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Czechoslovak SubsatelSite for ACTIVE experiments
A small satellite of about 50 
kg mass has been developed 
for wave and partiele in- 
jection experiments in near- 
Earth cosmic plasmas. lts 
main task is to serve as an 
independent diagnostic pack- 
age being launched together 
with the active mother 
satellite by a common launch 
vehicle. Experience with the 
MAGION subsatellite 
launched in 1978 as part of 
the INTERCOSMOS 18 
satellite project has been used 
in the subsatellite design for 
active experiments.

As part of the INTERCOSMOS co- 
operation program two active 
satellite projects are realised. The 
first one, called ACTIVE, which uses 
a VLF transmitter on board the 
INTERCOSMOS 24 as the main 
source of plasma energisation, was 
launched on 28 Scpt, 1989, and on 
October 3 the subsatellite MAGION 
2 was separated from its mother 
satellite INTERCOSMOS 24. The 
name MAGION has been proposed 
for the small satellites in the 
ionosphere-magnetosphere research 
program of the Geophysical Institute 
of the Czechoslovak Academy of 
Sciences. Apart from some 
technological problems which 
occurred namely during the first 
phase after separation, MAGION 2 is 
still in operation.

Using the experience with MAGION 
2 another small satellite, based on 
the same constructive principles, is 
now being prepared for the APEX 
(Active Plasma EXperiment) to be 
launched in 1991. The proposed 
orbital parameters are 500/3200 km 
altitude and 83° inclination, The 
subsatellite will be an only slightly 
modified version of MAGION 2: 
total mass about 52 kg; main 
satellite body diagonal 560 mm, 
deployed booms diagonal about 2 m.

Subsystems:

Power: solar batteries, 12 Watts; 2 
nickel-cadmium batteries 12 V, 4 
Ah; DC/DC converters, synchro- 
nized.

Telemetry: 137 and 400 MHz
transmitters; digital data rate 40 
kbit/s; analogue information 
(waveforms) 60 kHz bandwidth.

Telecommand: 256 command
combinations, programming ability, 
128 bits/s.

Housekeeping: 196 items (status, 
temperature, voltages, currcnts). Or- 
bit adjustment ability using pressur- 
ized gas System (0.2 N).

Welcome to the Radiosci- 
entist! This inaugural is­
sue is quite independent 
of URSI apart from my 
connection and this free 
distribution at URSI 
XXIII. However, it is 
for URSI scientists and if 
we can meet the 
publication costs of future 
issues from paid ad- 
vertisements, the future 
issues will also be free 
except for mailing costs.

Attitude: magnetic stabilization, 
solar sensors, magnetometer.

Payload:

Magnetometer; three axis flux- 
gate, 0-20 Hz, sensitivity up to 2 
nT.

Electric fields; frequency range 
0.01 - 20 Hz, dynamics 0.05 - 8000 
mV/m.

Wave experiment; searchcoil 
magnetometers 10 Hz - 40 kHz; 
doubleprobe electric component sen­
sors 0.1 Hz/120 kHz; frequency ana- 
lyzer 1 - 120 kHz and filterbanks 20 
Hz/15 kHz; broadband analogue 
waveforms (ELF-VLF).

Radiospectrometer: 0.01-10 
MHz.

Cold Plasma experiments: 
Langmuir probe (Te, Ne), Rf-probe 
(Te and anisotropy of Te); lon-trap 
(Ni and Ni/Ni).

Hot plasma experiments: 0.01 
- 20 keV electrons and protons in 16 
energy levels; solid state detectors 
20 keV - 1 MeV, 8 energy levels.

Photometer: 630 and 577.7 nm.

International cooperation: The 
subsatellite has been developed in 
Czechoslovakia under close coopera­
tion with other INTERCOSMOS 
country participants. In the service 
subsystems development, especially 
in the construction of the separation 
mechanics and pressurised gas 
thruster, in cooperation with several 
USSR organizations and in the scien- 
tific payload also in cooperation with 
scientific teams in Bulgaria, Ger- 
many, Hungary, Poland and Ruma- 
nia. For optimum comparability be- 
tween the subsatellite and main satel­
lite scientific data, the diagnostic 
payloads of both spacecrafts are simi- 
lar and both had essentially the same 
team developing the instruments so 
that each experiment common to 
both uses identical sensors, calibra- 
tion methods, etc.
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The Radioscientist publishes paid advertisements 
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services, etc., which are of interest to radio scien- 
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the Radioscientist given below are special in- 
troductory rates valid for 3 months from the 
date of this issue.

full page (A4): US$200
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The per cm2 rate applies for ads smaller than 130
cm2 (about 30% page). Payment may be made in 
US$, NZ$, AUS$, or GB£. The Editor reserves 
the right to reject advertisements. Please submit 
ads to the Editor by November 15 for the 
December issue.

NOTICE TO CONTRIBUTORS

All material should be mailed direct to the Editor, 
preferably on diskette. “Flat” or pure ASCII text 
files on diskette or email are acceptable. If non- 
ASCII symbols are used, please provide file on 
Word 4 (Mac), Word Perfect, TeX or LaTeX as 
well (latter can also be sent on email). Deadline 
is one full month before issue date (November 1 
for the December issue), but contributions are 
welcome at any time, The Editor reserves the 
right to to accept, reject, defer and/or edit any ma­
terial and all material submitted.

The Radioscientist is not an official URSI publi- 
cation for official reports and paper calls.

Scanning the Radioscientist— from the Editor
As I said on the front page box, this 
inaugural issue is quite independent 
of URSI apart from my connection. 
If URSI likes this first issue and 
grants “sponsorship”, future issues 
will carry the familiar URSI logo as 
does (or soon will) the AGU journal,

Radio Science, but the Radioscientist 
will continue to be editorially inde­
pendent of URSI so that URSI can- 
not be held responsible, directly or 
indirectly, for anything in these 
pages.

