
TEX : ?->> .?3oo I 3,T 

'SíSïtf 

l ^ 



1. NPRL logo superimposed on main building 
2. The newly erected weather radar at Scientia 
3. Rocky outcrop representing deep crust in Natal 
4. Generating shock waves in the desert for seismic 

refraction measurements 
5. The famous Taung skull whose age has been 

questioned as a result of new dating methods 
(Photograph: courtesy of Nuclear Active) 

6. Examples of in-house manufactured optical 
components 

7. The newly built pyrometer 
8. Installation of anti-shark cable at Margate 
9. Gate at Sr ientia on which CSIR emblem is based 
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1 . CHIEF DIRECTOR'S REVIEW 

As one of the original laboratories of the CSIR (the other being 
the National Chemical Research Laboratory) the National Physical 
Research Laboratory is committed to carry out fundamental 
research. At the same time, however, the Laboratory strives to 
meet the national needs of the country which entails a large 
amount of applied research. A healthy balance between the two 
types of research is essential, as this ensures on the one hand 
that sufficient new knowledge is generated to support applied 
research at a high level and to enhance the Laboratory's image 
by means of publications and on the other hand that the Labora
tory keep in touch with reality to the benefit of South Africa. 

The NPRL also has an obligation to stimulate research in physi
cal science at universities since sound basic training is an 
investment for future research. 

The Laboratory's objectives can be summarized as follows: 

- to contribute, by means of research and the rendering 
of specialized services towards developing and support
ing industry and towards enhancing the nation's general 
living standards, e.g. establishing new and improved 
manufacturing and evaluation techniques, exploration of 
new ground water and mineral resources, the prevention 
of air pollution, etc.; 

- to undertake research and development projects in the 
national interest and where possible to anticipate 
future needs, e.g. developing self-sufficiency in tech
nological fields, improving measuring standards, con
ducting ground water investigations, improving mineral 
prospectinq techniques, etc.; 

- to maintain the national measuring standards of mass, 
length, time, twnperature, electricity, light, pres
sure, force and dosimetry in compliance with Act 76 of 
1973; 

- to establish national facilities and act in an advisory 
capacity to promote physical science in Southern Afri
ca, e.g. the national acoustics facility, peological 
and archaeological age determination facilities, etc; 

- to participate in the activities of international 
organizations, e.g. the International Union of Pure and 
Applied Physics, the Conference Generale de Poids et 
Mesures, the International Union of Geodesy and Geo
physics, etc. 

- to co-operate with overseas institutes by placing our 
facilities at their disposal and making scientific con-
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tributions to, e.g. the International Geodynamics 
Programme, the Nimbus-7 Satellite Programme and the 
Global Environmental Monitoring Programme. 

The organisational chart of the Laboratory is shown on p. i. 
The activities of the Laboratory *re guided by a Scientific 
Advisory Committee* consisting of members from universities, 
government departments and industry which advises on research 
priorities within the constraints of available manpower and 
personnel. To maintain and extend a solid infrastructure and 
to support the Scientific Advisory Committee at a technical 
level, the following five Technical Advisory Pane's (TAP's)** 
were introduced during 1984: 

TAP for Atmospheric Sciences 
TAP for Earth Sciences 
TAP for Optical Sciences 
TAP for National Measuring Standards and Metrology 
TAP for Acoustics 

The aims of the TAP'S are to ensure that the Laboratory's 
research programme remains relevant and the progress of 
research projects on a technical level is satisfactory. Out
side membership of each TAP comprises the adviser for the spe
cific field of research as chairman as well as representatives 
from universities, government departments and industry. The 
outcome of the first meetings of the various TAP's has been 
very encouraging. The meetings were marked by lively discus
sion and improved communication among all parties involved. 
Recommendations of the TAP's will be tabled at the next meet
ing of the Scientific Advisory Committee for approval. 

BUDGET AND FMWCCS Strict financial control by all Divisional Heads and the 
Directorate led to a small surplus at the end of the 1983/84 
financial year. We are especially grateful for the very sub
stantial financial support received from the Department of 
Industries and Commerce for the implementation of Act 76 of 
1973 (Measuring Standards). This enabled the National Measur
ing Standards and Metrology Division to effect a very essen
tial expansion of its infrastructure. 

The 1984/85 Parliamentary grant represents an increase of 3 X 
on that of 1983/84. External income increased from 23 X of 
the total income in 1982/83 to a healthy 31 X in 1983/84. For 
the Institute as a whole this represents an acceptable balance 
between basic and applied research. A particularly worrying 
aspect, however, is that the amount of contract work in the 
field of air pollution carried out by the Atmospheric Sciences 
Division has become so large, over 50 X of their total income, 
that basic research has virtually come to a halt. 

* Members listed in Addendum 1 
** Members listed in Addendum 2 



KRSOMEL Personnel s ta t is t ics as on 30 June 1984 are shown below in 
Table 1 : 

Table 1 
Personnel statistics 

PERSONNEL 1980 1981 1982 1983 1984 

Research and scientific 
personnel 
Number of posts 121 130 135 72 110 
Resignations 12 17 10 2 4 
Appointments 15 15 14 7 9 
Increase in posts 3 9 5 -63 •38 

Technical personnel 
Number of posts 95 92 96 67 41 
Resignations 6 10 12 4 3 
Appointments 18 20 20 8 6 
Increase in posts 12 -3 4 -29 -26 

Administrative person
nel 
Number of posts 24 29 29 20 25 
Resignations 5 3 4 3 3 
Appointments 6 9 6 2 5 
Increase in posts 1 5 0 -9 5 

The sharp decrease in personnel during 1983 was the result of 
the formation of the new National Institute for Materials 
Research. The increase in personnel during 1984 can largely 
be attributed to the financial support which the NMS & M Divi
sion now receives from the Department of Industries and Com
merce. However, the increase in research and scientific per
sonnel at the expense of technical personnel during 1984 is 
the result of the implementation of occupational differentia
tion, according to which ranks are now determined by the func
tional nature of the work performed. In addition to the above 
personnel, the NPRL also employs 16 Black personnel as labora
tory assistants and messengers. 

5EMRAL Or F Hengstberger received one of the first merit awards made 
by the CSIR for outstanding research work, in his case for his 
work in the field of light intensity measurement. 

As the current president of the South African Society for Qua
ternary Research, Dr J C Vogel was heavily involved in 
organizing an International Symposium on the Palaeoclimates of 
the Southern Hemisphere in Swaziland in August 1983. He also 
arranged a local Workshop on the Evidence for the Late 
Quaternary climatic change in Southern Africa. 

A plenary lecture on "Dye lasers and applications" was deli
vered by Dr D J Brink at the 29th Annual Conference of the 
South African Institute of Physics. 
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The following Divisional Heads were promoted to the rank of 
Deputy Director during the report period: 

Or A E Carte (Atmospheric Sciences) 
Or M W McDowell (Optical Sciences) 
Or R Turner (National Measuring Standards and Metrology). 

Or A J Burger, Head of the Geochronology Division retired on 30 
June 1984 after 30 years' service at the CSIR. Dr Burger's 
premature retirement was due to i l l health. 

As from the beginning of 1984 the Acoustics Division has gained 
a staff member, his post and some equipment from the National 
Building Research Institute. Research into building acoustics 
will in future again be pursued at the NPRL as was the position 
before 1973. 

FACILITIES 

New optical equipment 

Weather radars 

Mobile laboratory 

Several important facilities have been added to the Optical 
Sciences Division's equipment during the past year. These 
include a DEC VAX 11/730 computer and Gould DeAnza IP 8400 image 
processor; a new clean room with laminar flow benches required 
for the production of high-power laser mirrors; an in-house 
developed Alphaphone assembly for the measurement of absorption 
in thin films at IR wavelengths; and an excimer laser that will 
be used primarily for the pumping of dye lasers. 

One of the two newly acquired Enterprise C-band weather radars 
of the Atmospheric Sciences Division, at a total cost of more 
than half a million rand, has been erected on the Scientia site 
in Pretoria. The second set is to be erected at Esse 1 en Park, 
some 30 km east of our long established radar site at Houtkop-
pen. Airflow patterns inside thunderstorms may be determined 
with the aid of three Doppler radars and steady progress is 
being made towards reaching this goal. 

A new mobile laboratory has been purchased for the motor vehicle 
pollution project of the Atmospheric Sciences Division. On-site 
measurements of the quality of urban air at various localities, 
and in different cities, will be made with this unit. 

Boreholes for research pur
poses 

The Geophysics Division gained a much needed facil i ty for the 
development, testing and calibration of borehole logging equip
ment. This facility comprises two boreholes, which were drilled 
on the CSIR campus for easy access, control and maintenance. 
The f i rs t , a standard 165 mm diameter air-percussion borehole, 
was taken to a depth of 84 m; while the second is an NX 
(75,4 m) core-drilled borehole, 70 m deep, located 3,5 m from 
the first borehole. These boreholes will be available also to 
other organizations engaged in geophysical exploration. 



RESEMGH « D OEKLOPIOr 

Sound propagation in coastal A new project on underwater acoustics was launched during the 
waters past yetr in the Acoustics Division and has already produced 

some very useful results. The propagation of sound in the South 
African coastal waters is subject to large perturbations due to 
the temperature and salinity gradient., present in the sea. 
Knowledge of such effects is of importance to South African 
shipping which depends on echo sounding for safe navigation. It 
was found that sound speed profiles could be derived from bathy-
thernial measurements which had been collected for years by the 
research ship the Meiring Naudé. Sound propagation was illus
trated by ray plotting and the underwater sound propagation loss 
was predicted. 

Optical prototype development Prototype development of sophisticated optical systems has aga.n 
been a major activity in the Optical Sciences Division. Host of 
this was done on a contract basis. An optical replay system 
that was completed for the National Institute for 
Telecommunications Research is a good example of the advanced 
type of projects that can be undertaken by the Division, 
involving all aspects of optical design, manufacturing and 
coating, as well as mechanical design and assembly. This system 
was developed in close collaboration with NITR and underlines 
the excellent co-operation that can be achieved between CSIR 
institutes. 

Prototype development of optical systems invariably generates 
activity in other fields. For example an anti-reflection system 
for silicon and germanium for the 3 to 5 pm wavelength region 
was designed and made. Extremely low experimental reflection 
values of less than 1 % were obtained over this region. A simi
lar wide-band anti-reflection coating for silicon in the 1,4 to 
4 um was also successfully made. It should be noted that the 
optical characteristics of these coatings compare very well with 
commercially available coatings for the same regions. The 
designs of such coatings are generally well-kept factory secrets 
because of their important applications. 

Although most optical thin films are made by evaporation proce
dures, other novel techniques can sometimes also be used. For 
example, an infrared electro-optical system that was designee in 
the Division required a very small spherical lens of silicon to 
be anti-reflection coated. A highly successful oxidation pro
cess, whereby the lens was heated to 1 000°C in the presence of 
water vapour, was developed to produce stable layers of 
controlled thickness. This was an inexpensive solution to what 
would have been a very costly evaporation procedure. 

Laser developments Research is continuing in the field of non-linear frequency 
shifting, the aim being to develop a tunable laser source in the 
16 urn region which has important technological implications. Ai 
part of this programme a tunable dye laser with a good beam qua
lity has been developed. This high quality beam is a prerequi
site for all the non-linear frequency shifting work and the 
minimum requirement of 2 MW output peak power has also been 
achieved. 
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A compact TEA-type CO2 laser has been developed. The experimen
tal model has delivered an energy of about 200 mJ per pulse with 
a peak output power of some 1,0 Ml. A second model of this 
laser is currently under development. 

Dead Sea project The expertise of the Natural Isotopes Division in the field of 
isotopic geochemistry of carbon in ground water and ocean water 
has been successfully applied to the Dead Sea in Israel in 
co-operation with the Israeli Ueizmann Institute of Science. 
The first reliable determinations of the inorganic carbon 
concentration of the lake water and its I 3 C content has been 
mads and ll*C measurements with the mini-counter in Pretoria are 
presently under way. This sampling and measuring programme will 
continue for some time and will help to quantify the air-water 
exchange and internal mixing within this lake. 

A change in research policy concerning the Laboratory's geochrn-
nological activities over the past year has been welcomed by all 
concerned. Negotiations with universities and the Geological 
Surveys of South Africa and South West Africa during 1983/84 
stressed the fact that all investigations should include a 
strong research component and active involvement of the NPRL in 
the planning of projects and also in the collecting of samples. 
This is a departure from the past where contract investigations 
tended to be more service orientated. 

Progress has also been made towards establishing closer 
co-operation between the Bernard Price Institute, the NPRL and 
end-users. This can only lead to a better exchange of ideas and 
information as well as full utilization of facilities from which 
all parties should benefit. 

NATIONAL ACTIVITIES 

National Calibration Service The expansion of the NCS continues steadily and the total number 
of Approved Laboratories is now 39. In addition to the increas
ed number of laboratories, improvements are being made in accu
racies and ranges of thuse types of measurement already covered 
by the NCS and also in their variety. 

The areas which are receiving special attention at present 
include temperature and non-destructive testing. In the former, 
the NMS & M Division is receiving considerable financial support 
from ISCOR and a joint laboratory has been planned and equipped 
for the calibration of thermocouples, resistance thermometers 
and pyrometers. As far as non-destructive testing is concerned 
the Division is working closely with Union Steel Corporation 
(USCO) to formulate a calibration procedure for ultrasonic test
ing devices. An NCS calibration procedure for these instruments 
will be accepted with enthusiasm by organizations which appre
ciate the need for bringing uniformity of measurement sensitiv
ity into a wry important but difficult area. 

The field of electrical metrology is beginning to reipond to NCS 
stimulation and the commercial sector is now actively co-operat-

Reformulation of geochrono-
logical research policy 
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ing with the NCS in establishing a much-needed course in RF 
metrology. The projected date for this course is May 1985. 

Equipment for national measuring standards which has been 
purchased with funds provided by the Department of Industries is 
beginning to arrive but its commissioning must await the comple
tion of new laboratory space at present under construction. 

Heilbron crop reppinc project The Optical Sciences Division continues to lead the South Afri
can research effort in the agricultural applications of satel
lite data. The completed Heilbron crop mapping project has 
shown, for example, that summer crops can be differentiated and 
mapped fairly reliably over small areas of about 1 000 km2 

whereas winter crops can be mapped reliably over larger areas of 
34 000 km 2. Classification methods that were developed during 
this project were used to demonstrate the cost efficient opera
tional capability of mapping winter grains on the Highveld. A 
classification map covering 35 000 km 2 could be produced within 
a few hours of the receipt of the satellite data at a cost of 
less than 5 cents per square kilometre. 

Monitoring of trace gases Monitoring of the concentrations of various trace gases at Cape 
Point has been maintained by the Atmospheric Sciences Division. 
Two and a half years of data for methane (CH,) has now indicated 
an annual increase in the concentration of this gas of 1

t 3 % in 
t'e atmosphere wnich is consistent with observations abroad. 
Trends in the concentration of CK, are of particular interest 
since it is a significant absorber of infrared radiation and a 
dominant remover of hydroxyl radicals (which are effective in 
the transformation of certain pollutants). CH, showed a 
seasonal oscillation similar to that found for carbon 
monoxide (CO). In contrast to the finding for CH,, the CO 
concentration has not shown a consistent long-term trend. 

Motor vehicle pollutants Motor vehicle pollutants have been measured in different cities 
for over a decade. Values of the lead content in the atmosphere 
as obtained from the curbside are very site-dependent and traf
fic-dense areas associated with street canyons create conditions 
favourable for high lead values. Daily averages for lead at 
certain urban sites occasionally gave rise to concern while 
undesirjbly high values of CO were sometimes found. Also, 
larger amounts of formaldehyde and acetaldehyde are emitted by 
motor vehicles when pure alcohol/petrol blends are used as 
fuels. Aldehydes can be toxic and they are precursors to the 
formation of photochemical smog. Monitoring of their occurrence 
in the atmosphere has therefore been commenced as alcohol/petrol 
fuels are already in use in parts of South Africa. 

CLOSING REMARKS j n e period covered by this annual report represents the first 
full year of the 'new' NPRL since the formation of the National 
Institute for Materials Research from the previous M-.terials 
Sciences Goup of the NPRL in January 1983. 
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The year has had Its trials mostly concerning personnel mat
ters. I feel, however, that the NPRL has adjusted very success
fully to the new conditions, has made substantial progress In 
making the smaller divisions more viable and has many achieve
ments to be proud of. 

I would therefore like to thank the NPRL staff for their loyalty 
and services, the Advisory Committee and Panels for their guid
ance and our Deputy President for his support. 

DR J S V VAN ZIJL 



2 RESEARCH ACTIVITIES 

Contents 

The propagation, diffraction 
and absorption of sound 
Speech and hearing research 
Ceneral acoustics services 
Underwater acoustics 
Electric shark barrier 

2.1 GENERAL PHYSICS 

2.1.1 ACOUSTICS 

Sound, its generation, transmission, detection and effects, play 
an important role in diverse aspects of modern l i fe . The 
Acoustics Division has the task of serving South Africa with a 
reserve of background knowledge and expertise in this branch of 
physics. Present activities include research on the 
propagation, diffraction and absorption of sound, on speech and 
hearing, on general acoustic services, on underwater acoustics 
and on an electric shark barrier. Ad hoc research and 
development projects, related to acoustics, are undertaken by 
the Division on request. 

The Central Acoustics Facility forms part of the Division and is 
also at the disposal of approved users in, as well as outside, 
the CSIR. 

Objectives 

To apply t ie principles of 
sound intensimetry, 

to determine sound absorption 
coefficients directly, 

to develop the auxiliary 
equipment required for this 
purpose, 

to develop equipment for the 
measurement of directional 
diffusion, and 

to introduce the sound 
intensity meter to the world 
of acoustics. 

The measurement of sound 
intensity makes i t possible to 
find the absorption coeffici
ent of a sound absorber 
directly as opposed to 
conventional methods which 
measure sound pressure front 
which the absorption 
coefficient has to be derived* 

A new method for determining 
diffusion in a reverberation 
chamber is being developed. 

Propagation, Diffraction and Absorption of Sound 
Several applications for sound intensimetry are being investi
gated. The first of these is a new method for direct measure
ment of sound absorption. Methods which are normally used are 
the impedance tube method in which only a small sample of the 
material is tested and then only for normally incident sound, 
and the reverberation room method which allows the average 
absorption coefficient of a large absorbing surface or a build
ing construction to be determined. Both are based on sound 
pressure measurements from which deductions are made regarding 
incident and absorbed sound energy. Thus the absorption coef
ficient is not measured directly. 

The method being developed by the Division is based on the 
determination of sound energy flux. Thus a direct measurement 
of sound absorption can be made and read off immediately from 
the meter. In contrast to the usual methods, which produce an 
average absorption coefficient for the sample being tested, the 
intensity method provides a sharply defined measurement at the 
point where the microphone is being held. It is furthermore a 
directional method. Hence the distribution of sound absorption 
over the surface of a complex structure may be found and edge 
effects are readily determined. The method also lends itself 
well to the determination of the average absorption coefficient 
of a large object for which a process of scanning and 
integration is employed. 

For the purpose of absolute measurements the intensity method is 
at present limited to diffuse test chambers but the indications 
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Construction of sound inten
sity meters is continuing. 

of current research on this subject are that means will be found 
to extend the method to acoustically more normal rooms. 

Experimental equipment has been developed which makes i t pos
sible to measure directional diffusion directly, using intensi-
metry as a basis. The most important application for such a 
device is to determine whether a reverberation chamber complies 
with the requirements for the so-called Classical Reverberation 
Chanber. it can also be foreseen that such a device can be used 
for the evaluation of the acoustic behaviour of an auditorium. 

Detailed working drawings were made of the portable sound inten
sity meter making it possible for electrotechnicians-in-training 
to construct these instruments. Two have been sold, another was 
built for the Division and a fourth has been ordered recently by 
the SABS. 

Objectives 

To establish a facility for 
the objective determination of 
the intelligibility of speech 
which has passed through 
diverse comnunication systems 
or from speaker to listener in 
an auditorium, and 

to develop teaching aids for 
the deaf. 

A facility for the objective 
assessment of speech 
intelligibility has been 
established and used for tests 
on two-way radio equipment. 
Work has begun on an instru
ment for the deaf. 

Speech and Hearing 
An important advance has been made with the establishment of a 
facility for the objective assessment of speech intelligibil
ity. The necessary equipment was acquired from abroad where the 
method, known as Sp%< h Transmission Index measuring Device 
using Artificial Signals (STIDAS), was developed. Last year an 
understanding of the principle of operation of such a system was 
obtained by computer simulation in the Division and the skills 
thus acquired, combined with a users training programme provided 
by the suppliers, enabled the Division to apply the equipment 
very soon after arrival to practical measurements on a two-way 
radio telephone system. These measurements produced very mean
ingful results to the satisfaction of the user of the radio 
system. 

It is hoped to extend this service by bringing its possibilities 
to the attention of other users and also manufacturers of commu
nication equipment. Furthermore it is hoped to provide a facil
ity for assessing speech intelligibility in halls, auditoria and 
churches. Although cumbersome for the last-mentioned purpose, 
the existing equipment can be used for preliminary measure
ments. It is, however, anticipated that Brii'el and Kjaer will in 
the near future market a portable device for the express purpose 
of room acoustic measurements. Funds for its purchase are being 
held in reserve. 

Work has begun on the design of an updated version of the teach
ing aid for the deaf, previously developed by the Division. 
This involved the construction of an EPROM programmer by means 
of which the program required to perform the signal processing 
and display functions may be set up for presenting voice pitch 
patterns on the screen of a television set. 
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General Acoustics Services 

Objectives 

To maintain, develop and 
supply the South African 
standards of sound pressure 
and vibration as well as 
standards for ultrasonic 
non-destructive material 
test ing, and to use these 
standards for the calibration 
of similar devices, 

to carry out diverse acoustic 
and electro-acoustic 
investigations as required, 

to maintain the Central 
Acoustics Facility which forms 
part of the Division, 

to investigate the propagation 
of sound through the 
atmosphere as part of a 
generalized study of 
information transfer by 
propagation, and 

to find a method for echo 
sounding through sand and 
rock. 

Standard microphone and 
vibration sensors are kept and 
equipment i s on hand to 
perform intercomparisons but 
only to a limited degree of 
accuracy» 

The co-operation of the 
Division was sought for the 
design of a completely 
modernized sound system for 
the House of Assembly in Cape 
Town. 

A fac i l i ty was established for 
checking ultrasonic non
destructive material testing 
equipment and a guide on 
calibration procedure was 
compiled. 

A literature study was done on 
the propagation of sound 
through the atmosphere and on 
echo sounding through rock and 
sand in preparation for 
contracts which were 
anticipated on these subjects. 

The CSIR is responsible in terms of Act 73 of 1976 for the 
national measuring standards which include the standards of 
sound pressure and vibration. The latter are housed in the 
Acoustics Division in the form of several laboratory quality 
capacitor microphones which are intercompared using the 
reciprocity method. The same applies to vibration standards. 

During the past year the Division set up a f a c i l i t y for 
cal ibrat ing ultrasonic non-destructive material testing 
equipment. A procedural guide for the calibration of pulse echo 
test equipment was drawn up. Research was conducted on the 
construction of test blocks which would be suitable for 
cal ibration purposes. 

The Division assisted with the design of a completely new sound 
reinforcing system for the House of Assembly in Cape Town at the 
request of the appointed contractor. The instal lat ion of new 
microphones and loudspeakers were recommended following an 
investigation which proved the inadequacy of the polar 
sensi t iv i ty and frequency response of the existing equipment. 
Also, the selection of microphones and the muting of 
loudspeakers in the v ic in i ty of the speaker was made more 
effective by providing computer assistance and a visual display 
for the operator. Collectively these measures ensured very 
satisfactory speech i n t e l l i g i b i l i t y throughout the House and an 
adequate margin of safety between the reinforced speech level 
and the level at which the highly objectionable acoustic 
feedback wi l l occur. 

An investigation was in i t iated in which information transfer is 
defined in the most general terms: a signal source, a 
propagating medium and a receiver. The signal source radiates 
information into the propagating medium which has a complex but 
commensurable transfer characteristic and from which the 
receiver extracts and processes the signal in a manner which 
takes this characteristic into account thus producing an output 
which corresponds as closely as possible to the information 
which original ly entered the transmitter. 

As a f i r s t task in this investigation the propagation of sound 
through the atmosphere is being studied and f ie ld measurements 
have been made over distances up to 2,2 km to deter,.,ine the 
effects of topography, ground cover, wind and temperature 
gradients. Such data are essential for the prediction of envi
ronmental noise levels caused by industrial plants, machines, 
a i rc ra f t , etc. A l i terature study revealed that a great amount 
of work has been done on this subject abroad and very useful 
information could be gleaned from the relevant publications. 

The Central Acoustics Faci l i ty is being put to good use by the 
Division i tsel f and also by other users. The fac i l i t i es offered 
were extended by the provision of a variety of computer programs 
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which have been adapted for use on the minicomputer of the 
Division. These include amongst others the entire IEEE program 
set, Programs for Digital Signal Processing, which make it 
possible to perform the following processes: Fourier analysis, 
autocorrelation, cepstrum analysis, digital filter design, 
estimation of power density spectra, interpolation, decimation, 
cross correlation and others. 

In addition, a complete one-third octave filterbank was 
constructed and coupled to the computer thus enabling real time 
spectrum analysis to be performed in one-third octave or full 
octave intervals. 
The possibility of finding objects such as cracks in rock by 
echo sounding is being investigated, both acoustic as well as 
electromagnetic probing signals being considered for this appli
cation. Electronic circuits to produce the very short pulses 
which are required are under construction. 

Objectives 
To provide the country with a 
sound scientific base in 
underwater acoustics. 

This new project was launched 
during the course of the 
current year by drawing the 
need for such an activity to 
the attention of establish
ments concerned with maritime 
natters. As a first task 
bathythemal measurements 
available from NRIO were used 
to derive average sound speed 
profiles at several sites 
along the coast of the RSA. 

Underwater Acoustics Investigations 
South Africa has a very long coast line and it is important for 
strategic and economic reasons to study the different aspects 
related to the surrounding oceans. Although extensive under
water research is being carried out in the USA, Europe and else
where, our seas provide a different environment which necessi
tates our own investigations. Amongst others it is essential to 
have available a viable underwater acoustics activity. Surveys 
have revealed, however, that there is a huge backlog in 
background knowledge and expertise in this particular field. 
For this reason the Division, in its acknowledged role as the 
main centre for R & 0 in acoustics in the country, initiated 
underwater acoustic investigations during the past year. These 
investigations are designed to complement the activities at the 
National Institute for Materials Research on the development of 
underwater acoustic transducer materials, and those at the 
National Research Institute for Oceanology (NRIO) in collecting 
physical oceanographic data relevant to such underwater acoustic 
studies. 

The present programme includes the investigation of sound propa
gation in coastal waters, the verification of such theoretical 
work by actual sea trials using underwater sound measuring devi
ces specially developed at the CS1R, the tracking of underwater 
objects by both passive and active sonar, the study of sound 
signatures of diverse sound sources, and the application of 
modern signal processing techniques to these studies. 

Theoretical studies have been initiated into the propagation of 
underwater sound at various sites around the coast. The study 
involved using bathythermal measurements available from NRIO to 
derive average sound speed profiles for each of the selected 
sites. Sound propagation through the underwater temperature and 
salinity gradients was shown diagrammatically as plots of ray 
paths and contours of attenuation in decibels at different 
depths and distances. This is shown in Fig. 1. 
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Two further studies have been in i t ia ted . These are an extension 
of the above sound propagation study as applied to very shallow 
water and a series of sea tests to make measurements of under
water sound propagation. The purpose of the latter exercise is 
both validation of the theoretical predictions, and acquisition 
of important data such as sea bed ref lect ion and scattering co
eff ic ients and ships' radiated noise spectra. 

Two equipment designs have been in i t ia ted: 

a) a Submersible Acoustic Measuring unit (SAM) which w i l l com
prise a 2 kW power amplifier to feed a high power underwater 
sound transmitter and 

b) a general purpose telemetry system, based on a dedicated 
microprocessor, to monitor temperature, voltage, pressure, 
humidity etc. within the SAM. 

The parameters measured w i l l be transmitted via a telemetry data 
link to a computer on board the research vessel where the data 
w i l l be processed and displayed to give a continuous status 
report on the behaviour of the SAM. 

Objectives 

To install a full scale 
electric shark barrier at 
Margate, to provide the 
required pulse equipment and 
to investigate the efficiency 
and reliabil i ty of the 
system. 

The new cable design was 
checked very carefully both 
mechanically and electr ical
ly» The cable is now being 
manufactured in Germany» 
Preparations for i t s installa
tion are in hand. 

Figure 2 

Partial discharge test being 
conducted on the insulation of 
the anti-shark cable inside a 
booth which is specially 
screened against 
electromagnetic Interference. 

Electric Shark Barrier 

The new anti-shark electr ic cable was designed whilst keeping 
the problems that had arisen with the previous two cables in 
mind. Special attention was given to mechanical strength, 
waterproofing, resistance to environment and mass-to-diameter 
ra t io . The electr ical design was checked by means of a 
theoretical analysis of the voltages and currents which are pro
duced on the cable by the electric pulses. This is the subject 
matter of two NPRL reports 1 ' 2 . 

