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ABSTRACT 

This report summarises the work of the Nuclear Physics Group of the 
Institute of Nuclear Sciences during the period January-December 1983. 
Coaaissioning of the EN-tandea electrostatic accelerator continued, with 
the first proton beaa produced in June. Many iaproveaents were made to 
the vacuum pumping and control systems. Applications of the nuclear 
aicroprobe on the 3 NV accelerator continued at a good pace, with 
applications in archaeometry, dental research, studies of glass and 
metallurgy. 
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1. SUM1ARY 
Commissioning of the tandem accelerator and beaallnes conHnued 

steadily. The combination foil/gas stripper was reassembled and 
installed, but there was an elusive leak from the high-pressure 
insulating gas to the evacuated accelerator tube; this was eventually 
traced to a needle valve which could not withstand the pressure 
differential. The vacuum seal at the base of the device was prone to 
catastrophic failure until the O-ring groove was modified. With the 
installation of vacuum pumps, electrostatic lenses and other beamline 
components we were able to establish a good vacuum from the Ion sources 
to two target positions. 

Since our present emphasis is on reliable beam transmission rather 
than high-voltage capability, we had installed the original axial field 
accelerator tubes. Conditioning of these tubes began in May and 
proceeded slowly to a maximum of 4.1 MV. The first proton beam to 
traverse a switching magnet to a quartz viewer was welcomed with an 
appropriate celebration on Wednesday June 22. The imbibing of French 
champagne ("Monopole") in the control room was shown that evening on 
national television news. 

Experience was gained in accelerating heavy ion beams from the 
duoplasmatron source, and the P52 magnet was calibrated during 
September, using (p,n) reactions on targets of Li, Cu, F and Al. The 
calibration constant was close to that expected from the radius of the 
central trajectory. 

The sputter ion source had been designed and built in Auckland 
University, following some experience in using it this was modified so 
that it could be reassembled more accurately, and an external cooling 
loop was added. The magnetically-coupled drive to the target wheel was 
replaced with a direct drive by a stepping motor, controlled by an 
optical^ fibre link. With these changes it became possible to extract 3 
uA of C ions from a graphite target. 

Operation of the accelerator was much simplified following the 
design and installation of a system of relays, such that pressing only 
one button will set up the selected beamline. A series of beam stops 
along this line can be easily positioned and monitored in turn as the 
beam is directed along It. 

The 3 MV accelerator performed well, though for several reasons the 
number of hours of operation was lower than usual. A thorough 
realignment was performed using the Taylor Hobson telescope, with a 
layer of mercury in a beaker acting as the mirror which defined the 
vertical axis. Included in several Improvements to the isotope 
production line was the replacement of the mercury diffusion pump with a 
turbomolecular pump. 

Following further work on the pulsed radiolysis project the 
electron gun assembly, coaxial target and mercury switch pulser were 
close to completion. The solid-state laser could be detected over a 3 m 
path. For two months the accelerator tank was removed so that the 
"skeleton" electron terminal could be fitted and its design finalized. 

The nuclear mlcroprobe was applied intensively to projects old and 
new. Simultaneous scans of Ca and F, which had proved valuable in 
studies ot human teeth, were used in an investigation of artiflcally-
induced lesions in human, bovine and shark teeth. The enamel layers in 
a wide variety of human teeth revealed a characteristic drop in fluorine 
concentration just at the guraline. The same technique was of interest to 
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fisheries scientists who wished to determine the ages of dogfish. 
The (d,pv) reactions induced by 1.8 HeV deuterons allowed us to 

•easure the distributions of nitrogen, carbon and oxygen in steel. In 
this way we wer» able to show that brittle argon arc welds in a faulty 
batch of stainless steel contained 200 ppa nitrogen, though the 
concentration in the steel was only 30 ppa. This technique could be 
valuable in studies of the welding process. 

Coaplex corrosion layers on inner and outer surfaces of pipes froa 
geothermal and thermal power stations were studied by filing a V-shaped 
groove parallel to the axis and scanning across this with a p or d beam. 
Froa the resulting shape of the curve for each element its distribution 
through the corrosion layer could be derived. 

Hicroprobe scans of limestone immediately adjacent to the 
Cretaceous-Tertiary boundary showed some striking features: almost 
coaplete disappearance of calcium about 300 urn before the boundary and 
sharp spikes of carbon, Zn and Cu right at the boundary. There is more 
than one possible interpretation of these features so we will continue 
this work on rock from other occurrences of the boundary. 

Studies of sodium depth profiles in artificially-hydrated obsidian 
showed that an equilibrium depth (-0.1 ya) was reached in about 7 days, 
presumably because the etching rate increased as the solution became 
aore alkaline. It was therefore suggested that the water be changed 
frequently. The "profile enhancement" phenomenon, which had been 
discovered in obsidian, was shown to be even more pronounced in Pyrex, 
but only a smell effect in soft glass. 
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2. RESEARCH PROJECTS 
2.1 Nuclear Techniques of Analysis 
2.1.1 Nuclear microprobe applications 
(a) Depth profiling of sodium in obsidian and borosilicate glass. 

G.E. Coote, A. Seelenfreund (Otago University) 
The technique for depth profiling of sodium makes use of either the 

1012 or the 1164 keV resonances in the reaction 2 3Na(p,«r) 2 0Ne; the 
yield from the first resonance is much lower but the gap to the 
succeeding resonance is larger so that the maximum depth is 1.5 um 
rather than 0.3 urn. The lower resonance is suitable for studies of soft 
glass (12Z Na) and the higher rejonance for obsidian (42 Na). 

Two laboratories, at University of Otago and the Australian 
National University, had been hydrating obsidian under artificial 
conditions in an attempt to calibrate the hydration rate (rim thickness 
v time at a given temperature). Sodium profile measurements on a large 
number of samples from both laboratories showed that an equilibrium 
depth was reachel in about a week, presumably because the surface was 
being etched away as the water became core alkaline. 1 suggested that 
the water be changed frequently to prevent the build-up of sodium ions 
in the solution. 

At Otago chips of Mayor Island obsidian were hydrated at 45"C for 
periods from 7 to 20 days; for some samples the water was changed daily 
while for others it was not changed at all. The 11-day samples showed a 
large difference in the expected direction, with rim thicknesbes 0.1 um 
(water changed) compared to zero (water unchanged). Unfortunately the 
14-day samples were inconsistent with this, with depths 0.3 and 0.7 um. 
The hydration process is not yet under control but further samples are 
in preparation. 

Recent work by Michels et al. (Archaeometry 25, 2 (1983) 107-117) 
shows that a more reliable procedure is to hydrate at higher 
temperatures (170* to 250*C) for shorter times, to derive the excitation 
energy for diffusion and a calibration constant at some known 
temperature. With these two numbers the calibration constant can be 
calculated for a given site whose average temperature is known. 

We had discovered a phenomenon which we had named "profile 
enhancement'' (INS-R—321, p.5); in the layer in which the sodium and 
hydrogen concentrations were changing rapidly, sodium moves rapidly 
towards a focused proton beam, to such an extent that a narrow core may 
soon contain five times as much sodium as it did originally. Was this 
phenomenon confined to obsidian? Experiment showed that not only did 
the same thing occur in Pyrex but it was even more pronounced - the 
spike of sodium rose to a maximum of about seven times the original 
level (Fig. lb). Soft glass showed only a small effect, with the 
movement of sodium mainly toward the surface (Fig.la)* Once the 
enhancement phenomenon is properly understood we should be able to 
derive useful information from it, for example, the number of hydrogen 
atoms which replace one sodium ion. 

