
Ins t i tu te of Nuclear Sciences INS-R—342 

NUCLEAR PHYSICS GROUP PROGRESS REPORT 

January-December 1984 

Edited by G.E. Coote 

July 1985 

INSTITUTE OF NUCLEAR SCIENCES 
Departmtm of Sctorrtffk* and Industrial Rttsarch 

LOWEBHUTT, N£W ZEALAND 

I^M fWivy ^ 



# Institute of Nuclear Sciences INS-R—342 
^ « ^ M . * 

NUCLEAR PHYSICS GROUP PROGRESS REPORT 
i 

January-December 1984 

Edited by G.E. Coote 

July 1985 

Institute of Nuclear Sciences 
D.S.I.R. 

Lower Hutt, New Zealand 



ABSTRACT 
This report summarizes the work of the Nuclear Physics Group of the 

Inst i tute of Nuclear Sciences during the period January-December 1984. 
Commissioning of the EN-Tandem accelerator was completed. The f i r s t 
applications included the production of 1 3 N from a water target and the 
measurement of hydrogen depth profi les with a l 9 F beam. Further 
equipment was bui l t for Tandem Accelerator Mass Spectrometry but the 
f u l l f a c i l i t y w i l l not be ready unt i l 1985. The nuclear microprobe on 
the 3 MV accelerator was used for many studies in archaeometry, 
metallurgy, biology and materials analysis. 
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1 . SUMMARY 
The tandem accelerator was in operation for a l l of 1984 and we were 

able to run experiments on three of the six beamlines, using beams of 
protons and deuterons and the heavier ions carbon, oxygen and f luorine. 
We succeeded in accelerating nitrogen (starting with the NH~ ion) once 
the hydrogen exchange canal had been replaced by a lithium oven. We had 
buil t a chamber for the preparation of carbon stripping fo i ls by the 
cracking of ethylene. After a good deal of experimentation the fo i ls 
appeared to be sat isfactory, and a measurement with a* l 9 F beam showed 
that their thickness was in the required range. They were ' S t a l l e d in 
the terminal and have performed wel l . With rather old accelerator tubes 
in place the terminal voltage has been limited to 4.5 MV, but a new set 
of tubes has been ordered from Dowlish Developments (England). We are 
grateful to Mr. Dick Hyder of Oxford University for his valuable advice 
on tubes and resistors. 

Development of our Tandem Accelerator Mass Spectrometry (TAMS) 
f a c i l i t y continued rapidly , with Dr.G. Wallace making many 
contributions. The Auckland University sputter ion sjurce had provided 
usetul experience but in the long term we need one which provides higher 
beam currents; we found no commercial source that sat isf ied a l l our 
requirements, so decided to build our own. We selected a design from 
the University of Utrecht and modified i t to improve convenience and 
safety without affecting performance. This source should be ready in 
1985. The Faraday cups used to measure the currents of 1 2 C and l 3 C were 
buil t and tested; after some modifications they exhibited the essential 
f l a t response. The problem of measuring accurately the pulsed currents 
into these cups was solved by instal l ing commercial fast charge-to-
frequency converters: these were linked via a multi-sealer board to a 
Micro-11 computer, which has been programmed to control beam selection, 
Faraday cup current measurements and the collection of two-dimensional 
1on spectra from the gas counter. The flow control system for this has 
been rebu i l t , using a si l icon pressure transducer. We wi l l not 
accelerate simultaneously the three isotopes of carbon, but select each 
1n turn by changing the potential of the inflection magnet chamber. The 
hybrid high-voltage amplif ier for this purpose 1s under construction, 
following successful tests on a prototype. 

Some new experimental programmes were begun. Bombardment of a 
water cell with 9 MeV protons generated a higher act iv i ty of l 3 N than 
had been available before, radiochemistry teenniques were tested and two 
tracer experiments with animals are planned for 1985. Protons of 6 MeV 
passed through a Havar f o i l into the a i r and activated the front surface 
of a steel specimen. The Induced act iv i ty of 5 6 Co was not enough for 
practical investigations of corrosion or wear but we wi l l develop this 
technique once the accelerator attains fu l l voltage. Experiments with 
the t1me-of-f l ight technique, using a thin fo i l of plastic sc in t i l la tor 
to generate the "start" pulse, were successful, with a time resolution 
of about 7 ns. With faster electronics we should be able to employ this 
technique to extend TAMS to heavier species such as 3 6 C 1 . Several 
targets were bombarded with 1 9 F to gain experience in the depth 
prof i l ing of hydrogen. 
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The 3 MV accelerator was used extensively for production of l l C for 
tracer experiments in plants, and provided H and 0 beams for the nuclear 
microprobe. Fluorine prof i les were measured in archaeological teeth and 
in finspines from modern dogfish, to test a possible method for 
determination of the age of a f i s h . We began the d i f f i c u l t task of 
determining the boron dist r ibut ion in coal. The l*»N(d,py) l 5N reaction, 
used for some time to measure the dist r ibut ion of nitrogen in metals, 
was applied to the eggshells of r a t t i t e ( f l ight less) b i rds; in most of 
the species studied the concentration increased by about a factor of two 
between the inner and outer surfaces. On the assumption that most of 
the nitrogen is a constituent of protein we have begun a similar study 
of hen'? eggs, which might be relevant to the problem of egg breakage. 

The nuclear resonance technique for depth p r o f i l i n g , previously 
applied here to sodium in obsidian and glass, was applied to f luor ine in 
the outer few ytn of tooth enamel. The intention was to establ ish, i f 
possible, a method for dating very old teeth, but there should be 
applications in dental research. 

When instal led in 1965 the accelerator could provide beam pulses 
about 4 ns long. This capabil ity had fa l len into disuse, but was needed 
for a proposed experiment, the in vivo measurement of calcium in bone. 
After some days of careful mechanical and electronic work th is f a c i l i t y 
was restored and tested. 

Two DEC Micro-11 computers were instal led in the control room, one 
for each accelerator. Depth p ro f i l i ng , a slow repet i t ive task, was 
successfully automated on one computer, while the other has been 
programmed to control most of the procedures used in TAMS, including 
selection of the ion beam to be accelerated and collection of data from 
two Faraday cups and the ion detector. Four new programs on the PDP-11 
compute theoretical f luor ine prof i les in bones and teeth and display 
them on a graphics terminal for comparison with experimental resul ts. 
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2. RESEARCH PROJECTS 
2.1 Nuclear Techniques of Analysis 
2.1.1 Applications of the Nuclear microprobe 
(a) Fluorine profiles in archaeological human teeth - G.E. Coote, 

B.F. Leach (University of Otago) 
In a previous report (INS-R-321) it was shown that fluoride ions in 

groundwater were unable to penetrate the enamel of buried teeth, but 
could pass through the nerve canal to the pulp cavity, thert diffuse 
outward through the dentine. Human teeth from a Pacific island were 
sectioned below the enamel, with the result that in most specimens the 
interior and exterior profiles were of comparable size, with no obvious 
background region separating them (Fig. la). Attempts to fit the 
combined profile (using HBONE) did not work because the diffusion 
coefficients were apparently different; we had to fit the two profiles 
separately, using TOOTH for the inner profile and SBONE for the outer. 
(See paragraph (j) below for a description of these programs). The 
estimate of the underlying background is important because this can 
significantly affect the results from the analysis. Relative dates from 
the fitted profiles will be compared with archaeological evidence from 
the site. 