The cable design was also checked by means of several practical 
tests and experiments such as the partial-discharge test on the 
insulation as i l lus t ra ted in Fig. 2. This test is conducted i n 
side a booth specially screened against electromagnetic inter
ference. 
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Preparation for the cable installation during the period of cala 
sea conditions in 1985 have begun. Suitably adapted winches and 
other hardware are beinq Manufactured and personnel selected to 
for* the installation teaa. The aethod of installation has been 
carefully planned in co-operation with others «ho are 
experienced in this field. 

References 
1. C Loabard, NPRL Internal Report FIS 321 (Deceaber 1983). 
2. C Loabard, NPRL Contract Report C-FIS 47 (Deceaber 1983). 
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2.1.2 NATIONAL MEASURING STANDARDS AND METROLOGY 

Introduction 
Mass 
Pressure ami vacuus 

Dimensional standards 

Tine and frequency 

Temperature 

Electricity 

Ught 

Radiation dosimetry 
Force 
Special contract tasks 

The Division f i l l s the role of South Africa's national measuring 
standards laboratory. It maintains the national measuring stan
dards for «ass, length, time» temperature, electricity, light, 
ionizing radiation, force and pressure and discharges the CSIR'S 
responsibility in terms of the Measuring Units and National Mea
suring Standards Act No 76, 1973. This responsibility includes 
providing traceability of accuracy to national measuring stan
dards for measuring instruments throughout the Republic, a task 
which is carried out both by direct calibrations performed by 
the Division itself and indirectly via the National Calibration 
Service which is organized and administered by the Division. 

Introduction 
The responsibility for the implementation of Act 76, 1973 has 
been formally accepted by the Department of Industry. This 
department will henceforth provide funds for the establishment 
and maintenance of national measuring standards, for internatio
nal comparisons and for establishing the means to provide the 
country with calibrations traceable to national measuring stan
dards. 

The benefits of these funds are now being fe l t , not only in the 
form of improved equipment and the availability of posts, but 
also with respect to recruitment into the Oivision. This aspect 
relates to the improved status of the Division in terms of its 
financing and its capability to provide its staff with the means 
to do their jobs. Status is also extremely important for the 
maintenance of the Division's credibility as a national measur
ing standards laboratory, a fact of which the Division is well 
aware and which motivates its staff. 

It will s t i l l take some time to realize a substantial improve
ment in the national measuring standards because of the slow 
nature of the work. The completion of work on new laboratory 
space has a retarding influence, particularly in the case of the 
Force Section, where work on the new load cell comparator is 
completely halted. The frame for this machine has been built 
according to the Division's design and has been delivered, but 
the laboratory in which i t stands is as yet unfit for work to 
proceed. 

Work on the length-bar measuring instrument has now reached an 
advanced stage. Preliminary measurements to determine tht 
instrument's fundamental accuracy and limitations will soon bt 
in progress. 

The influence of the Division's Time and Frequency Section 
continues to spread throughout South Africa through the influ
ence both of the NCS and also by virtue of the Division's repu
tation for providing traceability by organizing interested 



parties into a collaborating group. The Time and Frequency 
Section has concluded the design of new instruaents which will 
be built at the CSIR to provide accurate tine and frequency via 
a NASA code which will be transmitted to the sites around the 
country where the equipment is installed. 

A new photoelectric pyrometer has been designed and built in the 
Division under the supervision of a visiting scientist. Prof. 
Ruffino of Rome University. Initial results show excellent 
reproducibility and the instrument could eventually act as a 
means to realize South Africa's temperature scale above 600°C. 

It has always been appreciated that a significant part of the 
equipment needed by a national standards laboratory must be 
designed in the laboratory and constructed in its own workshop. 
This situation is becoming progressively worse as commercial 
firms cease to produce sensitive and expensive measuring equip
ment because of the small volume of sales. 

In its present stage of development the Division is completely 
dependent on its own workshop facilities for projects such as 
the absorbed dose calorimeter, the load cell comparator, the 
RF power meter, the length-bar instrument, etc. besides the 
construction of equipment for various other measuring stan
dards. In spite of being allocated some workshop facilities 
from areas where a temporary surplus capacity exists, there is 
still a considerable backlog of work in the machine shop. 

The reports from each Section of the Oivision are given below. 

Mass 
Available equipment is able to meet the demands of industry for 
the present. However, further development and extensions of 
range will be required in the forseeable future. 

Pressure and Vacuum 
Pressure Balance 

Two major items of equipment have been purchased, both manufac
tured by Desgranges et Huot. The first is a pressure balance 
type 54036 capable of measuring oil and gas pressures in the 
range 400 kPa to 120 MPa, and the second is a type 1500 pressure 
divider, which when used with the 54036 will allow the measure
ment of gas differential pressures in the range 4 kPa to 120 
kPa, at reference pressures from atmospheric to 40 MPa. 

The type 1500 divider has been delivered but cannot be usee! 
without the 54036 pressure balance. The 54306 has been deliver
ed to NPL, UK ana is currently awaiting calibration. Delivery 
to the CSIR is anticipated by October. 

Objective 

To provide a facility for the 
measureaent of « s * up to 
20 1«. 

Objective 

To sen* as a facility for 
measuring pressure» 

Equipment purchased to extend 
the measurement range. 
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Dimensional Standards 

Objective 

To establish a facility 
for the measurement of end 
and line standards up to I 
long. 

An instrument has been design
ed and built, white-light 
fringes have been observed and 
Measurements to determine its 
accuracy will soon be in pro
gress. 

End and Line Standards 

The Division can provide traceable calibrations by interferome-
t r y (an absolute method) for end-gauges up to 200 m* long. 
There is no commercially available equipment for lengths longer 
than th i s . However, industry uses length bars which are up to 
1 m long and requires that these bars be calibrated. 

Commercial laser interferometers (e.g. the one of Hewlett-Pac
kard) are ideal instruments for measuring lengths to the requir
ed accuracy (1 part in 10*) but employ fringe counting tech
niques which, on their own, are incompatible with the require
ments for an instrument to measure end-gauges. 

The Division has combined the "pointing" techniques of classical 
interferometry with the modern laser interferometer to design an 
end-gauge measuring instrument which senses the end surfaces of 
the gauge by means of the white-l ight fringes formed by an 
auxil iary interferometer. This approach has the dist inct advan
tage of the non-contact method and is extremely sensitive. The 
measurement of the end-gauge is thereby reduced to that of 
determining the distance moved by the cube of the User inter fe
rometer between two portions where white-fringes ire observed. 

The instrument has been designed and constructed. Testing has 
reached the stage where white-light fringes have been observed, 
but no actual measurements have been concluded. 

Objective 

To co-ordinate the time scales 
of remote clocks on a national 
basis to an accuracy of 10 us. 

Precise time measurements 
traceable to the national 
measuring standard for time 
(MIST) were amde at six se
lected sites around the main 
routes to the Western Cape. 

Time and Frequency 
Time Transfer System 
The SA Post Office (SAPO) microwave system will soon be used for 
the dissemination of a time code which is suitable for the auto
matic resetting of remote clocks. The Time Standard Section 
made measurements to determine the time signal propagation 
delays which the microwave system will cause when the time code 
is transmitted to the following towns and sites: Kroonstad, 
Bloemfontein, Kimberley, Oe Aar, Beaufort West and Cape Town. 

The time signal used for the measurement was the SABC TV 2T pul
se, which is generated in Auckland Park, Johannesburg as part of 
the normal television test pattern. This test pattern is disse
minated country-wide by the SAPO microwave system just before 
programme transmission begins, and the measurements were made at 
that time at each site. To provide consistent results the mea
surements were made as close to the SABC television transmitters 
as possible. Records of the position of the measuring equipment 
at the time of the measurement being made to facilitate further 
repeat measurements. The measuring equipment included a port
able atomic clock, a modified Tv receiver and the time transfer 
control unit, which is a device specially designed to measure 
the arrival time of the 2T pulse. 
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Calibration of the instant of generation of the ?T pulse was 
achieved by the use of similar equipment in Pretoria where the 
arrival of the Auckland Park 2T pulse was compared with that of 
the NMST. 

Objective 

To establish a prramatric 
aethod of realising a 
practical temperature 
seal* above 600°C 

Temperature 
Photoelectric Pyrometer 
Different opinions are held by international temperature metro-
logists concerning the realization of the temperature scale 
above 600°C. There is considerable support for the proposal to 
develop a photoelectric pyrometer based on a silicon photodiode 
and dependent on three calibration measurements, namely 

A photoelectric pyrometer 
based on a silicon photodiode 
detector has been built and 
tested. Preliamry nsults arc 
encouraging. 

a measurement of the pyrometer output signal at the 
gold-point, 
a measurement of the pyrometer output signal as a func
tion of wavelengths, the pyrometer wavelength function, 
the determination of the linearity and the pyrometer out
put as a function of input. 

With the assistance of a prominent international scientist, 
Prof. Ruffino of Rome University, a photoelectric pyrometer sui
table for realizing the temperature scale has been built and 
tested. Preliminary work has shown a reproducibility of tem
perature measurements of * 5 mK, which means that South Africa's 
temperature scale above 600 °C could soon be based on the new 
pyrometer instead of on strip filament lamps that are calibrated 
overseas. Further work should result in a contribution to the 
international research effort which will facilitate decisions 
concerning the adoption (or otherwise) of the pyrometer as a 
means of realizing the International Practical Temperature 
Scale. A programme of further co-operation between the Univer
sity of Rome and the NMS & M Division is therefore envisaged. 

Objective 

To establish a national 
suring standard for RF 
attenuation. 

Electricity 

Radio Frequency Attenuation Standard 

A set of four attenuators was calibrated by the Physikalisch 
Technische Bundesanstalt (PTB, West Germany) and compared here 
with another set of attenuators recently acquired with a Hew
lett-Packard calibration certificate. Our measurements (with 
PTB reference) agreed with HP calibration to within 0,03 dB at 
20 dB and up to 500 MHz. The measurement resolution at present 
is 0,01 dB but a ten fold improvement is envisaged witn the 
utilization of new equipment and the arrival of an absolute 
attenuation standard scheduled for October 1984. 
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AC/DC Transfer Standard 
Objective 
To establish a national 
measuring standard for AC/DC 
transfer to voltes* and 
current» 

A series of calibrations has 
been carried out. An audit 
sample has been lotercoepared 
with tb* Km. The shunts for 
AC/DC current are awaiting 
arrival of a new instrument. 

The extension of the voltage transfer standard up to 1 kV and 
100 kHz by the application of series resistors has been verified 
by an audit sample of 300 V. The sample was calibrated at the 
CSIR and sent to the PTB for another calibration. The results 
were within 20 in 10* at frequencies up to 20 kHz and CO in 
10* at 100 kHz. A second calibration by the "step method" is in 
progress as well as further work to extend the frequency range 
up to 50 Hz. 

The design of the shunts for AC/DC current standard has been 
teaporarily suspended as a new ZERA instrument (provided by 
ESC0M) is expected to arrive in late 1984. Its measurement 
range and lay-out of terminals will determine the physical con
figuration of the standard shunt. 

Objective 

To establish a national 
measuring standard for radio 
frequency power. 

The assembly of an automated 
detection system has been com
pleted and software develop
ed. The sensor with thermis
tors and interchangeable AIC-7 
and H connectors i s measuring 
1 and 10 mW levels up to 3 GHz 
with 1,5* uncertainty. 
Further progress i s expected 
in the reduction of uncertain
ty and the extension of the 
frequency range to 18 Qte. 

Radio Frequency Power Standard 

A new transmission line design has been developed which allows 
for easy changing from N-type to APC-7 connectors and offers a 
high return loss. The measurement of uncertainty figures like 
the attenuation of the input line has been simplified in such a 
way that for this purpose just the inner conductor has to be 
removed and to be inserted in a test outer conductor. 

By using a new RF signal source and facil i t ies for measuring 
return loss and attenuation the uncertainty figure of the RF 
power standard was determined to 0,5 to 1.5S up to a frequency 
of 3 GHz. Tue latest design of the RF power head incorporates 
thermistors as detector elements, which have a higher sensitiv
ity and faster response time than the resistive sensors used so 
far. 

Employing the techniques developed for the Absolute Radiometer, 
a similar detection system for the RF power standard has been 
assembled, tested and new software has been developed. 

It is felt that the accuracy of the present head is already ade
quate to perform the calibration of RF power sensors of the 
thermocouples, thermistor or diode type up to a frequency of 
3 GHz at power levels between 1 and 10 mW. 

Future plans include the development of a method to stabilize 
RF power sources and the reduction of uncertainty figures which 
can be expected as soon as accurate attenuation measurement 
facilities become available in the Section. 

Objective 

To serve as a facility for 
measuring the colour 
temperature of sources. 

Light 
Spectroradiometer 
An existing mobile spectroradiometer has been adapted to serve 
as a fully automated instrument for the accurate measurement of 
colour temperature of light sources ovtr a wide range. The 
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instrument measures the spectral power distribution of light 
sources from which the colour temperature is calculated more 
accurately than could be done by the more conventional tristimu-
lus method. 

Objective 

To provide a standard for the 
measurement of the dose absor
bed by tissue as required in 
radiation therapy «hen high 
energy electron and photon 
beams are used» This standard 
oust be portable since hospi
tal instruments will be cali
brated in the beams in which 
they are to be used. 

Calorimeters made of graphite 
and water are under construc
tion as well as associated 
equipment for use in radiation 
beams» Electronic instrumen
tation has been acquired for 
preliminary tests» Provision 
is being made for the neces
sary tests of the calorimeters 
themselves as well as for 
comparisons with ion chamber 
measurements» 

Radiation Dosimetry 
Absorbed Dose Standard 
It is necessary in radiation therapy that dose to tissue be 
determined in a direct way. Thus a calorimeter capable of mea
suring temperature changes of the order of 10" 5 °C is required. 
The material, of which a calorimeter to be used in a radiation 
beam can be constructed, is thus determined by the nature of the 
interaction of the radiation with the material in question. 
Graphite being a suitable material in respect of both the above 
requirements, it was decided to construct a Oomen type heat-
loss-compensated microcalorimeter which will be the heart of a 
dose standard for high energy electron and photon beams. 
Because of the requirement that the core (mass of about 
1 400 mg) and the jacket have equal heat capacities and also 
because of the size of the supports, etc., very precise machin
ing of the components was imperative. All the components of the 
calorimeter have been machined and drilled for cementing the 
supports, thermistors for heat sensing and heating elements. 
The mantle, shield, jacket and core assembly is to be used in a 
vacuum of 10" 5 torr (1,33 mPa) and the various components for 
this system has been acquired. A vacuum tank for determining 
characteristics of the thermistors and calorimeter is under 
construction. The construction of a complementary water calori
meter is nearly completed. 

Measurements with the calorimeters are to be made with the ther
mistor in the arms of a bridge so that simultaneous temperature 
changes may be detected in the core, jacket and shield. Elec
tronic instrumentation for one bridge has been acquired and 
preliminary tests and measurements in a Co-60 beam can be done 
when the vacuum tank is completed. 

As is necessary in the development of any new system, measure
ments with the system must be compared with measurements by 
means of known procedures. Thus calorimeter measurements must 
be compared with ion chamber measurements. An electron chamber 
has been under test for some time and will be used for compara
tive measurements in an electron beam from a linear accelera
tor. A method for checking beam energy is being investigated; 
this method must be reliable so that no queries concerning the 
true beam energy should arise. 

Since many measurements in hospitals are referred to water, it 
is necessary that the calorimeter measurements be transferred to 
measurements in water. For this purpose comparative measure
ments must also be made by ionization chambers in a water bath 
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and water bath construction for this purpose has been commen
ced. Other equipment for the purpose of supporting the various 
instruments in the radiation beam, etc., e.g. trolleys have been 
constructed. 

Objective 
To establish a national 
measuring standard for 
force. 

Force 
Force Standard 
The construction of the load-cell comparator which will be used 
to establish the national measuring standard for force is now 
almost complete. The loading frame, which consists of two mas
sive steel pi at tens separated by three 250 inn diameter steel 
columns, has been constructed to the Division's specifications 
and has been delivered. Unfortunately, the basement laboratory 
in which it is housed has not been completed and it is impos
sible to work with the machine under present conditions of dust, 
dirt and lack of temperature control. 

Objective 
To assist industry in the 
solution of problems in 
metrology* 

Assistance Is being given on 
a consultative basis to help 
solve measurement problems for 
the production of components 
by a new method. 

Special Contract Tasks 
Measurement Problems 
A metrology discussion group has been set up at a leading local 
engineering firm. Efforts have been devoted to the successful 
solution of problems associated with the production of long 
tubes and the measurement of their straightness. Measuring 
techniques for various stages of manufacture were devised. A 
special alignment telescope was designed and .onstructed. The 
significance of this work Is that a new and more efficient 
process was being tried. A critical decision had to be made as 
to whether to continue with the development of the process, 
since no reliable measurements were available. The Division 
solved the problem by developing appropriate techniques and the 
firm's metrologist was instructed in the current application of 
the techniques. 

Other tasks include the design and construction of a device to 
measure bore diameters and a continuing programme to assist with 
the statistical evaluation of measurement results. 
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2.1.3 OPTICAL SCIENCES 

Content» 

Optical design and evaluation 

Processing of opt ical 
materials 

Thin-film optics 

Lasers 

Photo effects 
Optical remote sensing and 
image processing 
Special support services 

The study of modern optics and its many applications is under
taken by the Division whose primary object is to support the RSA 
with scientific background knowledge and expertise in this wide 
and complex field. Emphasis is placed on those aspects which 
have either already been proved to be of technological and 
strategic value or which are of potential importance in these 
directions. 

Optical Design and Evaluation 

Objectives 

To design specialized optical 
systems for manufacture and 
use in the Division, or on re
quest by outside organiza
tions; 

to develop evaluation facili
ties and expertise to be able 
to prove the validity of theo
retical optical and electro-
optical designs or to evaluate 
the applicability of completed 
prototypes or coonercial opti
cal systems. 

Further improvements to 
optical design software were 
made during the year. 

Various optical design studies 
were made. A novel fast 
objective lens has been 
designed as well as three 
binocular/biocular eyepiece 
systems. 

The laser replay system being 
developed for NITR is now at 
an advanced stage of assembly. 

In collaboration with the MAC 
theoretical studies have been 

(a) Design Facilities 
The ACCOS V lens design program was updated in October 1983 by 
Scientific Calculations Incorporated. With the installation of 
the new software it is now possible to plot on-line using the 
X-Y plotters available in the design laboratory. Information 
has also been made available so that the Division can add new 
glasses and special materials to the relevant catalogues. In 
addition, special purpose routines can now be added to the main 
ACCOS V program without interfering with its operation. These 
special programs will not become obsolete with a new update as 
they are not integrated with the main program. 

To date two special graphics routines have been added to 
ACCOS V. The first one draws iso-i1 luminance lines within the 
instantaneous field of view.1 These lines can be regarded as 
contours of equal efficiency of radiation transfer (ERT). Such 
a contour map is especially useful for evaluating certain types 
of scanning systems. 

The second routine draws contour lines of a spot diagram. This 
makes it possible to see at a glance the energy distribution 
within the spot so that one can easily determine in which area, 
for instance, fifty per cent of the energy is contained. The 
interval between contours is selected by the user. Examples of 
typical plots from the above two routines are shown in Figs. 3 
and 4 (overleaf). 

(b) General Design Studies 
The National Accelerator Centre of the CSIR has shown interest 
in the use of an elbow light pipe as an homogenizer for a laser 
beam. A review of the literature showed that there has been no 
theoretical studies of the efficiency of such a device. A 
preliminary investigation using geometric ray tracing technique'; 
has therefore been initiated, with a view to optimizing the 
dimensions of such a light pipe. 
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Work has continued on investigations into the possibility of 
using visible light transacting Materials in the thermal infra
red region. Studies have been made for both the M i n spectral 
bands of 3 to 5 and 8 to 10 vm, using an afocal optical system 
specification. Several solutions have been found which give 
performances very similar to the solutions using conventional 
materials such as silicon and gernanium. A major problem is 
that a greater number of lens elements is necessary and many of 
the materials have other undesirable properties. 

(c) Specialized Optical Systems 
The following projects were completed: 

The optical replay system being designed and manufactured no 
behalf of another CSIR institute (NITR) is now at an advanced 
stage of assembly. The optical layout of this novel system is 
shown in Fig. 5 (p. 27). 

Several optical designs, including three prototype binocular/ 
biocular eyepieces, were completed for outside organizations. 

Figun 6 

100 on focal length f/0,68 
refractor. 

A novel objective lens design which performs a similar function 
to the Petzval type lens but with fewer elements has been gene
rated. At 100 mm focal length, f numbers of 0,68 can be 
achieved (see Fig. 6) . 

—a —a 

A short focal length (250 mm f/8) apochromatic collimator was 
designed for use with the Eros MTF analyser. 

Further specialized IR optical systems were designed on behalf 
of external organizations. 

(d) Optical Evaluation 

Various evaluation studies were undertaken during the year at 
the request of external organizations. 
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Processing of Optical Materials 

Objectives 

To develop processing tech
niques for optical materials 
in the visible as well as the 
UV and 1R spectral regions; 

to apply these techniques to 
the manufacture of prototype 
optical systems; and 

to provide a service to indus
try and scientific organiza
tions by making optical compo
nents that are not available 
elsewhere. 

(a) Development 

Work continued during the year on the manufacture of optical 
components for various infrared systems including a germanium 
triplet and an afocal system for the 3 to 5 um spectral band 
with elements of both silicon and germanium. Five complete 
spheres of silicon were also successfully manufactured to a high 
degree of accuracy. 

Three different binocular/biocular eyepiece systems were manu
factured and assembled. 

The components of four optical pyrometers were produced for the 
National Measuring Standards and Metrology Division. These 
pyrometers use lanthanum f l int type glasses. 

The optics for the laser replay system for NITR were completed 
during the year and the assembly of this system is now at an 
advanced stage. 

Finally, components were manufactured for a sophisticated 
electro-optical system designed by the Division on behalf of an 
outside organization. 

(b) Services 

A large number of different optical components ranging from 
testing equipment to lenses, prisms, f i l ters and acoustic 
sensors were manufactured for other CSIR institutes and external 
organizations. Many substrates for use as mirrors and test 
plates were also made during the year for research purposes. 

Thin-film Optics 

Objectives 

To do research on optical thin 
films; 

to develop prototype thin-film 
systems; and 

to provide a service to in
dustry and other organizations 
by coating optical components 
locally. 

(a) Routine Work 

Certain problems in the manu
facture of cube beam splitters 
were identified and practical 
methods of making such beam 
splitters to close R and T 
tolerances «ere developed. 

The Thin-film Optics Section continues to provide a unique coat
ing service that is available to any organization in South 
Africa. Emphasis is placed on prototype development and small 
quantities, particularly of coatings that cannot be obtained 
through normal commercial channels. 

Research and Development 

Development of new layer systems 

laboratory facil i t ies for the manufacture 

(b) 
(i) 
The laboratory facilities for the manufacture of high-power 
laser mirrors have been completed. Preparatory work on the 
coating plant itself and on methods of polishing the substrates 
is in progress. It is expected that laser mirrors will be made 
in the near future. 

(ii) Problem area in beam splitters 
The ref 1ection/trremission characteristics of a cube-shaped 
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Conventional anti-reflection 
systems for Ge and Si in the 
3-5 and 1,4-5 urn spectral 
regions «ere designed and 
manufactured as «ell as a 
novel Method of oxidizing a Si 
sphere to for» a unifora 
anti-reflection coating on i ts 
surface. 

Co-evaporation of tfcf̂  with 
various oxides has resulted in 
successful, durable coatings 
with Intermediate refractive 
index values and with low 
dispersion. Methods of 
predicting the theoretical 
thickness and refractive index 
distributions of co-evaporated 
layers have been developed. 
Characterization Methods have 
been extended with the 
finalizing of the 'Alphaphone' 
method of measuring absorption 
in thin f i les , improved 
abrasion tests, laser damage 
threshold tests, and the 
construction of an absolute 
reflectometer. 

metal-coated (silver) beam splitter were found to vary after 
cementing the two components. Investigation showed that certain 
commercially available optical cement mixtures react with the 
silver layer. The problem was overcome by adopting a 
step-by-step monitoring technique which provides a relationship 
between the optical properties at certain specified stages 
during the manufacturing process and the properties of the final 
product. Consequently, considerable time can be saved by 
identifying possible errors at an early stage. By adhering to 
the step-by-step monitoring method and using a specific cement, 
cube beam splitters can now be accurately manufactured to 
satisfy strict specifications on the reflection and transmission 
properties. 

( i i i ) Study of infrared materials 

An anti-reflection system for the 3 to 5 urn wavelength region 
was developed for silicon and germanium lenses. The system was 
evaporated and evaluated experimentally. Extremely low 
reflection values (< 1,0 X) were obtained for this region as can 
be seen in Fig. 7. A wide-band anti-reflection system was also 
developed for silicon in the 1,4 to 5 um spectral region. 
Figure 8 shows the experimental transmission characteristics of 
this system. 

Figure 7 

Experimental transmission 
characteristics of anti-
reflection systems on Si and 
Ge. S 
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Figure 8 

Experimental transmission 
characteristics of wide-band 
anti-reflection system on Si. 
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A double-band f i l te r was designed in order to isolate two wave
length bands in the infrared spectrum. Test evaporations on 
this system art in progress. 

The Division designed a special-purpose infrared electro-optical 
system, which includes inter alia a vtry small spherical silicon 
lens. Tn order to ensure that an optimum amount of light would 
be transmitted, the total surface area of the bat I-shaped lens 
has to be provided with an anti-reflection coating. This, 
together with the fact that only a small groove could be used 
for clamping purposes, resulted in the decision to abandon 
normal evaporation procedures. 

Since the lens «as made from silicon an oxidation process could 
be used. The Method was to fcctl the lens to 1 000 ° C in the 
presence of water vapour for a given period so as to form a 
silicon monoxide crating over the whole sur'sce of the lens. 
Such a coating provides a satisfactory anti-reflection system 
for silicon. After conducting a series of tests, the process 
could be controlled to such a degree that the correct thickness 
of the oxide layer could be obtained repeatedly. 

This process is a very inexpensive solution to a problem, which 
had i t been attempted using conventional evaporation techniques, 
would have required very expensive mechanical equipment. 

Figure 9 

Comparison between experimen
tal (points) and theoretical 
refractive indices of 
co-evaporated layers. 

(iv) Intermediate refractive indices 

The study of co-evaporation techniques was continued on two 
further mixtures, viz. MqF? + IrOz and HgFz • TiOfc. The experi
mental results are shown graphically in Fig. 9 with the previous 
results of MgF2 • AI2Q3 for comparison. The experimental 
results correspond quite well to the predictions of classical 
theory, as can be seen. The MgF2 + ZrOs mixtures appear to 
follow the Drude rather than the Lorentz-Lorenz theory. Improved 
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correlation betMeen theory and experiaent was obtained by 
Measuring all refractive indices iaaediately after reaova) fron 
the vacuua chamber. This reduces the influence of moisture 
adsorption on the refractive index of the f i l a . 

Soae typical results of dispersion aeasureaents on co-evaporated 
layers are given in Table 1. As can be expected, the dispersion 
is 'OH in all cases and increases slightly with decreasing MgF2 

content. 

Dispersion o 
table 2 

f co-evaporated Naterials 
"9F2 
aass 

conc.(X) 

Refractive index 

layers 

table 2 
f co-evaporated Naterials 

"9F2 
aass 

conc.(X) 480 na 519 na 580 na 617 na 

table 2 
f co-evaporated 

•Va/ 
Al 2 0 j 

63 
10 

1,434 
1,569 

1.433 
1,564 

1,430 
1,560 

1,429 
1,557 

table 2 
f co-evaporated 

NgF2/ 
Zr02 

71 
13 

1.485 
1.823 

1,484 
1,814 

1,483 
1,806 

1,481 
1,801 

A number of the co-evaporated layers were baked in air at about 
250°C for 8 hours. This caused a marked change in refractive 
index which depended on the mixing ratio. The index of films 
with a high MgF2 content decreased while those with a low MgF2 

content showed an increase after baking. Preliminary results 
indicate that unbaked coatings of MgF2/Al203 on microscope 
slides can withstand stringent environmental tests but that 
baked coatings may not be as durable. 

It is concluded that the co-evaporation of NgF2 with AI2O3, ZrOfc 
and T1Q2 will produce stable optical films with intermediate 
refractive indices that should be useful in practical applica
tions. 

Experimental work was continued on the measurement of the rela
tive thickness and refractive index distributions of co-evapo
rated layers on both rotating and stationary substrates. In the 
latter case the variation of thickness and index with respect to 
radial distance is much greater and therefore easier to mea
sure. The values of certain parameter*, in the theoretical equa
tions are being determined to improve the correlation between 
the theoretical and experimental results. 

(v) Evaluation techniques 

1. Absorption 

Work was continued on the 'Alphaphone' project, which will 
enable the Thin-film Section to measure absorptions as small as 
10* in optical thin films. From preliminary measurements 
the necessity for a stabilized C02 laser became evident. In 
collaboration with the Laser Section the existing in-house built 
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continuous wave CQj laser «as Modified and stabilized, so that 
the total output power at present fluctuates by less than 1 t 
(compared to a previous 25 t fluctuation). This Method of 
Measuring absorption eaptoys the photoacoustic principle and is 
extremely sensitive to low frequency background noise. To 
improve the signal-to-noise ratio i t was necessary to wove the 
whole experimental assembly into a clean room where the 
background noise is minima). However, the air conditioning must 
s t i l l be switched off before absorption Measurements can 
commence. 

