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FOREWORD 

All aspects of the programme of the National Accelerator Centre have shown 
steady progress during the past year. The most visible changes have 
occurred on the building site at Faure. The second phase of the cyclotron 
building covering the user areas (physics, radiotherapy and radioisotope 
production) has been completed and construction has started on the medical 
building and the 30-bed hospital, both to be completed by the end of 1984. 
The building which houses the control centre and also links the office block 
to the accelerator building was completed and taken into commission. 
Work has started on the construction of the central cooling system while 
the design of the radioisotope production building is practically complete. 
With all roads on the western side of the site now tarred, the earth dam 
filled with water, lawns established and covered parking areas provided, 
the general appearance of the site has improved dramatically. 

All major components for the injector cyclotron have now been completed. 
The radio-frequency resonators, vacuum pumps, diagnostic equipment and the 
bending and focussing magnets for the transfer beamline have all been 
delivered. Good progress was made with the in-house manufacture of 
control electronics, the ion source, parts of the radio-frequency systems, 
and with the overall assembly. A large number of high-stability 
power supplies have been delivered and many cables and water cooling 
lines installed. 

Three of the four large sector magnets for the separated-sector cyclotron 
have been assembled in their final positions, two of them complete with 
vacuum chambers and trim-coils in place. Preliminary magnetic field 
measurements were quite satisfactory in terms of field strength, shape, 
homogeneity and the shim corrections for the holes through the pole 
plates that are used to support the vacuum chamber. Manufacture of the 
radio-frequency resonators has progressed very well and the power amplifiers 
have been delivered. Many other components have also been completed, 
tested or installed while the on-site development of control instrumen
tation and software has continued. Beam optical and diagnostic systems for 
the first high-energy beamlines have been specified and ordered from 
abroad. The design of the valley vacuum chambers was completed and 
quotations obtained for their manufacture. 

We have ordered an isocentric system for neutron therapy to be delivered 
by the end of 1984. A possible scanning system which could be used for 
proton therapy has also received attention. The computer for the physics 
data acquisition system has been ordered and the first batch of general 
purpose electronics has been received. The first radiation monitoring 
equipment was also delivered and has been tested. 

At the Pretoria Cyclotron most of the modifications for neutron therapy 
are now complete. The internal changes to the accelerator io improve the 
quality of its external deuteron beam were successfully carried out; the 
shielded therapy room was constructed, the variable aperture neutron 
collimator was installed; the beamline was assembled, and preparatory 
work has been done on radiobiology and dosimetry. In spite of many inter
ruptions in cyclotron operation, the radioisotope production record was 
once again improved upon, and the supply of medical isotopes to eight 
hospitals was maintained. The cyclotron has now been in operation for 
twenty-five years and has just reached the R2 million mark in accumulated 
earnings from radioisotope sales. 



vi 

On the 1st of April 1983 the former Southern Universities Nuclear 
Institute with its staff and 6 MV Van de Graaff accelerator became part 
of the National Accelerator Centre. These facilities, which complement 
those being established around the new cyclotron on the adjoining site, 
will in future also be available to users from all over the country. 

The NAC wishes to thank all individuals and organisations at home and 
abroad who contributed to our programme during the past year by their 
co-operation, advice, support or hospitality. This report results 
from the efforts of a large number of people whose contributions are 
gratefully acknowledged. 

D REITMANN 

June 1983 
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IN MEMORIAM 

Dr Johannes Steyn, known to his many friends and colleagues as 
Johan, passed away on 8 May 1983, after a long illness. Born 
in 1927, Johan matriculated in 1944 in his home town of Mossel 
Bay. In 1947 he graduated with a B.Sc. degree at the University 
of Stellenbosch, where he also obtained his M.Sc. in Physics in 
1949. 

In December of that same year he joined the CSIR in Pretoria, 
and what was then the National Physical Laboratory. His work on 
the accurate standardization of radioactivity earned him inter
national recognition and in 1959 he was elected to a sub
committee of the International Commission on Radiological Units 
and Measurements. In March I960 he obtained the degree of 
D.Sc. at the University of Stellenbosch, for his work on new 
measurement methods in his field. While working at the National 
Physical Research Laboratory in Pretoria, he established an 
internationally respected group which regularly participated in 
the international comparisons of radioactivity measurements 
arranged by the Bureau International des Poids et Mesures 
(BIPM), a tradition which was maintained when the group was 
transferred to the Faure Campus in 1981. 

Until illness and his untimely death intervened, he served on 
the Comite Consultatif pour les Etalons et Mesure des 
Rayonnements Ionisants of the BIPM, the National Committee for 
Nuclear Technology and Radiation of NUCOR, and the Physical 
Sciences Advisory Panel of the NAC. He was a member of the S A 
Institute of Physics, the S A Association of Physicists in 
Medicine and Biology and the S A Akademie vir Wetenskap en 
Kuns. 

Johan Steyn will be sadly missed by many of us. 
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SECTION 1 INTRODUCTION 

The layout of the facilities which are at present being designed and built 
at the National Accelerator Centre is shown in figure 1. These facilities 
incorporate an 8 MeV injector cyclotron, a 200 MeV separated-sector 
cyclotron and beamlines to areas for nuclear physics, radiotherapy and 
isotope production. A second injector for acceleration of heavy ions is 
planned for a later stage. Various aspects of the two cyclotrons and 
beamlines have been described in previous annual reports and papers 11-18}. 

The magnet of the injector cyclotron (SPCI), including the trim-coils and 
harmonic coils as well as the copper liner plates, has been assembled. A 
large number of field measurements have been made at different current 
settings for the main coils and the trim-coils. Good agreement has been 
obtained between the measured and previously calculated field values. By 
using the measured field values the magnetic field of SPCI can now easily 
be isochronised for different particles and particle energies. 

After completion of the field measurements, the vacuum chamber was installed 
and the pumping system connected. Using only the turbo-molecular pump and 
fore-pumps, a lowest pressure of 3 * lO-1* Pa has been obtained. 

Other components which have so far been installed are the ion source, two 
probe drives, the dummy dees and one of the two resonators complete with 
its short-circuit plate. 

Several components such as the dee plates, collimators and the extraction 
system are still in the design and manufacturing stage. Because of delays 
relating to these and some other components, the completion date of April 
1983 for the injector cyclotron could not be achieved. 

Nearly all the components for the injection line are available. The 
diagnostic components, dipoles, power supplies and vacuum pumps have 
recently been delivered, while the quadrupoles were received earlier. 

Three of the SSC magnets have been assembled in the cyclotron vault with both 
main and booster coils, and two with trim-coils and vacuum chambers,in their 
final positions. The fourth magnet is scheduled for delivery in October this 
year. Only one of these magnets has so far been switched on. Field 
measurements on this magnet showed that the field at the extraction radius 
is 3% below the value which is required for acceleration of 3He ions to 
300 MeV. Field errors due to holes in the poles, which are required for 
support of the vacuum chambers, could be corrected by means of washers, 
manufactured from magnet iron, to 0,02Z. The field distribution in both 
the radial and azimuthal directions proved to be in good agreement with 
previously calculated distributions, except that in the radial direction 
the field remains constant to a radius 60 mm larger than that predicted. 
Because of this, slightly higher energies can be obtained for all particles. 
Deflection of the poles, which was measured at various current values, 
remained within the values which were predicted by finite-element analysis. 

During the past year it became possible for the first time to install a magnet 
vacuum chamber in the pole gap of an SSC magnet and to determined how well 
the design with a stud-supported vacuum chamber would work. To our surprise 
it proved to be a relatively easy task to install the chamber and to position 
it in such a way that the 96 studs fitted into the holes in the top and 
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bottom poles. When the first chamber was pumped down, one of the studs 
broke, due to poor quality control at the factory where it was made. Three 
chambers have so far been tested without further stud failures. 

Preparations are at present being made for assembly of the first SSC 
resonator which will be delivered in November, after a delay of a few 
months. In the meantime the two 150 kW power amplifiers have been installed 
on platforms next to the SSC vault. A dummy load which can take the full 
power has also been installed with the two amplifiers for testing purposes. 
Owing to the large amount of work involved, the design of the short-circuit 
plates and coupling capacitors for the resonators has not yet been 
completed. 

In addition to the four magnet chambers and two resonators, two further 
vacuum chambers, i.e. the valley vacuum chambers, are required to complete 
the SSC ring. In figures 2 and 3 perspective drawings of one of these 
chambers, which have recently been ordered, are shown. 

It was decided that we would initially provide three beamlines to the 
nuclear physics area, two (one vertical) to the isotope production area and 
three for radiotherapy. All the quadrupole tnagnets and their power supplies 
have been ordered for these lines. An order has also been placed for 
diagnostic components for these lines. Several dipole magnets have been 
ordered and in the course of the next year the remaining dipoles and their 
power supplies will be ordered. 

Good progress has been made with many other components which are not mentioned 
here but are described and discussed elsewhere in this report. 

Since the termination of the basic nuclear physics research programme at 
the Fretoria Cyclotron, the activities of the Group have mainly been focussed 
on the production of radioisotopes and preparations for a fast-neutron therapy 
programme in collaboration with the Johannesburg and H F Verwoerd Hospitals. 
The routine production of radioisotopes for medical and industrial use was 
maintained at approximately the 1981/82 level {14}, except for 6 7Ga and 
S IRb/ 8 1 mKr where a significant increase in demand has occurred. The research 
and development programme contributed to the improvement of a number of the 
routine production procedures and one further product, namely l nIn-oxine, 
has been added to the production list. 

Good progress has been made with the establishment of a fast-neutron facility 
and the modification of the cyclotron for this purpose is almost complete. 
The variable collimator has been installed in the new neutron therapy 
treatment room. The manufacture of the beryllium target and associated 
facilities is in an advanced stage. Neutron dosimetry and radiobiological 
studies are in progress, in preparation for the treatment of patients which 
is planned to start by October 1983. 

The experimental work of the Research Group with light projectiles of medium 
energy has been continued abroad, mainly in collaboration with a group from 
the University of Maryland. Development of the NAC experimental facilities 
has included the design of an improved motor-control and readout system for 
our 1,5 m scattering chamber, as well as the design of a Nal(Tl) y-ray 
spectrometer system. Some of the major components needed for the on-line 
use of the first data acquisition computer have been designed, and construction 
of these components is in progress. 



The programme for the standardization of radioactivity has been advanced 
rapidly due to the implementation of an interface to a desk-top computer, 
which has been linked to the mainframe computer of the CSIR. Participation 
in international intercomparisons has been continued with the standardization 
of 1 3 7Cs during 1982. 

Excellent progress was made with the installation of a radiation monitoring 
system and procedures to ensure compliance with health and safety regulations 
were planned. 
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Fig. 2 Perspective drawing of the north valley vacuum chamber. The 
beam is injected from the central region of the SSC through the 
small circular aperture visible at lower right. 



Fig. 3 Perspective drawing showing the underside and outer face of the 
north valley vacuum chamber. The extracted beam will pass 
through an aperture in this outer face. 
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SECTION 2 THE LIGHT-ION INJECTOR 

2.I Introduction 

In an extensive field mapping program the magnetic fields of the main coils 
and various pole-gap coils of the light-ion injector (SPCI) were measured. 
Good agreement was obtained between the measured fields and the computer 
simulated fields used during the design stage. As a further test, the 
measured field maps were used to calculate the excitation currents through 
the various coils for a specific field shape. Good results were obtained 
and we are confident that we are capable of producing the required field 
shape for any specified beam. 

Orbit calculations, based on the electric potential fields measured in 
our electrolytic tank on the 3:1 scale model of the central region, enabled 
us to optimise the ion-source position, improve the axial focussing of the 
beam and specify an approximate position for the second axial slit. We 
also gained much experience on electrolytic tank measurements and were 
able to improve the accuracy of the measurements significantly. 

The coils for the first magnetic channel were manufactured and field 
measurements with the channel in position in the pole-gap have been performed. 
Good agreement was obtained between the calculated and the measured field 
characteristics in the channel itself. The calculated amplitude of the 
first harmonic due to the field perturbation caused by the channel at the 
last accelerated orbit was ~40Z lower than the measured value. However, 
this can still be compensated for, by means of the harmonic coils. 

The detail design for the radial differential probes ZAR1 and EAR2 has 
nearly been completed. Supports and driving mechanisms for both probes 
have been assembled and tested and the probe support-arm, vacuum feed-
through assembly with adjustable alignment and the probe-head are being 
manufactured. Detail design of the first radial and axial slit unit is 
now in progress. The second radial slit, situated in a dee, proved to be 
much more difficult to design. A prototype is now ready for testing in 
a set-up used for target cooling studies by the Physics Department of the 
University of Stellenbosch. The multi-channel analyser for the beam phase 
measurement system has been received and magnetic and y-ray shielding 
requirements for the photomultiplier tube have been determined. 

All the components for the ion source have been completed, except the anti-
cathode carrier for which the material is still on order, and assembly is 
in progress. Some problems were experienced with the gas system for the 
source and it has been returned to the manufacturer. However, a temporary 
system has been constructed for the initial tests. 

The radio-frequency system of SPCI consists of three main sections, namely 
reson tors, power amplifiers and the control systems. The purpose of the 
rf-system is to provide the accelerating voltages of up to 70 kV peak in 
the 8,6 to 26 MHz frequency range, which are required to accelerate the 
particle beans. 

Most of the main components of the two resonators for SPCI have been 
manufactured and delivered. Assembly has started in the SPCI area. All 
sectors of the two short-circuiting plates are rear- for installation on 
the two supporting rings. Two long stainless steel tubes are also required 
— one per resonator — to position each short-circuiting plate,and these 
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have been ordered. The designs for the positioning mechanism and the 
differential seal have now been completed. 

The two 25 kW radio-frequency power amplifiers required to drive the SKI 
resonators have been completed and tested. A water-cooled tetrode is 
used in each aaplifier. The remote control station for the first amplifier 
has been completed and tested. The second station will soon be ready for 
testing. The amplifiers and their control systems were developed and built 
by the rf-group. The only major parts purchased are the two 10 kV anode 
power supplies. The installation of components in their final position and 
the interconnecting wiring will soon be started. 

All units for the phase and amplitude control and stabilization system 
are at present in the final manufacturing stage. A complete control system 
has been tested successfully on the full-scale model of the SPCI resonator. 
This system consists of coarse phase shifters, vernier phase shifters, 
phase detectors, phase modulators, amplitude detectors, amplitude controllers, 
the automatic resonator tuning unit, the control module and the pick-off 
probes and dividers. All the above units have been developed and constructed 
by the rf-group. The system is controlled by a micro-computer via CAMAC 
and this was used for the testing and control of all units. The micro
computer will be under the control of the main mini-computer control system. 
We plan to have the two systems for SPCI operating soon, while maintaining 
the full system on the resonator model for further development work, 
particularly for software development. 

All the vacuum equipment for SPCI is on site and has been tested. Towards 
the end of 1982 the big turbo-pumping station for SPCI was assembled 
and mounted onto the cyclotron vacuum chamber and test runs were carried 
out. The large turbo-pump gave some trouble and has been replaced by the 
supplier. The replacement pump runs much more smoothly. The control 
system for the SPCI vacuum equipment has been completed and tested with 
all the vacuum equipment for SPCI mounted on the vacuum test chamber. 

This control system will now be installed in its permanent position in the 
basement of SPCI. Once the SPCI vacuum chamber and resonator have been 
installed and the vacuum equipment mounted, the cabling between the 
'equipment and the control system can be completed. 



9 

2.2 Magnet 

2.2.1 General 

The installation of the pole-gap coils (figures I and 2) took longer than 
expected. Additional support for better thermal contact had to be provided 
for the harmonic coils and the supporting framework had to be tailored 
slightly for a proper fit. The feed-throughs for the harmonic coils also 
proved to be very vulnerable to applied mechanical stresses and in spite of 
good care being taken, a few were broken during installation of the 
pole-gap coil assembly. This was very annoying and time-consuming as the 
complete structure had to be removed from the pole-gap for the new 
feed-throughs to be welded in. 

The electrical connections were therefore redesigned and the rigid 100 A 
cables were replaced by flexible welding cables. 

All the coils performed satisfactorily when tested up to maximum power. 

2.2.2 Field measurements 

Various test measurements were made to locate the median plane of the SPCI 
magnet, enabling us to position the magnetic field measurement device as 
accurately as possible and also to check the repeatability of the measurements. 
We then began the main field mapping. After a few measurements the temporary 
cooling system was polluted by iron filings owing to bearing failure on one 
of the cooling pumps. Cleaning of the system delayed our measurements by 
approximately one month. After this initial setback measurements were 
resumed at the beginning of July, 1982. To make up for the lost time and 
to avoid the stabilization period of approximately one hour required after 
each switch-on procedure, measurements were performed continuously, 24 hours 
a day. The computer-controlled measuring equipment (see section 4.2,2) 
operated smoothly and a typical field map consisting of 7200 points could 
be measured in 3$ hours. Such a map consists of 120 azimuthal intervals 
of 3 degrees each, and 60 radial intervals of 10 mm each. 

The main field (with current through the main coils only) was measured for 
various excitation currents (from 200 A to 700 A in steps of 50 A). The 
results of these measurements were well within 0,JZ of the computer-
simulated fields, except in the central region (near the sector tips and 
the central disc) and in the vicinity of the pole edges. Owing to 
saturation effects the shape of the field in the latter region varied 
substantially with excitation current. In figures 3 and 4 the average 
magnetic field is shown as a function of the radius for excitation currents 
of 200 A and 700 A respectively. 

The central disc and sector shims were then slightly modified so that the 
main field in the intermediate excitation range (I ~ 500 A) approached the 
required field shape. 

These minor changes were relatively simple as the results of calculations 
for various central discs and sector shims were already available. Figure 5 
shows the final dimensions of the pole sectors, central discs and sector 
shims. After optimising the pole profile and remeasuring the complete 
set of main fields, the magnetic field maps for each of the 5 pairs of 
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field-correction coils, 2 pairs of cone coils and the two sets of harmonic 
coils were measured at three different excitation levels in three different 
main fields. These measurements were only taken over a 90 degree azimuthal 
interval as the main field measurements showed that deviations from 
four-fold symmetry were less than 0.02Z. 

Initially this set of measurements was regularly interrupted because the 
fine wires which connected the moving Hall probe carriage to the electronic 
equipment kept breaking. These cables were then replaced by a special low-
resistance teflon-insulated coaxial wire with high elasticity, and no further 
problems were encountered. All these measured field maps were then used in 
an interpolation procedure (see section 3.7.S) to determine the excitation 
current required through the various coils for a specified field shape. As 
a final test the coils were excited to generate a few of these specific 
field shapes. Isochronous 8 MeV and A MeV proton fields were constructed 
making use of the measured sain and correction-coil field maps. The 
different coils were then excited to the calculated levels and a complete 
field map was measured. Fi£ures 6 and 7 show the results for the 8 MeV 
and 4 MeV fields, respectively. Each figure shows the required average 
isochronous field, the constructed average main field (i.e. without excitation 
of the pole-gap coils), the constructed isochronous field, and the measured 
average field when all the coils are energized to the calculated values. 
As can be seen, very good agreement was obtained between the specified and 
measured field values,giving confidence in **oth calculations and measurements. 

After completion of the measurements, the Hall probe, which was originally 
calibrated in the bending magnet of our Van de Graaff, was recalibrated 
in the then newly-available calibration magnet. All measured fields had 
to be readjusted slightly to the new calibration as this was somewhat 
different from the original calibration. The interpolation procedure 
described in section 3.7.5 is currently being used for creating different 
field shapes for various particles and energies. These results will then 
be used as a data base for the initial setting of all the coil currents 
to produce the required field for any specified beam. 



Fig. \ The magnet of the l ight - ion mjec 
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Fig. 2 Close-up view of SPCI, showing the coils in the pole gap. 
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2.3 Radio-Frequency System 

2.3.1 The resonators 

The manufacture of the main components of the two SPC1 resonators has now 
been completed and assembly will start shortly. Detail of the resonators 
was described in the previous report {l} and recent progress is described 
below. 

2.3.1.1 Main components 

The copper cylinders forming the inner and outer conductors of each 
resonator were manufactured by electro-forming. Each inner cylinder is 
220 mm in diameter and has internal cooling channels. Each outer cylinder 
has a cooling tube soft-soldered onto the outside. All cylinders are 
approximately 5 m long and have already been delivered to the NAC. Vacuum 
testing has proved that there are no leaks in the internal water cooling 
channels of both inner cylinders. All dimensions and finish of the rf-
surfaces are according to specifications. 

On the end-support structure connected to the end of each outer cylinder, 
is mounted a stainless steel beam which supports an inner cylinder. All 
these parts have been delivered and tested. Detail of the end-support is 
shown in figure 1. 

The trolley-and-rail systems supporting each resonator have been manufactured. 
A support system and the two outer cylinders are shown in figure 2. 

The tapered sections connecting the outer cylinders to the magnet vacuum 
chamber have been manufactured and are shown mounted on the vacuum chamber 
in figure 3. The tapered sections are made from stainless steel, but an 
inner tapered section made from copper plate is mounted inside each 
stainless steel section. These make electrical contact with the outer 
cylinders and the pole liners, mounted on the magnet poles, by means of 
contact fingers. A copper tapered section, made in the NAC workshop, is 
shown in figure 4. 

The extensions of both inner cylinders have been manufactured at the NAC 
and preparation for final welding, using a positioning jig, is shown in 
figure 5. The dee electrodes will be manufactured as soon as the detailed 
design drawings have been completed. A large amount of this has already 
been completed, including the system for movement of the pillars and the 
cooling circuits for the dee plates. 

The trimming capacitor, coupling capacitor and the dummy dees have been 
designed. All these parts are being manufactured and will soon be available. 

2.3.1.2 Short-circuiting plates 

The design of the short-circuiting plate, described in the previous annual 
report {l},was completed and all 18 sectors required for both resonators, 
plus two spare sectors, have been manufactured. One sector is shown in 
figure 6. The mounting ring, cooling-water and air manifolds and the guide 
rollers are presently being manufactured. 

Life-time tests were carried out on a prototype sector of the short-
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circuiting plate to test the reliability of the moving parts, especially 
the cooling-water tubes connected to the intermediate plate of the contact 
finger assembly. The special dispersion-strengthened copper, mentioned in 
the previous annual report, was used for the contact fingers and the hinge 
connections. 

Each short-circuiting plate will be positioned by a long stainless steel 
tube sliding through a differentially-pumped double seal. Such a seal 
system was tested successfully using a specially constructed test set-up. 
A single set of seals lasted for the equivalent of 5 km of sliding length. 
The one end of the tube is connected to the short-circuiting plate and the 
air and cooling water tubes are carried inside this long tube. The other 
end is connected to a trolley guided on a long beam. The trolley is moved 
by a variable-speed dc motor driving a sprocket gear through a reduction 
gearbox. The sprocket gear runs on a pre-tensioned chain mounted on the 
beam. The position of the short-circuiting plate will be measured by a 
shaft encoder connected to a suitable point on the gearbox. To overcome 
backlash errors the final positioning will always be done in the same 
direction. More detail of the positioning system is given in section 6 
(Mechanical Engineering). 

2.3.2. SPCI power amplifiers 

The power amplifiers described in the previous report have been completed 
and successfully tested. 

To ease the load on the air-conditioning system for the SPCI vault and to 
reduce noise, the amplifiers were modified to use a water-cooled tube in 
place of the air-cooled tube. Each air-cooled tube generates a heat load 
of about 20 kW. The change-over did not involve major modifications, and 
results in an extended frequency range of 8 to 30 MHz. 

We chose a tube with a rated anode dissipation of 25 kW and with an 
identical base configuration to the air-cooled tube used to date. The 
anode cooling water is taken in and out of the anode cooling jacket by means 
of polyethelene tubes carried inside the anode resonator to unions mounted 
at the top. The amplifier now requires less cooling air, and we were 
therefore able to replace the large centrifugal blower with a smaller axial-
flow fan resulting in a greatly reduced noise level. An additional small 
centrifugal blower fitted inside the amplifier cabinet provides direct 
cooling of the tube base. 

The gain of the water-cooled tube is considerably lower than that of the 
air-cooled tube. Consequently it was necessary to increase the value of 
the grid damping resistor in order to generate enough grid voltage from the 
existing 500-watt driver amplifiers. To this end we fitted a 2:1 transformer 
between the grid and the 50-ohm resistor, thus raising the value of the 
grid damping resistance to 200 ohms. A similar transformer, connected in 
reverse at the input to the grid pi-network, provides the match to the 
driver amplifier. The amplifier is neutralised by means of capacitive 
coupling from anode to the grid pi-network input. 

Both of the water-cooled amplifiers have been successfully tested. 
Photographs of the finished amplifier are shown in figures 7, 8 and 9. 

Also shown in figure 9 is the control cabinet associated with each 
amplifier. It comprises several interconnected units housing the control 
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and monitoring circuitry for the amplifier, together with the screen-bias 
supply, the grid-bias supply, the filament-supply regulator and the 500-
watt driver amplifier. The first of these is complete and tested and the 
second is presently under construction. The control cabinet is designed 
to interface with the SPC1 microcomputer-based control module. Its main 
features are as follows: 

(a) A switched "local" mode is provided which facilitates manual 
operation if required. 

(b) Sequencing logic is provided to ensure that all power-supplies 
are switched on in a safe sequence with all necessary time 
delays. Front panel status and warning lights are provided to 
monitor the switch-on sequence. Since the sequence consists 
mainly of switching on relays and contactors, we used relays to 
implement the logic. 

(c) Buffering and scaling amplifiers are provided to interface the 
outputs of the various current and voltage monitoring points to 
the CAMAC ADC. 

(d) Fault-sensing logic is provided to switch off the amplifier if 
certain potentially damaging conditions should arise (e.g. failure 
of cooling air or water). Because such faults normally require 
immediate maintenance action no automatic reset is provided. 

(e) Front panel meters are provided for all the main parameters. 

2.3.3 Phase and amplitude control and stabilization 

During this year the availability of final versions of most of the 
components of the rf and computer control system has allowed many of the 
details of the system to be finalized {2}. The process of doing this 
revealed the necessity for some minor changes, especially concerning the 
interfacing philosophy adopted. The interconnection diagram for the 
signal distribution and one rf-system is shown in figure 10. The actual 
units forming such a system are shown in figure 11. The progress which 
has been made with the system is reported below. 

2.3.3.1 Continuous phase-shifters 

The electronic vernier phase-shifter described in the previous annual 
report {1} was further developed. A temperature stabilising oven was 
constructed which maintains the critical phase-determining components at 
a nearly constant temperature of 45°C ±1 C. The increase in phase stability 
obtained in this way will allow these units to be used in setting 
reference phases at all points in the system. The interfacing of these 
units was also changed. Instead of obtaining the dc voltage for the 
varactor diode bias from a CAMAC digital-to-analog convertor, an 8-bit DAC 
was incorporated within the unit itself. This DAC has a built-in latch, so 
all that is necessary to set the phase-shifter is to apply 8 data bits and 
a strobe, in the same manner as the coarse binary delay-line phase-shifters 
(see {l}). An engineering model incorporating two of these units, and 
suitable for one channel of the rf-system.has been built and tested via 
CAMAC using a fully-automated test programme. This revealed that the two 



19 

units are virtually identical to within the resolution of the measuring 
instrumentation over the specified frequency range {3}. 

In view of the excellent performance of this unit, it was decided that it 
was no longer necessary to use the trombone-line type of mechanical phase-
shifter. 

2.3.3.2 Automatic tuning system 

The electronics necessary to drive the new stepping-motor resonator tuning 
system described in the previous report was designed, aud a prototype 
constructed. In this module the phase detector needed to provide the 
tuning signal was also incorporated. This was simply an extension of the 
work done in developing the main phase detector. The auto-tune unit may 
operate autonomously (closed loop) or may have control of the trimmer 
pre-empted by the computer. This allows the trimmer to be frozen if 
needed e.g. during multipactoring. In order to test this unit a simplified 
tuning arrangement was fitted on the full-scale resonator model, incorporating 
the same stepping-motor as will be used on the final version. The automatic 
tuning system has performed satisfactorily in tests using the whole system 
to drive the model resonator. Details of this module have been described 
in an internal report {4} and details of the hydraulic system in ref. {5}. 

2.3.3.3 CAHAC interfacing 

The philosophy of how the various modules are driven by CAHAC has undergone 
some changes, resulting in a simplification of this procedure and a saving 
in the number of CAMAC modules employed {6}. It was decided that all 
modules that needed to have their internal functions set up digitally 
would be presented with 8 data bits and a strobe. They would be expected 
to latch the 8 data bits and immediately go into the new state. If more 
than 8 data bits were needed, two strobes were provided, the data being 
presented and strobed sequentially. The driven module uses double 
buffering so that it only moves into the new state on receipt of the 
second strobe pulse. 

The necessary electronics for buffering the 8 data bits and providing the 
strobe pulses is contained in a module called the rf-system control module. 
This also provides the transition between the few CAHAC modules and the 
many rf-nodules. The rf-system control module obtains its power by means 
of contributions from all the units it is serving. 

2.3.3.A Computer control 

(a) The most significant development in this area has been the 
delivery of an SA-BUS micro-computer system which is interfaced 
to the rf-system through the Auxilliary Crate controller. The 
capability provided by thiB system has allowed extensive testing 
of hardware via CAMAC. In addition a great deal of insight has 
been gained into problems that must be addressed before the 
final system is implemented. The largest piece of software 
written on this system is an interactive programme that allows 
easy control of CAMAC parameters. This was written in the high-
level language Pascal, but illustrated the value of an inter
active language. As a result, the possibility of obtaining a 
language with good interactive features to complement Pascal is 
being investigated. 
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(b) Progress was Bade in defining the control strategy necessary to 
bring the resonator up to full voltage from a cold start. This 
is summarised in the flow chart in figure 12. It is intended 
that this sequence of events be carried out by the SA-BUS micro-
coaputer, but with frequent pauses to allow the control coaputer 
to approve the next phase of tune-up. 

(c) The Banner in which the resonator is adjusted to provide a 50-oha 
aatch to the power amplifier was revised. It is now intended 
that the automatic tuning systea (see above) be enabled as soon 
as it will lock correctly. A binary delay-line and vernier phase-
shifter in one leg of the auto-tune phase detector will then be 
adjusted for ainiaua SUR in conjunction with the coupling 
capacitor. This procedure was evaluated under part aanual and 
part computer control and found to work very well, provided 
'false locks' on the phase detector were avoided. 

2.3.3.5 Radio-frequency pick-off probes 

(a) On the resonator 

A suitable voltage-divider circuit was developed for the voltage 
and phase pick-off probes which are aounted on the resonator.', 
above and below the dees. It starts as a capacitive divider but, 
owing to the length of the connection between the pick-up plate 
and the feed-through connector, it is necessary to supplement it 
by the use of a resistive divider and a transaission-line 
transformer. This enables the required dividing ratio to be 
obtained over the full frequency range and with a fairly constant 
phase relationship {7}. 

(b) On the coupling capacitor 

To simplify the operation of the automatic tuning systea a pick-
off probe was designed to fit on the coaxial elbow connector at 
the coupling capacitor. This provides a phase signal which 
indicates the state of tuning of the resonator when compared to 
the phase signal from the resonator pick-off probe. The divider 
for the pick-off was also designed to give a fairly constant 
dividing ratio and a constant relative phase over the full 
frequency range {8}. If appropriate cable lengths are used for 
the connections between the two pick-offs and the phase detector 
of the automatic tuning unit, it is expected that only minor 
phase adjustments will be required to keep the resonator correctly 
tuned over the full frequency range. 
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Fig. 1 End-support s t ruc tu re for one of the SPC1 resonators. 

Fig. 2 The two copper outer cylinders of the SPC1 resonators with one 
mounted on the support system. 
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Fig. 3 The SPC1 magnet vacuus) chamber with the tapered sections of 
both resonators mounted in position. 

Fig. 4 A copper tapered section which forms the rf-connection between 
the pole liners and the outer cylinder of each resonator. 
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Fig. 5 Preparations in progress for welding the transition piece and 
dee-holder to the inner cylinder. 

Fig. 6 One of the nine sectors forming a short-circuiting plate for 
the SPC1 resonators. 
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Fig. 7 Upper section of a 25 kW power amplifier for the SPC1 resonators. 



26 

Fig. 8 Lower section of the 25 kW power amplifier shown in fig. 7, 
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Fig. 9 A 25 kW amplifier with its associated control cabinet. 
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Fig. 11 The fully-assembled rf-control system used for tests with the 
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2.4 Orbit Calculations 

2.4.1 Optimisation of ion source position 

Orbit calculations for the design of the central region were carried out 
using the modified computer program OC {1} and electric potentials measured 
on the 3:1 scale model in our electrolytic tank. Carefully controlled 
measurements on the ion source/puller region were employed to find the 
optimum rf starting phase for each constant orbit geometry. These particle 
orbits were then followed into the field-free region of the first dee. 

The measured fields were also used to determine the best-fit parameters 
for the parametrised OC electric field (figure 1). To permit the input of 
non-integer exponential parameters, as obtained from these fits, OC was 
slightly modified. The parametrised electric fields were then used in all 
calculations outside the limits of the measured fields. The magnetic 
fields used were all measured fields with a central cone superimposed to 
improve axial focusing. 

Particle orbits which were well-centered at about half the extraction radius 
were then followed upstream towards the central region, to a point in the 
field-free region of the first dee downstream from the puller slit. By 
suitable transformation of the ion source/puller combination and the 
associated electric field, a matching of outgoing/incoming particle 
parameters was obtained for each constant orbit geometry. A modification 
of OC enabled the program to handle the necessary translation and/or 
rotation of the electric field. The new (optimised) ion source positions 
and orientations were then calculated after matching (e.g. as in figure 2). 

2.4.2 Electrical focusing 

From the measured field for the 8 MeV final-energy proton orbit, axial 
defocusing was discovered at the first gap-crossing downstream from the 
puller slit. Various modifications to the model and repeated measurements 
of the resultant fields yielded much improved focusing. The radial extent 
of the central pillars in the dees and dummy dees was reduced by 10 mm, 
and the height of the first dee was decreased from 30 mm to 20 mm, 
extending over the first crossing of the 8 MeV orbit. The axial focusing 
obtained is illustrated by figure 3. 

2.4.3 Positioning of axial slits 

The first of a pair of rf phase-selection axial slits is situated inside 
the first dummy dee on the first revolution for the 4 MeV final-energy 
proton constant geometry orbit, and on the second revolution for the 8 MeV 
case. The characteristics of the second slit may be found using the 
procedure described by Van Heusden {2}. The 8 MeV case is illustrated in 
figures 4 and 5. From figure 4 the revolution number (angle) and slit 
height for selection of a 15 rf phase width may be inferred. From figure 
5 the radial position and extent of the second slit may be determined. 
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2.4.4 Electrolytic tank measuremen_s 

Measurements in the electrolytic tank using a 3:1 scale model of the central 
region of SPCI (figure 6) and the orbit calculations based thereon have 
reached a sufficiently advanced stage to enable us to determine with 
confidence the central region geometry for the acceleration of 4 MeV and 
8 MeV protons. Finality on the geometry regarding other particles such 
as 6 MeV 1 2 C 3 + has as yet not been attained but is expected shortly. 

