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smmtm 
This report describes the work of the Nuclear Physics 

Group during the period July-Docember 1977. 

The period has been Harked by a resurgence in 
experimental work as the Group's work associated with the 
Royal Commission on Nuclear Power Generation has concluded. 

In a very short tine a proton microprobe and its 
associated beam scanning system have been developed. Although 
further improvements are necessary the work to date is 
sufficient to show that a very useful facility should be 
available in the coming year. 

A research contract on "Depth Profiling Employing 
Nuclear Techniques" has been awarded to a group in the Physics 
Department of Victoria University or Wellington. This should 
strengthen the links between the nuclear physics groups at 
the University and the Institute. 

Discussions with anthropologists from Auckland and Otago 
Universities have revealed two areas where the Group could 
provide useful assistance - firstly in the development of cheap, 
transportable X-ray fluorescence apparatus,and secondly the 
determination of hydration layers for obsidian dating. Work 
associated with both projects has been initiated. 

The accelerator has been used principally for the 
11 13 production of C and N and it is encouraging to see the 

interest being shown by a number of groups /in the 10 minute 
half-life nitrogen-13 isotope. 

Work on the nuclear magnetic relaxation times of various 
organs and the blood of mice at various stages during the 
development of cancer has been concluded arid measurnmnnts have 
commenced on human blood samples, both normal and pathological. 

A PDP-ll/3^ computer which will replace our PDP-ll/20 
haa arrived in the country and will bo installed in the new 
year. The PDP-11/20 will bo transferred to the OcBunographic 
ItiDt.Lt.uto, D.S.I.N. 

http://ItiDt.Lt.uto
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*• Maclear Physics 

A»l General 

Despite the increased experimental effort no nuclear 
physics experiments were undertaken during the period). Ibis 
reflects the Group*s increasing ewphasis on applied projects. 

A.2.1 Operation •* R.D. More, C.R. Parcel! 

Baring this period the accelerator was run for 37© 
hours. Isotope production usage ha* increased with the 
addition of three new group* interested in applications of 
nitrogen-13. Regular production runs of radioactive carbon 
dioxide and radioactive nitrogen have been made, the latter 
in the form of nitrate and asasoniu* solutions and as a gas. 
Work has continued on charged particle activation and proton-
induced X-ray fluorescence. The proton beast has been used 
in the development of the proton nicrobeajn facility. 

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

IKS Nuclear Physics Group protons 81.9 13 
deuterons 52.1 10 

INS Isotope Applications Section protons 136.9 27 
PEL Biophysics Section deuterons 77*9 h9 
Soil Bureau, DSIR deuterons 10.8 5 
Applied Biochemistry Divison, DSIR 

deuterons 7«° ft 
University of Waikato deuterons 9.6 ft 

Totals 37».S 112 

A.2.2 Maintenance - R.D. More, C.R. Pureell 

The accelerator has run satisfactorily during this period. 
The only disruption was a breakage of the toothed belt on the 
Van do Graaff turbo pump which was quickly repaired. Despite 
physical damage tho accelerator belt i» operating satisfactorily} 
deterioration appears to have been significantly roducecl by 
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permitting the up-charge spray screen to actually touch the 
bolt. The accelerator will be de-tanked in the earning period 
for a visual inspection of the belt,as well as routine 
Maintenance. 

A.2.3 Development 

(a) Nov Bean Line - R.D. More 

A new beam line is being constructed in the target 
room and the experimental area using the remaining exit hole 
through the thick concrete wall. This beam line will be used 
by the Physics Department, Victoria University, for depth 
profiling studies of drive-in targets. 

(b) Electrostatic Deflection Plates - C.R. Pureell 

Two pairs of electrostatic deflection plates were 
constructed to fit inside a 5 cm diameter beam tube running -
through a quadrupole magnet. The plates were made of copper and 
held in place by two teflon rings. The two pairs of plates 
were connected together in their respective planes by teflon 
rods and screws. The plates vere then wired to vacuum-sealed 
connectors mounted on a brass flange at one side of a multiport 

(c) Aligning Quadrupole Lenses - C.R. Pureell 

Slotted perspex discs with marked centres were 
constructed to fit into both ends of a lens so that each lens 
could be optically aligned with a theodolite. 

(d) Adjustable Collimator - C.R. Pureell 

An adjustable collimator (illust
rated diagrammatically on the right) 
has been constructed. The diamond-
Bhapod aperture is adjusted with a 
single control rod. One half of the 
rod is right-hand threaded and the 
other half left-hand threaded. The 
beam defining plates are mounted on 
threaded aluminium blocks which mov« 
when the adjusting rod is rotated. 
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K.J IngtrHPnentatiow 

A. 3. J Si (Li) Detectors - 6. Wallace, K.P. Pohl 

The Kevex 51 (Li) detector was again sent back ta 
the manufacturers for repair. On receipt, the resolution 
was found to be 193 eV for 5.9 keV X-rays. Ibis is though* 
adequate for a reserve detector. 

A pinhole leak developed in fche window of the 
Canberra Industries Si (Li) detector, and Mia (Made lead up. 
The window was replaced, hut it was found that the FBT inside 
the cryostat was no longer functioning, probably due to the M a s 
remaining across the diode when the vacuum was broken. A 
new PET assembly was received from the manufacturera and, 
en installation, a resolution of 175 •¥ for 5»f keV X-rays 
was obtained. Two months later this deteriorated due to a 
high quiescent optical feedback reset rate. Warming up under 
vacuum to remove condensed vapours restored the detector, 
and reduced the reset rate. A thermocouple vacuum gauge was 
bought to monitor the vacuum inside the cryostat. This has 
not yet been installed. The value of our expertise in 
detectors and electronics is well illustrated by these two 
experiences. If the normal procedures of returning the 
detector to the manufacturer for repair had been followed, 
the costs would have been approximately $2000, and the detector 
would have been unavailable Tor many weeks. In the event the 
total costs were $150 for a new FET, and the detector was 
out, of action for much shorter times than would have been 
the case had the normal procedures been adopted. 