(b) Fluorine in Archaeological Pig Teeth - G.E. Coote, I.C. 
Vickridge and S. Wood (Anthropology Dept. University of 
Otago) 

A selection of archaeological pig teeth from Pakea Islet in the 
Banks Islands, Vanuatu were sectioned and examined with the microprobe 
in order to further test the fluorine profile dating method. These 
teeth came from a site with a fairly well characterised stratigraphy. 
The fluoride profiles differed significantly from those in human teeth, 
with a higher background, an insignificant interior profile and a 
prominent peak at the Inner surface of the enamel (Fig. lb). 
Conventional models of diffusion do not predict this peak, which is 
probably related to the impervious nature of the enamel and the 
existence of two diffusion processes- one fast and one much slower. 

Diffusion through the cementum appeared to be faster than through 
the inner dentine so that below the crown the dominant feature was the 
exterior profile. We fitted the best theoretical curve to fifteen such 
profiles and deduced relative ages. The total of ten teeth could be 
sorted into three groups; four teeth in a young group and two 1n a much 
older group - in good agreement with the known stratigraphy; the 
remaining four teeth came from even younger layers but appeared to have 
relative ages intermediate between the other two groups. Since one 
specimen dated by radiocarbon had shown the same effect, there might be 
a valid explanation. Pig teeth are common in Pacific Island sites so if 
specimens become available we will extend these preliminary studies. 
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(c) Fluorine in Dogfish Finspines - G*E. Coote, I.C. Vickridge and 
Stuart Hanchet (University of Otago) 

The measurements on dorsal finspines of dogfish (INS-R-332) were 
completed. The aim was to determine whether the f luor ine d ist r ibut ion 
in the finspines could be correlated with the annual cones seen in cross 
section in the optical microscope. Linear scans (Fig. 2a) did not show 
an annual structure so we did some exacting two-dimensional scans with a 
20 urn diameter beamspot. We s t i l l found no annual structure but tl\e 
remarkable pattern which we did f ind (Fig. 2b) remains to be interpreted 
by an interested zoologist. I t appears that growth of the spine 
requires two separate processes; a new hollow cone forms around the 
pulp cavity and the enamel layer lengthens at the base. 

(d) Nitrogen and Trace Element Distributions in Avian Eggshells 
-G.E. Coote, I.C. Vickridge, H. Silyn-Roberts (Auckland 
University Zoology Dept.) and M.R. Patchel (Massey University 
Poultry Research Centre.) 

Research at Auckland University had shown by X-ray d i f f rac t ion 
techniques that in egg-shells of r a t t i t e birds (Emu, Rhea, Cassowary, 
Ostr ich, Moa, Kiwi etc.) the orientation of the calci te crystals became 
increasingly random towards the outside of the she l l . We were asked to 
measure the trace element distr ibut ions across eggshell cross-sections 
to see i f they could be related to these changes. We found only zinc 
and strontium, which showed no variation across the section. The Brown 
Kiwi shell contained more strontium than the others, except the Spotted 
Kiwi from Kapiti Island, in which i t was s t i l l higher by 15 times. 

The proton beam used in the PIXE work l e f t on the shell a scorch 
mark which was usually darker toward the outer surface, suggesting that 
organic material was more concentrated there; i t is possible that t h i s , 
not trace elements, is the cause of changes in the crystal or ientat ion. 
On the assumption that most of the organic material would be protein we 
scanned with a deuteron beam in the search for variations in nitrogen 
content. With the exception of both species of Kiwi the nitrogen 
content increased toward the outer surface (Fig. 3). 

A further set of experiments is under way in collaboration with Mr. 
M.R.Patchel. We are investigating the nitrogen distr ibut ion in eggs 
taken from young and old populations of four commercial strains of 
laying hens. The aim 1s to see i f the nitrogen distr ibut ion (taken to 
be representative of the protein content) varies from strain to strain 
and with the age of the hen. I f i t does can i t be related to the 
strength of the egg as determined by the proportion of broken eggs 1n 
the poultry shed, which 1s measurably dif ferent for each of the strains? 
One question which remains to be answered Is whether the substances 
which contain the nitrogen are stable under deuteron bombardment, and 
the next set of experiments w i l l aim to answer t h i s . 
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Figure 2: Fluorine distributions in a dogfish dorsal finspine: 
(a) a line-scan across the outer surface; (b) a two-
dimensional scan of a section 2 ircn x 2 nra. 
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(e) Germanium/Selenium ratios in thin amorphous films - I.C. 
V'.ck ridge and Bob Buckley (PEL) 

We were approached because measurements of Ge/Se ratios made on the 
PEL Electron Microscope EDAX system had given some unexpected results. 
We were asked to confirm the EDAX results with PIXE. Because -he f i lms 
were very thin (less than one n.icron) we found i t unnecessary to make 
corrections for absorption or fluorescent enhancement, and we were able 
to confirm that the EUAX results were in fact correct. 

( f ) Boron in Coal- I.C. Vickridge and D. Bibby (Chem. Div.) 
Boron can be present in some coals at a level which poses a 

pol lut ion threat i f the pi les of ash are leached into a r iver . I t is 
therefore important to understand the chemical nature of the boron in 
coal , and at present there is some debate as to whether the boron is 
evenly distr ibuted in the organic fraction or concentrated in mineral 
inclusions. We induced the l l B(p,o) 8 Be reaction with 700 keV protons 
and detected the characterist ic alpha particles in order to m&p the 
boron dist r ibut ion in some sub-bitjminous Waikato coals. We found no 
localisations of boron, however i f the boron is present in mineral 
inclusions these may be small and d i f f i c u l t to f i nd . Further samples 
have been examined with the PEL scanning electron microscope to identi fy 
promising looking mineral grains. 

(g) Resonant Nuclear Reaction Depth Profiling of Fluorine - I.C. 
Vickridge, G.E. Coote. 

We used the 874 keV resonance of the 1 9 F(p 8 aT ) l 6 0 reaction to 
measure depth concentration prof i les of f luor'. ie in the enamel of some 
of the pig teeth from Pakea. This resonance is useful for measurements 
of prof i les up to about 1 urn deep before the next resonance in the 
reaction provides interference. The depth resolution at the surface is 
about 0.* urn in tooth enamel, degrading at greater depths. With further 
improvements, such as unfolding the resonance width and proton energy 
straggling functions from the measured data, this technique could be of 
considerable interest to dental researchers. 