Another problea *rtê was identified when unequal signals were 
repeatedly Measured on either half of an uncoated ZnSe sub
strate. On closer investigation a deep scratch was found on 
the floor of the alphaphone cavity, which corresponds to the 
location where the larger signal was consistently Measured. 
The substrate is therefore being re-ground and re-polished to a 
high quality optical finish by the Optical Workshop, only after 
which Meaningful absorption Measurements will be possible. 

2. Abrasion 

It is important to be able to determine the abrasion resistance 

(or wear susceptibility) of a vacuum deposited thin film, be

cause such damage may change its optical properties dramatical

ly. 

Existing equipment was modified, so that the abrasion resistance 
of coatings produced in the Thin-film Section can be tested 
according to the standard eraser test. 

In addition, preliminary experiments were d-ne to investigate an 
abrasion test method that was developed by Balzers 2. This 
method utilizes a free falling stream of sand to produce wear on 
the coating until stray light is measurable or visible. Various 
factors influence the test, namely the quantity of sand, fall 
height, angle of inclination of the specimen, grain size, den
sity and hardness of the sand. A sand having a ball-shaped 
grain is preferable since it produces more consistent results. 
In the initial tests, ball-shaped glass beads were used. How
ever, because their hardness was comparable with, or even less 
than, that of the substrate specimen, no wear could be produc
ed. Attempts are therefore being made to obain a more suitable 
type of quartz sand. 

The possibility of building an abrasion-tester that has been 
developed by an overseas research organization is also being 
investigated. Equipment has also been built in co-operation 
with the Laser Section for testing laser damage thresholds of 
coatings, and construction of the absolute reflectometer for 
measuring reflectances greater than 99 % is still in progress. 



Lasers 

Object!*» (•) Gas Lasers 

To establish and maintain a 
high level of local expertise 
in laser technology and 
applications. Emphasis is 
placed an laser system «lith 
potential local applications 
such as high-power ess and 
solid-state lasers and tunable 
laser sources in the infrared» 

Research and development work 
«MS done on a number of fas 
laser systems. These include 
a compact CJfc laser; an Mr 
laser; H-Ht, H-Ne, H-Ar 
lasers; and a hollow cathode 
copper vapour laser. Minimum 
power specifications were met 
with the 0% laser and a first 
version «as fully evaluated. 
Due to gas handling problems 
the Wr laser is not yet 
operational. The other lasers 
are purely experimental 
systems built for fundamental 
laser research. 

Some research «as done in the 
field of non-linear frequency 
shifting to develop a tunable 
laser source in the 16 Mm 
region which has great tech
nological Implications. For 
this purpose a tunable dye 
laser with a good beam quality 
«as developed and construct
ed. Various Raman cells , 
which are suitable for fre
quency shifting, are currently 
under investigation. These 
include optical waveguides and 
metal-vapour heatpipes. 

An Important application, the 
measurement of real-time den
sity profiles in fast flowing 
gases by laser induced fluore
scence, is also under investi
gation. 

Development work on optically 
pumped lasers «as continued. 
Apart fron the pulsed Nd:YAG 
system, a new class of laser 
materials, erbium-doped crys
tals, received attention. 

( i ) Compact COi laser 

A compact TEA-type (transversely excited atmospheric pressure) 
CQt User has been developed and partially evaluated. Host of 
the basic parameters of this system, i .e. dependence on gas mix
ture, pressure, energy loading and electrode geometry, have been 
determined. This f irst model delivered an energy of about 200 
mJ per pulse with a peak output power of roughly 1,0 Ni, and 
thus easily meets the minimum requirement of 0,5 MJ peak power. 
A second model, made of highly stable materials such as ultra-
high-density polyethylene, is presently being developed. This 
laser is primarily intended for life-time studies with final aim 
the construction of a partly or completely sealed-off system. 
Some additional work on electrode profiles and resonator geome
try is also envisaged. 

( i i ) HBr laser 

Development work on a Blumlein-type M r laser was continued. 
This laser is intended as a pump source for an ultra-high 
pressure tunable CQz laser which is required as an amplifier in 
the SRS (Stimulated Raman Scattering) investigations (see 
below). 

The gas handling system for this laser was completely redesigned 
to handle the highly corrosive Br 2 gas. The laser will be 
evaluated as soon as the gas handling system becomes fully 
operational. 

(i i i) Hydrogen-nob1e gas 1aser s 

A final laser system based on ceramic electrodes was built. 
This laser proved highly reliable and no further problems with 
cracking of the electrodes, which seriously hampered previous 
designs, were experienced. Detailed electron density measure
ments, based on Stark broadening of the ty lines, have to a 
large extent been completed and a theoretical study of the 
lasing mechanism in these devices is at present in progress. 

(iv) Hollow-cathode lasers 

A near-infrared copper vapour laser, based on a row of stable 
hollow-cathode spheres, was developed, and all relevant para
meters were investigated in detail. The laser delivered a mean 
output power of about a milliwatt in the form of a train of 
pulses. The output corresponded to a low-order Gaussian beam 
and was highly stable over several hours of operation. A 
higher-power version of this device is currently under de
velopment. 
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(b) Non-linear Frequency Shifting 
A high-power tunable dye laser was developed and constructed. 
This laser act the minimum requirement of 2 m output peak power 
and had a bean profile approximating a TOto Gaussian node 1. 
Such a high quality bean is a prerequisite for all non-linear 
frequency shifting work which will commence in the near future. 

A systematic evaluation of different types of optical wave
guides, which can be used as cells for frequency shifting the 
dye laser output by SRS in compressed hydrogen, is presently 
being done. A detailed theoretical and experimental study of 
the transient behaviour of the Raman process is also being 
carried out in collaboration with the UV-laser section of the 
Max-Planck Institut fur Quantenoptik in Garching. Nest Germany. 
This study may provide some insight into the critical dependence 
of Raman scattering on the pulse shape of the primary laser 
beam. 

SRS in potassium vapour seems to be a very promising means of 
shifting the wavelength of a tunable dye I aver directly to the 
16 i»m region, which is of great technological importance. For 
this purpose a heatpipe was constructed to generate high purity 
potassium vapour at a uniform density over distances of up to 60 
cm. An initial design wa> evaluated and a second longer heat 
pipe is currently under construction. 

(c) Laser-induced Fluorescence 

Density profiles in fast flowing gases can be obtained in real 
time by laser-induced fluorescence measurements. A high-power 
pulsed dye laser beam, tuned to a resonance line of the gas 
under investigation, is passed through the gas sample and the 
fluorescence at right angles to the exciting beam is then imaged 
on a linear diode array, which then registers light intensity 
variations proportional to gas-density variations. 

A suitable UV dye laser has been constructed for this purpose 
and a test flow system is presently beinq vacuum tested. A good 
vacuum is essential due to the highly toxic nature of the gas 
under investigation. 

(d) Optically Pumped Solid-state Lasers 

Research and development work on pulsed Nd:YAG laser systems 
(operating at 1,06 »m) was continued. As a new development, 
work on erbium-doped crystal lasers (operating in the eye-safe 
wavelength region of 1,54 to 1,73 MI») was initiated. The areas 
covered include design, construction and evaluation of laser 
resonators as well as laser head technology studies. 



Photo Effects 

Objectives 

To establish, maintain and 
expand expertise in the field 
of photoelectric effects and 
related aspects relevant to 
the detection and measurement 
of light. 

Photoelectronic Image Intensifiers 
The development of technologies relevant to the manufacture of 
second generation image intensifier tubes was continued. Dif
ferent designs of such second generation image intensifier tubes 
were studied with the aid of the electron optics analysis faci l 
it ies. A number of development models were produced and 
evaluated. 

The development of techniques 
relevant to the production and 
evaluation of second 
generation image intensifier 
tubes was continued. The 
establishment of a dedicated 
computer system for electron 
optical design is in progress. 

An experimental system was developed for evaluation of the 
imaging properties of image intensifier tubes, using a vidicon 
camera, signal averaging computer and multichannel scaler. The 
use of the system is presently limited to the measurement of the 
magnification, distortion and the assessment only of modulation 
and limiting resolution. 

The f irst step in the development of a dedicated computing 
system for interactive computer aided analysis of electron 
optical imaging systems was taken with the installation and 
tr ial runs of the UCSD* p-system on the HP86-computer, and the 
appointment of a senior researcher to assume responsibility for 
the implementation of the computer-aided design system. 

An experimental system for the measurement of the signal-to-
noise ratio of experimental image intensifier tubes was develop
ed under contract to local industry. A second system, •'.ilizing 
different measurement principles and instruments was subsequent
ly designed for signal-to-noise measurement in a production 
plant. Development will continue when all Tisponents and 
instruments ordered are delivered. 

An experimental test system for the determination of the perfor
mance of multichannel plates after high temperature vacuum bake-
out is under development. 

Optical Remote Sensing and Image Processing 

Objectives 

To establish and maintain the 
necessary expertise for local 
implementation of remote 
sensing from satellites and 
aircraft since these methods 
are playing an Increasing role 
in the evaluation of natural 
resources. 

Commissioning of a new 
VAX/DeAnza image processing 
system has required 
considerable software 

(a) Image Processing 
(i) Facilities 

A new image processing system based on a DEC VAX 11/730 computer 
and Gould DeAnza IP 8400 image processor with peripherals (2 
terminals, line printer, magnetic tape drive and 456 Megabyte 
disk drive and monochrome video camera) was commissioned. 

Considerable adaptation and addition to the supplied software 
has been undertaken. This consists of reorganizing such soft-

*UCSD: University of California at San Diego 
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development to streamline 
operations in concert with the 
existing facilities which have 
been used for application 
studies to date» Applications 
have focused primarily on 
agricultural investigations 
using LANDSAT multispectral 
scanner data on the Highveld 
region. 

In addition, methods of 
digital integration of 1ANDSAT 
data and conventional geologi
cal cartographic information 
h a w been investigated, 
together with evaluation of 
radar imagery acquired by the 
Space Shuttle. 

ware and implementing new programs and command procedures in 
order to make the system more user-friendly. Further 
adaptations to local needs such as reading satellite data tapes 
in locally available formats, communication with facilities at 
the Centre for Computing Sevices and interfacing with the VICAR 
program suite have been implemented. 

A study of methods for efficient coding of image data for 
transmission and storage has been undertaken*. 

(ii) Applicacions 
A considerable amount of experience has been gained in the 
application of the display of the principal components of multi-
spectral images in Munsell colour space employing the 
brightness, hue and saturation parameters. This method has 
proved to be of great value in the enhancement of satellite data 
for purposes such as geological and plant ecological surveys, as 
well as the integration of conventional geographical data with 
satellite data as indicated below. 

(b) Applications of Satellite Data 
(i) The Heilbron crop mapping project. 
The second and third reports on this project have been 
published 5' 6. The main conclusions were: 

Summer crops could be differentiated and mapped fairly reliably 
over small areas (ca. 1 000 km 2) and winter crops could be 
mapped reliably over large areas (34 000 km 2). 

A new procedure requiring much less analyst intervention, 
experience and expertise was developed for the speedy production 
of classification maps. 

(ii) Operational mapping of winter crops on the Highveld. 
In collaboration with the Department of Agriculture and the 
Wheat Board, winter crops were mapped from digital MSS data 
using a classification method (CWIC) which was developed for the 
Heilbron crop mapping project. A classification map covering 
35 000 km2 was produced within a few hours of the receipt of the 
satellite data at a cost of less than 5 cents per square km. 
The resultant maps were highly reproducible over the season 
(over 98 %) and had an accuracy of over 90 X. 

(iii) The spectral-temporal characteristics of crop canopies on 
the Highveld using digital LANDSAT MSS data. 

The study was undertaken to extract crop characteristics using 
the satellite data from WRS 179-82, to modify the greenness-
brightness technology for South African conditions and to use 
this Information as a measure of the spectra?-temporal develop
ment of the crops. 
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A literature review on vegetation indices and a preliminary 
investigation into the use of two of these vegetation indices on 
the LANDSAT MSS data for the winter crops for the three seasons 
1981, 1982 and 1983 has been completed and reported7. 

An evaluation of the merits of the various vegetation indices 
has confirmed that the Greenness Index Number is the best 
approach for detailed crop canopy analysis. Work is proceeding 
in developing this approach. 

Algorithms for the standardization and transformation of the 
data have been defined and the software is under development. 

(iv) An experimental LANDSAT based 1 : 250 000 scale geologi
cal map, sheet 2530 Barberton. 

The first principal component of the LANDSAT data, extracted in 
such a way as to enhance topographically-expressed geology and 
minimize the effect of vegetation cover, is being integrated 
digitally with a conventional geologic map. 

This map, in computer compatible raster format (obtained with 
the assistance of the Computer Science Division of NRIMS), will 
be integrated with the LANDSAT first principal component through 
the technique of display in Munsell colour space. Preliminary 
tests on subscenes have proved to be very successful. 

(v) Evaluation of Space Shuttle radar SIR-A imagery 
Selected portions of this bype of data collected over Southern 
Africa were digitized and displayed as various combinations of 
Munsell parameters after contrast stretching and filtering. 

Interesting phenomena have, amongst others, been observed in the 
coastal waters near the mouth of the Incomati. These will be 
compared with bathymetric maps as well as LANDSAT and NIMBUS-7 
CZCS data of the same area. 

Special Support Services 

Objectives 

To obtain and maintain 
expertise on the electronic 
aspects of electro-opti-al 
systems such as lasers and 
television technology and to 
provide electronic support 
services to other research 
activities in the Optical 
Sciences Division. 

SwBsry 

A new idea to improve the 
picture quality of the IR TV 
camera system, which has been 

(a) Infrared TV Camera with Pyroelectric Vidicon 
Construction of a small portable infrared TV camera was continu
ed. The problem of background cancellation has been solved by 
the development of a cheap but effective frame storage memory. 
The image difference processing system will be used to obtain a 
steady, positive image while using a mechanical chopper wheel. 

(b) Computer-controlled Energy Meter 
A more advanced laser energy meter, required by the Laser 
Section, was developed at a relatively low cost to interface 
directly with an existing computer system. The energy meter is 
capable of recording and processing data from two independent 
energy heads. The computer performs the tasks of automatic 
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built in this Section, has 
be«n investigated. The 
results are encouraging. 

A computer-controlled energy 
meter has beep designed and 
built to BBnipulate data to 
suit any requirements. 

The laser bean analyser has 
been modified and coupled to a 
microcomputer. Much more 
information can now be 
obtained from the array data 
in a shorter time. 

A simple video digitizer is 
under development. It is 
intended to replace the 
existing polaroid oscilloscope 
camera by a compact video 
camera which will enable the 
user co manipulate the 
computer data and plot the 
picture on M format paper. 

range selection, data collection and data manipulation 8. Two 
identical systems were bui l t and are now in use by the '.aser 
Section. 

(c) Laser Beam Analyser 

This instrument, which was made some time ago, was originally 
equipped with a single board microprocessor to perform the basic 
tasks of data collection and data storage. It has now been 
modified and interfaced with a microcomputer, and a number of 
new features including automatic array calibration and data 
correction have been added. The stored data can be manipulated 
in different ways and can eventually be displayed on a seven 
colour digital plotter9. 

(d) Video Digitizer 

The present method of copying data from an oscilloscope screen 
is by the use of a polaroid camera. The price of film is, 
however, extremely high and data handling remains a problem. To 
solve this a video digitizer has been developed and built by 
means of which the coordinates of the oscilloscope image are 
sampled and stored in a computer memory. Because these data are 
available in the memory, it can be modified according to 
requirements and eventually plotted on a digital plotter. 
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2 . 2 EARTH AMD ATMOSPHERIC SCIENCES 

2 . 2 . 1 ATMOSPHtRIC SCIENCES 

Concents 

Monitoring of substances in 
the atmosphere 

Micro- and oesometeorological 
studies 

Theoretical boundary layer 
studies 

Convective stoma and cloud 
physics 

Instrumental techniques 

The f i e l d of study of the Division includes several aspects of 
atmospheric behaviour ranging from micro to synoptic scales. 
Projects dealing with the physical and chemical problems of air 
pol lut ion and the study of convective storms are of particular 
importance. The influence of the weather on the performance of 
power station cooling towers is also studied. Improved instru
mentation is developed for various applications in atmospheric 
research. 

Mucii of the air pollution work is sponsored by local authori
t i e s , government departments and industry. Results are used by 
planning and control authorit ies. Studies of cloud physics and 
storms are aimed at gaining further insight into the formation 
of precipitation in cumulus clouds. The private sector sponsors 
the research on hail to a small extent. The Water Research 
Commission provides financial support for the study of dry-cool
ing towers as part of their programme to conserve water in South 
Afr ica. 

Monitoring of Substances in the Atmosphere 

Objective 

To maintain and co-ordinate 
the national monitoring 
network for smoke and SOj in 
order to establish long-term 
trends so that the effective
ness of control measures can 
be evaluated. 

The national survey has 
expanded on the Witwaters-
rand. The survey in Soweto 
has been continued. Statisti
cal reports have been publish
ed. 

(a) The National Survey of Smoke and Sulphur Dioxide 

The local authorities which take part in the national survey 
determine the concentrations of smoke and sulphur dioxide by 
means of methods which have been evolved and recommended by the 
Air Pollution Research Group, the predecessor of the Atmospheric 
Sciences Division. Recently, these methods were included in the 
syllabus of the courses on public health which are presented at 
Technikons. I t can be expected that this development w i l l have 
a beneficial effect upon the national survey which, during the 
past year, expanded by the joining of three towns on the Witwa-
tersrand and by two major c i t ies increasing the number of their 
monitoring sites. On the other hand, three towns temporarily 
suspended their surveys because of either a lack of qualified 
personnel or the breakdown of sampling instruments. 

In the beginning of 1984 three members of the Division visited 
the c i t ies and towns in Natal, the Cape Province and in the Free 
State which participate in the national survey, to discuss the 
problems which have arisen and to inspect the monitoring sites. 
The v is i t s helped to bring a number of monitoring sites back Lo 
work and since the beginning of May 1984 data are received for 
s ta t is t ica l analysis from 121 sites measuring smoke in 31 ci t ies 
or towns and from 81 sites in 19 c i t ies or towns measuring SOfc . 

The data collected by the national survey during the past year 
have been analysed1 and i t was found that the levels of smoke 
and SOj have changed very l i t t l e : the SO2 concentrations are 
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still generally lower than the limit set by the World Health 
Organization while the smoke concentrations still exceed the 
limit at sites situated in areas with poor ventilation potential 
and in townships where coal fires prevail. 

The survey in Soweto, a township with the abovementioned charac
teristics, was continued by measuring daily and hourly smoke 
concentrations at Shanty Clinic which is situated in the vicini
ty of schools. The smoke levels measured there were lower than 
those at Mofolo and Tladi clinics, which are surrounded by 
domestic dwellings. The Nuclear Physics Research Unit of Uit-
watersrand University and ESCOM also conducted surveys at Shanty 
Clinic and an attempt will be made at correlating the various 
quantities measured. 

The widespread use of coal burninq stoves for domestic heating 
and cooking in the black urban areas of South Africa makes them 
appear to be visibly more polluted than most other areas. In 
order to identify and measure the pollutants present in such 
areas a co-operative study of air pollution in Soweto was start
ed in 1983. The co-operating bodies are the CSIR, Witwatersrand 
University, ESCOM and the Johannesburg City Council. Results to 
date cover sulphur dioxide, suspended particulates, nitrogen 
oxides, anions and the mutagenic organic components. The most 
important findings so far are that the concentration of suspend
ed particulates often exceed the USA primary and secondary stan
dards and that long-term sulphur dioxide concentrations approach 
the USA annual mean standard. These results are from a single 
sampling site and work in 1984/85 will be aimed at more repre
sentative measurements. The mutagenic/carcioogenic nature of 
the particulates is being investigated using the Ames salmonella 
test system in collaboration with the National Institute for 
Water Research. 

Objective 

To monitor the concentrations 
of various trace ipses tliat 
may cause climatic changes 
and/or play an important role 
in atmospheric chemical 
processes and to use this 
information to verify existing 
models on trace gas cycles. 

Suaaary 

The basic project of trace gas 
monitoring at Cape Point was 
continued with the existing 
equipment» Some new findings 
have emerged, however, during 
the past year: The level of 
atmospheric Ql, is growing by 
about 22 ppbV/year (1,3%).For 
00 no long-term trend has been 

(b) Background Monitoring at Cape Point 

The monitoring of trace gas concentrations (CO, CK, , Oj , 1*2 0, 
F - l l and CCI.,) at Cape Point is cont inuing in close co-operation 
wi th the Max-Planck I n s t i t u t e in Mainz. The resu l ts are given 
in Table 3. Since November 1983 th i s information has been sup
plemented by wind data from a recent ly i ns ta l l ed automatic ane
mometer s i tuated on top of a radio beacon. 

Tropospheric O3 together wi th water and sunl ight provide the 
dominant source of tropospheric OH. I t can be seen from Table 3 
that the annual mean Oj levels c luster around 21 ppbV, but that 
there is some v a r i a b i l i t y in 0 3 abundance from year to year. 
During the years 1979 and 1981 a spring high was observed, 
whi ls t in 1983 the O3 peak occurred in July. Ozone minima a l 
most invar iab ly take place 1n January. The Cape Point resul ts 
can be explained in terms of the c lass ica l hypothesis of s t ra to 
spheric -tropospheric a i r exchange, which in turn is a funct ion 
of meteoroloqical v a r i a b i l i t y . In a more recent hypothesis if. 
is proposed that odd hydrogen (H, OH, HOj and H^ty) and N0X act 
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observed. Instead, the 1983 
data set (June t i l l November) 
Is characterised by elevated 
00 levels , which have since 
returned to their pre-1983 
values. This phenoacnon say 
be connected to the unusual 
Meteorological conditions 
which prevailed globally last 
year. 

Mean annual concentrations of 
s i x trace gasses as Measured 
at Cape Point. 

as catalysts in producing O3 from CO and Qz- This means that 
the efficiency of producing O3 depends c r i t i c a l l y on the NO 
abundance. Whether this photochemical process or the dynamical 
air exchange mechanism or a combination of both hold, is s t i l l a 
matter of conjecture. At this stage, no apparent long-term 
trend is observed in surface O3 at Cape Point. 

ppbV* pptV** pptV ppmWt PPbV PPbV 
YEAR O3 F - l l ecu at, CO N2O 
1979 21 NO NO NO 65 NO 
1980 18 173 139 NO 68 NO 
1981 26 182 142 NO 68 NO 
1982 20 192 145 1,619 67 ND 
1983 22 198 149 1,639 73 296,6 

NO = No data 

The halocarbons, F-ll and CCli,, which are potential destroyers 
of stratospheric ozone, still show a regular growth rate of 4,8 
and 2,4 pptV/year, respectively. The F-ll growth rate has, how
ever, lessened quite substantially during 1982/83 (3,2 
pptV/year). Recent exchange of air samples with Oregon, USA 
have shown that our analyses agree with theirs to within one per 
cent. 

Figure 10 

Monthly median CH, values. 

Although only two and a half years of CH, data are now avail
able, this gas exhibits a regular annual increase (Fig. 10). 
This is consistent with observations made by workers in the 
field elsewhere in the world. Similar to CO, the CH, mixing 
ratio has a seasonal oscillation with a minimum during February/ 
March and a maximum during September/October. The amplitude of 
this cycle is 3,9 ppbV and the average annual increase 22 ppbV 
(1.3X). Atmospheric CH, is important because it is second only 
to CO2 as an absorber of infrared and because it is one of the 
dominant OH removers. 
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Figure 11 

Monthly mean 00 values» 

However, the major sink for OH is its reaction with CO. This 
gas has in the past five years displayed a very repetitive 
yearly cycle at Cape Point with minima during February/March and 
maxima in September/October. No growth in the tropospheric CO 
mixing ratio has however been observed. Nonetheless, the 1983 
data set appears unusual (Fig. 11). It can be seen that over 
the period June to November 1983 the CO levels were 27 % higher 
than the mean concentration levels observed for those months in 
previous years. The CO level has since returned to 'normal'. 
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Objective 

To determine and study the 
trends of motor vehicle 
pollutants in South African 
cities to assess the necessity 
for control measures. 

Further surveys were made 
in traffic-dense areas of 

At this stage it is speculated that the unusual global weather 
patterns which prevailed last year may have been responsible for 
the phenomenon observed. It is possible, for example, that the 
intertropical convergence zone may have moved further north than 
in other years and/or that a large amount of biomass burning 
took place in the drought-stricken areas of Africa. 

To study the difference between O3 in "clean air" and urban air, 
measurements were made at Oranjezicht and Faure over a three-
month period. It was found that the Faure site is relatively 
unaffected by anthropogenic pollution (mecn O3 = 16 ppbV), but 
strongly influenced by low-level nocturnal inversions. 

At Oranjezicht, in contrast, the background level (34 ppbV) was 
exceeded at times by several orders of magnitude. Such 
pollution events occurred during calm, sunny days. A draft 
publication was written. 

(c) Motor Vehicle Exhaust Pollution 
A winter survey was conducted in Pretoria and Port Elizabeth. 
Lead values obtained from curbside determinations are very site-
dependent. Traffic-dense areas associated with street canyons 
create conditions favourable for high lead values. This was the 
case with sites in Main Street and on the corner of Main Street 
and Whites Road in Port Elizabeth where daily averages in excess 
of 1,5 g/m3 were frequently recorded. This gives rise to con
cern. The American national eight-hourly air quality standard 
of 9 ppm for CO was exceeded three times in one month at the 
site on the corner of Boom and Paul Kruger Streets in Pretoria. 
Other pollutants were within limits. 
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Pretoria and Port Elisabeth. 
Ambient air quality standards 
were exceeded at a bus station 
in Port Elizabeth, where 
relatively high concentrations 
of lead were also found. 

Increased concentrations of 
aldehydes were found in the 
air of cities where motor 
fuels contain alcohol. High 
concentrations of formaldehyde 
were found in exhaust gases of 
engines running on methanol. 

In addition to the usual work, a short survey was conducted in 
the Norwich Union Bus Station in Port Elizabeth. All the gas
eous pollutant analysers used were protected by prefiIters to 
prevent damage. Being an all-diesel environment, these filters 
had to be changed daily instead of weekly because of the smoke 
density. This could have caused the absorption of pollutants 
probably resulting in low figures especially from hydrocarbons. 
Under these conditions all gaseous pollutants were within the 
California Standards except for NO? which exceeded the 25 pphm* 
hourly limit 14 times in ten days. 

As diesel fuel contains no lead it was unexpected to find 24-
hourly concentrations ranging from 0,56 ug/m3 to 1,71 ug/m in 
the bus station. This could, however, be explained by heavy 
traffic in Strand Street and the elevated highway nearby. Air 
is presumably drawn into the bus station from these areas by the 
ventilation system, causing the high lead concentration. 

A short visit was paid to Associated Octel in the United Kingdom 
to assess the usefulness of their lead trap for motor vehicle 
exhausts and whether any local tests could be warranted. The 
trapping capacity of the trap indicated that frequent changes 
would be necessary if the trap were used in South Africa. It 
was concluded that local tests could not be justified, mainly 
due to lack of facilities. 

Alcohol/petrol fuels are now being sold in parts of South Africa 
and tests are under way at the University of Cape Town using 
motor vehicles running on pure methanol and ethanol. Incomplete 
combustion of alcohols gives rise to aldehydes, which are unde
sirable pollutants. A method using gas chromatography was 
therefore devised for analysis of air samples containing alde
hydes. It is specific and sensitive : in a 100 t sample, as 
little as 1 ppbV formaldehyde or acetaldehyde can be determined. 

Trends in the occurrence of aldehydes in the air should be 
closely monitored as alcohol is used to an increasing extent in 
motor fuels. Aldehydes are chemical irritants that can produce 
chronic health effects. Formaldehyde in particular needs care
ful attention because of its potentially carcinogenic proper
ties. 

All samples have been taken in covered city parkades in Preto
ria, Durban and Cape Town and from street sites in traffic-dense 
areas in Pretoria and Cape Town. The results show that in 
cities where ethyl alcohol is added to the petrol, the acetalde
hyde concentrations are much higher than in areas where no alco
hol is used. 

Formaldehyde, which is emitted by petrol and diesel engines, har> 
been found in city air and in parkades in concentrations ranging 
from 6 to 21 ppbV and from 16 to 100 ppbV respectively. 

* pphin: parts per hundred million 
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Direct Measurement of exhaust gases of engines running on metha
nol showed that formaldehyde concentrations can be high, up to 
114 ppbV. 

Objective» 
To acasure the occurrence and 
concentrations of trace 
elements in the air at various 
sites !>• South Africa. 

Routine a u i u n i n f i of trace 
elements at 22 urban and rural 
sites in South Africa were 
continued. The analysis of 
dust deposited on Jacaranda 
leaves allowed the pollution 
by some trace elements to be 
napped in Pretoria. 

Figmre 12 

Monthly average airborne lead 
for central Port Elizabeth. 

(d) Trace Elements 

The routine monitoring of trace elements in airborne dust con
tinued at 72 stations in South Africa. As usual most public 
interest centres on airborne lead from the anti-knock compounds 
added to petrol. A symptom of this concern is that members of 
the public now ask the CSIR if i t is safe to buy a house near a 
major highway. The South African upper limit allowed for lead 
in petrol is 0,84 g/t . This is one of the highest limits in the 
world but i t is a limit also chosen by about half the nations of 
the world. In terms of overall world petrol consumption most 
petrol used has a lower lead content due to stricter limits set 
by large consumers such as the USA, Canada, Japan and EEC group. 