A.3.2 Fixed Energy X-ray Tube - G. Wallace, J. Judd 

The double-walled glass tube of the high voltage 
connector of the old X-ray tube developed a crack under 
electrical, stress, and had to be replaced due to excessive 
current leakage. Vacuum seals had been made with Araldito 
expoxy. Since then, Torr-Seal had become available and 
because of its superior outgassing qualities, it vn» decided 
to use this in place of Araldito with the new connector. 
The Torr-Senl,which was used both insido and outside of tho 
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glass cylinder, caused the glass to shatter, presumably 
because it bonds itself to glass so strongly and induces 
considerable mechanical stress. The repair was finally 
nude using Araldite. 

A. 3-3 Variable Energy X-ray Tube - G.Vallate, 1*. Vyatt 

Construction of a variable energy X-ray tube was 
completed (see Fig.l.). the tube is similar to the transmission 
tube used for some years as a source of Me X-rays for energy-
dispersive analysis. Its principal difference is that the 
anode has been replaced by a turret containing throe 
different metallic foils. The turret may be rotated to give 
three excitation energies corresponding to the X X-rays of 
the foils, the elements chosen initially were Cu, No and Pr. 
However, the spectrum obtained from the Pr foil is unsatis
factory, due to the high amounts of" bremsstrahlung competing 
with the characteristic X-rays. It has been decided to 
replace the Pr with a thin foil of a high-Z material so 
that the third anode available gives a bremsstrahlung source. 
Satisfactory operation is being obtained with the other foils, 
although a long period of conditioning was necessary to 
achieve stable operation. This could be improved by 
increasing the distance between the turret and the walls. 

One other feature of the new tube is the improved 
high voltage connector. The insulator is a single piece of 
teflon giving both electrical isolation and vacuum seals. 
The latter has been achieved by forming O-rings on the teflon 
faces as shown in the diagram. The elimination of any epoxy 
as a seal has resulted in much improved vacuum operation. 

The tube is now in routine use, and the old one is 
being kept in reserve. 

A.J.h Field Emission X-ray Tube - G. Wallace, 
C.R. Purccll, J. Judd 

{a) Introduction 
A »t>nled f i e l d omission X-ray tube ( F £ X T ) , i l l u s t r a t e d 

in F i g . ? . , has been des igned , and a pro to typo i s nov under 
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construction. The body of the tube is constructed freat 
glass, sealed on to the end flange with a snail quantity of the 
epoxy Torr-Senl. The hemispherical anode assembly will 
incorporate a getter which will be flashed when the tube has 
been sealed. It is hoped that an operating vacuum ean be 
maintained for a period in excess of a year. The metal 
pieces of the tube are designed to be recoverable. The cathode 
is a sewing needle, and an operating power cons imption of about 
one watt is expected. 

T 

While net having the same flexibility as a thermionic 
X-ray tube, a FEXT has the attractions of simplicity and 
small sixe. If the development proceeds satisfactorily, 

, there exist several applications where its portability ean 
be used to advantage in the replacement of radioisotope sources. 

(b) Constructional Details - C.R. Pureell 

The system was designed to be as small as possible 
hence a number of jigs had to be built to aid in constructing 
the required parts. Various problems were encountered, 
particularly with the anode holder design. Initially the 
tungsten/nickel wires were "Essyflô -ed onto the brass anode 
holder but this resulted in the Eseyflo sputtering onto the glass 
tube when the assembly was placed in an R.F. heater for flashing 
togetl.ur. Also, tiny cracks occurred when the nickel wires 
were bent to the required sharp angles, causing them to shear. 
A stainless steel holder was then built and the nickel wires 
argon-arc welded onto it. However, the nickel was too soft 
in comparison with the stainless steel and so the weld was 
unsatisfactory. 

New tungsten/nickel wiros wrro ordered but both the 
prices and the available sizes ere unacceptable. An attempt was 
then made to spotweld tungsten and nickel w.i rn» . However, even with the 
bending angle greatly reduced, following a design change, the 
spotwelded junction on the wiros cranked too easily. The 
anode itself and the holder assembly wore finally re-designed 
so that straight tungsten wires could be argon arc-welded 
directly into the stainless steel holder. The next stage 
will be to build up a complete scaled tube. 
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A.3.5 X-ray Fluorescence System - G. Wallace, K.P. Fohl 

At the request of archaeologists frost Auckland and 
Dunedin Universities, a proposal was drawn up specifying a 
transportable energy-dispersive X-ray fluorescence systesi 
for use by archaeologists. It is expected that the cost of 
the proposed system would he met by the universities and that 
the components would be assembled at IKS, and would include 
a FEXT now under development. 

A. 3.6 Leak Detector - G. Vallace, L. Vyatt, A* Jalil, 
K.P. Pohl 

The Consolidated Electrodynamics Corp. Type 21-611 
mass spectrometer,used for many years for the tritium project, 
has been converted into a portable leak detector* The mass 
spectrometer incorporates a complete vc. -uum system, and the 
change involved modifications to the pmiabifig, as well as 
mounting the different units on wheels. An audio output of 
varying pitch was added to facilitate leak testing.t 

The new system has proved its usefulness by detecting 
several leaks in one of the beam lines; this enabled a markedly 
improved vacuum to be achieved. Helium was used as a tracer gas, 
and it was found necessary to interpose the mass spectrometer 
on the outlet of the beam line diffusion pump. The sensitivity 
of the detector is not yet known; a calibrated leak, which has 
been ordered,will facilitate this measurement. 

A.3.7 Development of a Charged-particle Microprobe - G.B. Coote, 
R.J. Sparks, K.P. Pohl, J.6. West, C.R.Purcell 

(a) Introduction 

A group at Harwell pioneered the chargod-particle 
microprobe, in which a finely focused beam is scanned 
horizontally and vertically ocross n target aj«l thn radiations 
from each point are sensed by appropriate detectors. In this 
way the distribution of given elements or even isotopes can 
be determined. Other groups have since built such facilltios 
(Melbourne, Munich, MIT), and for some time we have planned 



to «*> tltr- » « K « Baring this period important ynfrtit W M 
finally nade, though farther refinements ere necessary and 
will take some tine. 

