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2. 

SUMMARY 

This report describes the work of the Nuclear Physics 
Group during the period January-June 1977* 

Again during this period a substantial part of the 
Group's efforts were associated with the work of the Royal 
Commission on Nuclear Power Generation. 

13 Techniques for the production of N were developed 
and some experiments were carried out using labelled 
nitrogen in either the gaseous or nitrate form. 

A detailed study of the determination of nitrogen 
in steel using t. nuclear technique was completed. The 
principal factors to be considered if reproducible measurements 
are to be obtained have now been identified. 
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A. Nuclear Physics 

A.l General 

Work continued on a study of the reaction N(d,py) N 
over the energy range 0.5 - 2.6 NeV. This work was motivated 
by the desire to increase the reliability of nuclear techniques 
for the determination of nitrogen in steel. 

A.2 Accelerator 

A.2.1 Operation - R.D. More, C.R. Pureell 

During this period the accelerator was run for 310 
hours. Trouble was experienced with the charging belt again; 
some modifications were made to the charging screen and the 
damaged belt has run in a usable condition ever since. Isotope 
production usage has increased and radioactive carbon dioxide, 
radioactive nitrate and nitrogen gas have been produced 
regularly. Work has continued on charged particle activation 
and proton-induced X-ray fluorescence. 

The breakdown of usage is as follows:-
Hours Machine Davs 

INS Accelerator Section protons 
deuterons 

INS Isotope Application Section protons 
deuterons 

PEL Biophysics Section deuterons 
DSIR Ecology Division deuterons 

Total1 

A.2.2 Maintenance - R.D. More, C.R. Purcell, R.J. Sparks 

Early in this period the charging current on the belt 
became unstable and monitoring the top terminal showed severe 
ripple, regardless of loading on the terminal. On removal of 
the tank, the belt was found to be damaged in one place and 
had longitudinal damage over a quarter of the belt length. 

55.5 13 
103.0 19 

58.7 11 
18.8 5 
56. h 36 
18.1 11 
310.5 95 
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A section was removed from the charging screen corresponding to 
the damaged portion of the belt and the screen was made to 
touch the belt; previously there was a small gap. The machine 
then ran satisfactorily. 

A few weeks later a roitine overhaul of the Van de 
Graaff was made and no further deterioration of the belt was 
observed. The vacuum pumps were serviced, selsyns cleaned 
and greased and gas bottles refilled. A new ion source was 
put into service, replacing a reconditioned ion source which 
had run well (530 hours) in a period when there were many 
interruptions due to belt failures. 

A new cable to the capacitive pickup terminal of the 
Van de Graaff was installed and calibrated. The top terminal 
ripple is now regularly monitored with an oscilloscope mounted 
in the control panel. 

The turbomolecular pump used on the experimental line 
was brought back into service. The backing pump had new oil 
seals on the shaft and new bearing mounts were installed in 
the turbomolecular pump. The pump performance was then up to _7 specifications and a pressure of 3 x 10 mm was obtained. 

A.3 Instrumentation 

A.3*1 X-ray Fluorescence - G. Wallace 

After the puncturing, and repair, of the Be window of 
the Kevex Si(Li) detector, it was found that the breakdown 
voltage had decreased from a figure in excess of 1000 V to 
300 V. The corresponding resolution was 2^0 eV for the 5.9 keV 

55 peak of a "^Fe source. This persisted for about one month when 
the breakdown voltage suddenly fell to less than 100 V and the 
detector became useless. The detector was then sent to the 
manufacturers for replacement. Due to an unfortunate set of 
circumstances, the repaired Si(Li) detector was seven weeks in 
transit from the USA (six weeks of this spent in N.Z. ) and it 
was found to have a degraded performance when it arrived. This 
is thought to be due to the prolonged period at room temperature. 
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Instead of the warranted figure of <185 eV resolution for 5.9 
keV energy X-rays, 206 eV was first measured. A further 
deterioration has since been experienced, and a repeat repair 
job is necessary. 

Fortunately, on the day after the Kevex Si(Li) detector 
was sent for repair, the new Canberra Industries Si(Li) 
(model 7333E) arrived. The resolution of this detector was 
measured at 162 eV ( 5 5Fe), well below the warranty figure. A 
C.I spectroscopy amplifier (no.l*»13) and an alarm module (no.1785) 
were also purchased. The bias supply for the Si(Li) detector 
was obtained by tapping off the existing Kevex H.V. supply. The 
adoption of the C.I Si(Li) for the energy dispersive X-ray 
system required some minor modification to sample holders. 

The X-ray tube required minor repairs in this period: 
filaments were replaced, and the Vaclon pump was reconditioned. 
A leak in the high voltage connector was again temporarily 
plugged, and the high voltage plug was replaced due to increasing 
incidence of corona discharge. The entire tube is overdue for 
a recondition which is being delayed pending the completion of 
the new tube. 