The future of URSI NEWS is en- 
tirely up to URSI to decide, but I 
hope it stays in existence to provide a 
safety net for the Radioscientist in 
the meantime. The continued exis­
tence of either depends on radioscien- 
tists like yourself writing articles for
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either. As editor of both at present, I 
will regard contributions received as 
offered for possible publication in the 
Radioscientist, URSI NEWS, (and 
the AP-S Magazine — see below) 
unless the contributor says otherwise. 
The list above of Associate Editors 
are those who have acted in a similar 
way for URSI NEWS as well as 
some others I have approached for 
URSI NEWS. I will shortly (mostly 
during URSI XXIII in Prague) ap- 
point more Associate Editors for the 
Radioscientist. These will be like 
the “Regional Editors” of URSI 
NEWS with two important differ- 
ences; (i) as they do not represent 
URSI Member Committees, they 
will not be appointed by them; (ii) 
the role of the Associate Editors is to 
provide articles from their colleagues, 
and this requires actively seeking 
them.

The lead article is by Pavel Triska, 
in whose city and country we are 
guests. A more important reason for 
making it the lead article is that it is 
an excellent example of what we need 
for the Radioscientist — news arti­
cles about big experiments and engi­
neering projects of interest to radio- 
scientists. Another article of this 
type, about Freja the successor to

Viking, by Rickard Lundin and 
Gerhard Haerendel appears later 
on. There must be exciting things 
the rest of you are involved in, so 
how about an article?

We have made an arrangement with 
Ross Stone, Editor of the IEEE 
Antennas & Propagation Society 
Magazine, to exchange articles be- 
tween our Radioscientist and his 
Magazine. The first of these is about 
Francesco Grimaldi, S. J. , the 
inventor of diffraction (he coined the 
name) and is by Roberto Cec- 
chini and Giuseppe Pelosi of the 
University of Florence. The scale 
size separating the geometrical opties 
regime from the Fresnel diffraction 
regime is not the wave length but the 
geometrie mean of the wave length 
and the path length. Over the URSI 
spectrum, this ranges from about 10 
m (house size) for centimetre wave- 
lengths over 10 km paths to 400 km 
(mountain ranges and ionospheric 
structures) for global path lengths at 
VLF.

There are two articles by Rudolf 
Treumann. The first is about the 
magnetosphere where the action is for 
URSI-H people. It may seem too 
specialised for others but I would like

to see articles of this sort frequently 
in the future, without becoming a 
mini Journal with peer refereeing.

If you are bored at one of the URSI 
XXIII sessions and time seems to 
pass slowly, maybe it really is pass­
ing slowly, as Rudolf Treumann 
tells us in his second article. But 
should you then believe your watch?

The first use of radar outside iono­
spheric research and for target loca- 
tion was a little over 50 years ago 
though the first use of the acronym, 
RADAR, was a little under. lust on 
50 years ago, radar was playing a vi- 
tal role in defense of Britain so this 
may be a good time for reminiscence. 
J. H. Cloete sent the South 
African experience from a talk given 
in 1974 by F. J. Hewitt. As you 
will see, New Zealand had a role here 
too, so perhaps I can extract another 
reminiscence from down here. How 
about an article from the other side?

The NEWS IN BRIEF section 
needs no introduction from me but it 
needs more input from you! Surely 
all radioscientists are doing some- 
thing exciting sometime. Share it! 
Even a paragraph will do.

— The first recorded observationDiffraction
Geometrical opties, the oldest and most widely used theory 
of light propagation, fails to account for certain optical 
phenomena called diffraction [l]. —J. B. Keiler

Probably, diffraction is one of the phenomena more famil- 
iar to the members of the electromagnetic community, and 
this. also, thanks to the success of the Geometrical Theory 
of Diffraction. What perhaps are not so well known are 
the etymology of the word, the first observation of the 
phenomenon, and its discoverer.

What we would like to do in this short paper is just to 
contribute to the diffusion of this knowledge, which, we 
think, could interest the readers of this magazine.

De Lumine

Even if the first hints about the diffraction phenomenon 
can be found in the works of Leonardo da Vinei, its discov- 
ery is unanimously accredited to the Jesuit, Francesco 
Maria Grimaldi [2]. He described the experiments which 
led to its discovery in the book De Lumine [3] —- first 
published in Bologna in 1665, two years after the author's 
death — and gave the phenomenon the name by which it is 
still called. The etymology of the word is from the Latin 
verb diffringere (dis + frangere), which means "to break in 
different directions" [4],

The book De Lumine — in Latin, as that was the official 
language of the scientific community in those times — 
with its strange mixture of modem experimental spirit and 
old Scholastic philosophy, is a very important testimony 
to the philosophical and scientific renaissance of those 
years. This was a process which was strongly opposed by 
an extremely conservative milieu, averse to every form of 
innovation. A careful reading reveals the didactic and sci­
entific authoritarianism which still ruled in the higher edu- 
cation fields and, at the same time, the advance of the mod­
ern Galilean principles against the old Medieval dogma- 
tism.

In the two paris of his book, Grimaldi presents two possi­
ble hypotheses about the nature of light: substance or acci­
dent (i.e., a quality of another substance) even if his prefer- 
ences, as can be dedueed from the Preface, are for the sec­
ond one. However, even if the two paris contain contrast- 
ing views about the nature of light, in both Grimaldi op- 
poses the corpuscular theory of light. He is deeply con- 
vinced that light is a fluid (a substance or accident of some 
other fluid substance), and that colours are a modification 
of it. The phenomenon of diffraction is the main point in 
favour of this hypothesis.

Grimaldi's Life

Grimaldi lived in the years which saw the rise of modern 
Science: a transitional period, in which strong remnants of
------------------------------------------------------------------- 3
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the Medieval mentality coexisted with the new way of 
thinking and working. The situation was worsened by re­
ligieus stmggles; the Council of Trent (Counter Reforma- 
tion) was held from 1545 to 1563.

