachlan 
D.C. Robinson 
McCormick 
Wyatt/Whiteley/Jalil/Clarke 
Heald/Gough/Currie/Low/Bruram 
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Profess ional Staff 

Raf ter , T.A. 
Sutton, H.C. 
McCalxum, G.J . 
O'Brien, B.J. 
McCormick, J .D. 
Coote, G.E. 
Hulston, J .R. 
Taylor , C.B. 
Manning, M.R. 
Adams, C.J.D. 
McCabe, W.J. 
McLachlan, L.A. 
Melhuish, W.H. 
Heald, W.H. 
Hendy, C.H. 
Robinson, B.W. 
Robinson, D.C. 
Gough, K.J. 
Wallace, G. 
Pohl , K.P. 
Lyon, G.L. 
Sparks, R . J . 
Jansen, H.S. 
Stewart , M.K. 
Whitehead, N.E. 
Lowe, D.C. 
Mason, W.J. 

O.B.E 
M.Sc. 
M.Sc. 
M.Sc. 
C.Eng 
M.Sc. 
M.Sc. 
B.Sc. 
M.Sc. 
B.Sc. 
B.Sc. 
M.Sc. 
M.Sc. 
B.Sc. 
M.Sc. 
B.Sc. 
M.Sc. 
M.Sc. 
B.Sc. 
M.Sc. 
B.Sc. 
M.Sc. 
M.Sc. 
M.Sc. 
M.Sc. 
B.Sc. 
B.Sc. 

, M . S c , D.Sc. (N.Z.) , F.R.S.N.Z. - Director 
Ph.D. 

Ph.D. 
, M.I .E.E. 
Ph.D. 
Ph.D. 
M.Sc. 
Ph.D. 
Ph.D. 

Ph.D. 
Ph.D. 
C.Eng 
Ph.D. 
(Hons 
Ph.D. 
Ph.D. 
(Hons 

Durham), F.R.S.E. 

M.I .T . ) 

Canberra) 
McMaster) 
St.Andrews), Dr . re r .na t . (Heide lberg) 
McMaster) 
Oxford) 
British Columbia) 
N.Z.) 
, M.I.E.E, v.u.w.) 
, M.Sc., Ph.D.(Alberta) 
N.Z.) 
V.U.W.) 
(Studying for Ph.D., V.U.W.) 

(Hons), Ph.D.(Massey) 
(Studying for Ph.D., Univ.of Utrecht, The Netherlands) 

(Studying for Ph.D., Univ. of Pennsylvania) 
Ph.D. (Mas sey) 
(Hons)(Studying for M.Sc.,V.U.W.) 

Visitors 
Ansin, R.A. 
Williams, R.P. 

Blattner, P. 
Currie, D.R. 

Chemistry Division 
Scripps Institution, of Oceanography, University of 
California, La Jolla, U.S.A. 
N.Z.Geological Survey 
N.Z. Geological Survey 

Smolnicki,J.(Miss) N.Z. Geological Survey 

Technical Staff 
Carter, D.C. 
Judd, W.J. 
Penman, J.E.R. 
More, R.D. 
Burr, M.K. 
Prieditis, L.J, 
Wyatt, L. 
Whiteley, L. 
Ditchburn, R.G. 
Currie, R.G. 
Keith, D.W.N. 
McGill, R.C. 
Low, K.W. 

N.Z.C.S. 
A.M.N.Z.I., Mech. E. 
N.Z.T.C. 
N.Z.C.S. 
M.N.Z.E.I. 
N.Z.C.S. 
N.Z.C.S. 
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Brmran, C.F. 
Smith, R.M. 
TVwmae M T 
* f \ r f V * * * NaT M* £ * * • * < 

A.A.S. (Oregon) 
H.N.C. (U.K.) 
u 7. P a 

Hicks, R.E. N.Z.C.S. 
Jalil, A. . N.Z.T.C. 
Savell,M.A.(Miss) N.Z.C.S. 
Findlay, M.A.(Mrs) 
Murray,A.M.(Miss) 
Clarke, S. 
Rowse, O.J. 
Jacomb, J.A. (Miss) 
Andersen, H.C. (Mrs) 

Administrative Staff 

Li apis, M.C. 
Kyle, R.K. 
Burr, P.D. (Mrs) 
Stuart, S.A. (Miss) 
Henderson, H.M. (Mrs) 
Genet, C.A. (Mrs) 
Thorn, J-Jf. (Mrs) 
Grace, L.A. 