A.J.2 Rejuvenation of Large Area Diffused-junction 
Detectors - G.E. Coote 

These silicon detectors, which are used by Dr Whitehead 
for alpha sp«ctroscopy, usually fail after a year or two. The 
diffused junction should be stable, so that re-etching of the 
sides of the detector should make it as good as new. Unfortunately 
these detectors are mounted in a way which makes them difficult 
to take apart and reassemble. One etch treatment • did 
not result in an improved detector, probably because of the 
difficulty in re-mounting the silicon without damaging it. 
Some new mounts will be made, based on a design which uses 
pressure contacts and can be taken apart in a few seconds. 

A. 3.3 Ge(Li) Detector - K.P. Pohl 

The high energy response of the Ge(Li) detector was 
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checked using the 7 MeV y-ray doublet produced from 
-> Fe(n,y) Fe reaction. The experimental setup consisted of 
an iron annulus filled with wax, with the neutron source at 
the centre. A resolution of approximately 7 keV was obtained. It is 
intended to optimise the geometry so that it should be possible 
to use the 7 MeV y-rays t o stabilise a spectrum while the 
detector is viewing a target. 

This experiment showed the advantage of using a 
correctly set pile-up rejector, especially where low counting 
rates at high energies are accompanied by high counting rates 
at low energies. Although it is not feasible to give 
quantitative data on this, the improvement in resolution and 
decrease in "between-peak" background was readily apparent on 
viewing the spectra. When counting rates are low (as in this 
experiment and in many proton capture ones) it seems that there 
are advantages in using higher Z materials for collimating and 
shielding. Information regarding depleted uranium and tungsten 
alloys is being sought from possible suppliers. 

A.J.k Low-background Counting - K.P. Pohl 

Because of the interest in environmental and other 
low activity samples a feasibility and costing exercise is 
being started into obtaining a well-shielded Compton-suppressed 
Ge(Li) counting facility. Although it will have to be completely 
self-contained eventually,it should be possible to obtain a 
limited capability facility sooner; acquiring multichannel 
analyser, detector and shield as finance permits. 

A.3.5 Earthing - J.G. West, K.P. Pohl 

Mains earth problems have come to the fore now that 
equipment which must be connected together is installed in 
separate rooms, e.g., the X-ray equipment in the now addition 
is connected to analysers in the control room. The problem is 
that the mains earth is joined to the neutral at each sub-board 
(as required by law). This gives rise to "large" voltage 
differences between instruments in different rooms. ("Large" 
in comparison to millivolt signals). 
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The long-tens solution is to run a separate "signal" 
earth throughout. This will be connected to sains earth at 
only one point and will carry "no" currents. This necessitates 
each piece of equipment having its earthing Modified and will 
thus be a long-term project. For a start all equipment in the 
X-ray room is being converted - with complete success. 

As an interim measure the ADC in the CAMAC system has 
been supplied with a differential amplifier which alleviates 
the problems caused by the mains earth potentials. 

A.3.6 Electronics 

(a) General - J.G. Vest 
A new NIM module has been constructed to interface the 

Kicksort analyser to the PDP-11. This interface is via the CAMAC 
operating system. The old Kicksort interface has proved to be 
unreliable since the PDP-11 was shifted further away from the 
analyser and is currently not operational. 

(b) CAMAC - J.G. Vest 

A CAMAC module consisting of a serial data interface 
has been constructed. This interface is of a general design 
and is intended to handle all the serial data interfacing to 
the PDP-11. The module is currently being debugged on the 
Kicksort-PDP-11 interface. 

(c) NMR Digital Signal Averager Control - J.G. Vest 

When the digital signal averager (DSA) was used in the 
external address advance and external trigger mode several 
serious operating faults were traced to the peculiar operating 
characteristics of the DSA, Rather than tackle the complicated 
job of modifying the DSA it was decided to fool the DSA by 
modifying the DSA control module. These modifications have 
been completed and satisfactory operation of the DSA was obtained. 



8. 

(d) Soil Bureau: Densitometer Electronics - K.P. Pohl 

The problems encountered with - te counting electronics 
which Soil Bureau has bought should soon be at an end. It was 
found that if an external self-stabilising amplifier was used 
it was possible to obtain satisfactory operation. Such an 
amplifier has been ordered so that INS's one will be returned 
from Soil Bureau when their one arrives. 

(e) Sweeping Single-channel Analyser and Bone 
Density Measurements - K.P. Pohl 

Little progress has been achieved on either of these pro
jects as the requisite instrumentation has been away from INS 
on field trips for almost all of this period. 

(f) Microdensitometer for F.R.I. - K.P. Pohl 

When the mechanical assembly was received back from the 
workshop in June, several problems appeared immediately: (i) the 
source-detector spacing is .-N*9 mm rather than the r~ 5-6 mm 
expected, (ii) the source itself is not as well-defined in area 
as intended, (iii) although the detector gives an acceptable 
spectrum it is not uniformly sensitive over its face, (iv) the 
stepping motor exhibits an electro-mechanical resonance if 
supplied with the recommended driving wave form. Work is 
proceeding on this project with the next step being the inter
facing of the densitometer to the mini computer (Alpha LSI-2) 
which will completely control it. 