These are just a few dates to help the reader to set hls work 
and life against their historical background.

1600. Giordano Bruno was bumed at the stake.
1609. Kepler published Astronomia Nova, in which he 
expounds his theory about the ellipticity of planetary or- 
bits.
1632. Galileo Galilei published his Dialogo Sopra i Due 
Massimi Sistemi del Mondo.
1633. After a trial by the Holy Office, Galileo recanted his 
theories.
1687. Isaac Newton published his fundamental work 
Philosophiae Naturalis Principia Mathematica in London,

Most of the information about the life of Father Grimaldi 
come from the Elogium perbreve (a brief panegyric) writ- 
ten by Father G. B. Riccioli at the end of De Lumine. 
His father was a silk merchant who worked in Bologna, 
where he was born in 1618, fourth of six children. 
Grimaldi entered the Society of Jesus in 1632, studied in 
Parma and Ferrara, then settled in Bologna, where he died 
of consumption in 1663 at the age of 45. He first taught 
Philosophy and then Mathematics in the College of Santa 
Lucia, where he earned a great reputation as a teacher and 
scientist. His many scientific activities were theoretical 
and experimental (Father Riccioli tells that he used to build 
his own instruments): from astronomical observations — 
he originated the practice of naming lunar regions after as- 
tronomers and physicists; some still bear his names — to

anatomy, physiology, geography, and opties. Perhaps his 
more important contribution to the astronomical Sciences 
is a selenograph of the moon [5] , which was surprisingly 
accurate for its times.

Experimental Observations

Grimaldi was extremely conscious of the importance of the 
phenomenon discovered, as can be seen by the relevance he 
gave to it in De Lumine. Actually, he began his book 
with these words:

PROPOSITIO I.
Lutnen propagatur feu diffunditur nonfolum Diretfè, 

Kefraiïè, ac Rejlex'e, fed etiam alio quodam 
Quarto modo, DIFFRACTE',

(The light propagates or scatters not only directly, by re- 
fraction and reflection, but also in a fourth way, by diffrac- 
tion).

The phenomenon is demonstrated by two experiments 
whose results sharply contrast with the fundamental prin- 
ciple of geometrical opties: the principle of the rectilinear 
propagation of light. These two experiments, and the au- 
thor's subtle arguments to exclude reflections or refractions 
from the possible causes, occupy the first 11 pages (of 
535!) of De Lumine, and constitute his main contribution 
to the Science of Opties.

In the first experiment, Grimaldi described the anomalous 
shadow (according to the geometrical opties principles!) 
cast by a small opaque body in a sun ray from a very small 
aperture in a closed window. In some regions he noticed 
the diffraction fringes, which he called seriae lucidae — the 
name fringes was used by Newton some years later [6].

In the second experiment he found that a cone of light 
through two very small apertures produces, on a white 
screen, a spot much larger than the one predicted by the 
theory of geometrical opties.

Grimaldi even tried to formulate a theoretical explanation 
of the phenomenon. Of course the scientific knowledge 
available in his day was insufficiënt: the true explanation 
of the phenomenon would only come from A. Fresnel, 150 
years later.

The Use of the Term Diffraction

Newton was familiar with Grimaldi’s work, and even if he 
only quoted him in his book Opticks [7], he probably 
knew it well before [8], Unfortunately, the phenomenon 
of diffraction conflicted with his theory of the corpuscular 
nature of light and, in this case, his behavior was not very 
scientific: he ignored the Jesuit's findings! Specifically, he 
made many very clever experiments which confirmed and 
perfected Grimaldi's results, but he attributed the causes of 
the diffraction/rmges (a term introduced by him) to reflec­
tions and refractions at the borders of the objects in the ray 
path: exactly what Grimaldi had excluded by a long series 
of considerations (in Proposition One of Book One). 
Moreover, Newton ignored the name Grimaldi had given to
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this new phenomenon — he used the word inflexion in- 
stead [9] — and the word diffraction disappeared from use 
for the duration of his dominion over Opties [10].

We'11 have to wait 'till the second decade of the XIX cen- 
tury, when Augustin Fresnel will explain the phenomenon 
with his theory on the wave nature of light, to see 
Grimaldi's term used again [11],
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Diffusion Processes at the Earth’s Magnetopause
Wave processes are believed 
to be heavily involved in the 
anomalous diffusion process 
of plasma across the magnetic 
field. One particularly well 
suited place to study these 
processes in space is the 
magnetopause and its low lat­
itude boundary layer. This 
layer, which has been shown 
in the past to exist over long 
time periods interrupted only 
by strong magnetospheric dis- 
turbances when the boundary 
layer plasma is depleted 
rapidly, is much wider than 
the magnetopause itself. One 
therefore expects diffusion of 
magnetosheath plasma from 
the magnetosheath into the 
magnetosphere to be at work 
here.

Since the magnetopause manifests it­
self as a steep density gradiënt rather 
than a magnetic field gradiënt and at 
the same time selects between solar 
wind and magnetospheric partiele 
populations, there are many possibil- 
ities for excitation of different kinds 
of waves. Whistler waves and elec- 
trostatic electron cyclotron waves 
may be excited by partiele 
anisotropies caused by the presence of 
the boundary. Electrostatic and elec- 
tromagnetic ion cyclotron waves may 
be excited by similar mechanisms as 
well. Macroscopic instabilities such 
as Kelvin-Helmholtz instabilities 
may cause momentum transport, en- 
hance density, current and field gradi- 
ents and thereby decrease the thresh- 
olds for other microinslabililies 
which could serve as drivers of the 
diffusion process or even produce ed- 
dies or be the cause of local reconnec-

tion yielding flux transfer events. 
Most of these processes have been 
barely understood up till now though 
numerical simulations seem to indi- 
cate that some of them may work 
simultaneously and cooperate. Opin- 
ions about the respective importance 
of different kinds of waves diverge 
strongly.