The enhancement process was investigated for a variety of obsidian 
specimens from around the world, kindly supplied by Or B.F. Leach. 
Although all showed the effect the details of the final profile varied 
over a wide range; in particular, some peak magnitudes were twice as 
high as others. It might be possible to correlate these differences 
with the diffusion constants In the obsidians, which are known to vary 
in composition. 
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(b) Fluorine and calcium distributions in human teeth. 

6.E. Coote and A. Salllle (Dental School, Otago University), 
T. Cuttriss and Lisa Wong (Dental Research Unit, Wellington) 

Sections from a wide variety of human teeth were scanned with a 
focused beam of 2.5 MeV protons to measure the lateral distributions of 
calcium and fluorine (via K X-rays and high-energy gamma rays, 
respectively). A number of aspects of tooth anatomy were evident in the 
results, some well known and others which were not previously known. 
For example, there was much more variation in calcium concentration 
throughout single teeth than had been expected. The black line 
characteristic of carbonised organic material extended across the 
dentine but stopped abruptly at the enamel. 

A separate set of measurements entailed the bombardment of the 
enamel layer of whole teeth, to measure the trace element content and 
the variation of fluoride ion content with position. One general 
characteristic was a pronounced dip in the fluorine content of the 
enamel just at the gum line. "Yellow enamel", a defect which is 
sometimes found in Pacific Islanders, contained more iron and less 
fluorine than white enamel. 

For the Dental Research Unit, Wellington, several hundred sectioned 
teeth were scanned to reveal the detailed distribution of calcium and 
fluorine, in an investigation of the role of fluoride ions in the 
prevention or repair of caries. Artificial lesions were formed by 
masking human, bovine and shark teeth with wax except for one small 
area, immersing each tooth in an acidic solution, which sometimes 
contained a few ppm of fluoride ions. The teeth were then sectioned 
vertically through the unprotected area, mounted on a holder and scanned 
at several positions, some at the lesion and others a few am away. Much 
interesting data was obtained but the analysis is not completed. 

(c) Fluorine and calcium distributions in dogfish fin spines and 
vertebrae - G.E. Coote, S. Hanchet (University of Otago, 
N. Francis (Ministry of Agriculture & Fisheries) 

An important piece of information for the fisheries scientist is 
the age of a fish. For fish which have the calcite growths called 
otoliths the age can be determined by counting the growth rings; for 
species of fish which do not have otoliths other Toethods must be 
attempted. One species of dogfish grows a curved spine immediately in 
front of each of the two dorsal fins; this is a hollow structure 
consisting largely of calcium hydroxyapatite, which can therefo~v take 
up fluoride ions. Dark bands appear on the surface of each spine but 
their origin is not understood - they might correspond to annual growth 
but this has not been proved. 

In the present project longitudinal scans were conducted along the 
outer and inner surfaces of spines from fish of different size, to 
search for bands in the fluorine distribution which could correspond to 
changes in diet at a particular time each year. Because the spines 
curve strongly near the tip several scans were needed to cover the full 
length. Scans across the outer surface revealed the interesting result 
that the anterior (front) layer, which is white, is high in fluorine (up 
to 2%), while the calcium content was higher at the rear surface. The 
dark bands were usually low in fluorine. 

A preliminary study was made of sections of vertebrae from a 
species of dogfish which does not have the fin spines. The vertebrae 
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are not true bone, but do contain a structure of a double conical shape 
which is largely made up of calcium hydroxyapatite and can therefore 
contain fluorine. Preliminary measurements showed a high level of 
fluorine at the centre of each vertebrae where the two cones Joined. 

Both of the above projects show promise and a second round of 
measurements will be commenced now that we have a better understanding 
of the anatomy of the specimens. 

(d) Nitrogen in steel and In melds - 6.E. Coote, D. Firth and C. 
Thoaas (Industrial Processing Division) 

The technique adopted here was an extension of that devised by R.J. 
Sparks and described in INS-R—229 (1977). We bombard samples of steel 
or iron with about 10 nA of 1.8 MeV deuterons and measure the resulting 
gamma-ray spectrum with a Ge(Ll) detector - a sodium iodide crystal has 
insufficient energy resolution for this application. The relevant 
nuclear reactions are *'»N(d>py)A5Nf * 2C(d,py) 4 3N and l S0(d,py) 1 /0. 
Energy windows were set on the 871 keV peak (oxygen), 3.09 MeV (carbon), 
and from 3.8 to 7.5 MeV (nitrogen). Because each of the two lower 
energy peaks sits on a high background a window of equal width was set 
beside each peak to measure the variation of the background with 
position on the specimen. The bean could be scanned in a line up to 15 
an long or over a rectangular area as large as 15 by 10 mm. This 
arrangement was applied to the practical problems described below. 

An engineering firm specialised in cutting up stainless steel 
sheet, rolling it into a cylindrical shape then welding the seam in an 
argon atmosphere. Although this normally resulted in a satisfactory 
tube one batch of steel behaved differently - the welds were so brittle 
that the resulting tubes were useless. Standard metallographic 
examination revealel no obvious defect, but the two nitrogen scans (Fig. 
2) show what was happening: in good material the weld line does not show 
up, whereas in the faulty steel the nitrogen contert in the weld 
increases from 60 to 180 ppm. The only source of the nitrogen could 
have been the metal itself, which suggests that the elements introduced 
into the steel to block the movement of nitrogen were not effective. 
The manufacturer replaced the batch of steel. 

A second group of steel samples were from one of the country's 
earliest hydroelectric schemes. A recent accident subjected a penstock 
to over-pressure and it had split open along the main longitudinal weld. 
The reason for the weakness of this weld is apparent in Fig. 3a; 
nitrogen concentration leaps from 40 ppm in the material to more than 
3500 ppm in the weld. The distributions of oxygen and carbon (Figs 3b & 
3c) show rather small variations, with a dip in carbon content at the 
end of the weld. 

It is clear that, with some refinements in the technique, including 
the use of better standards, a collaboration between the mlcroprobe 
group and metallurgists could lead to some important studies of the 
welding process. 

(a) Corrosion layers on pipes - C.E. Coote, M. Borshevsky (IPD) 
We were given a short length of pipe which had been part of the 

condenser of a geothermal power station, and asked to Identify the 
elements in the internal and external corrosion layers and If possible 
their distributions through the thickness of the layer. The obvious 
approach would have been to polish a cross section of the pipe and scan 
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Fig. 3 Nitrogen, oxygen and carbon distributions across a weld in a 
penstock. 
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Fig. 5 Corrosion layers on a boiler tube from a thermal power station: 
inicroprobe scans of V-grooves filed into interior and exterior 
surfaces. 
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across the thin surface layers, but a different method was attempted. 
Small needle files (60* and 120*) were used to file grooves parallel to 
the axis on the inner and outer surfaces, sufficiently deep that the 
centre of each groove exposed the original metal. Each groove was 
scanned with a focused deuteron beam so that the distributions of the 
following elements could be determined: carbon and oxygen (from gamma 
rays) and iron, sulphur, calcium and arsenic (from X-rays). As the 
specimens had been mounted with the grooves horizontal the geometry was 
not symmetrical about the line of the beam, which explains why the 
measured distributions (Fig. 4) are not symmetrical about the centre of 
the groove. An interesting feature of the data is the sharp spike in 
the oxygen distribution suggesting that it is concentrated in a rather 
thin layer. 