Temporary Staff 

Stephenson, B.W. 
Stephenson, E.O. (Mrs) 

Vacation Students 

Bates, A. 
Burden. C. 

Administrative Officer 
Clerk 
Clerical Assistant 
Senior Shorthand Typist 
Typist 
Librarian 
Library Assistant 
C ar etaker/Grcundsman 

Driver 
Cafeteria Manageress 

Carbon-l4 Lab. 
Accelerator Physics Group 
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APPENDIX III 

rArmtS, KEFOKTS, LABORAXOK* NOTES, MANUALS 

This report starts at the first Contribution number 
with an incomplete reference in the previous report. 

Contribution No. 

383 Stewart, M.K. and Hulston, J.R., 1970: 
Stable isotopic ratios of White Island. In preparation. 

384 to 385 See previous report, N0.17 

386 Hendy, C.H., 1970: 
Geochemistry of speleothems. Pt.I 
GeocMm. Cosmochim. Acta 38(8) : 801-824, 1971. 

387 Hendy, C.H., 1970: 
Geochemistry of speleothems. Pt.II. In preparation 
Geochim. Cosmochim. Acta /in press_/ 

388 to 402 See previous report, No. 17 

403 Robinson, D.C., Freeman, J.M., Thwaites, T.T., 1970: 
A new measurement of the branching ratio for 1 0 C super-
allowed Fermi decay and its significance for the weak 
vector interaction. Nuclear Physics, /jja. press J 

404 to 433 See previous report, No.17 

434 Hulston, J.R., McCabe, W.J., 1970: 
N.Z. Potassium-argon age list I. 
Submitted to NZ Jl Geol. and Geophys. 

435 to 440 See previous report. No.17 

441 Pinctaey, D.N., Rafter, T.A., 1970: 
Fractionation of sulfur isotopes during ore deposition 
in the upper Mississippi lead-zinc district. 
Submitted to Economic Geology. 

442 to 443 See previous report. No.17 

444 Jansen, H.S., 1970: 
Retention of carbon from labelled solvents used in 
pre-treating natural C-14 wood samples. 
(In preparation) 



88. 

Contribution No 

445 Sparks, R.J., 1970: ^ *, 
Coincidence studies of Cr(p,7)^7fa reaction. 
Nuclear Physics. Al69(l) : 113-121, 1971. 

446 to 460 See previous report, No. 17 

461 Solomon, M., Dunham, H., Rafter, T.A., 1971: 
Genesis of North Pennine ores in the light of sulfur 
and oxygen isotope studies. Institution of Mining 
and Metallurgy Transactions. Section B. 80 : 
B259-276. 

462 See previous report. No.17 

463 Blattner, P., 1971: 
Quartz-feldspar oxygen isotope thermometer calibration 
at 250°C using natural paragenesis. 
In preparation. 

464 Longinelli, A., Rafter, T.A., 1971: 
Preliminary oxygen-isotope measurements on some 
manganese nodules. 
In preparation. 

465 to 469 See previous report, Ho. 17 

470 Sutton, H.C., Strachan, G., 1971: 
An attempt to control rot in TamarlUos (Cyphomandra 
betacea (cav)sendt) by electron irradiation. 
N.Z. Journal of Science 14(4) : IO97-HO6. 

471 to 478 See previous report. No. 17 

479 Sutton, H.C., 1971: 
Ionizing radiations in industry. Industrial Development. 
1(4): 14-15. 

480 to 481 See previous report, No.17 
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Contribution 
No 
W& Manning, M.R., 1971: 

One and two body structure in atomic nuclei. Paper 
presented at Rutherford Centennial Symposium, 
Christchurch, July 1971. 

483 Sparks, R.J., I97I: 
Peak search. 
INS-P-83 

484 Hulston, J.R. Elcombe, M.M., I97I: 
Calculation of sulphur isotope fractionation between 
sphalerite and galena, using lattice dynamics. 

(in preparation). 
485 Gough, K.J., 1971: 

The reporting of very old radiocarbon dates. 
Radiocarbon Users Conference, Wellington, 17-18 August. 