The analytical and sampling problems of measuring lead in South 
African petrols were investigated by the Division during 1983. 
Some 600 samples of petrol from all over the country were ana
lysed for their lead content. 

In previous reports a steady increase in airborne lead in cen
tral Port Elizabeth was noted. This trend was suddenly reversed 
in 1983 when concentrations dropped sharply (Fig. 12). This 
change is possibly due to unusual weather conditions. 

6 r MONTHLY AVE (Pb) 

P.E. CENTRAL 

In June of 1983 and again in 1984 hundreds of samples of Jaca
randa leaves in Pretoria were analysed for the amounts of lead, 
copper, zinc, manganese and iron in the dust trapped on the leaf 
surfaces. Computer mapping of the results gave generally repro
ducible patterns from year to year for lead and iron in particu
lar. These maps pin-point areas of high pollution but are less 
revealing for areas of low pollution. The survey was extended 
to Nelspruit during April 1984. Preliminary work is under way 
on the analysis of vanadium and chromium in soils for similar 
mapping projects and on the use of passive samplers for sulphur 
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dioxide, buch studies, using this novel approach, allow large 
areas to be surveyed for given pollutants by means of relative
ly cheap Methods. The resulting nips can be used to site «ore 
accurate but «ore expensive samplers to the best advantage. 
Such complementary area and point surveys give a useful founda
tion to epidemiological studies. 

Objective 
To investigate the extent to 
which pesticides occur in the 
ataosphere of rural and urban 
areas. 

(e) Pesticides in the Ataosphere 

Sampling, analytical techniques and results of measurements have 
been described in a research report 2. A shortened version of 
the latter has been accepted for publication3. Experimental 
work was not undertaken this year. Manpower for this project 
was temporarily diverted so that measurements of aldehydes in 
the atmosphere could be made, as described in (c) above. 

Micro- and Itesometeoroloaical Studies 

Objectives 

To determine the meteorologi
cal factors that govern the 
transport and dispersion of 
atmospheric pollutants In a 
region of established heavy 
industry; 

to study pollution levels with 
respect to health standards; 
and 

to identify wind circulation 
over the escarpment in analogy 
to a sea breeze. 

Measurements of wind fields 
and SO2 concentrations were 
continued. Additional 
measurements of anions and 
cations were made. Pollution 
episodes of high and low 
concentrations were 
investigated and related to 
the synoptic situations under 
which they occurred. A remote 
sensor was used to make 
further measurements of 
emissions from burnii? 
waste-coal dumps. 

A very pronounced diurnal 
variation of surface winds has 
been found in the Craskop 
area: at night few NNE-E 
winds occurred while from 
12h00 to 15h00 more than 85 
per cent of the recorded winds 
came from NE-E. 

(a) Southeastern Transvaal Highveld 

This study was started in 1979 to provide planners with factual 
information on which to base their decisions about further deve
lopment of the southeastern Transvaal Highveld. Some three-
quarters of all South Africa's electricity is generated in this 
region. Other heavy industry is also located there and it is 
important agriculturally. The emphasis of the research has now 
shifted somewhat, with more attention being paid to health 
aspects than was the case ini t ia l ly. The project is done in 
collaboration with ESCOM. A change of sponsorship took place 
during the year, with the Department of Health and welfare tak
ing over most activities previously sponsored by the Department 
of Constitutional Development and Planning. The project is once 
again reported under the heading of meteorological studies, for 
the sake of continuity even though i t now embraces much more 
than this: i t includes chemical measurements and mathematical 
modelling to predict concentrations of pollutants. 

Measurements of wind fields and SO2 were continued, the latter 
being done by ESCOM. The occurrence of regional high concentra
tions of SQ2 was found to be strongly influenced by the position 
and strength of the semi-permanent high pressure ce l l , the or i 
gin of air masses passing over the area and the direction and 
persistence of air flow. A very we 11-pronounced seasonal varia
tion of days when the regional concentration of SCfe was hiqh is 
indicated in Fig. 13. Not surprisingly a peak occurs durinq 
winter. However, i t was unexpected to find a similar distribu
tion for the days of low regional concentration. 

Measurements reported last year indicated that burning waste-
coal dumps contribute significantly to concentrations of SOs 
measured near ground-level because of their low release 
heights. Further measurements using an absorption spectrometer, 
coupled with wind profiles, confirmed that the flux from burning 
dumps (50 to 140 ug.s" 1) is only a fraction of that from a 
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Figure 13 

The seasonal distribution of 
high and low regional Sfe 
concentration days over the 
two year period 1 April 1979 
to 31 March 1981. 

power station but that they are troublesome sources. I t has now 
been established that there êrt about 25 burning dumps in the 
region and «ore measurements will have to be made to ensure that 
the present results are representative. The spectrometer also 
measured concentrations of NOj. 

Work on the analysis of particulate anions, such as sulphates 
and other acidic substances, has continued. Values much higher 
than those found during the previous year have been determined. 
I t has not yet been established to what extent changing weather 
patterns were responsible. The high values found for fluoride 
concentrations drew particular attention. The literature shows 
that concentrations of gaseous fluoride (hydrofluoric acid) can 
sometimes be significantly greater than the concentration of 
fluorides in airborne dust. Work is now under way to measure 
gaseous fluoride as i t is much more toxic than particulate fluo
ride. Fluoride is more toxic to plants than to people. 

The impact of a power station on its atmospheric environment was 
studied at Grootvlei Power Station during the winter of 1983. 
Hind and temperature fields in the immediate vicinity were 
determined under stable atmospheric conditions when effects were 
likely to be most pronounced. The field work was done in 
collaboration with the project on dry-cooling systems (see 
section (e)) and with ESCOM. The Foundation for Research and 
Development provided financial assistance. 

Preliminary results showed that there is a significant wind-
sheltering effect downwind from the power station. Also, the 
atmosphere more than 100 m above ground level was approximately 
one degree cooler downwind s compared to the upwind temperature 
profile. This is probably caused by warm air rising from the 
stacks and cooling towers and being replaced by cooler air flow
ing in at the lower levels. A further field trip during the 
winter of 1984 should provide more information to confirm the 
present results of the wind and temperature fields. 

A Ooppler acoustic sounder was acquired by ESCOM during the win
ter of 1983. It will enable continuous records of wind 
profiles to be recorded. Comparisons were made between winds 
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measured by it and those given by a tethersonde balloon system. 
The agreement was good, considering differences in averaging 
times of the two methods. The sounder was afterwards located at 
Elandsfontein. Some records were obtained but it was out of 
action for an extended period after being struck by lightning. 
Some 14 computer programs were written for pre-processing the 
data and for plotting and tabulating various features of the 
winds up to 750 m above ground level. 

A project, sponsored partly by the Foundation for Research and 
Development, has been launched to identify wind circulation over 
the escarpment in analogy to a sea breeze. So far three field 
trips to the Graskop area have been undertaken. Surface wind 
observations and vertical wind and temperature profiles were 
made on top of and below the escarpment but the data have not 
yet been analysed in detail. 

Preliminary findings indicate that a breeze from the Lowveld 
develops over the Highveld during the early afternoon. This is 
considered to arise from the temperature difference between the 
air immediately above the escarpment and the free atmosphere to 
the east of it as a result of surface heating of the High veld. 
This difference causes an inflow of relatively cool air over the 
eastern Highveld, analogous to a sea breeze. Some 85 per cent 
of the recorded winds from 12h00 to 15h00 came from northeast to 
east, i.e. they were from the Lowveld to the Highveld. The 
winds at night were light and from various directions but wry 
few came from an easterly direction. The layer of air above the 
Highveld in which this diurnal change takes place is about 100 
to 200 m deep. Such flow could have a significant impact on the 
dispersion of plumes from the easternmost power stations on the 
Highveld. 

Objectives 

To provide background 
information for planners on 
the ventilation potential and 
present background levels of 
air pollution in a region for 
possible future development. 

Historic data on winds were 
located and partly analysed. 

(b) Northeastern Orange Free State 
The Department of Constitutional Development and Planning 
requested meteorological and air pollution studies to be com
menced in the northeastern Orange Free State. This study will 
not only provide guidance for possible future development of the 
region but will also throw light on what happens to the emis
sions from the power stations in the southeastern Transvaal 
Highveld. The tall stacks ensure that emissions are transported 
great distances from their sources. It is a matter of growing 
concern to establish what happens to these emissions, especially 
as regards acidic products. 

Radiosonde and surface wind data from the Weather Bureau were 
partially analysed. This information will assist in building up 
knowledge of the climatology of the region, and it will provide 
guidance for establishing a network of recording stations. 

Chemical measurements were commenced at a station near Stander-
ton, as a first step towards linking up the OFS region with the 
southeastern Transvaal Highveld. Continuous measurements were 
made of wind, SQz» total suspended particulates and various an-
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ions during the summer of 1983/84. Other bodies participating 
Mere ESCOH and the Nuclear Physics Research Unit of the 
University of the Uitwatersrand. 

Objective 

To study the interaction 
between dry-cooling "'stems 
and the atmospheric environ
ment with a view to both quan
tifying the effects and im
proving the performance of 
future instal lat ions. 

Indications have been found 
that a natural-draught dry-
cooling system affects the 
nocturnal atmospheric boundary 
layer significantly. More 
direct evidence i s currently 
being sought. It has also 
been calculated that a large 
3 600 Mfc dry-cooled power 
station nay increase the local 
atmospheric temperature 
significantly. This effect i s 
currently under study at the 
soon-to-be-completed power 
station near the township of 
El l i sras . 

Figure 14 

Postulated depression of 
isotherms near cooling tower 
during nocturnal stable 
conditions. 

(c) Dry-cooling Systems 
This is a joint project between ESCOH, the Mater Research 
Commission (MRC) and CSIR to study dry-cooling systems and their 
interaction with the atmospheric environment. Analyses of data 
obtained around a dry-cooling tower at Grootvlei Power Station 
Have revealed a number of significant and unexpected results. 
The airflow into and inside the cooling tower is certainly «ore 
complex than envisaged, with turbulence and other variability 
(for example, recirculation) being features. The studies have 
indicated that the dry-cooling system distorts the nocturnal 
atmospheric boundary layer from expected horizontal isotherms to 
a depressed form with temperature gradients being greater near 
the cooling tower (see Fig. 14). Nore direct evidence of the 
distortion of the isotherms is currently being sought by measur
ing the atmospheric temperatures directly. A higher resolution, 
both spatial and temporal, than hitherto attained is needed. 

The practical outcome of the study will be to determine whether 
the standard temperature measurements near ground level as used 
by engineers are appropriate for calculating tower performance. 
Present indications are that warmer air than anticipated will 
enter the tower when there is a temperature inversion. The 
observed turbulence and instability of the airflow are also 
likely to degrade the performance of the tower. 

Matimba power station which is now under construction at Ellis-
ras will be larger than originally planned. Its ultimate output 
will be 3 990 MWe and it will be entirely dry-cooled by a forced 
draught system. The implication of this is that some 8 000 MW 
of waste heat will enter the atmosphere. Contrary to 
conventional wet-cooling systems, this will all be sensible and 
not latent heat. The effects of this waste heat on the 
surroundings and on the power station performance are being 
investigated. 

The five ground stations that have been established in the 
Ellisras region have continued to provide valuable statistical 
information on wind and temperature characteristics of the 
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area. The primary purpose of this study is to investigate ther
mal feed-back effects at the new power station. That is, to 
measure to what extent the power station will raise the ambient 
atmospheric temperature and consequently decrease its efficien
cy. A simple order of magnitude calculation estimates a possi
ble air temperature rise of 8 °C at the power station site. 
This is comparable with more complex calculations done overseas 
on the environmental effects of "power parks". If large scale 
horizontal recirculation found on the Highveld is applicable, 
then it may be possible for warm air to re-enter the cooling 
system and thus lower the station efficiency. The investigation 
of this effect is the primary purpose of the work at Ellisras. 

The results of intermediate analyses of data have been and are 
continually being provided on request to the construction staff 
at Matimba and others. Analyses of the wind data have shown a 
prevailing NE wind as was expected. However, further analyses 
have revealed a more frequent SW component than was anticipated 
from the early data obtained at Marnitz. It is considered that 
the SW wind would be detrimental to the operation of the power 
station. Moreover, during the winter, the SW component was com
parable with the NE wind. Only during the period 09h00 to 12h00 
during the winter and 06h00 to 12hOO during the summer is the 
dominant wind NE with very little SW components. These results 
were concluded from a limited amount of data. A proper climato-
logical survey will require a data base measured over a much 
longer period. 

Monthly averages of the temperatures at 1,2 m and 9 m above 
ground level show that the nocturnal inversion is important and 
must be taken into account when considering mean temoeratures of 
vertically transported air. Even during the summer-time, the 
nocturnal inversion is significant, but less so than during the 
winter-time. 

The data collection programme is continuing, so that not long 
after the power station is fully commissioned, a full analysis 
can be done to investigate thermal feedback effects, as well as 
other topics. 

Objectives 
To monitor wlndfields and dust 
concentrations around mine 
dunps which are being recycled 
to extract residual gold» 

(d) Dust Monitoring in Johannesburg 
A joint project between the Nuclear Physics Research Unit of the 
University of the Witwatersrand (who art monitoring dust levels) 
and the NPRL of the CSIR (who are measuring the windfield) is 
being undertaken for Rand Mines Milling and Mining Company (RM3) 
who are recycling the mine dumps to extract the residual gold. 

Winds at selected locations 
are being measured, archived 
and correlated with dust 
concentrations to determine 
the source of atmospheric 
dust. Indications are that 

The network of ten anemometers that was established during 
previous years was maintained. The results for every station 
were analysed every month and were tabulated and plotted in the 
form of wind roses. Another anemometer was installed temporari
ly on the top of the dump in order to gain information on the 
change of winds with height. This was done because RM3 has 
experienced somewhat stronger winds on the working face than 
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the nine dumps are contribut
ing to the ambient dust level. 

expected. This anemometer consistently indicated winds of about 
1,6 times the speed of those at 30 m, which was the height of 
the other anemometers. Once the dumps have been removed, the 
archived wind data will be used to validate wind flow models 
under varying terrain characteristics. 

Objectives 

To predict pollutant 
concentrations by taking into 
account the influence of 
atmospheric conditions and 
topography on a plume. 

The digitizing of topography 
from contour maps wis 
investigated. Commercially 
available computer models, 
which predict pollutant 
concentrations in a variety of 
situations, are being 
implemented. An improved 
version of the dispersion 
model DIF was used in an 
industrial contract. 

Theoretical Boundary Layer Studies 
The development of a general, time-dependent dispersion model 
was started by developing a number of algorithms to digitize 
topography from orthophoto maps. A magnetic tape containing 
digitized elevations was obtained for evaluation from the Survey 
and Mapping Branch of the Department of Community Development. 
A suite of 31 dispersion programs was acquired from the American 
Environmental Protection Agency. These programs are capable of 
predicting pollutant concentrations under a large variety of 
conditions. The program VALLEY has been implemented successful
ly on the CSIR's CYBER computer and the implementation of the 
COMPLEX/PEM program, which predicts concentrations around eleva
ted terrain features is almost complete. Work is progressing on 
a number of programs which can be used to predict concentrations 
in the eastern Transvaal Highveld. Two meteorological 
preprocessers that prepare data for the dispersion programs, are 
also being implemented. 

Some of the 31 programs have been satisfactorily validated in 
the United States to obtain regulatory status. The rest of the 
programs still have to be validated and this will form an 
important component of the Division's work in future. 

The existing dispersion program DIF was changed. The logic has 
been improved a.,d changes were made in its input and output for
mat. A second method to determine atmospheric dispersion is at 
present being added to the model. DIF was used in its changed 
form to estimate pollutant concentrations in the vicinity of a 
proposed gold ore reduction plant. 

Objective 

To obtain quantitative 
information on hailfalls. 

Hall occurrence in the 
Pretoria-Rand area was 
somewhat lower than the 
21-year average. Instrumented 
networks were maintained on 
scales from country-wide to a 
few square metres. 

Convertive Storms and Cloud Physics 

(a) Hail Networks 

During the twelve-month period from July 1983 to June 1984 hail 
was reported in the Pretoria-Rand area on 63 days which is more 
than ten oer cent below average. This was mainly due to extend
ed periods of drought. Most hail days occurred from about mid-
October t i l l January (39 hail days, with hailstones >3 cm in 
diameter on 12 days). Most of these hail days, including nine 
when the hailstones were >3 cm in diameter, occurred during 
November and December. Also, about two-thirds of the 2 180 
reports were received during the same period. All other hail 
fa l ls were light and very rerstr icted in area. 

The SA100 network, comprising 100 hailpads over the entire coun-

50 



try, was run for its second year. The summer months October 
1983 through March 1984 yie'ded 190 hail sensor sheets, which is 
24 X more than the previous summer. The most intense hail fall 
recorded was 373 joules per square metre recorded on 19 October 
1983 in Marble Hall. The majority of hail falls had energies of 
mostly a few joules per square metre. 

The network of 100 hailpads over 400 square kilometres in Preto
ria was maintained for its fifth year. During the summer 
months, October 1983 through March 1984, 408 hail events were 
recorded on 42 days; for the first three winter months (April, 
May and June 1984) no hail was recorded. Two projects are run 
elsewhere, in collaboration with the agricultural sector. In 
one of them the effect of hail netting on hail intensity is 
being investigated. First results indicate that the reduction 
in intensity due to netting was some 50 per cent for light hail 
falls and as much as 80 per cent for heavy haiIfalIs. 

Objective 
To obtain information on the 
sturcture of thunderstorms. 

(b) Weather Radars 
The S-band weather radar at Houtkoppen was operated on most of 
the thunderstorm days during the past year. Much time was spent 
on checking the validity of the Doppler data and improving the 
system. 

Improved techniques led to new 
and useful climatological 
statistics. Case studies are 
ongoing. One of the two new 
C-band radars has been erected 
at Scientia. 

A case study of a storm over Johannesburg which caused heavy in
flow into the Hartebeespoort Dam is under way as part of a 
collaborative project with the National Institute for Water 
Research. Widespread, heavy rain from an almost stationary 
storm over the paved area of Johannesburg, almost immediately 
ran off into the storm drains and via the Jukskei and Crocodile 
Rivers into the dam. The first flood arrived there kss than 
twelve hours after the storm and caused major changes in the 
composition of the dam water which is being studied by NIWR. 
Radar observations enabled the flood to be predicted suffici
ently far in advance for the measuring team to set up their 
instrumentation before the flood water arrived. 

Improvements to cell detection and tracking software have en
abled climatological statistics to be obtained under a variety 
of cell definitions. Cells defined by the 45 dBz contour at 5-8 
km MSL lasted on average 18 minutes and travelled at 26 km.h"1 

in the Tranvsaal, compared to 20 minutes and 23-31 km.h"1 in 
northern Colorado. The distributions of speeds, directions and 
lifetimes nere also similar except that in the Transvaal the 
most probable cell direction was to the right of the mean direc
tion whereas in Colorado it was to the left. The Transvaal 
cells tended to move from the southwest, with a vector mean 
direction of 2 3 9 ° , as shown in Fig. 15. 

51 



Figure IS 
Rose showing the distribution 
of directions for storm cells 
on the Transvaal Highveld. 
The circle represents 10 Z out 
of 1 861 cells. 

Figure 16 

The newly erected C-band 
weather radar at Scientia. 
The radome is 6 m in diameter. 

The f i r s t of two Enterprise C-band weather radars (Fig. 16) was 
erected near the lightning tower on the h i l l at Scientia. 
Commissioning tests and adjustments are near\y complete but the 
conversion to a Doppler radar w i l l be undertaken in the course 
of the next season only after the radar has been run under storm 
conditions. Negotiations for the erection of the second radar 
at Esselen Park Railway Training College, are well under way. 

Objectives 

To do basic research on 
aspects of atmospheric physics 
and to apply results. 

(c) Cloud Physics 

Electric f ie lds can have a mar':ed effect on the growth of 
plants. The Department of Biochemistry of the University of 
Stellenbosch sought the Division's advice on aspects of che fa i r 
weather electr ic f ie ld in the atmosphere and investigations were 
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The effect of electric fields 
on plant growth, dry ice 
sublimation in clouds, 
evaporation of droplets and 
hail damage to building panels 
were investigated. 

conducted into the effect of electr ic f ie lds on plant growth. 
This study is ongoing. 

Some additional laboratory work on the sublimation of dry ice 
pellets in sub-zero clouds was done in collaboration with Cansas 
International Corporation, Nelspruit. Results were consolidated 
in a draft publication. 

Crop protection chemicals sprayed from aircraft may evaporate to 
such an extent that the target is not reached e f f i c ien t ly . The 
private sector requested the Division's help and laboratory work 
was started on the evaporation of t iny droplets under different 
environmental conditions. 

The resistance to hail of an aluminium composite panel which is 
to be exposed at various angles on buildings was investigated. 
Under the worst conditions, i t may encounter the f u l l blast of 
hailstones w-'th increased kinetic energy in wind. The threshold 
energy for visible damage (denting) was found to be relat ively 
low but then the damage evidently increased very gradually with 
increasing energy. 

Objectives 

To develop specialized 
instrumentation within the 
Division which is not 
connercially available, and to 
assess coonercial equipment. 

The construction of a number 
of specialized instruments 
such as a high-resolution 
temperature profiler are 
nearing completion and 
sophisticated devices such as 
the Doppler acoustic sounder 
have been investigated. 

Instrumental Techniques 

After i n i t i a l tests last winter, modifications to a high-resolu
t ion (both spatial and temporal) temperature prof i ler bui l t in 
the Division are to be completed in order to conduct experiments 
during the winter of 1984. This device w i l l enable almost 
Instantaneous measurements from up to 20 temperature-measuring 
devices to be obtained, a feat not previously attainable. Such 
measurements wi l l enable high-resolution studies of atmospheric 
phenomena, such as airflow close to a dry-cooling tower. 

Doppler acoustic sounders provide a tool for the remote and 
continuous measurement of atmospheric winds usually to a height 
of 500 m above ground level. There are a number of instruments 
on the market and an in-depth investigation was conducted to 
ascertain which type of machine would best suit local circum
stances. A report has been prepared and c i rculated 4 . 

Apart from "new instrument" programmes, existing instrumentation 
within the Division was serviced on an ad hoc basis. This is a 
continuing and v i ta l part of the work as the smooth running of 
the Division depends on proper servicing of instrumentation. 
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2.2.2 GEOCHRONOLOGY 

Cootcnts 

Ages of the Goodhous* granite 
and grey gneisses from the 
marginal zone of the 
Richtersveld Province 

New age determinations on the 
Net» Granite of the Bushveld 
Complex 

Rubidium-strontium isotope 
studies of the rocks from the 
Natal Metamorphic and 
Structural Province 

The Division employs uranium-lead, lead-lead, rubidium-strontium 
and samarium-neodymium methods to determine the isotopic compo
si t ion and geological ages of rocks and minerals. Uranium-lead 
studies of zircon from a wide variety of rock types from South 
African and South West Africa are undertaken to aid the correla
t ion of formations in unknown areas with those from known, wel l -
proven mineral provinces in terms of their age and genesis. 
Some fundamental problems are being studied by means of the 
rubidium-strontium method. 

Research in isotope geochemistry involves detailed investiga
tions of the many problems posed by South African geology and in 
order to achieve th i s , the above two methods are being supple
mented by the lead-lead and samarium-neodymium methods. 

The act iv i t ies of the Division are directed towards basic re
search orientated projects, collaborative investigations with 
South African universit ies, and service orientated contract work 
for the Geological Surveys of South Africa and South West Africa 
and for mining companies on an ad hoc basis. 

Objectives 

To establish with the aid of 
U-Pb and Rb-Sr studies the age 
of the l ithologies of the 
Orange River Croup relative to 
that of the supracrustal rocks 
from the Namaqua Province; 
and whether the strong 
penetrative fabric which is 
prominent in the marginal 
regions of the Richtersveld 
Province was imprinted during 
the 1 000 - 1 200 Ma event or 
earlier. 

Suaeary 

The Namaqua mobile belt 
consists of three distinct 
ent i t i e s , namely the Kheis, 
Namaqua and Richtersveld 
provinces. The low 
met amorphic grade of most of 
the Richtersveld Province, 
(dated at c. 1 900 Ma), 
contrasts sharply with the 
high metamorphic grade of the 
younger (c. 9 5 0 - 1 200 Ma) 
neighbouring Namaqua 
Province. This puzzling 

Ages of the Goodhouse granite and grey gneisses from the mar
ginal zone of the Richtersveld Province 

The age and tectonic evolution of the Namaqua mobile belt of 
southwestern Africa has been a matter of considerable specula
tion in recent years. Structural and geochronological work over 
the last ten years indicate that the mobile belt consists of 
three dist inct tectono-geochronological ent i t ies which were 
defined from east to west as the Kheis, Namaqua and Richtersveld 
provinces. 

The Kheis Province constitutes the marginal zone of the Namaqua 
belt with the Kaapvaal craton where Archaean rocks were tecto-
nized and overprinted at c. 1 000 - 1 200 Ma* ago. 

The Namaqua Province consists of medium- to high-grade granitoid 
gneisses of supracrustal assemblages which are l i thostrat igra-
phically known as the Namaqua Metamorphic Complex. The 
high-grade rocks from this domain yield ages of 950 - 1 200 Ma. 

The Richtersveld Province is composed largely of low- to medium-
grade metavolcanics and minor metasediments which are intruded 
by the Vioolsdrift intrusive suite. The ages of various rock 
types from this suite range from c. 1 700 - 1 900 Ma. 

In view of the low metamorphic grade of most of the Richtersveld 
Province in contrast with the neighbouring Namaqua Metamorphic 

* Ma: Mega anni (mil l ion years) 
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feature has not yet been 
satisfactorily explained. The 
1 846 Ik ace for the Goodhouse 
granite which cuts the 
penetrative fabric in the 
Oranp River supracrustal 
suite establishes a atnlaua 
age for both the fabric and 
the supracrustals. 

Complex, a number of arguments have been presented to explain 
this feature. However, these arguments are all based on limited 
information of the detailed field and age relationships between 
various rock units. 

The tectonic and metamorphic boundary between the Richtersveld 
and Namaqua provinces is transitional within a marginal zone 
which occurs along the Orange River near Goodhouse, Cape Prov
ince. Age determinations by the U-Pb and/or Rb-Sr methods were 
made on the grey gneisses and anatectic granites from this zone 
to resolve the following questions: 

( i ) Are the lithologies of the Orange River Group as found in 
the Richtersveld Province older, contemporaneous or youn
ger than the supracrusta) rocks from the Namaqua Prov
ince? 

( i i ) Was the strong penetrative fabric, which is particularly 
well developed in the marginal regions of the Richters
veld Province, imprinted during the 1 000 - 1 200 Ma 
event or earlier? 

Zircons from two widely separated localities of gneisses, consi
dered on geological grounds to be older than the Orange River 
Group supracrustal sequence and the Vioolsdrif granitoids, de
fine a concordia intercept age of 1 862 ± 17 Ha. This date, 
regarded as a minimum age, is indistinguishable from published 
ages for the Vioolsdrif granodiorite. 

Anatectic granitoids considered to be derived from magmatization 
and palingenesis of the Vioolsdrif granitoids, and collectively 
termed Goodhouse granite, define a Rb-Sr whole-rock isochron 
with an age of 1 846 ± 76 Ma. This age is compatible, within 
error, with the concordia intercept age of 1 868 ± 41 Ma 
determined for zircons from two Goodhouse granite samples. 
Derivation of the Goodhouse granite from the Vioolsdrif 
granitoids is compatible with Sr-isotopic data and with 
geochemistry. 

Since the Goodhouse granite cuts the penetrative fabric in the 
Orange river supracrustal suite and in the Vioolsdrif grani
toids, the above Rb-Sr age of 1 846 ± 76 Ma establishes a mini
mum age for this fabric while its maximum age is 1 880 -
1 900 Ma. If correlations of structures across the Province 
boundaries are correct these data constrain the timing of the 
main fabric in the neighbouring Namaqua Province. Alternatively 
the structure in the western Richtersveld Province reflects a 
local tectono-metamorphic event1. 
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Objectives 

To assess the volume of age 
data available on the acid 
rocks of the Bushveld Complex 
which indicate ««acceptable 
age discrepancies for the Nebo 
Cranite. 

New Age Determinations on the Nebo Granite of the Bushveld 
Complex 

A considerable volume of U-Pb data obtained on zircon from the 
Nebo Granite of the Bushveld Complex has been generated over the 
past decade. The age data obtained by different investigators 
since 1958 show considerable variation and range from c. 1 866 
to 2 052 Ma. In order to obtain a degree of f i na l i t y on the 
accepted age a further investigation of the Nebo Granite near 
Potgietersrust was undertaken. 

The interpreted age of the 
Nebo Granite has shown 
considerable fluctuations over 
the past twenty-five years 
ranging from 1 866 - 2 052 Ma. 

To obtain a closer approxima
tion on the age of this rock 
unit some 11 samples were 
collected from a geographical
ly restricted area west of 
Potgietersrus. Zircon from 
this material gave a U-Pb 
concordia intercept age of 
2 010 -39 Ma which is closer 
to the age of crystallization 
of the Nebo Granite than 
''•«jj'j-'wl hy mwt of the other 
1 r.u 

The present investigation was in i t ia ted in an attempt to assess 
the geochronological data available on the acid rocks of the 
Bushveld Complex, in particular the Nebo Granite, to extract 
from the data those ages that could be considered both rel iable 
and acceptable, and to delineate those determinations of rock 
types that require further work to be f inal ized. 