The basic features of a nicreprebe are shewn in 
Fig. 3. s-
1. An object-defining collimator which can ha aaaily adjusted 

in the range O te several ant 
2. A set af magnetic auadarapala focusing lenees with anall 

aberrations and a reduction faster af 5 ar nerat 
3. Two pairs nf electrostatic steering plates far deflecting 

the beam by anall aawuats in heriaeatal assi vertical 
directions{ 

k. A deal amplifier which can prevldc re#ie&y-v*rying vnltngea 
(in the range 0 te 3 hV) for the eteerir* plates{ 

5. A device far observing the focused bean through a 
Microscope so that the spat else and position ana be 
determined; 

6. A vacuum chamber in which targets and detectors can be 
noun ted and the bean observed when necessary £ 

7. A data-collection systen such that the nanber af pulses 
in a given energy region can be correlated with the 
position of the beau, and stared in such a way that data 
can be accumulated over nany complete scans. 

The collimator (l) is at present a sinplifed version 
af a Harwell design, in which two tantalum plates nave apart 
at k5° to the vertical when a shaft with bath left-handed and 
right-handed threads is rotated via a rotary feedttirough. A 
square opening is always naintained. recusing is affected by 
four ouadrupole lenses (2) operated as a "Russian Quadruplet* 
(Ref.l), which is made up ef an "inner" and ah "enter" pair of 
quadrupoles, with equal current in each member of the pair. 
The scanning plates (3) aro 100 mm long, 25 mm widev with a 
6 mm cap; there is a spacing of 50 mm between the two sets. 
They are mounted in teflon rings which slide into the bean tube* 
and the deflection voltages arc applied via short shielded 
cable* connected to four PET feedthroughs in one flange. The 
variable deflection voltages are generated by a dual hybrid 

flof. 1. Four uuadrupolo lonee* »s nn analog of an axially 
symmetric system. A.». Dymnlkov and S.Yavor. Soviet Physlcn-Tochnical Phynicu £(7), 639, 19&/*. 
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amplifier (k) which accepts negative signals of O-IO V from 
the PDP-8 oscilloscope display unit and converts them to 
positive voltages in the range 0 to 2.8 kV. this voltage la 
applied to one plate of a pair and a d.c. voltage of about 
1.3 kV applied to the other. A computer program steps 
the voltages to the vertical and horizontal plates indepen
dently to make the b<»am follow a raster pattern, with the 
number of points in each direction and the sise of the scan 
under control of the operatox. 

Disks of auart* or hard glaa. (5) scintillate when 
struck by the beam but because of their vertical orientation 
cannot be viewed directly by a microscope. A mirror, made 
by evaporating aluminium onto a Microscope slide, was therefore 
placed at $5 to the vertical so the spot could be seen and 
measured with a microscope of long working distance. One 
mirror had a 2 mm hole drilled through it so that the beats could 
pass through. 

t 
Until a permanent target chamber can be designed and 

built, we use a D-shapeU chamber (6) which allows detection of 
charged particles and y-rays, but not X-rays. 

The data collection system (7) is the simplest which 
could be devised. One single-channel analyser is s->t on a 
peak of interest In the spectrum, and the output pulses are 
fed into a multi-channel analyser operating in multi-sealer 
mode. At each change in beam position the computer signals a 
step to the next channel, and at completion of the raster re
starts data collection at channel %9TO. When sufficient data 
have been accumulated the spectrum is dumped onto the disk of 
the PDP-11, where a second program is used to re-order the 
channel contents into two-dimensional form and provide a plot 
of intensity against beam position. 

The smallest spot size obtained so far had a diameter 
of 18 urn, but we hope that with a new set of lenses (under 
construction) and Improved collitnation we can improve on this. 
Further tasks are to build an improved target chamber, install 
an X-ray detector, and develop « more versatile system for data 
collection, probably based on thu PDP-11 and CAMAC modules. 
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(b) Examples of Measurements Made with the 
Scanned Beam 

In order to gain experience in obtaining data and 
interpreting the results, measurements have V-ien made on 
various materials, using the probe in its present, early state 
of development, and the results are illustrated by the 
accompanying figures. 

In all the examples shown, a beam of protons or deuterons 
was scanned over the surface of the material, which was 
perpendicular to the beam, and elastically scattered particles 
were detected in a silicon surface barrier detector mounted 
7 cm from the surface. 

Figure k was obtained from a target consisting of 
a thin layer of gold evaporated onto a piece of aluminium 
through a wire mesh. The target was scanned with jvotons 
with enerrjy 2 MeV, and a window on the detector output 
selected counts due to protons elasticalJy scattered by gold. 
The shadow cast by the mesh during the evaporation 
process is easily discernible. 

Figure 5 shows the effect of douterons elastically 
scattered from the surface of a cylindrical pellet of steel. 
Particles which missed the circular surface did not reach 
the detector, resulting in a sharp delineation of the target 
shape. The high count rate obtained from the top right-hand 
edge arose from particles just grazing the edge of the pellet 
facing towards the detector. The projection on the extreme 
right is due to scattering from the screw used to support 
the target. There is a general increase in the counting rate 
as the f;can moves from left to right over the surface. This 
is a solid angle effect arising from the fact that the right-
hand side of the- target was slightly closer i'o the detector 
than the left-hand side. This effect has to bo allowed for 
in interpreting data from a scanned bourn whenever the 
dimensions of the scan are not negligible in comparison with 
the target-detector distance. 
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Figure C i.s tlie result of" scanning a proton beam 
over a sect ion of a leaf fron a colous plant. The leaf was 
almost transparent to the beam, so the count rate obtained 
from each point reflects the amount of material present in 
that part of the leaf. The dark band running top to bottom 
just left of centre is the central nerve of the leaf. On 
either side of the nerve was a region 2 to 3 mm wido of deep red 
coloration, corresponding to the low count area in the 
figure. At the edge of the red rogion the colour became 
green, and this portion of the leaf shows up as the area 
of increased count rate at the right-hand edge of the figure. 

Figure 7 represents the same region of the same leaf 
as figure 6, and illustrates what happened when the focused 
beam was allowed to strike the same point for several minutes 
(current«-'tO nA). The leaf has ruptured, and the blank area 
of the figure shows that part of the leaf which has torn 
and shrivelled out of the beam. 

i 
A.3.8 Electronics 

(a) General - J. West 

Faulty operation of the Kicksort parallel-to-serial 
readout converter was eventually traced to the interaction 
of the.Kicksort/PDP-11 interface. This fault sometimes 
affected the Kicksort/PDP-8 interface. The Kicksort signal 
router uses a "wirod-OR" operation on the data sense lines, 
and the PDP-11 interface was designed so that these lines 
should be switched. 