(h) Deconvolution of the beamspct profile from elemental maps - I . C . 
Vickridge, G.E. Coote 

The aim of this work was to investigate mathematical deconvolution 
as a method for increasing the effective spatial resolution of the 
microprohe. To simplify the work we assumed that the beam intensity 
p ro f i l e was gaussian in the direction of the scan and chose the 
algorithm of Sjontoft (5) (s l igh t ly modified by Verma (5) ) ; though 
based on the Fourier Transform i t made only modesv computational 
demands. The algorithm was implemented in a FORTRAN subroutine, and 
applied to a map of Iron from a beam scan across a polished stainless 
steel knife-edge, so that a correctly deconvolved data set should be a 
step function. F1g. 4a shows an experimental data set and the 
associated deconvolved map. Spurious osci l lat ions are evident at each 
edge of the step, and the method is sensitive to noise, as 1s evident on 
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the r ight hand side. 
This method requires that the second derivative of the data be 

calculated at each point , so the quality of the d i f ferent ia t ion 
algorithm is c r i t i c a l . An alternative procedure used tables derived 
from least-squares theory (Savitsky and Golay (3) , as corrected by 
Steinier (4) ) ; 7-point formulae were used to calculate smoothed values 
of y and y " , which was subjected to a further 7-point smoothing. The 
formula for resolution correction was y = y -a 2 y " /2 , derived by Sjontoft 
but known for much longer (see eg. Dixon and Aitken). The next term in* 
the series, (+a l > y ' i v /8) , had l i t t l e effect on perfect synthetic data and 
introduced unacceptable osci l lat ions with experimental data. 

A.? al ternat ive to the least-squares procedure is to use a 
"mini-max" smoothing based on Cnebyshev polynomials, f i t t i n g the data in 
one or more sections and deriving the smoothed y and y" from the 
result ing polynomials. This was tested on the above data, with the 
result shown (Fig. 4c). Some recent papers describe the use of cubic 
splines for deconvolution; that of Beniaminy and Deutsch (1) is valuable 
in showing that the relevant features of the resolution function are not 
the details of the shape but the f i r s t four moments (zeroth to t h i r d ) . 
I f the function is symmetrical the odd moments vanish and we regain the 
above formula. The success of th is method would therefore depend on the 
smoothing properties of the part icular spline algorithm. We have 
purchased a program with which to apply the spline technique (1) and 
w i l l continue to work on deconvolution as well as attempt to improve the 
resolution of the instrument. 
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(1) Graphical presentation of 2-D elemental maps - I.C. V1ckr1dge, 
M.R. Manning and M. MacDonnell (PEL Remote Sensing Group) 

A number of new programs have been writ ten to run on the Gracefield 
VAX. These provide advantages of speed, c la r i t y of presentation and 
f l e x i b i l i t y over those on the PDP-11/34 at INS. 

Searching for possible annual patterns in some of the f luorine 
scans of dogfish finspines was often hindered by the d i f f i c u l t y of 
representing 2-dimensional elemental maps on a f l a t medium. The 
perspective p lot t ing routines, whilst re lat ively easy to use, are 
cumbersome when a number of viewing positions have to be t r ied 1n order 
to best view the data. A program was writ ten to convert mlcroprobe 
elemental maps into a format compatible with the PEL remote sensing 
group's Image processing system. This was applied to a dogfish flnspine 
f luorine scan (Fig.2b) in order to use contrast enhancement to emphasise 
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any spatial patt .-rns that may have been hiding in the data. This 
facility has not been used since, but remains as a particularly valuable 
capability for experiments where the spatial patterns of elemental 
distribution are more important than quantitative maps. 

(j) Analysis of fluorine radial profiles - P.H. Nelson(VUW) and 
G.E. Coote. 

The theory of diffusion in cylindrical symmetry is well known but 
the analytical solutions are complex, even in the simplest case -
diffusion into a solid cylinder. Our experimental results for profiles 
in archaeological bones and teeth could not be analyzed because we had 
no computer programs to compare the data with theory. We have made up 
this deficiency with four programs. Ir. each of them the theoretical 
curve computed for a selected T(=Dt/a2) is displayed on a graphics 
screen and compared with the data, which is normalized to standard 
height. (D is the diffusion coefficient, t the duration of burial and a 
the bone radius). The horizontal axis is the normalized radius r/a. 
The curve is adjusted by changing T or adding a constant background 
until the fit is as good as seems feasible. To provide some estimate of 
the uncertainty of the fit the process is repeated twice to provide 
upper and lower bounds for T. 

The first program CNCNT4 for a solid bone applies the analytical 
solution which is a series of Bessel functions: in complex geometries 
this approach was not feasible so a numerical technique was adopted. 
The programs SBONE, HBONE and TOOTH fit respectively the solid bone, 
hollow bone, and outward diffusion from the pulp cavity of a tooth. The 
computer analysis can only define the product Dt, so D must be derived 
from bones dated by other means. 

The profiles are measured on natural biological materials buried 
for years or centuries in natural (and probably changing) environments 
so the agreement between computed curves and the data is remarkably 
good, especially so 1n human teeth (Fig. la). Attempts to apply these 
methods to archaeological problems are described above in paragraphs (a) 
and (b). 

2.2 Applications of short-lived Isotopes 
2.2.1 Experiments with l l C - P.E. Mlnchin (PEL); Production: C.R. 

Purcell and K. Sanders (PEL) 
During this period further evidence was obtained that sucrose 1s 

passively leaked from the sieve tubes into the apoplast of beam stems 
and actively reloaded. This work also allowed us to identify the stem 
apoplast as the sucrose pool responsible for buffering against sudden 
changes 1n sieve tube sucrose concentration. 

A survey of the sensitivity to cold blocks was carried out over 92 
plant species representing 51 families. In all dicotyledons and 70$ of 
the monocotyledons, phloem translocation was temporarily and reversibly 
Inhibited by the chilling. Preliminary studies were begun on phloem 
unloading in the seed coats of peas. 
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2.3.2 Experiments with " N 
(a) Production of l 3 N at the Tandem Accelerator - R.D. More, G.S. 

McNaughton (PEL) 
In order to increase the ac t iv i ty of nitrogen-13 to enable more 

complex tracer experiments, i t was decided to use the reaction l 60(p,a) 
1 3 N , with a water target . The target chamber has a 3 ml cell separate* 
from the machine vacuum by a thin Havar f o i l (0.015 mm). Preliminary 
runs with .15 uA of 8 MeV protons gave an ac t iv i ty greater than 50 uCi 
af ter 20 minutes. Ammonium chloride solutions made from the target 
solution gave good recoveries (80%). These results are promising and 
with a gradual increase in energy and current we should produce enough 
ac t i v i t y for tracer studies in plants and animals. 