(g) River Sediment Transport - K.P. Pohl 

Approaches have been made to several overseas companies 
asking them to submit priced proposed systems using a collimated 
Co source and high-pressure ionisation chamber detectors. No 

satisfactory replies have been received as yet. 

(h) Ratemeter Failure - K.P. Pohl 

A ratemeter which partially filled with water "failed 
to function". It had been left "on" monitoring activity in a 
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river. The reason it no longer functioned was that several 
pieces of conductor on a printed circuit board had been 
completely removed by the electrolytic action of the water and 
the current. A replacement board is under construction. 

(i) Resistor Failures - K.P. Pohl 

Failure of the 10 MQ resistors used in the dynode 
chain of underwater probes is cause for concern. These small 
cracked carbon resistors, lacquer covered, fail for no 
apparent reason and without any signs of damage. Two 
approaches are being looked at; (l) to coat the resistors with 
an impervious layer (silicone rubber possibly) and (ii) manu
facture thick film hybrids with a glass overlay. Both methods 
have their drawbacks from a mechanical and servicing point of 
view. 

A. It Experimental Program 

A.*».l Measurement of Nitrogen Concentrations 
in Steel - R.J. Sparks 

The work undertaken to clarify the principles under
lying this analytical technique is essentially complete, and 
is described in report INS-R-229, due to appear within a few 
weeks. To summarise the findings, the factors possibly influencing 
the reliability of the technique that were investigated were: 

(1) Concentration gradients near the sample surface 
introduced during preparation. 

(2) Surface contamination. 
(3) Non-uniform distribution of nitrogen within the sample. 

Concentration gradients can be detected, at least for 
high nitrogen contents (̂  500 ppm), by comparing measured y-ray 
yield functions with those predicted from thin target yield 
measurements and the known stopping power of iron for deuterons. 
Provided that the sample is not subjected to strong heating it 
appears that nitrogen depletion or uptake near the surface do 
not significantly affect the accuracy of measurements. 
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Surface contamination can be effectively reduced by 
irradiating onto a flat, polished surface that is perpendicular 
to the deuteron beam. Factors (l) and (2) are not unrelated. 
It is important that the surface polishing be carried out after 
any cutting or filing are performed on the sample, since there 
are indications that the intense heat generated by the latter 
operations can induce significant nitrogen uptake into the 
sample surface. Subsequent polishing removes this surface layer 
and exposes the underlying intrinsic nitrogen, which is stable 
at room temperatures. Ordinary "Brasso" was found to be quite 
satisfactory as a polishing medium, followed by thorough ultra
sonic cleaning with acetone. 

Measurements with a narrow (l mm diameter) deuteron 
beam show that, in general, the nitrogen is not uniformly 
distributed over the sample surfaces, and it is necessary to 
average over the entire surface. 

When all these precautions were taken on four standard 
steel samples from U.S. National Bureau of Standards, with 
nitrogen contents ranging from 37 to *»807 pp», it was possible 
to establish a linear relation between y-ray counting rate and 
nitrogen concentration, with X 2 = 2.2. 

The above comments indicate that little reliability 
can be placed on measurements obtained from granular material, 
or from steel turnings, since it is then difficult, if not 
impossible, to control the condition of the sample surface. 

For future applications of this technique attention 
needs to be given to improved procedures for sample mounting, 
beam alignment and collimation, and beam line cold-trapping. 

A.i».2 Hybrid X-ray Fluorescence System - G. Wallace 

The ultimate sensitivity obtained in elemental analysis 
by X-ray fluorescence is governed by the background beneath the 
detected peak in the X-ray spectrum. In energy-dispersive 
analysis, this background arises primarily from signal degra
dation in the Si(Li) detector. As most of the X-rays detected 
may be due to incident radiation scattered elastically or 
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inelastically from the sample, any method employed to prevent 
this radiation reaching the detector will increase the 
sensitivity of the analysis. Two methods are reported. Plane 
polarised incident radiation used with initially orthogonal 
scattering angles is successful in reducing inelastically 
scattered radiation; and crystal diffraction can be used to 
preselect a wavelength band of interest in the X-ray spectrum. 
As both methods introduce an additional scattering process, 
there is a considerable reduction in efficiency to offset 
their advantages. 

Some time was spent investigating the latter technique, 
i.e., using a crystal to diffract an energy band of interest, 
followed by the usual energy analysis according to pulse 
height observed in a Si(Li) detector. Properly adjusted, 
crystal diffraction achieves superior resolution to that of 
a Si(Li) dete tor. It is used in conventional, or wavelength-
dispersive, X-ray fluorescence. For the hybrid system investigated, 
based on a 1" square singly-curved graphite monochromator 
(spacing 2d = 6.708 A), it was necessary to degrade the 
resolution by increasing solid angles. 

Diffraction of an energy band was obtained, but the 
efficiency of the system was very low. Normally, the rate at 
which samples can be analysed is limited by the maximum count 
rate that the detection system can handle. With the hybrid 
system, this limitation is removed, and it was found that the 
low power X-ray tube (l6 V maximum) could not compensate for 
the loss in efficiency so that long irradiation times were 
necessary. Statistical considerations demonstrate that if 
much longer irradiation times are necessary, there is little 
to be gained by employing additional background reduction 
techniques which are either inefficient or imperfect. 