(b) CAMAC - J. Vest 

Both the ADC interface and the serial port modules 
have been modified slightly and now appear to operate 
satisfactorily. A data link to the DSTR computer network 
h,\?i boon temporarily e.onnetvt ed to the serial TTY module. 
Communication on tli is link in via N/PO lines, which have been 
optically isolated at both ends. 
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Some problems have been experienced with spectrum 
acquisition usinj; the CAMAC ADC system. Occasionally, and 
sometimes frequently, gain jumps have been occurring, but 
the cause has been difficult to trace. 

(c) Deam Deflection Amplifier - K. P. Pohl 

It is desirable to be able to scan the accelerator 
beam over a target area, e.g., (a) to provide uniform illu
mination over an extended area larger than the focused beam, 
(b) to provide incremental positioning of a finely focused 
beam for point-by-point analysis of a surface (as described 
above in section A.3>7)> A*1 electrostatic deflection system 
has been constructed to perform these tasks. For maximum 
flexibility it utilises the existing analogue outputs from 
the PDP-8 computer. These are readily programmed for any 
desired deflection and a convenient mim^c of beam position 
is provided by the normal display oscilloscope to which they 
are still connected. The voltages produced by the computer 
cover the range of O to -10 volts. These arc increased to a 
swing of some 2 kV by a hybrid amplifier. This amplifier is 
certainly a 'hybrid' as it consists of an integrated circuit 
operational amplifier driving a transistor which in turn 
coiitrols a high-voltage transmitting valve. A report giving 
complete details is in preparation (.TNS-R-2^0, Contribution 
no I 910). 

(d) Microdensitometer for Forest Research Institute -
K.P. Pohl and M.R. Manning 

This has been a major project during this period. It 
is now completed, except for final cosmetic touches such as a 
cover and a coat of paint. A report describing the completed 
instrument is in preparation ( lXS-Jl-2hl, Contribution rio.JJll). 
A number of wood sample? have been measured and the resulting 
data analysed on our PDP-11 system. Programs* written for this 
piil'piihi' b> Dr Manning have allowed a complete checkout; of tho 
instrument and serve as a guide Cor Fill personnel who will 
ha ye to sjtialy.se the experimental dr ta using the computing 
facilities available to them. 

http://sjtialy.se
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The instrument consists of a radioactive source, a 
detector and counting chain together with a precision 
mechanical drive. These are all controlled by a mini-computer 
which is commanded from the operator's keyboard. (Further details 
appear in the report above.) It is extremely regrettable that 
FKI were advised by the experts in the S.S.C. to purchase 
this particular minicomputer without consulting those 
developing the instrument. Although it may be a perfectly 
satisfactory computer for some applications, it was a most 
unsatisfactory choice in this case. It made both the hardware 
(electronics) and software (programming) much more difficult 
and complex than necessary. It may fairly be said that the 
instrument was developed to work in spite of this mini-coropui. r 
rather than because of it. 

(e) Coincidence Unit Module - K.P. Pohl 

A coincidence unit (in NIM format) for use with 
microsecond or greater pulses vas designed and is at the 

r 
working prototype stage. Once prcven in operation, further 
modules will be produced and a manual prepared. 

A.3.9 Mechanical - C.R. Pureell 

Two trolleys were designed and constructed from 2.5 cm 
square tubing. One was built to accommodate a nitrogen gas 
cylinder and liquid nitrogen dewar, used to fill the detectors 
by the presurised method, tht> other was designed *n support the 
Ge(Li) detector, at the height of a multi-port window 
on the beam-line, as well as making it easier to shift 
between lines. 

A.'» Experimental Programme 

A.'f.l Determination of Nitrogen in Steel. - U.J. Sparks 

During the period two analyses of the nitrogen 
content oT steel samples have been carried out in response 
to requests from Chemistry Division. 
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A.'i..V Production of Radioactive CO for Plant Studies for 
PKL Biophysics Section and INS - R.D. More 

Routine production runs of carbon-11 were made in 
this period. A production run covering: five consecutive weeks 
was made for Dr w . Pickard of Vashington University, St Louis, 
Missouri, USA, who was studying the effects of changes of 
physical parameters on the transport of sugars in the moon-
flower plant (ipomeoa). Other studies conducted at PEL have 
been,the effects of successive pulses of radioactive carbon 
dioxide on the translocation in maize leaves. 

A.li.3 Nitrogen-13 Ammonia, Investigation of Targets -
C. McNaughton from PEL Biophysics Section 

and INS - R.D. More 

Targets made of aluminium carbide (A1.C_) and lithium 
carbonate (Li 2CO_) were studied* In the lithium carbonate 
target 50?" o f the activity was recovered as ammonia. In the 
aluminium carbide targettalthough the total activity was 
higher only a few percent was recovered, equivalent to ten 
percent of the lithium carbonate target. Therefore for the 
same bombarding conditions the yield of ammonia from the 
lithium carbonate is five times that of the carbide target. 
The carbide is a better target material and can withstand 
greater currents than the lpA maximum of beam that can be 
applied to the lithium carbonate target, although it appears 
if the carbide gets too hot the recoverable yield is not 
increased. 

A.k.U Production of Nitrogen-13-labolled Nitrate for Plant 
Studies - G. McNaughton, PEL and INS - R.D. More 

Experiments have continued using labelled nitrate 
solutions as a tracer in root system** of plants. Mnizc roots 
have been studied and the effect of upt-iko .'studied An various 
sections of the roots with the; variation of humidity to the 
whole plant. 
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A.'i-5 Nitrogen-13 Gas Uptake Studios on Nitrogen Fixing 
Lupimts Angustifolis - N. Holruid and C.E. Pankhurst 
of Applied lliochemistry Div. , G.E. Coote and R.D. 

More of INS 

Nitrogen-13 gas was made by bombarding a graphite 
target with deuterons. A 60 nA bean at 2.0 MeV was focused 
to a small spot and the evolved nitrogen-13 gas from the hot 
spot collected by a carbon dioxide sweep gas. Carbon dioxide 
and any oxides of nitrogen were trapped at -I96 C and nitrogen 
gas trapped on a molecular sieve at liquid nitrogen temperatures. 

Lupin roots were exposed for 15 minutes in a plastic 
bag containing the nitrogen-13 gas evolved on warming the 
molecular sieve. The plants were removed from the bag, 
flushed, washed and the activity of various parts measured. 
It was found that significant uptake occurred in a 15 minute 
period and during this time transport to the root system had 
occurred. This was a preliminary experiment, the results being 
encouraging enough to have a regular programme established 
next year. 