Initial measurements revealed certain inaccuracies inherent in the model 
which were corrected by experimentation. The proximity of the tank walls 
to the model introduced variations in the potential field which departed 
drastically from the expected field, particularly at the edges of the two 
dees where a significant difference in potential existed between the tank 
walls and the model. To rectify this problem, shielding plates were 
positioned at the outer edges of the two dees to overcome the influence 
of the tank walls. Various shielding plate configurations were attempted 
before the desired effect was achieved. Figure 7 shows the effect on the 
contour lines firstly when no shielding plate is present (dotted contours) 
and secondly with the final shielding plate configuration (solid contours). 
Figure 8 shows a complete equipotential contour plot for 8 MeV final-energy 
protons. 

The conductivity of the water was increased by the addition of small amounts 
of dilute H2S0,, resulting in a marked reduction of noise. Figures 9 and 
10 compare the noise before and after the addition of H2S0,, respectively, 
by plotting successive rows of the rectangular grid of potential values as 
measured in the middle of the second dee where the potential is fairly constant 
or at most varies slowly but smoothly. 

The "normalised" z-component of the electric field E /z as expressed by the 
following formula: 

£z m i^v + ĵ v 
z = " [9x2 3y 2 

is a reliable indicator of the smoothness of the measured electric potential 
values since the second-derivative components are very sensitive to 
variations in the data» 

Figure 11 shows acceptable variations in the quantity E z/z as seen by an 
8 MeV final-energy proton accelerated from the ion source. 
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2.5 Extraction 

2.5.1 First magnetic channel (MEC1) 

During the course of last year the coil for MEC1 was manufactured and 
installed around the contoured iron core {I}. The coil consists of 34 
standard 5 x 5 mm copper conductor windings, each with a cooling duct 
area of 7 ma 2. Vacuum-impregnated epoxy resin was used for insulation. 

Measurements were performed on the resultant field inside the channel to 
obtain an azimuthal profile of the field gradient over the length of the 
channel,to ascertain the parameters necessary for describing the soft-edge 
approximation, and to check the reliability of the computer calculations 
used to predict various properties such as the field gradient and the first-
harmonic perturbation in the main field. 

The field measuring equipment described previously {1} was used, and 
measurements were performed at several channel excitation currents for a 
few selected excitation levels of the main field. The first-harmonic 
perturbation was obtained in the same manner as for the passive element 0). 
Figure I shows the measured field inside the channel as a function of 
radius for the excitation current 1 * 0 and 430 A respectively, using 
the 8 MeV proton field as the primary source of magnetic induction. For 
a MMF of 14600 ampere turns a gradient of 24 T/m was measured. This is 
within IZ of the calculated value. 

In figure 2 the magnetic field inside the channel (at 10200 ampere turns) 
is plotted as a function of the radius for an extraction energy of 4 MeV 
for protons. By switching the direction of the current the gradient can 
be changed from 10 to 20,8 T/m. The measured field for the passive element 
(I • 0) is given as a reference value. 

Figure 3 is a plot of the field inside the channel for an excitation 
current of 500 A (17000 ampere-turns). In this case the field due to the 
main magnet corresponds to an extraction energy of 10,8 MeV for a-par tides. 
The measured gradient of 25,6 T/m is about 5% smaller than the gradient 
calculated for sufficient focusing of the 10,8 MeV a-beam. 

The azimuthal dependence of the gradients for the 8 MeV proton and the 
10,8 MeV ot-beam fields are shown in figure 4. The 4 MeV proton field 
(I « 0) is given as a reference. The value of the diffuseness {1} for 
the 8 MeV p-field is 1,9 and 1,8 at the entrance and exit respectively, 
and for the 10,8 MeV a-field 1,8 and 2,1 respectively which indicates that 
the profile is not symmetrical. The value for the 8 MeV proton field 
is in good agreement with the calculated value of approximately 2,1. 
For interest the field inside the channel in the absence of the main 
magnetic field was also calculated. The result is depicted in figure 5. 
The gradient is 5,2 T/m with I - 450 A. 

The first-harmonic component of the field perturbation seen on the inner 
orbits was derived from measurements in the same way as for the passive 
channel. The results are shown in figure 6 as a function of the distance 
from the centre of the cyclotron. The first-harmonic component calculated 
is ~ 40Z lower than the component measured at the extraction radius. This 
is due to the fact that a rather crude hard-edge approximation with an 
angular width equal to that of the channel was assumed for calculation 
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purposes, whereas the measurements show that the perturbation was much 
wider. Figure 7 shows the measured first-harmonic component for the 
2 MeV proton field. 

Figure 8 shows the magnetic focussing channel in position between the 
magnetic poles during the field measurements discussed above. 
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2.6 Vacuum System 

Towards the end of 1982 the turbo-pumping station was assembled and mounted 
onto the SPC1 vacuum chamber. After the initial test runs, the station 
had to be dismantled to allow other cyclotron parts to be fitted which 
necessitated the removal of the vacuum chamber. 

The control system for all the SPC1 vacuum equipment was completed and 
tested with all the vacuum equipment for SPC1 mounted on the vacuum test 
chamber. 

2.6.1 Vacuum chamber 

The vacuum chamber was cleaned using ultra-pure water (0,06 yS cm - 1) which 
was passed through a high-pressure (85 bar) high-temperature (90 C) cleaning 
unit and then sprayed onto the surfaces through special nozzles. Initially 
a detergent was also added to remove oily residues. The final cleaning was 
with ultra-pure water only. 

After installing the chamber into SPC1 and evacuating it with a 120A.S-1 

turbo-molecular pump a problem was experienced with the leak-tightness of 
most of the rectangular blanking flanges. A better quality 0-ring cord 
solved this problem. Another leak-tightness problem was due to damage to 
the ceramic feedthroughs where the conductors are fitted. This problem 
was overcome by using a softer, more flexible conductor and changing the 
method of tightening the conductor onto the feed-through. 

2.6.2 Vacuum pumping system 

The general layout of the pumping system is unchanged, as shown in 
figure 1. The large 4,8 m ,s~ 1 turbo-molecular pump was assembled onto the 
vacuum chamber together with its backing pumps (see figure 2) and the 
chamber was pumped down a few times (see figure 3). This turbo-pump has 
a large amount of stored energy in its rotor when it is at its operating 
speed of 18 000 rpm and great care has to be taken to avoid a rush of 
atmospheric air from the SPC1 side since this will destroy the pump. To 
allow for such an eventuality, the pump has to be bolted down with six 
M 20 bolts to prevent it causing damage to persons and equipment. The 
turbo-pimp operated well but was noisy and lost oil through the backing 
side. For this reason the supplier decided to replace the pump with a 
new one. 

The bellows which will be used between the turbo-pump and the valve to 
reduce the vibrations from the turbo-pump was manufactured locally, and is 
shown in figure 4. 

2.6.3 Control system 

The control system was tested in the laboratory by mounting all the vacuum 
equipment for SPC1 on the vacuum test chamber which simulated the SPCI 
vacuum chamber and resonators (see figure 5). For convenience a TPH 2000 
turbo-pump was used rather than the TPH 5000. 

The control system consists of the 483 mm (19-inch) rack-mounted mimic 



45 

panel seen in figure 1, which shows the SPC1 vacuum system schematically. 
This includes the pumps, valves and pressure readings. The pressure 
readings are displayed with small LED digital displays which are mounted 
in the schematic diagram at the point where the pressure is measured. In 
addition to the pressure measurement, the rotational speed of the large 
turbo-pump and the temperatures of the two cryopumps are also indicated. 
Provision has been made for visual indication and an audio alarm for 
malfunctions such as water and air failure. 

The testing of the control system has now been completed and it will soon 
be installed in its permanent position in the basement of SPC1. Thereafter, 
all the long cables between the various items of vacuum equipment and the 
control equipment will be made up and installed. 
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Fig. 1 Control and mimic panel showing layout of SPCl pumping system. 
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Fig. 2 Turbo-pumping station on SPCl 
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Fig. 4 DN 400 flexible membrane bellows, manufactured locally. 

Fig. 5 SPCI vacuum equipment mounted on the test chamber in the 
laboratory for testing of the control system. 



49 

2.7 Beam Diagnostics 

2.7.1 The radial differential probes (EAR1 and Z&a) 

The detail designs for the radial differential probes EAR! and EÁR2 have 
nearly been completed: only the support- and alignment-fixtures for the 
fingers have still to be completed. Supports and driving mechanisms for 
both probes have been assembled (see section 6 figure 10) and tested, the 
stepping-motors being driven via CAMAC. Minor mechanical and electrical 
modifications were necessary but the system is now working well. Probe 
speeds up to 100 mm/s were achieved. However, during beam current 
measurements 40 nm/s is the maximum allowable speed. An absolute shaft-
encoder is used for position measurement. A magnetic brake is used to 
hold the probe in position (under vacuum) if the stepping-motor supply is 
switched off. The gear ratios between stepping-motor, drive-shaft and 
encoder were chosen such that one stepping-motor pulse, corresponding to 
0,1 mm, is equivalent to two encoder counts. 

The probe support-arm, the vacuum feed-through assembly with adjustable 
alignment and the probe head (see figure 1) are being manufactured. The 
cooling-circuit in the copper head is presently being manufactured using 
the spark-erosion technique. The probe head height has been limited to 
26 mm since for ZAR2 it must be able to fit between the upper and lower 
ion-source support arms in order to reach the first orbit. An interlock 
system will be implemented between the ion source and the EAR2 movement. 

2.7.2 The first radial and axial slits 

The first radial and axial slits are now positioned immediately after EAR1, 
as described in the previous Annual Report. Both slits are mounted on the 
same support-frame and thus actually form one unit (as illustrated in 
section 6 figure 8). Two small flanges above and below the median plane 
will be used for the cooling-water supply tnd the driving mechanism, 
respectively. The upper flange was initially intended for viewing with 
a TV camera. 

The position of this pair of slits can be adjusted radially up to a 
maximum of 40 mm. The maximum opening of the radial slit is 20 mm. Three 
stepping-motor drives are envisaged for (i) radial positioning of the 
unit, (ii) adjusting the radial slit opening, and (iii) adjusting the 
axial slit opening. 

The maximum estimated proton energy which these slits have to stop is 
360 keV (i.e. 6 gap-crossings at 60 kV each). If one assumes a maximum 
beam current of 2 mA from the ion source, then the maximum envisaged beam 
power is 720 W. Each slit-jaw will consist of a I mm thick tantalum plate 
Soldered onto a water-cooled copper base. Ceramic water feed-throughs will 
insulate the jaw for beam current measurement. 

The layout of this slit unit and its driving mechanism has been finalized 
and the detail design is in progress. 
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2.7.3 The second radial slit 

The specifications for the second radial slit, situated in the east dee, 
pose some severe design restrictions. Besides an adjustable width, the 
radial position of the slit should also be adjustable over a distance of 
approximately 35 nan. Direct cooling of the slit-jaw is not possible 
because this would require flexible cooling-water supply tubes inside the 
dee. In stand-alone mode, the slit should be able to handle 400 W of beam 
power. If necessary, however, this value can be decreased by stopping more 
of the beam on the first radial slit. Safety interlocking between the two 
slits should then be provided. 

Inside the dee, only 15 un vertical height is available for the driving 
mechanism and cooling supplies which must enter the dee through the inner 
tube of the ~5-meter long resonator. 

A prototype slit has been manufactured for operational tests. It consists 
of two 30 mm high pillars, supporting two electrically-insulated tantalum 
plates sliding on a water-cooled baseplate, (section 6, figure 7). Aiming 
for a combination of low friction and high thermal conductivity, we chose 
the following materials: phosphor-bronze for the track, a copper-carbon 
compound for the sliding pillars and boron-nitride for the insulators. 

The slit is now ready for testing under realistic working conditions in 
a test set-up constructed for target cooling studies by the University 
of Stellenbosch Physics Department at the NAC. Basically this consists 
of a vacuum chamber and an electron-gun as heat source. The only additional 
piece of equipment required was a 220 mm diameter flange supporting two 
tables for mounting the slit and electron-gun (on the vacuum side) and an 
air cylinder drive on the atmospheric side (figure 2). The variables to 
be monitored are: 

(a) temperatures at different spots on the pillar and base-plate 
(by means of thermocouples), 

(b) inlet and outlet water temperatures (platinum resistors), 

(c) water flow through the baseplate 

(d) electron emission current and accelerating voltage, 

(e) frictional force between baseplate and pillars (strain gauges). 

The detail design will only commence after the feasibility of the prototype 
has been proved experimentally. 

2.7.4 Collimators for MEC2 

A detail design has been made of the collimator configuration in front of 
the second magnetic channel for beam extraction. It consists of four 5 mm 
thick water-cooled copper plates which are individually insulated for beam 
current measurement. The aperture is 17 * 24 mm. This collimator assembly 
has a separate cooling circuit and is mounted onto the magnet as a unit 
using two bolts. (See figure 3). 

The inner copper lining for this magnetic channel is separately cooled, and 
provision will be made to be able to measure the intercepted beam current 
from it. 
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2.7.5 Beam current measurements 

Three suppliers of low-noise shielded single- and multi-core cable have 
been approached to provide for transmission of about 40 dc and audio
frequency beam current signals from SPCI to the acquisition electronics 
outside the vault {l}. The location of the electronics and CAMAC data 
acquisition racks, and the necessary cable routes have been determined. 

2.7.6 Beam phase measurement with gamma-detection 

The proposed system has been described in previous Annual Reports. The 
beam phase is measured between two fast-timing pulses: 

(a) the first one is derived from the photomultiplier tube followed 
by pulse-shaping NIM modules, while 

(b) the second timing pulse is obtained from the rf system. 

The associated multichannel analyzer (MCA) has been received, and will be 
installed in a specialised beam diagnostics console in the control room, 
in conjunction with a NIMBIN containing all the NIM modules {2}. 

The photomultiplier tube (PMT) was placed in its proposed location outside 
the SPCI vacuum chamber in order to establish the design of shielding 
requ'-^d to limit degradation of amplitude sensitivity in the presence 
of tne magnetic field to an acceptable level. Attention has also been given 
to (i) lead shielding of the PMT, and (ii) the possibility of degraded 
timing performance resulting from multi-path effects when gamma rays scatter 
off collimators, slits, etc. within the vacuum chamber. The final design of 
the mechanical mounting of the PMT is now proceeding. 

The 1,5 ns rise-time, low-level pulses from the PMT will be transmitted over 
about 100 metres to the NIM electronics in the control room. Appropriate 
10mm corrugated semi-rigid coaxial cable, identical to that selected for 
the SSC phase measurement system, has been ordered following rf tests on 
a 20 m sample. 

REFERENCES 

1. National Accelerator Centre Annual Report, NAC/AR/82-OI (CSIR, 1982) 
section 2.7,3 

2. Ibid., section 2.7.4, Fig. 2 
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Fig. 2 Arrangement for studying heat transfer from the 2nd radial slit. 
The slit pillar (centre, right) slides on a water-cooled base
plate. Part of the electron gun is also visible to the right 
of the vacuum flange (centre). 
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Fig. 3 The collimator located in front of the magnetic channel MEC2, 
The cooling circuit and ceramic feedthroughs are shown. 
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2.8 Ion Source 

The design of the ion source for SPC1 (figures 1 and 2) has been completed. 
Because of the fairly intricate way in which the electrical supplies and 
channels for cooling water and gas had to be arranged in the ion source 
head itself, a full-scale perspex model was made (figure 3). This was 
followed up by a prototype head machined out of a solid copper block. 
Refer also to section 6.2.1 of this report. 

Orbit calculations with recently-measured electrolytic tank fields seem to 
indicate that the angle between the face-plate and the back of the head 
should be increased by ~ 4 for better optimization of the beam. The 
prototype will, however, suffice for our first tests on the internal beam 
and manufacturing of a second head will therefore be delayed until we have 
gained more data on the performance of the ion-source system. 

The main gas system for the ion source of SPC1 is still not in a proper 
working condition and has been returned to the supplier. A small temporary 
gas system was therefore designed and built. This system consists of two 
one-litre capacity bottles, which can be filled to a pressure of 128 
atmospheres. Each bottle is coupled through a low-pressure regulator to 
a common piezo-electric valve. The electronics to control the gas flow 
consists of a variable-voltage power supply, a 1 - 50 Hz frequency generator, 
and an adjustable one-shot circuit, integrated on a single printed circuit 
board. The piezo-electric valve is switched with a short-duration (nominal) 
80 V pulse, the frequency of which can be varied. This method of open-
loop control results in a gas flow which is adequately stable even at very 
low flow-rates. The system has been completed and is operating satisfactorily. 
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Fig. 1 Layout of the ion source for the production of light ions. 
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Fig. 2 Schematic representation of the supporting table for the ion 
source shown in fig. 1. 
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Fig. 3 A full-scale perspex model of the ion source head for SPCl 
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SECTION 3 THE SEPARATED-SECTOR CTCLOTHOM 

3.1 Sector Magnets 

3.1.1 Introduction 

Three of the four sector Basnets have now been completed and delivered and 
have been erected in position in the vault (figure I). Magnets SM3 and 
SMI are already assembled coaplete with vacuua chambers and all coils. The 
busbars and electric connections as well as the water fittings are partly 
installed and are progressing well (figure 2). Machining of the last 
aagnet SM2 is also in progress and should be completed in September 1983. 
Final assembly of SM4, which was first assembled without vacuum chamber and 
trim-coils, is scheduled for next month. 

The prototype measurements on SM4 show satisfying results. The base field 
required to accelerate protons to 200 MeV can easily be obtained. The 
radial variation of the azimuthal field shape is negligible and also the 
shift of the effective field edge is small owing to the antisaturation 
pole edge profile. The holes in the pole-faces for the studs which will 
retain the vacuum chamber walls were shimmed to give maximum perturbations 
of less than 0,02Z. 

All trim-coils have been manufactured and delivered to site. 14 type (1) 
power supplies for the trim-coils were delivered and tested, and the 
remaining 10 type (1) and 14 type (2) power supplies have now been ordered. 
The booster power supplies also arrived this year and meet the specifications. 

The magnetic field mapping equipment MFKEI is operational. After some 
modifications to the electronic interfaces and improvements to the mechanical 
positioning device, the machine is now ready for installation on SM3. The 
software for automatic computer control, which also manages error checks 
and on-line data processing during the measurements, was completed and 
tested in detail. We will start full field maps later this year, when 
we have gained some operational experience on a sector magnet. 

A calibration service for Hall plates and magnetic field probes was started 
recently. An accuracy of I x 10~* could be achieved for the calibrations, 
but the influence of temperature must be considered for accurate measurements 
with Hall probes. We also assisted other divisions with field computations 
and magnetic design problems using our computer programs VEF02 and P0FEL3. 

3.1.2 Steel parts 

Final machining of the sector magnets SMI and SM3 by a local engineering 
company has been completed. SM2 is now being machined and should be 
finished during September 1983. All four magnets will then be complete, 
as SM4 was already delivered early last year. It appears that machining 
of the pole pieces of one magnet and gun-drilling of the holes for the 
vacuum chamber studs takes approximately seven months. This is considerably 
more than originally estimated, but necessary to avoid mistakes, as any 
large correction is very difficult and time-consuming. The overall 
flatness of all pole faces is better than 0,1 ma, and two faces even show 
a flatness of 0,06 on. Thus thr real gap width deviates less than 0,1 mm 
from the nominal value of 66 on, improving to nearly 0,05 mm for the most 
recent pole package. 

Differences in the edge profile and geometry of the poles require a shift 
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of up to 0,8 mm of one pole relative to the other when aiming for optimum 
symmetry of the magnetic field with respect to the median plane of the gap. 
Therefore a special error-reducing method was developed to position the 
poles according to field estimates based on their real size. This method 
combines various measurements in such a way that an accuracy of 0,1 mm 
azimuthally can be achieved for the magnetic alignment of the pole edges. 

3.1.3 Coils and power supplies 

The trim-coils for all four sector magnets and the first 14 power supplies 
for these coils have been completed and delivered. Both coils and power 
supplies have been inspected and tested and meet the specifications, except 
for two power supplies which have been returned for repair. The remaining 
twelve power supplies will be temporarily connected to SM3 for test 
measurements of trim-coil fields. The purpose of these coils is to produce 
the various isochronous radial field shapes required. They distribute the 
field differently in the gap, but do not change the total magnetic flux 
significantly {l}. A single pair consisting of an upper and a lower coil 
generates a characteristic increment in the field, as shown in figure 3. 

A total of 36 power supplies will be required, as shown in figure 4, to 
feed all trim-coils and allow enough flexibility for corrections. There 
will be 14 type (2) power supplies able to power from four to eight trim-
coil pairs and 22 type (I) power supplies feeding only one or two trim-coil 
pairs. The 14 power supplies on site are of type (I) and the remaining 22 
have been ordered, plus two spare supplies. The booster power supplies 
have also been delivered and tested earlier this year, but only the SM4 
booster coils have been connected and operated. 

3.1.4 Assembly 

When the pole package for SM3 was assembled together with the vacuum chamber 
and trim-coils (figure 5), the conductor bundles had first to be modified 
as they did not fit the chamber. Only at their centres are the trim-coils 
fixed onto the vacuum chamber, to allow for thermal expansion during 
operation. The mounting device allows some free play in the vertical 
direction, so that a number of small springs may press the coils against 
the pole faces. However this suspension is too weak to take all the forces 
on the coils during assembly and in operation, and therefore additional 
rubber-lined clamps are used to hold the conductor bundles at the chamber 
flanges. Though all trim-coils are nylon-coated, both vacuum chamber and 
poles are protected with heat-resistant melinex sheets to provide a second 
precaution against short-circuits. 

Work on the cooling water connections for all SM3 booster coils, main coils 
and trim-coils is in progress. Every single coil has a throttle valve and 
a flow-switch checking for a minimum water flow. The complete assembly of 
the four sector magnets, together with water circuits and electrical 
connections, should be finished by the end of 1983. 

3.1.5 Prototype tests on SM4 

When SM4 was assembled in the vault last year, the main coils were energized 
to verify the design and to measure the field quality of the magnet. The 
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maximum field achieved with both main and booster-coils (80 000 and 
24 000 A-turns respectively) was 1,25 T. This is ~3Z less than the value 
predicted previously and is probably due to the influence of the narrow 
interface gaps which were not taken into account. But field measurements 
at the back of the magnet showed that isochronisation may be extended up 
to 90 mm further in radius. The field is sufficient for accelerating 
3 H e 2 + ions up to 300 MeV. 

The strong magnetic field over the large area of 6 m 2 produces a force of 
300 tonnes attracting the pole pieces towards each other, resulting in a 
deflection of the poles. The narrowing of the pole gap was measured to be 
a maximum of 0,3 mm at a radius of 2300 mm and compares well with the 
predicted deflection. 

When switching on the magnet or changing the field we found that the response 
time must be considered, as it can take up to two hours to magnetise the 
huge iron mass. By overshooting the new level for approximately 19 minutes 
(depending on final excitation or relative field change), the settling time 
could be reduced to 20 minutes. With the help of the booster coils it may 
be possible to reach a stable field even faster, as they magnetise the back 
yoke directly. 

An important part of the tests was the measurement of the edge field. Its 
azimuthal shape as well as the change of shape with radius and excitation 
are important, as these influence focusing and orbit conditions. The 
measurements proved that the azimuthal field shape does not vary more than 
0,2% radially for low as well as for high excitations. Also, leading- and 
trailing-edge measurements compared well with each other and with computed 
fields. Due to the antisaturation pole-edge profile, the field shape 
changes very little with excitation, but the differences still contribute 
up to 1% at full main coil currents, which causes a 5 mm shift of the 
effective edge compared to a low-excitation field. Since the booster 
coils produce more stray field near the gap, this edge shift may be 
corrected for up to 80% of maximum main coil current (see figure 6). A 
possible way to control the field shape over the whole excitation range is 
to start with 100% current in both main and booster coils, then decrease 
both in the required relation and go on to negative currents in the booster 
coils below about 70% in the main coil current. 

As SM4 was assembled without either vacuum chamber or trim-coils, we had 
access to the pole faces and the stud suspension holes to do a test series 
on size and thickness of the shim washers which correct the field 
perturbations. The influence of the holes had been estimated from model 
measurements, but was actually 10% less than expected. With final shim 
dimensions of 12 mm inside and 19 mm outside diameter and 0,46 mm thickness, 
the perturbations could be reduced to AB/B <. 2 x 10-1* for all excitations. 

o 

3.1.6 Magnetic field mapping equipment MFME1 

Figure 7 shows the lay-out of this equipment which will be used to map 
the field of the sector magnets {2,3}. Development and testing of MFME1 
have been completed during the past year. Several improvements to the 
positioning equipment and control electronics were necessary. The digital 
voltmeters for the Hall plates had to be modified to ensure a measurement 
accuracy of ±5 pV without use of filters. Weak points in the interface 
electronics were located and rectified to suppress noise and glitches 
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which interfered with digital signals, causing much difficulty with computer 
control. 

We had also to modify the tension of the perforated phynox bands for the 
outer and inner segments to 30 and 36 newtons respectively in order to 
ensure smooth azimuthal positioning of the radial arm. After initial 
problems these bands were delivered with laser survey test certificates 
to prove that the position of the perforation holes is accurate to within 
±0,1 mm over the total length of 7 m, and this determines the azimuthal 
accuracy of the arm position. 

Further mechanical modifications to the probe carriage and shimming of the 
radial rail brought the standard positioning accuracy of the Hall probes 
down to ±0,20 mm azimuthally as well as vertically, and to ±0,16 mm radially. 
These figures take into account a centre-misalignment of the equipment as 
well as azimuthal positioning tolerances of the arm and deviations along a 
radial track. Peak deviations are still considerably larger at some radii 
(see figure 8). However, further mechanical improvements are very difficult 
to realise, because only non-magnetic materials may be used and the height 
of the machine inside the pole gap is limited to 27 mm. Any slight tilt 
of the carriage is magnified by a factor 5 to 10 at the position of the 
probes due to the long probe holder. Assembly of NFNE1 on SM3 is now 
in progress and the first measurements later this year should show whether 
or not systematic positioning errors have to be corrected numerically. 

The program SEMFIP for computer controlled operation of MFME1 has been 
completed and successfully tested. The main program is written in FORTRAN, 
but for the drivers and immediate data processing routines we used assembler 
language to save time. One field map over 94 actually requires 520 000 
individual measurements and can be completed in l\ hours. This includes 
several error checks similar to those used by SIN {4}. The error elimination 
routines are processed during movement after each of the 68 000 regular data 
points. For each data point five readings are taken in 1 mm intervals and 
a first, second and third-order polynomial is fitted while the carriage moves 
on to the next measuring position. This will allow us to detect and eliminate 
poor readings as well as to derive statistical conclusions on short-range 
variations of the field measurements, e.g. due to vibrations, and conclusions 
on the reliability of the measurement. 

Normally data from Hall probe (1) are stored as final. Only in those parts 
of a map which are not accessible with probe (1) are the readings of probe 
(2) used. These readings are then normalised with respect to probe (1) 
using the overlapping part of a radial track, where data of both Hall probes 
are available. A built-in default protects the Hall plates against damage 
such as from hitting a wall of the vacuum chamber or any other defined 
obstacle. To stop the carriage safely at a certain radius, a computer-
accessible option had to be installed for changing the carriage speed. The 
speed is now already reduced prior to the last data point and the carriage 
can then be stopped correctly without overrun. 

The frame for supporting MFME1 on a sector magnet has been fabricated in 
our own workshop. During measurements an air-conditioned tent will cover 
the whole equipment including the sector magnet to keep the temperature 
constant within ±3 C and to reduce the dust level. The temperature of 
MFME1 will be recorded at eight different locations to detect any abnormal 
variations, since thermal expansion has an important influence on the 
positioning accuracy {5}. 
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3.1.7 Calibration facilities 

A calibration service for Hall plates and magnetic field probes has been 
started recently with a spare power supply and a calibration magnet. This 
supply can only provide 36 volts and therefore the maximum field achievable 
is 2,1 T. The observed stability of 30 ppu is good enough for calibrations 
to an accuracy of 100 ppm. A nuclear magnetic resonance meter serves as a 
standard from 0,1 T to maximum excitation, providing absolute field 
measurements to an accuracy of ±2 x 10 - 6 T. For fields less than 0,1 T, 
a rotating-coil Gaussmeter can be used to calibrate probes. 

30 to 60 calibration data in the range from -2 T to +2 T are required by 
the computer program "HALFIT" which finds the best-fitting polynomial up 
to the 19th order. The fit is done by means of Chebyshev polynomials, as 
they are orthogonal and therefore convergence is reached more easily. For 
simplicity of use, polynomial coefficients are then derived from the 
Chebyshev fit and the operator selects a calibration polynomial of lowest 
possible order. Typically 5th to llth-order functions are required. 

Owing to temperature stabilization during the calibration process the 
statistical error of two independent calibrations was brought down to 
0,02 mT. However, as figure 9 shows, two calibrations of the same Hall 
plate can deviate by a few tenths of a mT, owing to a small difference 
in temperature. Additional temperature calibration and monitoring the 
temperature during a measurement should solve this problem Í5). 
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Fig. 1 Sector magnet SMI being assembled in the SSC vault. 

Fig. 2 Busbars on sector magnet SM3 for those trim-coils which close 
at the rear of the pole. 
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Fig. 3 Change of radial field shape in the pole gap of a sector magnet 
due to a single pair of trim-coils. The major sources responsible 
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respectively, the total radial field increment, the increment 
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NAC 8328 

Fig. A Powering layout for SSC trim-coils. The 22 type 1 power supplies 
energizing one TC-pair are represented by squares, the 1A type 
2 power supplies energizing A or 8 TC-pairs are represented by 
circles. 
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Fig. 5 Asseably of pole package. A vacuus chaaber plus trim-coi ls i s 
assembled with a lower pole-piece. 
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Fig. 7 The magnetic field mapping equipment as installed on a sector magnet: (1) Aluminium segment tracks, 
(2) track supports, (3) radial rail, (4) slide support, (5) probe carriage, (6) Hall probes 1 and 2, 
(7) probe connection cables, (8) cable tension and take-up unit, (9) radial drive motor, (10) radial 
drive ropes, (11) radial position encoder, (12) encoder drive band, (13) take-up drum for encoder 
cables, (14) band tension motors, (15) perforated phynox steel bands, (16) azimuthal position encoders, 
(17) band guiding wheels, and (18) azimuthal drive motors. 
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vertical deviation of both Hall probes along a radial track. 
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3.2 Radio-Frequency System 

3.2.1 Introduction 

The radio-frequency system for the SSC consists of three main sections, 
namely the resonators, power amplifiers and the control systems, including 
the phase and amplitude stabilization. 

The two large resonators, each weighing about 25 tons, are required to 
accelerate the particle beams by means of radio-frequency voltages of up 
to 250 kV peak per accelerating gap, using a 6 to 26 MHz frequency range. 
The manufacture of the main components of the first resonator was completed 
by May 1983 and, after assembly, vacuum testing will be performed during 
August at the manufacturer's premises. The second resonator should be 
completed six months after the first. 

All manufacturing problems have been solved satisfactorily and it has been 
possible to attain the required tolerances on all parts. All were vacuum 
tested individually, where possible. 

The large tuning-capacitor units were added to the order for the resonators 
and the two units for the first resonator are nearly ready for installation. 
They will remain mounted in the resonator during transport to the NAC. 

A suitable solution for the positioning mechanism of the short-circuiting 
plates has been found in consultation with the resonator manufacturer. A 
decision about manufacture will soon be taken. The requirements for the 
short-circuiting plates are now finalized and the design of this will be 
undertaken by the NAC staff on the basis of a model which has been 
manufactured in the NAC workshop. 

Two NAC staff members have regularly visited the resonator manufacturer 
during the period covered by this report to observe progress with manufacture, 
to ensure that the tolerances are adhered to, and to finalize the design of 
certain parts. 

The two 150 kW radic-frequency power amplifiers successfully passed their 
acceptance tests at the factory and were delivered to the NAC in 
September 1982. The power-supply enclosure and the air-cooling system for 
each amplifier can be installed after the building and the appropriate 
cranes are completed. Commissioning of the amplifiers under supervision 
of an engineer from the manufacturer is planned for September. Two members 
of the rf-group visited the manufacturer for training and to observe the 
acceptance tests. The dummy load ordered with the power amplifiers has 
already proved useful for th* tests of the SPC1 power amplifiers. 

The parts for the SSC phase and amplitude control system will be constructed 
as soon as the identical parts developed for the SPC1 rf-system have been 
completed and tested. 

3.2.2 SSC resonators 

Detail of the two SSC resonators was described in the previous annual 
report {l}. 



t 

70 

3.2.2.1 Manufacture 

The manufacture of the two resonators is progressing well. All major 
parts for the first resonator have been manufactured and assembly is now 
in progress to prepare for the vacuum test. All manufacturing problems 
have been solved satisfactorily. The progress with the various parts is 
shown in figures 1 to 8. 

It has so far been possible to attain the specified tolerances everywhere. 

(a) Stainless steel resonator chambers 

Both chambers have been completed. Machining of all critical 
dimensions was done to an accuracy of better than ±0,5 mm. 
This applies specifically to the two oval seal surfaces on the 
two sides of each resonator chamber, which seal on to the 
adjacent magnet vacuum chambers. 

(b) Copper outer delta 

The five parts of the outer delta for the first resonator, made 
from 3 mm thick copper plate and with the cooling tubes attached, 
fit together correctly when installed inside the stainless steel 
chamber. The adjustment of the top and bottom plates provides 
the necessary tolerance for adequate contact of the contact-
fingers. A problem was experienced with the purchased contact-
fingers when bubbles appeared in the silver plating after soft 
soldering of the fingers. The problem was solved when unplated 
fingers were supplied which were subsequently silver plated by 
a firm which specializes in heat-resistant plating. The outer 
accelerating lips are positioned within the tolerance of ±1 ran. 

(c) Copper outer and inner cylinders 

The dimensions of the outer and inner cylinders for the first 
resonator are within the specified tolerances and all parts fit 
together correctly. The rf-surface quality is acceptable and 
the end support structure joining the inner and outer cylinders 
allows centering of the inner cylinder with respect to the outer 
cylinder to better than mm. All cylinders have internal 
water-cooling channels an. these have been pressure and vacuum 
tested. All parts for the irst resonator are complete. 

(d) Inner deltas 

The two inner deltas of the first resonator, made from 3 mm thick 
copper plate with the cooling tubes attached and with machined 
profile edges and corners, were manufactured within the specified 
tolerances. The copper parts are supported on a stainless steel 
hub with radial stainless steel supporting arms. The outer 
edges of both inner deltas correspond with each other to within 
1 mm when the hubs are correctly aligned. The vertical positions 
of the corners of each inner delta are within ±1 ran of the ideal 
plane, which is at right angles to the centre line of the inner 
cylinder. The straightness of the profile edges forming the 
accelerating lips is also satisfactory. 



71 

The lower inner delta was installed on the lower inner cylinder, 
inside the resonator chamber, and the alignment of the accelerating 
lips between inner and outer delta was checked and found to be 
within the specified tolerance of 2 an, when the inner cylinder 
is concentric with the outer cylinder. This neans that the short-
circuiting plates do not have to allow for position errors of 
•ore than 3 an. The flatness of the flat parts of the inner 
deltas, overlapping the trapezoidal capacitor units, complies 
with the flatness tolerance of 3 mm. 