The granites in the area northwest of Potgietersrus seem to have 
higher ages than those from other parts of the Bushveld Complex 
and i t was therefore decided to augment the available data with 
additional samples from a geographically restricted area. The 
region chosen was a stretch of the range due west of Potgieters
rus where samples from the upper part of the Nebo Granite were 
collected. 

A concordiagram plot of the U-Pb isotope data for zircon 
+38 

separated from 11 samples indicate an intercept age of 2 010 .39 
Ma. Although this age is greater than that assigned to the Nebo 
Granite in recent years2 the discrepancy is not considered to 
ref lect a difference in the age of the Nebo Granite in the 
Potgietersrus area compared to that from the rest of the 
Complex. I t is rather believed that the zircon from the 
Potgietersrus samples which are generally more concordant ( typ i 
cal range: c. 35 X - 65 % discordant) than those from elsewhere 
in the Complex provided an intercept age that is closer to the 
age of crystal l izat ion of this granite. In addition, the data 
points show very limited scatter. 

Objectives 

To conduct rubidium-strontium 
Isotope age and geochemical 
studies of units from southern 
total to 1 ••>•!••.! f\i; . ..odals for 
Proterozolc crustal develop
ment in the region. 

Age and initial ratios for 
intrusive units from southern 

Rubidium-strontiuM Isotope Studies of Rocks from the Natal Meta-
morphic and Structural Province3 

The Natal Structural and Metamorphic Province is considered to 
be an eastern extension of the Namaqua Province3 which hosts a 
number of base mineral deposits of great economic significance. 
In contrast with the Namaqualand region, however, very l i t t l e 
isotope geochemical research has been performed in the Natal 
sector. The Division has undertaken a Rb-Sr research programme 
In southern Natal in conjunction with staff from the geology 
departments of the University of Natal and the Geological Sur
vey. Detailed f ie ld mapping has delineated numerous batholi-
thic-scale, intrusive granitoids, separated by zones of quartzo-
feldspathic, amphibolitic, calcareous and pe l i t i c gneisses of 
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Natal provide evidence for a 
major accretion of juvenile 
crustal material during the 
period 1300 - 1000 Ma. 

Figure 17 

Basement exposure asp of 
Natal. Primary areas of 
research and lithologies of 
interest are denoted, units 
for which age data are 
availale are narked with a ' V 
(gt - granite). 

presumed supracrusta) origin, i.e. derived fro» sedimentary and 
volcanic sequences deposited at the earth's surface. 

Previously published age determinations on mineral separates 
(zircon and mica) are in the range 9 5 0 - 1 016 Ha and have been 
interpreted as dating the prominent "1 000 Ma Nanaqua-Natal" 
metamorphic overprint. 

The lithological units studied are from three principal areas, 
summarized (Fig. 17). Units chosen represent some 70 % of the 
exposed basement in southern Natal, hence they provide rea
sonable constraints on any models proposed to explain the deve
lopment of the Proterozoic crust in this region. 

IOOO Hills 

Scott burgh 
Woodcota tonalita 

*GHn ROM of 
*EquM*j matobasita 
+Hwmberdole gt 
+Seottbwgh at 
+Sezek> gt 
•Fofo gt 

Port Shepstone 
«• 

Port Edward 
N̂icholson's Point gt 

•Port Edward ondsrbita 
+Gloomom gt 

Rb-Sr isochron ages from the Scottburgh section range from 
1 090*14 Ma to 878*22 Ma for the Fafa granite. An intrusive 
metabasite, dated at 1 024±32 Ma, has an init ial ratio which 
suggests derivation from a source depleted relative to Bulk 
Earth. 

The Bomela megacrystic charnockite is the only unit from the 
Port Shepstone area studied thus far and yields a Rb-Sr isochron 
date of 859*56, statistically indistinguishable from that of the 
Fafa granite sampled 50 km to the north. As the Bomela charnoc
kite contains f3yalite, this young date cannot represent meta-
morphic re-setting. 

Three granitoid units crop out along the coast between Glenmore 
Beach and Port Edward interspersed with zones of supracrusta! 
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Material containing high teaperature granulite-facies assem
blages. Ages range froa 1 011*19 Ha to 94&31 Ma. 

It is significant that in all three regions the oldest recogniz
ed successions are supracrustal schists and gneisses and that no 
pre-existing baseaent units have yet been defined. Rb-Sr dates 
on the granitoids are young, aostly 1 000 Na or less, with 
initial Sr ratios too low to have been derived froa continental 
crust having a pre-history of aore than 150-200 Ha. It is clear, 
therefore, that this portion of the Proterozoic continental 
crust could not have been derived froa a stabilized cratonic 
precursor but rather represents a major accretion of juvenile 
arterial . 

Young Mhole-rock ages froa the Boaela and Fafa granitoids iaply 
that high heat flow was maintained into southern Natal far later 
than in Naaaqualand. 
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2.2.3 GEOPHYSICS 

Coateats 

Crustal and upper mantle 
conductivity s tructures in 
southern Africa 

Ground water s tudies 

Engineering geophysics 

Mining geophysics 

Borehole geophysics 

Complementary projects 

Objectives 

To study the ve r t i ca l 
conductivity d is t r ibut ion in 
the crust and uppermost 
mantle; 

t o nap conductivity provinces; 
and 

to study the s t ructure and the 
evolution of the ear th ' s 
lithosphere as reflected by 
the above. 

The geophysical investigation 
of Archaean greenstone bel ts 
has been extended to include 
the Pietersburg b e l t . 
Additional work was done on 
the Ciyani be l t , and the 
geophysical investigation of 
the Murchison belt was 
completed. 

Considerable progress was made 
with investigations into the 
s t ructure of the Bushveld 
Complex. Cr i te r ia were 
established to dis t inguish 
betveen the conductive Upper 
Zone of the Rustenburg Layered 
Sequence and the graphit ic 
shales of the Silverton Forma
t ion , which helped to confirm 
the absence of mafic rocks 
below the Nebo granite in the 
Eastern Compartment of the 
complex. 

A dipole sounding was carried 
out to investigate the app l ic 
a b i l i t y of this method under 
South African conditions. The 

The Geophysics Division develops and improves geophysical tech
niques with emphasis on geoelectrical and seismic methods and 
applies them to selected problems in ground Mater hydrology, oil 
exploration, civil engineering and mining. I t also carries out 
research by means of geoelectrical, geomagnetic and magneto-tel
luric deep soundings to obtain information on the structure and 
evolution of the crust and upper mantle of the earth. 

Crvstal 
ca 

(*) 

upper Hjntle Comámctfvity Studies in Southern Afri 

Geophysical Studies of the Deep Structure of Archaean 
Greenstone Belts. 

As part of the National Geoscience Programme the Division 
studies the deep structure of the Archaean greenstone belts that 
occur in the Transvaal LoMveld. During the past year the 
geophysical investigation in the Murchison greenstone belt Mas 
completed, further work Mas done in the Giyani belt and the 
first electrical soundings were carried out in the Pietersburg 
greenstone belt. 

The Murchison belt has an east-northeasterly trend, is 140 km 
long and is typically 5 to 10 km wide. This Archaean schist 
belt consists of a sequence of volcanic and sedimentary rocks of 
low metamorphic grade intruded and surrounded by Archaean gra
nites and gneisses. In general terms the belt is considered 
to represent a fairly typical greenstone assemblage although it 
does have some unique features. The present-day economic impor
tance of this remnant of the earliest crust derives primarily 
from the fact that the mines along the belt are major producers 
of antimony with gold as a by-product. 

The structure of the Murchison greenstone belt has been investi
gated using deep geoe ictrical soundings and gravity data. The 
geoelectrical data demonstrate that the Grave lotte Group has an 
electrical resistivity that lies between 1 000 and 3 000 am, 
Mhile the RooiMater Complex and the granite-gneiss complex have 
resistivities well in excess of 10 000 am. The interpreted 
resistivity data clearly define the depth extent of the belt, 
and indicate a maximum thickness for the Gravelotte Group of 
between 8,8 and 12,3 km. The gravity data comprise a regional 
survey (~700 stations) by the CSIR and a detailed investigation 
(2 000 stations) by the Geological Survey. The Bouguer anomaly 
map shows that the Murchison Sequence is associated with posi
tive gravity anomalies with the maximum residual anomaly over 
the Novengilla Gabbro Suite of the Rooiwater Complex. A physi
cal interpretation of the Bouguer gravity data along profiles 
across the schist belt shows that the greenstone assemblage 
reaches its largest thickness a few kilometres northeast of 
Gravelotte. The absolute maximum thickness was found to be 1? 
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experiment indicated the need 
for improving both the field 
procedures and the equipment 
if this aethod is to be used 
on a regular basis» 

Figure 18 

Residual gravity anomaly 
across the thickest part of 
the Hurchison greenstone be l t , 
and a model that gives the 
maximum thickness of the 
greenstone Material. The 
density contrasts, relative to 
the granite-gneiss (density 
2 670 km/m ) , of the various 
units are given in kg/» Í 

km, which is in agreement with the geoelectrical interpretation 
(Fig. 18). It iz also clear that the thickest part of the 
Rooiwater Complex is off-set in a left-lateral sense with 
respect to the thickest part of the Grave lot te Group. It say be 
significant that the producing antimony nines occur in the 
thickest part of the schist belt. 
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The geoelectrical survey of the Giyani greenstone belt in Gazan-
kulu was continued. The new results confirmed the findings of 
the previous work and indicated that the Giyani belt has a maxi
mum thickness of about 4 km, which is much less than that of the 
Murchison belt. 

The three deep electrical soundings done in the Pietersburg belt 
indicate that this belt is also much thinner than the Murchison 
belt. 

(b) Geoelectrical Survey of the Bushveld Complex 

As part of the National Geodynamics Programme, the Division is 
studying the structure of the entire Bushveld Complex with the 
aid of deep resistivity soundings. During the year two field 
investigations were undertaken, during which 36 additional 
soundings were made in both the eastern and western parts of the 
Complex, to bring the total number of soundings for this project 
to 63 (Fig. 19). 

The very conductive graphitic shale horizon, that occurs near 
the base of the Silverton Formation of the Pretoria Group, acts 
as an excellent geoelectric marker to which the structure of the 
overlying Bushveld Complex can be related. From the soundings 
done so far, the resistivities of the different geological 
sequences are now known more accurately, and this facilitates 
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the interpretation of new sounding curves as well as the 
correlation of results with the geology. 

During the year specific attention was given to the Upper Zone 
of the Rustenburg Layered Sequence. It was thought that the 
conductive layer reflected in the final segments of some of the 
sounding curves may, in fact, indicate the Upper Zcne and not 
the Silverton Formation, which would imply that the penetration 
is, stratigraphically, much less than anticipated. From a num
ber of soundings that were specifically selected to establish 
criteria for differentiating between these two units, it was 
found that they could be distinguished by comparing the apparent 
resistivities and the longitudinal conductances associated with 
each of these conductive units. 

Applying this criterion to the additional soundings on the Nebo 
Granite of the Eastern Compartment, it is now evident that the 
granite is underlain by the graphitic shale horizon with no or 
only a very thin layer of mafic rocks in between. This is also 
in agreement with the interpretation of the Bouguer gravity ano
malies in that area. 

The granites of the Lebowa Granite Suite thicken towards the 
centre of the Complex but do not exceed 2 SCO m. In the eastern 
part of the Complex the transverse resistance of the Nebo gra
nite is nearly one order of magnitude higher than that of the 
granites north of Rustenburg. This is attributed to a differ
ence in the resistivity rather than the thickness of the gra
nite. The higher resistivity of the Nebo granite is probably 
related to differences in the post emplacement tectonic histo
ries of the two granites. Additional soundings on the Crocodile 
River Fragment confirmed earlier findings that this fragment is 
not underlain by Bushveld-type rocks. 

The electrical resistivity method has proved particularly useful 
for studying the deeper structure of the Complex. At this stage 
of the investigation it is clear, however, that more soundings 
are required before representative depth sections can be consid
ered. 

(c) An Experimental Dipole Sounding 
When using the Schlumberger direct current sounding method to 
investigate crustal structures, the spacing between the current 
electrodes may increase to several hundred kilometres. Practi-
material containing high temperature granulite-facies 
assemblages. Ages range from 1 011±19 Ma to 946±31 Ma. 
in the past the Division often planned its deep sounding 
projects on the availability of suitable telephone or newly 
completed power lines. 

A method which does not require long lengths of cable for deep 
sounding is the so-called dipole method where current is intro
duced into the ground between two fixed electrodes located rela-



tively close to each other. The desired information is obtained 
by measuring potential differences between two roving electrodes 
comprising the receiving dipole. To obtain a complete set of 
measurements, the distance between the receiving dipole and the 
fixed current dipole is increased after each measurement. 

Although the main advantage of the dipole method is that it 
dispenses with the long power lines required for deep soundings 
by the Sch1umberger method, much heavier currents are needed for 
the efficient application of the method, and there is a greater 
scatter of the measured values due to its sensitivity to varia
tions in the surface resistivity of the ground. 

An experimental dipole sounding was carried out in the vicinity 
of the Saltpan north of Pretoria. The azimuthal dipole configu
ration was used because its linear relationship with the Schlum-
berger array greatly facilitates the interpretation of the 
dipole data. 

The differences between the two crossed Schlumberger soundings 
done earlier, and also between these soundings and the dipole 
sounding, probably reflect a complex subsurface topography which 
can be resolved only by further investigation. 

Experience gained from the experimental sounding clearly indica
ted the need for improving both the sounding procedures and the 
equipment if the viability of this method under South African 
conditions is to be ensured. An interesting feature of the 
sounding was that current inversion was effected under computer 
control to reduce the mechanical shock to which the power gene
rating equipment is subjected by simple load switching. 

Ground Water Studies 

Objectives 

To develop, apply and evaluate 
geophysical techniques In 
ground water exploration In 
various hydrogeclogical 
environments; 

to study the relationships 
between hydrological and 
geophysical parameters. 

SuBaiy 

Follow-up work done in the Gam 
area of Hereroland confirmed 
the findings of earlier 
investigations that the ground 
water potential of this region 
is in general low. 

(a) The 1983 Geophysical Survey in the Gam Area, Hereroland 

As a follow-up to work done in the area during 1982, a total of 
76 Schlumberger electrical soundings, 50 rectangle profi les and 
16 magnetic profi les were done in the v ic in i ty of Gam during the 
period middle August to middle November 1983. Although no addi
tional d r i l l i ng has been done since the 1982 survey reported 
last year, the results would seem to substantiate the findings 
of the previous study that the ground water potential of the 
area is in general low. 

The most important geohydrological feature, the Gam lineament, 
was traced geophysical ly over a distance of about 25 km in a 
northwesterly direction from the Botswana border. Its further 
continuation, i f any, could not be detected. Except for a deep 
trough f i í í ed with Kalahari sediments southwest of Gam, the rest 
of the area shows only thin Kalahari cover, and a limited depth 
of weathering for the bedrock. The ground water potential of 
the trough area is poor because i t contains large volumes of low 
permeability Lower Kalahari strata. 
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The comprehensive geophysical 
and geohydrological study of 
an area between Witdraai and 
Vanzylsrus in the Western 
Kalahari has been completed* 
Recommendations concerning the 
exploitation of these valuable 
ground water resources have 
been forv.:rded to the 
Directorate of Water Affairs. 

(b) Ground Water Investigations in the Western Kalahari 

This project, which was started in 1980 and done in 
collaboration with the Division of Geohydrology, Directorate of 
Water Affairs, was completed during the course of the year. I t 
comprised a geophysical and qeohydrological study of a 125 km 
long strip adjacent to the Kuruman River between Witdraai and 
Vanzylsrus with the object of delineating areas where ground 
water of good quality occur within the sediments of the Kalahari 
Group. 

The geoelectrical survey proved to be very successful in deline
ating the shape of the Kalahari Basin in this area, in determin
ing the thickness of the Kalahari Group sediments, and in detec
ting and outlining the brackish to salt water occurrences in the 
Kalahari strata. The geoelectrical data were calibrated against 
strati graphic and other information obtained from boreholes 
drilled by the Directorate of Water Affairs during the course of 
the survey. The combined drilling and geophysical results show
ed that the gentle pre-Kalahari topography is associated with 
basins containing up to 133 m of sedimentary strata, and that 
broad valleys lead into these basins. These results were inte
grated with the measured ground water head levels to delineate 
areas where water-saturated Kalahari strata occur. This infor
mation was then combined with the data on ground water resistiv
ity and chemistry to yield the volumes of Kalahari strata satu
rated with fresh water. On the basis of this information esti
mates of the economically abstractable volume of fresh water 
were made. 

In the eastern sector of the study area, no brackish water 
occurs in the Kalahari sediments, whereas in the western sector 
the aquifer consists of a lower acquifer that contains brackish 
water, and an upper aquifer containing fresh water. Despite the 
potential threat of salt water contamination from the lower 
aquifer, the fresh water aquifer in the western sector is more 
suitable for large-scale ground water exploitation. 

The use of different borehole geophysical methods, especially 
radiometric, water temperature and water conductivity measure
ments, proved to be very informative and led to the detection of 
several clay lenses, which have a direct bearing on the nature 
of the aquifer, but whose presence could not be ascertained from 
an inspection of the borehole samples. The transition from 
fresh to brackish water also showed up clearly on the 
temperature logs. 

The study further showed that floods in the Kuruman River repre
sent the major fresh water recharge mechanisms. Recommendations 
concerning the exploitation of this valuable ground water 
resource for the benefit of the farming community of the area 
were made to the Directorate of Water Affairs. 
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Engineering Geophysics 

Objectives 

To develop and apply 
geophysical methods and 
equipment to problems In the 
various fields of engineering. 

A detailed geoelectrical 
survey, comprising 167 
resistivity soundings and 124 
km of rectangle profiling, of 
the proposed radioactive waste 
disposal site in the Vaalputs 
area of Namaqualand was 
completed. The interpretation 
and final evaluation of the 
data is currently under way. 

(a) A Geophysical Study of the Proposed Radioactive Waste 
Disposal Site on the Farm Vaalputs, Namaqualand. 

During 1983 a ground geoelectrical survey was carried out at the 
proposed radioactive waste disposal site of NUCOR in the Vaal
puts area of Namaqualand. The preliminary aims were to outline 
basins of weathering, and to delineate faults and aquifers. Two 
methods were used for this investigation, viz. the Schlumberger 
electrical sounding technique and the rectangle profiling 
method. During the five-month field work period a total of 167 
Schlumberger soundings and 124 km of AB rectangle profiling were 
done. 

A pipe-like feature in the area showed as a very clear low-
resistivity anomaly of which the position and shape could be de
termined accurately. The investigation of the lineaments detec
ted by remote sensing methods, showed that some of these fea
tures are related to fracturing and often discontinuous fault
ing. 

The more promising areas for the location of the waste disposal 
site are all characterized by the absence of resistivity anoma
lies which are indicative of major basement fracturing or fault
ing. Most of the observed apparent resistivity variations along 
the rectangle profiles would seem to be due to the varying 
thickness and/or resistivity of the conductive surficial 
strata. The Schlumberger sounding data also revealed that the 
solid basement has an undulating topography. 

The geoelectrical work was continued during the first half of 
1984 to investigate some additional linear features, and to 
study in detail the thickness of unconsolidated and weathered 
surface material in an area measuring 1 km x 1,6 km. The field 
work for this phase of the investigation has been completed, 
while the interpretation and final evaluation of the data is 
currently under way. 

Mining Geophysics 

Objectives 

To develop, refine and 
evaluate techniques for ->re 
prospection under the various 
geological situations in which 
minerals occur in southern 
Africa. 

SuBBry 

Field t r ials to test the new 
transient electromagnetic 
sounding method indicated that 

(a) Transient Electromagnetic Sounding Technique 

This method ut i l izes the information contained in the transient 
magnetic and electr ic f ie lds that result when switching occurr, 
in a loop or earthed dipole carrying direct current. Informa
tion obtained in this manner is complementary to that provided 
hy the usual direct current methods, and should prove part icu
lar ly valuable in resolving the ambiguities that often confront 
the geophysicist when interpreting data from deep electr ical 
soundings. 

The earthed dipole approach was used during f ie ld t r i a l s that 
were carried out in conjunction with the Division's investiga-
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a high current loop rather 
than an earthed dipole should 
be used to generate the source 
field. There is also a need 
fur sampling at higher 
frequencies. A dedicated 
microcomputer lias been 
develo(>cd to control the power 
source and to handle signal 
sampling, including the 
initial processing of the 
data. 

tions into the structure of the Bushveld Complex early in 1983. 
Although the results obtained with the prototype equipment, 
which included a special fast-switching power supply and digital 
recording facilities, confirmed the feasibility of this method, 
the trials also revealed certain shortcomings in its implementa
tion. These mainly concern the low level of the transient mag
netic fields resulting in poor signal-to-noise ratios, and the 
need for higher sampling frequencies. 

The magnetic response can be improved by increasing the dipole 
current, but the very dry surface conditions often encountered 
in this country obviously impose a limitation on the improvement 
that can be achieved in practice. Another solution would be to 
use large, high-current loops on the surface of the ground, and 
a practical system to implement this approach is currently under 
development. 

The power source and measuring equipment is to be controlled by 
a dedicated microcomputer specially developed for this purpose. 
Apart from its control functions, it will also handle the ini
tial processing of the measured data. Data output and operator 
control will be via a conventional portable microcomputer with 
two 16 bit ports. The arrangement ensures that the equipment 
has sufficient power for current applications, and also the 
versatility to accommodate future modifications and enhance
ments. 

To build up expertise an Israeli expert in transient sounding 
will visit the Division in October. 

Objectives 
To develop and improve 
borehole geophysical 
techniques for use in ground 
water and ore exploration. 

SuMury 

Tvw boreholes, to he used for 
geophysical research and the 
calibration of borehole 
logging equipment, have been 
drilled on the CSIK campus. 
These boreholes will be 
available also to other 
organizations engaged in 
geophysical exploration. 

Borehole Geophysics 
Geophysical "íeasurements in boreholes are often the only means 
of obtaining in situ information about the physical characteris
tics of subsurface formations. The various techniques used for 
making such measurements are known, collectively, as borehole 
geophysics, and constitute a separate branch of exploration 
geophysics. 

Borehole geophysics finds wide application in oil, mineral and 
ground water exploration, and include radiometric, electrical, 
temperature, acoustical and also mechanical methods. In ground 
water investigations measurements of the natural radioactivity, 
density, porosity and electrical resistivity of formations, as 
well as water temperatures, have proved very important in resol
ving problems such as ambigu.ties in the interpretation of geo-
electrical data. 

In the past, the lack of calibration facilities has made direct 
comparison of radioactivity, density, porosity and other data 
from different boreholes very difficult. Furthermore, some of 
the existing interpretation techniques have been developed 
primarily for use in oil exploration, and are not directly 
applicable to ground water investigations. For these reasons 
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the D iv is ion commissioned the d r i l l i n g of two boreholes at a 
s u i t a b l e s i t e on the CSIR campus. The f i r s t i s a standard 165 
mm diameter borehole d r i l l e d to a depth of 84 m by the a i r - p e r 
cussion method. I t passed through layers of sand, weathered 
s h a l e , shale and lava. The borehole Mas logged with great care 
by a commercial organizat ion using c a l i b r a t e d equipment. 

C o r e - d r i l l i n g was used fo r the second borehole , which was d r i l l 
ed to the NX (75 ,4 mm) standard. Both the core and the borehole 
are s t i l l to be logged. 

These boreholes are valuable addi t ions to the f a c i l i t i e s of the 
Geophysics D i v i s i o n , and w i l l be used e x c l u s i v e l y for research 
and the c a l i b r a t i o n of borehole logging equipment. The bore 
holes w i l l be ava i lab le also to other organiza t ions engaged in 
geophysical e x p l o r a t i o n . 

Objectives 

To develop and evaluate 
computer programs for the 
processing and the 
in terpre ta t ion of geophysical 
data and the theoret ical 
invest igat ion of geophysical 
and geohydrologlcal models, 
to bring about a bet ter 
understanding of the 
geophysical method and to 
promote i t s use by providing 
consulting services, 
specialized f a c i l i t i e s and 
t ra ining to selected persons. 

Conpleaentary Projects 
(a) The Boundary Element Method 
In geoelectrical research the earth is usually modelled as a 
horizontally layered half-space. Many of the problems encoun
tered in the field can be dealt with quite effectively in this 
manner, but for more complex structures such an approach is 
clearly inadequate. Various mathematical procedures, including 
finite difference and finite element methods, have been used to 
solve the latter problem. These methods require the subdivision 
of the complex body or structure into smaller parts or ele
ments. The main disadvantage of these methods is that in the 
more difficult three-dimensional cases, the number of elements 
needed for accurate modelling may become so great that the 
memory capacity of even a large computer is exceeded. 

SiHoary 

Tlie boundary element method i s 
being investigated for 
possible application to 
complex geoelectr ical models. 

Consultation and training 
services were provided to 
various organizations, 
Including mining houses and 
un ive r s i t i e s . An introductory 
course on the direct current 
sounding nethod and the 
in terpreta t ion of sounding 
data UBS held at the 
University of Port Elizabeth. 

The English t ransla t ion of the 
f i r s t four chapters of a 
Spanish textbook on d i rec t 
current methods has been 
completed, and the author has 
already revised and approved 
most of i t . 

The boundary element method (BEM) would appear to o f f e r a more 
s a t i s f a c t o r y approach to the mathematical model l ing and so lu t ion 
of three-dimensional geophysical problems. In t h i s technique 
the problem is formulated in terms of i n t e g r a l ra ther than 
d i f f e r e n t i a l equations. Only the boundary surfaces of a body 
are d i s c r e t i z e d , resu l t ing in fewer equations to be solved, wi th 
a consequent reduction in computer memory usage. An addi t iona l 
f e a t u r e of t h i s method is that boundaries can bo located at 
i n f i n i t y , which is an advantage when c o n s i d e r i n g , for example, 
bounded s t ruc tures in p a r t i a l l y confined media. 

Although the boundary element method has been ex tens ive ly r e f e r 
enced in the l i t e r a t u r e over the last 10 y e a r s , i t has as yet 
found but few appl icat ions in geophysics. These and r e l a t e d 
publ ica t ions are being studied to develop the exper t ise neces
sary for adapting th is method to the needs of the D i v i s i o n . 

(b) Tra in ing and Consultat ion 

Representat ives from several 
contractors were advised on 

mining houses and geophysical 
various aspects of geophysics, 
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A steady demar.d exists for the though mostly in connection with electrial methods. A B.Sc. 
publications and manuals of u ^ , s t udent of the Pretoria University was given a theoretical 
t e v s on. course in natural field electromagnetic techniques, and a prac

tical course in the interpretation of direct current resistivity 
soundings. At the University of Port Elizabeth students and 
lecturers attended an introductory course on the direct current 
resistivity sojnding method and the interpretation of sounding 
data. 

(c) Translation of Spanish Textbook on Direct Current Explo
ration Methods 

The English translation of the first four chapters of the text
book "Prospeccion Geoeléctrica en corriente continua" has been 
completed. The author. Prof. E Orel I ana, has revised the great
er part of the translated text. 

(d) Distribution of Publications and Associated Services 
During the past year the Division again experienced a steady 
demand for its publications and special graph paper for the 
plotting of electrical sounding curves. Particularly in demand 
was "A practical manual on the resistivity method", which is 
currently being revised. 
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2.2.4 NATURAL ISOTOPES 

Cant! 

Quaternary chronology and 
palaeoclimatology 

Application of isotopes to 
hydrology 

Isotopic effects in nature 

The Division studies isotopic effects in nature and develops 
applications for natural isotopes in hydrology, oceanography and 
other environmental sciences. 

Facilities are available for the analysis of low-level radio
activity of carbon-14, tritium, radon, uranium, etc., and for 
the determination of variations in the ratios of stable isotopes 
of hydrogen, carbon, nitrogen and oxygen. Radiocarbon dating is 
performed on a routine basis. 

Objectives 

To establish a reliable 
chronological framework for 
the Late Quaternary period by 
means of radiometric dating 
methods, and to derive palaeo-
environmental data from stable 
isotope studies. 

Calcified reedbeds In the 
Namib indicate that a more 
humid period terminated at 
11 000 years HP, while 
calcareous crusts in the 
Kuiseb river amy suggest the 
return of s l ightly more moist 
conditions a t e . 5 000 years 
BP. UC and 1 5 0 in calcretes 
and lacustrine carbonates show 
distinct patterns which are 
the result of environmental 
factors during their forma
tion. The C content of 
ungulate teeth from archaeo
logical excavations show mark
ed changes in the vegetation 
cover in Lesotho and the Kala
hari during the past 20 000 
years. 

Quaternary Chronology and Palacoclinatology 
Some 260 radiocarbon analyses Mere performed during the year. 
Of these 100 were dates for archaeological sites and 90 Mere 
devoted to the dating of geomorphological features and palynolo-
gical deposits. The archaeological dating programme included 
samples from the Neolithic and Bronze Age in Israel, and the 
Stone Age in Zimbabwe and South West Africa. Several profiles 
of peat deposits from East Africa, which Mere collected for pol
len analysis, were dated, as Mel I as some samples from north
west Africa related to sea level change. A series of analyses 
was also undertaken to date changes in the level of Lake Mala
wi. In South Africa, a number of calcareous samples which were 
collected from the clay sediments in the floor of a fossil lake 
discovered near Richmond, were investigated in order to deter
mine their age. I t was found that the lake was last active 
before 20 000 years ago, but the details of its development are 
s t i l l being studied. 