A.'».6 Ammonium Ion Transport in Soil Profiles - J. Stout, 
Soil Bureau; G. McNaughton, PEL; R.D. More, INS 

The experiment was to determine the quantity of 
ammonium ion absorbed biologically by soil micro-organisms. 
Ammonium ions labelled with nitrogen-13 were produced by 
bombarding pellets of lithiur.i carbonate with a 2 MeV deuteron 
beam at. 1 |iA current for 20 minutes and then carrying out the 
necessary chemistry to obtain t-.e ammonium solution. The 
radioactive ammonium solution was placed on top of the soil 
profile and was quickly absorbed by the soil. The soil 
profile holder was situated in front of a 5 •"•»» collinu.*»jd 
slit behind which way a 125 m m * 15^ , , i m Na'f.(T.l) scintillation 

13 
detector gated on the 5J1 keV gamma rays from the N decay. 
Ily periodically moving the profile up and down, ao activity 
profile showing the levels of absorption, could be made. 

A significant difference in the movement or the 
ammonium ion.v war. found between soil profiler containing 
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in ieru-organisni.s and those in vhich the micro-organisms had been 
previously killed by radiation. This work ii to continue 
unci tin' fate of nitrate ions is also to be investigated. 

A.'l.7 Nitrogen Fixation of Lucerne and Coriaria (Tutu) -
K.Sharrock, Univ.of Waikato and R.D. More, IKS 

Some runs using ritrogen-13 gas were made to 
investigate the fixation of nitrogen with the legume lucerne 
and the non-legume nitrogen fixing coriaria (tutu). Son* 
uptake was observed in both plants but the amount was small 
compared with some previous uptake experiments with lupins. 
Difficulty was experience in producing sufficient quantities 
of nitrogen-13 gas and more development work is needed to 
improve the yield if low-efficiency nitrogen-fixing plants are 
to be investigated. 

A.4.8 (X,X») Spectrometry - N.F.. Whitehead 

The programs for X-ray spectral analysis were being 
modified during the last review period, and the resulting 
programs represent a significant improvement. 

(a) Paint samples 
Decausc of the Improved program the spectra accumulated 

in the last review period were able to be successfully processed. 
In particular the overlapping Ti/Ba peaks were able to be 
resolved. As many as 16 elements could be detected in some 
paints. The results showed that differentiation was good, and 
that any given paint could be differentiated from all the 
others on the basis of elemental composition without the 
necessity of resorting to cluster analysis. This work, in 
which 27 paints were analysed, has forensic applications. 

. 
(b) Teeth 
Korrk continued on the tooth biopsies mentioned in the 

lnwt report.1 In general calcium, iron, copper, fcinc, lead, 
bromine, rubidium, strontium and arsenic are detected. Mostly 
the amount detected is a few tens of parts per million, or 
higher. 



»5. 

In the cuurbt' of tliis vork it bec.-wn> n«M:cssary to 
rind a way of supporting a small sample in the X-ray IKHMK 
of the .instrument, without using a support that contributed 
n significant amount of X-rays itself, whether merely 
scattered, or from extraneous elements. The technique adopted 
was to manufacture very thin Formvar threads, making a 
solution of Formvar in chloroform to about the consistency 
of elycerine, and then to dip a small brush in it, when a dob 
of material adheres. This is touched to one side of the 
aluminium sample holder and moved rapidly across the central 
hole (diameter about 2.5 em) and touched onto the far side. 
Vith practice threads can be formed with a diameter of 50 
micron (as measured under the microscope). An X-ray analysis 
of these showed no detectable elements. The threads are 
surprisingly tough and if two crossing pairs are used, the 
resulting central square will hold the weight of many samples 
encountered (about 50 mg). 

(c) Actinide Research ' 
The Si(l.i) detector is proving a very useful tool in 

situations where one is trying to purify a minute amount 
of one element, and the impurities are not known. The total 
amount of uranium in the specimens we are examining in the 
course 01 developing chemistry for U/'fh dating is only a few 
microgram,and similar amounts of other constituents may 
inhibit the electroplating so necessary for a good alpha 
source. From a naive point of view, shells (the material we 
art? concentrating on) are only calcium carbonate, but there 
are trace amounts of a wide variety of elements. One con
taminated fraction proved to contain significant quantities 
of rare earths, which had not been expected in shells. The 
way this was found was simply by evaporating some of the 
solution onto Kapton and performing (X,X') spectrometry. 

The: Si(F,i.) del r'ctor ;i I • 0 pro\<d very useful,in n 
passive mode, measuring the purity of the tracers used in 
the above work. A triple spike is used} Th-2"3'»f l'a-233, U-233 
cind fractions were monitored during the chemistry on shells 
to determine whether ivigni ('Leant amounts of tracers were in 
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the vrong fractions. It was also possible to use Ge(Li) 
spectrometry for Pa-233 - but X-ray spectrometry is more 
versatile. 

For this work special standards,made by spotting 
solutions of elements onto filter paper in a very restricted 
area,were used. This seems more satisfactory than soaking 
a square of filter paper, since the demands on sample 
uniformity are minimal. 

(d) Beryllium Ceramic I d e n t i f i c a t i o n 

In response to a request from the Post Office an 
attempt was made to differentiate beryllium oxide ceramics 
from others. The problem is important because the former 
are quite poisonous and the resulting beryllosis is hard to 
treat. No other non-destructive test proved successful, 
except (X,X f) spectrometry. Beryllium itself was not detected, 
since its X-rays are far too weak but associated elements, 
mainly Zr, easily differentiated these ceramics; th'e others 
contained very large quantities of strontium, titanium and 
calcium instead. 

(e) Air Filter Analysis 

Some help was given to a physics student from V.U.W. 
who was analysing his samples by (X,X') spectrometry; several 
days of analyses showed that samples in the vicinity of the 
University contained abnormally high amounts of copper, 
possibly from the copper guttering on the Old Hunter building. 

(f) Dredge Heavy Mineral Fractions 
The work described in the last report was finished. 