A.k.3 (X,X») Spectroscopy - N.E. Whitehead 

The programs for analysis of the spectra resulting from 
this analysis, were being changed during the review period, 
and this li.iited the work that could be done. The program was 
changed in such a way that calibration now demands two completely 
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separate peaks, well separated in the spectrum also. This is 
rarely found. There are often two separate peaks, but they are 
often so close that extrapolation is needed, and quite inaccurate 
peak positions result. Accordingly, an attempt was made to put 
an artificial peak from a radioactive source in ea^h spectrum 
above the scatter peaks from the molybdenum tube. 

A specimen of cadmium was irradiated with a 3 |iA beam 
of deu.erons for one hour at 2 MeV. This produced isotopes in 
yield .sufficient to produce X-ray peaks, but the half life of 
the Isotopes produced was not long enough for practical use. 
At this point it was found that an old Cd-109 source existed, 
and this with suitable collimation and positioning produced 
suitable silver X-rays, in each spectrum. 

During this period the CAMAC system becaue available for 
analytical use, and this represents a major advance in capability. 
Previously it has been necessary for quantitative analysis to 
record the integrated anode current, and the time. Extensive 
arithmetic was subsequently necessary, and the computer program 
to avoid this, which used a punched tape from the ORTEC print
out system, is still not debugged. With the CAMAC system no 
arithmetic at all is necessary. The system operates in livetime 
mode, hence allowing automatically for dead time of the 
electronics, but it is also possible to digitise the anode current, 
and use the resulting pulses as 'clock* pulses, and accumulate 
a set number of them. 

(a) Phosphorites 
These samples were analysed again, but the standards 

still gave erratic results} this is possibly due to different 
parts of the analysis being done on different detectors. More 
work is needed. 

(b) Paint samples 
A series of paint smears were analysed to determine 

whether they could be separated into groups on the basis of their 
elemental composition. This work was not complete by the end of 
the review period, because the current X-ray program was not 
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able to unscramble the difficult interference between barium 
and titanium, both of which appear in some of the specimens. 

(c) Skin 

The Nutrition Department at Otago University requested 
analysis of skin for zinc. They forwarded a number of plastic 
vials which proved to be very suitable for transport of the 
biopsy specimens because they were very low in trace elements. 
In connection with that project some dead skin peeled off a 
foot was analysed and showed analysable levels of zinc. 
However, exposure of a live hand for 2 minutes to the beam of 
X-rays (giving a calculated dose of a few rem) showed little 
zinc. This is partly because the exposure time was short, but 
also because scatter from live tissues reduced the signal/noise 
ratio. 

(d) Zirconium 

Some Indian zirconium metal was analysed for various 
elements. This involved dissolution of the zirconium, and a 
pyrosulphate fusion was used successfully. The zirconium is 
reactor grade material used in Indian nuclear research. 

(e) Teeth 

The joint research project with the Dental Research Unit 
was reactivated. More pilot tests were done to confirm whether 
it was possible to analyse biopsy specimens for any elements. 
The biopsy is taken by rubbing the tooth with a small filler 
disk saturated with strong acid. The results appear sufficiently 
interesting to warrant further investigation. 

(f) Soils 

Quantitative research on these was hindered because of 
lack of equipment availability. A suitable series was analysed 
but only by (p,X) spectrometry by the end of the review period, 
and the spectra proved useless because of subtle electronic 
defects. 
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(g) Bromine in foodstuffs 

Dr R. Winchester of Chemistry Division analysed a 
number of samples during this time. 

(h) Actinide research 

During the course of actinide research some impurities 
were found to hinder electro-plating. A sample of the cell 
liquor showed the presence of barium from the reagents used , 
which was quite unexpected. This element seldom has its 
quantity given'on a reagent bottle label, but in this case 
proving its presence was vital because the electroplating was 
done in a sulphate medium, and the barium sulphate produced 
(although in trace amounts) scavenged some of the actinide 
material present. Later in this research the method was again 
applied, when trace contaminants from shells were found in the 
plating liquors. It had an important role in showing what 
elements were there, and giving clues as to how to eliminate the'3. 

The Si(Li) detector was also used to check on the final 
electroplated disks. Three tracers were being used in the 
system, and some did not emit gamma radiation detectable by 
our Ge(Li) detector. However overnight counts on the Si(Li) 
showed X-ray peaks and also showed the presence of contamination 
in some fractions. The two tracers Pa-233 and Th-234 emit 
uranium and protactinium X-rays respectively. 

(i) Forensic work 

1. A mark on a crash helmet was examined for the presence 
of lead (possible bullet hole). The element was found, but was 
also found in great quantities on the rest of the surface of 
the helmet. It is not clear whether this was part of the paint 
or a deposit from lead fumes in traffic. The mark was small 
and geometry difficult. Therefore instead of using the micro-
coll imator, an aluminium plate with a small hole was positioned 
exactly over the mark and a larger collimator used. 