Following discussions with Or. P. Harris and Or.D. Dellow of 
Applied Biochemistry Division of DSIR a set of experiments is planned 
for 1985, using labelled amino acids and measuring nitrogen uptake in 
sheep and rats . 

2.4 Nuclear Magnetic Resonance - L.A. McLachlan 
A project was undertaken in collaboration with Ors. P.J. Dady and 

A.J . Gray of the Orcology Department, Wellington Hospital. The aim was 
to see i f the NMR relaxation rates of blood plasma provide a a 
c l i n i ca l l y useful indicator of the presence of cancer. The 118 patients 
chosen a l l had a primary tumor treated and had blood samples measured 
for periods of up to 15 months. 

For controls, 6 volunteers from INS had blood samples taken at 
monthly intervals for an 3-month period and 98 samples were taken from 
blood donors. 

Collection of the experimental data took two years. The results 
are now being subjected to detailed s ta t i s t i ca l analysis and compared 
with the medical data. 

2.5 Experiments with heavy Ions from tandem accelerator 
(a) Particle spectra in gridded proportional counter - R.J. Sparks 

Part icle spectra were measured with a weak carbon beam incident on 
the gridded proportional counter. The results showed that 
interpretat ion of the detector output is not simple, and subsequent 
calculations of the expected performance show that the data must be 
interpreted with care. The electrostat ic analyzer showed that the beam 
had several components, due in part to secondary stripping in the poor 
vacuum near the analyzer (the thin plast ic window was leaking at the 
t ime). 

(b) T1me-of-fl1ght Measurements- CM. Bartle 
One approach to the ident i f icat ion of heavy Ions such as l l f C or 

36C1 is to measure, by the t ime-of- f l ight (TOF) technique, the velocity 
of Ions of known momentum (selected by an analyzing magnet). This is 
ideally combined with a technique which measures the atomic number Z. 
The c r i t i ca l component 1s the transmission detector to provide the 
"s tar t " s ignal , since for heavy ions th is must be very thin (around 1 
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pm). One approach is to use a t h i n - f o i l sc in t i l l a to r as developed by 
Muga and co-workers at Florida State University. 

Th in- fo i l sc in t i l l a to rs were prepared from NE102A sc i n t i l l a t o r 
dissolved in ethyl acetate. Using the "Mk 1" photmult ipl ier assembly 
constructed in 1984, 5 MeV alpha particles could be detected in a f o i l 
of thickness about 10 vm. Experiments with sucn a f o i l were conducted 
with beams of 15 MeV 1 2 C , l 3 C and 1 6 0 ions. These ions lost several MeV 
in the f o i l and provided satisfactory start events; the stop signal 
came from a surface barrier detector in a scattering chamber 1-2 m 
downstream. Ident i f icat ions of beam components, based on sh i f ts in the 
TOF peaks over two di f ferent f l i gh t paths, remain tentat ive but more 
detailed studies w i l l be made. Figure 5 shows a TOF spectrum ; despite 
rather improvised electronics the time resoli'^ion of 7-12 ns is quite 
gcod. ihe l 3 C peak was enhanced by optimizing the source i n f l ec t i on -
magnet for th is isotope. 

The Mk 1 detector did not give the well-defined dE (energy-loss) 
signal required for part ic le ident i f icat ion by the dE.E method, but a Mk 
2 version under construction w i l l gather l igh t more e f f i c i e n t l y . The 
"state of the ar t " timing resolution of the surface barr ier detector 
(pulse rise-time 2.5 ns) was achieved by using the fast voltage 
ampli f ier of Sherman et al.(Argonne Lab). 

TOF measurement is being promoted as a major development in the 
TAMS programme. I ts advantage may l i e , when compared with the 
al ternat ive gas counter approach, with the detection of 3 6C1 and heavier 
species, since the counter window cannot be made thin enough for them to 
enter. The sc in t i l l a to r f o i l s can be made as thin as required. 

(c) Measurement of thickness of carbon f o i l s using a 1 9 F beam -CM. 
Bart le , F. Pike 

T i in carbon stripping f o i l s had been made but thei r thickness was 
not accurately known. The following method made use of a 15 MeV beam of 
l 9 F ions. The beam was scattered from a Mylar target at the centre of 
the thin-walled scattering chamber and detected by a surface barr ier 
detector at a range of angles from 15 to 40 deg. Energy spectra were 
recorded with and without the f o i l of interest in front of the detector. 
The tables of Andersen and Ziegler showed that the energy loss was about 
11 rteV/mg.orr2. The i n i t i a l batch of fo i l s was too thick (360 ug/cm2) 
but the thickness of a second batch was 16 ug/cm 2. This was 
satisfactory and they were instal led in the accelerator. This method is 
simple but can be rapidly applied for accurate (measurements of f o i l 
thickness. 

(d) Hydroger. p ro f i l ing - A. McGlone (Victoria University) 
A suitable beam for measurement of hydrogen 1n metals 1s l 9 F . A 16 

MeV beam of i9F l»+ was easily produced using Freon-12 as the source gas 
and methane in the exchange canal. (Methane was more e f f i c ien t than 
hydrogen). To prepare a beam of nitrogen Ions was more d i f f i c u l t but 
was achieved as described 1n section 3.1.3. , so that a beam of 1 5 N 
should be available in 1585. 

A strong resonance at 16.44 MeV in the reaction H( 1 9 F,cr r ) i 6 0 is 
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suitable for profiling hydrogen concentrations; experience with this 
resonance was obtained by bombarding thin polyethylene samples. I 
tested many targets in a search for materials in which the hydrogen 
yield was stable under bombardment; all were unsatisfactory except 
ammonium chloride. With this target I was able to check the energy 
calibration and measure essential experimental parameters such as 
resonance width and detection efficiency. 

Attempts to profile hydrogen distributions in obsidian were not 
successful; even with a current of only a few nA and the specimens 
cooled by liquid nitrogen the hydrogen was still mobile under 
bombardment. Since one other laboratory has published hydrogen profiles 
in obsidian and glass we will try again when we can arrange better 
cooling of the specimen. 

2.6 Experiments with neutrons 
(a) Neutron radiation survey at tandem accelerator- R.D. More, CM. 

Bartle, B.J. Barry 
The purpose of th is survey was to test the effect of accelerator 

operation on exist ing and potential sites for measurements of low-level 
radioact iv i ty . A beryllium target was mounted on l ine 2 and bombarded 
with 0.7 pA of 4 MeV deuterons to generate a high f lux of neutrons. A 
quick survey around the building using hand monitors showed attenuation 
of the intensity by concrete wal ls , but on the roof of Block A where the 
cladding is thin the readings were higher. A more extensive neutron 
survey was performed with the beryllium target located at the exit of 
the P-36 switching magnet. The results of the survey are recorded in 
"Gracefield Site Neutron Survey-Preliminary Results" by B.J. Barry. 