Capacitor units 

The design of the large aovable trapezoidal tuning capacitors, 
required to attain the lower frequencies, has been coapleted. The 
manufacture was awarded to the firm manufacturing the resonators 
and two of the four units have already been coapleted. The units 
will be installed in the resonator for the vacuum test at the 
factory and will be transported in position. Included in the 
order are the movable contact fingers for the capacitor units, 
their operating mechanisms and the positioning mechanisms for 
the capacitor units. Each capacitor unit is adjusted by three 
lead-screws enclosed in long flexible bellows for vacuum sealing. 
Positioning can be done to 0,1 ma. The overall manufacturing 
tolerance will be checked with respect to the contact fingers 
after installation of the units in the resonators. 

Short-circuiting plates 

The design of the positioning mechanism for the short-circuiting 
plates was developed in consultation with the resonator manufacturer. 
After evaluation of a number of solutions it was decided that a 
"pushing chain" system using two special chains together, back to 
back, offers the most suitable solution to the space restrictions. 
A sample of the standard pushing chain has been ordered for 
evaluation. If it is suitable a special version will be 
manufactured, which will also include locking parts to hold the 
two chains together. For the vacuum requirement of the positioning 
mechanism as well as the cooling water and pneumatic system of 
the short-circuiting plate we intend to use a special vacuum 
box. The chains and the flexible stainless steel tubes carrying 
the water and air will move in the vacuum. 

By using a minimum of six guide wheels to position the short-
circuiting plate around the inner cylinder it is possible to use 
only one positioning mechanism per short-circuiting plate. 
Rotation of the short-circuiting plate will be prevented by guide 
strips mounted on the plate which will slide over knobs screwed 
into the outer cylinder in a straight line, at intervals of 
230 ran along the length of the cylinder. 

Owing to the high accuracy of the inner and outer cylinders and the 
good concentricity, the tolerance for the movement of the contact 
fingers of the short-circuiting plate is substantially less than 
that required by the short-circuiting plates of the SPCI 
resonators. This enables a contact finger operating mechanism 
with very few moving parts to be used. Since the short-circuiting 
plate will be guided on the inner cylinder, the contact fingers 
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for the inner cylinder only have to move a maximum of 2 mm. 
This allows short contact fingers to be used with cooling provided 
by heat conduction to the short-circuiting plate, which is water 
cooled. Such fingers will be able to carry the high current-
density of up to 50 A/cm rms wiî ch is expected. This was proved 
by the investigation of the heating of contact fingers by rf-
currents in vacuum using a special test cell {2}. For these 
contact fingers special dispersion-strengthened copper will be 
used which has almost the conductivity of pure copper and also 
suitable mechanical properties for these contact fingers. 

For contact on the outer cylinders longer contact fingers can be 
used which allow movement up to 6 mm and which will carry the 
expected current of up to 20 A/cm rms. Each row of contact 
fingers is operated by a ring pressed toward the short-circuiting 
plate. A model was made in the NAC workshop to test the concept 
of operation of such fingers for the short-circuiting plate. 
This model showed that such a solution is practical. We intend 
to do the detail design of the SSC short-circuiting plates at the 
NAC after choosing between this method and the alternative method 
used for the short-circuiting plates of the SPC1 resonators. 

(g) Coupling and fine-tuning capacitors 

The basic design of these components has been done but detail 
design and manufacture still remain to be completed. 

3.2.2.2 Delivery of the resonators 

The transport of the first resonator to the NAC is scheduled for September/ 
October 1983 after the vacuum test for the complete resonator has been 
done. Before assembly and vacuum testing on site, the inner delta must be 
welded to the inner cylinder to ensure adequate electrical contact. This 
cannot be done at the factory because the parts must be transported 
separately. The second resonator will be delivered approximately six months 
after the first. 

3.2.3 SSC power amplifiers 

The final acceptance tests of the 150 kW amplifiers were successfully 
completed at the manufacturers plant. The amplifiers, the dummy load, the 
circuit-card test set, the rf transfer-switches and the installation spares 
have all been delivered to the NAC. To date we have been unable to begin 
installing them because of delays in commissioning the cranes. Before 
the installation can be carried out we must provide an airtight enclosure 
for the high-voltage power supply components and the ventilating equipment 
to supply the 8500 m3/hr of air required by each amplifier. Orders for 
these items have been placed with local firms. The target date for the 
completion of their work is the end of June. Installation of the 
transmitters will then be carried out during July and August and 
commissioning will take place in September. 

3.2.4 Phase and amplitude control and stabilization 

Most of the components for the phase and amplitude control and stabilization 
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of the SSC resonators are identical to those needed for the SPCI rf-system. 

When the system for SPCI has been fully tested and proved satisfactory, 
the units for the SSC will be ccnstructed. Detail of the SPCI system is 
described in section 2.3.3. 

REFERENCES 
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Fig. 1 The stainless-steel chamber of the first SSC resonator during 
manufacture. 

Fig. 2 One of the copper outer cylinders of the first SSC resonator 
during manufacture. 
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Fig. 3 The stainless-steel resonator chamber and the lower copper 
cylinder mounted on the support stand used for testing. 

Fig. 4 The structure supporting the copper inner cylinder in the 
resonator. 
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Fig. 5 The inside of the first resonator chamber, 
plate and side walls are visible. 

The copper bottom-

Fig, 6 The inside of the resonator chamber showing one side wall (right), 
the rear wall and the trapezoidal hole for the capacitor unit 
in the bottom plate. 
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Fig. 7 The inner and outer copper cylinders mounted on the first 
resonator chamber. 

Fig. 8 The lower half of the inner delta of the first SSC resonator. 
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3.3 Vacuum Sysreai 

3.3.1 Introduction 

The vacuum system for the SSC will be built up in two phases. Phase I will 
provide the system required to reduce the pressure to I0~* Pa for accelerating 
light ions while phase II comprises the additional pumps required to reduce 
the pressure to the low 10~ Pa range for accelerating heavy ions. 

All the vacuum pumps and all the large valves for phase I have been delivered. 
The small valves and vacuum gauges still have to be ordered. None of the 
equipment for phase II has been purchased so far. One or two DN 320 ISO 
cryopumps will be bought soon, for vibration tests on a resonator. 

3.3.2 Vacuum chambers 

3.3.2.1 Magnet vacuum chambers 

The special vacuum chamber for sector magnet SMI, which provides additional 
space for the magnetic inflection channel at the nose of this magnet, has 
been completed and delivered. All four chambers are now on site and have 
been inspected and tested. The SMI chamber had a leak at the nose end which 
was repair-welded by our own personnel. 

The studs on the chambers fit perfectly into their holes in the pole-assembly, 
thus proving that it was possible, by using special jigs, to manufacture the 
poles and chambers to extremely close tolerances, under very different 
conditions. When the assembled chamber-and-pole package was tested under 
operational load conditions, one stud broke off the SM3 chamber. On 
inspection it was found that it was only welded over a third of its cross-
section and therefore could not withstand the forces applied to the chamber 
during test cycles with repeated pump-down and venting. To prevent similar 
problems in future and to improve reliability, each stud was thereafter 
repeatedly loaded with 18 kN prior to assembly. This is slightly above the 
elastic limit of the stud's thread, but a few more weak welds were discovered 
and repaired. 

The edge cooling of the vacuum chambers was modified, as the original idea 
of bonding with thermally-conductive resin did not work. The copper cooling 
pipes are now soldered with a very low melting-point solder and clamps are 
used to secure mechanical strength. The low melting-point of the solder 
avoids heat stresses in the chamber when mounting the pipes and permits 
simple resoldering in situ if necessary. The cooling efficiency of all 
the bonds was checked in tests where the pipes were heated with water and 
the heat flow to the air-cooled chambers was measured. Figure 1 shows the 
results of such a measurement and the improvement in heat transfer due to 
resoldering. 

3.3.2.2 Resonators 

The first resonator is scheduled for delivery during Octo'.er this year and 
the second for delivery early next year. On arrival the resonators will 
first be assembled in the SPC2 area for various tests. Some of the vacuum 
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tests will be to determine the effect of cryopumps Mounted on the top of 
the resonator transmission lines on the operation of the resonator, and 
to check the possible effects of the vibration of a 2 • 3 s ~ 1 turbo-aolecular 
puap on resonator performance. 

3.3.2.3 Valley vacuum chambers 

The design of the valley vacuum chambers has been completed and the 
manufacture has been entrusted to a local manufacturer. Delivery is 
scheduled for the middle of next year. 

3.3.4 Pumping system 

3.3.4.1 Phase I - light ions 

The pumping system is unaltered from that reported last year. All the 
pumps for the first phase i.e. rotary vane, roots and turbo-molecular 
pumps have arrived and are ready for the completion of the resonators 
and valley vacuum chambers. A start will soon be made with the design of 
the control system for the phase I pumping system. 

3.3.4.2 Phase II - heavy ions 

There are still two basic problems with the cryopumping system, namely 
(a) the vibration of the cryopumps affecting the resonators and (b) the 
choice between a central compressor system versus individual compressors 
for each cryopump. When the first resonator arrives and has been assembled 
in the SPC2 area for tests, a standard cryopump without vibration damping 
will first be mounted on one transmission line and the effect of the 
vibration on the resonator operation will be determined. In the meantime 
quotations are being obtained for DN 320 ISO cryopumps with reduced vibration, 
having a membrane bellows between the cold head and the pump body. Such a 
cryopump with the decoupled cold head will then also be tested on the 
resonator. Depending on how the vibrations affect the operation of 
the resonator, one of these options will be used on all the cryopumps for 
the SSC. If this method of reducing the vibration is not acceptable, we 
shall have to look further for a solution to this problem. 

Some years ago a central compressor system with two large oil-free 
compressors was proposed as an attractive solution for the cryopumping 
system. The following difficulties have been experienced in implementing 
such a system: 

(a) One or more cryopumps will first have to be purchased with 
their own compressors for tests on the resonator vibration 
problem. 

(b) The larger volume of helium in a central compressor system 
implies a larger total amount of impurities in the helium. 
This could lead to cold heads freezing up and stopping, so 
provision would have to be made to remove some of these 
impurities by other means. 
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(c) The pipework for a central compressor system will have to 
be made and installed locally. This is considerably more 
complicated than connecting up the standard flexible lines 
of each cryopump bought with its own compressor. 

(d) Purchasing cryopumps and compressors from two different 
suppliers creates some problems regarding responsibility 
for malfunction. 

(e) Two large central compressors would also cause considerable 
vibration which might effect the resonators even if mounted 
on vibration-damped bases and placed 50 m away. More 
clarity has therefore to be obtained, once the resonators 
are here, on how sensitive they are to vibrations. 

However, if we consider the maintenance of these small compressors, each 
activated charcoal unit has to be replaced once a year and the compressor 
unit itself possibly every 3 to 6 years. The large oil-free compressors 
have a life-time equivalent to that of the cyclotron and smaller worn parts 
are replaced during routine maintenance. These are important factors to 
be considered in the choice between the two methods. 

The final decision on the type of compressor system should be made during 
the next year. 
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3.4 Injection 

3.4.1 Introduction 

Beam injection into the central region of the SSC is the process whereby 
the beam from the low-energy transfer beamline is guided onto its first 
centred orbit. This entails the computation of injection orbits and beam 
properties as well as the design, manufacture, testing and installation 
of the injection system, which has been described in previous Annual Reports. 

The work during the past year has mainly concerned the field measurement 
equipment for the magnetic inflection channel (MIC) and the testing of the 
hydraulic positioning mechanism for the MIC. The completion of the design 
of the central region vacuum enclosure has enabled us to order the vacuum 
chambers for the injection dipoles. 

3.4.2 The magnetic inflection channel 

A simple MIC field measurement system was devised and manufactured in our 
workshop. It basically consists of a 10 mm thick aluminium plate (onto which 
the MIC is placed in its correct position in the pole-gap) and a brass 
sliding mechanism, which can be positioned with the aid of pins and grooves 
on a grid engraved on the aluminium plate and onto which various Hall-probe 
holders can be mounted, to measure the field both inside and outside the 
MIC. The field measurement equipment and the MIC have been installed in 
the pole-gap of sector magnet 4 (SM4) (see figure 1), which has been 
assembled without a magnet vacuum chamber and thus offers the ideal 
opportunity for such field measurements. Both the MIC and this aluminium 
plate are held in position by a strong support structure fixed to the sector 
magnet itself. The mechanism is moved by hand between measurements, but 
the field values are recorded by a data acquisition system described 
previously {I}. The Hall-probe used for these measurements has been 
calibrated and field measurements and data evaluation for the MIC position 
required for the injection of 8 MeV protons are presently in progress. Of 
special interest is the field homogeneity in the MIC (determined by the 
shim thickness) and the field at the MIC entrance and exit, and alongside 
the MIC at the position of the next orbit. 

After numerous initial problems with the hydraulic drive mechanism for the 
MIC, the hydrospindle has now been tested successfully with a force of 
500 N in both directions. An accumulator and a pressure-switch were added 
to the system so that the electric pump does not have to operate continuously. 
The system is illustrated in figure 2. The pressure-switch regulates the 
operation of the electric pump in order to keep the hydraulic oil pressure 
between 7,8 and 8,2 MPa. To avoid problems with backlash, the standard 
rotary encoder used for various other position read-outs, will not be 
mounted onto the rotating spindle of the hydraulic drive as originally 
intended, but will directly measure the linear movement of the MIC via a 
rack-and-pinion arrangement. 

The MIC power supply has been delivered and tested and it is presently 
being used for the magnetic field measurements in the MIC. 
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3.4.3 The first bending magnet (BM1) 

The 32 V, 600 A power supply for B.v. with a stability of I * 10~*has been 
delivered and tested. The vacuum chamber for this dipole is on order. 

3.4.4 The second bending magnet (BM2) 

An additional power supply was ordered for BM2 after it became apparent 
that little progress wrs being made in improving the unsatisfactory operation 
of the first power supply (delivered by a local manufacturer). The new 
42 V, 800 A power supply with a stability of 1 x lCT^has now been delivered 
and tested. 

Evaluation of the data obtained from field measurements is in progress 
and a typical field plot is illustrated in figure 3. The excitation 
current is 600 A (for the injection of 8 MeV protons 560 A was envisaged) 
and it is evident that the usable gap width is at least 40 mm. The effect 
of the 24 edge-angle at the entrance of BM2 can also be clearly seen from 
figure 3. 

3.4.5 The central region support structure 

The central region support structure is a stainless steel structure to 
support the components in the central region of the SSC i.e. BM1, BM2 and 
the diagnostic chambers with their equipment. 

This structure has been manufactured, delivered and the lower part has been 
installed on the central pillar in the SSC vault. 

Reference 

1. National Accelerator Centre Annual Report, NAC/AR/81-01 (CSIR, 1981), 
section 3.4.4.1. 
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Fig. 1 Prototype MIC mounted in the 66 mm pole-gap at the nose of the 
sector magnet SM4 which was assembled without a vacuum chamber. 
The aluminium base-plate with circular tracks for the probe 
holder is clearly visible. 

Fig. 2 The hydrospindle for positioning the KIC, mounted in a frame 
(right) for load-testing using a hydraulic drive and accumulator. 



THETA (DEGREES) 
Fig. 3 The magnetic field distribution as a function of azinuthal position in the median plana of the second 

bending magnet (BM2). Various plots are shown as a function of radius whara R© is the radius of 
curvature on the pole centre-line. Note the position of the affective edge and that the field is 
uniform over a radial range of at least 40 mm. *• 
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3.S Extraction 

3.5.1 Introduction 

As the beam is accelerated in the SSC it spirals out until it reaches a 
radius from which it has to be guided out of the cyclotron, in order to be 
transported to various targets. Beam extraction from the SSC is thus the 
technique whereby the beam is deflected out of the SSC into the high-energy 
beamline. This includes the computation of extraction orbits and beam 
properties as well as the design, manufacture, testing and installation of 
the extraction system which has been described in previous Annual Reports. 

Initial magnetic field measurements in the pole-gap of the sector magnet 
SM4 near extraction (i.e. along the centre-line of the magnet) revealed 
some interesting results. Since the field remains isochronous for a few 
cm beyond the extraction orbit, computations were carried out to increase the 
orbit separation in front of the septum magnet SPM2, and also to determine 
the range of the positional adjustment required for each extraction component. 

The conceptual layout of the extraction components and their support 
structures received attention together with the specifications and detail 
design of the valley vacuum chambers. We found that the length of SPM2 
could be increased from 500 to 600 mm, which has very attractive implications 
for the current and power dissipation requirements of this magnet. 

3.5.2 Orbit calculations 

After the first sector magnet (SM4) had been assembled, initial field 
measurements were carried out by the magnet group to determine the edge-
field profiles. An unknown factor for the orbit computations has always 
been the edge-field shape along the sector magnet centre-line towards the 
return yoke: in other words, the maximum allowable extraction radius in 
the sector magnets was always only estimated. For this reason field 
measurements of this edge-field were initiated. At the same time a new 
set of orbit calculations was carried out with the latest version of the 
computer program ORBIT CODE {1}. Until then all orbit calculations were 
carried out with the "acceleration program" developed some 8 years ago. 
Although no significant differences in the orbit position were noted, 
ORBIT CODE has some very attractive features, e.g. the addition of 
electrostatic fields for the electrostatic extraction channel (EEC) etc. 

The results of the edge-field measurements and the position of various 
orbits on the centre-line of sector magnet SM4 are illustrated in figure 1. 
It was established that with the aid of the two additional trim-coils at 
the rear of the sector magnet pole, the field could be kept isochronous up 
to about 30 nmi from the pole-edge (and thus also from the magnet vacuum 
chamber wall) {2}. Using a field strength of 0,07 T for the septum magnet 
SPM1 (and 50kV/cm in the EEC) as originally envisaged for extraction of 
200 MeV protons, we calculate that the central particle of the beam is 
about 92 mm from the pole edge at the rear of the magnet on the midline; 
this implies that the field is still isochronous for 62 mm outside the 
orbit in SM4. 

Special attention was thus given to the effect of various field strengths 
in SPHI and these results are summarized in figure 2. For a SPMI field 
of 0,07 T the orbit separation at the entrance to SPM2 is 29,6 mm which 
was always considered to be marginal. Due to the availability of the 
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isochronous field far beyond the extraction orbit in SM4, we now propose 
to increase the SPN1 field strength to 0,1 T, which implies an attractive 
orbit separation of 40 ma at the entrance to SPM2 (see figure 2). In 
this case the isochronous field still extends 52 mm beyond the extraction 
orbit along the centre-line of SM4. 

It should thus also be noted that with a SFMl field strength of 0,1 T it is 
therefore still possible either (i) to shift the 200 MeV proton beam 
radially outward by about SO on (by lowering the field strength of the 
sector magnets) or (ii) to allow beam acceleration over a few «ore turns 
to obtain a few MeV higher-energy protons. It is then necessary to ensure 
that the extraction components can still be positioned over this radial 
range. The positional requirements of the various components have been 
studied and are summarized in reference {2}. 

For the proposed extraction of 200 MeV protons, minimum radial beam clearance 
will occur at the entrance to the second (or west) resonator, where the 
radial distance between the central particle and the outer casing will be 
about 79 mm at the entrance to this resonator {2}. For the second (or 
west) resonator the lip of the outer delta as well as the outer casing on 
the exit side were specially cut back radially more than for the first 
(or east) resonator to ensure sufficient beam clearance (especially after 
deflection with SFMl inside the resonator). 

3.5.3 The electrostatic extraction channel power supply 

A 100 kV, 5mA high-voltage power supply with a stability of 1 2 x I0~H 

was originally ordered for the EEC. This has now been delivered, together 
with the necessary high-voltage cable and connectors. Hcwever, because 
somewhat higher voltages are needed for effective conditioning of the EEC 
for deflecting 300 MeV 3 H e + + ions (requiring 93 kV across the 15 mm gap), 
we have since ordered a 120 kV power supply with the same current and 
stability ratings. The 100 kV power supply can also be used for the EEC 
of SPC1, and we shall keep it as a reserve high-voltage power supply. 

3.5.4 The first septum magnet (SPMI) 

As a result of the edge-field measurements towards the return yoke of the 
sector magnet it was found that the beam could be deflected further out, 
as described in section 3.5.2. Subsequent orbit calculations have shown 
that a magnetic field of 0,1 T is preferred for the deflection of 200 MeV 
protons to increase the orbit separation in front of SPM2 to about 40 mo. 
This would imply a supply current of 500 A in SFMl. 

The maximum radial movement of SPMI will only be limited by the physical 
restrictions in the resonator. This implies a total movement of 180 mm. 
Furthermore, to align the septum optimally, the magnet must be able to 
swivel about a pivot point below the diagnostic finger at the entrance 
by ±5°. 

3.5.5 The second septum magnet (SFM2) 

Orbit calculations have shown that although an increase in the SPMI field 
strength increases the orbit separation at the entrance to SPM2, it is not 
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an efficient way of reducing the flux density in SPM2 (e.g. an increase of 
the SFMI field strength by 300Z would reduce the required SPM2 field 
strength only by 9Z). With the detail design of the valley vacuum chambers 
it became apparent that the length of SPM2 could be increased by 100 mm to 
600 an. Calculations have shown that this would decrease the maximum 
excitation current by about 15Z and the maximum total power consumption by 
about 20Z. A detailed analysis of these implications is in progress. 

References 

1. P M Cronje, ORBIT CODE, (NAC, unpublished) 

2. P Rohwer, 3 Schneider, W A G Nel, NAC Internal Report NAC/EI/82-06 
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3.6 Beam Diagnostics 

3.6.1 Introduction 

The properties of the beam in the SSC will be monitored and recorded with 
the beam diagnostic system envisaged for this cyclotron. We will thus 
not only be able to diagnose problems which may occur with the beam but 
will also be able to reduce the set-up times and optimise the cyclotron 
performance with such a system. 

The aspects mentioned below received special attention during the past year. 
The design of the central region vacuum enclosure and the valley vacuum 
chambers, in which most of the probes are situated, progressed well and 
the exact position and location of all the diagnostic equipment was 
defined. The beam diagnostic equipment for the central region of the 
SSC has been received and tested. 

Further developments on the double-heterodyne beam phase measurement system 
have culminated in the final construction of the electronics. Special co
axial cable is on order for this system. The characteristics of logarithmic 
current amplifiers were studied in detail and important guidelines for 
future current measurement techniques were laid down. 

We have decided on a particular closed-circuit TV system. Although some 
parts are still on order, the basic system has been delivered and tested, 
and is already partly installed. 

3.6.2 Layout of the diagnostic system 

The design of the valley vacuum chambers as well as the central region 
vacuum enclosure through BM1 and BM2 received special attention. Some 
probe positions had to be altered owing to space restrictions. Each flange 
as well as its orientation has now been defined for the various probes, 
viewing, surveying and water and current feed-throughs. (See figures 2 and 3 
of section 1). Virtually all the probes are situated in the valley 
vacuum chamber owing to our very narrow sector magnet pole-gap (only about 
30 mm is available) and the mechanical and electrical inconvenience of 
placing them inside the resonators. The requirements for the valley vacuum 
chambers have helped to finalize the conceptual designs of the various 
probes. The present layout of the beam diagnostic system for the SSC is 
illustrated in figure 1; the function of the various probes has been 
described previously. 

The vacuum enclosure for the central region has been detailed and an order 
has been placed for the diagnostic chambers, amongst other items. The 
first diagnostic chamber will carry a harp, A capacitive phase probe and a 
scanner will be mounted onto the second diagnostic chamber between BM1 and 
BM2. The harp in front of BM1, the scanner, the capacitive phase probe, as 
well as the harp in front of the magnetic inflection channel (MIC) have 
been delivered and tested. Since the harp in front of the MIC is mounted 
onto the valley vacuum chamber 600 mm above the median plane, it requires a 
very long supporting shaft as shown in figure 2. A close-up view of such a 
harp (which is actually the one to be mounted in front of BMI) is shown in 
figure 3. Scanners were initially also envisaged {)} in place of the two 
harps, but since scanners have to be mounted at 45 to the vertical axis 
not enough space would have been available to install them. 
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The harps are mounte 1 onto the shaft of a pneumatic actuator with a CF100 
mounting flange. We attempted to use the same number of wires (i.e. 47) 
as on the harps for «.he low-energy transfer beamline: however, the CF100 
mounting flange permitted only 42 wires spaced at 1 mm intervals. 

The scanner to be installed in front of BM2 is shown in figure 4. A 
typical ca*>acitive phase probe is illustrated in section 5, figure 18. 

The harp and scanner electronic systems acquired for the low-energy transfer 
beamline will also serve these harps and the scanner, respectively. 

3.6.3 Current measurement 

Three types of logarithmic dc/af current amplifiers {2} were selected for 
scrutiny and building of prototypes. In each case accuracy of IZ-of-
reading was demonstrated over the required dc range from 1 mA to 5 pA. A 
commercially available hybrid device, a well-known discrete device circuit, 
and a fast-response variation of this same circuit, were all developed and 
characterised for error sources, transient response and steady-state gain-
phase response. The first two circuits were shown to meet dynamic 
requirements for EAR applications down to 3 nA intercepted current, when 
lZ-of-reading gain error and 0,1 mm uncertainty in corresponding position 
of the moving probe (arising from phase lag in the amplifier) are tolerated 
for a probe moving radially at 40 nm/s through successive orbits spaced 
5 mm apart. The fast-response amplifier met the same conditions down to 
300 pA. All circuits were shown to settle in < 0,5 s to within IZ-of-
reading in response to an applied 10Z step function, down to 5 pA, which 
would be acceptable to an operator making adjustments to steady-state 
measurements such as Faraday cup current. Performance of the feed-back 
type linear transimpedance amplifier in EAR measurements was shown to meet 
the above criteria down to 5 pA when critically tuned. In all cases 2 nF 
of input cable capacitance was incorporated to make practical allowance for 
typical cable lengths of 30 metres Í3). A concrete proposal has been made 
for each system of current amplifiers, managed by a local microprocessor 
unit (MPU), connected by CAMAC to the control room, with control from the 
console via the central processor unit (CPU) and multi-channel display via 
a graphics translator. The local MPU will take care of rapid anti-logging 
(32-bit precision in 17 microseconds with the arithmetic logic unit 
incorporated in the MPU) and calibration of 4.11 log amplifiers, and auto-
range changing and calibration of feedback-type pmplifiers, together with 
data buffering and any time synchronisations. Software has been developed 
to enable rapid installation of temporary dual-channel current measurement 
capability at any site through an IEEE-488 connection via CAMAC to the 
control room console, using a commercially-available electrometer/multimeter 
instrument. The development of software for current measurements will be 
aided by the high-level interpretive language FORTH, referred to in the 
paragraphs below. 

3.6.4 Beam phase measurement 

Further developments in this double-heterodyne system {4} have culminated 
in the final construction of the electronics. A block diagram of the 
electronics and the final assembled system is shown in figures 5 and 6 
respectively. 

To place the signal-processing electronics optimally close to SPC1, and to 
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the phase probes in the beamlines and in the SSC, we chose a location 
just inside the control room. Coaxial cable paths from probes and rf pick-
off s were determined, leading to an order of more than 2 km of 10 mm semi
rigid cable. 100 metres of this cable lies inside the SSC vacuum chamber; 
rf and vacuum tests on a 20 m sample of cable led us to specify a modified 
cable (minus PVC jacket, and with the introduction of a 3 mm hole in each 
connector to facilitate pump-down to 5 x 10"* Pa). We have ordered cheap 
N-type coaxial vacuum f&ed-throughs with 0-ring seals for bringing these 
cables out at the extraction valley vacuum chamber flange. Multi-way 
microwave coaxial switches have been received for (i) scanning the 20 
(approx.) SSC radial phase probes and the beamline probes, and (ii) selecting 
the rf reference signal from the resonators (SPCl or SSC) or from the buncher. 

Signal processing has been extended with the completion and testing of 
several system elements. Beam pulse second-harmonic level detection and 
electronic attenuation under CAMAC control was completed. The dynamic 
range of the 19 to 63 MHz [(2 x rf) + 9 MHz first IF offset] phase-locked 
loop was extended to 20 db to encompass this amplitude range of rf 
accelerating voltage. The five alternative bandpass filters, selected by 
reed relays, were designed and built into the front-end signal path, to 
eliminate all but the second harmonic of the beam pulse prior to introduction 
of any significant non-linearities associated with amplification and mixing, 
thereby minimizing phase-contaminating intermodulation products at the 
second harmonic. The previously reported audio-frequency phasemeter has 
been used in its intended role of measuring final phare at the 2nd IF of 
1,5 kHz, in a bandwidth of 15 Hz. Measurements under laboratory conditions 
have confirmed that the system measures phase to less than one degree of 
error for sinusoidal signals simulating the second harmonic of beam pulses 
derived from beam currents from 100 microamps down to I nanoamp, based on 
expected capacitive phase probe sensitivities. 

An interpretive high-level language has been selected for use as an aid 
to software development on the CAMAC-interfaced microprocessor (MPU). A 
version of the language FORTH, which is expected to become available shortly, 
and which is transportable via the CP/M operating system, has been ordered 
for assessment. 

MPU control of the phase measurements system has been flow-charted, and 
software development for testing of the completed electronics has commenced. 

3.6.5 A closed-circuit TV system 

To allow for any future expansion we decided to acquire a closed-circuit 
TV system (CCTV) using multiplexing so that any one of up to 32 TV cameras 
can be linked to any one of 6 monitors. The complete system is illustrated 
in block-diagram form in figure 7. 

We initially ordered only 4 cameras with lenses, one camera crate with 
four camera-control plug-in units, the multiplexing (or matrix) system, 
four selector units, four monitors and all the necessary cables. These 
have been delivered and tested, and some items are already installed. The 
system is working well and we are very satisfied with its performance. 
Some of the above-mentioned items are shown in figure 8. 

The main features of the camera are: 
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(i) the use of nuvistors (instead of transistors) for the pre
amplifier in the camera head to withstand higher radiation 
doses, 

(ii) the removal of control electronics from the camera and 
placing it in a camera-control plug-in unit away from the 
radiation areas, 

(iii) shielding of magnetic fields up to 100 Gauss: (for higher 
fields additional shielding is needed), 

(iv) a variety of lenses with zoom, iris and focus adjustments, as 
well as radiation-resistant lenses, and 

(v) facilities for local or remote focussing. 

A selector unit is associated with each one of the six monitors. If a 
button on the selector unit is pressed to select a camera it lights up: 
the selection of other cameras with other selector units is denoted by a 
faint illumination of the respective button on each selector unit. Note 
however, that more than one selector unit (and monitor) can select (and 
display) the same camera. 

In order to simplify the remote adjustments of each camera and its lens 
(i.e. iris, focus, zoom, panning and lighting), we decided to order a 
camera control system based on our specification and requirements, from 
the same manufacturer. This system consists basically of a camera control 
unit for each monitor and its selector unit and a second multiplexer, 
(see figure 7). The camera control unit will form part of the front-panel 
control in the control-console, and the second multiplexer (MUX in 
figure 7), under control of the matrix system, will direct the camera 
control to the selected camera. Thus, if a particular camera is selected, 
the camera control unit associated with that selector is automatically 
linked to the selected camera and lens for remote adjustments. Altnough 
more than one selector unit can select the same camera, only the station 
that has first selected that camera will have control over the lens and 
camera adjustments. At the moment provision has been made for remote 
control of only 16 cameras for financial reasons: however, this can be 
extended to 32 cameras, if required at a later stage. Delivery of this 
system is expected in the next few weeks. 

We intend to order additional cameras, lenses, camera crates and plug-in 
units, selector units and monitors in the coming year. 

References 

1. National Accelerator Annual Report, NAC/AR/78 (CSIR, 1978) 

2. P Molteno, L Knoll, P van Schalkwyk, NAC Internal Report NAC/BD/83-02 

3. P Molteno, NAC Internal Report NAC/BD/8I-03 

4. National Accelerator Annual Report, NAC/AR/82-01 (CSIR, 1982) 
section 3.6.3 
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Fig. I The beam diagnostic lay-out for the SSC: (1) harp, (2) beam 
profile scanner, (3) capccitive phase probe, (4) harp, (5) and 
(6) multi-finger probes, (7) beam stop, (8) and (9) EAR probes, 
(10) phase probes, (II) and (12) radial differential probes, 
(13) beam scanner, (14) and (15) collimators, (16) to (19) radial 
collimators, (20) to (24) collimators, (25) TV and/or viewing ports. 
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Fig. 2 Pneumatic actuator with a long supporting shaft for a harp: 
it wi l l be mounted vert ical ly on the valley vacuum chamber 
of the SSC ( i . e . 600 ran above the median plane), in front of 
the MIC (see figure 1). 

H Í l / l J 

Fig. 3 The harp, mounted on a pneumatic actuator, which i s to be 
instal led in front of BM1 (see figure 1). The harp i t s e l f i s 
identical to the one shown in figure 2 and consists of 42 wires 
spaced at 1 mm intervals . Note the two multi-pin vacuum 
feedthroughs for the horizontal and vert ical wires. 
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Fig. 4 Beam-profile scanner on a CF100 flange with a pneumatic 
actuator for in/out movement, to be mounted on the diagnostic 
chamber between BM1 and BH2. The 1 mm thick tantalum wire is 
partly hidden by a tantalum screen. 
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Fig. 6 The beam phase measurement electronics based on a double-
heterodyne system, as illustrated in the block-diagram of 
figure 5. 
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Fig. 8 Some of the components acquired for the closed-circuit TV system 
shown in figure 7. The TV camera with a radiation-resistant 
zoom lens is shown in the foreground. Each TV monitor has a 
camera selection unit (shown between Che monitors) associated 
with it. The multiplexer (or matrix system) is enclosed in the 
bottom right-hand rack, and a camera crate with four camera-
control plug-in units is mounted above it. 
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3.7 Orbit Theory and Calculations 

3.7.1 Modifications to the orbit code 

All orbit calculations so far have been based on calculated isochronized 
magnetic fields, because complete measured magnetic fields will not be 
available before .984. For these fields four-fold rotational symmetry of 
the magnetic field with respect to the central axis and reflection symmetry 
with respect to the hill and valley midlines were assumed. As a result, 
the magnetic field is required only on a polar-grid in a single sector of 
angular width 45° between a hill midline and a valley midline. At each 
field point, 4 field values are used i.e. the values of B, 3B/3r, 3B/38 
and 32B/3r38, obtained by a special preprocessing {1} of the magnetic 
field. 

For the measured magnetic fields, however, the symmetry relations do not 
necessarily apply. Accordingly, a full 360 median plane map of the field 
at 0,25 intervals requires 743 000 storage locations for the processed 
field. As described previously {2}, magnetic field values are limited to a 
radial band in order to reduce the storage requirements of the orbit code. 
For a measured processed magnetic field only a few different radial values 
of the magnetic field can therefore be present in central memory at any 
given time, which in turn leads to large overheads due to a constant 
reading and re-reading of required field values. 