The dating of depositional features of palaeo-environmental sig
nificance in the Namib desert has produced some interesting re
sults. At five different places along the coast calcified reed
beds have been investigated. In all cases the calcification oc
curred at about 11 000 years BP (before present), indicating 
that at this time the local ground water levels dropped markedly 
and a more arid phase set in. Some evidence of slightly moister 
conditions during the Holocene has emerged from the dating of 
calcareous inclusions in the lower silts of the Kuiseb river 
around Gobabeb. Eight dates for such samples all give ages of 
c. 5 000 years BP. The obvious clustering of dates for differ
ent features in the region is encouraging and suggests that the 
programme will produce good evidence of past climatic change 
on the subcontinent. 

Stable carbon and oxygen isotopes in marine sediments have be
come an essential element of palaeoclimatology. A study is pre
sently being undertaken to evaluate the potential of these iso
topes in terrestrial carbonate deposits as indicators of past 
environments, particularly in the more arid regions of the coun
try. The materials being investigated are calcretes (pedogenic 
carbonates), tufas (spring deposits) fluvial and lacustrine de
posits (rivers and pans) and speleothems (cave deposits). 

63 



Whereas the speleothems can usually provide useful palaeotem-
perature in format ion 1 ' 2 , early results from the other depo
s i ts reflect a wide range of different sedimentological condi
tions . There appears to be a general trend towards higher con
centrations of the heavy isotopes, 1 3 C and 1 8 0 , with increasing 
a r id i t y . This could be the result of decreased plant cover and 
increased evaporation, both causing more effective gas exchange 
between the soil and the atmosphere. Future work is being 
directed towards identifying these parameters more clearly. 

The use of the 1 3 C content of foss i l bones to identify changes 
in the vegetation cover2 has been pursued by analysing tooth 
samples from dated levels in the deposits of three different 
caves: Sehonghong Cave in Lesotho, Boomplaas Cave near Oudts-
hoorn and Wonderwerk Cave near Kuruman. The Sehonghong Cave in 
the Orange River catchment produced zebra (grazer) skeletal 
remains from the Late Pleistocene. These teeth indicate a pure 
C3 grass diet during this period, thus confirming the findings 
at Melikane Cave some 30 km downstream2. Samples of hartebees/ 
wildebees (also grazers) dating to 2 000 BP and 10 000 BP from 
Boomplaas Cave also indicate an essentially C3 grass d iet , but 
further materia) from older levels needs to be measured before 
f ina l conclusions can be drawn. The same applies to Wonderwerk 
Cave. Here zebra tooth samples from the Holocene levels show a 
progressively higher percentage of C^ grass in the diet . Some 
doubt has arisen as to the purity of the collagen from the older 
tooth samples and considerable time was devoted to improving the 
technique of pur i f icat ion. 

Objectives 

To develop techniques and 
applications for environmental 
isotopes in hydrology, 
especially for determining the 
origin and movement of ground
water. 

The extent of the difference 
between the 0 content of 
precipi tat ion and that of 
ground water may be used to 
indicate changes in climate in 
the past* 

The carbon isotope chemistry 
of the Dead Sea in Israel i s 
being investigated In order to 
quantify water/air exchange 
and internal mixing. 

The ground water draining into 
the Jordan valley has been 

Application of Isotopes to Hydrology 

I t has previously been shown that , in the case of the Uitenhage 
and Stampriet aquifers, significant palaeoclimatic information 
can be derived from the stable isotope content of ancient 
ground water. At present attempts are being made to obtain 
similar data in other parts of the country, and in order to 
evaluate these data i t is necessary to know what the present 
isotopic composition of the precipitation in the area i s . 
Fortunately, an extensive survey of the 1 8 0 and deuterium con
tent of rain in southern Africa has been conducted over the 
years. The weighted mean of the 1 8 0 content of ra infa l l at 13 
stations is shown in Fig. 20. The variation from -2,9 °/oo at 
Durban to -6,6 °/oo at Grootfontein is much smaller than is 
observed in more temperate regions such as Europe, but i t never
theless shows the 'rainout' effect by which late condensates 
tend to be more negative. 

The fact that ground water in the region generally contains less 
of the heavy isotopes than does the average precipitation is 
cl imat ical ly controlled. Under the semi-arid climatic condi
tions where re-evaporation of rain is substantial, recharge only 
occurs during periods of heavy rain with the result that only 
such unevaporated precipitation tends to reach the ground water 
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found to be of Holocene age, 
with essentially local 
recharge. 

Figure 20 

0 content of rainfall on the 
sub-continent and islands. 
The nuabers are weighted for 
precipitation aaounts and 
represent 7 to 20 year 
averages. 

reservoir. The evidence thus far acquired for radiocarbon-dated 
Upper Pleistocene ground water in the Kalahari is that ataos-
pheric circulation patterns during these tiaes were not essenti
ally different fron those prevailing today- if substantiated, 
this would be a significant conclusion which would .«ake the 
interpretatior of other palaeocliaatic data audi aore straight
forward . 

In co-operation with the Weizmann Institute of Science in Israel 
an investigation of the inorganic carbon in the Dead Sea is be
ing undertaken. By means of 1 H C the exchange rate of CGfe gas 
between the atmosphere and the lake water is being investigated 
while I 3 C measurements are being undertaken to study the rate of 
internal mixing. The first accurate measurements of the inorga
nic carbon content and the 1 3 C / l 2 C ratio on depth profiles col
lected in the late summer of 1983 show very uniform values at 
all depths. 

The concentration of inorganic carbon is 0,89 millimole/kg water 
(cf. ocean water 2 millimole/kg). Earlier indirect titration 
methods had implied that the inorganic carbon content of Dead 
Sea water was higher than that in ocean water. The direct 
extraction method now used has shown a much lower value consist
ent with a lower calcium carbonate solubility in this very cal
cium-rich water. The 1 3 C content of this dissolved carbon is 
similar to that of ocean water and suggests equilibrium with 
atmospheric CQ2 and good mixing within the lake. 
By providing the expertise for the measurement of l l ,C in small 
samples and the accurate determination of 1 3 C and total carbon, 
the Division is making a significant contribution to the project 
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which is designed to understand the physico-chemical phenoaena 
in the unique Dead Sea system. 

The radiocarbon dating of ground water on the eastern flank of 
the Judean/Samarian highland and of springs along the Jordan 
valley has been completed. This essentially phreatic aquifer 
contains Holocene ground water which shows no clear-cut flow 
pattern. It can be concluded that recharge s t i l l occurs at pre
sent, and the reservoir is dependent on local rainfal l . This 
suggests that only restricted use of the ground water aquifer 
can be maintained on a continuous basis. 

Objectlvms 

To investigate isotopic 
fractionation effects that 
occur in the light elements in 
nature and to develop 
applications for these 
phenomena* 

A seasonal pattern in the N 
of nitrate in Pretoria tain 
has been established. 
Comparison with samples from a 
remote rural station should 
reveal whether this is due to 
Increased anthropogenic 
emissions in the winter or 
not. 

In contrast to other food
stuffs, the C content of 
cholesterol in prawns is 
markedly different from that 
of the animal protein. 

Isotopic Effects in Nature 

Nitrate is one of the primary causes of acidity in rain, and am
monium a major constituent for neutralizing this acidity. The 
sources and mechanisms of the formation of these ions have been 
investigated by the analysis of the 1 5 N/ l l *N ratio in Pretoria 
rain over two full seasons (Fig. 21). Kitrate shows marked sea
sonal and d*y-to-day variations in I S N , which probably reflect 
seasonal variations in the magnitude of natural and anthropoge
nic emissions of gaseous nitrous oxides, and shorter-term varia
tions in climatic patterns (e.g. wind directions). Far less 
variation is observed in the 1 5 N content of the ammonium. A re
mote rural station has been installed to establish whether the 
high 1 5 N values in the nitrate are caused by increased 
anthropogenic emissions in winter. The fall-out of nitrogen in 
the form of nitrate and ammonium in rain at the CSIR is esti
mated to be about 5 kg N per hectare per year, a value similar 
to that measured in Europe and North America. This 'natural' 
input may be compared with typical ferti l izer application rates 
of SO kg N per hectare per year on cultivated land. 

The preliminary investigation of the 1 3 C/ 1 2 C ratio in the chole
sterol of foodstuffs has been completed. This work was under-
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taken in collaboration with the Department of Cheaical Patho
logy, University of the Uitwatersrand, with the ultiMte goal of 
using 1 3 C to study pathological conditions in the cholesterol 
metabolism of the human body. It has been established that 
there is no significant difference in the l 3 C content of the 
cholesterol and that of the protein froa which it is derived. 
This applies to beef, venison and eggs. In the case of prawns, 
however, the cholesterol contains considerably less l 3 C , sug
gesting that the cholesterol metabolism in these organises dif
fers froa that in higher aniaals. The next step in the project 
is to investigate whether the 1 3 C signature is transmitted to 
the huaan body during ingestion. 
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3. SERVICES TO INDUSTRY AND OTHER ORGANIZATIONS 

GDBML PHYSICS 

ACOUSTICS Several organizations consulted the Division Mho either advised 
on acoustic problem or undertook the conducting of tests and 
surveys. For example: 

Noise surveys Mere conducted at a milk plant, a carbide 
factory, a actor car component factory, the CSIR sheet 
•etaI workshop, the Hartebeesthoek Satellite Remote Sen
sing Centre and for the National Institute for Materials 
Research. 

Advice Mas given about the planning of a system of sirens. 

In five cases recommendations were made for noise reduc
tion. 

Recommendations for the improvement of the acoustic per
formance of a council chamber were made. 

Sound transmission indices were determined for double 
glazed windows for a commercial firm as part of their 
development programme. 

The speech intelligibility index of a two way FM man pack 
radio was measured. 

Audiological tests were conducted for two CSIR staff mem
bers. 

NATIONAL MEASURING STANDARDS The Division advised industry on a variety of measuring problems 
AND METROLOGY , n the fields of electricity, pressure, light dimensional 

metrology, etc. A special project on the solving of measurement 
problems in dimensional metrology is reported in more detail un
der section 2.1.2. Research Activities. 
A large number of calibrations were carried out in each section 
of the Division and the demand for traceable calibrations for 
industry continues to grow. Aside from the more established 
fields of metrology, industry is now requesting traceable cali
brations for parameters of RF power and attenuation, ultrasonic 
measurements and force as well as accurate measurements in most 
other fields. 

The Division continues to be kept busy with activities of the 
National Calibration Service. Apart from the demand for cali
bration of standards and advice on measurement problems the 
Division is also active in education and training programmes, 
workshops and seminars in the fields of electrical, dimensional 
and temperature metrology. 
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OPTICAL SCIENCES T n* Division continues to Maintain its unique and essential 
services to South African industry, governaent and -private 
organizations, universities and other CSIR institutes. Although 
the Optical Design and Evaluation Section, the Optical Workshop, 
the Thin films Section, and the Photo effects Section are aainly 
involved in this type of work, valuable contributions are also 
•ade by the Laser Section and the Remote Sensing and Iaage 
Processing Section. Two examples of work in which a 
considerable amount of aanufacturing was involved, are a laser 
replay systea for the National Institute for Telecoaaunications 
Research, and the optical coaponents of an optical pyroaeter for 
the National Measuring Standards and Metrology Division. 

Iaage enhanceaent Methods coabined with high pass filtering 
techniques were applied to LANDSAT iaages of selected areas of 
SUA/Naaibia on contract for the Department of Hater Affairs. 
These have proved to be of great value for ground water explora
tion by displaying fault and fracture systeas. 

The saae techniques were also tested for their potential in 
aapping the natural vegetation of the northwestern Transvaal in 
collaboration with the Botanical Research Institute of the 
Department of Agriculture. Also in this case the results were 
vtry promising. 

Assistance was given to the Hydrological Research Institute of 
the Department of Environment Affairs in an investigation on the 
application of LANDSAT data to detect the Castillo de Beliver 
oil slick. 

During execution of the Heilbron Project members of the Hydro-
logical Research Institute of the Department of Environment 
Affairs, and the Soil and Irrigation Research Institute of the 
Department of Agriculture participated for the purpose of gain
ing experience. 

The Remote Sensing and Image Processing Section continues to 
advise other CSIR Institutes, government departments, universi
ties, and other organizations such as farmers' co-operatives on 
matters relating to image processing and application of digital 
satellite imagery. 

The Thin films Section assisted the Pretoria Technikon in the 
presentation of a short course for a certificate in vacuum tech
nology. Members of the Section presented lectures on opti
cal thin films at the Technikon and gave practical demonstra
tions at the NPRL. 
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EM1H A» MH05PWRIC 
SCIOCES 

ATMOSPHERIC SCIENCES Assistance has been rendered to the Energy Research Institute 
(University of Cape Town) in introducing a gas chromatographic 
analytical method for the measurement of aldehydes in exhaust 
gases. Various air pollution surveys were carried out for 
industry, local authorities and government departments. These 
included: measurements of anions in Witbank because of some 
concern about fluoride and sulphate concentrations found 
previously; investigations in Nelspruit stemming from suspected 
damage to vegetation; an odour problem in Springs; benzene 
measurements in Durban; organics in the atmosphere in Pinetown; 
and a study of the suitability of a site near Barberton for 
industrial development. 

A variety of enquiries were dealt with relating to methods for 
measuring air pollutants, occurrence of pollution in urban 
areas, and observed concentrations in various regions. Seven
teen contract reports were completed for various organizations. 

Other services that were rendered involved a great deal of re
search and are therefore described under Chapter 2. Research 
activities (Cloud physics p. 52). 

GE0CHR0NOLOGY The Division carried out age determinations under contract for 
the Geological Surveys of South Africa and South West Africa. 

Requests for specialized services are received from time to time 
and on such an ad hoc basis concentrates of heavy minerals were 
separated for the University of the Orange Free State. 

GEOPHYSICS 0 y e r t n e P a s t y e a r t n e Division carried out geophysical investi
gations on behalf of three of the larger mining houses. The 
objectives were to clarify the structure of the Bushveld Complex 
in selected areas, to investigate dolerite occurrences in a 
Karoo basin on the Transvaal Highveld, and to determine the 
nature of pre-Karoo sediments beneath a cover of Karoo forma
tions. 

NATURAL ISOTOPES The 1 8 0 content of a number of water samples from the Vaalriver 
and its tributaries has been determined for the Department of 
Environmental Affairs, in order to study aspects of evaporation 
and mixing processes in the river. The work is being done with 
a view to the optimal utilization of the water from the Vaal 
River. 
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4. V IS ITS ABROAD BY STAFF MEMBERS 

J H DE BEER Purpose of visit 
People's Republic of China T i i J J . ^ , *• *•..•.- r •> ,n * 

To attend the annual meeting of Working Group 3 (Proterozoic 
September 1983. Lithospheric Evolution) of the International Lithosphere Pro

gramme in Beijing; and 
to attend the International Symposium on Precambrian Crustal 
Evolution organized by the Chinese Academy of Geological Scien
ces in Beijing, and to present a paper on geophysical work in 
the Namaqua-Natal Belt. 

General impressions 
During the meeting of WG3 several members expressed the opinion 
that the 1986 Geological Congress of the South African Geologi
cal Society offered an ideal opportunity to hold the annual 
working group meeting for that year in South Africa. Since the 
meeting in Beijing the working group has been invited to hold 
their meeting in Johannesburg. 

The symposium was attended by about 90 Chinese delegates and 
some 40 earth scientists from countries such as Australia, Bra
zil, Canada, Denmark, France, Germany, Great Britain, Holland, 
India, New Zealand, South Africa, Switzerland, USA, USSR and 
Zimbabwe. Several papers of interest to South Africa were 
read. A major problem that was again highlighted was the uncer
tainty in criteria that existed to decide whether Archaean and 
Proterozoic orogenic belts were caused by plate-tectonic pro
cesses such as observed in Phanerozoic orogens, or whether some 
other mechanism operated earlier in the earth's history. 

The negative effects that the years of isolation - a period 
characterized by major advances in Western geological thinking -
had on the earth sciences in China, left a strong impression on 
the visiting scientists. In an effort to rectify this situa
tion, the Chinese authorities now follow an active programme of 
contact with Western earth scientists. 

The hospitality of the Chinese hosts was simply overwhelming and 
the foreign visitors were treated royally. In Beijing, the 
organizers of the symposium also expressed sincere regret that 
the South African scientists encountered problems in obtaining 
visas. At all the meetings and official functions the Republic 
of South Africa was formally acknowledged as a participating 
country. 
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R E ORESSLER 

West-Germany 

December-January 1984 

Purpose of visit 
To transport four instruments to the Physikalisch-Technische 
Bundesanstalt (PTB) in Braunschweig and to return three of them 
to South Africa after cal ibrat ion; 

to study techniques used at the PTB for calibrating high-fre
quency power meters; and 

to obtain information on other high-frequency measuring tech
niques. 

General impressions 

As far as RF power is concerned, the actual efficiency of ther
mistor and baretter power detectors can be determined in a 
mirro-calorimeter with reference to DC voltage standards. The 
relative uncertainty is about 1 • 10~3 for an input of 10 mW 
and the frequency range is from 1 mHz to 18 GHz. 

The power ratio method is used at the PTB as the standard meas
uring device for attenuation and uncertainties of about 0,001 
dB/10 can be achieved. 

Precision directional bridges from 1 mHz to 300 MHz are 
employed. For higher frequencies up to 18 GHz precise coaxial 
as well as waveguide slotted lines are used. Standard 
mismatches, precision load resistors and air lines are used as 
reference standards. 

The standard device for measuring voltage up to 1 GHz is i 
resistive measuring head which can also operate as a se l f - ca l i 
brating power meter up to 15 GHz. A similar principle is being 
used in the National Measuring Standards and Metrology Division 
for the development of high-frequency power standards. 

The noise power standard at the PTB operates in the waveguide 
band R100 (8,2 GHz to 12,4 GHz) at a temperature of 700 K. 
Extension to other waveguide bands and to coaxial transmission 
line systems is under way. 

N J HEWING 

United Kingdom 
April 1984 

Purpose of visit 

To assess whether the Associated Octel trap for particulate lead 
that can be fitted to motor vehicle exhausts holds any promise 
for South Africa and whether the CSIR should engage in the test
ing of such traps on behalf of the Department of Health. 

General impressions 

An invitation was accepted from Associated Octel to spend a week 
at their laboratories in Bletchley, England, viewing their 
manufacturing and testing procedures for lead traps that can be 
fitted to motor vehicle exhausts. The conclusion was reached 
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that the efficiency of these traps depends on a number of vari
ables. The trap is not a filter in the sense that it will 
retain lead with a build-up of filter resistance. It will cap
ture lead efficiently only within a certain temperature range: 
at lower temperatures it is ineffective and at higher tempera
tures it will release captured lead. The implication is that 
lead might be collected in the city and released on the high
way. Furthermore, exhaust temperatures depend on a number of 
factors including make of car, so that it would be difficult to 
specify precisely how effective filters would be in the 5 <uth 
African situation. 

Two approaches to testing lead traps in South Africa could be 
used. One would be to set up a dynamometer system for emission 
testing. This would require a large amount of laboratory space 
and equipment costing hundreds of thousands of rand. The other 
approach could be to fit traps to a number of vehicles in normal 
use and then determine the amount of lead retained by chemical 
analysis. 

It was decided that the CSIR did not have the facilities to test 
such traps comprehensively. The simpler approach (road testing) 
was also rejected because of the many variables involved. 

Purpose of visit 

To attend the 20th Session of the International Commission on 
Illumination (CIE) in Amsterdam as leader of the South African 
delegation of 20 persons; 

to attend the Executive Committee Meetings of the CIE as the 
South African representative with power to vote; 

to act as Chairman at a papers session; 

to give a report as Chairman of the Technical Subcommittee; 

to attend three Technical Committee meetings as South African 
representative as well as a Division meeting; and 

to visit the research laboratories of a commercial lighting 
firm. 

General impressions 

The CIE Session, which was attended by 540 delegates from 35 
member countries, was well organized. The meeting was divided 
into a Papers Session and a Technical Session (Technical Commit
tee and Division meetings) which proved to be highly success-
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f u l . A restructuring of the CIE was implemented in which the 26 
odd Technical Committees were re-organized into 7 Divisions each 
with a number of Technical Committees and a Director to achieve 
higher efficiency and better co-ordination. 

Members of the South African delegation played a prominent role 
in the proceedings, for example, Dr F Hengstberger was Chairman 
of a Technical Committee while others also chaired technical and 
paper sessions. Four papers from South Africa, of which two 
from the NPRL, were presented during the congress. A South 
African delegate was appointed Deputy Director of a Division, 
three as Chairmen of Technical Committees, one as a Technical 
Committee Secretary and another as a Reporter. 

A v is i t to the research laboratories of a commercial f irm was a 
worthwhile one as the work produced there is of a high standard 
and useful information was obtained. 

B IttCKECHNIE 

New Zealand 

December 1983 

Purpose of visit 

To establish contact with research workers in the Thin-fi lm Sec
tion of the Optics Division, DSIR at Wellington, and 

to gather information about their th in- f i lm developments, espe
c ia l l y their methods of characterizing optical thin f i lms. 

General impressions 

The main aims of the Optics Division of DSIR are: 
( i ) to give advice on problems in optics, 
( i i ) to assist with the development and manufacture of optical 

products in New Zealand, and 
( i i i ) to develop special-purpose optical instruments. 

The Division is small, and their major concerns are the lack of 
trained staff and insuff icient financial support. The Division 
is divided into the following sections: 

( i ) Optical design and evaluation 

Optical components are designed with the use of an in-house 
developed program. Their evaluation fac i l i t i es are l imited. 

( i i ) Optical workshop 

Components are manufactured only for the visible region. 
Recently a i m mirror was successfully made for the Mount John 
observatory. 

( i i i ) Optical thin films 
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in-house built plant, which is used exclusively to evaporate 
very bio components such as the 1 m mirror. Evaporated coatings 
consist mainly of metal layers for making mirrors and beam 
splitters, and single dielectric layers for anti-reflection pur
poses. Layers are characterized by measuring their R and T 
values on a spectrophotometer. 

W M P HARMS Purpose of visit 

France, West-Germany, Swit- To study the maintenance and use of electrical measuring stan-
zerland and the Netherlands dards, absolute measurements and calibration techniques; 

February 1984 t o investigate the organizational aspects of the various 
calibration services; and 

to collect calibrated electrical resistors from the Internation
al Bureau of Weights and Measures (BIPM) and to return them to 
Pretoria with due care. 

General impressions 

The measuring standards and other equipment are utilized on a 
much bigger scale in the European countries than in South Afri
ca. The quality of our national measuring standards neverthe
less compares favourably and can make a contribution during 
international comparisons. The senior staff of the national 
laboratories also act as assessors of the calibration services. 
The interaction between the metrologists and approved laborato
ries improves the quality of the metrology practised. 

The personal contact v\d goodwill of overseas scientists can be 
of great value to us and should be fostered to counteract pos
sible isolation. 

Note has been taken of the absolute measurements like the 
Josephson volt, cross-capacitor, quantum H,ill resistance and the 
manufacturing of multi-junction thermocouples in various labora
tories. Similar projects should be considered here at a later 
stage. Our participation in the intercomparison of standards 
organized by the BIPM from time to time is a means to consoli
date our position amongst the international metrology commu
nity. The legal responsibility regarding the overseas calibra
tion of our voltage, capacitance, inductance and AC/DC transfer 
standards should be met as regularly as required. The calibrat
ed standards used for this purpose should be carried with great 
care and the necessary arrangements made with the airline and 
custom authorities. The excellent co-operation of South African 
Airways is very much appreciated. 

Interesting observations were made regarding the assessment and 
auditing of the calibration service laboratories. Certain 
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proposals will be implemented to improve the National 
Calibration Service. 

Purpose of visit 

To attend a users' course on the newly acquired STIDAS I ID 
Speech Intelligibility measuring equipment; 

to hold discussions with Bruel and Kjaer where portable RASTI 
equipment is under development and with a Swiss firm using the 
STIDAS device. 

General impressions 

The course was well presented and without this training it would 
be almost impossible to use the equipment which operates accord
ing to new principles. 

The Bruel and Kjaer RASTI equipment is still in the laboratory 
development stage. For our intended application it appears to 
hold promise, so its commercial introduction is eagerly await
ed. The impression was gained that the Swiss contact could be 
most valuable in future. 

Purpose of visit 

To present a paper at the International Ground Water Conference, 
Ground Water and Man, in Sydney; and 

to visit qeohydrological state institutions, universities and 
other research laboratories in connection with ground water geo
physics and geohydrology. 

General impressions 

All aspects of ground water exploration, including the use of 
geophysical techniques, quality, evaluation and assessment of 
resources and pollution were discussed at the symposium. The 
results of the Division's ground water projects in the Kalahari 
Basin of South Africa and SWA/Namibia presented at this confer
ence were well received and aroused much discussion and favour
able comments. Because of high conductivity layers as well as 
brackish water near the surface in many parts of Australia, the 
resistivity method is not employed very extensively. However, 
both shallow refraction and reflection seismic techniques are 
employed quite successf'.il ly. Sophisticated recording and data 
reduction techniques have been developed for shallow reflection 
seismic surveys, and these are applied with great success to 
engineering foundation studies, coal and around water explora
tion. 



Pressure transducers are used widely for monitoring water levels 
during pump tests. Most of the equipment is, however, specifi
cally designed for experimental purposes and not yet commercial
ly available. Borehole television cameras, connected to video 
recording equipment are often used to study fractures in hard 
rock aquifers and to investigate the condition of borehole cas
ings. Geophysical borehole logging is done on a routine basis, 
and new calibration facilities for the various logging methods 
are being developed in Adelaide. 

Purpose of visit 

To test the anti-shark cable during its manufacture by a cable 
factory in Cologne; 

to discuss cable laying with people with many years of experi
ence in the laying of cables in the North Sea; 

to obtain information about heavy current pulse equipment from a 
manufacturer; 

to discuss ultrasonic non-destructive material testing; and 

to discuss echo sounding through rock and sand. 

General impressions 

The German cable manufacturers remain the only firm known to the 
NPRL that is able to undertake the manufacture of the special 
cable required for the anti-shark installation. Their co-opera
tion on this project was as good as that experienced with the 
previous two cables. Valuable guidance on cable installation 
was received. 

The pulse equipment manufacturer was very co-operative in fur
nishing data about his products and discussing their applica
tion. These are matters which cannot be dealt with by cor
respondence. 

Fruitful discussions were held on ultrasonic test equipment, 
test blocks, standards and calibration techniques. Some worth
while information was gleaned during the visit concerned with 
echo sounding. 

Purpose of visit 

To visit the 8IPM, Paris and to transport a standard platinum 
resistance thermometer and a 1 kg mass piece for calibration; 
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to v is i t the BCS laboratory at Land Pyrometers, Dronfield, UK; 

to v i s i t the Leeds and Northrup calibration laboratory, Birming
ham to get information on the calibration of L & N optical pyro
meters; and 

to v i s i t NPL, Teddington, Middlesex and to collect the NPRL 
tungsten-strip lamps which had been calibrated at NPL. 

General impressions 

Research and calibration abroad covers a wide spectrum of 
ac t i v i t ies . By comparison, the NPRL has faired moderately well 
despite the fact that for a number of years we have been 
hampered by a lack of suitable equipment as well as a lack of 
expertise. Unfortunately problems cannot always be solved by 
the necessary funds and suitable equipment alone. Suitable 
manpower is equally important. 

A general complaint of metrologists abroad is the fact that i t 
becomes more and more d i f f i cu l t to f ind people who are interest
ed in metrology as a career. One of the causes mentioned, 
especially as far as thermal metrology is concerned, is the 
time-factor problem. 

A second cause may be ascribed to the world-wide economic reces
sion. The situation is aggravated by continuously escalating 
fees for the calibration of secondary standards. A third cause 
may be the lack of training f a c i l i t i e s . 

In future these objections wi l l certainly be eliminated to a 
great extent owing to new techniques which are being applied now 
in the domain of temperature cal ibrat ion. Already the computer 
has proved i tse l f to be a rel iable partner in an automatic data 
acquisition system. Such a system wi l l alleviate the time-fac
tor problem considerably. 

A S TALHA Purpose of v is i t 

Euro DP 3nH I*»Í*3P1 
To attend the 18th General Assembly of the International Union 

August-November 1983 of Geodesy and Geophysics in Hamburg and the International 
Symposium on Isotope Hydrology in Vienna and present papers 
there; 

to v is i t laboratories in Germany, France and the Netherlands as 
well as a mass spectrometer factory in Germany; and 

to collaborate with the Weizmann Inst i tute in Israel in a pro
ject on the Dead Sea. 
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Genera] impressions 

The rising carbon dioxide content of the atmosphere is now a 
subject of major concern. There is now little doubt that 
environmental temperatures will no doubt rise in some areas of 
the world. The main question is when, where and how fast? The 
southern ocean plays a significant role in the world carbon 
dioxide cycle and any efforts to increase knowledge of this area 
should be encouraged. 