(b) Activation of Bone- CM. Bartle 
Preliminary experiments aimed at monitoring calcium levels in bone 

have been conducted based on the conventional technique of '•8Ca(n,Y) l f 9Ca 
detection. Using neutrons generated by the Be + d reaction, the decay 
of l f 9Ca was monitored. The phosphorus in bone can also be monitored 
simultaneously by following the decay of 2 8 A1 formed in the reaction 
3 1 P ( n , o ) 2 8 A l . Since calcium and phosphorus levels in bone are usually 
related an alternative approach would be to monitor phosphorus rather 
than calcium. Calculations show that such a method would compete 
favourably with the previously proposed *»0Ca(n, ) l + 0Ca(3.35) measurement 
( ie the detection of a gamma ray following double beta decay of t»°Ca). 
However the optimum neutron energy for the phosphorus study is 9 MeV 
which would require the use of the tandem rather than the 3 MeV machine. 
The main thrust of this research remains the reaction with t»°Ca but 
other techniques w i l l remain under Investigation. 

2.7 Surface Activation of Materials 
(a) Thin layer activation of steel- G. Wallace 

A 300 mm long snout capped with a thin window was fabricated for 
the production of external beams for thin-layer activation (TLA). In 
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preliminary runs with 6 MeV protons the window was 15 um Havar but we 
intend to use 50 urn aluminium. The 5 6 Co ac t iv i ty induced in the steel 
was measurable but was not enough for practical applications such as 
measurement of rate of wear or corrosion. Further experiments are 
planned once higher beam energies and currents can be assured. 

3. INSTRUMENTATION 
3.1 6 MV Tandem Van de Graaff Accelerator 
3.1.1 Accelerator Operation - R.D. More 

The accelerator was in operation for all of 1984, and was run for 
764 hours. The beams accelerated were protons, deuterons, carbon, 
oxygen, nitrogen and fluorine. The tank was opened only once, in 
August. Early in the year beams of protons, deuterons and fluorine were 
passed into the target chamber on line 2 and a carbon beam into line 3. 
Beam line 5 was used in several ways: hydrogen profiling with fluorine 
ions, experiments on production of 1 3 N from a water target and an 
external beam for thin layer activation of steel. 

3.1.2 Equipment installation and maintenance - R.J. Sparks, G. 
Wallace, C M . Bartle, R,D. More, C.R. Purcell, F.G. Pike, and 
workshop staff L. Wyatt, A. Jalil, P. Bristow, R. Rackstraw 

(a) Tandem Accelerator 

The tank was opened in August so that a f u l l set of stripper f o i l s 
could be instal led in the terminal. New corona points were instal led 
and th3 belt tensioned. The gas stripper cylinder was re f i l l ed with 
oxygen and the operation cf the str ipper system was checked out. 
Unfortunately, the f i r s t attempt to use the str ipper gas was fo i led when 
the tube jammed in the "out" posi t ion, so we had to rely on the stripper 
f o i l s . 

The origina 1 electron suppression magnets were instal led on the 
high-energy accelerator tubes, in a configuration suggested by Oick 
Hyder of Oxford University. The conditioning threshold Improved 
s ign i f i can t ly , though rapid de-conditioning s t i l l occurs. Using data 
supplied by Hyder, a set of replacement accelerating tubes were ordered 
from Dowlish Developments (UK). Of spiral f i e l d design, these are 
constructed from glass Insulators and titanium electrodes. The tubes 
have arrived but w i l l not be instal led unt i l we receive a new set cf 
column resistors, ordered from Welwyn Ltd. 

(b) Gas Handling 
During this period only one complete gas transfer was needed - when 

the tank was opened for maintenance. The gas dryer was operated several 
times to reduce the dew point from -36°C to better than -64°C. The 
yearly topp1ng-up of the gas storage system used 6 cylinders of CO2 and 
45 cylinders of dry nitrogen, the same as 1n 1983. 
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(c) Beam Lines and vacuum equipment 
A 6-inch mercury pump near the duoplasmatron ion source was 

replaced with an oil diffusion pump of the same size, removing the risk 
of mercury contamination. A "chicken-feeder" dewar was installed on the 
cold trap; we were then able to run the pump continuously, producing a 
much better vacuum in this critical area. Two new 700 1/s Diffstak oil 
diffusion pumps were installed at the entrance to each analyzing magnet 
using "top-hats" constructed in the workshop. Although their pumping 
speed, particularly for water vapor, is less than that of the cryopumps, 
their silence and lower cost, both capital and maintenance, give them a 
considerable advantage. With all pumps go^ng, the line from the ion 
source through to Experimental Area 1 is no* maintained at better than 
10- 6 mbar throughout. 

With the arrival of "top hats" from the workshop, the cryopumps on 
lines 2 and 3 were installed. They have performed well, but there is a 
small leak in the compressor so the helium charge must be topped up 
about every three months. The Air Products cryopump compressor at the 
low energy end suddenly lost its helium charge; vibration had caused a 
stainless steel capillary to saw into one of the copper connecting 
tubes. Line 4, though already set up mechanically, was moved towards 
the switching magnet to allow for a proposed concrete shielding wall in 
Target area 2. Lines 4 and 5 were commissioned by connecting them to 
the beam-line switching system and installing signal cables between the 
target stations and the control room. A 4" oil diffusion pump which had 
become available was attached to line 5, which was in routine use 
towards the end of the year. 

A major fault developed on the turbopump at the high-energy end; 
the turbine seized and the motor overheated. The turbine was 
disassembled: two rotor plates had galled in the centre of the rotor 
and had damaged the corresponding stators-it appeared that the rotor had 
moved axially. The rotor blades were deburred and the stator sections 
replaced from a damaged pump we had purchased for spare parts. The 
maintenance of good vacuum involved many hours of work on projects such 
as leak testing with the ANAVAC partial pressure analyzer, cleaning of 
vacuum gauge heads and replacement of seals on large gate valves. 

(d) Duoplasmatron ion source 
The duoplasmatron assembly was removed several times during the 

year and the porcelain ball insulators replaced. We have tried two 
methods of removing conducting deposits from these: a glass bead 
blaster and a gem polisher (which seems to be better). When the lithium 
charge-exchange oven was Installed the insulation of the balls 
deteriorated more quickly. The components of the einzel lens at the 
exit of the injector were cleaned with the glass beads. The source gas 
cylinders were rearranged to nive good access and safe storage on the 
end of the ion source frame. 

The focus electrode voltage had a large ripple component which was 
traced to the power supply- one 250R rectifier vacuum tube was found to 
be full of o i l ! The original 10 kV supply has been replaced with one of 
50 kV with a voltage protection device, but a new 10 kV supply would be 
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the best solution. The ion source vacuum system failed on one occasion 
because the refrigerator was not cold enough. The refrigerator was 
recharged, a refrigerant dryer was inserted and the pressure controllers 
were adjusted. 