2. Talcum powders were examined and varied in composition. 
The sample from the scene of the crime was similar but not 
identical to one of the suspected powders. This technique has 
potential future application however. 
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(j) Dredge heavy mineral fractions 

Semi-quantitative analysis of such fractions from the 
Kanieri dredge was requested by the mineral processing labo
ratory of Chemistry Division. The amounts of thorium and 
uranium were especially in question. The analysis was not 
quite complete by the end of the review period, but the spectra 
differed widely, and included some exotic elements such as the 
platinum-iridium metals, in trace amounts, and hafnium, 
associated with zirconium in one sample. One sample showed 
large amounts of lead. That sample apparently contained it in 
the form of lead shot! 

A.k.k (p>X) Spectrometry - N.E. Whitehead 

The new Canberra Industries Si(Li) detector was 
installed in the beam line after some initial difficulties 
with making the seal vacuum tight. It is now at one end of 
the beam line rather than in the middle, which makes removal 
or insertion very much faster. 

Some hairs were analysed by this technique. This was the 
first step in an exercise to make their analysis quantitative. 
The difficulty is that it it never possible to be sure by con
ventional techniques how much hair is actually being hit by 
the beam, and hence what the concentration is. Two approaches 
are being explored! (p,p) spectrometry, and measurement of the 
bremsstrahlung peak. 

A filter was placed in front of the detector with a 
pinhole in it the size of a lower case 'o'. The filter was 
one thickness of Whatman*s no.l»l. This arrangement was found 
optimum for simultaneous estimation of low and high Z elements 
with a single irradiation energy 2.5 MeV. This arrangement 
will cut down the time needed for analyses, but will require a 
new determination of the K /Kg X-ray peak ratios for the 
analysis program. 

Some rare earth samples (those mentioned in the last 
report) were analysed for the possible presence of silicon 
which might influence their grinding properties. Although 
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silicon was detected, it was in trace amounts and it was 
concluded that the major factor was therefore the bulk con
centration of elements. 

A.U.5 (p.p) Spectrometry - N.E. Whitehead 

An attempt was made to obtain (p, p) spectra from gas 
targets. The reason for this was to fill an analytical gap. 
Hydrogen is a particularly difficult element to measure but 
often cannot be estimated by (p,p) spectrometry because the 
higher Z elements are present in amounts which are too great, 
or the sample is too thick, in which case plateaux rather 
than peaks result. It is possible to use even that method 
quantitatively, but it is limited by counting statistics. 
Usually an effort is made to make targets very thin, so that 
peaks are seen in the spectrum, but such targets must be 
handled with great care since they are fragile. 

A gas target should suffer from few of the above defects. 
The target is the equivalent of an extremely thin target, and 
high resolution spectra should result. A preliminary attempt 
was made to use this idea for applications (most use of gas 
targets to date has been for isotope production, or pure 
physics research). The workshop made two insulated lead-throughs 
on a brass flange, and a molybdenum boat was suspended between 
the contacts. Lithium carbonate was put in the boat, and the 
whole screwed onto a multiport; a surface barrier detector was 
also put in a multiport. A beam of protons was allowed to pass 
the detector, and over a long time a small peak was observed 
from background contaminants in the beam line, probably carbon. 
A strong current was then passed through the boat to volatilise 
the sample, but the pumping system was too vigorous and the 
volatiles were instantaneously swept away from the detector area, 
allowing observation at the detector of only a very brief flurry 
of counts (but about in the position in the spectrum where 
lithium would be expected). Obviously for good sensitivity, the 
sample of volatiles must be exposed to the beam for a long time, 
and not pumped away. Accordingly the beam was allowed to enter 
the multiport through a vacuum tight nickel foil, and the gate 
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valve to the pumping unit was closed. Unfortunately the surface 
barrier detector chose this moment to expire, and no results 
could be recorded. However it vas found in any case that the 
isolated raultiport did not hold a vacuum well. The pressure 
increased rapidly to several hundred micron. Ideally a greatly 
improved vacuum holding capability would be needed. 

A.k.6 (p.p'y) Spectrometry - N.E. Whitehead 

As noted in the last report, it is difficult to detect 
the sodium in glass by (p,X) spectrometry. 

However it was found in this period that the y-ray 
spectra obtained on proton bombardment showed clear peaks due 
to sodium for some glasses but not others. The results are 
contrary to expectation and the reasons for this are still 
unknown. A search for a suitable resonance for that peak 
proved only partly successful, due to rather close spacing of 
resonance levels, and research will concentrate on using other 
reaction resonances instead. 

A.k.7 (d,p y) Spectrometry - N.E. Whitehead 

A small amount of work was done on the determination 
of nitrogen in bone by the N(d,py) ^N reaction. The samples 
kindly supplied by the C-\h Section had previously been 
analysed for nitrogen by the Kjeldahl technique. However the 
results did not show a close correlation between count rate 
and nitrogen content, there being a scatter of perhaps ± 25# 
around the line of best fit. More work is needed. However, 
sequential analysis did not suggest any nitrogen loss, with 
exposure to the beam, as had been feared. 