Analysis of such samples presents difficulties due to the 
high X-ray absorption. This absorption also differs* from 
sample to sample, which makes the construction of Bill table 
standards almost impossible. However, an the bulk composition 
was available from other sources, the absorption coefficients 
could be calculated. The fjnnl results, which 
wore mainly for showing trends in the uranium and thorium 
figures, corresponded roughly with other analysea of the same 
fractions done in Australia. 
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A subsequent set of samples (71 in all) was analysed 
a d.i Iferunt way to avoid this problem. The previous sot had 
been analysed in bulk, but the current set was analysed 
by taking a mono-layer of the material on adhesive tape. This 
eliminates the- absorption problems but introduces others of 
grain sizo. However, this was well characterised for both 
samples and standards in this case. The highest uranium 
figure obtained was l.ljS; the highest thorium figure (in the 
same sample) was h.h%. These figures are ore grade, but are 
only very small proportions of the total dredging; nothing 
can be directly inferred from them about the economics or 
otherwise of any putative recovery process. 

Iridium, platinum and tungsten were seen in low 
amounts (50 ppm) in some of the spectra. This points up an 
inherent feature of (X,X») spectrometry; the optimum sample 
size is not great (perhaps a gram or so) and little advantage 
is found with thick samples. 

(g) Bromine Estimations - R.V. Winchester, Chem.Div. 
X-ray fluorescence spectroscopy has been successfully 

used for the determination of bromine residues, resulting 
from fumigation with methyl bromide, in cereals, nuts, and 
dried fruits. The permissible level for these foodstuffs in 
New Zealand is 50 mg/kg, DU* concentrations considerably 
lower than this can bo measured without difficulty. 

(h) Tin-plate Thickness Measurements - G. Wallace 
Thickness measurements were made of samples of tin 

plate for K.E. Boosey Mfg.Ltd by monitoring the yield of Sn 
L X-rays. The results were used to reject plate of low quality. 

A.'».9 (p»X) Spectrometry - N.E. Whitehead 
Much work was done in the analysis of hair for trace 

elements. The main thrust of the work was to find the best 
method of quantifying analyses and to check whether (p,p) 
analysis might be useful to determine the weight of material 
the proton beam strikes. 



28. 

The work proved complex. The beam heats th© hair, 
and prolonged exposure gives rise to tubes which are brittle 
and are seen microscopically to have numerous vesicles. 
Pyrolysis has occurred in such specimens and the results are 
therefore not to be trusted. It is therefore recommended 
that exposure be less than half an hour at kO nA, where the 
HO nA is the amount of current in a 3 mm diameter circle 
where 3 mm is the length of the hair exposed to the beam. 

Hair was found to be heterogeneous with respect to 
weight at the 3 m m level to an extent such that about ten 
specimens of that length had to be analysed and averaged to 
obtain reasonable precision. 

It was found that the hairs did not need a conductive 
coating on them to reduce charge build-up, but neither the 
scattered protons, nor the sulphur peak in an X-ray spectrum 
bore any relation to the measured weight, though the first 
two parameters correlated very well. One partial explanation 
for this would include the known facts of (a) variable hydration, 
(b) variation of elemental composition with depth of 
penetration of the protons, (c) shape variation of the hair. 
The bremsstrahlung was so low that it could not be measured, 
and hence was not useful as a measure of thickness. 

A Ge(Li) detector was placed next to the hair in an 
effort to detect y-rays due to such things as (p,y) reactions 
on the bulk elements in the hair. The main peak detected is due to 
511 keV radiation, but the amount was not large (precision 
about ± 5$) even with a long run time, and this method was 
also not taken further. 

To avoid the above mentioned problems hair was dissolved 
in hot lOr/o nitric acid, an internal standard of strontium added 
and some of tho solution dried on a filter paper. The (p,X) 
spectrum obtained was quite adequate. This method avoids 
heterogeneity problems, and in addition the internal standard 
nids in quantification a gropt deal. 
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Correlation of hairs 
Maes and Pate of Simon Fraser University have attempted 

to analyse hair along its length by atomic absorption and have 
presented figures showing how various elements differ. If the 
profile of an element along a hair is similar for all elements 
from a head then this could be a valuable forensic technique. 

The data of the above two authors were examined 
statistically to determine whether there was significant, 
correlation between hairs from the same head and hairs from 
different heads. In all cases the correlation coefficients 
had very low probability of being spurious. This was because 
the concentration profiles are somewhat similar for all hairs. 
An attempt was therefore made to compare the exact probabilities 
of the correlation coefficients being spurious, to determine 
whether the differences between the good correlations were 
significant. The results showed that for two heads out of 
the five studied, the correlations between hairs on the same 
head were many orders of magnitude better than those from 
other heads, but for the remaining three cases all were similar. 
Therefore the technique is only partially successful. it 
might be improved if more elements were considered than the 
one (copper) reported. 

A.k.10 Ion Milling - G. Wallace 

Hydration profiles are known to be capable of yielding 
ages of cleaved surfaces of obsidians. A determination of 
these profiles is of considerable interest to archaeologists, 
and a program is now under way to mill the surfaces and 
analyse the sputtered material. A twin anode argon ion 
source has been borrowed from Dr A. Mcllraith of PEL, and it 
is proposed to initially use the newly acquired Consolidated 
Electronics 21-613 mass spectrometer as an analyser. Fittings 
are under construction. 
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A.5 Nuclear Magnetic Resonance - L.A. McLachlan 

(a) Not much has been done on the work mentioned in 
the last progress report on the NMR of flocculents, owing to 
staff changes in Chemistry Division. This work can now be 
considered abandoned. 

(b) Work has started on investigating the nuclear 
magnetic relaxation of human blood. Nearly three hundred 
samples, both normal and pathological,have had their water T. 
and T measured. Most samples were separated into plasma and 
packed red cell fractions whose T.. and T_ components were 
also measured, so well over a thousand measurements have been 
made. Centrifuge haematocrit measurements were made on some 
of these samples. Most of them came from a local pathology 
laboratory and they already had had their cell count, mean cell 
volume, and haemoglobin content measured on a Coulter counter. 
These parameters can be correlated with some of the NMR 
measurements. 

t 

The results are only partially analysed and the 
effect of variables such as pll and degree of oxygenation is 
as yet undetermined, but several conclusions can tentatively 
be made. 
(i) Relaxation is dominated by water tightly bound to the 

haemoglobin and plasma protein molecules. 
(ii) Whole blood relaxation is a simple weighted sum of packed 

red blood cell and plasma relaxation times as expected 
for rapid diffusion of water through the cell membrane. 