A length of pipe from the boiler of a thermal power station was 
examined in the same way, except that this time the grooves were mounted 
vertically. The results (Fig. 5) show that the inner surface was 
relatively simple, with an outer layer of carbon: at the inner surface, 
which had been exposed to the flame, chromium increases with depth but 
vanadium decreases. Oxygen was little affected by the presence of the 
groove hence must be fairly uniform throughout the metal. 

This technique for studying corrosion layers could be further 
developed in two ways: the hand-filing technique is very crude and a 
^rinding or milling machine would form more uniform grooves; a computer 
program foi deconvoluting the data and extracting useful information on 
the various layers would enhance the usefulness of the method. 

(f) Studies of the Cretaceous-Tertiary Boundary - G.E. Coote, P. 
Strong (Geological Survey) 

About 65 million years ago some dramatic event suddenly changed the 
face of the errth and the history of life. The record of this event was 
recognised during the 19th Century as the boundary between two eras 
-Mesozoic (middle life) and Cenozoic (modern life); it is usually 
referred to as the Cretaceous-Tertiary boundary. More than SOX of 
living species, from plankton to dinosaurs, became extinct at this time 
or shortly after. A 1980 paper (Alvarez, 1980) revealed new evidence, 
in particular the "iridium anomaly" in a thin layer of clay at the 
boundary, which singled out one of the previous hypotheses as the most 
likely explanation: a huge asteroid or cometary nucleus struck Earth, 
heating the atmosphere, poisoning the sea with nitrogen oxides and 
blocking the sunlight with huge quantities of dust. All the evidence 
for this event had been obtained by neutron activation analysis of the 
boundary clay from a number of places in both hemisphere*). 

The C-T boundary is accessible at several sites in the northern 
South Island, and at Woodside Creek its position was known to within 1 
mm from microfossil assemblages. Specimens of Cretaceous limustone 
from this site extend right to the boundary, followed by a clay layer 
then mudstone (Strong, 1981). Sections of this rock were scanned with a 
focused beam of protons, and later deuterons. Three-dimensional plots 
(Fig. 6) show the distributions of the elements Ca, Fe, Si, Zn, Cu (from 
proton-excited x-rays) and C, 0, and N (from deuteron-excited gamma 
rays). The striking features are the disappearance of calcium from the 
rock about 300 um before the boundary (equivalent: to about 20 years of 
deposition) and the sharp spikes of C, Zn and Cu right at the boundary 
icself. The lack o'. calcium in the final fraction of a mineral could be 



Silicon 

Oxygen 

Calcium 

Iron 
Carbon 

Zinc 
Nitrogen 

Copper 

Fig. 6 Distributions of eight elements in the uppermost 2 mm 
Cretaceous limestone from Woodside Creek, New Zealand. 
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explained in two ways: there may have been calcium in the sediment which 
has since been leached out; alternatively, there may never have been any 
there, if the acidified sea had dissolved all calcite shells above the 
sediment. If the latter were true there is the difficulty of explaining 
why this occurred about two decades before collision with Earth. 
Samples from other sites in the South Island have been collected and new 
information may throw further light on this fascinating problem. 

References 
L. Alvarez et al.. Science 208, 1095, (1980). 
C.P. Strong, N.Z. Jl. Geology & Geophysics, 20(4) (1977), 687-96. 

2.2 I-ray Fluorescence 
2.2.1 Instrumentation - 6. Wallace 

Few repairs were necessary. A new dewar was obtained for the C.I. 
Si(Ll) detector to faciliate LN 2 filling. The Kevex Si(Li) detector 
window developed a pin-hole leak. The entire endcap was replaced to 
allow greater economy in the amount of Be necessary to make a new 
window. 

A collimator worked loose in the X-ray tube; this was replaced. 

2.2.2 (X,X') spectrometry - G. Wallace 
(a) George III medallion - G. Wallace 

A medallion in the form of a coin with a hole punched through It 
was recently recovered from a sandy area north of Gisborne, and passed 
to National Historic Places Trust. The medallion bore the head of 
George III and was date-stamped 1761. It was thought it might be gold, 
but XRF examination readily showed it to be brass, of composition Cu 
80.7%; Zn 11.OX; Pb 7.9%; Fe 0.4Z. The composition was quite variable 
(demonstrated by EDAX analysis on PEL electron microscope) and due to 
leaching is probably not accurate for the bulk of the material. 
However, the high Pb:Zn ratio is in keeping with calamine brass, a.id 
although the variability in composition prevented sourcing of the coin, 
its authenticity with respect to the date stamp could not be doubted. 

National Historic Places Trust are further investigating the origin 
of the medallion. 

2.3 Short-lived Isotope Studies 
2.3.1 Experiments using carbon-11 - P.E. Minchin (PEL); Production 

C.R. Furcell, K. Sanders 
Experiments were only carried out in the last few months of the 

year due to a move by the Biophysics section Into the new Robertson 
building. 

During the rest of the year experiments done in late 1982 were 
analysed and written up. This included experiments on the exudation of 
recently fixed carbon from the roots of hydroponically grown wheat 
seedlings. Within the first 200 minutes after photosynthesis of a 
i i C 0 2 pulse up to 30% of the total tracer transported to the root had 
appeared in the root bathing solution. Also, phloem unloading 
experiments were analysed. In these labelled sucrose has been observed 
in the apoplast of bean stems and the rate of labelled sucrose unloading 
measured. Preliminary experiments on the Interaction of nitrogen 
metabolism with the root zone and the supply of sucrose from the leaves 
have been carried out. We are developing a method to monitor this 
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interaction by using carbon-ll to label the sucrose and to observe 
changes in label movement OUT of the root as carbon-ll amino acids, in 
response to changes in root nitrogen status. 

2.4 Nuclear Magnetic Resonance - L.A. McLachlan 
A 15-month long trial to test the use of NMP. plasma relaxation 

rates in the monitoring of cancer patients was started. To date 320 
measurements have been made on plasma from cancer patients and controls. 
This trial is being conducted in co-operation with the Oncology 
Department, Wellington Hospital, and is a blind trial; not until it is 
finished will the medical and MR data be compared. 