Among the various waves which may 
be of importance in the general diffu­
sion, lower-hybrid waves are of spe­
cial interest. For these waves it is 
known that they yield a high anoma­
lous collision frequency. Actually in 
a magnetised plasma their collision 
frequency is of the order of the lower 
hybrid frequency itself and can thus 
be of crucial importance in the diffu­
sion process. The waves are easily 
excited by the lower hybrid drift in- 
stability which becomes unstable un-
------------------------------------------ 5



der very weak conditions in the mag- 
netopause region. Using the theoret- 
ical diffusion coëfficiënt for this in- 
stability, we have estimated the diffu­
sion time and have found it 
marginally sufficiënt for generating 
the magnetopause boundary layer. 
The estimated diffusion coëfficiënt 
based on the known wave intensities 
obtained by several spacecraft (ISEE, 
AMPTE IRM) at the magnetopause 
is slightly less than the required dif­
fusion coëfficiënt of Sonnerup (J. 
Geophys. Res., 1980) for a steady 
boundary layer but comparable to the 
reconnection diffusion coëfficiënt. 
Hence, the lower hybrid drift instabil- 
ity seems to be capable of generating 
the magnetopause boundary layer. 
The theoretical wave saturation level,

on the other hand, yields diffusion 
limes of minutes, at least one order 
of magnitude shorter than the mea- 
sured time.

The coincidence between the mea- 
sured and the required diffusion coeffi- 
cients is interesting. However, com­
puter simulations (Gary et al., 1990, 
Geophys. Res. Lett.) of the lower hy­
brid drift instability at the magnc- 
topause show instead of diffusion an 
increase in wave length of the waves 
and some modulation of the wave in- 
tensity. Due to computer time re- 
strictions, as one can show 
{Treumann et al., 1990, in prep.) 
these simulations do not reach the 
diffusive state. They probably 
demonstrate that the instability leads

to condensate formation of wave en- 
ergy at long wave length and subse- 
quent modulational instability result- 
ing in larger vortices and spatially re- 
slricted enhancements in density. 
When the diffusive regime is finally 
reached, one can expect that these 
blobs in density start diffusing as en- 
tire entities across the magnetopause 
to form the boundary layer. These 
blobs might have some relation to 
observed density enhancements 
(magnetic holes) in the vicinity of 
the magnetopause {Luhr and Klocker, 
1986, Geophys. Res. Lett., 
Treumann et al., 1990, J. Geophys. 
Res.).

RUDOLF TREUMANN

Some thoughts about Physical Time
Many physicists as well as many 
philosophers have recognized that 
time is one of the physically least 
understood subjects in the world. 
Since time seems to be something 
which underlies all processes, physi­
cal as well as nonphysical, and pre- 
cedes physical laws, it is not obvious 
how it could be derived from the laws 
of physics. A large number of physi­
cists have reflected about time. The 
most prominent was probably Ein- 
stein who showed that time does de- 
pend on the state of motion of a 
body; but his theories of both Special 
and General Relativity say nothing 
about the nature of time but only 
about its properlies of transforma- 
tion.

The direction of time in particular 
cannot be explained by any of the 
known physical laws with the excep- 
tion of the Second Law of thermody- 
namics which, however, is alien to 
the whole of physics. So attempts 
have concentrated on finding a rela­
tion between time and entropy. The 
state of the art is probably best re- 
viewed in the new book of Roger 
Penrose, The Emperor's New Mind 
(Cambridge Univ. Press, 1989). 
Very constructive attempts to find the 
mysterieus relation can be found in 
Prigogine's popular book From Be- 
ing to Becoming (Freeman,1983). 
Meanwhile there has been some new 
developments in the theory of highly 
complex nonlinear Systems which 
have led to the field of so called de- 
terministic chaotic Systems also 
known under strange attractors and 
other names.

Since it has tumed out that the cen­
tral point in this theory is the produc- 
tion of information in such highly 
complex Systems, I tend to prefer the 
name Information Dynamics for this 
whole field. This name has been 
coined by us in conversations about 
nonlinear dynamics. It has indeed 
been shown in the recent past when 
the systems enter the deterministi- 
cally chaotic regime. As it is now 
known, this is the regime where 
structure is created in physical Sys­
tems which are still deterministic. 
The basic quantity describing the 
character of such systems is the so- 
called Kolmogoroff-Sinai entropy rate 
K which is the sum of all positive 
Lyapunov exponents of the system.

Methods have been invented in recent 
years to determine this quantity from 
measured time series or other equiva­
lent ordered series, so that it can be 
considered a known and measurable 
quantity for any physical or even 
nonphysical system. It has further 
been demonstrated that K determines 
the production rate of internal infor­
mation I inside a system. Now, this 
information and the increase of in- 
formalion is available and measur­
able. The relation dx =dI/K(I) be­
tween information and Kolmogoroff- 
Sinai entropy, which otherwise gives 
the increase in information with 
time, can be taken as the equation of 
definition of a physical time interval 
dx. The interesting point about this 
time is that it is intuitively under- 
slandable and maps to psychological 
time. For, only systems which have

K(I) ± 0,°<>, i. e. oo > K{1) > 0 con- 
tribute to the production of time. K 
= 0 are usually clocks (periodic Sys­
tems), while K -> <*> are stochastic 
systems.

This means only deterministically 
chaotic systems contribute to genera- 
tion of time. This is why clocks can 
be used to measure time,because they 
do not contribute anything to its pro- 
duclion.

Now, only intervals when in­
formation is produced yield 
time. When no information 
is produced, we have an inter­
val of boredness, which is en- 
tirely forgotten and not mem- 
orised, while intervals when 
much information is produced 
turn out to be memorised as 
long time intervals in agree- 
ment with the notion that 
much time has been generated 
during these intervals.