For this reason, preprocessing of the magnetic field is omitted and the 
field interpolation algorithms were modified to utilize the magnetic field 
value B only at each field point, increasing the width of the radial band 
by a factor of four for the same storage allocation. The numerical 
algorithms employed {3} are based on 4-point formulae for the radial and 
azimuthal interpolations and give excellent 4.>snerical agreement with the 
previous method as long as the azimuthal interpolation step-length is 
limited to 0,25 (independent of the integration step-length). 

The field interpolation is set up in terms of interpolation coefficients so 
that the interpolation routine need be called once only for each integration 
step (i.e. the predictor and corrector phases and for all particles). This 
leads to a considerable saving in execution time without any loss in 
computing accuracy. 

Several other modifications were made to the orbit code {6}, including 
a new set of difference equations at the accelerating gaps {3,4} and a 
statistical simulation of particle beams {3}. 

3.7.2 Vertical beam-centring in the SSC 

Provision is made in the design of the separated-sector cyclotron for the 
installation of a vertical beam-centring system, should such a system be 
required to match the vertical plane of the injected beam to the median 
plane of the cyclotron. The system will consist of a pair of vertically 
deflecting electrodes at the injection radius, situated half a turn apart 
in opposing valley vacuum chambers. 

In order to determine what values of the e", :tric field E are required, 
use is made of the approximate equation of motion for the vertical 
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displacement z: 

df_ 
de 2 z 

where 9 is the angular displacement, v z the betatron oscillation frequency 
of the vertical motion in the cyclotron and q, m, u> are respectively the 
charge, mass and angular frequency of the particle. The transport of a 
charged particle through the system is calculated using the solution to the 
equation of motion. Imposing the condition that the vertical displacement 
and divergence should both be zero at the exit of the second deflector, 
the following equation is obtained: 

^-{(u^HKe^u-1^)) (l-iKe^ir^e,)) E 2' } - U(6 2 ) z o 

0 1 d * o 
v d5~ 

This equation relates the initial displacement z© and initial divergence 
dz0/d6 to the electric fields E t and E 2 in the two electrodes, of angular 
extent 6 « 0 to 8 l t and 8*8 2 to 6 3 respectively. The matrix U(8) is the 
transmission matrix: 

U(6) cosv 8 sinv 6 z z 
-sinv 8 cosv 8 z z 

Solving the equation for E! and E 2 and substituting numerical values which 
apply to the injection of 8 MeV protons, 

Ei - -(1,7 z0 * 0,8 dz0/ds) kV/cm, 

E 2 - -(1,9 z 0 + 0,3 dz0/ds) kV/< 

for displacements z 0 in nm and divergence dzQ/ds in mrad. Electric fields 
of 2 kV/cm are required per am of displacement, and fields of 1 kV/cm are 
required per mrad of beam divergence. 

3.7.3 Valley vacuum chamber collimators 

A graphite collimator is to be installed along the length of one of the 
entrance slits of a valley vacuum chamber in order to provide vertical 
collimation of the beam as a safety measure to protect machine components 
in the case of a vertical blow-up of the beam. The required thickness of 
the collimator varies over a wide range, because the energy of the 
accelerated particles, and therefore the range in graphite, varies by a 
factor of 25 from injection to extraction. 

The variation of particle energy with valley radius is found from the hard-
edge approximation. The particle —'ige as a function of particle energy 
{5} is given in figure I. The required collimator thickness as a function 
of proton energy and position (valley radius) is as follows (values for a 
copper collimator are also given): 
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Valley radius 

(•) 

Energy 

(HeV) 

Graphite 
thickness 

Copper 
thickness 
(•m) 

0,83 8,0 0,4 0,2 
1.39 22,9 2,8 1,1 
1,95 46,7 9.8 3,6 
2.51 81,5 27 9 
3,07 130 62 21 
3,63 200 130 43 

3.7.4 An investigation into the phase-space behaviour of centred 
accelerated orbits 

An investigation was conducted to study the phase-space behaviour of 
centred accelerated orbits in the SSC in order to deteraine what factors 
influence the centring process and in order to establish the criteria 
which determine whether an orbit is centred or not. These considerations 
are very important in the case of heavy ions at low energies where problems 
are frequently encountered in obtaining a centred orbit. 

As variables we have used,firstly, the difference between the radius of 
the centred orbit r c a o and the radius of the equilibrium orbit with the 
same energy r e o, and secondly, the difference between the corresponding 
radial momenta p r c a o and p r e o> The behaviour of these variables is shown 
in figures 2 and 3 for three cases: 8 MeV protons at injection, 200 MeV 
protons at extraction, and 0,45 HeV N 3 + at injection. The orbits are 
centred over a full revolution, starting and ending on the centre line of 
one of the two delta resonators. The second-harmonic component which the 
acceleration process introduces can be very clearly seen in the figures. 
In the case of protons, the effect of the betatron oscillation amplitude, 
which varies from 1,2 to 1,55 can also be seen in the curves for the radial 
co-ordinates. 

The relative displacement and momentum variables are combined to give the 
phase-space diagrams of figure 4. For 8 MeV protons the difference between 
the first and second half of the orbit can be seen, but the diagram 
has left-right symmetry and the orbit is well-centred. For 200 MeV 
protons the orbit is very well centred. In the case of the low-energy 
nitrogen ions, however, the difference between the two halves of the orbit 
prevents centring of the orbit. In this case the initial rf-phase is 
adjusted to give orbits which are as nearly centred a» possible. 

3.7.5 An algorithm for fitting trim-coil currents 

In this section an algorithm is described for finding a set of trim-coil 
currents I; for j>l,...,n which for a given main field excitation H, will 
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yield a resultant field that approximates a required field B as closely 
as possible. The aethod is applied to the solid-pole injector cyclotron 
SPCI. 

The criterion which is used to define the "best fit" is based on die least-
squares principle. He define a sun of squares of differences between 
required and obtained field values, 

N 

i«l l L ^ * j-i * J 

where a subscript i is added to define the field point. The quantity TJ(IJ) 
is the field due to the trim-coil current I;, and w^ is a weighting factor. 

The following assumptions are 

(i) The trim-ceil currents are independent 

(ii) The fields are approximately linear functions of the excitation 
currents, or piece-wise linear functions. 

Defining the trim-coil currents Ii 0 as the current values that minimise the 
sum of squares S and making use of the assumption about linearity, we 
obtain & matrix equation 

n 
ki, V ( W "Bj *• J-i—•. 

where 

H n . 3T.*(I.> 
B - Z w.[B.-H - I T. k(L)] |- J • 

3 i-1 1 1 1 k-1 X " j 

The matrix equation can be inverted to obtain a solution for 1 ^ in terms 
of a given value I K. In practice the problem is not linear and a solution 
is obtained by iteration. 

The algorithm as described was programmed and applied to fields measured in 
SPCI. The derivatives appearing in the normal equations are found 
numerically. Since the absolute minimum sum of squares may fall outside 
the range of attainable currents, provision is made to constrain the 
search. It may also be necessary to limit the size of the iteration step 
and to make use of weighting factors. 

and 
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SECTION 4 THE CONTROL SYSTEM 

4.1 Introduction 

The control system of the NAC accelerators is being designed around a 
number of 16-bit mini-computers, 8-bit micro-computers and CAMAC Fisher 
System Crate interfacing equipment. Major developments during the period 
under review were the acquisition and commissioning by the Control System 
Division of a third control mini-computer, the refinement of software to 
drive the CAMAC system, the completion of software to drive the control 
consoles, the completion of the safety interlock system hardware, the 
development of the SABUS micro-computer into a fully-fledged system for 
all microprocessor applications and the development of interfacing hard
ware for SPC1 and the transfer beamline. 

Recently that portion of the new building which houses the control area 
was handed over to the NAC, and the Control Systeu Division was able to 
move into its permanent quarters. As a result the installation of mini
computers, CAMAC system crate equipment and cables has been completed in 
readiness for SPC1. 

Anothei development worth mentioning is that the Control System Division 
is seriously considering replacing the Fisher System Crate equipment by an 
Ethernet system and to this end an Ethernet evaluation system has been 
ordered. 

4.2 Activities Concerning Control System Mini-computers 

4.2.1 A third mini-computer for the control system 

Since one of the control system mini-computers is being used on a semi
permanent basis in the magnetic field measuring system MFME1 of the 
separated-sector cyclotron, we acquired a third mini-computer from 
the NAC Research Group. This machine is similar to our second system, 
but is an earlier model. The new system unfcrtunately had reliability 
problems but after extensive testing and debugging, four faults were found 
and cleared. After this the system proved to be very reliable. 

After the reliability problems had been sorted out the operating system and 
the firmware of the new computer were upgraded so as to be of the same 
revision as our current system on the first control computer. In upgrading 
and commissioning the new system we went through a number of system 
generations in order to make allowance for the firmware changes. 

4.2.2 Upgraded operating system for the MFME1 computer 

We decided to upgrade the operating system of another mini-computer of the 
same make, being used by the Magnet Division for MFME1, for the following 
reasons: 

(a) Certain programs of the MFME1 software needed more memory space 
than was provided under the old operating system. With the newer 
system the user has 10 to Ilk more program memory than before; 
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(b) It was desirable to have one common operating system on all the mini
computers on the NAC site, in order that a compatible environment 
existed for the development of programs and the transfer of programs 
between systems. 

In upgrading the operating system on the older machine, we again had to 
go through a number of system generations because of firmware changes, and 
hardware incompatibilities between the two versions of the machine. 

4.2.3 CAMAC direct-memory-access (DMA) facility 

A DMA link between the control system mini-computers and the CAMAC Fisher 
System Crate system has been fully commissioned. This link makes use of a 
commercially-available module in the system crate. The circuit of this 
module had to be extensively altered before satisfactory operation was 
obtained. The module now operates in all but one of its original design 
modes. 

A.2.4 A shared memory for the mini-computers 

A shared memory is being developed which will be used by the control 
mini-computers. It will support up to four computers and will hold all 
the variable data that are common to the control system. It consists of 
two sections. The first section, 4 kbytes in size, is fast and allows all 
four computers simultaneous access without loss of speed. This section 
will be used for sending short messages and semaphores between computers. 
The second section, up to 1 Mbyte in size, is about the same speed as the 
standard mini-computer memories and will allow only one mini-computer at 
a time to access it. This section will be used to store larger blocks 
of shared data. 

The design of the memory is such that its operation will be totally 
transparent to the existing hardware and software of the mini-computers. 

4.2.5 Interfacing software 

After the newly-acquired mini-computer had been upgraded and commissioned, 
it was put to use as a development computer for low-level interfacing 
routines. (It had been found to be very inconvenient to do such development 
work on the same computer as was also being used for control of equipment 
and development of high-level programs, since the development of low-level 
routines is invariably accompanied by system crashes). 

As certain hardware improvements had been made to the CAMAC modules which 
formed the interface between the mini-computers and the Fisher system 
crate, the low-level access routines had also to be modified. This 
included both the privileged routines and the CAMAC driver routine 
mentioned in last year's Annual Report {1}. At present some time-critical 
sections in both the CAMAC driver and the privileged subroutines are being 
micro-coded, in order significantly to decrease the software overhead 
associated with CAMAC accesses. 

A further development has been the writing of micro-coded routines to 
implement the concept of semaphores. Such semaphores will be available to 
users for inclusion in high-level processes, to provide synchronization 
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and to prevent deadlock situations when the same CAMAC hardware is being 
accessed by more than one task. 

The activation of a task in response to an unscheduled interrupt presents 
a problem on our operating system, in as much as it is not possible in the 
standard system to dispatch a program directly after identifying the 
interrupt source. Instead, the task is placed in a schedule list, and 
will only run at given clock intervals when a scheduler program activates 
the task. At present a method to dispatch the interrupt-servicing routine 
from the interrupt-identifying section of the CAMAC driver is being 
investigated. 

4.3 Hardware Developments 

4.3.1 The safety interlock system 

A prototype of the safety interlock system was tested during the period 
under review. Its hardware components consist of: 

(a) A micro-computer module containing an Intel 8085 CPU, 16 kbytes 
of EPROM, 1 kbyte of RAM and three programmable timers; 

(b) An interface module which provides communication via the CAMAC 
bus between the safety interlock system and the control mini
computers ; 

(c) 128-Bit input modules for monitoring the binary status of 
interlocked equipment; 

(d) 128-Bit output modules for giving permission to interlocked 
equipment to be available for switch-on; 

(e) Relay boards for interfacing the Input and Output modules to 
the equipment. 

To provide fail-safe features we followed the principle that the 
potentially unsafe condition of each status input would be represented by 
a normally-open contact of a relay. Similarly a normally-open relay 
contact at the "safety OK" input of an interlocked apparatus will cause it 
to revert to its safe condition. Before any equipment can be switched on 
or set to a potentially unsafe state under local or remote command, the 
safety interlock system must issue a "safety OK" command by actively 
closing a relay contact for that particular equipment. Loss of electrical 
power or interruption of the cable connection results in a removal of the 
"safety OK" signal and causes the equipment to revert to its safe state or 
to switch off. 

The communication between the safety micro-computer and the control computer 
is implemented via a CAMAC Input-Gate-Output-Register (IGOR) module and 
consists of coded instructions issued by the control computer to the safety 
micro-computer. The latter will then start running the appropriate set of 
safety equations in an operational or test mode for the area selected 
by the operator. An unsafe status input from a monitor will cause the 
safety micro-computer to withdraw the necessary "safety OK's". The safety 
micro-computer will inform the control computer which inputs were detected 
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as being unsafe. To ensure correct transfer of data in either direction, 
each system must, on receiving data, correctly echo such data back to the 
sender before being instructed to resume execution. 

The safety micro-computer's complete program, which contains the input/ 
output protocol, the sets of safety equations and the appropriate "safety 
OK" commands, is stored in EPROM to ensure immediate availability at power 
on, and to prevent an accidental or unintentional overriding of specific 
interlock requirements by an operator. The prototype program was written 
in 8085 Assembler language. 

Installation of the system is planned for the imKediate future and comprises 
the laying of cables and the connection of equipment to be interlocked, the 
interlocking of access doors and the implementation of the safety interlock 
specifications for SPC1. 

4.3.2 The probe position controllers 

Mention was made in last year's Annual Report of a prototype probe position 
controller having been developed. This equipment has now gone into 
production, and four controllers capable of driving four small stepping-
motors each have been completed and tested. Three controllers capable of 
driving two larp°r stepping-aotors each are in an advanced stage of 
manufacture. The construction of ten more units is being planned for the 
immediate future. 

4.3.3 The LAM-Crader module 

Development of this module, mentioned in last year's Annual Report {]}, 
has been hampered by a shortage of staff, but is continuing. A wire-wrap 
prototype was constructed and tested to satisfaction. A pc-board prototype 
has just been completed and tested, and it now needs to be tested in the 
Fisher System. 

4.3.4 A CAMAC module for profile grids and scanners 

The Beam Diagnostics Division has purchased profile-grid and scanner 
equipment which does not readily interface to any of the standard 
commercially-available CAMAC modules. The Control System Division has 
therefore designed and built a prototype interface for this equipment. 
It consists of two modules, one residing in the CAMAC crate while the 
second is a separate rack-mounted unit. The first module performs all the 
control functions and buffers the data. The second multiplexes the control 
function of the first module between the x- and y-planes of the beam 
diagnostic equipment and provides electrical isolation between the CAMAC 
and the beam diagnostic equipment. 

The interface awaits final testing with the diagnostic equipment when the 
latter is delivered. 

4.3.5 A single-board micro-controller 

A single-board micro-controller which is intended for use in relatively 
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slow systems has been designed and manufactured. 

The controller has been designed around a single-chip micro-computer, the 
INS 8073, which has an on-chip Tiny BASIC interpreter, i.e. it directly 
executes Tiny BASIC. The system further consists of a 8 kbytes of non
volatile CMOS RAN, 24 kbytes of EPR0M with on-board programming circuitry, 
and a real-time clock. Other facilities include 48 programmable I/O lines, 
4 interrupt latches, 8 analogue input lines which are digitized to 8- bit 
accuracy, and two analogue outputs with 8-bit accuracy. It consumes power 
from a single 12V/400mA supply. The board links via an RS-232 interface 
to a terminal, so that programs can be developed interactively duiihg 
development of a controller application. Four of these units have been 
completed to date. 

4.3.6 Control unit for a dc motor 

Calculations have shown that the commonly-available stepping-motors are 
not powerful enough to move the short-circuiting plates of the SPC1 
resonators at the relatively high speed required. A disc-armature type 
dc motor was therefore chosen for this task. 

The control unit being designed makes use of the single-board micro
controller discussed in the previous paragraph in order to accelerate and 
decelerate the load according to a chosen profile. The closed-loop control 
circuitry, which will make use of four-quadrant operation, is being designed 
at present. Provision is also being made for a direct interface to a 
standard control system CAMAC module. 

4.3.7 The main control console 

Our ideas on the construction of the main control console have changed 
somewhat since the last Annual Report i\). It was felt that if both the 
frame in which the instrumentation was mounted and the cabinet which 
formed the cosmetic exterior of the consoles were part of the same integral 
structure, then repair and maintenance of the console instrumentation would 
always be inconvenient. The console is still being designed in modular 
form. However, each module now consists of two parts, namely, a trolley 
which forms the frame onto which the console instrumentation is mounted, 
and a cabinet module into which the trolley can be rolled from the back. 
The cabinet modules will be bolted together to form part of an arc of a 
circle. The trolleys have been constructed and the cabinet modules are now 
being designed in the Drawing Office. 

4.4 Mini-computer Application Software 

4.4.1 Software for driving the control consoles 

The system analysis and design of software to drive the control consoles 
have been completed. Most of the test software written to test specific 
ideas has turned out to be suitable, after some enhancement, for 
incorporation into the final version. The final version, however, remains 
to be tested in live conditions. 

The problems mentioned in last year's Annual Report {l} have been solved. 
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He had to choose between using the Data Base system supplied by the 
aini-coaputer vendor or iapleaenting a file-based systea for the application. 
The Data Base systea proved to be too slow in data-access speed for the 
real-tiae control environment. As it is also a costly system an alternative 
solution was sought. The solution which provided fast data-access speeds 
and used standard file aanageaent features of the operating system is as 
follows: As auch data as is needed or can be fitted into memory is loaded 
from data files into aeaory. General routines were written which allow any 
prograa to access all data in aeaory regardless of the partition in which 
a prograa is executing. This method allows an executing program to "map" 
data into its aeaory space rather than requiring movement of data from one 
part of the aeaory to another. Data access to the common data is controlled 
by the individual prograas rather than via the control facilities provided 
by the operating systea. 

If it becoaes necessary to call in more data than is in memory, routines 
are available which provide access to data on disc by bypassing the file 
aanageaent system. The direct addresses of data areas on disc are kept in 
memory, and are used by these routines directly. However, present estimates 
of the memory size required by data indicate that enough memory will be 
available and that this feature will not be necessary. 

A user manual of the console software is being prepared and the detailed 
documentation updated. 

4.5 Microprocessor Activities 

4.5.1 SABUS developments 

4.5.1.1 The communication and system LSI controller (PARIS) card 

This card has undergone a few minor changes, particularly as regards the on
board Arithmetic Processor. This device, being a MOSFET component, was 
found to be susceptible to static electric discharges to the extent that 
the integrated circuit could be destroyed. The amended version of the 
card was designed to protect the IC. Manufacture of 12 of the new-version 
cards will begin shortly. 

4.5.1.2 The SABUS backplane 

The new backplane, mentioned in the previous Annual Report, has been shown 
to have markedly lower levels of cross-talk than did the earlier version, 
and has increased the reliability of the SABUS microprocessor to an 
acceptable level. Ten of these backplanes have been manufactured by a 
local Cape Town company, and more will be ordered shortly. 

4,5.1.3 A new CAMAC interface card 

A new SABUS card for interfacing the SABUS micro-computer to the CAMAC 
system has been designed and is currently being built. It differs from 
the previous design in that the external bus is I/O-mapped, whereas the 
external bus of the previous design was memory-mapped. The present design 
should therefore allow for greater distances between any SABUS micro-
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computer and CAMAC. All signal lines to the external bus are optically 
isolated. Since the external bus structure is compatible with the external 
bus of a commercially-available micro-computer module, it will interface 
with the same maker's Auxiliary Crate Controller. It will also interface 
to a CAMAC mailbox memory module which is now being designed in the 
Control System Division. 

The module uses 16 byte-wide registers for control and data transfer. There 
is a 16-bit external address bus which is presettable via two I/O ports and 
which can be read back by the module. Data can be transferred between the 
SABUS backplane and the external bus via any one of six I/O ports. Via 
three of the ports the transfer will take place accompanied by • pseudo-
memory read or write pulse, while transfer via the other three will cause 
an I/O read or write pulse. For each of these two groups of I/O ports 
transfer of data will be accompanied by an automatic incrementing, 
decrementing or holding of the address on the external address bus. The other 
signals of the external bus are as for the external bus of the commercially-
available micro-computer. In addition there is a programmable real-time 
clock on the card and a programmable interrupt controller. 

4.5.1.4 A 32-bit relay output module 

A 32-bit relay output module which is intended primarily for a vacuum 
control system (see later) has been designed, built and tested. On this 
card 32 binary output signals are I/O-mapped and latched to drive 32 DIL 
reed-relays with normally-open single-pole contacts. 

4.5.1.5 An 80-bit opto-isolator input module 

This is another SABUS card which was designed, built and tested primarily 
for use in vacuum control signals. Here 80 binary input signals are I/O-
mapped and can be polled sequentially via opto-isolators. 

4.5.1.6. A 64-bit TTL input and output module 

This is a third module developed for vacuum control. It consists of 64-
bit input signals and 64-bit latched output signals at TTL levels which 
are I/0-mapped. The latched output can be used directly to drive LBD's 
or DIL relays. A single control line can be used to disable the output 
of all latches simultaneously. The Schmitt trigger inputs are all pulled 
high and are debounced with a I ms response time. This module has also 
been built and tested. 

4,5.1.7 System hardware upgrades 

The upgrading of SABUS hardware during the last year has included the 
following: 

The 8-kbyte RAM cards have been changed to commercially-available 16-kbyte 
static RAM cards, and 32-kbyte memory cards which can have a mixture of 
CMOS RAM and EPROM chips. With the latter cards memory configuration 
becomes very flexible, and the number of RAM cards in a system reduces 
from seven to two which reduces power consumption considerably. 



118 

The single-density 13,5 cm (5|-inch) floppy-disc controller has been 
changed for a double-density 20 cm (8-inch) controller. This results in 
a aass capacity increase of from 60 to 600 kbytes per drive. Along with 
the disc controller we have changed to 20 ca disc drive units for all the 
new systems. 

4.5.1.8 Assembled SABUS systems 

At present we have five fully operational SABUS system, each one consisting 
of an 8085 CPU card, 62 kbytes of BAM, 2 kbytes of EPBOM, a dual floppy-
disc drive unit and a terminal. One of the systems is being used by the 
RF division, a second by the Beam Diagnostics Division and three systems 
are being used within the Control System Division for software and hardware 
development projects. Each system is a fully fledged development station 
complete with high-level languages and mass storage capabilities. Three 
printers are shared amongst the systems for program listing. 

4.5.1.9 SABUS system software 

During the year we have upgraded the operating system of SABUS micro
computers from CP/M version 1.4 to CP/M version 2.2 (CP/M being the Control 
Program Monitor). In program languages we have decided to standardize 
on the high-level structured language PASCAL MT+, for reasons of 
maintainability in the future, and compatibility with programs being 
written for the mini-computers. 

4.5.2 Microprocessor-based vacuum control system 

During the commissioning of the vacuum control system of SPCI it became 
very apparent that we should attempt to standardize on general hardware 
that can be programmed to provide the specific control and interlock 
functions that are required for each of the different pumping stations 
(approx. 30 in total). Modifications to interlocks which are implemented 
in hardware are costly and time-consuming, whereas the modification of 
software is a standard procedure. 

It had been decided earlier that all vacuum pump stations would be controlled 
by stand-alone control systems: these are interfaced to the main control 
system for the sole purpose of returning the status of each of the pump 
station variables to the main control console for diagnostic purposes. 
Because of the modularity of the SABUS system and the availability of 
hardware and a high-level language compiler which produces ROM-able machine 
code, we decided to use the SABUS system and to develop the other 
necessary hardware for interfacing to vacuum systems and CAMAC (see 
paragraphs 4.5.1.3 to 4,5.1.6). 

The control system for a vacuum pump station is envisaged as consisting of 
the following equipment: 

(a) A 484 am (19 inch) card-cage with a mimic-diagram on the front 
panel .milt specifically for each pump station; 

(b) a general section of the front panel containing a 16-key keyboard 
for entering operator command codes and a 16-character alphanumeric 
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display for Messages to the operator; 

(c) A general pc-board nodule situated directly behind the front 
panel for driving it; and 

(d) A SAWS backplane and various SABUS nodules in the 484 nat card-
cage behind the front panel. 

4.5.3 Microprocessor application software 

Since interrupt handling is a very necessary conponent of our control 
environ—nt» a program has been developed to determine the interrupt-
handling capabilities of PASCAL KT+. 

A program has also been written for the microcomputer to implement block 
transfer of data between the mini-computer(s) and a micro-computer via the 
CAMAC branch highway. The two systems have still to be linked to test this 
capability. 

References 
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SECTION 5 THE BEAM TVAMSPOtT SYSTEM 

S.I Introouction 

During the year all the quadrupole and dipole aagnets for the transfer 
beaaline have been delivered, and assembly of this beamline is now receiving 
attention. For the "external" heartines, i.e. those after the SSC, sixty 
quadrupole aagnets of various strengths and three dipole magnets have been 
ordered. Tolerances on power supply stabilities have also been calculated 
for these quadrupoles and dipoles. 

Harmonic analysis of a quadrupole has been simulated using a magnetic model, 
and the necessary electro—chanical apparatus has been manufactured and 
shipped. A prototype bi-directional (x,y) steering nagnet for the transfer 
beaaline has been constructed and tested. 

Conversion of the programme TtAMSPOBT into an interactive graphics version 
for use at the control console is progressing well. 

The majority of the bean diagnostic equipment for the low-energy transfer 
beamline has been received and tested. A large order has also now been 
placed for bean diagnostic equipment for nost of the high-energy beanlines, 
after successful negotiations with the Manufacturer. 

Nearly all the vacuum equipment required for the transfer beaaline has 
been ordered and most of it is already on site. A start has been made with 
a microprocessor-based control system for the vacuum system. 

5.2 Transfer Beamline 

5.2.1 Dipoles and quadrupoles 

The twenty quadrupole magnets and four dipole magnets required for the 
transfer beamline between the injector cyclotron SPC1 and the SSC (see 
figure I) have been delivered and are awaiting testing and field measurement. 
Vacuum chambers for the dipole aagnets were ordered separately, and have 
recently been shipped to the HAC. The quadrupole magnets are divided into 
three types ÍI, 2} and one of each type may be seen in figure 2, mounted 
on a prototype stand. One of the four dipole aagnets {3, 4} is shown in 
figure 3. 

We are proposing to use mild steel stands of the type shown in figure 2 
throughout the transfer beanline, and, where possible, for the external 
beamline as well. The stand incorporates two long C-beaas, back-to-back 
and 550 am apart, with the upper surface at 1 m above floor level. Dipoles, 
quadrupoles, steering magnets and diagnostic boxes are then mounted on 
adjustable supporting bolts and placed on the C-beaas. 

As the quadrupoles for the transfer beaaline are relatively short, a 
special mount for a pair of survey alignment bushes has been developed. 
This is shown in figure 4. A prototype has already been manufactured, and 
the 20 mounts required have been ordered. 
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5.2.2 Steering magnet prototype 

The transfer beanliae has very little room for steering nagnets, and we 
have therefore combined horiaontal and vertical steering in a single 
device: there will be four of these units in this beanlinc. A prototype 
of such a bi-directional steerer has already been built and tested 
(figure 5). The design requirement was that the Magnet should be able 
to deflect a 12 HcV proton bean by 2 nr. Further, the device has to fit 
round a 104 an diameter bean pipe, and the overall length (including coils) 
nay not exceed 120 an. The required naxinwn field is thus 12,5 nT for an 
effective length of 80 an {5}. 

The prototype magnet has four identical coils mounted on the four sides 
of a box magnet with opposite pairs connected in series. The coils each 
have 325 turns of 2 mm diameter insulated copper wire. (As the magnet is 
air-cooled, a low current-density must be used). To provide die required 
dipole field, approximately 6 amperes is needed in a pair of coils, which 
requires a 6-volt power supply and results in a power consumption of 
36 watts. 

Figure 6 shows the flux distribution calculated for this magnet with only 
one set of coils energised. The calculation was performed using the 
program VEP02. Figure 7 shows -ne calculated distribution for both sets 
of coils energised, while figure 8 shows the «ensured field values, using 
a grid of vectors to represent the field strength and direction. These 
plots illustrate the deviation fron a pure dipole field, caused by the 
relatively poor pole geometry /or this magnet. 

However, these plots at the centre of the magnet do not tell the full 
story, and we have also measured the field at a given radius for the full 
length of the magnet, so as to determine the effective length I , . and 
the "strength" of the magnet /Bdz: 

•H» 
B ( r ) ' z - o X l e f f ( r ) " { B ( r ' l ) d Z' 

The strength of the nagnet was found to vary by approximately 5% with 
radius up to 20 am away fron the bean axis at full power: i.e. for a 
large 40 na diameter bean, a steering action of 2 nrad would spread the 
beam by 0,1 mrad. Othe. coil geometries are also being investigated in 
an attempt to improve this. For the external beaalines, where there is 
more space, the horizontal and vertical steerers can be separated, with 
a resultant decrease in the pole gap, i.e. improved nagnet geometry. 

5.3 External Beamlines 

5.3.1 Dipoles and quadrupoles 

In order to reduce the unit price of the external beanline quadrupoles, 
we decided to order 60 at one tine, resulting in a considerable overall 
saving. These quadrupoles have now been ordered, and will enable us to 
set up all of the beaalincs shown in figure I with Che exception of four 
of the lines serving the experimental target rooms: nost of the dipoles 
and switching magnets remain to be ordered, however. The parameters of 
the four types of quadrupole involved in these external beaalines are 
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summarized below {6}. (The quadrupole types are designated by nominal 
aperture and low (L), aediua (M) or high 00 field gradient respectively.) 

Table I Specifications for quadrupole aagnets 

Magnet type: Q7SL Q75M Q75H QI00H 

Nuaber ordered: 10 15 20 15 
aperture diaaeter: 79 an 79 aa 79 aa 104 an 
Max. field gradient: 7,5 T/a 11,5 T/a 18 T/a 10 T/a 
Effective length: >0,4a >0,4 • >0,4 a >0,4 a 
Overall length: <0,55 • <0,55 a <0,55 a <0,55 a 
Integrated aultipoles: <2 Z <2 Z <2 Z <2 % 

Single aultipole: <0,5 Z <0,5 Z <0,5 Z <0,5 Z 
Max. current: 100 A 100 A 100 A 100 A 

The first two dipoles after extraction, called MXI and MX2, and a 90 dipole 
(MI2) for the isotope beaaline have also been ordered recently. MI2 will 
bend the beaa downwards to provide a vertical beaaline for isotope 
production in a baseaent vault. The paraaeters of these dipoles are listed 
below (7). (Dipoles are designated by noainal bend angle, with a subscript 
(V) for vertical bends.) We hope to be able to specify and order aost of 
the reaaining dipoles and switching aagnets shown in figure 1 during this 
year. 

Table 2 Specification for dipole aagnets 

Magnet type : D30 D45 D90V 

Nuaber ordered : 1 1 1 
Angle of bend : 30° 45° 90° (down) 
Radius of bend : 1,5 m 1,5 D 1,0 a 
Max. field (B) : 1,6 T 1,6 T 1,6 T 
Entrance edge angle : 0° 22,5° 0° 
Exit edge angle ; 0° - 15° 0° 
Gap height : 40 on 40 an 50 mn 
Gap width : 60 on 100 an 100 mm 
Tolerance on effective length : ±0,5 Z ±0,5 Z ±0,5 Z 
Max. inhoaegeneity (AB/B) : 5 x 10"" 5 x 10"" 5 x 10"" 
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5.3.2 Power supply tolerances 

In order to determine the required tolerances on the stability of power 
supplies for quadrupoles, we used the covariance matrices obtained from 
TRANSPORT in its fitting process (8). We have decided to allow the beam 
size to vary by not more than 0,1 mm, and the divergence not more than 
0,1 mr from the expected values at the end of each section of beamline 
considered. The sections considered were: 

(a) SSC valley midline up to start of isotope beamline; 

(b) isotope orthogonal quadrupole system (to target); 

(c) orthogonal quadrupoles on main beamline; 

(d) therapy triplet; and 

(e) double monochromator system. 

In all cases a tolerance of 10,0001 i.e. I0~* will be sufficient to meet 
our requirements. 

For dipoles we can assume for calculation purposes that the field remains 
constant, but that the momentum of the central particle changes by the 
specified percentage. The particle is then displaced at the exit of the 
dipole by the same amount (Ax) and angle (Ax') if it has momentum p + dp, 
where dp/p * AB/B. Thus we can write 

Ax » p(l- cosa) * — , and 
o 

A i AB 
Ax « sin o x — . 

These calculated displacements (both positional and angular) can be 
simulated in TRANSPORT by a shift of the beam centroid after each dipole. 
For more than one dipole, all possible combinations of positive or 
negative displacements must be considered to obtain the worst case. 
Results {9} indicate that power supply stabilities should be I0~5 for most 
dipoles. However, for the double-monochromator magnet power supplies an 
overall stability of 10~6 is required: A stability of 10~5 would be 
acceptable for long-term drifts, which can be corrected via a feedback 
loop from an NNR probe: the feedback loop itself would require a sensitivity 
of 10~6 for these large dipoles, i.e. 1 ppm, which is about the sensitivity 
of a typical NHR system. 

5.4 Harmonic Analysis of Quadrupoles 

5.4.1 Simulation of multipole analysis 

In order to familiarise ourselves with the theory {10} and operation {11} 
of the harmonic analysis system, we constructed a small working model of 
the rotating-coil device used for harmonic analysis. This simple model, 
shown in figure 9, has a single-turn coil, one leg of which coincides with 
the axis of rotation of the coil. The coil is driven by an electric motor 
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and gearbox at about 7,5 Hz, and the induced signal is collected by 
primitive brushes (copper shinO from slip-rings {12}. 

We siaulated a quadrupole field using four bar aagnots, as shown. A useful 
feature of this is that it is a rather poor quadrupole, and hence rich in 
the haraonics which interest us. The voltage induced in such a rotating 
coil can be written as 

f(t) - I I cosdnrt - é ) n n n 
where, for a pure quadrupole field, only n « 2 terns exist. 

The aeasured voltage wavefom froa our priaitive nodcl is shown in figure 10 
while figure II shows the resulting amplitudes of each haraonic obtained 
froa the haraonic analyser. Also shown in figure 10 for coaparison is the 
waveforn obtained by using these amplitudes and the corresponding phases to 
reconstitute the original signal using a computer prograa. The observed 
agreeaent verifies the operation of the systea, and we now await only the 
arrival of the full-size rotating coil device. 

This device, seen in figure 12, has recently been coapleted and is now on 
its way to us. It is designed for full 3-diacnsioual positional and 
rotational adjustment of quadrupole aagnets up to one tonne in mass, and 
is provided with three coils of differing sizes for 75, 100 and 150 ma 
quadrupole apertures respectively. 