486 McCallum, G.J., O'Brien, B.J., Kelly, M.J., 1971: 
Calculate and plot angular distributions. 
INS-P-84. 

487 Wallace, G., 1971: 
LIFER 
INS-P-85. 

488 McCallum, G.J., ed. 1971: 
Accelerator Physics Group Progress Report, January -
June 1971. 
INS-R-93. 

489 Coote, G., 1971: 
An introduction to isobaric analog states and their 
application in nuclear spectroscopy. Rutherford 
Centennial Symposium, Christchurch, July 1971. 

490 Robinson, D.C.,1971: 
Superallowed beta decay and the weak interaction vector 
coupling constant. Rutherford Centennial Symposium, 
Christchurch, July 1971. 
INS-R-97. 

491 Wallace, G., 1971: 
Level search. 
INS-P-86 

492 Lyon, G.L.,1971: 
Isotope geochemistry in Australia. Report of a visit 
to Australia, 19 May - 23 June 1971* 
INS-R-95. 
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Contribution 
Ho 
493 Manning, M.R., 1971: 

POLLY (V 4) 
INS-P-87. 

494 Manning, M.R., 1971: 
DLAG 10 
INS-P-88. 

495 Manning, M.R., 1971: 
DUMPER 
INS-P-89. 

496 Manning, M.R., 1971: 
ICEEAP 
INS-P-90. 

497 Manning, M.R., 1971: 
PUNCH 9 
INS-P-91. 

498 Grant-Taylor, T.L., Rafter, T.A., 1971: 
New Zealand radiocarbon age measurements - 6. 
N.Z. Jl Geol. and Geophys. 14(2): 364-402. 

499 Manning, M.R., 1971: 
CHAIN and EXECUTE 
INS-P-92. 

500 Manning, M.R., 1971: 
CASPER I 
INS-P-93. 

501 Hendy, C.H., Rafter, T.A., Macintosh, N.W.G.,1971: 
The formation of carbonate nodules in the soils of 
the Darling Downs, Queensland, Australia, and the 
dating of the Talgai Cranium. 
Submitted to Geological Society of America. 

502 Coote, G.E., Whitehead, N.E., McCaltum, G.J., 1971: 
A rapid method of obsidian characterisation by 
inelastic scattering of protons. 
Submitted to Jl. Radioanalytical Chemistry. 

503 Rafter, T.A., 1971: 
A report on the work of the Institute of Nuclear 
Sciences prepared for a visit of the Institute of 
Chemistry. 
INS-a-96. 

504 I.N.S. Progress Report No.17, January-June 1971. 
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Contribution 
No. 
505 Wallace, G., McCallum, G.J., Chapnan, N.G.,1971: 

The decay of ̂ A g . 
Submitted to Nuclear Physics. 

506 Wallace, G., McCallum, G.J., Chapman, N.G. 1971: 
The decay of ̂ TAg. 
Submitted to Nuclear Physics. 

507 Robinson, D.C., 1971: 
EFF001 
INS-P-9^. 

508 Robinson, D.C., 1971: 
EFF 002 
INS-P-95. 

509 Robinson, D.C., 1971: 
EN 002 
INS-P-96. 

510 Robinson, D.C. 1971: 
IRESC (ion recoil energy spectrum calculations) 
INS-P-97. 

511 Wallace, G., McCallum, G.J., Channan, N.G., 1971: 
The decay of J-^Ag. 
Submitted to Nuclear Physics. 

512 Pohl, K.P., Low, K.W., 1971: 
Recording counter. 
INS-R-98. 

513 Rafter, T.A., 1971: 
Report on vis i t to Tokyo; 1970 International Symposium 
on Hydrogeochemistry and Biogeochemistry, 5th-8th 
September 1970. 
INS-R-99. 

514 Rafter, T.A., 1971: 
Report on visit to America and Canada, July 1971* 
INS-R-100. 

515 Coote, G.E., 1971: 
Preparation of targets for accelerator experiments. 
INS-IJf-35. 

5l£ Burr, M.K.,1971: 
A transistorised C-14 counting system for the carbon 
dating laboratory of the Institute of Nuclear Sciences. 
INS-R-101. 
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Contribution 
No 
517 Gough, K.J., 1971: 

The transient response package for the PDP-8. 
INS 41-102. 

518 Whitehead., N.E., 1971: 
Spectrum energy calibration (optional) and conversion 
of channel numbers to energy. 
INS-P-98. 