Preliminary work was also done on the MR investigation of zeolites 
supplied by Chemistry Division. The 2 /Al and 23.'a resonances of the 
zeolites themselves and X H resonances from adsorbed water or 
hydrocarbons were studied. Resolution of the hydrogen signal into a 
multi-component structure was easily made and the relaxation times of 
the individual components and their cross-relaxation times were 
determined. Froc this fairly detailed Information on the adsorption of 
the molecules can be obtained. Chemistry Division also measure the i 3 C 
resonance in the adsorbed hydrocarbons. Sodium in zeolites is often 
present as a free, hydrated ion and this provides an easily 
distinguished signal. When tightly bound, its resonance is partially 
obscured by that from sodium in the glass probe coil support. This 
problem is even more severe for the weaker aluminium resonance. It is 
difficult to find glass with neither aluminium or sodium in it, but some 
coil supports with about one-sixth of the sodium and aluminium 
concentra' ions of the present glass have been jade. These have not yet 
been tried. 
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3. INSTRUMENTATION 
3,1 6 MV Tandem Van de Graaff Accelerator 
3.1.1 New tandem building - R.D. More 

The new extension housing the tandem was built without any 
provision for heating or cooling. In summer, although warm, bearable -
the same cannot be said for winter. A portable fuel type heater 36 kW 
heat output failed to make an impression except in a small local area. 
The solution seems to be some point sources of heat around the work 
areas. 

The entrance to the tandem extension was tidied up by making a 
partition in the switchboard room, defining the passage and giving a 
closed storage area behind the partition. 

3.1.2 Installation of equipment - R.J. Sparks, R.D. More, G. Wallace, 
CM. Bar tie, C.R. Purcell, F.G. Pike 

(a) Tandem accelerator 
Gas stripper electrics were wired into the terminal. The generator 

was "flashed" and gave an output of 100 volts and the stripper variac 
was tested up to the input of the heater transformer. The stripper gas 
bottle was filled with oxygen, and found the installed leak was leaking 
continuously, the element was changed and this held good vacuum. The 
leak was then controllable from the console. 

Conditioning was started with the tubes in place beginning at 1 MV 
and reached 3.8 MV after eome days. 

In early June, although the vacuum was not good in the inflection 
magnet area, a beam from the duoplasmatron ion source was put through to 
the LE (low energy) beam stop, the LE beam profile monitor worked and 
the beam proportions could be easily seen. The gas stripper failed to 
activate, nevertheless the LE beam stop was opened and a self-stripped 
beam was recorded on the HE (high energy) cup, 60 nA of beam, 2.7 MV on 
terminal. 

A mechanical fault was found in the selsyn drive of the stripper, 
but then the generator would not self start - it had to be "flashed"; 
after this it was found that the primary of the transformer to the leak 
had open circuited - three series faults! with no apparent 
interrelation. 

The reason why the generator would not always self start was that 
the rectifier bridge in the exciter circuit was temperature sensitive. 
These were selenium rectifiers, so a silicon diode bridge was placed 
across the existing selenium bridge which gave no further trouble. A 
LED panel indicating the generator and the variac voltages was placed on 
the terminal in a position where It can be easily seen through the HE 
end viewing port. 

With the stripper activated and negative ions injected into the 
machine a true bean was seen on the HE cup, proportional to the stripper 
gas pressure. This beam was allowed to travel to the object viewer of 
the X36 magnet and could be seen on the quartz. At 1700 on 21/6/83 the 
beam was successfully bent around the X36 magnet and transmitted to a 
quartz in target room 2, 5 nA of 6.5 MeV protons. 

During a leak hunting exercise in which the tubes were blanked off, 
pressure difference caused a movement displacing some of the tube 
clamps. The tubes and stripper were re-aligned and in this process 
variations in their height from day-to-day and morning-to-afternoon were 
observed showing the need to know of these effects. 
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The foils were inserted into the stripper housing and the beam made 
to travel as far as the X52 magnet. Difficulty was experienced in 
getting the beam around this magnet - it was found that there was a 
physical obstruction in the form of a tantalum liner which had sprung 
off the chamber walls. Once this had been removed by force the beau 
travelled to the exit of the magnet, through the switching magnet to 
target area no. 1. 

(b) Gas handling 
There were eight gas transfers in this period, i.e. from tank to 

storage and return. Most of these transfers were associated with a 
pressure related vacuum leak in the terminal area (see Vacuum). The gas 
dryer was used several times to dry the tank gas: the change in dew 
point from -41 *C to -68*C resulted in a marked improvement in 
conditioning the machine. After each drying operation, the alumina 
absorber was reactivated. In the latter part of the year the gas 
storage cylinders were topped up (six cylinders of C0 2 and 44 cylinders 
of nitrogen). This was more than a year's operation so this gas loss is 
accepted as satisfactory. 

All the gas piping in the gas handling and storage rooms has been 
colour coded for safety purposes. 

(c) Radiation monitors 
A Philips area monitor with warning lights and alarm was Installed 

in the Tandem Hall and a repeater meter wired into the control room 
console. Since radiation levels around the centre of the machine when 
conditioning were high, barriers were erected and doors locked to 
prevent access at higher levels. Radiation warning signs have been 
placed at strategic points, and chain barriers made. 

(d) Beam lines 
The high energy deflector power supply stations were fixed in 

position, coupled to their respective deflector units on the beam line 
and tested. 

Solenoids and actuators were brought into commission on the HE and 
LE faraday cups and electrics connected up. The X36 switching magnet 
station was lowered 20 on into the concrete floor to allow for vertical 
adjustment about the centre line of the beam. The beam lines in target 
room 2 were then defined, and the hardware including quadrupole magnets 
was erected on beam lines 4 and 5. 

(•) Vacuum equipment 
The high energy turbomolecular pump station was positioned at the 

high energy end of the machine. Air and water were connected to this 
station. Beam piping, tees, valves and bellows were arranged and 
connected to enable the puap to produce a vacuum in the accelerator 
tubes. The initial pump-down was reasonably quick - the foil stripper 
in the terminal was blanked off. 

A temporary piece of beam line was inserted from the low energy end 
of the machine to the LE pumping station. (This was temporary because 
later a set of switching plates and an elnzel lens were inserted In this 
section of beam line.) Now the tubes could be pumped from both ends and 
came down slowly and evenly. 

A "missing link" was inserted in the beam line between the LE pump 
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and sputter magnet to allow the ion source to be connected to the 
machine for testing. (Later in the year an einzel lens was Inserted in 
this position.) This enabled a vacuum to be produced from the ion 
source right through to the target. 

The combined foil/gas stripper was re-assembled, using spare parts 
supplied by ANU, and after some minor adjustments it was made to work. 

There was a considerable delay between installing and aligning the 
tubes and stripper, and having the accelerator ready for testing, 
because of elusive vacuum leaks from the pressurised tank gas to the 
vacuum. Some practice was required to correctly adjust the clamps 
coupling the tube sections together, and the importance of setting the 
correct gap between adjacent tubes before inserting the bellows that 
linked them together was learnt the hard way. 

A Nupro needle valve was inserted in the stripper gas line 
immediately after the thermo-aechanical leak in order to be able to 
close off the gas connection into the stripper housing during 
maintenance. This valve proved unable to withstand the large pressure 
differential (240 psl) it was subjected to, and was the cause of a 
pei «*i stent leak when the tank was pressurised. Although the valve was 
suspected, in the course of eliminating other possible causes of the 
leak some interesting discoveries were made, including the importance of 
setting the tube clamps and gaps correctly mentioned above. Another 
discovery was the tendency of the 0-ring seal on the base of the 
stripper foil assembly to fail catastrophlcally. The groove for this Co
ring is of rectangular shape, made by Billing four intersecting grooves 
the full width and length of the base plate. This means that the groove 
has open corners, where the 0-ring is not restrained. Since the 0-ring 
material has the same width as the groove, when the plate was bolted 
down the 0-ring compressed and, having nowhere else to go, bulged out of 
the open corners and eventually split. The problem was solved with 
metal strips fitted into the corners of the groove. 