3.1.3 Development of Equipment 
(a) A nitrogen beam from the duoplasmatron ion source - C M . 

Bartle 
Radiocarbon dating by Tandem Accelerator Mass Spectrometry (TAMS) 

is possible only because the N~ ion is unstable; but a nitrogen beam 
can be produced by special means. A nitrogen/hydrogen gas mixture was 
employed in an attempt to produce NH 2- and NH" beams into the 
accelerator and N3 + and N*»+ beams after stripping. Initial attempts 
using hydrogen exchange gas and careful optimization of the source 
inflection magnet gave a few nA of N 3 + derived from NH-; this was too 
low so the exchange medium was changed to lithium vapour from the ANU 
lithium oven. 

Lithium strips stored under paraffin oil were washed in hexane and 
loaded quickly into the oven, which was placed in the exchange position 
in the source as quickly as possible. With heater current up to 1.5A 
the N 3 + current was increased to 10-20 nA which should be adequate for 
profiling measurements. A problem associated with the lithium oven is 
the slow contamination of the ion source insulators, which causes 
leakage of current between the exchange and focus electrodes; a voltage 
appears on the focus electrode which is high enough to defocus the beam. 
We plan to install metal shields around the insulators to slow down the 
accumulation of deposits. Since the 1 5 N + p reaction is valuable for 
hydrogen profiling we have ordered from USA a small cylinder of a 
mixture of 1 5 N and hydrogen. 

(b) Sputter Ion Sources- 6. Wallace, R.J. Sparks and A. Jalil 
The Auckland University "orthesputtertron" has been developed 

further. The maximum yield of analyzed 1 2 C - beam from graphite was 3 uA 
and we have not been able to improve on this. Sample cooling was 
introduced and coolant jackets installed on the source. The yield 
appeared to be independent cf the Cs oven temperature, and indications 
were that the Cs + beam ballooned out, with more striking the lens, 
rather than an increase on the sample; a slight shift of the Cs lens 
gave no improvement. Much of the cathode current drain arose from a 
discharge between the Pierce electrode and the Cs extraction electrode. 
It was decided to move the Cs oven outside the vacuum in an attempt to 
thermodynamically decouple the ionizer and oven. The modified source 
consistently leaked Cs from the internal screwed joint, marring any 
sensible results. New Ionizer tubes which have been ordered will have a 
welded join. 

We searched for a commercial source suitable for TAMS applications, 
but could not find one. We designed our own, based on an "inverted" 
source of the Chapman type, developed at the University of Utrecht. It 
features an annular Cs Ionizer, through which the sputtered beam 1s 
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extracted. We have arranged that the position of the ionizer can be 
adjusted in the vert ical d i rect ion. 

Fixed focusing applies to the Cs+ beam. The 8 samples can be 
changed by stepper motor, and the source is sealed by a gate valve when 
sample wheels are exchanged. Coolant extends through the insulating 
shaft up to the sample wheel, and for safety reasons a l l parts at high 
voltage are enclosed. Under construction in our workshop, th is source 
should be ready during 1985. 

(c) Faraday cups for TAMS- 6. Wallace and A. J a l i l 
The f lared chamber of the P-52 magnet had been extended with the 

addition of an expansion box to accommodate a pair of off-axis Faraday 
cups. These cups, which have now been bu i l t and ins ta l led , are to 
detect the abundant ion species in accelerator mass spectrometry when 
the magnet is set to transmit the rare isotope. The cups are mounted on 
a carriage and can be moved at r ight angles to the beam by means of lead 
screws driven by rotary feedthroughs. I t was found that , with l4»C 
transmitted, the inner cup could not be positioned to intercept l 2 C . 
Two reasons were found: in designing the carriage, the additional 
deflection of the 1 2 C beam by the angled exi t pole face had not been 
taken into account; in adition there was an error of 1.35 degrees in 
the angle of the exi t flange of the magnet chamber. This had caused the 
chamber to be instal led in the wrong posi t ion, such that the 1 2 C beam 
struck the inner wa l l . The flange and cup were remounted, and l 2 C 
datection confirmed. 

The cups were simple cylinders. Beam scans across them indicated 
high spurious readings at their edges due to generation and escape of 
electrons. While this could be minimized by mounting the cups at the 
correct angles, the rel iable solution was to surround each cup with an 
isolated metal shroud which could be biased to -200 V to trap a l l the 
freed electrons. The cup responses are now f l a t for beams scanned 
across them. 

(d) Faraday Cup current measurements - G. Wallace and P. Pohl 
The precise measurement of msec exposures of beams on the analyzer 

magnet Faraday cups In pulsed TAMS measurements has been achieved with 
high conversion gain current-to-frequency converters. These units were 
Model 170 purchased from Analog Technology Corp. with highest 
sens i t iv i ty 10-1 1* coulombs/pulse. They were coupled to concatenated 
counters of an M-Timer board from Codar Technology via a custom-built 
unit to provide power and analogue output. The M-Timer board 
incorporates timers to measure exposure time as well as current, and is 
controlled by the program C14AMS in a Micro-11 computer. 

(e) Studies of Beam Transmission- R.J. Sparks 
Much accelerator time was devoted to the study of factors affect ing 

the transmission of heavy ion beams, part icular ly carbon and oxygen. 
Our observation is that transmission between the high-energy end and the 
f i r s t analyzing magnet, as measured by the rat io of currents on the 
relevant Faraday cups, 1s always extremely low, typical ly a few percent. 
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I t seems l ike ly that part of the reason is that the beam is eject ing 
electrons from the high-energy cup, since the ra t io of currents (HE-cup 
to LE-cup) can be as high as 10. An oxygen beam was scanned with the 
P-36 magnet; in addition to the main components of the beam a 
s igni f icant fraction was found to originate from secondary str ipping in 
the residual gas in the beam-line between the accelerator and the 
magnet. With 3 MV on the terminal the primary beam components were 
measured as 

Beam 0 2 + 03 + 0*»+ 05 + 0*+ 
Current (nA) 12 65 270 240 60 

With 650 nA measured on the LE cup, the total par t ic le current that 
could be delivered to the magnet exi t was 293 (p)nA, a to ta l 
transmission of 45%. Typical measurements for the P-52 magnet y ie ld 
transmission figures in the range 20-30%. During the above measurements 
the fract ion undergoing secondary str ipping from 3 + to 4 + was £.6% of 
the to ta l 3 + beam, but later measurements showed lower values (<1%), 
probably the result of improved vacuum in the inter im. 

Once the Faraday cups had been instal led in the extersion chamber 
of the P-52 magnet we began a series of measurements on the l 3 C / 1 2 C 
ra t i o . The f i r s t outcome was to highl ight the necessity for protective 
shrouds and secondary electron suppression for the cups. Once these 
improvements had been made and experience gained in sett ing the machine 
parameters correct ly, the measured ratios were of the order of 1%. 
Later results indicate a systematic tendency for measurements on the 3+ 
carbon beam to y ie ld a rat io lower than that from the 4+ beam (about 
0.9% against 1%). 