The world can therefore be considered 
as a system consisting of levels of 
information, and when a step is done 
from one level to the next higher 
one, we generale time while time 
keeps standing when information 
stops. It is very interesting to think 
about the consequences of this new 
view of time. Many question arise:

» When and how much cosmological 
time has been generated?

• How do different times in different 
systems communicate?



• WhaL is the transformation property 
of this physical time?

• How does it look like in relativistic 
formulation?

• What are the consequences for 
Quantum Mechanics?

• Where is most of the time generaled 
today?

• How does the expansion of the 
Universe fit into the picture of this 
time?

It is impossible to answer any of 
these and other questions here, but

this kind of new approach to an old 
and badly understood field of human 
thinking is very interesting and most 
exciting and may have consequences 
which so far are neither visible nor 
feasible.

RUDOLF A. TREUMANN

50 YEARS OF RADAR in South Africa
I must ask you to forget that we are in the Seventies where 
the achievements of Science are taken for granted, and to 
think back to the late thirties when the Spanish Civil War 
made it clear to the British public that, in any major war 
in Europe, they would be in the front line. In the absence 
of any method of detecling and observing the movements 
of aircraft there appeared to be no real defence against the 
bomber by day, let alone by night. How then was the 
problem of airbome attack on Great Britain largely solved 
and, in the latter part of the War, a major bombing offen- 
sive against occupied Europe maintained? Radar certainly 
was not solely responsible for this achievement, but radar, 
or more strictly superiority in radar, played an altogether 
indispensable role in both defence and offence. Radar also 
played an indispensable role in antisubmarine warfare 
which was equally vital to Britain's survival.

Radar, in fact, dates back to before World War 2 though it 
was not known as such then. As with all good inven- 
tions, at least four countries claim the credit for it - the 
French, the British, the Americans and, of course, the 
Russians.

It all depends on what we mean by radar. The definition 
can become complicated if we try to be too precise. I shall 
take the simplest. I regard radar as a system for indicating 
the presence and position of an object by means of the 
scattering of echoing of radio waves by that object. Radar 
involves the measurement of the time the radio waves take 
to travel from their origin to the scattering object, and 
back. This time element is vital in the definition of radar. 
By knowing the travel time and the speed of travel of the 
waves, the range can be determined.

Once we accept that radar involves the transmission of ra­
dio waves, the detection of the echo and the measurement 
of the travel time, we have little difficulty in saying that 
radar was an American invention. In 1923 two American 
scientists, Breit and Tuve, used this method for measuring 
the height of the layer of ionised gas high up in the earth's 
atmosphere, the ionosphere. They measured the time 
taken for the waves to reach it and return, which was about 
a thousandth of a second. Knowing the speed of travel of 
radio waves, they calculated the height of the layer to be 
about 160 km.

The word radar, coined some 20 years later, is derived from 
Radio Detection and Ranging.

As far as military devices are concerned, the position of the 
United Kingdom is quite clear. As the war clouds gathered 
in the late thir ties, the need for some means of detecting 
the approach of enemy bombers was becoming more and 
more pressing. However, the concept of radar arose indi- 
rectly. There was then, as there still is today, talk of a

death ray as the ultimate weapon and there were various 
claims in this regard. The radio physicist, Watson Watt, 
at the National Physical Laboratory was thus asked by the 
British Government to report on the possibilities of a 
death ray. Watson Watt quickly expressed the view that at 
that time death rays were not a practicable proposition but 
added for good measure that it should nevertheless be pos- 
sible to detect the presence of aircraft by reflection of radio 
waves from them. He was immcdiately invited to demon- 
strate this and he did so at short nolice by using radio sig- 
nals from one of the Daventry shortwave radio transmit- 
ters. Watson Watt himself was an expert on the iono­
sphere and fully familiar with the method Breit and Tuve. 
The next step to pulsed transmissions was obvious to him 
and he pursued the matter so vigorously and with such 
support from the Government and the RAF that by early 
1939 there was a chain of operational radar stations along 
the east coast of England - a chain of stations which re- 
mained operational, without any great changes, throughout 
the war. Watson Watt was knighted at the end of the war 
for his services, and died recently. I had the privilege of 
experiencing his remarkable knowledgc and ability on 
many occasions. As far as I am concemed he was the fa- 
ther of radar.

I would like to convey to you something about the South 
African story but at this stage I must, in the main, give 
you my story. The whole South African story has yet to 
be written or, if it has been written, I am not aware of it. 
My involvement starled in January 1940 when I reported 
as a raw physics graduale to the then Dr Basil Schonland, 
at the Bernard Price Institute of Geophysical Research at 
the University of Witwatersrand. Sir Basil, as I shall call 
him, had by that time become a world-recognised expert on 
lightning and I had originally been offered a post with him 
for lightning research, but late in 1939 Sir Basil had been 
approached by the Department of Defence and he had put 
himself and his Institute at their disposal. What had hap- 
pened was that the British Government had notified Com- 
monwealth countries, in extreme secrecy, of the develop- 
ment of a system for the detection and location of aircraft, 
RDF (Radio Direction Finding) as it was then called, and 
had invited them to send senior scientists to the United 
Kingdom with a view to acquainting them with the princi- 
ples, so that each country could build up a team who could 
in due course assist in the introduction of RDF systems as 
and when they became available.

Sir Basil did not go the United Kingdom. No one went 
from South Africa, but instead it was arranged that Sir 
Basil should meet the distinguished New Zealand scientist, 
Sir Ernest Marsden, on his return from the United King­
dom to New Zealand. Sir Basil, in fact, met Marsden's 
ship in Cape Town and travelled round the coast to Dur- 
ban. Marsden had some rather vague documents in his
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possession. Copies of these and notes made by Sir Basil 
on their discussions while at sea were all Sir Basil had to 
work on.