(f) Commissioning of tandem accelerator - R.J. Sparks 
This year saw the tandem restored to its proper status of a 

particle accelerator with the installation of the accelerating tubes. 
The tubes fitted were the original axial field tubes supplied with the 
accelerator in 1960. The decision to do this was based on the better 
beam handling properties of axial field tubes as against Inclined field 
tubes, bearing in mind the requirement of accelerator mass spectrometry 
for steady, reproducible transmission. However, the age of the cubes 
(about 14000 hours) meant that we could expect a penalty in terms of 
terminal radiation and voltage limitation, and such turned out to be the 
case. 

Initial tests and accelerator tube conditioning began in May. For 
these runs the foil stripper was not installed. Conditioning was 
monitored by the vacuum gauges at each end of the accelerator, a Nal 
scintillator mounted on the tank over the terminal (for monitoring 
terminal X-rays), and by measuring the positive ion current striking the 
Faraday cups at both ends of the accelerator. First signs of tube 
conditioning appeared at 0.8 MV, and over the next few weeks the machine 
was very gently conditioned up to 3 MV. 

The first attempt at transmitting a beam was frustrated by the gas 
stripper, which had worked perfectly when first installed but failed 
when it was really needed. The cause was eventually traced to the 
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Faraday cups at both ends of the accelerator. First signs of tube 
conditioning appeared at 0.8 MV, and over the next few weeks the machine 
was very gently conditioned up to 3 MV. 

The first attempt at transmitting a beam was frustrated by the gas 
stripper, which had worked perfectly when first installed but failed 
when it was really needed. The cause was eventually traced to the 
selenium rectifier stack in the terminal alternator. 

The first proton beam was transmitted on June 17, when 0.2 uA was 
recorded on the high energy Faraday cup. Over the next few days 3 nA 
was obtained at the exit of the No. 2 switching magnet. At this point 
the leaking needle valve in the gas stripper line was removed, the gas 
inlet blanked off and the foil stripper Installed. For the remainder of 
the year the accelerator has run with foil stripping only. 

Once the first beam was transmitted a lot of time was spent 
accelerating different beams (p, 0, N, C) from the negative ion source 
in order to understand the behaviour of the accelerator and find out how 
it likes to be driven. Energy calibration of the product 52 magnet was 
carried out in September. The most noticeable feature at present is the 
limitation on voltage and the high X-ray levels generated at the 
terminal when conditioning. The initial conditioning threshold, i.e. 
the voltage at which conditioning effects appear after the machine has 
stood idle for a day or more, has gradually moved up from 0.8 MV the 
first time the tubes were used to about 2.2 MV at present. Conditioning 
to 3 MV is relatively easy, but becomes progressively harder as the 
voltage is increased. The highest voltage reached with the present 
tubes is 4.4 MV, with the tubes conditioned to 4.1 MV. At these 
voltages the X-rays from the terminal make it hazardous to work in the 
vicinity of the machine if the terminal is above the conditioning 
threshold, so chain barriers have been erected at each end of the tank; 
as an added precaution the doors to the accelerator hall can be locked. 

As the voltage is pushed up beyond the conditioning threshold, tube 
vacuum pressure and terminal X-rays increase until an interesting 
phenooenon sets in: increasing the belt charge by as much as 200 uA 
nakee almost no difference to the terminal voltage, and the increase in 
current does not show up in any of usual machine parameters (column 
currents, corona current, etc.). The explanation for this effect is 
that at a certain point the terminal X-rays become sufficiently incense 
to ionise the tank Insulating gas, providing a low impedance path from 
the terminal to the tank wall. Any increase in belt charge is simply 
carried away by the ionised gas. The effect can be monitored by 
measuring the d.c. current from the capacitive pick-up plate. For low 
or zero terminal X-rays, no current is measured, but when gas ionisation 
becomes a significant load on the accelerator, the current can retch 30 
or 40 nA. If, while the accelerator is in this state, the belt charge 
is increased still further what frequently happens is that conditioning 
suddenly stops. What is observed is that the terminal X-rays fall to 
almost zero, and with the sudden removal of the ionisation load, the 
terminal potential rapidly increases. Unless the belt charge is quickly 
wound back the accelerator will begin sparking. This state could be 
called 'pseudo-conditioned', as it lasts for about 30 seconds at the 
most, at which point X-ray production starts again and the situation is 
as it was before the effect occurred. 

Early attempts to estimate beam transmission were hampered by the 
fact that the electrostatic lenses and steerers for the low energy beam 
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line were not available; during the energy calibration measurements 
typically 20 nA of protons was recorded on the target after the No. 1 
switching magnet. When the steerers and lenses were installed, on the 
first run with a proton beam, currents recorded were as follows: 

High energy stop : 1200 nA 
Magnet No. 2 entrance 
Magnet No. 1 entrance 
Magnet No. 1 exit 

500 nA 
400 nA 
250 nA 

The picture with respect to heavy ion transmission is still not 
completely clear. Early attempts to measure a nitrogen beam through the 
No. 1 switching magnet failed completely. Subsequent attempts to obtain 
a heavy ion beam have shown that good transmission is a function of many 
variables, including the ion source, and the condition of the stripper 
foil, and it is extremely sensitive to the settings of all lenses, 
magnets and steerers along the beam line. The best particle 
transmission figure obtained around the product 36 magnet was 45% (low 
energy cup magnet exit), obtained on a day when the ion source was 
exceptionally stable. This figure was obtained, using an oxygen beam, 
by carefully tuning the high energy beam transport components for each 
charge state ( 2 +0 to 7 + 0 ) in turn, including those components undergoing 
stripping due to collisions with the residual gas in the beam line. The 
value obtained was exceptionally high, and later measurements Indicate 
that 10-13% is more typical. 
(g) Accelerator calibration - C M . Bartie, R.J. Sparks, 6. Wallace 

A calibration run on the EN tandem accelerator was carried out 
during September and October 1983. The threshold reactions studied were 
'Li(p,n)'Be, 6 5Cu(p,n) 6 5Zn, 6 3Cu(p,n) 6 3Zn, * 9F(p,n)* 9Ne and 
2 /Al(p,n) 2 /Si, which have thresholds of 1880.60 ± 0.07, 2164.6 ± 0.9, 
4214 t 5, 4234.3 ± 0.8 and 5803.3 ± 0.26 keV, respectively. 