(Lii) Red blood cell T. and T are sensitive functions of 
the cellular haemoglobin density and can accurately 
measu, e this parameter which is of clinical importance. 

(iv) The relaxation times of pathological samples hnvo a rango 
two to three times that of normal samples, so NMR 
measurements on blood or its components may have 
diagnostic value. 
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A. 6 PPP-8 Data Processor 

A.6.1 Operation - J.G. Vest 
Total hours to date 22865 
Time during the period 70 ft 

In the past there have been several unexplained disc 
"crashes". These "crashes" became more frequent and the 
problem was located to a faulty vrite-lockout circuit board 
on the RS32 disc. 

Some additions to the PDP-8 now allow it to control 
the multi-scale advance input and address reset input of the 
Kicksort analyser. This control is used in conjunction with 
the scanning micro-probe currently being developed. 

A.7 PDP-11 Data Processor 
A.7.1 Operation - J.G. Vest, C.R. Pureell 

r 
Total hours to date 13890 
Time during the period 9ft3 
The addition of a DEC LA36 Decwriter has given 

trouble-free operation. 

Further Inktronics maintenance was required. A 
damaged ink nozzle was replaced with one com the far right-
hand end of the printer. A post-paper-puller roller dis
integrated and needed replacing. A paper-jam timeout alarm 
fault was located and shown to be due to a faulty integrated 
circuit. The cost of spare parts for the Inktronics has become 
prohibitively expensive.and it is uncertain how much longer it 
will bo possible to keep the equipment in operation with the 
current stock of spares. 

A. 7•2 Programming 
(a) CAMAC - G. Wallace 
Development of programs under the foreground njonitor 

fcyntcm FGMON has continued as the need arise**. A program. 
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KS1XJMP, written to transfer data from the Kicksort pulse 
height analyser to PDP-11 peripheral devices, is now fully 
tested and working. Another program, C02CAS for the transfer 
of C0 2 data off cassette tape through the N.E. 706l CANAC 
teletype interface has also been finished. Minor modifications 
were made to the ADC (Canberra Industries 8060) program to 
counteract bugs in the interface,and facilitate X-ray analysis. 

The addition of these other interfaces has demonstrated 
the benefits afforded by FGMOM in extending RT-11 facilities 
to provide independent multi-user data acquisition through CANAC. 

(b) CO- Analysis - G. Wallace 

Hourly records of measurements of C0„ levels made 
each minute at Baring Head are nov being recorded on cassette 
tape using a COSHAC microprocessor. Programs have been 
written to read data off cassettes through CAMAC (C02CAS); 
inspect and edit raw data (C02RDT)j plot data (C02IJLT); and 
convert the raw data to hourly average CO- PP m concentrations 
from daily calibrations. These results are than transferred 
to a larger computer for storage and manipulation by existing 
library programs. 

(c) COSMAC Disassembler - G. Wallace 

The Electronics Section of INS is developing control 
systems using the COSMAC CDP1802 microprocessor and has 
experienced some trouble with commercial software bought in 
the form of EPROMS. At their request, a disassembler for the 
COSMAC code has been written (in FORTRAN) to assist debugging 
the software. This has been used successfully. 

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

Two X-ray analysis programs, XRAYB (lNS-P-127) and 
SEARCH (INS-P-128) were developed. These arc improved versions* 
of programs for th analysis of X-ray spectra obtained using 
Si(Li) detectors. The program SEARCH ia used for the iden
tification of unknown spectra; it can produce annotated plotr* 
of tlio spectra and lists the? elements which could give rise 
to the observed spectra. 
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The program XRAYU determines quantitatively the 
elements in a spectrum,using linear lt>ast squares fitting 
techniques. 

A.8 General Programming 

A.8.1. Atmospheric C 0 2 Analysis Programs - D.C. Robinson 

the atmospheric CO„ project. 
A suite of programs was written to analyse data from 

These programs will be described 
in detail elsewhere but a brief description is given here. 
All are written in PL/l, the first five for the Vogel Computer 
Centre IBM37n/l68,to handle data collected in the usual way and the 
last one for the Cumberland IBM 370/168 to prepare for further 
analysis,data received via the cassette recording system. 
Towards the end of the year both SJRC02 and SIAC02 were also 
transferred to the Cumberland machine so they could be used 
through the DSIR network. The programs are: 
SIACQ2 . Works out the air data results and prints Table 11 

(intervals of Steady Atmospheric COp Index at Baring 
Head), Table 12 (Reference Gas Information and 
Average Scale Differences for Steady Intervals at 
Baring Head) and Table 13 (Mean C0 2 Indices at Baring 
Head for Steady Intervals). 

SIRCQ2 : Processes the test day data and prints Table 1 
(Reference Gas Comparisons at Baring Head), Table 2 
(Recorder Scale Factors of Baring Head C0„ Project), 
Table 3 (Summary of Curvature Factor Determinations 
for Baring Head Test Days), Table 5 (N and I Scale 
Indices of Baring Head Surveillance Reference Gases) 
and Table 8 (N and I Scale Indices of Baring Head 
Working Reference Gases). It alro prints out the 
details of the calculation of the curvature values, 

SIKCQ2 : Accepts values of K as calculated by SIRC02 and 
printed in Table 3 and calculates K-._ values appropriate 
to e-acli air data rccnrtl. fl also printr* Table h 
(Curvature Factors, K w, ( Used to Determine I Scnlo 
Air Indices) and Table hh (Cylinder Numbem used for 
K Calculations)* 
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SIDCQ2 : A reformatting program to transform the air data 
from its original hand-written (and subsequently 
punched) form to the format required by SIKC02 
and S1AC02. 

SITCQ2 : A small program to reformat the anomalously punched 
first deck of air data. 

SIPCQ2 : This accepts air data as produced by PDP-11 calculations 
on the cassette recorder data, selects steady intervals 
and formats the steady interval data for program SIAC02. 

A.8.2 

Version 1 was completed and debugged during November 
but it used a fairly simple criterion for selecting 
steady intervals. During December,code vas written 
to select steady intervals by the required method. 
This took some eight times as many statements. By 
the end of the year it was completed but not punched 
up or tested. 