( f ) Beam Profile Monitors - G. Wallace and A. J a l i l 
Two second-hand N.E.C. beam prof i le monitors bought from Auckland 

University were overhauled (including insta l la t ion of new pickup coi ls 
for f iducia l signals) and instal led at the entrance to each analyzing 
magnet. They are compatible with the new station selector and have been 
extremely useful. 

(g) Manufacture of carbon stripper foils - F. P1ke and G. Wallace 
An investigation into carbon f o i l manufacture by d.c. gas 

discharge has been successfully completed. Ethylene at a pressure 
8x10-2 m b a r i S introduced between two disc electrodes separated by 100 
mm. A voltage of 3 kV applied between the electrodes induces a glow 
discharge, with the current controlled to 10 mA by a gas needle valve. 
To deposit 10-15 yg/cm2 of carbon on the cathode takes about 2 minutes, 
with up to 44 fo i l s made at one time. Even deposition of carbon can be 
attained only 1f the power supply 1s Isolated, i .e . neither electrode 
1s earthed. 

The cathode consists of a stainless steel mesh, defining the 
desired size of the f o i l s , covering a glass plate which has been coated 
with a release agent. The agent I n i t i a l l y t r ied was Betain covered by 
evaporated NaCl, but recovery of f o i l s proved d i f f i c u l t . I t was found 
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that the conductive property of NaCl was not essential, and t r i a l s with 
the detergent Decon (applied with an a i r gun) were successful. I t was 
necessary to keep changing the water in which the f o i l s were f loated off 
as the Decon rapidly lowared the surface tension and the f o i l s sank to 
the bottom. 

(h) Heavy ion Detector - G. Wallace 
We have rebui l t the flow control system for the P-10 counter gas. 

The o i l manometer was replaced by a Sensym LX1302 pressure transducer, 
with the result ing signal processed to control a solenoid valve between 
the detector and a vacuum pump. The Formvar windows previously 
described proved too f rag i le and were replaced by 2.5 jim Mylar. There 
is s t i l l too much gas di f fusing through the window, so the exposed area 
w i l l be reduced. Tests with attenuated beams indicate that the detector 
and electrostat ic analyzer are working successfully. An A.N.U. 
part ic le ident i f ie r may be used in the processing electronics to provide 
a prompt dE.E signal for TAMS applications, but this has yet to be 
f ina l i zed . 

(1) Thin-walled Scattering Chamber - CM. Bartle. 
This chamber was instal led in a permanent position on beamline 5. 

A s i l icon detector in the chamber was the total energy detector in some 
t ime-of - f l ight experiments. Further experiments planned include the 
cal ibrat ion of a Nal(Tl) detector as a neutron detector, cal ibration of 
neutron detectors for nuclear safeguards applications, and the study of 
l ithium-containing sc in t i l l a to rs for studies of t r i t i um breeding. 

3.2 3 MV Van de Graaff Accelerator 
3.2.1 Operation - C.R. Purcell 

During the period the accelerator was run for 1081 hours. 
Breakdown of usage was as fol lows: 

Hours Machine 
days 

Nuclear Physics Group on Microprobe 931.8 124 
P.E.L. Biophysics Section 110 58 
INS Nuclear Physics Group (pulsed beam) 29.4 6 
INS General Testing 10.2 -

Total 1081.4 188 

3.2.2 Maintenance 
(a) Accelerator- C.R. Purcel l , I .B. Guild 

In February the tank was removed to replace a blown focus fuse 
after a vacuum fa i l u re . A source focus power supply was also replaced 
as one of the leads was broken and arcing, obviously the cause of beam 
f l i cker ing which had plagued us. 

During annual maintenance 1n March the charge and col lect ion 
screens were reset, the f ibre optics set up again after replacing a 
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faul ty op-amp in the receiver box, the gas adjust selsyn overhauled and 
the deuterium gas cylinder r e f i l l e d . In April a belt charge relay burnt 
out in the console rack and was replaced. Our next problem was in 
August when no deuteron beam could be obtained; a faulty palladium leak 
was replaced. The ch i l l e r vacuum recirculator cooling pump and 
associated piping had to be replaced. 

(b) 3 MV Voltage Stabilizer - C.R. Purcell and J . West 
Occasionally when accelerating a deuteron beam the s l i t meters 

would read negative without an apparent loss of s t a b i l i t y . At the same 
time a large osci l la t ion of around 66 Hz appeared on the terminal 
monitor scope and on the s l i t outputs;; adjusting the feedback loop 
gain or switching to GVM usually had no ef fect . The instrument manages 
to stabi l ize on the peak value which s t i l l represents the true s l i t 
current, though the s l i t meters read an average value which can be 
negative. 

Under normal conditions the osci l lat ion occurs only when the loop 
gains are wound up too high, so the cause of the osc i l la t ion with some 
deuteron beams is s t i l l not clear. Fortunately, as explained, the 
machine remains in s tab i l i za t ion . 

(c) SENTEC 1001 NMR Magnetometer - C.R. Purcell, J . West 
Although this has been a most successful instrument there were some 

problems during the year with the control unit and the NMR probes. The 
automatic lock-on f a c i l i t y worked much better once i noisy varicap had 
been found and replaced. The pin connections to the data output 
connector proved to be dif ferent to those shown in the c i rcu i t diagram. 
One of the glass probes leaked i t s contents but we were able to r e f i l l 
th is successfully, using a vacuum technique and Torr-seal. 

(d) Pulsed Operation - C.R. Purcell, J. West 
CM. Bartle is star t ing a new project to measure, in vivo, calcium 

concentration in bone. This entailed re-commiss1on1ng the nanosecond 
pulsing f a c i l i t y of the machine, which was last used in 1967. Faulty 
electron tubes were replaced and an attempt was made to tune up the 
system; d i f f i c u l t y in maximizing the RF voltage was eventually traced 
to a small helium gas cylinder which was too close to the output tuned 
c i r c u i t . This cylinder had been instal led a few years af ter the pulsing 
system. A 30-50 kHz modulation on the deflector output could be 
eliminated by careful tuning of the osci l lator c i rcu i t after a l l the 
tubes had been given time to s tab i l i ze . Electron tubes purchased 
recently from local sources proved to be unsatisfactory for this 
appl icat ion, since insulating gas leaked through the glass envelopes. 

3.3 Data Acquisition and Analysis Facilities 
3.3.1 New Fac111t1c. - J . West 

Two PDP-11C23 (M1cro-ll) systems were purchased for data 
acquisition and analysis associated with the two accelerators. One of 
the systems replaced the PDP-8 computer which Is now 1n the local DEC 
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museum. Other items received during the year included a HP 7475A 
p lo t te r , Visual 550 terminal, VT220 terminal and LCM1010 l ine drivers 
for P.O. l ines. 