Neutrons emitted in the forward cone were detected with a long 
counter. The lithium and fluorine targets were prepared using a Mo boat 
in a target evaporator (lithium metal and CaF2 respectively). In Fig. 
7(a) and 7(b) are shown typical runs on a natural lithium and aluminium 
target, respectively. The calibration equation cau be written (for 
protons): j2 

E(l + E/1876.46) - * 
1.0076 

where E i s the energy in MeV, f is the frequency in MHz and k i s the 
calibration constant in units of MeV.(MHz)'2. The calibration constant 
found is (I97±l)xl0~^ which compares favourably with the theoretical 
value based on the radius of the central trajectory (198.5x10"**). 
In Table 1 are shown the constants for the expression 

E(t + E/A) « k f 2 /B 

for various ion masses and charge states. 
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Table 1: 
Ion spec ies A(MeV) B (amu) 
H + 1876. 46 1.0076 
D + 3752. 00 2.0141 
*He + 7456. 31 4.0026 
- H e 2 + 7456. 31 4.0026/4 
I2c+ 22354 12.000 
I2c2+ 22354 12.000/4 
12C3 + 22354 12.000/9 
.2<* + 22354 12.000/16 
43c*" 24224 13.003 
i^C* 26086 14.003 
* * * • 26086 14.003 
. * N 2 + 26086 14.003/4 
i5(rf 27943 15.000 
i 5 N 2 + 27943 15.000/4 
16 0 + 29796 15.995 
16Q2+ 29796 15.995/4 
A6Q3 + 29796 15.995/9 

3*1.3 Development of equipment 
(a) Sputter ion source - 6. Wallace. A. Jalil, I.B. Guild 

Development of che 'orthosupersputtertron', built at Auckland 
University, is continuing wich considerable success. Several 
modifications have been made, particularly to improve alignment. The 
cesium lens is now suspended within the cathode by insulated legs. The 
cathode is located Inside the tube by mounting on stainless steel-capped 
Macor posts off the exit flange of the tube. Alignment tools are used 
for assembly. The Pierce electrode of the cesium gun is attached 
directly to the coaxial heater of the tungsten ioniser. Heat shields 
surround this assembly. Prior to these modifications, sputter damage 
had been observed on the molybdenum around the extraction hole. The 
latest results are sample sputter pits corresponding with a beam of 0.7 
mm diameter. 

To achieve stable operation, it has been found necessary to apply 
external cooling to the source. Currently, a closed circuit of kerosene 
through a heat exchanger is used. Prior to the addition of cooling, 
excessive drain from the cathode power supply was experienced, thought 
to be due to the emission of electrons from hot cesiated surfaces. 
Modifications are currently being made to apply more direct cooling to 
the sample in an endeavour to Improve the sputtered yield. l 2 C ~ 
currents of 3 uA from graphite have been obtained for Cs reservoir 
temperatures of 110*C. Although a Cs reservoir heater has been 
installed, its application to 190°C did not bring the expected increase 
in sputtered beam current. The reason is thought to be two-fold: the 
increase in Cs + current on the sample did not match the temperature 
rise, due to space charge effects, and the increased temperature of the 
sample lowered the sputter yield. 

The original magnetically-coupled drive to the 24-sample wheel has 
been modified to a direct drive from a stepping motor. Controls for 
this and the source power supplies are by fibre optic links from the 
local station at the base of the inflection magnet. Remote operation 
from the control console has been achieved by pulsing local up/down 
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counters, and having their output feed OAC's to drive the fibre optic 
transmitters. The ion source and power supplies is floating, and has 
been tested to 80 kV potential. 

The ion source line consists of einzel lens, pre-acceleration tube, 
cryovac pump, faraday cup, beam profile monitor, inflection magnet, 
faraday cups, cryovac pump and another beam profile monitor. All are 
now in operation although teething troubles were experienced. In 
particular, the accelerator tube separated twice, and was reglued with 
vinyl acetate dissolved in toluol. An unexpected problem is the current 
of electrons accompanying the sputtered beam, which comprises less than 
15Z of the negative beam emerging from the source. After pre-
acceleration, significant X-radiation is present. 

Different masses in the sputtered beam are to be pulsed through the 
accelerator by changing the potential on the inflection magnet chamber 
(750 pf capacitance). This system has yet to be developed. Measurements 
indicate excellent separation between masses, eg. 41 mm between masses 
12 and 13, where the horizontal beam is less than 20 mm wide. 

(b) Duoplasmatron Ion Source - CM. Bartle, F.G. Pike. 
The first beams from this source were directed into the 

accelerator during July 1983. The source has been operated with the 
following gases: hydrogen, 752 hydrogen + ?5Z nitrogen and 80Z hydrogen 
+ 20% carbon dioxide. Based on momentum analysis of the beam with the 
analysing magnet beams of nitrogen, carbon and oxygen have been 
identified. The principle nitrogen component is N + from NH~. Typical 
currents on the LE cup are 5uA of H~ and luA of 0~. 

The filaments were made from 1% thoriated tungsten electrodes 1.2mm 
in diameter; these were prone to snap when bent to shape. Recently a 
change has been made to 0.76mm diameter wire of the same composition 
which bends to shape easily. A device has been constructed to remove 
the tapered plugs from the lithium exchange canal which as yet has not 
been fully tested. 

Vacuum in the source is still nearer 4x10"6 torr than the 
recommended 2x10"6 torr and the vacuum Immediately after the source is 
still high at 10"5 torr despite leak chasing and installing a 4" mercury 
diffusion pump in this region. Some instability of the einzel power 
supply for post source focusing, which appeared to be due to beam 
striking the elements of this lens, was reduced by installing a 
collimator in front of the lens. Some difficulty has been experienced 
in directing beam through the sputter-ion source inflection magnet. 
Optimum degauss fields are being determined. 

(c) Bean Lines - CM. Bartle, R.D. More, F. Pike, CR. Pur cell, 
G.Wallace. 
Apart from a small length of beam-line following the duoplasmatron 

source, which is under investigation, the initial aim of a pressure of 
at least 5xl0""̂ torr throughout the system has been achieved. Stainless 
steel beam lines have been installed between the product 36 and product 
52 magnets. A 4" oil diffusion pump, borrowed from VUW, was installed 
near the product 52 magnet entrance. Pressures in the HE line, achieved 
with the assistance of baking with heating ribbon, have been typically 
4xl0~6 torr between the accelerator and the product 36 magnet and 
10~°torr between the two analysing magnets. These vacuums were achieved 
after extensive leakchasing. 
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"Top-hats" for the new cryopumps to be installed on lines 2 and 3 

are nearing completion. Lines 4 and 5 have been partially assembled. 

(d) Vacuum Pumps CM.Bartie, G.Wallace, R.D.More, F.Pike. 
Two new cryopumps have been received. These pumps will be 

installed on lines 2 and 3 once "top-hats" are completed. After some 
discussion two 700 Is*1 diffstak pumps were ordered to replace the two 
HE line diffusion pumps, one of which is borrowed and the other 
allocated to line 5. Diffstaks wre preferred because of their low cost 
and reliability. 

No major problems have been experienced with the tandem vacuum 
pumps. The Vacion pumps modified by F. Pike continue to perform well. 

(e) Vacuum Protection G.Wallace, K.P.Pohl. 
All pneumatic beam line gate valve controllers have been 

replaced with a new design. Tuese are connected back to a protection 
unit in the control console which monitors "good vacuum" relays of 
vacuum gauges spread throughout the accelerator system. A vacuum 
excursion in one section of beam line will cause automatic closure of 
valves to effect isolation. 

Implementation of the system required a number of standard Edwards 
Penning 8 gauges to be modified for sensing of poor vacuum. 

(f) Beam Profile Monitors G. Wallace 
The N.E.C. 12 station monitor control was converted for manual 

selection. The monitors have proved very useful, and two old ones have 
b~>en bought from Auckland University. These will be added to the system 
when mechanically converted, making a total of 4 monitors. 