1 Detection Efficiency Calculations - G.J. McCallum 
and B. Mudford 

In order to make the program CASCADE (used for 
calculating peak summing and loss effects in Ge(Li) detectors) 
useful for all types of Ge(Li) detectors an attempt is being 
made to derive a program which can compute the full-energy 
and total-detection efficiency of { -(Li) detectors of various 
sizes without recourse to the use of Monte Carlo techniques. 
It is too early to say if any simple technique will provide 
the rather modest accuracy needed for the final calculations 
in CASCADE. 

A. 9 International Nuclear Information System - D.C. Robinson 

(i) Input 

No input during this period. 

(ii) SDI Searches 
Those have continued routinely except that the copying 

of INIS tapes to VCC tapes seems to have become uru'elj nbl.o. In 
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the last progress report it vas noted that VCC rejected the 
May 1977 tape because they experienced a data chock when 
trying to copy it. During the current period data checks 
were also found in copying the July tape and the September 
tape. Replacements were requested for these three tapes and 
the September replacement was also rejected because of a 
data check. 

An unsuccessful attempt vas made to copy the May tape 
at INS,using our newly installed pair of magnetic tape drives ̂  
and so no attempt was made to copy the July tape. However 
when VCC rejected the replacement September tape an attempt 
was made to copy this at INS. This was successful; no errors 
were found on it and VCC subsequently successfully copied the 
copy which enabled the September SDI searches to be performed. 

The November tape was successfully copied by VCC on 
28 November 1977 allowing the November searches to be 
performed but the October tape did not arrive until 22 December 
1977. It had been sent surface mail! The December tape 
arrived on 20 December 1977 and was rejected by VCC because 
of a data check. 

A request to 1NIS Headquarters as to whether there 
has been any change in their tape handling procedures has not 
so far been answered. 

(iii) Cumulation of Data 

January-March 1977 was successfully cumulated 
without any hitches. April-June 1977 was successfully cumulated 
after considerable trouble and program modification made 
necessary by a corrupt record on the May tape. This record 
{m~'iO'J990) did not inhibit searches, but the cumulating 
program could not handle it. 

* 
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A.IO Other Bibliographic Work - D.C. Robinson 

Only k9 references were received for entering into 
the NIP file. All vere catalogued but they have net yet 
been punched up and entered into the computer. 

A.11 Staff Notes 

(a) Future of DSIR Libraries - G.K. Coote 

DSIR is conducting a "Study in Depth" of its libraries, 
with the initial investigations being made by eight sub
committees in various places throughout the country. Committee 
No.3, asked to examine "Future library needs and usage" was 
convened by G.K. Coote, with four other members from INS, PEL, 
Chem.Div., and Central Library. After two meetings this group 
submitted a six-page report which will become part of a paper 
to be submitted to interested people for comment and revision. 

(b) Seminar on Communication Methods - G.E. Coote, 
N.E. Whitehead 

With the INS accelerator nearing 10,000 hours of 
operation the group held a short "brainstorming" session to 
search for suitable ways to celebrate the occasion. We 
decided to hold a seminar at which we could review the work 
of the accelerator group and illustrate some current projects. 
With our interest in communication techniques (see INS-R-223, 
p.18) we conceived the idea of a series of short items (10 to 
15 minutes) which would treat relevant subjects but at the 
same time illustrate methods of imparting information other 
than the standard lecture. This project provided an opportunity 
for teamwork, as at least ten people were involved in the 
preparations. 

The techniques demons trs-. ted in the 90-minute seminar 
included a tape-slide set, a role-play based on a large 
diagram oi' the accelerator, an interview, a short movie film 
of on experiment (with taped commentary), a talk with a 
demonstration (the uptake of C0„ by a plant and subsequent 
translocation), and for comparison a standard talk with slides. 
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A panel of three people sunautiis€-il the methods illustrated 
durliig tin* .seminar, then there was a short time available Tor 
d i scussion. 

Although the discussion showed that there was a wide 
range of opinions on the value of the seminar, it led to 
much informal discussion of communication methods over the 
next few days. This in itself must be regarded as a signi
ficant achievement. In this arep scientists appear to be 
rather more conservative than they like to think. As a 
memento of this seminar we now have a permanent table for the 
overhead projector (with storage underneath) and a screen 
which slopes outwards at the top, to remove the "keystone" 
effect common to the use of an overhead projector. We thank 
Mr Les Grace for constructing these. 

(c) Training Course: Report Writing - R.J. Sparks 

This course, organised by SID, was held at PEL from 
6th to 9th September, and covered the basic principles to be 
observed in the least pleasant aspect of scientific work. 
Among topics discussed were the importance of writing a 
report according to a definite plan, choice of format, writing 
style, and requirements for publication in DST.R journals. 

A.12 Publicity 
A tape-slide set for public viewing - G.B. Coote 
A slide set, based on colour slides of the highly 

successful Pickering Nuclear Station in Ontario, had been 
prepared during a training course in 197b. In response to 
interest shown by several people this was enlarged to 32 slides 
and re-recorded; it now lasts 18 minutes. Mr Peter Mi11ward 
of Awatnpu College (j'almerston North) borrowed it for showing 
to staff and pupils as part oV a course on "Energy Alternatives". 
He informs me that the set wns of great interest. 

The text has been written up as an INS lecture, with 
the slides listed; most are avail.able in the INS collection. 
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A. 13 Lectures. Reports and Publicat ions 

Coote, G.B. , Nuclear Reactors: Principles of operation and 
control. INS-L-19B, July 1977-

Coote, O.K. , Visit to a nuclear power station - Text of a 
tape-slide set. INS-L-200, September 1977. 

Winchester, R.Y., Determination of total bromir™ in cereals, 
nuts and dried fruit by X-ray fluorescence spectroscopy. 
Accepted by N.Z.J.Sci. 

McCallum, G.J., XRAYB - Batch analysis of X-ray spectra. 
INS-P-127-

McCallum, G.J., SEARCH. TNS-P-128. 

Wallace, G., FGMON : a system for real-time data acquisition 
on a small computer. INS-P-129-

1 

Robinson, B.C., SIBYL : a bibliographic information retrieval 
program. INS-R-2f*3. 

McLachlan, L.A., The effect of cancer on the spin lattice 
relaxation time of mouse blood and organs. To be 
submitted to Biophysica and Biochemica Acta. 