A.*».8 Manufacture of K-38 - N.E. Whitehead 

Victoria University Zoology Department showed some 
interest in the use of K-38 (7*7 m positron emitter). A calcium 
carbonate target was bombarded with deuterons (3 |tA at 2 MeV 
for 1 hour) and K-38 identified by its 2159 keV gamma ray. About 
1 tiCi was produced, which was much less than the amount required 
by V.U.W. No Ca-^5 12 keV gamma rays were seen, using the 
Si(Li) detector. 
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A.l».9 Production of Nitrogen-13 for Aquatic Studies -
M. Domes, Ecology Division, Taupo and INS 

The nitrogen inventory is an important parameter in 
fresh-water lakes. The nitrogen uptake and nitrogen release 
by bacteria are key factors in the nitrogen inventory equation. 
Work has concentrated on nitrogen releasing bacteria. 

Nitrate solutions labelled with nitrogen-13 were made 
by bombarding Na2CO_ (latterly Li2°°3) pellets with a 2 NeV 
deuteron beam from the Van de Graaff accelerator. A 20-minute 
irradiation at 1 pA was sufficient to give an active nitrate 
solution. The nitrate solution was injected into a reaction 
vessel which contained the specimen water containing the 
bacteria. Any radioactive gas was bubbled out of the solution 
with helium, passed through a drier and collected on a 
molecular sieve trap cooled by liquid nitrogen. Any activity 
collected was measured with a 5" x 6" Nal scintillation detector 
gated to record the 511 keV annihilation peak from nitrogen-13. 
A problem encountered was that of nitrogen gas occluded in the 
target being released in the nitrate solution and masking any 
nitrogen coming from the bacteria in the sample. This was 
solved by heating and bubbling prior to injection in the 
reaction vessel. "Dead" runs were obtained but no positive 
results were observed when bacteria were introduced. Work is 
proceeding to confirm that the bacteria are in fact de-nitrifying. 

A.^.10 Production of 13N-labelled Nitrate for Plant Studies -
G. McNaughton, P.E.L.,Biophysics Section and INS 

The first experiments using nitrate labelled with 
nitrogen-13 for tracing in root systems of plants were begun 
in this period. NaoC0» was used first as a target material but 

J 2k the interference due to Na became a problem in the plant 
detection system. Li2C03was tried and good yields with a 2.0 MeV 
deuteron beam and a current of 1-Jr \iA were obtained and the 
radioactive nitrate solutions successfully traced up the plant 
root. 
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A.k.11 Production of Radioactive Carbon Dioxide for Plant 
Studies - PEL Biophysics Section and INS 

Routine production runs of carbon-11 were made in this 
period; in fact a third of the machine time was devoted to 
this project. 

A.k.12 Development of Nitrogen-13 Gas Production -
R.D. More and C.R. Pureell 

Two runs were made in which graphite was bombarded with 
deuterons and the target kept sufficiently cool to prevent the 
evolution of nitrogen. The graphite target was *hen removed 
from the accelerator and placed in a furnace and heated to 10OO C. 
The gases evolved passed through a CuO furnace, then a liquid 
nitrogen trap and nitrogen-13 gas finally collected on a 
molecular sieve cooled with liquid nitrogen. Only one run 
showed significant amounts of nitrogen collected and the 
highly radioactive graphite posed problems in handling. 

A continuous flow system was then tried. Carbon dioxide 
was used as a bleed-gas across the face of the graphite target 
which was bombarded with up to 80^A of 2.0 MeV deuterons. The 
target became white hot and radioactive gas was collected with 
the carbon-11 gas train. The actual nitrogen-13 gas was 
collected on a molecular sieve trap cooled with liquid nitrogen. 
Reproducible runs were made and the activity collected was of 
the order of 10 jiCi, which would be sufficient for the nitrogen 
fixation studies envisaged. 

A.5 Nuclear Magnetic Resonance 

A.5-1 Apparatus - L.A. McLachian and K.P. Pohl 

The faulty I.P. amplifier mentioned in the last report 
was re-built, using a type of I.C. suggested by K.P. Pohl, and 
now works properly. 

During some modes of operation, the digital signal 
averager was found to add some spurious memory advance pulses 
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all of its own. The reasons for this were many and ranged from 
a vague and inaccurate instruction manual to subtle details of 
pulse synchronising circuits, but eventually J.G. West unravelled 
it all and the system now works, apart from rare occasions 
apparently due to a latch-up of the signal averager itjelf. 

Other work done included calibrating the pulsed magnetic 
gradient used for diffusion coefficient measurements and reducing 
the 50 Hz component in the magnet current power supply to about 
1 ppm. The residual ripple is due to poor earthing practices 
and the use of a |iA 723 as a precision voltage reference source. 

Instabilities in the rf pulse train produced by the 
transmitter were noted and traced to mismatching in the coupling 
network. This has been altered and the problem greatly reduced 
at the expense of decreasing the frequency range which can be 
covered. As a long-term solution to this problem, the purchase 
of a commercial probe and matching network is being examined. 