5.5 Beam Diagnostics for Beaalines 

5.5.1 Introduction 

The beam has to be transported over fairly long distances, between SPCI 
and the SSC and beyond the SSC to the various targets. It has therefore 
to be focussed at regular intervals with nuaerous quadrupoles and guided 
in various directions with dipoles and steering aagnets. In order to 
ensure the correct current-setting of these aagnets for optimal beam 
transportation, diagnostic elements have to be inserted in these beanlines 
for observing the effect of these magnets on the beam. 

With such a beam diagnostic systea it will be possible to aonitor and 
record bean properties such as: the beam energy, the intensity, the position, 
the profile, the beam eaittance as well as the tine structure of the beam. 
It should thus be possible to diagnose any problem» which may occur with 
the beam. The beam diagnostic systea will also play an important role in 
setting-up the beam in the shortest possible time. Fast energy and 
particle changes are of particular importance at the MAC for the efficient 
operation of our multi-disciplinary accelerator facility. In order to 
accomplish this a well-equipped beam diagnostic systea is essential. 

During the past year the two major areas of progress with the diagnostic 
systems for the beaalines were: 

(a) the delivery of the beam diagnostic components for the low-energy 
transfer beaaline between SPCI and the SSC, and 

(b) the success of negotiations concerning bcaa diagnostic equipment 
for most high-energy bcamlincs, resulting in an extensive order. 
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5.5.2 Beam diagnostic equipment for the low-energy transfer beamline 

After evaluation of the first 'conceptual layouts and clarifying numerous 
design details, detailed mechanical drawings were presented to the NAC 
for final approval before manufacturing commenced. The components were 
manufactured well within time, and acceptance tests were carried out at the 
factory in March 1983. We were very satisfied with the quality and 
workmanship. Apart from a few minor alterations and modifications, the only 
main problems were experienced when the scanners were linked to and driven 
by the scanner electronics itself. Unacceptably high noise signals were 
induced with peaks corresponding to 50 nA intercepted beam current. The 
main cause of this was an insulating vespel gear. The scanner-head design 
has now been modified and the manufacturer claims to have reduced the 
maximum error to 0,5 nA. 

Apart from the scanner, the diagnostic equipment for the low-energy transfer 
beamline has been air-freighted, delivered and inspected. The diagnostic 
chambers (which are more robust and heavy) were delivered via sea-freight, 
as this was a considerable cost-saving. The diagnostic equipment is 
illustrated in figures 13 to 25. A wide range of essential spare components 
has also been ordered for this equipment. 

We had decided during the previous year to install segmented scrapers 
inside the vacuum pipe at various quadrupole positions, where the beam 
reaches its maximum dimensions. These scrapers consist of four 90 
segments which are individually insulated and 200 mm long. Four current 
leads, one from each segment, are linked to vacuum feed-throughs for 
current measurement. An alarm is given if the beam hits one of the segments. 
The segments are kept in position by an outer supporting ring which fits 
into the vacuum pipe: tolerances are taken up by springs. A very important 
design feature is to keep the radial thickness as thin as possible in order 
not to take up too much space in the vacuum pipe. This scraper should 
only detect the beam if it gets too large for the vacuum enclosure — its 
function is not to define the beam size: that is the function of a 
segmented aperture. Segmented scrapers have been ordered for a vacuum 
pipe aperture of 152 mm. The detail drawings have been approved and 
delivery is expected within the next few weeks. 

Special attention was also paid to the design and manufacture of the 
chamber supports and the alignment mechanism. These have been delivered 
and, as soon as the beamline support structure is installed, mounting of 
the beam diagnostic equipment can commence. 

5.5.3 Beam diagnostic equipment for the high-energy beamlines 

The high-energy beamlines at the NAC have to deliver a wide range of beam-
energies and a variety of different ions to various user areas, namely: 

(a) the experimental hall for nuclear physics with typical proton 
energies ranging from 25 to 200 MeV with up to 10 yA maximum 
beam current; 

(b) the therapy vaults for particle therapy with typical proton 
energies ranging from 25 to 200 MeV (with beam current < 1 yA) 
in the right therapy vault and with proton energies between 25 
and 100 MeV (with up to 100 pA beam current) in the central 
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vault: the requirements for both these vaults also apply to the 
left therapy vault; 

(c) the isotope production area, with typical proton energies between 
25 and 100 MeV with beam currents up to 100 \iA. 

In order to limit the cost of the project, the proposed diagnostic system 
for the high-energy beamlines has had to be cut back to what is now 
proposed in the schematic lay-out of figure 26. A detailed mechanical 
design is presently under way for all the high-energy beamlines. 

As with the low-energy transfer beamline, we intend to mount the beam 
diagnostic equipment on a few standard diagnostic chambers. Some of them 
are identical with those delivered for the transfer beamline. The diagnostic 
equipment can thus be easily mounted either directly onto the flanges for 
fixed installation or they can be mounted on standard drives such as 
compressed-air actuators for in-out movement or onto precision high-vacuum 
feed-throughs with stepping-motors for accurate positioning. This system 
will have the same advantages as described for the low-energy beamline 
{13}. 

Progress in the development of the high-energy beamlines recently reached 
the stage where it was possible to order the required diagnostic equipment. 
Owing to our high beam power-densities (up to 20 kW/cm2) and large 
penetration depths (i.e. for 200 MeV protons) the diagnostic components 
have to be designed and manufactured to our specifications and requirements. 
The NAC will pay special attention to the design of the Faraday cups and 
slit-systems, especially in the light of our beam energy and beam power 
requirements. 

The components on order are briefly described below. 

5.5.3.1 Beam diagnostic chambers 

Fifty chambers, consisting of four different types, have been ordered. Of 
these the types A and D are identical to those ordered for the transfer 
beamline. The intention is to standardize on a limited number of chambers. 
The mounting flanges for diagnostic equipment will also be CF150 owing to 
the large dimensions of the components defined by the penetration depths 
of the high-energy protons. For the low-energy transfer beamline, the 
large beam sizes defined the size of the diagnostic equipment and thus 
also a flange size of CF150. 

5.5.3.2 Pneumatic actuators 

These actuators are for in-out movement of the harps, and will be identical 
to the standard pneumatic actuator to be installed in the low-energy 
beamline. A simpler design without bellows and with 0-ring seals was 
proposed but did not prove to be much cheaper due to additional design 
costs. 

5.5.3.3 Harps (beam-profile grids) 

Simpler design proposals than those offered by the manufacturer were 
evaluated and it was eventually decided: 
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(a) to maintain the same layout and number of harp-wires as used in 
the low-energy transfer beamline as this would not influence the 
cost significantly, 

(b) to use TROVIDUR instead of A1 20 3 as insulation material owing to 
the higher material and machining costs of the latter, and 

(c) to delete the 1 mm thick tantalum screen in front of the harp as 
the high-energy particles would not be stopped anyway. 

This harp is thus in principle interchangeable with those of the low-energy 
beamline and can be linked to the same electronic system. It will mainly 
be used in the isotope production beamline where large beam diameters are 
expected. 

5.5.3.4 Capacitive pick-up probes 

The design principle is similar to those of the low-energy transfer beamline. 
However a completely new design is needed for the beam properties of the 
high-energy beamlines. An aperture of 40 mm is at present proposed. 

5.5.3.5 Segmented aperture 

Various slits were replaced by segmented apertures for financial reasons. 
The segmented aperture consists of 4 thin aluminium segments, individually 
insulated and mounted on a circular frame which can be placed into the 
CFI50 entrance and exit ports of diagnostic chambers. Although the beam is 
not stopped by these segments, a beam current can be measured if the beam 
exceeds the dimensions for the aperture and an alarm is then triggered. 
Various segments defining different apertures can be mounted on the same 
frame. No remote adjustment is possible. 

5.5.3.6 Segmented scrapers 

Segmented scrapers are to be installed inside the vacuum pipe at various 
quadrupole positions, where the beam reaches its maximum dimensions. The 
design has been described briefly in section 5.5.2 above. Segmented 
scrapers have been ordered for beam pipe apertures of 76,2 and 101,2 mm. 

5.5.3.7 Beam-profile scanner 

The operation of the beam-profile scanner was described previously {14}. 
This scanner is exactly the same as those ordered for the low-energy 
transfer beamline and is therefore interchangeable. Scanners have also a 
better beam power handling capability than harps and can only be used at 
those locations where the beam diameter is < 30 ram. Ways and means were 
sought to reduce the price by using a scanner without the bellows for 
alignment purposes and by using Viton 0-rings instead of metal seals. 
This would have reduced the cost by only 3% which was not considered 
worthwhile. The main reason for this was that the design would need 
revision and new detail drawings would have to be made. 
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5.5.3.8 Faraday cups 

Two types of Faraday cups have been ordered. The first type will have 
an entrance aperture of only 60 mm and should be able to stop and dissipate 
the power of proton beams from 25 to 100 MeV at 100 uA as well as proton 
beams up to 200 MeV at 10 uA. The minimum expected beam size for all 
beam energies is a 5 mm beam diameter at a Faraday cup. 

The second type will have a large entrance aperture of 100 mm and should 
be able to stop and dissipate power from 25 to 100 MeV protons at 100 pA and 
a minimum beam diameter of 8 mm. This cup is to be used in the beamline 
to the isotope production targets. 

An attempt will also be made to incorporate the requirements of both 
types into one Faraday cup; this might be difficult, however, owing to 
the confined space defined by a CF150 mounting flange. 

Copper was proposed as the most suitable material for the water-cooled 
cup itself for the following reasons: 

(a) Its density is fairly high, thus implying a shorter penetration 
depth and hence smaller physical dimensions, for mounting onto 
a CF150-flange. Other materials like aluminium and graphite 
have much longer penetration depths (e.g. about 123 mm for 
aluminium). 

(b) It is much cheaper than a tantalum cup, for example, although 
tantalum would have the advantage of even shorter penetration 
depths. 

(c) It has very good heat conduction properties. 

(d) It is relatively easy to machine. 

(e) It has a higher atomic number '-..fl» e.g. aluminium or graphite. 
This is preferable from a neutron production point of view, 
since the neutron yield decreases with an increase in the 
atomic number of the target material. Note that here it is 
important to look at the effect of accelerated deuterons 
as well as protons because neutron energies and yields differ 
for these two projectiles. 

However, from an activation point of view low atomic number materials like 
graphite and aluminium are preferable. One thus would have to ensure that 
during the normal set-up procedures only low-intensity beams are used and 
that during the operation of the machine the Faraday cups are used as so-
called "beam dumps" only in the most exceptional cases. 

The pneumatic actuator drive for in-out movement will in this case 
form an integral part with the Faraday cup itself; this is contrary to 
the design of the pneumatic actuator for the low-energy transfer beamline 
onto which harps or any other device could also be mounted. 

5.5.3.9 Double linear high-vacuum feed-throughs 

The same type of slit drives as purchased for the low-energy transfer 
beamline were also ordered for the high-energy beamlines. Water-cooling 
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facilities were already accounted for in the drives of the low-energy 
slits (at minimal cost) although these slits are not water-cooled. In 
this way only one type of stepping-aotor drive mechanism for slit positioning 
will now be used in all beamlines. Initially we investigated the feasibility 
of a drive with only symmetric positioning of the slit jaws about the 
beamline axis (i.e. no independent adjustment), sliding feed-throughs with 
0-rings instead of bellows,and potentiometers instead of encoders. Again 
it was established that this would require a new detail design for which 
the manufacturer would first prefer to build a prototype. The total saving 
would have been only about 12Z and so, considering the advantages of the 
original version as well as the interchangeability of these drives with 
those of the transfer beamline, we decided to order the original version. 

5.5.3.10 Slit-systems 

The slit-system consists basically of two water-cooled copper jaws, insulated 
from and supported by a framework which is mounted on and driven by the 
double linear high-vacuum feed-through described above. The jaws must be 
able to stop (and dissipate the beam power of) 25 to 100 MeV protons at 
100 iiA as well as protons up to 200 MeV at up to 10 pA. The minimum beam 
size for all energies is 4 mm diameter. Since the maximum expected beam 
diameter is 50 mm a jaw size of 40 x 80 mm is envisaged (80 mm being the 
dimension perpendicular to the direction of motion). The maximum slit 
opening is 60 mm and it will be possible to drive the slit 10 to 15 mm 
across the beamline axis. 

For the slit jaws intercepting the beam, copper is again preferred to other 
materials like tantalum, aluminium or graphite for the same reasons as 
discussed for the Faraday cups above. Again, the main reason for not using 
tantalum is the considerable cost saving. 

The required cooling water will be supplied to the jaws through the hollow 
shaft of the ball-screw of the driving mechanism. 

5.5.3.11 Harp electronics 

One electronic system which can serve up to eight harps has been ordered. 
Apart from minor modifications it will be identical to the one purchased 
for the low-energy transfer beamlines. 

5.5.3.12 Beam-profile scanner electronics 

Three beam-profile scanner electronic systems are on order. Each system 
can serve up to eight scanners. The scanner electronics is again 
identical to the system acquired for the low-energy transfer beamline. 

5.5.3.13 Co-axial Faraday cup 

As mentioned in the previous Annual Report a 10 kW co-axial Faraday cup, 
tailored to our high-energy beam requirements, was on order. After numerous 
set-backs and technical difficulties, and extensive tests and modifications 
on a prototype,the manufacturer has now delivered this cup (see figure 27). 
It comprises a water-cooled inner copper conductor, serving also as a 
beam stop, which, together with the outer conductor, forms part of a 
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matched SO ft co-axial transmission line. The inner conductor is held in 
position by insulators and the cup has a 50 ft taper at the end. The signal 
is available from an SMA connector at the back of the cup. The stainless 
steel outer conductor is copper-plated and polished. 

This cup can be driven into and out of the beam with a pneumatic actuator. 
Bellows provide the vacuum seal over the stroke. It will be the first 
Faraday cup in the high-energy beamline after the dipole MX1, so that we 
can also monitor the beam pulse shape immediately outside the SSC. 

5.5.4 Pneumatic actuator control electronics 

Pneumatic actuators are used to push diagnostic equipment like harps, 
Faraday cups and capacitive phase probes into the beam and to retract them 
again. A standard control module to operate such a pneumatic actuator is 
presently being designed and built. Each module will be of a plug-in type 
for mounting in a 483 mm (19-inch) cardframe (containing a plug-in type 
power supply). Various interlocks and status signals have been 
identified to protect accelerator equipment and to ensure safe operation. 

Alarm signals can be received by this module either from the computer 
control system via CAMAC or directly via a hard-wire link from the safety 
interlock system. Similarly status and alarm signals are sent out to the 
computer control system and the safety interlock system, as well as being 
displayed on the front panel with LED's. 

A prototype has been built and tested and performed satisfactorily. 
Production for the first 16 modules is now under way. 

5.5.5 Beam current measurement 

All cable routes and path lengths from diagnostic equipment in the transfer 
beamline to the measurement electronics have been determined. 32-core 
and 50-core individually-screened cables for the two emittance systems 
and the seven profile grids have been received (only one emittance system 
has yet been ordered). Three suppliers of low-noise shielded single and 
multi-core cable have been approached for the transmission of the remaining 
beam current signals from diagnostic equipment in the low-energy transfer 
beamline to the acquisition electronics outside the vault. 

5.6 Beamline Vacuum System 

5.6.1 Vacuum envelope 

The design of the vacuum envelope for the transfer beamline has now been 
completed. A major problem was the need to co-ordinate and reconcile 
space requirements for magnets and diagnostic chambers, while providing 
enough space for assembly of pipes, flanges and bellows. 

All the vacuum components were ordered during the past year and have been 
delivered and inspected. Three different pipe sizes are used, but since 
no suitable offer for the 152 mm diameter pipes could be obtained, they 
had to be made in our own workshop. Also the vacuum chambers for the 
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dipole magnets have been designed and ordered. Beam diagnostic chambers 
ordered previously have already been manufactured, and delivery is in 
progress. 

Work on the layout of the vacuum envelope for the high-energy beamlines 
is progressing well and the detailed design of various sections and 
components has started. 

5.6.2 Pressure calculations 

The pressure requirements in the transfer beamline are determined by the 
heavy-ion beams which will be injected through two-thirds of its total 
length into the SSC, at a later stage. A pressure of less than *\» 4 x io~5 

Pa is then necessary in this section in order to limit beam losses to IOZ. 
The remaining part of the beamline must be used to reduce the pressure 
from 5 * 10 Pa in the SPCl chamber to that level. 

For evaluating the pumping requirements in such a beamline we have 
developed the computer program "BELIVA" to calculate the pressure 
distribution which can be expected for pure molecular flow conditions. 
At present BELIVA is only suitable for treating a simple vacuum system 
consisting of a series of orifices, pipes and smaller chambers each 
characterised by its length and aperture. The method of computing 
conductances takes into account repeated aperture changes {15}. The gas 
load of each element is distributed as indicated in figure 28 to the 
various pumps connected to the system and the 'partial' pressures in each 
element are determined and summed up to obtain the final pressure distribution. 

For this purpose we established all surfaces in the transfer beamline 
exposed to vacuum, including those of beam diagnostic devices, and estimated 
the gas load for each element based on an outgassing rate of I x I0~* Pa m s - 1. 
The three separate pumping sections of the transfer beamline which can be 
closed off with valves were treated independently of each other to simulate 
pump-down conditions and determine a pumping layout. Computations for the 
combined line were then performed with and without the SPCl and SSC vacuum 
systems connected, to complete the design. The results obtained for 5 
different outgassing rates ranging from 0,2 to 5 times the expected value 
of 1 x 10~6 Pa m s - 1 are shown in figure 29 for the case where only SPCl and 
the SSC are connected to the line, and in figure 30, where 5 pumps are added 
at different positions as indicated. 

For a pump test-assembly consisting of a 10 m long 75 mm diameter pipe 
connected to a 12 m long 100 mm pipe with a measured outgassing rate of 
1 x 10~6 Pa m s"1 on average, the pressure computed with BELIVA agreed to 
within a factor 2 with the measurements. 

5.6.3 Vacuum pumping system 

The transfer beamline vacuum envelope consists of 19 diagnostic chambers, 
interconnecting tubing, bellows and isolation valves making up a total 
length of about 22 m. The diagnostic chambers are typically 350 mm 
diameter with lengths varying between 190 and 400 mm. There are three 
different diameters of tubing i.e. 76, 100 and 150 mm connecting the 
diagnostic chambers. All flanges are of the Con-Flat type. 
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The beaaline can be isolated vith valves at three positions along its length, 
and at each end. A separate puaping systea vill be used for each of the 
three sections. Each section will be evacuated with a 16 a'h"1 two-stage 
rotary-vane puap and a 340 or 500 l.s"1 turbo-aolecular puap. When the 
pressure is below I0~J Pa ion-getter puaps will also cone into operation 
to aaintain the pressure in the low I0~s Pa range. Figure 31 gives a 
scheaatic layout of the puaping systea. 

5.6.4 Control systea 

Each of the three sections of the beaaline will have its own SABUS Micro
processor control systea for its vacuua equip—nt. The control systea 
will consist of a rack-aounted SABUS aicro-processor with a aiaic panel 
which will indicate the scheaatic layout of the puaps, valves and gauges 
and will also indicate the status of the puaps and valves (i.e. on/off or 
open/closed) by aeans of LED's. 

The pressure will also be indicated directly on the aiaic panel with LED 
displays. There will also be a 16-key keyboard on the aiaic panel for 
entering operator coaaand codes and a 16-character alphanumeric display for 
aessages to the operator. 

There will be a aanual aode in which puaps and valves can be operated 
individually and an autoaatic aode where a preprograaaed puap-down 
procedure vill be followed. The Microprocessor control systea has the 
advantage that it is aore flexible for introducing interlocks and changing 
puap-down procedures with software whereas in the case of the SPC1 control 
systea it was hard-wired. 
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Fig. 2 The three sizes of quadrupole magnet used in the transfer 
beamline between SPCI and the SSC. 

Fig. 3 The first dipole in the transfer beamline, encountered 
immediately after extraction from SPCI. 
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Fig. 4 Mount for a pair of survey alignment bushes for the transfer 
beamline quadrupole magnets. 

Fig. 5 Prototype of a combined horizontal and vertical steering magnet. 
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NAC-B3S8 

Fig. 6 Calculated magnetic flux distribution for steering magnet, with 
only one set of co i l s energized. 

NAC-8399 

Fig. 7 Calculated flux for both sets of coils energized equally. 
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Magnetic field vectors aeasured at points on a rectangular 
grid inside the steering Magnet, with both sets of coils equally 
energized. 
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Working model of a rotating-coil device for haraonic analysis 
with bar-magnets providing a quadrupolc field. 
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Fig. 10 Waveforms (a) measured using the device shown in fig. 9, averaged 
over 256 revolutions, and (b) reconstructed by computer using the 
amplitudes and phases obtained from a harmonic analyser. 
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Fig. 11 The amplitudes of harmonics measured using the device shown in 
fig. 9 and a harmonic analyser. 



140 

Fig. 12 The full-size rotating-coil device, with adjustable table for 
quadrupole magnets up to one tonne in mass 
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Type A Type B 

Type C Type D 

Fig. 13 The four different types of diagnostic chambers in the low-energy 
transfer beamline. Note the alignment pads on the chambers for 
external chamber alignment and the two CF35 flanges on each 
chamber for signal feedthroughs and vacuum monitoring equipment. 
The type C chamber is the first chamber after SPC1. All chambers 
have CF150 mounting flanges except the type B chamber (with CF200 
flanges) which is intended for mounting the larger diagnostic 
equipment in front of the SSC. 
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Fig. 14 A typical pneumatic actuator with a stroke of 120 mm for in/out 
movement of diagnostic equipment e.g. harps and Faraday cups. 
The standard Faraday cup shown on the actuator has an entrance 
aperture (of the tantulum screen) of 65 mm. 

Fig. 15 Rear view of the tantalum Faraday cup. The outer edges of the 
high-voltage electrode for secondary electron suppression can 
be seen between the Faraday cup and r.he screen (at the front). 
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Fig. 16 Front view of a typical harp. Note the change in wire spacing 
from 1 mm at the centre, to 2 mm and then 3 mm at the outer 
edges. The harp is protected by a 1 ram thick tantalum screen. 

Fig. 17 Rear view of a harp and a capacitive phase probe mounted onto 
one CF150 flange. The harp is shown in the retracted position. 
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Fig. 18 Rear view of a capacitive phase probe for fixed installation 
with one segmented copper plate (for 50 0. termination) removed 
to expose inner pick-up ring supported by three ceramic insulators. 
At the front is a 1 mm thick tantalum screen. 

Fig. 19 Front view of a beam stop, to be mounted at the end of a 
straight section of beamline. Like a Faraday cup it consists 
of a tantalum screen with an 80 mm aperture, a high-voltage 
electrode and a tantalum cup at the end. 
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Fig. 20 A double linear high-vacuum feedthrough with independent 
positioning of both drives via stepping motors. A magnetic brake 
and an absolute position encoder are mounted onto each motor 
shaft. Here a standard two-jaw slit is mounted onto these drives. 

Fig. 21 Rear view of a standard slit system. The jaws each consist of a 
1,5 mm thick tantalum plate. Note the limit switch at the bottom 
to prevent the two jaws from being driven against each other. 
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Fig. 22 A high-precision linear vacuum-feedthrough is used as drive for 
the emittance slit (tcp) and the emittance detector (bottom) 
for each of the two transverse planes. A stepping motor is 
used as a drive. A magnetic brake and an absolute encoder (for 
position determination) are mounted onto the stepping motor shaft. 
The top photo shows a rear view of the 1,5 mm thick tantalum 
emittance jaw with a slit, which is 0,1 mm wide at the entrance. 
The emittance detector consists of 29 tungsten-rhenium wires of 
0,1 mm diameter spaced at 1 mm intervals. 
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Fig. 23 The harp (or profile grid) electronics which can serve up to 
eight harps via a multiplexer (i.e. the upper 5 cardframes). 
Any two harps can also be monitored simultaneously. The middle 
two cardframes (one for X and one for Y) house the 96 amplifiers 
with their power supplies. The bottom cardframe houses the 
analogue multiplexer, the post-amplifiers, the ADC's and the 
internal control module, the interface to CAMAC, power supplies 
and remote power on/off facilities. 
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The beam profile scanner electronics to serve up to eight 
scanners. Any two scanners can be monitored simultaneously. 
The upper cardframe contains the amplifiers, the control unit 
as well as the interface to CAMAC. The multiplexer is situated 
in the middle cardframe, while the lower cardframe houses power 
supplies. 



149 

^>T * T * "Jf> 

>•» ••» •! 

A £ • • 
» * 

0X1« 

0 » « 

• 

0 " * 

-

0" * |0" J * 

c <• ;o" >• Of i • j0«>• 

• 
D x * 
0» ! • 

f:: 
\ 

0 » i » 0 " » 

OM • • Or <# 

l l 
gnm^B^BI 

Fig. 25 The emittance measurement system electronics containing amplifiers, 
multiplexers, ADC's remote power on/off facilities and a small 
front-panel (top left) for manual control of the equipment. 
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NAC-83101 

Fig. 26 Layout of the beam diagnostic components ordered for the high-
energy beamlines. 
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Fig. 27 The 10 kW co-axial Faraday cup for the high-energy beamline. 
The tantalum screen and the high-voltage electrode are removed 
to expose the water-cooled inner copper conductor (with a 
tantalum plate in front of it) which also serves as a beam stop, 
and the copper-plated stainless steel outer conductor. The inner 
and outer conductor together form a 50 Q co-axial transmission 
line which is tapered at the rear. 
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Fig. 29 Calculated pressure distribution in the transfer 
beamline for 5 different outgassing rates, with 
only SPC1 and the SSC (phase 2) connected. 
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Fig. 30 Calculated pressure distribution in the 
transfer beamHne, as in fig. 29, but with 
5 additional pumps as indicated. 
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Fig. 31 Transfer beamline vacuum pumping system. 
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SECTION 6 MECHANICAL ENGINEERING 

6.1 Introduction 

The major components which have been designed and/or manufactured during 
the past year are as follows:-

(a) Short-circuit plates for SPC1 
(b) Manifolds and driving mechanism for SPC1 short-circuit plates 
(c) Trimming capacitor with drive for SPC1 
(d) Coupling capacitor with drive for SPCI 
(e) East dee with built-in 2nd radial slit and associated drive 

for SPC! 
(f) 1st radial and axial slits with drive for SPCI 
(g) EAR probe head 
(h) SSC central-region diagnostic chambers 
(i) Transfer beamline supports between SPCI and the SSC 
(j) SSC valley vacuum chambers 
(k) Ion source for SPCI 

We discuss these items together with progress on the construction of the 
two cyclotrons in the paragraphs below. 

6.2 SPCI 

6.2.1 Ion source 

Manufacture and assembly of the positioning table has not been without 
its problems. The stainless steel box-section beam (A) in figure 1 was 
made by a local firm who had many problems meeting the very stringent 
geometrical tolerances. The imported slide-table (B) used for vertical 
positioning proved inadequate for the job, because it was in fact 
designed to be used horizontally and had an inadequate thrust bearing. 
After redesign and manufacture of the screw, mechanical assembly is 
progressing well. The custom-made vertical and longitudinal ball-screws 
(C & D) and associated nuts and bearings work well. 

The ion source head assembly has been manufactured, and a perspex model 
of the copper head was machined in our workshop to prove the design 
feasibility of the complex cooling channels. Subsequently a prototype 
copper head (Mark 1) has been completed as shown in figure 2. A modification 
to the original design has been required to facilitate the welding of two-
metre long cooling tubes to the head, which is the next stage in the assembly 
process. 

6.2.2 Resonators 

The resonator supports and trolleys have been assembled, while assembly 
and testing of one end-structure and its support-beam for the dee is 
progressing well. Numerous jigs are required and these are being manufactured 
as they become necessary. 
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6.2.3 Short-circuit plates, manifolds and driving mechanism 

The short-circuit plates have been manufactured and assembled. The design 
and detailing of the manifolds and driving mechanism are also complete, 
and these are at present being manufactured by a local firm. The general 
arrangement of a short-circuit plate, together with manifolds and driving 
mechanism, is shown in figure 4. Details of the contact-finger assembly 
are also shown. One of the completed units which make up the short-circuit 
plate is shown in figure 3. 

6.2.4 EAR probes 

The supports and driving mechanisms for the two probes required have been 
manufactured locally and both have been assembled and tested successfully. 
One unit is shown in the assembly bay in figure 5. 

6.2.5 Trimming capacitors 

Manufacture of the trimming capacitors has been undertaken by the Central 
Workshop of the CSIR in Pretoria. The assembly is shown in figure 6. 

6.2.6 Coupling capacitor 

A special variable vacuum capacitor has been manufactured for us by an 
overseas firm, and is expected to arrive shortly. 

6.2.7 East dee 

Detail design of the east dee an.* its associated 2nd radial slit with 
driving mechanism has been completed. The general arrangement is shown in 
figure 7. Manufacture is being undertaken by the NAC workshop. 

6.2.8 1st radial and axial slits 

Mechanical design was completed during the first half of this year. The 
final layout is shown in figure 8. 

6.2.9 Transfer beamline supports 

The transfer beamline support will consist of seven welded assemblies 
bolted to the floor. These supports are at present being manufactured. 
At each end of this beamline, a non-magnetic structure will support the 
first and last diagnostic chambers. Each will be provided with a quick-
release mounting to facilitate access to the trimming capacitor of SPCI 
and the vacuum-chamber seals of the SSC. A prototype support structure 
has been used to evaluate the design of the mounting and alignment systems 
for the quadrupole magnets and diagnostic chambers. 
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6.3 SSC 

6.3.1 Resonators 

The manufacture of the two resonators is progressing well. All major 
components for the first resonator are presently being assembled for the 
vacuum test during August this year. Delivery to site should take place 
at the end of the year. 

The design of the large movable trapezoidal capacitors required to attain 
the lower frequencies has been completed and two of these units are presently 
being fitted to the first resonator. 

The design of the short-circuiting plates is presently being completed and 
a positioning mechanism using two special chains has been developed in 
conjunction with the resonator manufacturer. 

After delivery, the structures will again be vacuum tested after re-assembly, 
before being mounted in the SSC vault. The final silver-soldering of the 
inner conductor to the inner delta will be done by the manufacturer on site. 

6.3.2 SSC Magnets 

The last magnet is at present being machined in Cape Town. This work is 
2 months behind schedule and delivery is now expected at the end of 
August 1983. The SM3 magnet assembly is now complete, as can be seen in 
figure 2 of Section 3.1. 

6.3.3 Sector magnet vacuum chambers 

All four vacuum chambers have been delivered to site. 

On the vacuum chamber for magnet SM3 (which houses the MIC) we had some 
leaks which could have developed during transport. They have been 
successfully repaired and the chamber has been installed in the SM3 
magnet. 

Numerous vacuum tests have been made to establish deflections during working 
conditions. The results have been in line with our calculated values. 

6.3.4 Trim-coils for the sector magnets 

All the trim-coil sets have been delivered to site and the first two have 
been installed with the SSC magnets. Figure 9 shows the trim-coils 
installed on a vacuum chamber. 

6.4 Cooling System 

The installation of the final cyclotron cooling system is progressing 
according to programme and commissioning is scheduled to be completed 
before October 1983. At present a large amount of pipework and equipment 
is being assembled in the cooling piantroom and heat-exchanger room and the 
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pipework, condensers and fluid cooler adjacent to block K are almost 
complete. 

The schematic layout shown in last year's annual report has been accepted 
with some small modifications. The accelerator circuit pump speed control 
is not being installed and the four cooling towers shown have now been 
combined into one large cooling tower having four fans. In addition, 
5-micron filters have been fitted in the accelerator circuit delivery lines 
to prevent contamination in the event of a pump failure. 

All the chillers and pumps, except the small No. 5 chiller, were purchased 
from one manufacturer because of their reputation for reliability in 
service. Reliability was regarded as the first priority in purchasing 
equipment as the whole cyclotron facility would be unable to operate during 
multiple breakdowns. In addition a sufficient number of chillers and pumps 
have been provided to allow the cyclotron to operate at a minimum of 100 
MeV in the event of a major breakdown during the most critical weather 
conditions. Accelerator circuits have 100% standby pumps, so they would 
not be affected by a failure. 

The cooling system commissioning date has become critical to sections of 
the project as the present temporary cooling system has insufficient 
capacity to provide for the large number of users. At present the power 
supplies and SSC magnets are the principal users: however, other large 
cooling requirements such as the SSC amplifiers and dummy load will soon 
come into being. 

The cooling plant presently being installed only extends the pipework as 
far as the exit of the heat-exchanger room. The NAC is presently preparing 
drawings and specifications in order to extend the stainless steel pipework 
into the SSC vault and to the areas where the SSC resonator amplifiers 
will require services. Installation of this pipework should be completed 
by the end of the year. Figure 10 shows the proposed pipework in the SSC 
vault basement. 

Large manifolds have been fabricated by the NAC staff for the first SSC 
magnet fitted with trim-coils, and orders for materials for the remaining 
magnet manifolds are presently being processed. Extensive use of plastic 
and rubber pipework is being made in order to provide services in the 
shortest possible time and with the minimum of staff. 

The staff assigned to the cooling system will be increased when commissioning 
commences and provision has been made by the installation contractors to 
train NAC staff in maintenance procedures at this time. 

6.5 Workshop 

The purchase of a boring mill this year has considerably widened our 
capability. During the past year the following major components have been 
manufactured:-

(a) the ion source head and driving mechanism, 
(b) a copper liner for the SPC1 vacuum chamber, 
(c) MIC magnetic field measuring equipment, 
(d) dummy dees for SPC1, and 
(e) dees with a transition piece for SPC1. 
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Fig. I Stainless steel table with adjustable beam and supporting rods for SPCl ion source (see text). 
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Fig. 2 Mark 1 prototype of copper ion source head. 

Fig. 3 One of the sectors of the short-circuit plate for SPCI, showing 
contact fingers. 
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Fig. 5 Support and drive mechanism for one of the two ZAR probes for 
SPC1. 
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Fig. 6 Assembly drawing of a trimming capacitor for SPCI. 
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Fig. 7 East dee of SPCl, showing cooling pipework and 2nd radial slit. 
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Fig. 8 Layout of the 1st radial and axial s l i t s for SPCl 



166 

I 

Fig. 9 Trim-coils mounted on a vacuum chamber for one of the SSC magnets. 
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Fig. 10 Plan of the proposed pipework in 
the basement of the SSC vault. 
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SECTION 7 ELECTRICAL ENGINEERING 

7.I Introduction 

During the past year the Electrical Engineering Section has worked on the 
following projects: 

1. Magnetic field measurement equipment for SPC1. 

2. The interface between a computer bus and CAMAC. 

3. A converter from either Gray or binary code to bed. 

4. Work on the magnetic field measuring equipment for the SSC. 

5. Replacing the battery back-up system for the control computers. 

6. Interfacing an NMR meter to the power supply control system. 

7. The manufacture of a number of analogue-to-digital converters with 
LCD and LED displays. 

8. Several speed control units used for driving machines in the 
mechanical workshops. 

9. Power supplies for NIM crates. 

10. A Gray-code-to-analogue converter. 

11. A remote controller for the power supply dummy load. 

12. The modification of the printed circuit board facility. 

13. The construction of interlock and control units to enable standard 
power supplies to be used as trim-coil supplies for SPC1. 