Those of you who may have known Sir Basil will realise 
that he was not interested in gathering a team in prepara- 
tion for the arrival of equipment from overseas. He gath- 
ered a team without delay - but with the object that they 
should design equipment themselves and, in fact, they did 
this with such success that the first radar echo was 'seen' 
on 16th December, 1939. The echo was thought to be 
from the Northcliff Water Tower. My guess is that it was 
from the whole of Asvogelskop, but who is to argue that 
now? The team who did this consisted of Sir Basil Schon- 
land, Professor Bozzoli (now Vice-Chancellor of the Uni-

versity of Wilwatersrand), Dr P.Gane (a geophysicist at the 
BPI), Professor W.Phillips (now Deputy Vice-Chancellor 
of the University of Natal) and Noel Roberts from the 
University of Cape Town. One can only have the very 
highest regard for their achievement. All they really re- 
ceived from the United Kingdom in the way of guidance 
was that it could be done and the broadest description of 
’how’. They had none of the more advanced electronic 
components or test equipment that was available in the 
United Kingdom. For components they bought what was 
available in Johannesburg on the amateur radio market. Of 
test equipment and instruments they had very little indeed. 
They had to improvise for all measurements except the 
most conventional.
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Thus it was that on 2nd January, 1940 I was privileged to 
join this team, a physicist by training, but fortunately a 
radio enthusiast, not in the amateur radio sense, but I had 
designed and built reasonably advanced radio receivers. 
Without this experience I would have been lost. I find it

difficult to believe now that for the first week I was not 
told what the team was doing. I was put to studying ultra 
short wave radio techniques and elementary electronics, the 
average physics graduale in those days being lucky if he 
had seen a radio valve, let alone designed circuits and built
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them. However, this lasted only a week and I can still re- 
member the thrill I experienced when I was the radar echo 
from Northcliff. It was not long before test flights with 
aircraft were arranged. Within six months we had built 
equipment which could be usable in the field, provided that 
specialist maintenance personnel were available. It was to 
be my job to be responsible for the operation of the first 
set to be deployed for military purposes, but more of that 
later.

Our first sets worked on a wavelength of about 3 V2 m. 
not far off the wavelength of our present FM service in 
this country. At that time it was about the shortest wave­
length at which we could generale a reasonable amount of 
power. The valves we used were bought in Johannesburg 
and were Eimac 250 THs. I can remember this number 
after 30 years but cannot remember today's date! We were 
able to generale about five kilowatts with a pulse length of 
twenty microseconds (twenty millionths of a second). De- 
veloping a transmitter to do this was no easy task. The 
techniques for generating such short pulses were very dif­
ferent from those used in Communications and broadcast- 
ing. Looking back at this transmitter now, I realise that 
just about everything was wrong with it, but it worked!

The pulses of radio waves generaled by the transmitter (50 
per second and too low for efficiency by present day stan- 
dards) were then radiated by an aerial system which sent 
out waves in a wide beam - 30° or so wide. This beam 
could be pointed in any direction by the operator by rotat- 
ing the whole set-up mechanically, In the early days, a 
second, identical aerial system was used to receive the very 
weak echo signals. It had to be pointed in the same direc­
tion.

To amplify the very weak echoes a very sensitive radio re- 
ceiver was necessary. Here at least there was some experi- 
ence in the form of television receiver design to help the 
team. Electronic TV had been in use in the United King- 
dom for some years and designs were available in the pop- 
ular technical press. The main problem, not encountered 
in TV was the 'blast' from the transmitter, on the same 
frequency and of necessity for convenience, very close by. 
This problem was not properly solved for several years. 
We called it paralysis as the receiver would be paralysed at 
the critical period during which echoes could be expected. 
To display the echo signals a cathode ray tube was used 
with the so-called type A display - range/amplitude.

With the presence of the object established and its range 
measured, only its direction is needed to fix its position. 
The direction of the aerial system gave the hearing. At 
that stage of development we had not indication of height. 
Such then was our simple radar set. It was called the JB 
and consisted of two racks of equipment each a couple of 
feet wide and about 1.5 m tall. Today it would go into a 
large shoe box. Unfortunately I have not yet found one of 
these racks nor even a photograph. We took a set of this 
equipment to Durban in, I think, July 1940, perhaps ear- 
lier, Sir Basil, Dr Gane, S/Sgt Anderson (a post office 
technician) and I. We installed the set in a Fire Observa- 
tion Post at Avoca and operated it for about three weeks. 
We saw very few aircraft but we learnt quite a lot about de- 
tecting shipping - which at that time was not our object. 
On one occasion we saw a number of echoes well beyond 
the horizon. Now radio waves of this wavelength do not 
normally get down even to the horizon so we were dubi­

eus, but the behaviour of the echoes (their course and 
speed) was exactly that of shipping not aircraft. Sir Basil 
bet us a dinner at the Cumberland, at that time the latest 
hotel, that they were not ships. The convoy arrived in 
Durban Bay at dawn and we got our dinner. Later of 
course disillusionment came - such over-the-horizon per­
formance was not normal. We had experienced what later 
became known as super-refraction due to abnormal meteo- 
rological conditions - frequent in the tropics but rare in 
cold climates. In those days we were seriously handi- 
capped by lack of test equipment. We were not able to 
make tests on the set itself which proved conclusively that 
it was working properly. Thus changing conditions like 
this could be most confusing.

Successful trial period
After this short trial period which had really been very suc­
cessful, we packed up the station and waited for sea trans­
port to Mombasa. Sir Basil flew up. We travelled on SS 
Rajula with, I think, a Transvaal Scottish Regiment of the 
IstDivision. We were odd men out. We had had no time 
for military training but were in a military unit with mili­
tary ranks. I had done the normal ACF (Active Citizen 
Force) training pre-war ending up as an NCO but had no 
officer training. At Mombasa, Movement Control had 
never heard of us and packed us off to Nairobi, though we 
knew we were destined for the protection of Mombasa and 
the convoys supplying the South African Forces in East 
Africa. At Nairobi we were promptly sent back to Mom­
basa - not the last time in the next five years that such 
things were to happen.