519 Lyon, G.L.; 1971: 
Isotope analysis of gas from the Cariaco Trench sediments. 
Submitted t o Deep Sea Dril l ing Project (JOIDES) Vol.XV. 

520 Sutton, H.C., Downes, M.T., 1971: 
The rate of hydrolysis of keto-formaldehyde in aqueous 
solution. 
Chemical Communications, ( l ) : 1 , 1972. 

521 McCabe, W.J., Pohl, K.P. , Rowse, O.J. , 1971: 
The radiometric determination of effluent build-up in 
the Makareva River. 
INS-R-1C4. 

523 Blattner, P. ,1971: 
Oxygen isotopic composition of minerals from Lepontine 
gneisses, Valle Bodengo. Schweizerische Mineralogische 
und Petrographische Mitteilungen. /in Press/ 

524 Wallace, G., Manning, M.R., 1971: 
DAVXDOV muddle and vibrational nuclei. 
CANCELLED. 

525 More, R.D.,Troughton, J.H. 1971: 
Production of H e vith a 3 MeV Van de Graaff accelerator. 
Submitted to Int. Jl. Applied Radiation and Isotopes. 
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APPENDIX IV 

LIST OF PERIODICALS CURRENTLY HELD IN THE LIBRARY 

Acta Physica Polonica /Z5-I9J: 20(1960) -
Advances in Free Radical Chemistry 1(1966) -
Advances in Nuclear Science and Technology 1(1962)-
Advances in Radiation Chemistry: 1 /lio.l_J 1969 /2 (1970)-
AEG Progress 1(1965)-
A.E.I. Engineering 1(1961)-7(1967) 
American Chemical Society, Journal 89(1967)-
American Geophysical Union, Transactions 49(1968)-
American Journal of Physics 32(1964)-
American Machinist 111 no 10(1967)-
American Nuclear Society, Transactions 1(1958)-
American Petroleum Institute Mass Spectral Data I969 E.47. 1970 E 48-
Analytical Chemistry /20-26, 34_7 35(1963)-
Annals of Physics 26(1964)-
Annual Review of Nuclear Science 1(1952)-
Antarctic 5 no 9(1970)-
Antarctic Journal of the U.S. 3(1968)-
Applied Science and Technology Index 57(1969) /?,6,8,H_7(l970)/^8Jr-
Arkiv for Fysik 28(1965) -40(1970) continues as Physica Scripta 
ASEA Journal 31(1958)-
Asian Atomic Newsletter 1(1964) - replaced by Philippines Nuclear Jnl. 
Atom no 27(1959)-
Atomic Energy in Australia 2 no 4(1959)-
Atomic Energy Review 1(1963)-
Atomindex 11 8(1966/-11(1970) continues as INIS Atomindex 
Australasian Bulletin of Medical Physics and Biophysics no 18(1964)-
Austalian Journal of Science 19(1956)-22 June 1970, continues as Search 
BICC Bulletin Dec. (I965)-
British Society of Scientific Glassblowers, Journal 1(1964)-
British Technology Index 9(1970)-
British Union Catalogue of Periodicals 2(1968)-
Bulletin d'Informations Scientifiques et Techniques 1(1957)-126(1968) 
Bulletin of the Atomic Scientists 19 no 8(1963)-
Bulletin of the European Communities 1(1968)-
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Camera Times 1(1965)-12(i960) 
Canadian Journal of Physics 42(1964)-
Canadian Research and Development 1(1968)-
CERN Courier no 8 Mr(l96o)-
Chemical Geology 2(1967)-
Chemistry and Industry in New Zealand 1 no 12(1965)-
Chemistry in Britain 1(1965) -3(1967) 
Comments on Nuclear and Particle Physics 1(1967)-
Component Technology 1(1965) 
Computer Physics Communications V.l -1969 -
Computer Survey 2(3)(1965) 
Conferences, Meetings and Training Courses in Atomic Energy no 206(1962)-
Cosmic Data ̂ 1966-1969^ 21(1970)-
Current Papers in Electrical and Electronic Engineering no 8 Mr(l96*8)-
Current Papers in Physics no 11(1966)-
Danske Videnskabernes selskab matematisk-fysike, meddelelser 28(1940)-
Danske Videnskabernes selskab matematisk-fysike, akrifter 1(1956)-
Data from Radiation Protection Programs 1(1963)-1(1969) discontinued publi ation 
D.A.T.A. Semiconducta 21st ed.(lo68)-
Diary of Developments Jan(l963)-(1968)-
Digital Integrated Circuit Data 13th ed. (1971)-
Dominion Engineer Apr.(l969)-
Earth and Planetary Science Lwtters V.8(l970)-
Economic Geology 64(1969)-
Electro-nucleaire no 1(1965)- no 6(1966) 
Electro Technology 72(1963)-
Electronic Engineering 37(1965)-
Electronics 19(1946)-
Electronics and Communications 9(1962)-
Electronics Letters 1(1965)-
Electronics Weekly 
Electronics World 73(1965)-
Endeavour no 878(1963)-
Engineering 197(1964)-
Engineers' Digest 25(1964)-
Euratom Bulletin 2(1963)-7(1968) continues as Eurospectra 
Euratom Information 2(1964)-