Polar ice cores have now shown that the atmospheric carbon 
dioxide content during the last Ice Age was some two-thirds of 
the present-day value. This link has given fresh impetus to 
palaeoclimatic studies in order to discover the ground rules of 
how different areas of the world react to global change. 

Reasonable qualitative descriptions of isotopic behaviour in the 
hydrological cycle exist, but a quantitative approach has not 
been attained yet. Isotope techniques are now an integral ele
ment of hydrological investigations and are included in many 
university courses. A more quantitative approach to isotope 
effects in hydrology could be successful in the near future and 
result in more practical applications of isotope techniques. 
Nevertheless, the common feature in isotope hydrology is that 
every problem or area is different and should be approached from 
first principles. 

Environmental isotopic methods (stable and low level radioac
tive) are used either in general university departments (e.g. 
physics or chemistry) where new techniques and applications are 
developed or else in laboratories dedicated to specific disci
plines (e.g. geochemistry, hydrology, atmospheric science) where 
the subjects are exhaustively dealt with in their specific con
text. While the latter are increasingly responsible for much 
useful information coming to light, university institutes with 
their more general approach to isotope geochemistry are mainly 
responsible for the new approaches and novel applications of 
isotope techniques that develop from time to time. 

Our early experience with the isotope geochemistry of carbon in 
ground water and ocean wate? !.as proved valuable and equally 
relevant when applied to the Dead Sea brines. The first proper 
measurements of the inorganic carbon content of this water and 
its 1 3 C value have now been made. These show a well-mixed situ
ation in the lake and concentrations much lower than in ocean 
water. These results are of value in the context of a larger 
uroject conducted by the Weizmann Institute of Science in 
Israel. 
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Purpose of visit 

To exchange technology; and 

to make and maintain personal contacts with workers in the field 
of remote sensing and image processing. 

General iapressions 

Due to severe cutbacks in the NASA and associated budgets, the 
remote sensing research and development programmes in the USA 
are on the decline. In contrast, there is an increasing aware
ness of the current importance of remote sensing applications in 
Europe; exemplified by a multi-million pound research grant for 
remote sensing projects in the United Kingdom and the launch of 
a high spatial resolution satellite by the French. 

During visits to various organizations the following topics were 
discussed to mutual advantage: Details of Shuttle Imaging 
Radar, the airborne Thematic Mapper experiment in the United 
Kingdom, vegetation mapping, soil moisture mapping, the value of 
data collected by statistical survey methods, simulated SPOT 
imagery, LANDSAT Thematic Mapper data, geographic information 
systems, and a novel classification method for the identifica
tion of young trees by means of LANDSAT data. 

R TURNER Purpose of visit 

France, West-Germany and Italy T Q a t t e n ( J t h e m e e t i n g o f t h e teneri] Conference of Weights and 
September-October 1983 Measures (CGPM) as a member of the SA delegation; 

to transport standard resistors to the BIPM for calibration; 

to visit laboratories of the Italian Calibration Service (inclu
ding the national standards laboratories); 

to visit the laboratories for Force, Dimensional Metrology and 
RF Electricity at the PTB, West-Germany; and 

to finalize arrangements for visits to the RSA by Prof. Ruffino 
and Dr Sartori, both of Italy. 

General impressions 

The programme for developing the national measuring standards in 
the RSA must proceed at the highest possible speed. Our Nation
al Calibration Service compares very favourably with European 
calibration services but is being hamstrung by inadequate trace-
ability to national measuring standards. 

B TIMER 

France, England and Italy 

September 1983 
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The laboratories of the Italian Calibration Service which were 
visited were of a comparable standard to those of the NCS but 
not better. 

The laboratories for the Italian national measuring standards 
were far better equipped, bigger and had larger staffs than 
their South African counterparts. For example, in thermometry 
the Italians have twenty-five people to South Africa's one. 

Technical details concerning the new NMS and M Division Force 
Machine were discussed at the PTB. The "exercising" of load 
cells is important. 

The CGPM is an excellent focal point for meetings between mem
bers of national laboratories, especially at executive level. 
Long-standing scientific contacts were renewed and new ones made 
at the CGPM. Contacts with Italy and Germany at managerial 
level are important for the development of national measuring 
standards and the recognition of the NCS. Good relationships 
were established with senior representatives of both these coun
tries. The CGPM business proceeded well at the scientific level 
and a new definition for the metre was approved. At the "polit
ical" level there was difficulty with the budget because of 
objections from Britain and Romania. 

The NMS and M Division has very good relations with other 
national laboratories at a technical and scientific level. At 
the political level there is need for improvement - especially 
as far as the UK is concerned. 

Purpose of visit 

To attend a Conference on Advanced Infrared Detectors in London; 
and 

to obtain as much information as possible with regard to the 
lates; techniques and developments in the field of electro-optic 
technology. 

General impressions 

With respect to the engineering work in the Optical Sciences 
Division in the field of infrared electro-optical systems, the 
information obtained during the conference was of great value. 
The state of the art of the various IR detector systems was 
highlighted by world experts in this field. 

Pyroelectric detectors are receiving increased attention because 
of the absence of cryogenic cooling. 

The method of structured design in hardware and software deve
lopment was taught during the microprocessor course. This 
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method will be adopted in NPRL designs as well. 

The visits to two of the Technical High Schools in the Nether
lands resulted in very good contacts being acquired and valuable 
papers for the Laser and Thin films Sections were obtained. 

The visits to Philips Research Laboratories in London and the 
Netherlands also resulted in very useful information beinq 
obtained. Old contacts have been renewed and new contacts made. 

In connection with the maintenance of infrared MTF equipment in 
the Optical Sciences Division, the technical details of this 
instrument were discussed with the SIRA engineers in London. 

C F i N HUVSSTEEN Purpose of visit 

UK, France and Switzerland To attend and deliver a lecture at the Eighth Symposium on 
,„„, Photoelectronic Imaqe Devices, 5-7 September 1983 at the Imperi-

September 1983 , . ,. < e . j r L i - , ^ 
a I College of Science and Technology in London; 
to visit organizations where development work on image intensi-
fier tubes is being done; and 

to visit suppliers of ultra high vacuum equipment. 

Genera] impressions 

The emphasis in development work on image intensifier tubes has 
moved from second to third generation, i.e. from tubes with 
multialkali photocathodes to tubes with gallium arsenide photo-
cathodes. The quality of the latter is improving as far as 
sensitivity and dead spots are concerned. Work is also being 
done on improving the other components of third generation image 
intensifier tubes, for instance, funneled micro-channel plate 
electron multipliers with evaporated layers at the input side to 
reduce noise, and intagliated phosphor screens with considerably 
improved resolution. Further design and manufactural improve
ments should make third generation image intensifier tubes with 
the following specifications available in the foreseeable 
future: 

Second generation Third genera ion 

Photocathode 200-400 pA/lm 1000-2000 pA/lm 
sensit iv i ty 

Resolution 25-30 line pairs 50 line pairs 
per rim per mm 

Signal-to-noise 5-6 15 
rat io 



B 6 W N ZVL Purpose of visit 

To attend the 11th International Congress on Acoustics in Paris, 
there to exhibit the NPRL portable sound intensity meter to
gether with posters on its various applications in acoustics 
research; 

to take part in a round table conference during the 11th ICA on 
sound intensimetry, and to present a paper on this subject; and 

to visit a Dutch acoustics organization to which one of the NPRL 
portable sound intensity meters had been sold in order to follow 
up the application of this instrument. 

General impressions 

Most of the leaders in the field of sound intensimetry attended 
the round table conference and the CSIR presentation on this 
subject was well received. It became apparent that the NPRL 
instrument is still the only one of its kind in the world. The 
NPRL exhibit aroused a great deal of interest. In the Nether
lands it was found that the sound intensity meter was used 
extensively and with great satisfaction. Its application to 
several new projects was discussed. 

France and the Netherlands 
July 1983 
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5. PUBLICATIONS 

5 .1 RESEARCH PUBLICATIONS 

1. E S Barton* and A J Burger. Recon
naissance isotopic investigations in 
the Namaqua Mobile Belt and implica
tions for Proterozoic Crustal Evolu
tion - Upington Geotra/erse. Spec. 
Publ. Geol. Soc. S. Afr. 10(1983) 
173. 

2. I Baunok. Analysis of airborne pest i 
cides at selected sites in South A f r i 
ca. S. Afr. J. Sci. 8 No 6 (June 
1984) 277. 

3. E G Brunke. Cape Point trace gas 
monitoring programme. Clean Air J . 6 
No 4 (Oct. 1983) 20. 

4. J H de Beer. Geophysical studies in 
the southern Cape Province and models 
of the lithosphere in the Cape Fold 
Belt. Spec. Publ. Geol. Soc. S. Afr. 
12 (1983) 57. 

5. J H de Beer and R Meyer. Geoelectri-
cal and gravitational characteristics 
of the Namaqua-Natal Mobi le Belt and 
i t s boundaries. Spec. Publ. Geol. 
Soc. S. Afr. 10 (1983) 91. 

6. 0 L Fourie. Die invlocd van skoor-
steenhoogte op lugbesoedelstofkonsen-
trasies in lusvormende pluime. S A. 
Tydskr. v i r Natuuw. en Tegn. 2 No 4 
(1983) 184. 

7. 0 L Fourie. Verlaging van oppervlak-
konsentrasie tydens sterk konvektiewe 
toestamie. Tydskr. vir Skoon Lug. 6 
no 4 (Okt. 1983) 22. 

8. T H E Heaton. Dissolved ions, stable 
and radioactive isotopes and noble 
gases in thermal waters of South 
Africa - A comment. J. 
Hydro 1. 72 (1984) 195. 

9. T H E Heaton. Rates and sources of 
''He accumulation in ground water. J. 
Hydro I. Sci. 29 (1984) 29. 

10. T H E Heaton. Source» of the nitrate 
in phreatic ground water in the Wes
tern Kalahari. J. Hydro I. 67 (1984) 
249. 

•Member of another inst i tute 

11. E Kemeny and C M Vleggaar. Long-term 
trends in smoke and sulphur dioxide 
pollution in South Afr ica. Clean Air 
J . 6 No 4 (Oct. 1983) 21. 

12. C J Kok, F Hengstberger and L A G 
Monard. International intercomparisons 
of measuring standards. Pulse (Oct. 
1983) 9. 

13. A Kroner*, E S Barton*, A J Burger, H L 
Allsopp* and J M Bertrand*. The ages of 
the Goodhouse granite and grey gneisses 
from the marginal zone of the 
Richtersveld Province and their bearing 
on the timing of tectonic events in the 
Namaqua Mobile Belt. Spec. Publ. Geol. 
Soc. S. Afr. 10 (1983) 123. 

14. M W McDowell, D F Bezuidenhout, H W Klee 
and E Theron. Energy loss from internal 
reflection off metal layers on glass. 
Opt. Laser Techno1. 15 (1983) 303. 

15. M W McDowell and H K Bouwer. 
Optimization of a dual mode Rowland 
mount spectrometer used in the 120-950 
nm wavelength range. Spectrochim 
Acta 38B (1983) 1311. 

16. M W McDowell and H w Klee. 
Achromatization in the 3 to 5 pm 
spectral region with vis ible l ight 
transmitting materials. Opt. 
Eng. 23 (1984) 187. 

17. L A G Monard, F Hengstberger, C J Kok, T 
Appenroth and M E Thain. New NPRL 
f a c i l i t y for the calibration of small 
luminous f lux standard lamps. Vector 
(Nov. 1983) 19. 

18. L Scott* and J C Vogel. Late Quaternary 
pollen prof i le from the Transvaal 
Highveld, South Afr ica. S. Afr. J. 
Sci. 79 (1983) 266. 

19. N van der Merwe* and J C Vogel. Recent 
carbon isotope research and i ts 
implications for African archaaology. 
Afr. Archaeol. Review 1 (1984) 33. 

20. J C Vogel. Isotopic evidence for the 
past climates and vegetation of iOuthern 
Afr ica. Bothalia 14 (1983) 391. 

21. N Walker. Spatial distr ibution of trace 
elements in Pretoria. Clean Air J. 6 
No 4 (Oct. 1983) 23. 
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22. F Ypenburg. Compensation achieves 
constant motor speed. Electronics 56 
No 19 (1983) 150. 

23. F Ypenburg. Voltage to pulse train 
converter ( integrator) . Electronics 
56 No 10 (1983) 139. 

5.2 COHERENCE HtOCEEDMGS 

1 . J H de Beer. The geophysical charac
ter ist ics of the Namaqua-Natal Belt 
and i ts boundaries. Abstr. Internat. 
Symposium on Precambrian Crust a I Evo
lut ion, Beij ing, September 1983 p. 41. 

2 . F Hengstberger and T Appenroth. The 
development of a f u l l y automated abso
lute radiometer. Proc. 20th CIE Ses
sion, Amsterdam September 1983 p. 
E31/1. 

3. AD Lamb. An overview of side looking 
radar (SLR) as a remote sensing too l , 
including recent d ig i ta l develop
ments. Proc. EDIS '83 Earth Data In
formation Systems Symposium, Pretoria, 
September 1983. 

4. 0 6 Nalan. Image processing at the 
National Physical Research Labora
tory. Proc. First South African Sym
posium on Digital Image Processing, 
July 1983. 

5. 0 6 Malan, A D Lamb and E E W Hesse*. 
The production of 1:250 000 scale 
mosaic map images from standard LAND-
SAT computer compatible tapes. Proc. 
EDIS '83 Earth Data Information Sys
tems Symposium, Pretoria, September 
1983. 

6. R Meyer, J H de Beer and A W A Duven-
hage. Ground wat r investigations of 
the Kalahari Basin in South Africa. 
Int . Conf. on Groundwater and Man, 
Sydney Vol.3 1983 p. 191. 

7. L A G Monard and F Hengsberger. Test 
procedures for qoniophotometers used 
to measure total luminous f lux. 
Proc. 20th CIE Session, Amsterdam, 
September 1983 p. D204/1. 

8. A D Surridge. Non-Doppler shifts in 
acoustic sounding. Proc. Second Int . 
Symp. on Acoustic Remote Sensing of 
the Atmosphere and Oceans, Rome, Aug/ 
September 1983. 

9. B Turner and 0 G Malan. A crop are* 
estimation study on the highveld using 
sa te l l i t e data. Proc. 1984 Inter
national Conference on Operations Re
search in Resources and Requirements in 
Southern Afr ica , April 1984. 

10. B Turner and 0 G Nalan. An evaluation 
of the results of crop mapping or. the 
highveld. Proc. First South African 
Symposium on Digital Image Processing, 
July 1983. 

11. B Turner and 0 G Nalan. Crop mapping 
on the highveld by means of d ig i ta l 
LANDSAT data. Proc. EDIS '83 , Earth 
Data Information Systems Symposium, 
September 1983. 

5.3 REVIEWS 

1. A S Talma and F Netterberg*. Stable 
isotope abundances in calcretes. In: 
Residual Deposits: Geo). Soc. Lond. 
Spec. Publ. Ed. R C L Wilson, Vol.11 
(Blackwell, Oxford, 1983) p. 221. 

5.4 LABORATORY REPORTS 

1. F Anderson. A noise survey of the 
operations room of the Satellite Remote 
Sensing Centre at Hartebeesthoek with 
recommendations for noise reduction. 
Internal Report FIS 335 (June 1984). 

2. F Anderson. Transkripsie van bandop-
name. Interne Verslag FIS 324 (Maart 
1984). 

3. F Anderson and P Meffert. The measure
ment of Busbar vibration at Matla Power 
Station. Contract Report C-FIS 45 
(July 1983). 

4. I Baunok. Analysis of airborne pesti
cides at selected sites in South Afri
ca. Interna! Report ATM0S/83/15 
(August 1983). 

5. J H de Beer and J Blume. A geophysical 
study of the proposed radioactive waste 
disposal site on the farm Vaalputs, 
Namaqualand. Confidential NPRL Con
tract Report (July 1983). 

6. J H de Beer and J Blume. A pilot geo-
electrical survey at Se:unda Coal 
Mines. Confidential NPRL Contract Re
port (May 1984). 

•Member of another institute 
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7. J H de Beer, J Blume and C 0 Rund-
gren. The 1«*83 geophysical survey 
around and to the «est of Gam, Herero-
land. Confidential NPRL Contract Re
port (January 1984). 

8. J H de Beer, A W A Duvenhage, R Meyer, 
R M J Huyssen and 0 T Barlow. Geo
physical and geohydrological investi
gation of the ground water potential 
of the Kalahari Group along the Lower 
Kuruman River, Gordonia and Kuruman 
Districts. Confidential NPRL Contract 
Report (November 1983). 

9. J H de Beer and R Meyer. A pilot deep 
geoelectrical sounding survey in the 
Morgenzon area. Confidential NPRL 
Contract Report (June 1984). 

10. J Blume and R Meyer. Geoelectrical 
survey to locate possible water-bear
ing structures at Gouriqua. Confiden
tial NPRL Contract Report (June 1984). 

11. W de Boer. File handling considera
tions in image processing. Internal 
Report FIS 319 (December 1983). 

12. D Hair. Comparison of the 9351 Moni
tor Labs data logger and the TOA Hita
chi Polygraphic Chart Recorder. In
ternal Report ATM0S/83/17 (September 
1983). 

13. D Hair and N J Henning. Measurement 
of vehicle exhaust emissions in Nor
wich Union Bus station, Port Eliza
beth. Contract Report (November 
1983). 

14. D Hair, N J Henning, R T E Cox, A B 
Briggs and R B Wells. Annual Report 
to Dept. of Health. Motor vehicle 
pollutants in Pretoria and Port 
Elizabeth. Internal Report ATMOS/84/6 
(April 1984). 

15. N J Henning. Considerations relating 
to a proposal to test the Associated 
Octet lead trap. Internal Report 
ATMOS/84/7 (April 1984). 

16. A M Howman*, 0 G Malan and M J Silber-
bauer*. Report on the Castillo de 
Bellver oil slick using satellite 
imagery. Hydrological Research Insti
tute Project N3/0501/3 (December 
1983). 

•Member of another institute 

17. S J Joubert. Hand lei ding vir gebruik 
van program om kolomgrafieke van 
PR030's uit te teken. Interne Vers lag 
FIS 339 (Oktober 1983). 

18. S J Joubert. User instructions for 
ESCALD. Internal Report FIS 340 
(Oktober 1983). 

19. E Kemeny and C M Vleggaar. Statistics 
on smoke and sulphur dioxide pollution 
in South Africa. CSIR Special Report 
FIS X I (March 1983). 

20. A D Lamb. A rationale for the use of 
principal components analysis (PCA) in 
geological image processing of remotely 
sensed images. Internal Report FIS 328 
(March 1984). 

21. H M Langenberg and G Held. Prelimi
nary assessment of the atmospheric dis
persion climatology. Contract Report 
(April 1984). 

22. C Lombard. Mathematical analysis of a 
double coaxial structure. Internal 
Report FIS 321 (December 1983). 

23. C Lombard. Calculation of electrical 
parameters of a proposed electrical 
shark barrier. Contract Report C-FIS 
47 (December 1983). 

24. 0 G Malan and B Turner. The identifi
cation of agricultural crops in the 
Heilbron area by the use of satellite 
imagery. Part II: Winter crops 1981. 
CSIR Special Report FIS 303 (June 
1983). 

25. 0 G Malan and B Turner. The identifi
cation of agricultural crops in the 
Heilbron area by the use of satellite 
imagery. Summary of conclusions and 
recommendations of Parts I, II and 
III. Addendum to CSIR Special Report 
FIS 316 (September 1983). 

26. R Meyer. Geoelectrical survey in the 
Rooiberq Fragment area. Confidential 
NPRL Contract Report (April 1984). 

27. R Meyer. Geoelectrical survey of an 
area around Union Tin Mines (Naboom-
spruit District) and an area to the 
no-th and west of Marble Hall. Confi
dential NPRL Contract Report (June 
1984). 

28. R Meyer and J H de Beer. Geoelectrical 
survey in the Northam-Koedoeskop area. 
Confidential NPRL Contract Report 
(November 1983). 
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29. E D Smith. A report on the develop
ment of a means for testing electrical 
shark barriers. Contract Report C-FIS 
46 (July 1983). 

30. E 0 Smith. Calibration procedure for 
the evaluation of pulse-echo ultra
sonic test equipment for precise 
applications. Contract Report C-FIS 
SO (March 1984). 

31. E D Smith. Underwater acoustic mea
surements on two types of pool clean
ing devices. Contract Report C-FIS 48 
(May 1984). 

32. 6 M Snyman. Air pollution data for 
Soweto 1983. Anion analysis. Inter
nal Report ATMOS/84/10 (Nay 1984). 

33. G M Snyman. Air pollution data for 
Standerton 1983. Anion analysis. In
ternal Report ATMOS/84/11 (Nay 1984). 

3v. G M Snyman, D Hair and S Turner. 
Report on atmospheric pollutants found 
in air-conditioned rooms at Iscor 
Works Pretoria. Contract Report (July 
1983). 

35. G M Snyman en R H Ellerbeck. Anione 
in die Oos-Transvaalse atmosfeer - Mei 
en Junie 1982. Kontrakverslag (Augus
tus 1983). 

36. G M Snyman, R H Ellerbeck and R B 
Wells. Witbank: Air pollution load 
summer 1983/84. Contract Report (May 
1984). 

37. A D Surridge. Doppler acoustic sound
ers: A comparative study. Internal 
Report ATMOS/83/20 (November 1983). 

38. A D Surridge and D Hayton, Some 
results of experimental studies in 
dry-cooling systems at coal-fired 
electric power-generating stations in 
South Africa. Contract Report (Febru
ary 1984). 

39. A S Talma. Inorganic carbon in the 
Dead Sea. Internal Report FIS 346 
(January 1984). 

40. B Turner. Review: Combinations of 
satellite spectral bands for monitor
ing vegetation, with examples of the 
vegetation indices for LANDSAT MSS for 
wheat on high veld for 1981, 1982 and 
1983 seasons. Internal Report FIS 325 
(March 1984). 

41. B Turner, 0 G Malan and G J Stickler*. 
The identification of agricultural 
crops in the Heilbron area by the use 
of satellite imagery. Part I I I : Sum
ner crops 1981. CSIR Special Report 
FTS 316 (September 1983). 

42. G S M Turner, A B Priggs, 6 M Snyewi 
and R B Wells. Air pollution at the 
Citrus and Sub-tropical Fruit research 
Institute, Nelspruit. Contract Report 
(June 1984). 

43. G S M Turner, D Hair, A B Briggs and R 
B Wells. Particulates in a shot-blast
ing room. Contract Report (May 1984). 

44. G S M Turner, G M Snyman and D Hair. 
Air quality in a computer room. Con
tract report (September 1983). 

45. G S M Turner, J M van Niekerk, D Hair 
and R B Wells. Volatile organic com
pounds from a Cope I and Reactor at Ens-
tra. Contract Report (February 1984). 

46. W van den Berg and C M Snyman. Pro
gress report on the computerisation of 
the laser beam analyser. Internal Re
port FIS 347 (March 1984). 

47. W van den Berg, C M Snyman and M C 
Hart. A computer controlled energy 
meter. Internal Report FIS 318 (Janu
ary 1984). 

48. G J J van der Merwe. Bepaling van ge-
raaspeile in 'n melkverpakkingsfabriek 
in Boksburg. Interne Verslag FIS 314 
(Augustus 1983). 

49. G J J van der Merwe. Noise level sur
vey of a five storey carbide furnace 
building at Ballengleich, Natal. Con
tract Report C-FIS 44 (July 1983). 

50. J M van Niekerk. Survey of organic 
pollutants found in the industrial 
area of Pinetown. Internal Report 
ATMOS/84/8 (May 1984). 

51. J M van Niekerk, G S M Turner and R B 
Wells. Benzene monitoring at Shell. 
Contract Report (November 1983). 

52. B G van Zyl. Aanvebelings vir die ver-
betering van die akoestiese eienskappe 
van 'n raadsaal. Interne Verslag FIS 
329 (April 1984). 

53. B G van Zyl. Noise level survey in a 
steel structure factory at Vartderbijl-
park. Internal Report FIS 313 (August 
1984). 

•Member of another institute 
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54. 8 G van Zyl, P Erasmus and 6 J J van 
der Herwe. A comparative study of the 
classic method and the sound intensity 
method for determining sound insula
tion. Internal Report FIS 320 (Febru
ary 1984). 

55. B G van Zyl and 6 J J van der Herwe. 
Determination of sound insulation in
dices for double glazed windows. In
ternal Report FIS 322 (January 1984). 

56. J 6 van Zyl. Subroutines for the 
plotting of iso-iI luminance lines. 
Internal Report FIS 334 (June 1984). 

57. J C Venter. DENTS: A computer pro
gram for the analysis of hail cylinder 
data. Internal Report ATNOS/83/12 
(June 1983). 

58. J C Venter. 'n Databank vir litera-
tuurverwyings. Interne Vers lag ATMOS/ 
84/5 (April 1984). 

59. E Visser. Standaardverslag - Analise 
van C-14-standaard John. Deel I 
(1976-1981). Interne Vers lag FIS 343 
(February 1982)». 

60. E Visser. Standaardverslag - Analise 
van C-14-standaard John. Deel II 
(1976-1982). Interne Vers lag FIS 344 
(Desember 1982)». 

61. E Visser. Analise van C-14 standaarde 
in TL, TR - 1969-1976. Interne Ver-
slag FIS 341 (Maart 1976)». 

62. E Visser. Analise van C-14 standaarde 
in TL, TR - 1970-1980. Interne Ver-
slag 342 (Februarie 1981)». 

63. R 6 von Gogh. Preliminary measure
ments and assessment of the impact of 
emissions from burning colliery dis
card dumps. Contract Report (August 
1983). 

64. B Winters. Surface winds and concen
tration levels of atmospheric sulphur 
dioxide at SASOL II/Secunda, Eastern 
Transvaal: 19. Contract Report 
(September 1983). 

65. B Winters. Surface winds and concen
tration levels of atmospheric sulphur 
dioxide at SASOL II/Secunda, Eastern 
Transvaal: 20. Contract Report (Jan
uary 1984). 

#Report has not been recorded in previous 
Annual Reports. 

66. 8 Winters. Surface winds and concen
tration levels of atmospheric sulphur 
dioxide at SASOL II/Secunda, Eastern 
Transvaal: 21. Contract Report (March 
1984). 

67. 8 Winters. Surface Minds and concen
tration levels of atmospheric sulphur 
dioxide at SASOL II/Secunda, Eastern 
Transvaal: 22. Contract Report (June 
1984). 

5.5 GENERAL ARTICLES 

1. N Basson. Fisiese vakterminologie -
lief en leed. SA Tydskrif Natuurwet. 
en Tegn. 2 No 4 (1983) 7. 

2. N R Comins, N Basson and A Strasheim. 
Visual aids assessment kit, published 
by Graphic Arts, CSIR (1984). 

3. R Meyer. Grondwater - 'n kosbare 
reserwe. Scientia, 25 (1984) 2. 
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6 PAPERS AND LECTURES DELIVERED BY STAFF MEMBERS 

6.1 PAPERS PRESENTED AT INTERNATIONAL 
CONFERENCES 

1. P BEAUMONT*, E M van Zinderen Bakker* 
and J C Vogel. Holocene environmental 
changes at Kathu Pan, northern Cape. 
SASqUA Swaziland Symposium (August* 
September 1983). 

2. H J DEACON*, J Deacon*. A Scholtz*, J 
F Thackeray*. J S Brink* and J C Vo
gel. Correlation of pa)-*eoenvironmen-
tal data from the Late Pleistocene and 
Holocene deposits at Boomplaas Cave, 
southern Cape. SASQUA Swaziland Sym
posium (August-September 1983). 

3. J H O f BEER. The geophysical charac
teristics of the Namaqua-Natal Belt 
and its boundaries. Int. Symposium on 
Precambrian Crustal Evolution, 
Beijing, China (September 1983). 

4. A 6 du Toit and C F VAN HUYSSTEEN. 
The luminous efficiency of a phosphor 
layer in the forward and backward 
directions. 8th Symposium on Photo-
electronic Image Devices, London (Sep
tember 1983). 

5. F HENGSTBERGER. Modern developments 
in the field of light measurements. 
Invited lecture at Congress of Aus
trian, German and Swiss Optometrists, 
2. Vienna (October 1983). 

6. C J KOK. Spectroradiometry of actinic 
radiation indoors. Report, 2nd draft 
20th CIE Session, TC-1.7 Committee. 
Amsterdam (August-September 1983). 

7. R MEYER, J H de Beer and A W A Duven-
hage. Ground water investigations of 
the Kalahari Basin in South Africa. 
Int. Conf. on Groundwater and Man, 
Sydney (December 1983). 

8. A D SURRIDGE. Non-Doppler shifts in 
acoustic sounding. Proc. Int. Symp. 
on Acoustic Remote Sensing of the 
Atmosphere and Oceans, Rome (August -
September 1983). 

9. A S TALMA and J C Vogel. 0-18 varia
tions of ground water in South Africa 
during the last 30 000 yrs. IUGG 
Conf. (Poster session), Hamburg, 
(August 1983). 

10. A S TALMA, J C Vogel and T H E Heaton. 
The geochemistry of the Uitenhage arte
sian aquifer: Carbonate solution in a 
closed system. Int. Symp. on Isotope 
Hydrology in water resources develop
ment. (IAEA - Vienna, 12-16 September 
1983). 

11. B TURNER and O G Mai an. A crop area 
estimation study on the highveld using 
satellite data. 1984 International 
Conference on Operations Research in 
Resources and Requirements in Southern 
Africa (April 1984). 