14. A vacuum control and interlocking system. 

15. Ti i specification and ordering of current-stabilised power supplies. 

16. High-voltage power supplies. 

17. Switching-mode power supplies for stepping-motor brake controllers. 

18. A CAMAC interface for the emittance measurement system. 

19. A temperature measurement and alarm system. 

20. A stepping-motor driver. 

Only the last six items will be described below, as the other items are 
described elsewhere in this report. 
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7.2 Current-Stabilised Power Supplies 

A further 76 power supplies were specified and ordered during the year, 
which brings the total number of supplies ordered to date to 140. Of 
these 64 have been delivered and have either been installed or are being 
tested. Figure 1 shows a row of quadrupole magnet power supplies before 
installation. Each cabinet contains two supplies, each capable of delivering 
110 Amp at 140 volt. In figures 2 and 3 the front and back panels have 
been removed showing, respectively, the series transistor banks for current 
control and the variable transformers for voltage control. Figure 4 shows 
one of the power supplies being tested for long-term stability. 

7.3 High-Voltage Power Supplies 

Three high-voltage power supplies have been ordered to date. Of these, 
the extractor power supply for SPC1 has been received and tested for 
stability. The control and safety interlocking system of this power supply 
was modified to make it compatible with our control system and it was 
successfully tested with CAMAC control. This unit can deliver 1 mA at 
100 kV. 

The extractor power supply (5 mA 100 kV) for the SSC has been received, 
but the feedback voltage-divider broke down under test and the unit was 
sent back for repair. This unit is at the moment in transit back to the 
NAC. 

A third high-voltage power supply (120 kV 5 mA) is on order and will serve 
as standby replacement for both above-mentioned supplies. For this purpose 
we have made all high-voltage connectors interchangeable. 

A dummy load (for up to 1 mA, 100 kV) as well as 100 kV and 120 kV cable 
and connectors are on order and will be used to test and repair high-
voltage power supplies. 

7.4 Switching-Mode Power Supply 

A 260-watt off-line switching-mode power supply was designed and built to 
power the stepping-motor magnetic brake controllers. The physical dimensions 
of the supply were limited by the space available in the controller cabinets. 
The main design factors were maximizing of the efficiency and the power-to-
volume ratio. The efficiency was found to be 85% at full load, and line and 
load regulation was 0,1%. The unit is protected by fuses and foldback 
current limited. The first ten production models have been completed and 
are presently being tested. 

7.5 Emittance Measurement System Interface 

A CAMAC module for interfacing the emittance measuring system (EMS) electronics 
on order from an overseas firm was designed for the Control Division. This 
module together with an opto-isolation box will interface the EMS electronics 
via CAMAC to the SABUS, which will control the emittance measurement. The 
SABUS will then pass emittance data via CAMAC to the mini-computer (see 
figure 5). All measurements will be synchronised to the mains to eliminate 
50 Hz interference. The data from each measurement will be loaded into a 
"first-in-first-out" memory on the CAMAC module which will then be emptied 
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in a block-data transfer to the SABUS for temporary storage. When all 
measurements for an emittance calculation are complete, the stored data 
will be transferred from the SABUS via CAMAC to the mini-computer for 
computation. This module is in the prototype stage and will be tested 
when the EMS electronics arrive. 

7.6 Temperature-Sensing and Alarm System 

Figure 6 shows a block diagram of a temperature-sensing system for 
measuring the temperature at various points on the vacuum chambers of the 
separated-sector cyclotron. The temperature-sensing circuit consists of a 
bridge feeding into an op-amp. One of the legs of the bridge is a platinum 
resistor used as the temperature-sensing element. 

If the temperature sensor senses that the temperature is below the alarm 
threshold, the temperature transmitter (TX) transmits a 1 KHz signal. This 
signal is sensed by the temperature monitor and a relay contact closes. 
The alarm module checks the status of the relay contacts on the monitor 
modules of all ten channels and if any of them are open an alarm condition 
occurs. 

To make the system safer, each channel is tested in turn. The test is 
achieved by initiating a self-induced fault condition on the transmitter. 
During this test time, the monitor will only indicate a fault to the alarm 
unit if the transmitter does not respond to the test. 

During the non-test condition, the monitor senses the presence of the 
1 KHz signal from the temperature transmitter. If the signal is present 
the contacts of the monitor alarm relay are closed. 

During the test condition the monitor checks whether the transmitter 
responds correctly. If not, (i.e. the transmitter does not respond with 
a fault output during the test period) then the monitor alarm contacts 
open. 

The alarm relay contacts of the temperature monitors are connected in 
series, as shown in figure 6: if any of these contacts open an alarm 
condition exists. 

The alarm module initiates a test routine every six hours by instructing 
monitor 1 to go into the test routine. As soon as monitor 1 and transmitter 
1 have completed the test successfully, a signal is sent back to the alarm 
module to indicate that channel 1 is finished. The alarm module now 
instructs channel 2 to self-test. This is repeated until channel 10 is 
also finished. If channel 10 has not responded within one minute of the 
start of the self-test routine, an alarm condition is initiated. If all 
10 channels respond normally to the self-check the alarm module will wait 
another six hours before again initiating the self-test routine. 

7.7 Stepping-Motor Driver 

The stepping-motor driver shown in figure 7 was designed as a general-
purpose instrument which may be used with systems using various types of 
shaft-encoders, limit-switches and magnetic brakes. 
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The stepping-motor drive output may be adjusted to accomodate various 
stepping-motors, up to a maximum of 5 amperes per phase. Speed and 
direction of the stepping-motor is selected on the front panel. The 
stepping-motor may either be run continuously or single-stepped to a 
particular position. 

Two types of shaft-encoder output codes may be accommodated: (a) up to 
16-bit V-scan binary code or (b) up to 13-bit inverted Gray code. 

We decided to make the use of limit-switches optional. If limit-switch 
information from the driven system is available, then the driver will only 
allow the system to be run until the limit-switch opens. It will then not 
allow movement in that direction. (Movement in the opposite direction will 
of course, be allowed.) The stepping-motor driver will provide power to 
a magnetic brake, thereby releasing the brake. If the magnetic brake 
safety system is on then the driver will not step the motor unless it 
senses that the brake is released. If the driven system does not have a 
magnetic brake, the brake safety system may be bypassed. 

Automatic operation to a selected position is also possible. The required 
position (i.e. shaft-encoder readout) is selected and the driver will then 
step the motor until the shaft-encoder readout corresponds to the selected 
position. 

Operation from a remote point, for example a computer, is also possible. 
All front-panel controls with the exception of the motor speed control 
will then be ignored. 

7.7.1 Description of block diagram 

In figure 7, the output code from the shaft-encoder is fed to the code 
converter (module 2). This module converts either V-scan binary or 
inverted Gray code to natural binary. The binary information is converted 
to bed in module 1 and converted to CMOS levels in module 3. This 
information is fed to the "encoder displacement" display. 

The position to which the system is to be driven in automatic mode is 
selected on thumbwheel switches (preselected displacement) and is fed 
to the local/remote selector (module 6). If local is selected, the 
thumbwheel-switch information is passed to the latch (module 5). If 
remote mode is selected, the remote information is passed to the latch. 
When the operator or computer is ready, the information is latched to the 
"selected displacement" display and the comparator (module 4). 

On automatic operation, the comparator compares the encoder displacement 
with the selected displacement and produces a "higher", "lower" or "equal" 
output. This output is fed to the stepping-motor controller (module 7). 
which produces four phase drive signals which are fed to the power amplifier. 
These drive signals have a direction component determined by the comparator 
and when the comparator produces the "equal" output, the drive signals 
from module 7 cease. The output from the power amplifier drives the 
stepping-motor. 

On manual control, the directional component of the drive signals from 
module 7 is determined by the direction switch on the front panel. 
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The brake control (module 8) senses whether the brake has been energised 
(released) and, if so, will allow the stepping-motor to be stepped. 

Limited information is fed to module 7 which will block drive pulses in 
a given direction if the corresponding limit-switch opens. 
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Fig. 1 Quadrupole magnet power supplies before installation. 
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Fig. 2 Power supply with front panel removed to show transistor bank. 



175 

Fig. 3 Power supply with back panel removed to show variacs. 
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Fig. 4 Power supply undergoing long-term stability tests. 
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SECTION 8 BUILDINGS 

8.1 Present Sutus 

The second phase of the building programme has just ended, and the cyclotron 
hall is now complete. The overall status of the project may be seen from 
the plan shown in figure 1. The contract for the third phase of the 
programme was recently awarded, and construction has already commenced, as 
may be seen from the frontispiece. 

8.2 The Cyclotron Hall 

At the completion of Phase 2, the temporary cladding between the two 
sections of the cyclotron hall was removed. This now enables one to view 
the inside of the hall in its entirety from a suitable vantage point 
(figure 2). At the time of writing, the commissioning of the two 30-tonne 
crane beams is in progress, while the 72-tonne crane can already run the 
full length of the hall, i.e. from the future heavy-ion injector area at 
the south end, over the light-ion injector vault, the SSC vault and the 
experimental target areas, up to the future spectrometer area at the north 
end. 

All the permanent shielding walls are now in position, and the various 
beam tunnels leading to the respective target areas can now be seen from 
above (figure 3). The radiotherapy vault walls are also complete, 
(figure 4) but the suspended floors and wall panels etc. will be fitted 
later, as part of the Phase 3 contract. The radiotherapy mazes are still 
to be constructed using movable shielding blocks. 

The two isotope production vaults and mazes, one at ground level and one 
at basement level, now exist, although one complete wall at ground level 
is still to be constructed out of movable shielding blocks. The isotope 
vaults are linked to the isotope-handling area via a second set of mazes 
in which a remotely controlled isotope transport system will run: this is 
a rail-and-trolley system in which the electrically propelled trolley can 
travel horizontally, vertically, and even upside-down, where necessary. 

A small electric hoist (2-tonne capacity) and a crawl beam have been 
installed over the main service corridor — not served by the 72-tonne 
crane — to enable equipment to be raised to the mezzanine level where one 
of the two rf-amplifiers for the SSC will be located. An additional crane 
has also now been installed in the assembly and test area next to the main 
mechanical workshop (figure 5). 

8.3 The Control Block 

The control block which links the cyclotron hall to the office and 
laboratory block and to the workshop complex is now also complete. 
Underfloor cabling i.i being installed, and the air-conditioning system for 
the block is nearing completion. Members of the Control Division have now 
moved into this block, together with the control computers. Provision is 
also being made for the data-handling computers to be installed in the area 
adjacent to the control room (figure 6). 



181 

8.4 Services 

Installation of the main cooling system, including cooling towers, chillers, 
pumps etc., is progressing on schedule, and the contract has reached the 
halfway mark. This contract does not include the air-conditioning systems, 
nor the heat-exchangers, but will provide water for both these systems, for 
the cooling of magnets, beamlines and the radio-frequency system, and also 
for the air-conditioners for the radiotherapy and isotope vaults. This 
work will be completed before the end of 1983, after which the air-handling 
contract will be let. 

Cable ladders have already been erected throughout the building, except for 
those areas still to be formed from movable shielding blocks. Power cables 
for single- and three-phase points and lighting are already laid, while the 
routing of dc cables for all beamlines has been planned in detail. 

8.5 Phase Three 

The third phase of construction includes the hospital and patient-handling 
areas. The hospital will have a 30-bed ward block, built to a "race-track" 
design, with a central wing for common facilities, and with an external 
wing for services such as kitchens, laundry, etc. A single admissions area 
vill serve both hospital and day patients, with an enclosed corridor 
linking the ward block to the patient-handling area for radiotherapy. 

The patient-handling area will contain examination, set-up and X-ray rooms, 
as well as an operating theatre complex and accommodation for radiographers 
and medical personnel. 

In addition, there will be wings for medical physics and radiobiology 
equipped with laboratories, offices etc. This phase is due for completion 
at the end of 1984. Figure 7 shows the progress of this contract. 

8.6 Shielding Blocks and Beams 

As the first injector cyclotron (SPC1) nears completion it has become 
necessary to manufacture the shielding blocks and beams which will eventually 
close off the vault from the surrounding area. We decided to treat these 
first concrete blocks and beams as an experimental contract, negotiated 
with the building contractor responsible for phases 1 and 2 of the accelerator 
hall. 

A standard type of precast concrete block has been designed, based on the 
system of interlocking blocks used at Indiana University Cyclotron Facility. 
These are constructed to fit our basic 1,5-metre grid system: each block 
is 1,5 m x 1,5 m x 3 m high, incorporating a "joggle" on opposite 
vertical faces. Certain blocks are made without "joggles" where they butt 
up to flat walls. Eight blocks, each weighing approximately 16 tonnes 
have been cast. These are shown in figure 8. Identical blocks will be 
used in the shielding of the experimental areas beyond the SSC. Smaller 
hand-stackable shielding bricks will, of course, have to be used around 
the beamlines where they penetrate the shielding. 

Thirteen reinforced-concrete precast roof beams have also now been 
constructed. Each beam is 10 metres long, 1,5 m wide and 1 m thick, and 
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weighs approximately 35 tonnes. The beams are in the form of mating T and 
inverted-T shapes, with a 200 mm "joggle" or overlap of adjacent beams. 
This can be seen in figure 9. Each block has a single recessed lifting 
stud, and each beam has two. 

The lifting gexr consists of a commercial quick-fit hook which slips over 
the stud and locks in place for safety: the hook cannot be pulled upright 
into the hoisting position unless it has been correctly placed around the 
recessed lifting stud. 

The concrete beams were constructed on site, with re-usable steel shuttering. 
A number of useful lessons were learnt from this exercise. The contract 
for the remainder of the shielding blocks and beams has since been drawn 
up and is now out to tender. 
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Fig. 2 View of the cyclotron hall from the level of the gantry cranes: 
the SSC vault is visible (centre), with the radiotherapy vaults 
(far right) and the experimental areas (far left) beyond it. 
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Fig. 3 The beam tunnels leading from the SSC (at left) to the isotope 
production vault (lower right) and radiotherapy vaults (to the 
right), with the monochromator tunnel (top right) also visible. 
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Fig. 4 The shielding walls of the three radiotherapy vaults, with one 
of the 30-tonne gantry cranes overhead. 

Fig. 5 The assembly and test area, with a 5-tonne gantry crane. 
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Fig. 6 The control room, with partitioned areas for the control computers 
and for software development also visible. 
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Fig. 7 Site of the new patient-handling area and the medical physics and 
radiobiology wings, with the Van de Gr^aff accelerator buildings 
in the distance. 
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Fig. 8 The first concrete shielding blocks stacked to form a wall, 

Fig. 9 Some of the concrete beams which will shield the roof of the 
SPCI injector vault. 
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SECTION 9 THE PRETORIA CYCLOTRON GROUP 

9.1 Introduction 

The Pretoria cyclotron has reached an important milestone in its history 
namely its 25th year of full-time operation. The occasion was celebrated 
with a special symposium on the history and achievements of the cyclotron 
in the fields of cyclotron development and design, basic nuclear physics 
studies, production of radioisotope* and services to medicine and industry. 

As indicated in the previous annual report {1} there was a re-organisation 
of the programmes of the Pretoria Cyclotron Group (PCG). The current 
activities of the PCG can be divided into the following six main categories: 

(a) Cyclotron operation and development 
(b) Production of radioisotopes 
(c) Neutron therapy facility 
(d) Neutron studies (physical) 
(e) Neutron studies (biological) 
(f) Services to industry and other organisations 

The primary facility at the Group's disposal is a 110 cm variable-energy 
cyclotron with an external beamline leading to a separate experimental 
hall. The cyclotron is equipped for the bombardment of both internal and 
external targets for the production of radioisotopes; the machine is 
continually being upgraded and modernized and special attention is now 
being given to the external beam current in order to provide a suitable 
external deuteron beam for neutron therapy. The radioisotope production 
programme embraces research and development plus the routine production of 
radioisotopes, labelled compounds and radioactive sources for local medical 
and industrial use. Some long-lived radioisotopes are also produced for 
export in bulk. A fast-neutron therapy facility is currently being created 
in collaboration with the Johannesburg and H F Verwoerd Hospitals of the 
Transvaal Provincial Administration (TPA). In support of the future neutron 
therapy programme, physical and biological studies are being undertaken 
with fast neucrons. Services to industry and other organisations are 
rendered in the form of the regular supply of radioisotopes, preparation 
of special products and advice on the use of radioisotopes. 

Reference 

I. National Accelerator Centre Annual Report NAC/AR/82-01 (CSIR, 1982) 
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9.2 Cyclotron Operation and Development 

Summary: The RF frequency stabilizer has been replaced by a new system 
and a design study completed for modifying the ion-source gas 
supply system. Two modifications to upgrade the Pretoria 
Cyclotron for neutron therapy have been implemented: 

(i) the installation of a small electrostatic channel to improve 
orbital separation before the beam enters the main deflector-
septum system» and 

(ii) the installation of an active magnetic channel to further 
enhance the focusing thus far achieved with the passive 
magnetic channel. The effectiveness of the former has 
still to be finally assessed. The construction of the 
therapy beamline has been completed and the diagnostic 
components plus the associated electronic units have been 
installed. A beryllium target including an iris system 
has been designed and constructed. 

9.2.1 Maintenance and development 

After 20 years of use, the frequency stabilizer for the RF system was no 
longer reliable and this obsolete unit had to be replaced. A new system 
was designed and constructed and has since been installed, and its 
performance has been most satisfactory. 

The construction of a remotely controlled ion-source gas supply system 
has been initiated. The new system will utilize a piezo-electric control 
valve. 

Due to the priority allocated to the neutron therapy facility, the 
following projects have been temporarily postponed: 

(a) manufacture of new short-circuiting plates, 

(b) manufacture of the target transport system, and 

(c) modification of the ion-source control and drive system. 

9.2.2 Electrostatic deflection 

The additional electrostatic channel (El) has been manufactured and 
installed {!}. A new power supply for the electrostatic channel has also 
been installed in the experimental hall and was modified to accommodate 
remote-control facilities. Figure 1 shows channel El as seen from above. 
The channel has a very thin septum (0,5 mm) which lies in the shadow of 
a 0,14 mm thick silicon carbide wire which can clearly be seen in the 
lower part of figure 1, This wire is electrically isolated and was 
intended to monitor the internal beam prior to extraction. By adjusting 
the position of El such that the monitored internal beam current is a 
minimum, El can be radially positioned to ensure that the extraction 
radius of the beam profile {2} lies within the septum-deflector gap of El. 
However, the maximum permissible energy dissipation in the SiC wire requires 
that the channel septum should be carefully positioned initially using 
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extremely low internal beam currents which could not be realized under 
stable operating conditions. 

To optimize the radial position of El, its azimuthal position was altered 
by interchanging it with the internal probe {3} and utilizing the internal 
probe for diagnostic purposes. Figure 2 shows the beam profile under 
different El field-strength conditions at an azimuthal angle of 16 after 
El. (Curve A shows the beam profile before El was inserted). This rather 
complex set of profiles can be ascribed to incorrect radial positioning of 
El. The position of the septum gave rise to an apparent orbital separation 
by intercepting a portion of the beam at a radial distance much smaller 
than the extraction radius: hence the first minimum in the beam profile 
(curve B). This structure in the beam profile is again reflected in the 
succeeding or final beam orbit, the enhanced orbital separation in this 
instance being due to the outward radial displacement of a higher-energy 
beam (Curve C). As the field strength of El is increased, the first peak 
will move radially outwards. The second or outer beam profile is, however, 
too close to the deflector of EI and diminishes at higher field strengths 
as more of the beam strikes the deflector. 

The unreliable drive mechanism and position-recording system of the internal 
probe used for these measurements has prevented rapid monitoring of the 
internal beam. A position encoder and display unit has been designed 
and constructed for the probe and will shortly be installed. 

9.2.3 Active magnetic channel 

The active magnetic channel {4} and associated power supply were installed. 
Initial measurements indicated unacceptable beam losses within the channel. 
Measurements of the magnetic field within the channel were subsequently 
performed utilizing a Hall probe. In figure 3 the results are shown for 
the energized channel, with the main cyclotron field off. Figure 4 shows 
the results measured with only the main cyclotron field on (645 Amps), and 
figure 5 shows the results with the channel energized in the main field 
(645 A) of the cyclotron. All measurements were taken with the probe 
moving along a line perpendicular to the beam direction and approximately 
50 mm from the beam-exit side of the channel. The channel is positioned 
at a distance of approximately I m from the cyclotron centre. 

From figure 3 it can clearly be seen how the magnetic shielding on the 
west side of the channel (see figure 6) has diminished the magnetic field 
in the corresponding section of the channel. At the channel position the 
magnitude of the main magnetic field is approximately 0,15 T. In practice 
it is difficult to shield the channel from this field. This shortcoming 
is clearly reflected in the asymmetric field induced within the non-
energized channel (figure 4). As a result the field distribution in the 
energized channel (figure 5) is distorted, and also displaced by 0,24 T 
at the channel centre. The deviation from the ideal focusing field was 
confirmed on an autoradiograph of the beam profile taken close to the exit 
port of the isotope production chamber. 

In order to improve the effectiveness and efficiency of the channel, it 
was displaced approximately 20 mm to the west and the vertical beam aperture 
through the channel was increased from 9 to 13,5 mm. Subsequent measurements 
have indicated that these alterations have substantially enhanced the 
action of the channel. 
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9.2.4 Therapy beamline 

The beamline to the therapy treatment room as well as the associated 
diagnostic components have been described previously {5}. The physical 
construction of the beamline has been completed but final adjustments are 
still required before a beam can be delivered to the target area in the 
experimental hall. The power supplies to the three pairs of quadrupole 
lenses were replaced by new power supplies. New power cables were laid 
to connect the power supplies to the quadrupoles and also to the bending 
magnet. 

The action of the faraday cup preceding the beryllium target has been 
reversed so that activation of the unit will move the cup out of the beam. 
This function accords with the fail-safe philosophy of the neutron dose 
monitoring system Í5). 

Figure 7(a) shows the twin ionization chamber and secondary beam-stop in 
front of the target, while figure 7(b) shows the target assembly for the 
beryllium target as well as the iris system for monitoring the beam position 
prior to target incidence. The target is 1,1 mm thick, thus ensuring 
maximum yield and minimum neutron attenuation for 16 MeV deuterons on 
beryllium. As we have experienced unreliable behaviour of the bending 
magnet control unit, we have started to redesign the control circuitry in 
order to improve the overall stability and reliability of the system. 

9.2.5 Utilization 

During the past year the total cyclotron operational time amounted to 
6595 hours. This is V- less than the 7092 hours of the previous year, as 
the machine had to be shut down several times in order to implement 
modifications essential to the neutron studies and therapy programmes. 
The cyclotron was available to users for 5724 hours, during which time 
4552 beam hours were logged. This represents a running efficiency of 79,5%. 

A breakdown of the cyclotron utilization is given in table 1. 

Table 1 Cyclotron operation 

Hours % 

Planned service 633 9,6 
Interruptions 238 3,6 
Radioisotope production 5514 83,6 
Experiments 

Total 

210 3,2 Experiments 

Total 6595 100 
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Fig. 1 The electrostatic channel El as seen from above. A thin septum 
lies in the shadow of the SiC wire which can clearly be seen in 
the lower part of the figure. 

NAC-U110 

530 520 510 500 490 480 470 
Travel Distance (mm) 

Fig. 2 Internal beam profile prior to deflection: (A) without 
electrostatic channel El; (B) El in position but zero electric 
field; (C) electric field of 1,7 x 106 V/ra applied to El. (Travel 
measured towards centre of cyclotron.) 
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Fig. 6 The magnetic channel designed for the Pretoria Cyclotron: 
(a) graphite, (b) iron, (c) coils, and (d) insulator. 
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Fig. 7 (a> Secondary beam stop and twin ionization chamber: (A) mirror for beam-defining light; (B) twin 
ionization chamber; (C) Benelex supporting frame; (D) secondary beam stop (high-purity iron); (E) bismuth 
plug (secondary beam stop closed); (F) beryllium target; (G) initial collimation (secondary beam stop open); 

(b) Water-cooled beryllium target assembly: (A) anodized aluminium; (B) target (1,1 mm thick); (C) iris. 



197 

9.3 Production of Radioisotopes 

Summary; Attention was again given to various radioisotope production 
procedures and the upgrading of facilities. The development of 
improved methods for the recovery of I 3 ,Ce from bombarded La 
targets and 7 7Br from bombarded As 20 3 targets have been completed. 
Both these methods have been successfully employed for routine 
production purposes. Investigations were initiated for the 
preparation of l uIn-oxine and promising results were obtained 
with delivery of the product in an aqueous solution. The effort 
to produce a 1 , 1pt/ 1 ,' mlr generator has been discontinued as no 
suitable ion-exchanger/eluant combination for the quick separation 
of the two isotopes could be found. 

The programme for the registration of the radiopharmaceuticals 
produced in the PCG as medicines, has been continued. A permit 
in terms of the Pharmacy Act (Act 53 of 1974) has been received 
authorising the CSIR to manufacture, pack and sell radioisotopes 
and radiopharmaceuticals as medicines. An application for the 
registration of 67Ga-citrate as a medicine has also been 
submitted to the Registrar of Medicines. 

During the past year further improvements have also been introduced 
to the production facilities such as the transfer of the waste 
treatment, storage and decontamination facilities to the same 
wing of the cyclotron building where the other facilities are 
housed. 

9.3.1 Recovery of 1 3 9 C e from La Targets 

This project {1} has been continued. Distribution coefficients were obtained 
for 1 3 9 C e at different HN03 concentrations and it was found that the 
adsorption of 1 3 9 C e on the anion-exchange resin is slightly better with 
0.075M HBr03/6,OM HN03 than with 0,075M HBr03/7,89M HN0 3. The first-
mentioned eluant mixture is thus suggested for use in the routine production 
of 1 3 9 C e . 

The final I 3 9Ce product was analysed to determine its purity. No Cu could 
be detected with atomic absorption spectrometry and a spectrophotometric 
determination of La revealed 0,35 yg/ml. A visible spectrophotometric 
method for the analysis of ug quantities of La was developed. Arsenazo 111 
and an aminoacetic acid/HCl buffer system are used for this analysis and 
it was also shown that Cu does not interfere with this determination. 

9.3.2 Production of 7 7Br 

This project 0 } has been continued. The 7 7Br is separated from the As 20 3 

targets by distillation after dissolution in H2S0i, and oxidation with 
K2Cr2<)7 {2}. To decrease the percentage of 7 7Br adhering to the glassware 
of the distillation apparatus, 25 Mg of carrier Br" is added before the 
target is dissolved. The 7Br is collected in AgN0 3 solution and then 
separated from the Ag by ion-exchange chromatography {3}. The recovery 
of 7 7Br is 65-80% and this constitutes about 6 mCi after chemical processing 
of a target which has been bombarded with 32 MeV a-particlet cor an integrated 
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charge of 55 uAh. 

To test for As in the sample solution, the Gutzeit test is employed. 
Hydrogen is evolved from the reaction between Zn and H 2SO H and this forms 
AsH3 if As* is present. With this test the amount of As in the final 7 7Br 
solution vas shown to be less than 2 ppm, which corresponds well with the 
average value of 1,3 ppm which was determined with an atomic absorption 
spectrometer. 

Nine production runs were performed in a combined research programme with 
personnel from NUCOR and the Universitas Hospital in Bloemfontein for the 
development, bio-evaluation and clinical trials of 77Br-hippuran. 

9.3.3 Preparation of In-oxine 

The preparation of In-oxine has been initiated following a request by 
the Universitas Hospital in Bloemfontein. In-oxine is used for the 
labelling of blood platelets which in turn are used for various other studies. 
The labelled platelets can also be of value in the detection of complications 
after kidney-transplant operations. 

Many producers abroad deliver i nIn-oxine in ethanol solution. Ethanol 
is harmful to platelets and for that reason the volume of the solution 
is kept very small and the concentration of ll'In-oxine is as high as 
possible. Workers at the Universitas Hospital found that even this small 
amount of ethanol still ) is a detrimental effect on the platelets and 
therefore an aqueous solution was requested. 

Oxine has a poor solubility in water, i.e. only 48 mg is soluble in 100 ml 
water at the physiological pH of 7,4. This concentration is nevertheless 
high enough for the oxine to be largely in excess compared to the U 1 l n -
isotope. 

The oxine was labelled with I U I n using an acetate buffer solution at a 
pH of 5 {4}. The 'uIn-labelled oxine was extracted into chloroform and 
this indicated that the labelling was better than 90Z. After evaporation 
of the chloroform the i nIn-oxine was dissolved in a HEPES buffer solution 
and with this product successful labelling of blood platelets was carried 
out at the Universitas Hospital. The 2In-oxine yield was very low, 
unfortunately, mainly as a result of difficulties with the dissolution of 
111In-oxine in the HEPES buffer solution. 

The labelling of oxine was also done directly in a HEPES buffer solution 
without purification by extraction. The labelling percentage was about 
70% but the labelling of platelets was less successful. However, there 
is still no certainty whether this result is due to the n iIn-oxine product. 
Further investigations are thus necessary to ensure a higher labelling 
percentage and to correlate it with the results of platelet labelling. 

9.3.4 Preparation of a 191Pt/19""lr-generator 

This project has been continued in collaboration with the Analytical 
Chemistry Division of the NCRL {l}. The problem to jissolve the 
lrCl3. H 20 target after bombardment was solved by .siting it with K 2 S 2 0 7 

while small quantities of NaCl were added until a clear brown melt was 
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obtained. The m P t was successfully separated from the Ir target material 
by using the AG50W-X4 (100-200 mesh) cation exchanger. However, when using 
the same cation exchanger for the preparation of a generator, elutions of 
the 1 I nIr with 0,9Z NaCl and with 2M HC1 solutions were unsuccessful. A 
second generator, using the AG1-X4 (100-200 mesh) anion exchanger and 
different mixtures of HC1 and ascorbic acid (CtHa0t) for elution, also 
proved unsuccessful. It was therefore decided to discontinue the project. 

9.3.5 Registration of radiopharmaceuticals as medicines 

Preparations for the registration of 67Ga-citrate injection have been 
continued {5}. The Registrar of Medicine has indicated that it will become 
compulsory to register radiopharmaceuticals in terms of the Medicines and 
Related Substances Control Act (Act 101 of 1965) during 1983. An application 
for the registration of 67Ga-citrate as a medicine has therefore been 
submitted to the Registrar of Medicines on the prescribed form according 
to the regulations in terms of the above-mentioned act. This will be 
followed by further applications in the near future. 

The right to manufacture registered medicines is controlled by law and a 
permit in terms of the Pharmacy Act, 1974, (Act 53 of 1974) has been received, 
authorising the CSIR to manufacture, pack and sell radioisotopes and 
radiopharmaceuticals as medicines using the laboratories of the PCG. 

A condition imposed is that the manufacturing shall take place under the 
supervision of a registered pharmacist. 

9.3.6 Accommodation and facilities 

The two ground-floor laboratories in the eastern wing of the cyclotron 
building which were evacuated by the NPRL have been equipped for the 
processing of radioactive waste, storage of radioactive materials and the 
decontamination of glass-ware and equipment. This new arrangement brings 
about a marked improvement as all the facilities for the production of 
radioisotopes are now centralised in one part of the building. 
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9.4 Neutron Therapy Facility 

Summary: The construction of the treatment room has been completed after 
several building materials were tested by activation in a fast 
neutron beam. Materials characterized by low photon-emission 
following neutron bombardment were used to minimize radiation 
doses to PCG personnel and radiographers. The variable neutron 
collimator was installed, tested and accepted. The designs for 
a secondary beam-stop and twin ionization chamber have been 
completed and are under construction. 

9.4.1 Treatment room 

The merits of using CfIR concrete blocks (which contain 46Z iron) as an 
outer layer in the construction of the therapy room have been stated 
previously {l}. To find a suitable material for the inner layer 
(approximately 45 cm thick), a wide range of samples were activated in a 
fast-neutron beam (average energy 7,6 MeV). Table 2 lists the relevant 
neutron reactions {2} identified from the observed photon energies {3} 
whilst table 3 gives a list of the irradiated samples. 

To produce an activity within 32 of the saturation value, irradiation 
times of 5 half-lives are required. This was realized only for elements 
with t| < 10 m. A study was made to assess the induced photon activity 
of the various samples relative to that observed fre* the limestone 
material used in the construction of the shielding walls at NAC (Faure). 
The most suitable material was found to be a synthetic byproduct of 
Sasolburg (SB), which has a large limestone component. The optimum mix 
used for the inner wall was as follows: 

Cement 18,9% 

Ash 2,4% 

SB coarse aggregate 47,OX 

SB fine aggregate 16,62 

Water 15,12 

An acceptable plaster material was found in a lightweight two-in-one 
plaster with a high gypsum content. The roof of the treatment room 
consists of a 750 ran thick water layer on top of a 180 mm thick reinforced 
concrete slab. 

9.4.2 Neutron collimator 

The motivation for acquiring a neutron collimator with variable field size 
facilities has been stated before {4}. The collimator has recently been 
installed and acceptance tests have been completed. Figure 8 shows the 
fully-assembled collimator with the pedestal mounted control panel in the 
foreground. In figure 9 the collimator has been swung away from the wall 
and the beam-defining illumination system can clearly be seen. 
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Table 2 List of (n,x) reactions and associated photon energies 
and half-lives 

Photon Nuclear Reaction Half-life 
energy 
(keV) 

*5II 1 60(n,2n) 1 50 2,03 m 
844 2 7Al(n,p) 2 7Mg or 3 0Si(n,a) 2 7Mg 9,46 m 
847 5 6Fe(n,p) 5 6Mn 2,57 h 
1014 2 7Al(n,p) 2 7Mg or 3 0Si(n,a) 2 7Mg 9,46 m 
1157 1,HCa(n,p),,,,K 22,0 m 
1273 2 9Si(n,p) 2 9Al 6,6 m 
1369 27Al(n,a)2,,Na 15,05 h 
1779 2 8Si(n,p) 2 BAl 2,3 m 
1811 56Fe(n,p)5*Mn 2,57 h 

*Via positron decay 

Table 3 List of materials irradiated with fast-neutron beam 

Sample No. Material 

1 Cement 
2 Kimberley Klip 
3 Kimberley Sand 
4 Marble Hall Gravel 
5 Cape Limestone Aggregate 
6 Cape Limestone Sand 
7 Sasolburg byproduct (SB) 
8 Lightweight Plaster - 'Rhinolite' 
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The design for the secondary beam stop is shown in figure 7(a). The 
secondary beam-stop serves a dual purpose: firstly to facilitate pre-
collimation of the neutron beam,and secondly to attenuate photons emanating 
from the target holder as a result of induced activation. High purity Fe 
is used to minimi 2 induced self-activation. The beam-stop can assume one 
of two positions. When activated, a collimator in the beam-stop, compatible 
with that of the variable collimator, will align with the incident beam. 
Tn the non-activated or fail-safe position a Bi plug moulded into the 
shutter moves into position and reduces radiation exposure to radiographers 
in the treatment room. In this position the ionization chamber is also 
shielded, thus reducing radiation damage to the insulators used in the 
chamber construction. 