95. 

Euro Abstracts 1(1970)-
Euro-spectra 8(1969)-
Fallout in New Zealand no 1(19>64)- Continues as Environmental Radioactivity 
Fisons Journal no 84(1966)-
Fisons News no 54(1966)- Continues as Fisons Profile 
Food Irradiation 1(1960)-
Fusion 10(1963)-
GEC Journal 29(1962)-34(1967) 
GEC-AEI Journal 35(1968)-
General Radio Experimenter 37(1963)-
Geochimica et Cosmochimica Acta 1(1951)-
Geochemical Group Newsletter no 1 Nov.(l965)-
Geochemical Journal - Chemical Society of Japan 1(1967)-
Gt Britain A.E.R.E. Information Bulletin no 912(1964)-
Hamilton Record 1966-
Health 12(1960)-
Health Physics 1(1959)-
Hewlett-Packard Journal 14(2) 0ct.(l962)-
High Energy Chemistry (Knimiya vysokikh energii) 1(1967)-
Higher Education and Research 9(1965)-
Home Science Alumnae of N.Z., Jcwrnal Jan. (1967)-
Industrial Bulletin 20(1964)- continues as Industrial Development 
IEEE Transactions on Nuclear Science NS3(1956)-
IMPACT 21(1971)-
INIS Atomindex 1(1970)-
Industrial Development 1(1971)-
Instrument News 14(1962)-
IEEE Transactions on Nuclear Science 1966^S-13_7-
Instrument Practice 18(1964)~ 
Instrumentation 15(1962)-
Instruments and Experimental Techniques no 1(1964)-
International A.E.A. Abstracts of Papers CN CN13-
International A.E.A. Abstracts of Papers SM SM78-
Intemational A.E.A. Meetings on Atomic Energy 1(1969) 
International A.E.A. Bulletin 1(1959)-
International Civil Defence Bulletin no 103(1964)-
International Electronics 8(5) Nov.(1964)-
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International Journal of Applied Radiation and Isotopes 1(1956)-
International Journal of Chemical Kinetics 1(1969)-
International Journal of Mass Spectrometry - Ion Physics 1(1968)-
International Nuclear Information Service - Atomindex 1(1970)-
International Journal for Radiation Physics and Chemistry 3(1969)-
International Science and Technology no 4(1962)- continues as Science 