Back at Mombasa, attached to the Ist Anti-aircraft Bri­
gade, things were better organised. After a few days we 
moved up to Mambrui some 10 miles north of Malindi 
and about 100 miles north of Mombasa, where we were to 
establish the station. Here we encountered serious techni­
cal problems. We had not previously operated off a diesel 
generator and the voltage fluctuations of the single cylinder 
engine wrought havoc with the timing circuitry - the pre­
cision of timing having to be of the order of a millionth of 
a second. I think that sorting this out in the field was the 
start of my real relationship with Sir Basil. Over the next 
15 years or more he had a very significant effect on my ca- 
reer, our final close association being in the early fifties 
when, at his suggestion, I was developing radar for the 
study of lightning - the full circle.

Our first test flight was disastrous. Half-way through it, 
there was a smell of buming and a transformer failed. The 
cause was poor circuit design and we had to make a modi- 
fication in the field. From then on things went reasonably 
well and we achieved reasonable serviceability. Our job at 
Mambrui was to detect possible Italian bombers proceed- 
ing down the coast to attack Mombasa. Theory had it that 
this would take place at dawn and dusk. We, therefore, op­
erated for about fourteen hours a day, with priority for the 
dawn and dusk periods and the moonlight hours. Only 
once did we see Italian aircraft. They bombed the airstrip 
at Malindi 16 km away. We did not see them coming in 
but we saw them going out to sea afterwards for 56 km 
and then lost them because of our restricted coverage are of 
180°. So much for the theory of their flying along the 
coast. As a result of this we modified our aerials to cover 
the full 360° - and thenceforth had endless trouble with 
breaking feeders.

-9



Operationally the station was linked to Mombasa Fortress 
by HF radio and later an indifferent telephone. The HF ra­
dio was also indifferent. We passed plots using an elemen- 
tary code. The idea was to alert the gun crews and get 
fighters up. At that time we were not thinking of guiding 
interceptions. In more active theatres of war such tech- 
niques were perforce being developed.
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While we were in East Africa work proceeded apace at 
home. More sets were built, many improvements were in­
troduced and the first steps at the improved handling of the 
plots from a number of stations by a filter room were 
taken. In fact, by the end of 1940 when sets were sent up 
for the protection of Nairobi, a filter room was included. I 
assisted briefly with the installation of a set at Thika near 
Nairobi and then went to Mombasa where an entirely dif­
ferent type of set had arrived from South Africa. This was 
designed to guide searchlights by providing an accurate 
hearing and to give accurate range to anli-aircraft guns. It 
had a claimed hearing accuracy of aboul a degree and a

range accuracy of several hundred metres, far in excess of 
what otherwise was available, but the set was not properly 
developed and, for mechanical reasons in particular, it had 
to be abandoned.

I went up to Egypt in April 1941 in preparation for the 
move of the East African stations to the Middle East. 
These were to be fully integrated with the RAF and to- 
gether we selected sites on the coast of Sinai. The stations 
at El Arish, Rafa and El Midan were operational by mid- 
1941. We passed our plots to the RAF filter room at Is- 
mailia and we had our first experience of real operations. 
The stations performed well and much better than in 
Nairobi because, at this wavelength, performance over the 
sea is better than over land. We frequently plotled hostile 
bombers at ranges of around 120 km and the stations oper- 
ated there for year or so. I left in November 1941, and the 
stations closed in the course of 1942,1 think, and were re- 
placed by very large RAF stations.

In South Africa during this time the Unit, the Special 
Signals Service, had grown considerably. Stations were 
established at the four ports using South African built 
equipment initially, though with British CD/CHL sets in­
troduced at Signal Hill, Cape Town and in Durban early 
on, The South African Stations were used originally for 
the tracking of shipping but, with the return of personnel 
from the Middle East, procedures were adopted for aircraft 
observations as well. These radar sets (RDF at that time) 
were very simple. Other developments were coming thick 
and fast. The first we encountered in South Africa as the 
ASV (air to surface vessel). This was a lightweight set 
carried in aircraft for Coastal patrol duties. In the early days 
its range on shipping was perhaps 16-32 km and it could 
see a surfaced submarine bul not a periscope. Our main 
problem lay in aerial installations - aeroplanes and large 
aerials are scarcely compatible. If I remember rightly, 
mid-1942 involved some of my colleagues heavily in in- 
stalling ASVs in the first Lockheed Venturas.

Cavity magnetron
Beside the ASV there were many exciting developments in 
the United Kingdom where applied research was active as 
never before. I was fortunate in being sent to the United 
Kingdom in 1942 to study a completely new development, 
microwave radar. A brilliant achievement at the Univer­
sity of Birmingham had led to the possibility of radar at a 
wavelength of ten centimetres. This made possible very 
narrow beams, freedom from the effects of ground and per­
formance from small aerials never obtained before. This 
invention was the cavity magnetron.

In the United Kingdom microwave radar made possible re- 
ally effective airborne radar, known as AI (Air Interception) 
for night fighters for defence against night bombers, but it 
was quickly proved to be a major weapon of offence as a 
navigation and bombing aid of unprecedented versatility. 
This System was known as H2S. Microwave radar in a 
bomber presents the pilot with a map-like picture of the 
ground over which he is flying. Coastlines, rivers, towns 
and even large bridges can be seen. Such a system, of 
course, is entirely independent of ground radio stations and 
aircraft could thus operate beyond the range of the precise 
radio position fixing Systems that had also been developed, 
such as Gee, H and Oboe. These three systems were 
closely related to radar and had quite unprecedented accu­
racy, but their range was limited. These radar devices,
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highly accurate up to the range of the ground stations, less 
accurate but invaluable beyond the range of the ground sta­
tions, were the key to the whole night bomber offensive of 
the RAF. I think the invention of the magnetron, vital to 
H2S and AI and in due course ASV, is recognised as the 
most significant invention of the war. Churchill himself 
in his World War 2 memoirs refers to the 'decisive role 
played by H2S' and deals with the whole subject in sur- 
prising detail. Many of the famous Churchill memos deal 
with radar.