9.4.3 Neutron dosimetry 

The neutron dose monitoring system for the therapy facility has been 
described in detail in a previous report {5}. Except for the final 
interfacing, this system has been completed. 

The twin ionization chamber in figure 7(a) forms an integral part of the 
neutron dose monitoring system. This chamber is an open-air chamber 
similar in design to that at Edinburgh {6} with the exception that ECTFE, 
a fluoropolymer, is used as an insulator instead of PCTFE. A-150 plastic 
is used for the collector and HV electrodes. HV is applied to the two 
outer and central electrodes whilst the ionization currents from the two 
inner electrodes are monitored separately. 
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Fig. 8 Variable neutron collimator with pedestal control in foreground. 

Fig. 9 Variable neutron collimator swung away from wall showing access 
to target area. 
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9.5 Neutron Studies (Physical) 

Summary: Characteristics of two 0,5 cc TE ionization chambers were 
determined in a °Co radiation field. A technique was developed 
to manufacture a thermal-neutron shield for a GM-detector using 
enriched LiF. Initial modifications to an isodose plotter have 
been implemented in order to perform in-phantom measurements in 
a fast-neutron therapy beam. Gn-values for a modified Fricke 
solution (FBX) were determined at two European fast-neutron 
centres and the results compared with the value determined at 
the Pretoria Cyclotron. 

9.5.1 Detector characteristics 

The saturation characteristics of two identical 0,5 cc tissue-equivalent 
chambers were determined for both po lar i t i e s . Chamber response as a 
function of tissue-equivalent gas flow was also evaluated. Measurements 
performed with the chamber axis in l ine with and perpendicular to the 
radiation beam indicated a zero stem correction. All the measurements 
were performed in a Co radiation beam. 

The paired-chamber technique {1} w i l l be used to determine the fast-neutron 
and photon components in the mixed radiation f i e l d at the Pretoria Cyclotron. 
The MX-163 GM-tube i s used as the neutron-insensitive detector. To 
minimize the response of the GM-tube to thermal neutrons, 6 L i i s used as 
an absorber. The predominant reaction i s 6 Li(n ,a) 3 H with a very high cross-
section (950 barns). Enriched LiF powder ( 6Li-95,3Z) of uniform grain 
s ize was used to manufacture a thermal-neutron shield for the GM-tube. 
An epoxy resin mixture containing approximately 80% LiF was cast in a 
cylindrical mould from which a shield in the form of a cap for the detector 
could be machined. The NBRI co-operated in the development of this technique. 

9.5.2 Isodose plotter 

A redundant isodose plotter was obtained from a Provincial Hospital and 
the mechanical and electrical components were serviced. Partial 
modification to accommodate TE-chambers has successfully been completed. 
Circuitry to amplify the probe signal will shortly be designed and 
implemented in order to obtain an adequate response from a 0,05 cc TE-
chamber when used in the neutron beam. 

9.5.3 Use of the modified Fricke solution (FBX) for neutron 
dosimetry 

The determination of G-values for ferrous bensoic acid Xylenol in fast-
neutron and Co radiation fields has been described in a previous report 
{2}. This work was continued at Gray Laboratory (London) with the active 
participation of two researchers from that institute. The details of the 
present experiment have been described elsewhere {3}. The essential 
difference between the two measurements is that d(16)-Be and d(4)-Be were 
respectively used at the Pretoria Cyclotron and Gray Laboratory to generate 
fast-neutron radiation fields. It should be noted that in both studies 
non-linear effects were observed for doses > 6 Gy. 
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The value determined at Gray (Gn = 23,2/100 eV) is lower than the Pretoria 
value (Gn = 27,3/100 eV). This is due to the difference in the mean energies 
of the two neutron fields (t> 3,5 MeV and •»» 7,6 MeV). Atxmann and Licari 
{4} have shown that the spatial density of ions and radicals increases 
with LET, giving rise to higher reconstitution and hence a lower number of 
F e 3 + ions. Preliminary measurements at Hammersmith Hospital, London 
(d(16)-Be) indicate a value of G n = 27,0/100 eV which compares favourably 
with the G n value determined in the Pretoria beam. The results from the 
three centres, including G n + y (mixed) and "y-contamination values are 
summarized in table 4. 

Table 4 Summary of G-values for FBX solution as determined 
at three fast-neutron centres 

G . ^ D(Y)/D(n+Y) G n 

Gray 26,5 0,105 23,2 

Hammersmith 27,9 0,033 27,0 

CSIR (Pretoria) 27,6 0,012 27,3 
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9.6 Neutron Studies (Biological) 

Summary: The OER value for 3 MeV neutrons was determined from mean 
inactivation doses using V79 Chinese hamster cells. The 
backscatter factor for glass relative to plastic was measured 
for 250 kV X-rays. OER values were also determined for V79 
cells prepared on glass and plastic petri dishes using 250 kV 
X-rays. The mouse testes weight-loss system was used to evaluate 
the quality of a 3 MeV neutron radiation field. A relationship 
between RBE and E n was deduced for the range E n • 3 - 21 MeV. 

9.6.1 Introduction 

As stated previously {1}, clinical treatment with a new particle therapy 
facility must be preceded by fundamental radiobiological studies. The 
success and reliability of these studies depend on the refinement of 
techniques which can only be achieved in a suitably equipped life sciences 
laboratory staffed with qualified scientists and technicians. An opportunity 
to gain such expertise arose during a visit to Gray Laboratories, London. 
The author gratefully acknowledges the time and assistance given to him by 
the Director and his staff during the course of these radiobiological 
measurements. Several studies were performed, three of which are reported 
here. 

9.6.2 Oxygen enhancement ratio for 3 MeV neutrons 

The V79 Chinese hamster cell line was chosen for this study because it is 
one of the most useful systems for biological intercomparisons {2}. V79 
cells were routinely grown in suspension in minimum essential medium (MEM) 
modified for spinner culture (7,5% fetal calf serum). Cell populations in 
logarithmic growth were irradiated with fast neutrons (average energy 3 
MeV) under oxic (air plus 57. C0 2) and anoxic (nitrogen plus 5% C0 2) 
conditions. The cell samples were plated, incubated for 6 days and then 
scored for clonogenic ability. To calculate the mean inactivation dose D 
{3}, coefficients were evaluated from a linear-quadratic fit to each of 
the survival curves for the two conditions of irradiation. OER is expressed 
as the ratio I! (nitrogen)/!) (air) and the value of 1,6 obtained in this 
experiment (as reflected qualitatively by the hatched area in figure 10) 
is in full agreement with the value reported by McNally et al.{4}. 

9.6.3 X-Ray backscatter factor 

Backscattering from a high-density medium during irradiation will increase 
the absorbed dose in cells supported by the medium. This enhancement of 
the absorbed dose is indicated by the backscatter factor. In this experiment 
the X-ray backscatter factor for glass is determined relative to that of 
plastic. Monolayers of V79 cells in the exponential growth phase were 
prepared on plastic and glass petri dishes. The dishes were placed in two 
groups of Al chambers and mixtures of air (plus 5% C0 2) and nitrogen (plus 
5% C0 2) were respectively passed through each of the groups of chambers 
for 20-30 minutes. The chambers were then sealed and irradiated with 
250 kV X-rays at room temperature. Following irradiation, the petri 
dishes were trypsinized and the cells seeded in MEM plus 10% fetal calf 
serum. 
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Survival curves were plotted (figure 11) and the mean inactivation dose 
ratios derived from these curves were used to calculate OER values and 
backscatter factors (table 5). The OER values agree, within the 95Z 
confidence limits, with previously reported data {4} and the backscatter 
factors of 1,3 are identical to those determined by physical dosimetry. 

Table 5 OER values and backscatter factors calculated from mean 
inactivation doses. 

Atmosphere Substrate D (Gy) OER Backscatter factor 

Nitrogen 
Glass 8,17 (7,61-8,78)* ^ 1,31 (1,28-1,35) 

Nitrogen 
Plastic 10,72 (9,72-11,82) 

^ 1,31 (1,28-1,35) 

Air 
Glass 2,70 (2,65-2,88) 

1,30 (1,25-1,32) Air 
Plastic 3,52 (3,32-3,81) 

1,30 (1,25-1,32) 

- Glass - 3,03(2,87-3,05) -

- Plastic - 3,05 (2,93-3,10) -

*95% confidence limit values given in brackets 

9.6.4 Testes weight-loss 

The effect of dose rate on RBE measurements can be eliminated through the 
use of a non-repairable end-point. The mouse testes weight-loss system, 
as proposed by Geraci et al. {5}, fulfills this requirement and is an 
established biological system for the intercomparison of fast-neutron beams 
{6}. A dose-response relationship for both neutrons (average energy 3,1 MeV) 
and 250 kV X-rays was determined (figure 12). 

For each radiation modality, two components are apparent in the experimental 
results. The less sensitive component was subtracted from the overall 
weight-loss and a RBE - 3,9 ± 0,4 (at D 3 7) was determined from the more 
sensitive component. Converting the 1"̂  values as given by Geraci et al. 
i.5} to E n values, a relationship between RBE and E*n was deduced for the 
E n range 3 - 21 MeV (figure 13). 
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9.7 Services to Industry and other Organisations 

9.7.1 Health physics 

The PCG physicists of the NAC, in collaboration with the NPRL, are responsible 
for the regulatory aspects concerning the use of radioactive materials at 
Scientia and for implementing the Department of Health's 'Regulations 
Concerning the Control of Electronic Products'. Advice was given on the 
protection of personnel against the hazards of ionizing radiation, and the 
handling, storage and disposal of radioactive wastes were attended to. The 
upkeep of records and registers was continued. 

9.7.2 Commercial production of radioactive isotopes 

The routine supply of short-lived radioisotopes to South African hospitals 
and other organisations for diagnostic and research purposes was continued. 
The number of consignments and total activities of Ga and 8 1Rb/ 8 i mKr 
delivered have increased significantly with respect to the previous year's 
production {l}. Currently Ga and Rb/ i mKr are used by 9 and 7 hospitals 
respectively and 7Br has been added to the list of radioisotopes. Details 
of the past year's production are given in table 6. 

Table 6 Medical radioisotopes delivered to South African 
hospitals and other organisations 

Radioisotope Consignments Millicuries 

6 7Ga 320 6014 
7 7Br 9 33 

8 1Rb/ 8 1 nKr 348 14731 
1 1 'In 13 54 
12 3 j 15 28 

Radioisotopes for non-medical purposes were also supplied to two local 
organisations: 7 sealed 1 0 9Cd sources (100 mCi each) were manufactured 
and supplied to the Chamber of Mines of South Africa for use in portable 
X-ray fluorescence gold analysers, and 1 consignment of 10 mCi In was 
supplied to the Nuclear Physics Research Unit of the University of the 
Witwatersrand for research purposes. 

A number of long-lived radioisotopes were also produced for export and 
details for the past year are summarised in table 7. 
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Table 7 Radioisotopes produced for export 

Radioisotope Consignments Nillicuries 

7Be 1 100 
2 2Na 1 10 

1 0 9Cd 14 6750 
1 3 9Ce 4 35 
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Fig. 12 Testes weight-loss as a function of absorbed dose 250 kV x-rays 
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SECTION 10 THE VAN DE GRAAFF GROUP 

10.I Introduction 

The Van de Graaff Group, formerly the staff of the Southern Universities 
Nuclear Institute, was incorporated into the National Accelerator Centre 
of the CSIR on I April 1983. Two additional staff members are seconded 
from NUCOR to undertake applications of isotopes and radiation in industry 
and research, and another scientist is sponsored by the Cape Provincial 
Administration for projects of medical interest. 

Research within the Group is undertaken both jointly with and separately 
from the outside users of the Van de Graaff facility. The outside users 
and recent collaborators consist of a number of groups and individuals 
from the institutions listed below: 

Cornell University (USA) 
Fruit and Fruit Technology Research Institute 
Groote Schuur Hospital 
Medical Research Council 
Nuclear Development Corporation of S.A. (NUCOR) 
Percy Fitzpatrick Institute of African Ornithology 
State Museum, Windhoek 
Stellenbosch Museum 
Tygerberg Hospital 
Universiteit Bielefeld (Germany) 
University of Cape Town 
University of Durban-Westville 
University of Stellenbosch 
University of the Western Cape 
and various laboratories of the CSIR 

Recent research using the facilities of the Van de Graaff Laboratory up to 
February 1983 has been reported in reference {1} and covers the major 
fields of activity outlined below. 

10.2 Nuclear Physics 

Nuclear structure studies are undertaken by several physics groups using 
neutron inelastic scattering and neutron induced reactions such as (n,p) 
and (n,d), or charged-particle induced reactions such as (P,P'Y) a n a (a,py). 

Nucleon interactions have been the focus of attention in a series of 
experiments involving few nucleons e.g. in n-d scattering, deuteron break
up, and photo-disintegration. There is also a group investigating details 
of the fission process. 

Additional techniques and facilities for nuclear studies have been 
developed. The most recent include (a) the design and installation of a 
post-acceleration bunching system which provides 0,2 ns pulses for neutron 
time-of-flight measurements, and (b) the preparation of thin detectors for 
fission fragment detection. 
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10.3 Atomic Physics 

A programme of atomic physics using heavy-ion beams accelerated by the Van 
de Graaff accelerator was begun in about 1972. The programme has separated 
naturally into two parts: 

(i) studies involving the processes of the vacancy production 
and decay of inner atomic shells (observed by X-ray emission), 
mostly related to the so-called molecular-orbital theory for 
slow ion-atom collision systems; and 

(ii) studies involving the stripping of outer shell electrons and 
the emission of decay radiation in the visible and ultra
violet wavelengths (beam foil spectroscopy). 

The heavy-ion energies used in this work have varied fro» less than 1 MeV 
to over 20 MeV. 

10.4 Nuclear Analytical Chemistry 

A range of techniques for elemental and isotopic analysis has been developed 
and refined. They include Rutherford backscattering, nuclear reaction 
analytical methods, P1XE (particle-induced X-ray emission) and its 
counterpart PIPPS (particle-induced prompt photon spectrometery). The 
latter two methods together with neutron activation analysis provide tools 
for simultaneous multi-elemental analysis. This has provided a multi
parameter approach to the classification of samples using multivariate 
statistics. This is a powerful approach to the solution of diverse 
problems such as the effects of nutrition and geography on the trace 
elements in biological samples, and the sources and geographical distribution 
of archaeological artefacts. 

10.5 Ion-Solid Interactions 

Solid state interaction between thin metal films and silicon is of 
considerable importance in semiconductor technology. The oxides of silicon 
and silicides serve as insulators and diffusion barriers. The formation 
and kinetics of metal-silicon interaction, and the formation of oxides by 
thermal and anodic oxidation have been extensively investigated. The 
techniques used to study the diffusing and interacting species and to 
observe the complex behaviour in surfaces include Rutherford backscattering, 
channeling, radioactive tracers and electron microscopy. 

Recent developments include the acquisition of a high-intensity pulsed 
laser and the initiation of projects to study the laser annealing of ion-
implantation damage in semiconductors, and the use of the laser to provide 
high-concentration doping of semiconductors. 

10.6 Medical and Life Sciences 

A wide range of biomedical problems has been investigated in collaboration 
with research workers from medical institutions and the universities. The 
projects cover the spectrum from basic radiobiology, trace element analyses 
in biological systems in relation to nutrition and disease, and the study 
of blood flow in heart muscles during myocardial infarction. 
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10.7 Application of Nuclear Techniques in Industry and the 
Environment 

A range of such projects has been undertaken. Work is continuing on the 
use of a novel radioisotope gauge to measure the depth of movement (and 
velocity of movement) of Jackass Penguins diving off the West Coast of 
South Africa. Other projects involving radioactive tracers include an 
investigation of pollen dispersal by sunbirds, and the extent of water 
leakage from an agricultural dan. A PIXE aeasureaent was required to 
provide an industrialist with inforaation on the phosphorus content of a 
copper sample. An explosive material was also analysed non-destructively 
by this method. 

Reference 
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SECTION 11 RESEARCH GROUP 

11.1 Introduction 

Until the SSC becomes operational the Group's experimental nuclear physics 
research will be carried out on a regular basis at similar facilities 
abroad, in collaboration with research groups there. Basic research is 
conducted on nuclear structure and nuclear reaction mechanisms at inter
mediate energies by studying charged-particle reactions and scattering on 
a variety of nuclei. For this purpose light particles as well as heavy 
ions are utilized as projectiles. The experimental nuclear physicists of 
the Group are also involved in the planning of equipment and experiments 
for the future nuclear physics research programme with the SSC, in 
collaboration with working committees which have been formed by prospective 
users of the facility for this purpose. 

In terms of the statutory responsibility of the CSIR, the Group also 
maintains methods for the absolute standardization of radioactivity in the 
Republic of South Africa and continuously develops new and improved methods 
for such measurements. This necessitates regular participation in 
international comparisons of radioactivity measurements. This division 
will also supply laboratory standards and exercise the necessary quality 
control in the future radioisotope production programme at ifaure. In 
addition, it will be responsible for the regulatory aspects of the use of 
radioactive materials on the Faure site, the implementation of the 
Department of Health's "Regulations Concerning the Control of Electronic 
Products", the protection of personnel against the hazards of ionizing 
radiation and the handling, storage and disposal of radioactive wastes. 

11.2 Experimental Nuclear Physics 

JJ.2.1 The role of the nucleon-nucleon interaction in proton-induced 
reactions on 5 8Ni at E * 200 MeV p 

Summary; Investigation of the s aNi(p,p 1p 2) reaction at an incident 
energy of 200 MeV allowed a more stringent test of the 
proportionality between the continuum (p,2p) and (p,p') spectra. 
The results are consistent with an assumption that the major 
source of pre-equilibrium events is the rescattering of quasi-
free nucleons on the spectator part of the target nucleus. 

The details of an experiment to study the importance of nucleon-nucleon 
interactions in nuclear matter, as induced by incident protons of 200 MeV 
on 5 8Ni, have been described previously {]}. 

All events leading to coincident protons with energies above the 
evaporation limit have been replayed at the University of Maryland. These 
data obtained in the coincidence experiment were subsequently compared 
with singles data obtained at lower energies as required by appropriate 
kinematic considerations, in an attempt to investigate further the 
proportionality between the continuum (p,2p) spectra and the (p,p') 
spectra observed previously {2}. 

Figure I is an example of a coincidence spectrum with angles of observa
tion coplunar and on opposite sides of the incident beam. Shown on the 
inset of figure 1 is the geometry that is applicable to a mechanism that 
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relies on an initial nucleon-nucleon interaction between the projectile 
and a target nucleon, with a proton emerging after a series of intra
nuclear collisions. Under these assumptions, a formulation that extends 
the statistical multistep direct reaction theory {3} is described by 
Ciangaru et al. {4}. The resuls for the reaction 5*Ni(p,p lp 2) show that 
if the continuum yield is assumed to originate from quasi-free scattering 
from protons in the If / 2 and 2s 1/ 2 orbits, the coincidence cross-sections 
are proportional to the inelastic cross-sections with an appropriate 
transformation of observation angle. Therefore, in the notation indicated 
in figure >, after an assumption vhich implies that the inelastic scattering 
cross-sections are not much different from their angle averages, we find 
(see ref. {4} for details) 

< 0COinC ( ei' ***** 62» ^ ^ÍBClfcJ' 9 2 - ® 2 ' E * } 

where 
e 2 « |e 2 -e 2'| 

and 6 2 is the averaged value of 6 2. Other averaged values are indicated 
by brackets. 

Distorted-wave impulse approximation calculations for quasi-free 
scattering yield values of 6 2 • 4 and 42 for 6i « -12 and -30 
respectively and an energy value of <Ei> = 100 MeV, while 6 2 • 45 and 
64 respectively at an energy value of 130 MeV for the same primary angles 
®i. 

In figure 2 coincidence cross-sections and inelastic cross-sections are 
compared. Evidently the relationship 

62 = 182 ~ 8~2 I 
is appropriate for the continuum spectra where (as before) 6 2 is the 
observation angle for an inelastic scattering phenomenon, and 6 2 is one 
of the observation angles in the scattering experiment. Furthermore, 
the incident energy E 2 for the singles inclusive data has been taken to 
be that required by energy conservation i.e. E 2 * 90 MeV for <Ei> • 100 MeV 
and E 2 * 60 MeV for <Ei> - 130 MeV. 

The excellent agreement obtained in figure 2 between different sets of 
data from two completely different types of experiments supports the 
interpretation of the mechanism leading to particles in the continuum as 
being due primarily to a quasi-free scattering process which acts as a 
doorway stage to the inelastic scattering of the two protons on the rest 
of the nucleus. 
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NAC-83120 

E2(MeV) 
Two-dimensional energy spectrum above the particle evaporation 
(equilibrium) region. The diagonal line marks approximately 
the seperation between the three-body QP region and the PEQ 
region. The inset presents schematically the important 
steps towards forming the coincidence continuum. For 
simplicity, the rescattering of the p. proton is not shown. 
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Fig. 2 Comparison between the data (full circles) from the 
two-dimensional energy spectra corresponding to fixed values 
for <E.> and 6j and (p,p') spectra (curves) at various 
detection angles 6 2. The incident energy E 2' of the 
inclusive spectra is related to <Ej> by the energy 
conservation equation. 
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11.2.2 Experimental facilities and instrumentation 

Summary; Building construction of the experimental area, as well as of 
the data-acquisition room has been completed. A 1,5 m general-
purpose scattering chamber has been acquired and is ready to be 
assembled on one of the beamlines, while a specially-designed 
versatile Nal(Tl) y-ray spectrometer system has been ordered for 
use in in-beam y~ ; ay measurements. An order has also been 
placed for a 32-bit mini-computer, around which the initial on
line data acquisition system will be built, and work has begun 
on the in-house design and construction of some of the hardware 
for this system. 

11.2.2.1 Experimental area 

Construction of the cyclotron hall experimental area is now complete (see 
section 8). By means of concrete shielding blocks and roof beams this 
area will be subdivided into three independent experimental rooms, as well 
as a reserve area to house a future magnetic spectrometer. Services to 
the various experimental stations will only be supplied after the concrete 
shielding blocks have been stacked. Initially there will be three stations 
only, one in each of the experimental rooms. Finally, however, up to 
seven stations plus a magnetic spectrometer could be accommodated in the 
experimental area (see figure 1, section 5). It is planned that the three 
initial stations will be as follows: 

Line A : Precision 1,5 m Scattering Chamber 
Line C : General-purpose Beamline 
Line G : In-beam Y-Spectroscopy Station 

11.2.2.2 Data acquisition room 

With the completion of Block G, the data acquisition room is now available 
to the NAC for the installation of cable trays, connection boards and 
cabling between the various connection boards and experimental stations. 
Work on all of these installations is already in progress. The availability 
of this room also means that the on-line data acquisition mini-computer 
system which has been ordered (see section 11.2.2.5), can now be installed 
in its final location immediately after delivery. 

11.2.2.3 Precision 1,5 m scattering chamber 

During 1982 the NAC was fortunate to acquire one of the two 1,5 m scattering 
chambers which had been in use at the University of Maryland's Cyclotron 
Laboratory at the time of the shut-down of their machine in 1980. This is 
a high-precision scattering chamber which can accommodate a wide variety 
of experiments, its precision and flexibility being mainly due to the fact 
that the precision mechanisms are supported independently from the vacuum 
chamber. The two independently movable arms can be positioned to an 
angular accuracy of ±0,02 with respect to the target. These arms can 
support complex detector systems, such as detector telescopes including a 
liquid-nitrogen-cooled Ge-detector and dewar. Provision has been made 
for flexible filling and exhaust lines for two such dewars, as well as for 
cooling lines for circulating refrigerant for Si(Li) detectors. The target 
mechanism provides for five solid targets, or a gas cell plus some solid 
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targets, while chemically-active targets can ':t inserted into the chamber 
under vacuum through a vacuum interlock. The accuracy of the target angle 
is ±0,1 and that of the vertical target position ±0,25 mm. All components 
of the scattering chamber can be remotely controlled from the data 
acquisition room. 

The scattering chamber was delivered to the NAC during the second half of 
1982 and is now ready to be assembled in its final position (Beamline A). 
However, a new electronic motor-control and digital encoder read-out system 
is being designed and constructed at present to replace the original one, 
the repair and maintenance of which could be hampered by its age and the 
use of outdated components. A remotely-controlled detector support table 
for measurements out of the median plane of the scattering chamber, almost 
identical to that used by the Maryland group in this scattering chamber, 
will also be constructed. 

11.2.2.4 Nal(Tl) y-ray spectrometer system 

During the year under review an order was placed for a specially-designed 
Nal(Tl) detector system which can be used in a number of different 
configurations in in-beam y-ray measurements. The system basically 
consists of a 25 cm dia. x 25 cm Nal(Tl) anti-Compton shield with a through 
centre-well and an off-set through side-well, together with standard 
Nal(Tl) integral line assemblies to plug the side and end holes, if 
required. The shield itself consists of two optically-isolated Nal(Tl) 
half-cylinders, hermetically sealed in a single 2,36 mm thick stainless 
steel housing, with 0,5 mm thick aluminium well-liners. 

With proper coincidence and/or anti-coincidence gating of the signals 
derived from the individual elements, different detector configurations 
of the system in conjunction with one or more standard Ge-detectors can 
be employed as: 

(a) a large-volume well-type y-ray detector; 

(b) an asymmetrical Compton-suppression spectrometer, practically 
identical, in effect, to the one described in ref. {l}; 

(c) a symmetrical Compton-suppression spectrometer (Ge-detector plus 
anti-Compton annulus); 

(d) a scintillation pair-spectrometer, in either of the above-mentioned 
configurations (b) and (c); 

(e) a sum-spectrometer very similar to the one described in ref. {2}, 
to be used in combination with spectroscopy of resolved y-lines or 
of the y-continuum (see, for instance, ref. {3}); or 

(f) a y-ray multiplicity filter {3,4} - in combination with the sum-
spectrometer technique, if desired. 

11.2.2.5 On-line data acquisition system 

Towards the end of 1981 a committee of prospective users and technical 
experts, which had been set up to investigate the data acquisition and 
analysis requirements of experimentalists utilising the beams of the SSC, 
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submitted a detailed report on its recommendations. Approval for these 
proposals was received during 1982, and an order has now been placed for 
a 32-bit mini-computer, around which the initial on-line data acquisition 
system will be built. 

Some major components of the planned data acquisition system have to be 
developed in-house. These include a bulk memory unit for the storage of 
spectra and a histogram display for the output on a CRT of one- and two-
dimensional representations of the spectral data stored in the bulk memory. 
The design and construction of these components are already in progress. 
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11.3 Standards of Radioactivity 

Summary; The standardization programme gained momentum during the period 
under review and absolute disintegration rates of three different 
radioactive nuclides were determined. Samples of a standardized 
solution were sent to the International Reference System (SIR) 
of the Bureau International des Poids et Mesures (BIPM) for 
registration, and the NAC also took part in an international 
comparison of radioactivity measurements co-ordinated by the 
BIPM. 

A counting system, incorporating a number of scalers of which 
the outputs are directly fed to a desk-top computer, was brought 
into use. The desk-top computer was linked to the mainframe 
computer of the CSIR in Pretoria and counting data can now be 
transferred to permanent files on the disk storage of this 
facility. 

Electronic equipment necessary for selective sampling, an 
alternative method for determining absolute disintegration rates 
of radioactive samples, was also received. The results of initial 
tests of the system were very promising, and this method may 
well prove to be invaluable to the standardization programme in 
future. 

11.3.1 Participation in the International Reference System (SIR) of the 
Bureau International des Poids et Mesures 

Two ampoules containing samples of a locally-standardized 1 0 9Cd solution 
were sent to the SIR of the BIPM for comparative measurements in their 
pressurised well-type ionization chamber {1,2}. Table 1 is the complete SIR 
registration table for this radionuclide to date. It may be noted that 
excellent agreement was attained by the NAC over the years. This shows 
that major sources of error, apart from possible unknown systematic errors 
have most probably all been eliminated from our method of measurement of 
1 0 9Cd. 

11.3.2 International comparison of activity measurements of a solution 
of 1 3 7Cs. 

An international intercomparison of activity measurements of a 1 3 7Cs 
solution was organised by the BIPM during the middle of 1982 {3,4}. The 
method of efficiency tracing had to be used, with 13l*Cs as tracer nuclide. 
The standardization laboratory of the NAC also participated in this inter-
comparison, in spite of the fact that ' 3<*Cs is not considered to be the 
best choice for a tracer when internal liquid scintillation counting is 
used. 

A schematic representation of the results of eighteen laboratories which 
took part is given in figure 1. The total range of the results was 2,4% 
and the standard deviation 0,66%. This was much larger than expected and 
illustrates the need for international comparisons and the development of 
more reliable methods of standardization. 



Table 1 Ionization-chamber measurements on l 0 9 C d samples sent to the BIPM 
International Reference System for the Activity Measurement of Gamma-Ray Emitting Nuclides (SIR) 

Radionuclide: 1 0 9Cd Half-life adopted: T j / 2 - (464 ±1) d 

Labora
tory 

Ampoule 
number 

Method of 
standardization 

Ref. 
date 

Results as reported 
by laboratory 

Ionization-chamber measurements carried 
out at BIPM 

Labora
tory 

Ampoule 
number 

Method of 
standardization 

Ref. 
date 

Activity 
at ref. 

date 

(kBq) 

Rel. uncert. 
Category 

Date Rela
tive 
uncer
tainty 

(r3,Z) 

Activity A which would 
produce the same ion 
current as the Ra ref. Labora

tory 
Ampoule 
number 

Method of 
standardization 

Ref. 
date 

Activity 
at ref. 

date 

(kBq) 
A 

(r,,%) 
B 

(r2,Z) 

Date Rela
tive 
uncer
tainty 

(r3,Z) 
A 
(kBq) 

Comb, uncert. 
of A 

e 

(kBq) 

(NPRL) 
NAC 

A 
B 

LS coinc.counting 
between conversion 
electrons and X-rays 

78.03.31 99 197 0,11 2,0 78.04. 18 

78.04.19 

0,13 

0,13 

8,lb|xl06 

8,165 

0,160xl06 

0,160 
UVWR ERX 470-04 4TT-X (scint.counter) 78.07.27 3 802 0,23 1,3 78.09.01 0,23 7,98 0,11 
NAC A 

B 
a) LS counting 
b) LS coinc.count. 

79.09.28 176,8x10!? 
188,4x10 

a)0,l 
b)0,13 

2 
1,8 

79.10.10 0,11 8,228 
8,225 

0,11 
0,088 

NPL A 279/80 calibrated ioniza
tion chamber 

80.10.06 39 300 0,09 1,64 80.10.09 0,16 8,128 0,134 

NAC A 
B 

4TTLS(e)-X coinc. 81.02.10 209 398 
212 079 

0,10 1,82 81.03.24 0,11 8,186 
8,187 

0,149 
0,149 

AECL IX-3 rel.y-counting ver
sus 1 0 9 P d standards 

81.09.01 17 383 1,3 — 82.03.31 0,28 7,95 0,10 

NAC 1 
2 

4TTLS(e ,X)-coinc. 82.10.29 82 380 
79 932 

0,03 0,71 82.12.03 0,14 
0,14 

8,166 
8,175 

0,059 
0,059 

to 
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11.3.3 Instrumentation 

A program {5} for running a CAMAC crate with the existing desk-top computer 
dedicated to the standardization of radioisotopes was developed for the 
standardization laboratory by NEERI. The outputs from eight scalers and 
a programmable timer in the CAMAC crate can now be fed through a GPIB 
interface to the desk-top computer. The program was also interfaced to 
other standard programs for basic statistical analysis, regression analysis 
and data manipulation. 

A copy of a program which enables the desk-top computer to be used as a 
terminal of the much larger computing facility at the CSIR in Pretoria was 
also obtained, and additional software was developed by NEERI to transfer 
counting data to files on the disk storage of this facility. 

Furthermore, the existing desk-top computer/CAMAC system was adapted and 
programmed in order to be able to do correlation counting. The actual 
counting is done with a 4096-channel storage module in a CAMAC crate. The 
transfer time of data between this module and the computer was too slow, 
and an interface for faster data transfer is at present being designed 
and built by NEERI. A SABUS bin and all the necessary components have 
been purchased and are in the process of being programmed and tested. 

References 

1. B R Meyer, J Steyn and F M Conard, CSIR Research Report 588 (1983) 

2. Bureau International des Poids et Mesures, International Reference 
System for the Activity Measurement of Gamma-Ray Emitting Nuclides 
(SIR, December 1982) 

3. A Rytz, Bureau International des Poids et Mesures Rapport 82/14 
(1982) 

4. J Steyn, WNNR Navorsingsverslag 579 (1983) 

5. H Gargan and H Thomas, National Electrical Engineering Research 
Institute (Electronic Instrumentation Division) Report 54792757 
(1982) 



226 

NAC-83122 

O 
UJ 

, 3 7Cs < A
E

C
L 

B
C

M
N

 

B
IP

M
 

_i oc z a. 
UJ ïï Ï 5 

O <A 
< CO 

z z 
Aclivil i conctntration 

(1982-05-01) 

620 - Bq-mg'1 

c 
_i O 5 c/> m sc > £ 5 5 ° »- o > z z O a a W 3 

610 

600 

590 

1% PCI I 
PC2 

LS 

LS 

PPC PC 

Nal 

PC 

Fig. 3 International comparison of 9 7 Cs in 1982. 137 , 



227 

11.4 Applications of Nuclear Techniques 

11.4.1 PIXE analysis for the study of toxic effects of Al in vines 

Summary; A multi-elemental PIXE analysis was made on samples of vines 
grown in water culture solution to study the effect of elevated 
Al concentrations on the plants. It was shown that the Al 
concentration in the water culture solution not only affected 
the uptake of this element, but also had a marked effect on the 
concentrations of other elements in the plant. 

Many of the soils in the Western Cape Viticultural area have lov pH-values 
and Al concentrations toxic to vines. It would thus be useful to develop 
Vitis species more resistant to high Al concentrations {]}. 

Young vines grown in standard water culture solution were compared with 
those grown in the same medium but to which 10 ppn Al had been added. 
After a period of two months samples of roots, leaves, stems and growth 
points were freeze-dried, powdered and analysed with a 1,0 MeV proton beam 
from the Van de Graaff accelerator. The chosen energy is most suited to 
determination of Mg, Al, Si, P, S, CI, K and Ca. 

Higher Al concentrations in the water culture solution not only had a 
marked effect on the uptake of this element, but also enhanced that of Si, 
P, S and K. It also restricted the uptake of Mg and Ca, which may explain 
why vines grown on soils with high Al concentrations sometimes display 
symptoms of Ca-deficiency. 
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11.5 Radiation Safety and Regulatory Aspects 

Summary: The installed radiation monitoring system for SPC1 was received, 
tested and calibrated. Other health physics equipment was also 
purchased. Arrangements were made for regular medical 
examinations of radiation workers. Local facilities for the 
handling of radioactive material were inspected by a member of 
the Atomic Energy Corporation. Discussions were held with 
members of the Department of Health regarding safety at SPC1. 