3.3.3 LSI-11 Facilities and Programs 
(a) Bootstrap Programs - J . West 

Bootstrap ROMs for REV-11 boards were "burnt" using f a c i l i t i e s 
provided by PEL. Bootstrap programs are now available for TU-58 tape 
drives and RX02 floppy disc uni ts . 

(b) C14AMS - G. Wallace 

This program is for TAMS data acquis i t ion, and interacts with 
various components of the system. These are: sample selection at the 
sputter ion source, ion selection at the source inf lect ion magnet, data 
acquisition from the Faraday cups at the analyzer magnet, and f i na l l y 
data acquisition of events detected in the heavy ion detector. The 
program operates on three levels. The lowest level gives manual control 
of the various components; the next level provides ion sequencing 
phased with appropriate data acquisi t ion; the th i rd level adds automatic 
sample scheduling, with results being recorded on disc. Currently, the 
minimum time for which an ion is selected in a sequence is 1 msec. As 
some parts of the TArlS system are not ready some parts of the program 
have s t i l l to be tested. 

(c) SCALER - 6. Wallace 
The M-Timer board (Codar Technology) instal led on the Micro-11 

computer provided 15 timer/counters and 16 interrupts, including one 
externa! interrupt . SCALER uses concatenated counters to provide 7 
scalers, one of which can be a master, in a 6 MHz emulation of an ORTEC 
scaler system. Continuous readout of the scalers is provided on the 
computer terminal in double-sized characters. 

(d) PROFILE - G. Wallace 

This program automates the acquisition of a depth prof i le by the 
resonant nuclear reaction technique, in which the energy of a proton 
beam from the 3 MV accelerator is changed i.i small steps (either 
positive or negative). I t works by stepping the power supply of the 
analyzing magnet over a small range. The accelerator s l i t - s t a b i l i z e r 
adjusts the beam energy appropriately, and the SENTEC NMR magnetometer 
tracks the magnetic f i e l d . The d ig i ta l gauss reading 1s read by the 
M1cro-ll computer; when i t is correct (to within a small specified 
error) the beam stop is opened and an ORTEC scaler system is started. 

Once a preset charge has accumulated the scalers stop, the beam 
stop closes and the scaler contents are read into the computer. From an 
energy calibration polynomial the computer calculates the required gauss 
reading for the next step, then restarts the cycle. Data accumu1ated 
from a l l steps 1s display graphically on the computer t e r m i n i , and 
that from a complete scan can be stored on disc for subsequent analysis. 



24 

3.4 Electronics and Mechanical Development 
3.4.1 Electronics 
(a) Electronics for 3 MV accelerator - C.R. Purcell 

A gamma-ray level indicator with audio and visual alarms was 
constructed and instal led in the magnet room. I t is driven from the 
Studsvik health monitor in the control room. Two picoammeters were 
constructed and bu i l t into the 3 MV console. They have 11 selectable 
ranges, from 3 nA to 300 yA. 

(b) Pulsed Radiolysis - J . West 
This work progressed steadily and most components have now arr ived. 

Transformers were manufactured for the various power supplies located on 
the top terminal. The photodiode receiver for the laser l ink w s tested 
and the mercury wetted relay assembled and tested. Work has commenced 
on the various top terminal assemblies. 

(c) Airconditioning controller - J . West 
A new control ler for the Accelerator Block airconditioning plant 

was constructed and ins ta l led . The old controls were no longer 
functioning and faulty components indicated that the system had probably 
neyer worked correct ly. 

(d) PHA Router- G. Wallace and K.P. Pohl 
A NIM module consisting of four sample and hold channels was bu i l t 

to process the pulses from the heavy-ion detector to be used in TAMS. 
The hold signal can be internal or external, and enables the multiplexed 
ADC of a DEC AXV11-A board to convert the four pulses sequential ly. 
Although re lat ive ly slow, the unit w i l l cope with the lK count rate, 
and provides an al ternative to multiple Wilkinson-type ADC's. 

(e) TAMS ion sequencing - K.P. Pohl and F. P1ke 
The system for pulsing the inf lect ion magnet chamber 1s now under 

construction. Voltage levels from a Micro-11 DAC are amplified in a 
hybrid system which allows switching of the chamber potential between 
-8kV, 0 and 3kV at a rate of about 0.3 kV/us. 

( f ) Miscellaneous Electronic servicing - J . West and 1.6. Guild 
The following items were serviced: RDA-11 computer, AAV11-A 

computer boards, VT-100 terminal (several), RS-232 buffer box, Systel 
Mk4 l ine dr iver , Tektronix 4025 terminal, Tektroiix monitor scope, 
Diablo 630 pr in ter , Printek 920 pr in ter , Dig1-data magnetic tape dr ive, 
INS Nim scaler, NIM delay module, photomultiplier base, Ortec current 
d i g i t i ze r , Ortec 410 ampl i f ier , Tennelec TC241 ampli f ier, CI 8060 ADC, 
Kansas City tape interface, Ortec 120 preamplif ier, Ortec Nimbin401A 
(2) , Mechtronlcs 401 preamplif ier, CAMAC serial 1/0 port , SENTEC 1001 
NMR magnetometer. 
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5. VISITS AND MEETINGS 
C M . Bartle attended the 10th AINSE Nuclear Physics Conference, 

Canberra from 6-8 February. He presented a paper "Measurements of 
angular distributions for the 6Li(n,t)'»He react'in in the MeV region". 
He spent some time at the AAEC establishment at Lucas Heights and the 
CSIRO accelerator laboratory at North Ryde, Sydney. 

R.J. Sparks attended the Third Symposium on Accelerator Mass 
Spectrometry, at the ETH, Zurich from April 10-13. The opportunity was 
taken to visit accelerator laboratories at Orsay, Utrecht and Oxford. 
At Oxford and Utrecht he was supplied with detailed technical 
information about their systems which has been most helpful to us. 

Two staff members visited the Physics Department at Auckland 
University to lecture to the course Physics 200: 

R.J. Sparks - "Use of Nuclear Accelerators for dating Ancient 
Materials" 
G.E. Coote - "The INS Nuclear Microprobe and its Applications" 

L.A. McLachlan went to the 5th Australian NMR Conference at 
Terrigall, N.S.W., and visited the CSIRO laboratories at North Ryde, 
Sydney. 

G.E. Coote attended the 54th ANZAAS Conference in Canberra from May 
14-19, 1984. In an Inter-Section Symposium (Physics, Geology and 
Archaeology) entitled "New developments in dating the recent past" he 
presented an invited paper on "Diffusion profiles of fluorine in 
archaeological bones and teeth: their measurement and application." On 
the way to Canberra he spent one day in the Physics Department at 
Melbourne University, examining the proton microprobe and talking to 
staff and research students. 
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