The synthesiser bought last year did not appear to 
function as expected in the NMR setup. It was established 
using PEL's spectrum analyser, that while it did comply with its 
claimed specifications, these were only marginally satisfactory 
in practice. Noise close to the carrier is too high and does 
not fall off sufficiently fast. On perusal of the circuits and 
performance of other synthesisers it appears that the cause is 
that the oscillator itself is noisy. It would seem worthwhile 
to experiment with a discrete component oscillator replacing 
the present integrated circuit one as the latter is not readily 
amenable to optimising its noise performance. 

A.5.2 Experimental - L.A. McLachian 

(a) Careful experimental and theoretical studies of the 
effects of digitisation on relaxation time measurements were 
made and as a result of these, T^ can be measured by the 
inversion-recovery method with systematic errors of less than 
one percent. A new method of maasuring Tf by progressive 
saturation was also developed which seems to be quick, simple, 
and reasonably accurate. As for T 2, it can now be measured 
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with systematic errors of less than 5% for quite a wide range 
of parameters. 

(b) Some work was done for Chemistry Division on 
evaluating NMR as a technique for quickly analysing the amount 
of hydrocarbons in New Zealand oil shales. Preliminary 
measurements resolved the signal into two distinct components. 
The larger one, which is 9k% of the total, has a short T„ of 
about 11 (is and a T. of 1.7 »s. This is probably from the 
hydrocarbon molecules which, in oil shales, are tightly bound 
to the mineral matter. The smaller component has a T„ of 
about 30 ps and a T. of some milliseconds and is probably due 
to tightly bound water, but it could be from loosely bound 
hydrocax ->ons. 

Although the signals are weak, with signal averaging 
and a detailed computer analysis, the percentage of hydrocarbon 
could be measured to within about 5jk error in a matter of 
minutes. Considerable work would, however, be needed to 
develop the method and as other, but much slower, methods 
of analyses are available it is not intended to do much more 
work on this topic. 

(c) Properties of some flocculents are being studied in 
co-operation with Chemistry Division. They had previously 
been observed to have a time-dependent macroscopic viscosity 
and it was thought that the NMR properties might also change 
over a period of days. Accordingly T. and T„ measurements 
were made on a number of samples and it was found that there 
was indeed a time dependence of the relaxation time if the 
samples were prepared in air or oxygen, but not if prepared 
and kept under nitrogen. Furthermore photochemical effects 
were shown to be unlikely to be occurring. The changes with 
time were traced to the residual HDO signal from the D„0 
solvent and was consistent with free radicals being formed at 
a rate proportional to the amount of oxygen present. 

The polymer part of the NMR signals seems to be stable} 
hence -work has started on measuring the effects of changes 
in the pH and ionicity on the polymer NMR properties. 
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A.5.3 On-line Data Analysis - G.J. McCallum 

After being used for a year the PDP-8 data analysis 
program NMR3 was modified slightly so that more expermimental 
information is output. This program is called NMR4. 

A.6 PDP-8 Data Processor 

A.6.1 Operation - J.6. West 

The processor continued to operate satisfactorily 
throughout the period. 

Total hours to date 22 161 hours 
Time during period 692 " 

A.7 PDP-11 Data Processor 

A.7.1 Operation - J.G. Vest and K.P. Pohl 

Total hours to date 12 947 
Time during period 1 330 

The rental Dl/AN teleprinter developed a fault and no 
response to keys being depressed was obtained. The printer 
was replaced with another machine which operated satisfactorily 
at first. However, this machine also developed a fault which 
produced illegible printout. It was concluded that the Dl/AN 
teleprinter was too unreliable and this rental contract has 
been cancelled. 

Th Inktronics power supply converter began drawing 
excessive current which placed the Inktronics out of action 
for several weeks whilst this fault was being corrected.- The 
converter design uses a resonant constant voltage transformer 
which appeared to be the culprit. This transformer is now no 
longer available which meant it had to be dismantled and re
built by ourselves. The insulation on the windings was replaced 
with the assistance of the PEL Instrumentation Section. The 
converter is now working satisfactorily after re-assembly. 

Maintenance on the Inktronics printer was required. 
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Electrical arcing on a high voltage board caused some zener 
diodes to short circuit and gave faint inking. Further problems 
occurred with spurious line feeds being inserted and some line 
feeds not occurring. The problem was eventually traced to a 
dry joint in the drive circuit. 

The processor had one fault during this period. A 
timeout trap was occurring whenever the console or other 
processor registers were being accessed. No SSYN response 
signal was being generated because of a faulty integrated 
circuit. 

A.7.2 Programming 

(a) FGMON, CAMAC - G. Wallace 

Efforts were continued to render the multi-user fore
ground system FGMON bug-free when accumulating data through the 
CAMAC system. A program KSDUMP has been written to transfer 
data from the Kicksort pulse height analyser to the PDP-11 
peripheral devices. The completion of the interface will 
provide the first test of the FGMON system for independent multi
user data acquisition through CAMAC. 

(b) CASPER - G. Wallace 

Further improvements have been made to this spectrum 
analysis program. 