The installed radiation monitoring system for SPC1, consisting of five 
gamma-radiation monitors, one neutron monitor, five visual warning lights, 
two remote-indicating meters and a display/alarm console, was received 
during January 1983. Indications were that the equipment was maltreated 
during shipment, but all components were rendered serviceable after some 
minor repairs and adjustments. Following electronic tests, the system was 
calibrated locally and then sent to the NPRL in Pretoria to be officially 
calibrated and certified. Two staff members accompanied the system and 
assisted during the calibration. At present it is being installed. Other 
health physics equipment purchased include portable gamma-ray, neutron and 
contamination monitors, gamma-ray alarms and pocket dosimeters. 

Arrangements were made for the regulatory medical examinations of radiation 
workers as prescribed by the Atomic Energy Corporation and the Department 
of Health. A local hospital has agreed to render this service. As yet, 
only four staff members are registered as radiation workers, but 
approximately fifty more will have to be registered before SPCI becomes 
operational. 

A member of the Atomic Energy Corporation carried out an inspection of the 
radioisotope laboratories and facilities at the NAC, and found these to 
be satisfactory. Inspectors of the Department of Health were invited to 
inspect the SPCI vault and environments. A final inspection visit will 
be carried out when application for a licence to run SPCI is made. 
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SECTION 12 THE MEDICAL COMPONENT 

12.1 Introduction 

Details of the medical facilities and the operation of the Medical Component 
have been outlined previously ill. The building plans have been finalised 
and the contract for the neutron isocentric treatment system has been 
awarded. Preliminary design of a proton beam scanning system has been 
undertaken. The S.A. Medical Research Council has recently established 
the Research Institute for Accelerator Applications in Medicine (RIAAM), 
the function of which will be the co-ordination of medical research at the 
NAC. The Director of this institute will assume duty shortly. 

The theme of the Summer School at the annual congress of the S.A. Association 
of Physicists in Medicine and Biology was "Medical Applications of Particle 
beams". A wide range of subjects relevant to the activities of the Medical 
Component was covered, including radiotherapy, nuclear medicine, radiobiology 
and particle radiography. The school was well attended and medical and 
paramedical personnel from all parts of the country were able to obtain 
detailed information on many aspects of the use of particle beams in 
medicine and about the activities of the Medical Component cf the NAC. 

12.2. Overseas Visitors 

During the year two distinguished medical physicists were invited to the 
NAC as guests of the Medical Component: Prof. Jim Smathers, University of 
California, Los Angeles and Prof. Michael Goitein, Massachusetts General 
Hospital and Harvard Medical School. 

Prof. Smathers' visit was funded by the CPA, CSIR and S.A. Association of 
Physicists in Medicine and Biology. He was involved for many years in 
neutron therapy at the Texas A & M University/M.D. Anderson Hospital 
facility. He is currently in cha:ge of the installation of an isocentric 
neutron therapy facility in Los Angeles. He gave a series of five seminars 
on neutron therapy at Groote Schuur and Karl Bremer Hospitals and attended 
the annual congress of the S.A. Association of Physicists in Medicine and 
Biology. 

Prof. Goitein's visit was funded by the S.A. Medical Research Council. His 
particular fields of interest are proton therapy and radiotherapy treatment 
planning. He gave two seminars on proton therapy and attended a meeting 
of the Equipment Subcommittee of the Biological Sciences Advisory Panel 
which took the form of a round table discussion on the equipment requirements 
for proton therapy. 

Both visits were extremely successful and a great deal was learnt from the 
two visitors. 

12.3 Committees 

Several committees with which the Medical Component is concerned met during 
the year, namely the Planning Committee, the Equipment Committee and the 
Dosimetry Committee. The major activities centred around finalising the 
building plans, services and equipment for Blocks B and C. 
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The Radiobiology Working Group was established and a Radiobiology Action 
Committee was formed. This committee is in the process of formulating and 
designing radiobiological experiments with the neutron beaa from the Pretoria 
cyclotron. The main emphasis of these experiments will be on the collection 
of iso-effect data of dose-limiting normal tissues with respect to long tern 
effects under different fractionation schedules. It is hoped that these 
experiments vill lead to the formulation of fractionation schemes for neutron 
therapy which will be compatible with both the requirements of proton therapy 
and with the operation of the cyclotron. 

Although three 8-hour shifts per week are available for radiotherapy, 
experience at other centres has shown that to change particle type or beam 
energy may take between 2 and 8 hours. If this turns out to be the case 
then it will be very difficult to follow conventional fractionation schedules 
for both proton and neutron therapy simultaneously. 

12.4 Neutron Therapy 

The contract for the manufacture of the isocentric neutron therapy system 
has been awarded, and work has already begun on the system which is due 
for installation by 31 December 1984, or as soon thereafter as a suitable 
beam is available. The system will provide neutron beams which are 
comparable with X-ray beams from a modern 8 MV electron linear accelerator 
in terms of output,'beam penetration, skin sparing, beam delivery, control 
and safety. 

The system provides for a gantry rotation of ±185 . A moving floor will be 
constructed to accommodate this rotation. A variable collimator will 
provide field sizes between 4 cm * 4 cm and 30 cm x 30 cm. The collimator 
is of the "book-end" type, comprising five layers of 4 interlocking blocks, 
and is rotatable about its own axis through 360 . 

Neutrons will be produced by the reaction of 66 MeV (fixed energy) protons 
on a 40 MeV thick beryllium target, the excess energy being dumped into 
graphite and water. The beam spot on the target will be about 10 mm in 
diameter. The 50% depth dose will be within the range 16.5 cm to 17.2 cm 
in water for a 10 cm * 10 cm field at the source-to-isocentre distance of 
150 cm. The expected ratio of entrance dose to maximum dose for a 
10 cm x 10 cm field is 0.55:1. The total dose rate (n + y) will be about 
0.5 Gy.min-1 which will require a proton beam current of about 40 pA. The 
gamma dose component in air will be less than 10%. 

A radiotherapy treatment couch will be provided which will have all the 
usual features. In addition the couch top will be removable to enable the 
patient to be set up at a remote location and transferred to the treatment 
vault where final setting up will occur. This procedure is designed to 
speed up patient throughput and reduce radiation exposure to the radio
graphers. 

Provision is made for the automatic insertion of tungsten wedge-filters 
upstream of the collimator. Field-shaping beam blocks and compensating 
filters will be attached to a support ring on the forward face of the 
collimator. All the usual alignment, communication and safety devices will 
be provided while a dual ionization chamber will be provided for beam 
dosimetry downstream of the target. 

Three levels of control will be provided, i.e. at a local control console 
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in the treatment room, at a therapy control console at the entrance to the 
treatment room maze and at the main cyclotron control console. Control of 
the therapy unit will be supervised by a dedicated microcomputer system. 

The main parameters of the isocentric neutron therapy system are given in 
table 1. An outline drawing of the system is shown in figure I. 

Table 1 : Parameters of the isocentric neutron therapy system 

Neutron production 
Beam spot size 
S I D 
Dose rate 
50Z depth dose 
Gantry rotation 
Collimator 

Shielding materials 
Physical parameters 

Couch 

66 MeV, 40 pA p/Be 
10 mm diameter 
150 cm 
0,5 Gy. min - 1 at isocentre 
16,5 - 17,2 cm 
±185° 
Book-end type in 5 layers 
Variable size 4 * 4 cm to 
30 x 30 cm. Rotation 360° 
Iron and borated polyethylene 
Height 
Mass 

4 m 
- 30 tonnes 

Full range of movements; 
Removable top 

12.5 Proton Therapy Proposal 

In order to have the greatest possible degree of flexibility available, a 
scanning system to produce 3-dimensional (X,Y,Z) irradiation fields from 
the proton beam is being developed. Two similar units are planned for 
treatment vault No. 3: one for the horizontal beam and one for the 
vertical beam. 

The input proton beam would be shaped by a square aperture to sizes between 
3 and 10 ran. The beam would then enter the first scanning magnet and be 
swept horizontally (X). The second magnet would then sweep the beam in the 
vertical direction (Y). The magnets would be designed to produce 
irradiation fields of up to 30 x 30 cm. 

A magnetic beam interrupter placed in the injector beamline would allow the 
scanning system to operate in a digital mode. A microprocessor would 
activate both scanning magnets in such a way that the predetermined 
irradiation pattern would be scanned point by point. Whenever the dose at 
an irradiation point reached its preset value, the proton beam would be 
interrupted and moved to the next beam spot. Thus it should be possible 
to control the dose delivered to each individual spot of the irradiation 
pattern. It should therefore be possible to deliver an arbitrarily shaped 
irradiation field. The irradiation pattern would be monitored in front of 
the patient. Irradiation times of less than 30 s per XY field are 
envisaged. 

The depth (Z) of each XY field inside the patit.... would be controlled by 
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absorbers located just upstream of the patient. The patient set-up would 
be verified by two orthogonal X-ray systems. 

A schematic drawing of the hardware of the proposed proton beam scanning 
system is shown in figure 2. 

12.5.1 Patient positioning 

Experiments were performed in collaboration with Dr. V. Levin of Groote 
Schuur Hospital on the CT-scanners at Tygerberg and Groote Schuur Hospitals. 
Patients were placed into a tightly-fitting head and shoulder mould. 
To detect small differences between otherwise nearly identical CT-images, 
the 'blink' comparator of the S.A. Astronomical Observatory was employed. 

The resulting CT-images of small structures (optical nerve, pituitary 
gland) taken 2 min apart are identical within one scanner line-width. 
An attempt to test the long-term reproducibility (4 measurements within 
5 weeks) of positioning a patient failed. The patient received chemotherapy, 
and his skin expanded after two weeks and consequently he did not fit 
properly into the moulding. 

In collaboration with Dr. D. Boonzaaier of the Biomedical Engineering 
Department, University of Cape Town, a patient positioning device was 
developed and built. It utilizes a 2 m long airtight polyethylene bag 
partly filled with styrofoam beads. If a person is placed on top of this 
bag and the air is pumped out, the bag locks around the outline of the 
person. This device is the first step in the development of a treatment 
couch top suitable for use in proton radiotherapy. 

Reference 

1. National Accelerator Centre Annual Report NAC/AR/82-01 (CSIR, 1982) 
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Fig. 2 Schematic diagram of the proposed proton beam scanning system. 
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SECTION 13 MAINFRAME COMPUTING FACILITIES 

Since the previous status report {I} on mainframe computing facilities, 
another video terminal with graphics capabilities has been acquired. This 
terminal has expandable memory and is capable of storing and processing 
data for computer plots locally. It is also possible to add a disk drive 
to it, and use it with a digitizing tablet. Although the associated 
drafting plotter was originally intended for use with the RBF mini-computer 
in batch jobs, we have decided to use it interactively with the new 
graphics terminal. As no software package existed on the mainframe 
computer of the CSIR to drive the drafting plotter, a number of driver 
routines had to be written. The routines used most frequently by typical 
computer programs have been completed and tested. The results so far look 
very promising. More routines will be added when it becomes necessary. 

The UT200-terminal emulator package for the mini-cocputer, which is being 
used as a remote batch facility (RBF) for the host computer in Pretoria, has 
been fully debugged. This package was originally written for use over a 
dial-up line and could not send data from local bulk storage to Pretoria at 
the rate demanded by the dedicated line. Thus the data transmission 
section of the emulator package called UTERM had to be rewritten to handle 
the higher speed. Some protocol anomalies were also corrected. 

The remaining facilities described in the previous status report have 
remained unchanged. 

Reference 

1. National Accelerator Centre Annual Report. NAC/AR/82-0I (CSIR, 1982) 
p 233 
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SECTION 14 VISITS ABROAD BY STAFF MEMBERS 

A H BOTHA; WEST GERMANY 

MARCH 1983 

Purpose of Visit 

(a) To negotiate concerning the price of diagnostic components 
for the high-energy beamlines of the NAC. 

(b) To assist with the acceptance tests on the diagnostic 
elements for the transfer beamline of the NAC. 

(c) To determine the progress made with the manufacture of the 
resonators for the separated-sector cyclotron. 

General Impressions 

The price of the diagnostic components for the high-energy lines could be 
reduced substantially on the grounds of design changes and other 
considerations. This will result in better-equipped experimental areas in 
terms of diagnostic equipment. The components for these lines have now 
been ordered. 

Acceptance tests on the diagnostic components for the transfer beamline showed 
that an exceptionally high standard of work has been maintained during the 
manufacture of the various parts and that the design of the components has 
been thought through properly. 

The very high standard of work on the first resonator for the SSC made a 
favourable impression. Good progress has also been made with this project. 

A A COWLEY, S J MILLS: U.S.A. 

JANUARY - FEBRUARY 1983 

Purpose of Visit 

The main purpose of the visit was to take part in an experiment at Indiana 
University Cyclotron Facility to investigate the analyzing power in the 
continuum part of the spectrum as manifested in the (p*,n) reaction on 
1 2C, 5 8Ni and 2 0 8Pb at 160 MeV. As usual, the experiment was undertaken 
in collaboration with the group from the University of Maryland, but in 
view of the experimental requirements of groups from Ohio State University, 
Ohio University, Indiana University and Oak Ridge National Laboratory with 
interests in aspects of Gamow-Teller states, the two different experiments 
were merged. 

The University of Maryland was visited once again for two days in order 
to obtain a scattering chamber control multiplexer, as well as additional 
documentation on the scattering chamber and to discuss some results of a 
previous experiment with collaborators who did not join the present (p*,n) 
experiment. 

P 
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General Impressions 

The groups from Ohio and Indiana had considerable expertise in the 
operation of the large-area flight-path-compensated neutron detectors 
which were used, and therefore the experimental measurements were completed 
successfully. However, a preliminary evaluation of the analyzing power 
measurements in the continuum do not show the characteristic features 
expected from a dominant nucleon-nucleon interaction, in contrast with 
(p,p') results. 

A scattering chamber control multiplexer was located at the University 
of Maryland and shipped to the NAC where it has subsequently been used to 
complete the control and readout system of our scattering chamber. This 
system may now be used to control the arms and target mechanism for the 
purpose of aligning the scattering chamber in its final position in the 
experimental hall. 

P M CRONJE; FRANCE, HOLLAND, WEST GERMANY AND SWITZERLAND 

OCTOBER - NOVEMBER 1982 

Purpose of Visit 

(a) To visit the cyclotron facility GANIL in Caen (France) in 
order to study and discuss theoretical and computational 
methods which are used in the calculation of the properties 
of particle orbits and the study of beam quality in 
separated-sector cyclotrons. 

(b) To have discussions with cyclotron theorists on subjects 
of mutual interest. 

(c) To visit various cyclotron laboratories in Europe, mainly 
to discuss axial injection systems and to witness the 
performance of Electron Cyclotron Resonance (ECR) sources 
for heavy ions. 

General Impressions 

At GANIL in France very relevant information was obtained about the 
isochronisation of magnetic fields and the study of acceleration effects 
and beam quality, using a statistical simulation of the particle beam. 
Many interesting observations were made during discussions at this and 
other facilities which will prove useful to our own facility in future. 

Several axial injection systems, both in the planning stage and in operation, 
were discussed in order to determine what factors are involved in the 
design of such systems. 

ECR-sources appear to be preferred to PIG-sources for heavy ions, especially 
with regard to the degree of reliability which they offer during operation. 
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R E F FENEMORE AND P J KRIEL: U.S.A. 

APRIL - JULY 1982 

Purpose of Visits 

The purpose of the two overlapping visits was to observe the acceptance 
tests of the two 150 kW radio-frequency power amplifiers at the manufacturer's 
works and to receive training in the operating, maintenance and repair 
procedures for the amplifiers. 

General Impressions 

The testing and alignment of both amplifiers were observed, There were a 
number of minor wiring errors in both units and this created a good 
opportunity to become familiar with trouble-shooting, covering all aspects 
of the amplifiers. The final acceptance test of the first unit was observed 
but owing to delays it was not possible to observe the final acceptance test 
of the second unit. 

The quality of workmanship on the amplifiers is of a very high standard. 
The manuals are comprehensive and easy to use. The printed circuit board 
tester ordered with the amplifiers was tested and it performed satisfactorily. 

The installation requirements for the amplifiers were discussed and 
preliminary arrangements were made for one of the manufacturer's engineers 
to be present during on-site commissioning. 

The provision of high power radio-frequency coaxial switches was discussed 
with the amplifier manufacturer. 

F J HAASBROEK; GERMANY, ENGLAND, SWITZERLAND AND U.S.A. 

SEPTEMBER 1982 

Purpose of Visit 

To attend the Fourth International Symposium on Radiopharmaceutical 
Chemistry in Julich from 23 to 27 August 1982 and also to visit a number 
of laboratories with radioisotope production programmes. The latest trends 
and developments with respect to the production of and demand for accelerator 
produced radioisotopes could thus be assessed, with both the existing 
programme at the Pretoria Cyclotron and the future programme at Faure in 
mind. Special attention was given to aspects such as the manipulation and 
utilization of accelerator beams, targe try, target handling and transport 
systems, hot cells and facilities for processing of targets. The preparation 
of labelled compounds and radiopharmaceuticals, as well as general trends 
in the demand for accelerator produced radioisotopes,were also discussed. 

General Impressions 

The symposium was attended by 278 delegates and 99 papers and 77 posters 
were presented. This, together with the visits to laboratories,offered 
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excellent opportunities to become acquainted with the latest developments 
in accelerator production of radioisotopes and preparation of labelled 
compounds and radiopharmaceuticals. Useful information was also obtained 
about facilities, targetry, production procedures and techniques. 

With the more general availability of in-house compact cyclotrons and the 
positron-emission-tomograph, the short-lived positron-emitters U C , 1 3N, 
0 and 1 8F are becoming increasingly important for a variety of dynamic 

studies. There is also general agreement that there will in future be an 
ever-increasing demand for labelled compounds and radiopharmaceuticals. 
Improved generators have been produced recently and the demand for 
generators such as 6 2Zn/ 6 2Cu, * 8Ge/ 6 8Ga, 8 2Sr/ 8 2Rb, 1 2 8 C s / 1 2 B a and 
Y , 5 m H g / 1 9 5 m A u is expected to increase. The 8 1Rb/ 8 i mKr generator is used 
extensively by many hospitals. Large quantities of radioisotopically pure 
1 2 3 I are currently being produced regularly by three laboratories utilizing 
the 1 2 7I(p,5n) 1 2 3Xe •* 1 2 3 I reaction. Medicine is still by far the largest 
single user of accelerator-produced radioisotopes. 

J J KRITZINGER AND M HURWITZ; GERMANY 

JUNE 1982 

Purpose of Visit 

(a) To observe progress with the manufacture of the SSC 
resonators and to finalize the design of the large 
capacitor units for the SSC resonators. 

(b) To observe progress with the manufacture of the copper 
inner and outer cylinders for the SPC1 resonators. 

General Impressions 

(a) Progress with the parts of the copper outer delta for the SSC 
resonators was observed at the stage when the cooling tubes were 
attached. At that stage most manufacturing problems had been solved. 
The stainless steel resonator chambers were observed at the end of 
the welding stage and the impression is of very good workmanship. 
The progress with the copper cylinders was slower than expected but 
the quality of the work is good. The design of the large capacitor 
units was finalized. A quotation for its manufacture was obtained, 
together with drawings to enable alternate quotations to be obtained. 
The request for additional cost for the design and manufacturing 
drawings was discussed. A proposal for packing and transport was 
also obtained. 

(b) The manufacturer of the copper cylinders for SPC1 was visited. 
Progress with manufacture was satisfactory and the methods of packing 
and transport were finalized. 

1 
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J J KRITZINGER: GERMANY 

OCTOBER 1982 

Purpose of Visit 

(a) To observe progress with the manufacture of the SSC 
resonators and to discuss the possible manufacture of the 
valley vacuum chambers. 

(b) To do inspection and vacuum testing of the copper cylinders 
for the SPCl resonators. 

General Impressions 

(a) The manufacture of the resonator parts had progressed very well since 
the previous visit. Both stainless steel resonator chambers had 
been completed and dimension control showed that all major dimensions 
were well within the specified tolerances. The copper cylinders were 
also progressing well and were not expected to delay the assembly of 
the resonators. The parts of the inner and outer deltas for the 
first resonator were also far advanced. The overall impression is of 
very high quality of work especially when the complexity of the copper 
work is kept in mind. A problem with the silver-plating of the 
purchased contact fingers was investigated and a solution agreed on. 
The method of soft-soldering the contact fingers was finalized. 
Possible designs for the short-circuiting plates and their positioning 
systems were discussed. 

The requirements of the valley vacuum chambers were discussed with the 
persons involved in the resonator chamber design and manufacture. 

(b) The inspection and vacuum leak-test of one SPCl copper inner cylinder, 
with internal cooling channels, revealed a small vacuum leak. It was 
decided that an additional machining and plating process was required 
to cure the leak. The pressure tests on both inner and outer cylinder 
water cooling circuits were successful. The quality of the work is of 
a high standard and good co-operation was experienced. 

J J KRITZINGER AND M HURWITZ; GERMANY 

MARCH 1983 

Purpose of Visit 

To observe progress with the manufacture of the SSC resonators, to discuss 
designs for the positioning mechanism of the short-circuiting plates of 
the SSC resonators and to discuss the possible manufacture of the valley 
vacuum chambers. 

General Impressions 

Progress since the previous visit was again very good and most parts of the 
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first resonator were ready for assembly. The first capacitor unit was 
also nearing completion. Dimension checking showed that both inner deltas 
were manufactured correctly. The contact fingers between the bottom 
copper liner and the rear and two side walls were adjusted to the correct 
contact pressure. The stainless steel resonator chamber has been mounted 
on the special support stand and the bottom outer and inner copper cylinders 
have been fitted. During the visit the bottom inner delta was fitted to 
check the overall accuracy and alignment. The general impression during 
the visit was one of excellent co-operation and workmanship. 

Possible designs for the positioning mechanism of the short-circuiting 
plates for the SSC resonators were discussed and the most suitable solution 
was selected. A design study for this solution has been proposed. 

A further discussion about the possible manufacture of the valley vacuum 
chambers was held with the persons involved in the manufacture of the 
resonator chambers. A quotation for manufacture has been obtained. 

D REITMANN; NETHERLANDS, BELGIUM, WEST GERMANY, 
UNITED STATES AND CANADA 

AUGUST - SEPTEMBER 1982 

Purpose of Visit; 

(a) To attend the International Conference on Nuclear Structure 
in Amsterdam. 

(b) To visit a number of accelerator laboratories where 
research, isotope production or cancer therapy, similar 
to that envisaged for the NAC, is conducted. 

General Impressions 

The conference on Nuclear Structure was attended by some 400 delegates 
and about 300 contributions were presented, mostly as posters. The oral 
presentations covered a wide variety of research fields in nuclear physics 
and clearly illustrated the scope of activity, the need for additional 
experiments and the complexity of modern experimental facilities. Of 
importance to the future of the NAC was the clear indication that very 
useful and interesting work could still be done with the particles and 
energies planned here. 

Visits to a number of laboratories with large accelerators provided valuable 
information on technical matters such as vacuum systems, ion-sources, 
computers, magnets and power supplies, electronics, data handling and 
facilities for experimental physics. Particular attention was given to 
operating and scheduling procedures in laboratories shared by many outside 
users. Where relevant, facilities and procedures for cancer therapy and 
for production of radioisotopes were investigated. 

Senior scientists in all the laboratories included in this visit were keenly 
interested in plans and progress at the NAC and anxious to assist and co-

*mm 
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operate at any time. Some of these newly established contacts might in 
future lead to useful interchange of information and possibly even staff 
members for training or research. 

P ROHWER; FRANCE, SWITZERLAND 

FEBRUARY 1983 

ipse of Visit 

(a) The main purpose was to discuss and finalise design 
details of the closed-circuit television system with the 
manufacturer; 

(b) to examine closed-circuit television systems at other 
accelerator facilities; 

(c) to visit two accelerator facilities to obtain information 
on the design of septum magnets and electrostatic extraction 
channels. 

General Impressions 

The visit to the manufacturer of the closed-circuit television system 
presented an ideal opportunity to become acquainted with the equipment that 
was delivered to the NAC one month later. Information regarding the 
installation, adjustment and testing of the components proved to be most 
useful. Excellent co-operation was also experienced during discussions 
on detail design aspects of the lens and camera control system that is on 
order from this firm. 

Discussions at other accelerator facilities where similar closed-circuit 
television systems are installed confirmed that our choice of CCTV system and 
manufacturer was correct. 

Extraction component designers agreed that our septum magnets are very 
complicated and that they would be difficult to manufacture. Their opinion 
is that efforts should be made to simplify the design even if the cost of 
manufacturing will rise. The necessity for prototypes, tests and spares 
for extraction components was emphasized. 

S SCHNEIDER WEST GERMANY 
FEBRUARY 1983 

Purpose of Visit; 

(a) To attend the acceptance tests for the beam diagnostic 
components ordered for the low-energy transfer beamline. 

(b) To discuss the design and manufacture as well as cost 
aspects for the beam diagnostic equipment for the high-
energy beamlines with manufacturers of such equipment. 
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General Impressions 

Apart from a few minor modifications which were necessary and a noise 
pick-up problem experienced with the beam-profile scanner, the acceptance 
tests for the beam diagnostic equipment for the low-energy transfer 
beamline were carried out successfully. In general we are very satisfied 
with the quality and workmanship. The beam-profile scanner head is 
presently being modified. 

Discussions were held on the design and manufacturing details of the beam 
diagnostic components for the high-energy beamline, in order to convey our 
requirements and specifications. Various design principles were discussed 
to investigate possible cost savings. The initial offer made by the company 
was revised to our satisfaction. Another company manufacturing beam 
diagnostic equipment was visited, but discussions showed that this company 
is presently not in a position to manufacture beam diagnostic equipment 
with the specifications dictated by our beam properties. 

Very useful discussions on beam diagnostic equipment were held with experts 
at an accelerator institute. 

J P SLABBERT; UNITED KINGDOM, WEST GERMANY, FRANCE 
AND HOLLAND 

SEPTEMBER 1982 - APRIL 1983 

Purpose of Visit: 

(a) The main purpose of the visit was to gain experience at 
the Gray Laboratory (London) in the experimental techniques 
applied to the biological calibration of a fast-neutron 
beam. 

(b) Other institutes were briefly visited in order to enlarge 
on this experience and to discuss radiobiological research 
in general. 

General Impressions 

The vigorous support of the director and staff members of Gray Laboratory 
made it possible to determine various radiobiological endpoints, with 
specific attention being focussed on those experiments where enhanced 
neutron sensitivity leads to more precise values. These included skin 
reactions, gut clone viability, in vitro cell survival and DNA content 
reduction. The techniques and procedures to determine DNA profiles by 
means of flow cytometric analysis were also practised. Dosimetric 
measurements for relatively low neutron doses were performed using a 
solution of Ferrous-Bensoic acid-Xylenol. G-values for this system were 
determined for two neutron fields, obtained with 4 MeV and 16 MeV deuterons 
on Be. The co-operation amongst researchers at the laboratory emphasized 
the fact that in order to practise this discipline successfully, the 
collaboration of fellow workers is essential and radiobiological projects 
should not be attempted on a solitary basis. 

A study in cell population kinetics of irradiated tumors was followed at 
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the Institut fur Biophysik. und Strahlenbiologie (Hamburg). Possible 
pitfalls as veil as the real possibilities offered by flow cytometry for 
quantifying the depopulation and repopulations of experimental tumors were 
discussed. The significance of radiation quality in the interpretation of 
multi-centre RBE intercomparisons became evident during this visit. 

At the Institut Gustave-Roussy (Paris) potentially lethal damage repair 
was studied using Xenografts. An ampulla method for cell cultures was also 
investigated for possible use in hypoxia studies. Valuable information 
regarding the linear-quadratic model and its application to radiobiological 
data was obtained and this formed the basis for the writing of the necessary 
computer programs. 

Dicentric formation techniques in fibroblast cell cultures were discussed 
at the Radiobiological Institute TOO (Rijswijk), as were methods to semi-
automize this laborious assay. Further discussion included dose-effect 
relationships and their dependence on radiation quality for the induction 
of chromosome abberations. Emphasis was placed on numeric methods to 
establish the presence of the 'Beta' component in neutron fields 
characterized by different LET spectra. 

It may be concluded that in order to calibrate a neutron beam, certain 
minimum requirements must be met in terms of personnel and laboratory 
equipment. A special effort to establish such an environment should 
therefore be made as soon as possible at the Pretoria Cyclotron to ensure 
any success in this respect. 
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5 PUBLICATIONS AND REPORTS 

Publications in Research Journals 

G Ciangaru*, C C Chang*, H D Holmgren*, A Nadasen*, P G Roos*, 
A A Cowley, S Mills, P P Singh*, M K Saber*, and J R Hall*, 
Continuum spectrum in the quasi-free (p,2p) scattering. Phys. 
Rev. CZ7 (1983) 1360 

G D Cilliers* and J P Slabbert, Disentromeervorming in 
snelneutronbundel, S A Journal of Science 78 (1982) 179. 

J C Cornell and C M Merry, Beam transport systems consisting 
of two quadrupole triplets. S A Journal Phys. 6 (1983) 22. 

D T L Jones, Proposed medical applications of the National 
Accelerator Centre facilities. S. Afr. J. Science 78̂  (1982) 149. 

D T L Jones, C M Bartle*,J H Hough and W R McMurray, 
Absolute measurement of the neutron sensitivity of a ZP1320 
Geiger-Miiller counter using the associated-particle technique. 
Health Physics 4JÏ (1382) 715. 

C M Merry and J C Cornell, Symmetrical systems in charged-
particle beam transport. S A Journal Phys. 6 (1983) 12. 

C M Merry and J C Cornell, A quadrupole system for independent 
horizontal and vertical beam control. S A Journal Phys. 6 
(1983) 29. 

M J Renan, C F Albrecht* and D T L Jones, Influence of neuplasia 
or zinc and copper levels in murine liver cells. 
J Radio. Anal. Chem. 70 (1982) 9. 

C Samanta*, N S Chant*, P G Roos*, A Nadasen*, and A A Cowley, 
Discrepancy between proton- and alpha-induced cluster knockout 
reactions on u 0 . Phys. Rev. C26 (1982) 1379. 

T N van der Walt*, F W E Strelow* and F J Haasbroek, 
Separation of bismuth-206 from cyclotron bombarded lead 
targets using anion exchange chromography in nitric-hydrobromic 
acid mixtures. Int. J. Appl. Radiat. Isot. 33 (1982) 301. 

T N van der Walt*, F W E Strelow* and F J Haasbroek, 
Separation of lead-203 from cyclotron bombarded targets by 
ion exchange chromography. Talanta 29_ (1982) 583. 

* Member of another institute 
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2 Conference Proceedings 

H Breuer*, C C Chang*, A A Cowley, H D Holmgren* and A C Mignerey 
Prompt light-ion emission in the 2 3 5 U + **He reaction at 
40 MeV/u. Proc. Int. Conf. on Nucleus-Nucleus Collisions, 
East Lansing, Michigan, Sept. 26 - Oct. 1, 1982, Vol. 1 
(Michigan State University, 1982) p 113. 

F J Haasbroek, Production of radioisotopes in the Pretoria 
Cyclotron. Proc. Symp. on Small Accelerators and their 
Applications, Taipei, 6 - 1 0 May 1981, p 194. 

J D Silk*, R L Auble*, J B Ball*, F E Bertrand*. M E Brandan*. 
C C Chang*, G Ciangaru*, A A Cowley, A Guterman*, D L Hendrie*, 
H D Holmgren*, I J Lee*, A Menchaca-Rocha*, A C Mignerey*, 
S Mills, R L Robinson*, G R Roche* and T J M Symons*, 
Coincidence study of 1 6 0 projectile fragmentation at 100 MeV/u. 
Proc. Int. Conf. on Nucleus-Nucleus Collisions, East Lansing, 
Michigan, Sept. 16 - Oct. 1, 1982, Vol. 1 (Michigan State 
University, 1982) p 41. 

* Member of another institute. 

3 Laboratory Reports 

B R Meyer, J Steyn and F M P Conard, Standardization of 
1 0 9Cd revisited. CSIR Research report 588 (1983). 

J Steyn, 1 3 7Cs: Die akkurate meting van die disintegrasie-
tempo. WNNR-navorsingsverslag 579 (1983). 

L Stawiszynski and M Klop 
Manual controller for slit system. 

S Schneider and E Franklin 
Derivation of an expression for the 
beam pulse signal distribution from a 
parallel-plate capacitive phase probe. 

S Schneider, M Klop and L Stawiszynski 
Operator's Guide: Stepping motor 
controller EBD3. 

J C Cornell 
NAC Identification code (NACIC) for 
beamline and related components. 

Internal Reports 

NAC/BD/82-09 

NAC/BD/83-01 

NAC/BD/83-03 

Beam transport 

NAC/BT/82-03 
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NAC/BT/82-04 

NAC/BT/C3-01 

NAC/BT/83-02 

NAC/BT/83-03 

NAC/BT/83-05 

NAC/BT/83-06 

J C Cornell 
Specification for quadrupole magnets 
type Q75L, Q75M, Q75H and Q100H. 

J C Cornell 
Specification for dipole magnets 
type D30, D45 and D90V. 

C M Kerry and J C Cornell 
Tolerances for quad power supplies. 

C M Merry and J C Cornell 
Tolerances for dipole power supplies. 

J L Conradie and J C Cornell 
Ontwerp van n stuurmagneet vir 12 MeV 
protone. 

J C Cornell and J L Conradie 
"n Harmoniese analiseerstelsel vir 
multipoolmetings. 

Computer programs 

NAC/CP/82-01 N Truter 
Program VINNIG 

Experimental facilities 

NAC/EF/81-01 S J Mills 
Proposal for a mul'.i-purpose y-xay 
spectrometer system for the NAC. 

Injection and Extraction 

NAC/EI/82-05 

NAC/EI/82-06 

P Rohwer and S Schneider 
Effective stopping power and penetration 
depth calculations for various 
accelerated light ions in different 
absorber materials. 

P Rohwer, S Schneider and W A G Nel 
Extraction orbit considerations and 
positioning, requirements of the 
extraction components. 

Magnets 

NAC/MT/82-02 D Bader 
Heat transfer to vacuum chamber cooling: 
test results. 
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NAC/MT/82-03 

NAC/MT/83-01 

NAC/MT/83-02 

D Bader 
Heat transfer to vacuum chamber cooling. 

H N Jungwirth 
Requirements for remaining SSC 
trim-coil power supplies. 

L K 0 Schíilein and G W Lloyd 
Magnetic field mapping equipment 
MFME1 for the separated sector 
cyclotron: final alignment and 
acceptance tests. 

Radio-frequency systems 

NAC/RF/82-11 

NAC/RF/82-12 

NAC/RF/83-01 

NAC/RF/83-02 

NAC/RF/83-03 

NAC/RF/83-05 

NAC/RF/83-06 

M J van Niekerk 
CAMAC as an aid to phase loop control. 

P J Kriel and M J van Niekerk 
Current status of the phase amplitude 
stabilization system. 

M J van Niekerk and G Hardman 
Stepper motor auto tuning system. 

G Hardman 
RF System operation as seen by CAMAC. 

G Hardman 
Calibration of vernier phase-shifter. 

M J van Niekerk 
Pickup probe voltage dividers for 
SPC1. 

M J van Niekerk 
RF Voltage divider for SPC1 coupling 
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