12. B G VAN ZYL. Assessment of diffusion 
by sound intensimetry. 11th Int. 
Congress on Acoustics, Paris (July 
1983). 

13. J C VOGEL and T C Partridge*. Prelimi
nary radiometric ages for the tufa 
carapaces at Taung. SASQUA Swaziland 
Symposium (August-September 1983). 

6.2 PAPERS PRESENTED AT THE 29TH ANNUAL 
CONFERENCE OF THE SOUTH AFRICAN INSTI
TUTE OF PHYSICS, CAPE T O M (JULY 
1984). 

1. O F BEZUIDENyOUT. Die konstruksie van 
'n kubus-straledeler. 

2. D F BEZUIDENH0UT. Oksidasie van sili-
kon vir antirefleksietoepassings. 

3. H K B0UWER. Optical design for the in
frared, using materials other than 
silicon and germanium. 

4. D J BRINK. Dye lasers and their appli
cations. 

5. H P Burger and R NORTH. Development of 
a heatpipe for metal vapour generation. 

6. G HELD. Remote sensing of air pollu
tants using LIDAR systems (invited lec
ture). 

7. A Poison, D vd S Roos and S UURRANT. 
Electric fields and plant growth. 

8. D SCHMIEDER and T I Salamon. A recom
bination He-H2 laser at 7065 A, 

9. C J VAN DER H0EVEN. Laser metrology. 

•Member of another institute 
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6.3 PAPERS PRESENTED AT TME STH ANMML 
CONFERENCE OF THE SOUTH AFRICAN OPTI
CAL SOCIETv, PRETORIA (OCTOKR 1903) 

1. D J BRINK. New methods to shi f t the 
wavelength of high-power laser sources 
to the UV and IR. 

2. HO BURGE4 en A R North. Die rol van 
die hittepyp iff elektroniese Raman-
verskuiwing in netaaIdamp. 

3. EG JONES. Laser induced fluorescence 
measurements of gas density d is t r ibu
t ions. 

4. M W NcDOWELL and H W Ktee. Optical 
design in the 3-5 micron region using 
vis ible light transmitting materials. 

5. A R NORTH. The investigation and de
velopment of the HBr TEA laser. 

6. OR Preussler and T N DE KOCK. Laser 
safety: An introduction to hazard 
calculations and classif icat ion con
cepts . 

7. G THOMPSON. The development of a 
national calibration system for length 
bars. 

6.4 OTHER LECTURES 

1. 0 J Brink and A R NORTH. Lasers -
Latest developments and uses. Annual 
Congress of South African Association 
of Physicists in Medicine and Biology, 
Johannesburg (May 1984). 

2. E BRUNKE. The seasonal cycle of 
atmospheric carbon monoxide in the 
southern hemisphere. Symposium on 
Atmospheric Sciences, CSIR, Pretoria 
(October 1983). 

3. A E CARTE. Some mechanisms of charge 
Generation in cloudi. Workshop on 
static e lec t r ic i ty in clouds, Jan 
Smuts Airport (February 1984). 

4. A E CARTE and R B Wells. Act iv i t ies 
of the Atmospheric Sciences Division. 
Symposium on Atmospheric Sciences, 
CSIR, Pretoria (October 1983). 

5. T N DE KOCK and D R Preussler. Laser 
safety - i ts importance. Annual Con
gress of South African Association of 
Physicists in Medicine and Biology, 
Johannesburg (May 1984). 

•Member of another inst i tute 

6. T r i E HEATOM. Stable Isotopes. Short 
Course in Isotope Geochemistry, 
Johannesburg (October 1983). 

7. G HELD. Some results from 20 years of 
hail observations in the Pretoria/Wit-
watersrand area. Symposium on Atmos
pheric Sciences, CSIR, Pretoria (Octo
ber 1983). 

8. F HEN6STBERGER. Computer Control of 
Calibration Equipment. Dimensional 
Metrology Seminar, Rustenburq (August 
1983). 

9. N J HENNING. Die oorsake en gevoloe 
van motorvoertuiquitlaatbesoedeling. 
Simposium van die Suid-Afrikaanse Aka-
demie v i r Wetenskap en Kuns (Augustus 
1983). 

10 C J KOK. Light and L i fe . Presidential 
Address 30th SANCI Congress and AGM. 
Vanderbijlpark (November 1983). 

11. R LAKE. Interim report on timing 
aspects of load rejection test . Escorn, 
Humewood (November 1983). 

12. A D LAMB. An overview of side looking 
radar (SLR) as a remote sensing too l , 
including recent digi ta l developments. 
EDIS'83, Earth Data Information Systems 
Symposium, Pretoria (September 1983). 

13. 0 G MALAN. Image processing at the 
National Physical Research Laboratory. 
First South African Symposium on Digi
ta l Image Processing (July 1983). 

14. 0 G MALAN, A D Lama and E E Hesse*. 
The production of 1:250 000 scale mosa
ic map images from standard LANDSAT 
computer compatible tapes. EDIS'83, 
Earth Data Information Systems Sympo
sium, Pretoria (September 1983). 

15. W M P MAfcAIS. Traceable calibrations 
for industry. Post and Telecommunica
tions Seminar, Cape Town (March 1984). 

16. R MEYER. Structure of the Bushveld 
Complex. Cept. Geology, University of 
the Witwatersrand (March 1983). 

17. I D RICHARDSON, The design and testing 
of underwater acoustic devices. S A 
Acoustics Inst i tute, Pretoria (October 
1983); Simonstown (November 1983). 

18. D vdS ROOS. The occurrence of opt ical
ly detected lightning in relation to 
precipitation - a review of local 
work. Workshop on static e lec t r i c i t y 
in clouds, Jan Smuts Airport (February 
1984). 
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0 vdS ROOS. Haelva! in geinstrumen-
teerde netwerke oor oppervlaktes van 
0,01 km2 tot 1,3 miljoen km 2. Simpo-
sium oor Atmosferiese Uetenskappe, 
UNNR, Pretoria (Oktofaer 1983). 
0 SMUTS. Temperature standards in the 
NPRL. Temperature Seminar, CSIR. 
(March 1984). 
A S TALMA. Activities of the Natural 
Isotopes Division in Pretoria, Weiz-
mann Inst, Rehovot, Israel (October 
1983). 
A S TALMA. Dating, hydrochemistry and 
palaeoclimatic information from a 
South African artesian aquifer. Weiz-
maim Inst., Rehovot, Israel (November 
1983). 
B TURNER and 0 6 Malan. An evaluation 
of the results of crop mapping on the 
highveld. First South African Sympo
sium on Digital Image Processing (July 
1983). 
B TURNER and 0 6 Malan. Crop mapping 
on the highveld by means of digital 
LANDSAT data. EOIS'83, Earth Data 
Information Systems Symposium (Septem
ber 1983). 
R TURNER. Errors and uncertainties in 
Electrical metrology. Post and Tele
communications Seminar, Cape Town 
(March 1984). 
R TURNER. NCS audit results. Dimen
sional Metrology Seminar, Rustenburg 
(August 1983). 
R TURNER. Temperature measurements 
and the NCS. Temperature Seminar, 
tSIR (March 1984). 
6 THOMPSON. Preliminary efforts to 
establish the national measurement 
standard calibration facility for 
force measuring devices. SAIP Metro
logy and Inspection Specialist Divi
sion, Johannesburg (April 1984). 
6 THOMPSON. The developments of an 
instrument for calibration of length 
bars. Dimensional Metrology Seminar, 
Rustenburg (August 1983). 
J C VOGEL. Quaternary dating. Short 
Course in Isotope Geochemistry, 
Johannesburg (October 1983). 
J C VOGEL. Report on Swaziland 
Symposium. Atmospheric Sciences 
Conf. Pretoria (October 1983). 

32. R VON GOGH. Air pc Hut ion research at 
the CSIR - achievements and impacts. 
Symposium of the Akademie vi>- Uetenskap 
en Kuns (August 1983). 

33. R VON tiOGH. Ground-based remote sens
ing of atmospheric pollution. Sympo
sium on Atmospheric Sciences, CSIR 
(October 1983). 

34. R VON GOGH. Meteorology and the dis
persion of acid rain precursors in 
South Africa. Presented at an open 
meeting on acid rain orqanized by 
National Association for Clean Air, 
Johannesburg (February 198*). 

35. R 8 WELLS. A«r pollution research and 
the medical profession. Workshop on 
research priorities in environmental 
health, S A Medical Research Council, 
Pretoria university (June 1963). 

36. R B WELLS. Urban pollution. Seminar 
in the Durban City Health Department 
auditorium (March 1984). 

37. R B WELLS, A B Briggs, ( M Vleggaar. 
Lead in petrol. Energy Research Insti
tute, University of Cape Town (Sep
tember 1983). 
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7. NPRL COLLOQUIA 

1. OR N A8RAMS0N, Department of 
Production Engineering, Royal 
Institute of technology, Stockholm, 
Sweden. 

Holography in science and industry. 

S October 1983. 

2. DR B BATES, Department of Pure and 
Applied Physics, Queen's University of 
Belfast, Northern Ireland. 

Aspects of physics research at the 
Queen's University of Belfast. 

23 February 1984. 

3. OR J B CLARK, NIMR, CSIR, Pretoria. 
Recent research highlights at NINR. 
13 June 1984. 

4. MR R T COBBOLD, Oipix Systems Ltd, 
Ottawa, Canada. 
Image processing and analysis '85. 
10 November 1983. 

5. OR J P DE VILLIERS, Applied Chemistry 
Unit, CSIR, Pretoria. 
Some requirements for success with 
small research and development 
projects. 
29 September 1983. 

6. PROF. A J ERLANK, Department of 
Geochemistry, University of Cape Town. 
Upper-mantle metasomatism and the 
evolution of the subcontinental 
litbospbere. 
4 November 1983. 

7. PROF. P HAHN-WEINHEIMER, University of 
Munich, West-Germany. 

Isotopic evidence for the origin of 
graphite. 
8 February 1984. 

8 OR B 8 HAMBLETON-JONES, Nucor, 
Pretoria. 

The site selection criteria for the 
South African radioactive waste 
disposal facility. 
17 November 1983. 

9. OR D H R HELLUIG, IRS, CSIR, Pretoria. 
Travelling in the Namib sand sea. 
23 May 1984. 

10. PROF. OR H MYNCKE, Department of 
Physics, Catholi: University, Leuven, 
Belgium. 
The implications of the fenestration 
of buildings on their noise reduction 
characteristics. 
6 October 1983. 

11. PROF. G RUFFINO, Department of 
Mechanical Engineering, Second 
University of Rome, Italy. 
Automatic data acquisition Systems in 
precision metrology. 
14 March 198'. 

I? OR M J SALINGER, Ministry of 
Transport, New Zealand Meteorological 
Service, New Zealand. 
A climatic model for the last 25 000 
years bised on palaeoclimatic data. 
24 August 1983. 

13. PROF. J P F SELLSCHOP, Nuclear 
Physics, University of the 
Hitwatersrand, Johannesburg. 
Tandem mass spectrometry 
10 August 1983. 

14. OR J L STEVN, Kentron, Pretoria. 
Die tegnologiese oorlog. 
6 Julie 1983. 



15. PROF L STRAUSS, Oepartement Fisika, 
Universiteit van Pretoria. 

Vernuwing op die gebied van 
fisikaondertiys. 

9 Mei 1984. 

16. PROF I UEBSTER, National Centre for 
Occupational Health, Johannesburg. 

The health effects of asbestos. 

4 April 1984. 
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8. PUBLICITY 
Objectives The purpose of the Division is to brino the activities of the 

Laboratory to the attention of: 

• the scientific community by means of publications (edit
ed in the Division) in scientific journals; 

• governmental authorities by means of special reports com
piled or edited in the Division; 

• industry and prospective employees by means of informa
tion brochures and by arranging visits to the 
Laboratory; 

• school pupils by means of career pamphlets and letters 
in response to enquiries, by arranging visits to the 
Laboratory which include demonstrations, slide 
shows, etc.; 

• the general public by means of popular articles, news
paper items, taking part in exhibitions and, when 
relevant, by means of radio talks and television fea
tures. 

Publications During the past year the Division edited all the publications, 
reports and articles listed under Chapter 5. Language editing 
of the proceedings of the international SASQUA Symposium held in 
Swaziland was also undertaken (to be published by Balkema, Rot
terdam). The compilation and editing of the Annual Report is 
also the responsibility of the Division. 

Press Regular contributions to the SAIP newspaper, MESON, and the 
journal ARCHIMEDES are made, which include editing (MESON), 
articles, news items and image building advertisements which are 
designed and compiled in the Division. Relevant material has 
also been compiled for publication in journals and newspapers. 

Physics terminology 

Talks 

The Division is actively involved in the revision of the Dictio
nary of Physics issued by the Vaktaalburo. This activity invol
ves co-ordinating the contributions of the committee members 
towards revising the existing dictionary and generating new 
terms in both official languaoes in the various fields of 
physics. 

Colloquia on topics of interest to staff members and a number of 
interested parties outside the Laboratory are arranged as listed 
in Chapter 7. These meetings take place roughly every two weeks 
and are well attended. Informative talks on the Laboratory's 
activities are also arranged from time to time for the benefit 
of the CSIR Executive, the NPRL Advisory Committee and Industry. 
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During the past year the Laboratory received about 100 visitors 
from abroad, industry and other organizations, as well as about 
500 pupils and students. These visits are arranged to ensure 
the maximum benefit for visitors by bringing the* into contact 
with the relevant experts in a particular f ield as well as 
providing an overview of the Laboratory's activities. 

i n i 



A D D E N D A 

A l SCIENTIFIC ADVISORY COMMITTEE OF THE NPRL 

CHAIRMAN Dr G Heymann Deputy President, CSIR 

ADVISORS 
Acoustics 

Atmospheric Sciences 

Earth Sciences 

National Measuring Stan
dards and Metrology and 
Optical Sciences 

Dr J F Burger 

Prof. S P Jackson 

Prof. A J Erlank 

Prof. P J Jackson 

Akoestiplan 

Professor Emeritus, 
University of the Witwatersrand 

Department of Geochemistt\», 
University of Cape Twon 

Department of Physics, 
University of Natal 

UNIVERSITIES Prof. J H N Loubser Department of Physics, 
University of the Witwatersrand 

CIVIL SERVICE AND 
STATUTORY ORGANIZATIONS 

Mr J Jordaan 

Dr R J Kleywegt 

Dr J L Steyn 

Director, 
Department of Water Af fa i rs , 
South West Africa 

Deputy-Director, 
Geological Survey 

General Manager, Marketing, 
Armscor 

INDUSTRY Mr H 0 Eqenes 

Dr P D Fockeina 

First Off icer, 
Department of Production 
Assets, ESCOM 

Senior Manager, 
Industrial Development Corp
oration of SA 

CSIR LABORATORIES Dr J B Clark 

Dr D Reitmann 

Chief Director, NIMR 

Chief Director, NAC 

EX OFFICIO Dr J S V van Z1J1 Chief Director, NPRL 



A2. TECHNICAL ADVISORY PANELS OF THE NPRL 

TAP FOR THE ACOUSTICS DIVISION 

CHAIRMAN 

EX OFFICIO 

EX OFFICIO 

Dr J F Burger 

Prof. A 0 Broadhurst 

Mr J M Johnson 

Dr C J Johnston 

Dr G 1 Ritter 

Dr F Anderson 

Akoestiplan, Pretoria 

Department of Electronic 
Engineering, University of 
Natal, Durban 

Institute for Maritime 
Technology, Simonstown 

Hear4. Acoustics Division, 
SABS, rretoria 

Director, General Physics 
Group, NPRL, CSIR 

Head, Acoustics Division, NPRL, 
CSIR 

TAP FOR THE NATIONAL MEASURING STANDARDS AND METROLOGY DIVISION 

CHAIRMAN 

EX OFFICIO 

EX OFFICIO 

Prof. P J Jackson 

Dr D E Baker 

Mr P Crawshaw 

Prof. T Dupgan 

Dr J Kruger 

Mr J Wilson 

Dr G J Ritter 

Dr R Turner 

Physics Department, University 
of Natal, Pietermaritzburg 

Head, Electronics Laboratory, 
NIAST, CSIR 

ESCOM, Germiston 

Departreit of Mechanical 
Engineering, University of the 
Witwatersrand 

NUCOR, Pretoria 

Technical Manager, Fluke SA, 
Bramley 

Director, General Physics 
Group, NPRL, CSIR 

Deputy Director and Head, NMS & 
M Division, NPRL, CSIR 
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TAP FOR THE OPTICAL ttlENCES DIVISION 

CHAIRMAN 

EX OFFICIO 

EX OFFICIO 

Prof. P J Jackson 

Dr F Hengstberger 

Mr J F Jooste 

Mr J H Pretorius 

Prof. D A Scogings 

Dr 6 J Ritter 

Dr M W McDowell 

Physics Department, University 
of Natal, Pietermaritzburg 

National Measuring Standards 
and Metrology Division, NPRL, 
CSIR 

Armscor Head Off ice, Pretoria 

Eloptro, Kempton Park 

Department of Surveying and 
Mapping, University of Natal, 
Durban 

Director, General Physics 
Group, NPRL, CSIR 

Deputy Director and Head, 
Optical Sciences Division, 
NPRL, CSIR 

TAP FOR ATMOSPHERIC SCIENCES DIVISION 

CHAIRMAN 

EX OFFICIO 

EX OFFICIO 

Prof. S P Jackson 

Dr N Boeoman 

Mr P S du Toit 

Mr N A Lever 

Mr M Lloyd 

Mr W G B Mandersloot 

Dr A Strasheim 

Dr J S V van Zijl 

Dr A E Carte 

Professor Emeritus, University 
of the Witwatersrand, 
Johannesburg 

Environmental Consultant, 
Boegman Environmental Advisory 
Services 

Chief Director, Weather Bureau, 
Pretoria 

Environmental Consultant, 
retired 

Chief Air Pollution Control 
Officer, Department of Health 
and Welfare, Pretoria 

Head, CERG, CSIR 

Department of Chemistry, 
University of Pretoria 

Chief Director, NPRL, CSIR 

Deputy Director and Head, 
Atmospheric Sciences Division, 
NPRL, CSIR 
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TAP FOR THE EARTH SCIENCES CROUP 

CHAIRMAN Prof. A J Erlank Department of Geochemistry, 
University of Cape Town 

Mr K Biesheuvel Geophysics Department, Anglo 
American Corp. Ltd 

Prof. G von Gruenewaldt Department of Geology, 
University of Pretoria 

Or H WeIke Bernard Price Institute of 
Geophysical Research, 
University of the Witwatersrand 

EX OFFICIO Dr J S V van Zijl Chief Director, NPRL, CSIR 

EX OFFICIO Dr A J Burger Head, Geochronology Division, 
NPRL, CSIR 

EX OFFICIO OR J H de Beer Head, Geophysics division, 
NPRL, CSIR 

EX OFFICIO DR J C Vogel Head, Natural Isotopes, NPRL, 
CSIR 
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A3 STAFF MEMBERS ON 30 JUNE 1984 

CHIEF DIRECTOR: Van ZijI J S V Ph.D. 

DIRECTOR, GENERAL PHYSICS GROUP: 
Ritter G J 

PUBLICITY: Basson Mrs N 

ADMINISTRATIVE PERSONNEL: 
Institute Secretary: Rosin J J 
Blum Miss L M (Personnel Officer) 

Birss Mrs K E 
Boshoff Mrs D M . 
Dippenaar Mrs J J 

Goosen Mrs H D 
Goosen M C (Accountant) 
King Mrs L V 
Kruidenier Mrs M M 
Iphese P 
Letseki G 
Matshohe L 
Mnguni P 
Nel Mrs C C C 
Phaahla S 
Snyman Mrs E M 
TerbIanché Mrs S , 
Uytenbogaardt Mrs I T 
WaI raven Miss T K 

O.Phil. 

B.A. Hons. 

Nat. Seer. 
Cert. 

NED 
Nat. Seer. 
Cert. 

B.A. 

GENERAL PHYSICS 
Acoustics 
Head: Anderson F Ph.D. 

B.Sc.(Eng.) 
Bronkhorst H L NTC 
Erasmus P NTC 4 
Koteris R R A N 3 
Lombard C B.Eng. 

Hons. 
Meffert P NRG(Ned.) 
Richardson I D Ph.D. 
Smith E D B.Sc.(Eng.) 

Ph.D. 
Van der Merwe G J J NRD 
Van Zyl B G M.Sc.(Eng.) 

National Measuring Standards and 
Metrology 
Deputy Director and Head: 
Turner R D.Phil. 
Anderson Mrs M P 
Appenroth T NTC 
Blain A P HND (UK) 
Bowles Mrs J Nat. Seer. 

Cert. 
Costa A C de B NTC 3 
De Kleyn A J NTC 2 Appr. 

Instr. 
De Valence E L P P Ph.D. 
Dressier RE Dipl. Phys. 
Dumitrescu M Magister Eng. 
Dumitrescu M I Dip. Eng. 
Du Preez Miss ML M.Sc 
Ferenczy Prof. J Dipl. Eng. 
Field Mrs I 
Hengstberger F Ph.D. 
Isaacson Mrs C 
Janse van Rensburg D J . . . NDT 
Kok C J B.Sc. 
Lake R NTC 
Marczak M M.Sc. 
Marais W M P B.Sc. 
Monard L A G Dipl. Eng. 
Poo Z 
Poray G Dipl. Eng. 
Schmidt Mrs M D Nat. Dipl. 

(Radiogr.) 
Smith RDF ATC 2 
Smuts D J B.Sc. 
Swart Mrs R W 
Thompson GC B.Sc. Hons. 
Walker D B M.Sc. 
Weidema 0 M.Sc. 

Optical Sciences 

Deputy Director and Head: 
McDowell M W Ph.D. 

Basson J M.Sc. 
Bezuidenhout D F M.Sc. 
Bouwer H K DRS 
Brink D J D.Sc. 
Burger HP B.Sc. Hons. 
Chinnery DNW M.Sc. 
De Boer W M.Sc. (Eng.) 
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De Kock T N B.Sc. Hons. 
Oiering R L ATC 2 
Dierkse A NOT 
Du Plessis Mrs E A B.Sc. 
Du Toit A 6 M.Sc. 
Gafane S 
Hecker E A Master Opti

cian (Germany) 
Hoffman F H Appr. 

(Instr. and 
Fine Optics) 

Jones E G M.Sc. 
Klee H W Appr. Electr. 
Kok Mrs A C 
Lamb A D M.Sc. 
Lock D N NTD (Keen. 

Eng.) Appr. 
Instr. 

MacKechnie Mrs B M.Sc. 
Malan 0 G D.Phil. 
Mazia M 
North A R B.Sc. Hons. 
Preussler D R Eng.(Grad-) 
Sal anion T I Dipl. Phys. 
Schmidt A A R Appr. Instr. 
Schmieder D Dipl. Phys. 
Strauss A Appr. Instr. 

and Fine Op
t ics 

Theron E M.Sc. 
Turner Mrs B B.Sc. Hons. 
Van den Berg W NCT (Elec. 

Eng.) 
Van der Hoeven C J 
Van Huyssteen C F . . . . Ph.D. 
Van Mierlo L M Appr. Instr. 
Van Staden D J NOT (Mech. 

Eng.) Appr. 
Instr. and 
Fine Optics. 

Van Zyl J G M.Sc. 
Vink Mrs A A M 
Von Bergmann HM Ph.D. 
Willner L H J NDT 

EARTH AND ATMOSPHERIC SCIENCES 

Atmospheric Sciences 

Deputy Director and Head: 
Carte A E Ph.D. 

Allen R J NTC 3 
Baunok I H Ph.D. 

Brassel KM NDT 
Briggs Mrs A 6 B.Sc. 
Brunke EGE M.Sc. 
Cox R T E B.Sc. 
Danford I R B.A., HOE 
De )ager J C G NTC 
Dicks 0 J 
Currant S F B.Sc. Hons. 
Ellerbeck R H HEO 
Fourie 0 L Ph.D. 
Good Mrs S S 
Hair D B.Sc. 
Hayton 0 B.Sc. Hons. 
Held G Ph.D. 
Henning N J B.Sc. Hons. 
Kemeny Miss E Dr.rer.nat. 
Langenberg H M 
Mader G N B.Sc. Hons. 
Marinus Mrs N M E 
Moekwa S J 
Mokhonoane U 
Neishlos Mrs H M.Sc. 
Pum H D R NDT 
Roos D v.d. S Ph.D. 
Scott Mrs L Nat. Seer. 

Cert. 
Snyman G N NDT 
Stead Mrs H R Nat. Seer. 

Cert. 
Surridge AD Ph.D. 
Turner GSM HND (UK) 
Van Niekerk J M B.Sc. 
Venter J C M.Sc. 
Viljoen Mrs A T 
Vleggaar Mrs C M B.Sc. 
Waldie D 0 Nat. Dip. 

(Met.) INDT 
Elec. Eng. 

Walker N P B.Sc. Hons. 
Wells R B Ph.D. 
Winters Mrs B E 
Ypenburg F HTC (Ned.) 

Geochronology 

Head: Burger A J Ph.D. 

Auret J M B.Sc. 
De Wet Mrs S E 
Eglington 6 M B.Sc. Hons. 
Farrow Mrs D J B.Sc. Hons. 
Harmer R E M.Sc. 
Nkosi E 
Retief E A Ph.D. 
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Stander Mrs Y Y B.Sc. 
Swanepoel 0 J de V B.Sc. 
Thwala M J 

Geophysics 

Head: Oe Beer J H Ph.D. 

Aucamp J J 
Barlow 0 T NOT 
Blume J NOT 
Coetzee V D A B.Sc. Hons. 
Du Plooy A M.Sc. 
Duvenhage A H A NOT 
Hugo P L V B.Sc.(Eng.) 
Huyssen R M J B.Sc.(Eng-) 

Ph.D. 
Joubert S J B.Sc., B.Eng. 
Kruidenier J H B NDT 
Meyer R M.Sc. 
Mofokeng A 
Mokwatlo M 
Raubenheimer G V NDT 
Van Wyk Mev M C 

Natural Isotopes 

Head: Vogel JC Dr.rer.nat. 

Coetzee Mrs J E B.Sc. 
Fuls Mrs A B.Sc. 
Heaton T H E Ph.D. 
Huber Miss S Dip. Eng. FH 
Mo letsane C 
Talma A S M.Sc. 
Vorster Mrs D B.Sc. 

DRAWING OFFICE 

Head: Ridder R M 

Turnbull Mrs J 

LABORATORY WORKSHOP 

Head: Erasmus J J 

Hamalcik 0 
Martin K 
Moravek J 
Wil l is B 

NATIONAL MEASURING STANDARDS AND 
METROLOGY WORKSHOP 

Burke B 
Petter A 
Rees K 
Braidwood J 
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A4. VISITING SCIENTISTS AND STUDENTS 

1. Or A Alien, Department of Geology, 
University of Natal, Pietermartiz-
burg (June-July 1984). 

2. Irene Begsteiger, Tech. Univ. Graz, 
Austria (July-September 1983). 

3. Prof. P Hahn-Weinheimer, Univ. Munchen 
(February 1984). 

4. Dr Joel Kronfeld, Tel Aviv University 
(September-October 1983). 

5. Prof. G Ruffino. Rome University, 
Italy. JFebruary-Apri1 1984). 



A5. VISITORS FROM ABROAD 

1. Or N Aoramson, Department of Produc
tion Engineering, Royal Institute of 
Technology, Stockholm, Sweden (3-7 
October 1983). 

2. Dr Bodo Bartocha. National Science 
Foundation, USA (12 March 1984). 

3. Or B Bates, Department of Pure & 
Applied Physics, Queen's University of 
Belfast, Belfast, N. Ireland (23 Janu
ary 1984). 

4. Prof. W Compston, Australian National 
University, Canberra (22 May 1984). 

5. Prof R Doig, Department of Geology, 
McGill University, Montreal, Canada 
(20 January and 6 March 1984). 

6. Or R J Fleming, Director, Climatic and 
Atmospheric Research, NOAA, USA (28 
February 1984). 

7. Dr P Garibaldi, Head, Assoreni Coal 
Laboratory, Italy (24 January 1984). 

8. Dr A Gaudry, Centre des Faibles Radio-
activités, CNRS, Gif-sur-Yvette, 
France (January 1984). 

9. Dr M Geyh, Niedersa'chsisches Landesamt 
fur Bodenforschung, Hannover, Germany 
(August 1983). 

10. Dr R A Greenwald, Johns Hopkins Uni
versity, USA (29 July 1983). 

11. Dr G Iorio, Co-ordinator, Italian 
Energy Programme, Italy (24 January 
1984). 

12. Prof. Dr H Myncke, Department of Phy
sics, Catholic University, Leuven, 
Belgium (6 October 1983). 

13. Mr M Padan, Counsellor, Embassy of the 
State of Israel (8 February 1984). 

14. Prof. I Saavedra, Chile (13 February 
1984). 

15. Or J Salinger, New Zealand Meteorologi
cal, Services, New Zealand (August 
1983). 

16. Mr A Strenzwilk, Scientific Calcula
tions Inc., Rochester, New York, USA 
(17-21 October 1983). 

17. Dr James T Teller, Dept. of Earth Sci
ences, Univ. of Manitoba, Winnipeg. 
Canada (November 1983). 

18. Dr J H Zumberge, President of Univer
sity of Southern California, USA (23 
September 1983). 

HO 