(g) Beam Current Monitoring R.J.Sparks, C.R. Purcell 
When the tandem started to produce beams it was soon apparent 

th<it a system of easiiy monitoring the beam currents was needed. At the 
same time the opportunity wad taken to completely re-design the beam 
line selection system developed at Canberra, and eliminate the multitude 
of knobs and switches required to set up a particular beam line to 
transmit the beam. Basically, to select a beam line the experimenter 
presses a single button on the control console. A system of relays 
encodes the selected line as 24 volt levels on a group of 3 wires. 
These wires then activate relays to connect the appropriate analysing 
magnet, switching magnet and its polarity, quadrupole lens and beam 
stops for the required beam line. A separate push button panel 
activates a sequence of beam stops extending from the ion source(s) to 
the target. Pushing a button inserts the corresponding beam stop and 
connects it to the pico-ammeter on the control console. Provision is 
made for local control and current monitoring of each beam stop. The 
system appears to be working satisfactorily. 

(h) Heavy Ion Detector G. Wallace 
Thi? has been obtained on loan fror Auckland University, 

Unfortunately, most of the interior structure disintegrated in transit, 
although the thin, fragile window remained intact. The detector has 
been rebuilt, but testing is held up pending fabrication of parts of the 
beam line to which it will be attached. 

Windows of Formvar have been successfully manufactured for 
replacement. 
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(1) Thin Walled Scattering Chamber CM. Bartle 
Details of this chamber were given in the previous progress report. 

The chamber is being assembled on line 2 where it will be employed 
initially in beam identification experiments based on reaction studies 
and in preliminary hydrogen profiling experiments (A. McGlone). A 
number of new parts including a stand have been constructed in the 
workshop. 

Eventually this chamber will be installed on line 5. Experiments 
planned include the calibration of a Nal(Tl) scintillator as a neutron 
detector for core studies at Soil Bureau; calibration of neutron 
detectors for safeguard applications, and the study of neutron-induced 
reactions in lithium-containing scintillators for tritium breeding 
studies. 

(j) Carbon Foil Manufacture G.Wallace, A.Jalil. 
Equipment for the manufacture of carbon stripper foils by d.c. 

glow discharge has been assembled, but remains untested. A masked glass 
substrate, previously coated with Bttaine over which rock salt is 
evaporated as a release agent, will be cathode for a discharge in pure 
ethylene. To improve recovery of foils, the masked deposited will be 
coated with a plastic before the foils are floated off, and an attempt 
will be made to slacken the foils while still wet on their holders by 
gently sucking them through the holders. 

(k) General G. Wallace 
The low energy electrostatic deflectors and lens power supplies 

and remote controls were installed. One lens supply subsequently 
developed a fault and has been returned to the manufacturer. 

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

During the period the accelerator was run for 7C6.1 hours. This 
was less than normal due to several reasons. Firstly, there was a two 
month down period during which a new electron terminal and associated 
control layouts were investigated. Secondly, the P.E.L. Biophysics 
section d'.J not use the machine for 10 months because of problems 
associated with shifting into a new building. 
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Breakdown of usage over the period is as follows: 

Hours Machine Days 
I.N.S. Nuclear Physics Group 593.4 94 
P.E.L. Biophysics Section 59.1 25 
l.N.S. Testing etc. 53.6 -

Total - 706.1 119 

3.2.2 Maintenance 
(a) Accelerator - C.R. Purcell, I. Guild. 

During annual maintenance in March, the deflection bias, focus 
adjust, source focus and beam current selsyns were overhauled; a pin 
hole leak was repaired in the tank cooling circuit; a suspect 2000 MR 
source focus resistor was replaced and the H2 and D2 cylinders were 
refilled. 

After initial problems with the source not striking and then the 
misaligned beam causing a vacuum failure on one of the top silts, the 
machine performed well as long as these top slits were kept well apart. 

In August a vacuum leak developed in the tube inside the tank. The 
Anavac leak chaser was too insensitive because of resHual low mass 
gases in the tube so all 0-rings in the ion source and einzel lens were 
replaced. A new ion source was also installed and the chopping aperture 
turned 90° to help Improve the beam. The generating voltmeter which had 
earlier stopped working was overhauled. 

A few weeks later the tank was removed when the ion source again 
failed to strike. This time a definite fault was found. The R.F. time 
delay relay had blown. At the same time a column current lead, which 
had been damaged by a spark, was replaced. 

(b) Alignment - R. Sparks, C.R. Purcell, I.B. Guild 
A major realignment of the 3MV accelerator was carried out using 

the Taylor Hobson optical alignment telescope purchased for the t»naem 
installation. 

However although the machine was optically aligned the beam came 
down on an angle. This was a result of not being able to precisely set 
up the ion source in terms of tilt, any errors being magnified down the 
tube. To get the beam to travel vertically the tank base must be tilted 
until the beam is central on the viewer above the 90° magnet, without 
moving the machine horizontally with respect to the magnet as this is 
now correct. 

Each time an ion source is installed this tilting alignment will 
need to be repeated. 

(c) Isotope Production - C.R. Purcell 
Because of problems associated with P.E.L. Biphysics shifting 

into a new building production of U C did not recommence till October 
1983. 

The yield was much lower than in the past although still usable for 
some experiments. Over the following weeks various changes were made to 
try to Improve the production; these Included running Hie furnace at 
elevated temperature, replacement of a leaking swagelock fitting and 
varying the oxygen and nitrogen flow rates. 

But it was not until the oxygen outlet was moved a few millimeters 
closer to the target In the beam line that a dramatic Improvement In the 
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yield occurred. So, not enough oxygen was in contact with the target 
surface. The changing and repositioning of our vacuum pump earlier in 
the year may have influenced the oxygen flow path. 

3.2.3 Development 
(a) Improvements to Isotope Line - C.R. Purcell 

The old mercury pump used to extract A AC02 gas from the beam 
line was replaced with the 3MV manifold turbomolecular pump. 

Several reasons prompted this change. 
the mercury pump was starting to corrode; 

- it required daily filling with liquid nitrogen; 
the danger of contaminating the accelerator with 
mercury if pump left on with no liquid nitrogen. 

- our present policy of replacing mercury pumps on 
accelerators. 

The original Welch rotary backing pump was however retained as it 
maintained a low exhaust pressure when the outlet was under vacuum. 

All the plastic pipes used for oxygen nitrogen and isotope transfer 
between the target room and the beam line were replaced with copper 
tubing. 
(b) Fibre Optics - C.R. Purcell, I.B.Guild 

During annual maintenance a new fibre optics cable was 
Installed with its outer sheath removed as this broke down last time. 
The cabJi was fixed to every fifth gradient bar to even out voltage 
stresses. 

Tank sparks have damaged both the high voltage terminal electronics 
and the tank base receiver electronics during the year. Progress has 
been hindered by the fact that work can only be done when the tank is 
removed for servicing and even then the tide is very limited. 

The electronics has been rebuilt in double shielded boxes, all 
cables double screened and improved by-pass protection has been 
installed. At this stage we are waiting for the next tank down to 
reinstall new receiver electronics on the tank base. 