(c) X-ray Analysis Programs - G.J. McCallum 

Various variants of programs which identify elements in 
X-ray spectra and determine elemental abundances have been 
developed over the past k years. These are now being documented 
more fully and improved in a number of ways. 
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A.8 International Nuclear Information System (INIS) 
D.C. Robinson 

(i) Input 

The last progress report described the development of 
a method for making paper tape input to INIS. During the 
present 6-month period this method was used to input 35 items. 

(ii) SDI Service 

Searches have been proceeding routinely except that the 
May tape was defective and a replacement had to be requested. 
At the end of June neither the replacement nor the June tape 
had been received so there had been a long period between searches. 

A profile for Professor W.G. Wybourne was added to those 
regularly searched. 

(iii) Cumulation of Data 

Vol.7 17-22 was cumulated onto one tape. Unfortunately 
the December tape (Vol.7 23-24) did not fit onto this tape and 
will have to remain by itself. In future, 3 month, rather than 
k month cumulations will be made. 

A.9 Other Bibliographic Work - D.C. Robinson 

A.9.1 NIP 
This bibliography continues to grow and at the end of 

June there were 1155 entries. However the rate of growth slowed 
during the current 6-month period. 

A.9*2 Automatic Cataloguing 
A beginning was made on a program to produce catalogue 

cards for the library using the information on INIS tapes. In 
principle the program was simple but the details were very complex 
because of rigid formatting requirements. The work was carried 
to the point where it could be seen to be practical but it has 
not been completed because other work has taken priority. 
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A.IO S t a f f Notes 

(a) Training Course - G.E. Coote 

Graeme Coote helped with a training course on "Better 
Speaking", organised by Mr Les Roberts of Geological Survey. 
It was a two-day course intended to help Ik scientists from 
the Survey to improve their public speaking, and was held in 
the excellent lecture theatre at Soil Bureau. On the first day 
the topics treated were "Basic communication principles and 
problems" (Dick Dale, Head Office); "Preparing the talk" (G. 
Coote, INS); "Setting the scene" (Les Roberts); "Giving the 
talk" (Dale) and "Use of visual aids" (shared by the three 
speakers). Each participant prepared a five-minute talk over
night and delivered it next morning; parts of each talk were 
recorded on video tape and were played back during a discussion 
period. There were further sessions on impromptu speaking, use 
of a microphone, inviting and introducing a speaker. 

An evaluation of the course by the participants showed 
that it had been entertaining and relevant to their woik, with 
plenty of opportunity for participation. 

(b) Visit to Applied Biology and Plant Physiology 
Divisions, Palmerston North - G.E. Coote 

While at Palmerston North to participate in a symposium 
on nuclear power, G. Coote was able to discuss with three groups 

13 in these divisions possible applications of N as a tracer for 
nitrogen. Drs John Robertson and Mike Boland (ABD) are 
interested in the mechanisms of nitrogen fixation in plant 
nodules, Drs Clive Pankhurst and Mike Greenwood in studies of 
rhizobia growing in agar, and Dr Ken Giles (PPD) in genetic 
engineering experiments related to nitrogen fixation. 

(c) Visit to University of Waikato and Ruakura 
Research Centre - G.E. Coote 

G.J. McCallum and G.E. Coote visited the Science Department 
at. the university, and delivered talks on the work of the acce
lerator group and on biological applications of the short-lived 
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isotopes C and N. We were impressed by the work there on 
carbon dating, uranium-thorium dating of Antarctic samples and 
the establishment of a tree-ring sequence of fossil trees in 
New Zealand which goes back U000 years. 

13 Possible applications of N were discussed at Ruakura 
with Garth Smith (plant nutrition), Keith Steele and Pat Holland 
(denitrifying bacteria in soil). 

(d) Consultation on Nuclear Energy - G.E. Coote 

G.J. McCallum, G.E. Coote and N.E. Whitehead attended 
a one-day consultation at St John's College, Auckland, organised 
by the Church and Society Commission of the National Council of 
Churches. This was intended to bring together people with 
diverse views on the subject, so that they could get to know 
each other and hold discussions which did not have to result in 
agreement or publication. In attendance were about kO people, 
including scientists and engineers from Government departments 
and universities, representatives of environmental groups, 
churchmen and informed lay people. 

The proceedings took place in a friendly atmosphere. 
An interesting and at times amusing feature was that six people 
were asked to give short talks on specific subjects from the 
point of view of the people who usually opposed them; these 
talks were remarkably convincing. 

A.11 Lectures. Reports and Publications 
Coote, G.E. Nuclear energy from thoriums an introduction. 

INS-R-230 
Coott), G.E. Nuclear power - a perspective sketch. INS-L-195 
Coote, G.E. The short-lived nuclides ^ C and for biological 

experiments. INS-L-196 
Coote, G.E. The structure and preparation of a talk. INS-L-I97. 
McLachian, L.A. Algebraic analysis of noisy exponentials. 

Journal of Magnetic Resonance 2,6, 223 (1977) 
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Sparks, R.J. Use of the N(d,py) ^N reaction to measure nitrogen 
concentration in steel. INS-R-229. 