and Technology 
International Union of Geodesy and Geophysics no 58(1965)-
Isotopes and Radiation Technology 1(1963)-
JAEU - Journal of Asian Electronics Union I968-
Japan Camera Trade News no 1962(1966)-
Jena Review no 5(1963)-
Joblinglass no 5(1966) 
Journal cf Atmospheric and Terrestrial Physics 27(1965) -30(1968) 
Journal de Physique 18(1957) -28(1968) 
Journal of Chemical Physics 1(1933)-
Journal of Geophysical Research 67(1962)-
Journal of Inorganic and Nuclear Chemistry 28(11)1966-
Journal of Nuclear Science and Technology 1(1964)» 
Journal of Nuclear Energy, Parts A and B Reactor Science 1(1954)-20(1966) 
Journal of Nuclear Energy, Part C Plasma Physics 1(1959) -8(1966) 
Journal of Nuclear Energy 21(1967) - (Parts A, B and C combined) 
Journal of Physical Chemistry 71(1967)-
Journal of Scientific Instruments 40(1965)-
Journal of Scientific Instruments 40(1965)-
Laboratory Practice 32(10) Oct.(l963) - 7 ed.(l97l)-
Library of Congress - Subject Headings - Supplement 
List of Bibliographies on Nuclear Energy 2(1962)-
List of References on Nuclear Energy 12(1960)-10 no 19(1969) now called 
Machine Design 36(1964)- Atomiudex 
Machine Design and Control 42(1970)-
Marconi Instrumentation 9(1964)-
Measurement News June/July (1965)-
Mass 8pectral Data E48(l970)-
Mass Spectrometry Bulletin 1(1966)-
Medicamundi 7(1961)-
Microelectronics 2(1969)-
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Mineralivn Deposita 4(1969)-
Minerva 3(1970)-
Muirhead Techniques 18(1964)-
Mullard Outlook 8(1965)-
Mullard Review no 5(1963)-
National Aeronautics and Space Activities (NASA) Facts 1964-
National Aeronautics and Space Activities (NASA) News 1964-
National Aeronautics and Space Activities (NASA) Press Kit 1964-
Nature 189(1961)-
New Electronic Components 3(1966)-
New Scientist 21(1964)-
N.Z. D.S.I.R. Newsletter Jan.(l960)-
N.Z. Electronics Review 3(1969)-
N.Z. Engineering 19(1964)-
N.Z. Engineering News (1970)-
N.Z. Institute of Chemistry, Journal 15(1951)-
N.Z. Journal of Geology and Geophysics 1 no 11(1958)-
N.Z. Journal of Marine and Freshwater Research 1(1967)-
N.Z. Journal of Science 1(1958)-
N.Z. Libraries 30(1967)-
N.Z. Science Review 02(1954)-
N.Z. Standards Bulletin 1(1966)-
N.Z. Wool Board Newsletter 6(1971)-
Notiziario 8(1962)-
Nudear Active (I969)-
Nuclear Canada 5(1966) 
Nuclear Data Section A 1(1965) 
Nuclear Data Section B 1(1966)-
Nuclear Engineering 1-5, 10(1965)-13 no 149(1968) 
Nuclear Engineering International £ no 150(1968)-
Nuclear Fusion 1(1960)-
Nuclear India 1(1962)-
Nuclear Instruments and Methods 1(1957)-
Nuclear Law Bulletin - no 6(1970)-
Nuclear Newsletter from Switzerland I968-
Nuclear Physics A 1(1956)-
Nuclear Physics B 1(1965)-
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Nuclear Safety 1(1959)-
Nuclear Science Abstracts 1(1948)-
Nuclear Science Abstracts of Czechoslovak 1(1970)-
Nuclear Science Abstracts of Japan 5(1966)-
Nuclear Science and Applications 1(1965)-
Nuclear Science and Engineering 1(1956)-
Nucleonics 1(1947)- 25 no 6(1967) 
Nuclearna Enerjita 3/1966-1968.7 6(1970-71)-
Nukleonika 4(1950)-
Nuovo Cimento 3(1956)-
Nuovo Cimento Letters 1(1969)-
Nuovo Cimento La Rivista 1(1969)-
Nuovo Cimento Supplement 3(1956)-6(1968) 
Philippines Nuclear Jnl. 
Philips Data Handbook 
Philips Technical Review 10(1948)-
Philips Semi-conductors and Integrated Circuits 
Philips in Science and Industry 33(1967)-
Physica 23(1957)-
Physica Scripta 1(1970)-
Physical Review 5l( 1951) -lB8( 1969) 
Physical Review A 1(1970)-
Physical Review B 1(1970)-
Physical Review C 1(1970)-
Physical Review D 1(1970)-
Physical Review Abstracts 1(1970)-
Physical Review Letters 8(1962)-
Physics Abstracts 69 no 827(1966)-
Physics Letters A 1(1962)-
Physics Letters B 1(1962)-
Physics Reports l(l97l) 
Physics Today 12 no 6(1959)-17(1964) 20(1967)-
Plessey International News no 7(l96l) 
Power Reactor Technology 1 Dec.(1951)-9(1966) 
Progress in Elementary aid Cosmic Ray Physics 1(1952)-
Progress in Nuclear Physics 1(1950)-
Progress of Theoretical Physics 30(1963)-

99. 

Radiation Effects 1(1969)-
Radiation Research 1(1954)-
Radiation Research Reviews 1(1968)-
Radio, Electronics and Communications 19 no 9(1964) 
Radioactivity Survey Data in Japan I967-
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