(c) "In Vivo" Measurement of Calcium in Bone 
CM. Bartie, A. Beddoe*; J.Delahunt*; P.Johnson*; and I. Ross.* 

A detailed proposal has been presented for an original study of 
calcium in vivo in bone. This work will u t i l i z e the 3MV accelerator 
operating in pulsed mode. In the early stages the study wi l l be purely a 
sc ient i f ic one concentrating on art i f ical bone mixes and old bone 
material. The calcium-containing material wi l l be irradiated with 
neutrons of energy near 4 MeV and nuclear-pair production following the 
decay of the f irst excited state of l*°Ca wil l be detected. Various 
detectors have been ordered and more NIM electronics are to be 
purchased. 
* Not DStR. 

3.2.4 Pulsed Radiolysis - CM. Bartle; J.G. West; C.R. Purcell. 
This project continues to make good progress with the following 

items complete or nearlng completion in the workshop: electron gun 
assembly, coaxial target, mercury-switch pulser assembly and push-rod 
manipulator assembly. The laser pulser has been f i t ted with a lens made 
by DSIR optics and 20us pulses can now be detected satisfactori ly over a 
3 metre optical path. 
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The tank was removed for two months so plans could be finalized for 
the design and fitting of a new electron terminal and control assembly. 
The ion source, top terminal and control rods plus selsyns were removed 
from the accelerator so measurements could be made and components 
positioned. This skeleton terminal is now to be fitted out with the 
required electronics some of which is still to arrive from overseas. 
Transformers needed for special applications are being constructed in 
Lower Hutt. Items received include the mercury-wetted switches and some 
electronic components. 

The plan is to install tha completed terminal during 1984. Electron 
beam pulses will be studied in detail using the coaxial target unit and 
a sampling oscilloscope connected via a fast cable link into the cell 
room. 

3.3 Data Acquisition and Analysis Facilities 
3.3.2 PDP-11/34 - J.G. *>st 

No changes were made to the PDP-11/34 system during the past 
year. The old Anelex l inepr in ter was shipped to Otago University; no 
reports have been received as to how i t has been performing down there. 
Servicing done by INS included: 
- Calcomp model 565 p lo t te r - replaced carriage cable 

Digidata magnetic tape transport - faulty component in tensioning 
arm sensor. 
TU56 Dectape drives - a l l G848 motor drive module; burnt out, one 
module catching f i r e . These were replaced with modules taken from 
the PDP-9 computer. 
Servicing done under maintenance contract: 

- Fan in processor box replaced. 

Terminals -
Servicing done under maintenance contract: 

VT100 "erminal, replaced monitor board. 
Servicing by agents required for: 

RSD901 cut sheet feeder, solenoid clutch drive circuit. 
DIABLO 630 printer, faulty printing. 

Servicing done Sy INS: 
Ann Arbor VDU. Sufficient documentation is not available for 
servicing of this unit. 
Citoh 101 terminal, faulty keyboard on purchase which was exchanged 
under warranty. 

3.3.3 LSI-11 Fac i l i t i e s 
An RXV21 floppy disk drive was purchased but found to be faulty 

on a r r i va l . A replacement M7744 control ler board was obtained under 
warranty. 

Three TU58 dectape uni ts have been ins ta l led in rack mountable 
boxes together with their own power supplies. These systems are now a l l 
compatible with each other. 

3.4 Electronics & Mechanical Development 
3.4.1 Electronics 
(a) Plcoaomtters - W.H. Hcald; J.G. West. 

Several IMS manufactured picoanroieter uni t s were rebuilt using a new 
c i rcu i t design and new rechargeable bettery packs. Components on the 
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old circuit board were no longer available and the Ni-cad batteries used 
were reaching the end of their l i f e . 

(b) Misc. Electronic Servicing - J.C. West; I.fl. Guild. 
Schlumberger oscilloscopes (2); Tektronix 4025 terminal, Ann Arbor 

VDU, Diablo 630 Printer, Ortec current digitizer, Fluke 6x60A frequency 
synthesizer, Ortec printout controller model 432, Air conditioning 
plant, Citoh 101 terminal, Digidata magnetic tape transport, Calcomp 56S 
plotter, RX02 floppy disk drive, TU56 dectape transports, Fluke high 
voltage supply 408A/N, Telequipment D61a oscilloscope, Anavac-2 gas 
analyzer, Ortec 401A NIM bin. 

3.4.2 Mechanical Development 
(a) Air Conditioning Plant - Accelerator Block - J.G. Meat 

A report on the condition of this plant was prepared by an air 
conditioning service engineer. Following on from this report more 
detailed checks on the operation of this plant were carried out by 
ourselves. This plant consists of three separate systems. 
Investigations showed: 
1) Accelerator system - has faulty controller. No documentation or 

spare parts exist to enable servicing of this unit. A new 
controller is required. 

2) Office system - has a serious design fau.it. Proper temperature 
control is not possible without some modifications to the system. 

3) Control room system - the Duotronic controller was overhauled but 
tne system still did not function correctly. A faulty component in 
the heater servo was found but replacement parts are no longer 
available. Bad hunting was observed with the ventilator and 
cooling stages. It is recommended that this system be replaced. 

(b) Roof Leaks - Block A Extensions - J.G. West 
Problems with the ingress of water whenever it rains have 

continued. Investigations found several causes of the leaks. Drilled 
holes in a vent cowling required blocking and the Butymol roof surface 
had over thirty cuts which required patching. Work was carried out by 
MOW to rectify faulty construction at the jola between the extensions 
and Block C. And still the roof leaks! 

http://fau.it
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4. PUBLICITY 

On 22 June, the day on which the first proton beam traversed the 
P36 analyzing magnet then the switching mag'iet to a quartz at the end of 
a beamline, we decided to have a celebration. The INS workshop staff, 
who had worked so hard for us, were invited, as well as radio and 
television crews. 

Two bottles of French champagne were opened before the TV camera-
one bottle had the appropriate scientific title "Dry Monopole". Dr 
Sparks, who was operating the tandem accelerator, was interviewed for 
television. Parts of the celebration were shown on nationwide news that 
evening, and were apparently seen and remembered by many people. 

Mr M. McCleary organised the attendance of the media. 

5. VISITS AND MEETINGS 
Drs C.E. Coote, D.C. Lowe and N. Whitehead attended the XV Pacific 

Science congress in Dunedin in February 1983. At the symposium 
"Archaeological Science in the Pacific Region" they presented six papers 
in all. 

Included in the Centenary Celebrations of the University of 
Auckland was the "New Zealand National Physics Conference", the 
inaugural conference of the New Zealand Institute of Physics. Drs C.N. 
Bartle, G.E. Coote, D.C. Lowe, R.J. Sparks and G. Wallace attended, 
presenting one paper each. 

Dr G.E. Coote attended the Third Australian Conference on Nuclear 
Techniques of Analysis, held at Lucas Heights, NSW from 1-3 November 
1983. He presented two papers based on microprobe projects. 

During the year two staff members visited the Physics Department at 
Auckland University:-

R.J. Sparks- lectured to Physics 200; ("Use of Nuclear 
Accelerators for Dating Ancient Materials") 

G.E. Coote- lectured to Physics 200; ("Origin of the Chemical 
Elements"). 
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