My interest in cenlimetric radar in the United Kingdom 
was firstly to study the completely new techniques in- 
volved and a microwave radar set developed for naval use 
for the detection of surfaced submarines. Sir Basil Schon- 
land had persuaded the Royal Navy to make available two 
such sets to be installed in the Cape. He argued that such 
a set on the top of Table Mountain would have a range on 
a surfaced submarine of nearly 160 km. Back in South 
Africa in 1943, we installed the sets on Signal Hill and at 
Cape Point where they gave excellent results and greatly 
strengthened the coverage provided for the previous year or 
so by the South African sets. We did, however, have 
many operational problems. We had no way of distin- 
guishing fishing boats from other small objects. There 
was no control on fishing boat movements and aircraft, 
sent out to identify suspicious echoes, became annoyed al 
finding fishing boats. We feit it hardly fair that radar 
should be blamed. Also our South African sets in particu- 
lar were notoriously inaccurate in their hearings and at 
times would produce erratic tracks with apparent bursts of 
high speed on the part of the target, solely due to inaccura- 
cies. I was posted to Cape Town at the beginning of 1943 
as Company Commander fresh back from the United 
Kingdom and cenlimetric radar, and within the first two 
weeks three large ships went aground. Each had been plot­
led by the Coastal radar system for some two hours before 
it struck. One ship went aground right in Camps Bay. 
You can imagine the post-mortems. It was quite a bap- 
tism of fire for me. Hasty measures were introduced by 
the operational people to wam ships approaching the coast 
of possible danger. A few weeks before we installed a cen- 
timetric radar at Saldanha Bay, another ship went aground 
right next to the harbour entrance. It was carrying two fur- 
ther cenlimetric radars for us. We managed to get on board 
the ship and salvaged the sets which had then been im- 
mersed in a mixture of sea water and potassium perman- 
ganate for several weeks. Surprisingly enough, in due 
course, we got one to work.

At about this time a most sophisticated anti-submarine 
radar arrived unheralded in South Africa in the first Lock­
heed P VI aircraft to come to this country. This was a 
three centimetre radar known as ASD. Beauüfully de- 
signed and constructed, it was one of the first products of 
the American electronics industry after the concept of the 
cavity magnetron, referred to earlier, had been given to the 
United States by the United Kingdom. This set was used 
extensively on Coastal patrols. Towards the end of the war 
one of these ASD sets was specially fitted to Field Mar­
shal Smut's York, not for anti-submarine purposes but for 
navigation in the way mentioned earlier for the airborne 
radar used in bombers. These three-centimetre wavelength 
sets were also excellent for detecting thunderstorms and 
heavy rain and were invaluable for flying through the 
topics at night. Improved versions of this type of set are,

of course, fitted in all modem civil aircraft largely for this 
purpose.

Equipment
In South Africa, for our Coastal defence purposes, we thus 
relied for the first two or three years of the war on our lo- 
cally designed and built equipment. Gradually larger and 
more sophisticated sets became available from the United 
Kingdom. By late 1943 we had a fairly extensive system 
for the detection of surfaced submarines, surface vessels, 
low- and high-flying aircraft. We also had limited facili- 
ties for directing fighter aircraft to intercept unidentified 
aircraft detected by the radar system. This particular facil- 
ity was provided by a special type of set known as a GCI 
(Ground Control Interception). It had been developed in 
the United Kingdom in the critical 1940/41 era for night 
bomber interception. Basically it was a conventional radar 
set as described previously but the aerial system, and hence 
the beam it transmitted, rotated several times a minute 
providing the controller with an elementary picture of the 
tracks of all aircraft within range. By means of this and 
knowing which aircraft was the fighter the controller could 
issue instructions as to how to intercept. The stations we 
installed here were relatively elementary. The threat of air 
attack had decreased by then and the more sophisticated 
equipment used in the United Kingdom towards the end of 
the war was never installed in South Africa during the war. 
When our South African stations in Sinai were dismantled 
the crews were in the main attached to the RAF and oper- 
ated GCIs of this nature in the Italian campaign. I had no 
persónal experience of this.

Other activities in which we were involved in South Africa 
were special types of radar for anti-aircraft fire control and 
for Coastal artillery fire control. One of these sets known 
as the GL II (Gun laying), a relatively long wavelength 
radar of British origin, somewhat outdated even then but 
excellently engineered to its maximum potential, had 
bome the brunt of the anti-aircraft fire control for the de­
fence of London during the early blitz. I remember seeing 
remarkable figures of 'rounds per bird', as they call it, in 
the various phases of the blitz. If I remember rightly, in 
the early stages prior to the GL II something like 75 000 
rounds of anti-aircraft ammunition were fired for each air­
craft shot down. Using GL II anti-aircraft fire-control 
once the techniques had been developed, this figure came 
down to about 2 000. Later with the centimetric fire-con­
trol the figure was about 800. The flying bomb (an ideal 
target, because of its flying straight and at a constant 
speed) with centimetric fire-control and electronic predictor 
and proximity-fused ammunition, was almost a sitting 
duck. But of course the flying bombs did not always fly 
within range of the batteries - they flew so low. I men- 
tion these figures from London in what is essentially a 
South African talk because, in fact, South Africa played a 
part here through Sir Basil Schonland. He was on loan to 
the British Government at the time and was the Superin­
tendent of the Army Operating Research Group. His 
Group played a major part in analysing anti-aircraft fire- 
control practices and in developing procedures to increase 
the accuracy. I myself was in the United Kingdom during 
1944/45, reporting to him on other duties, so I was aware 
at least of what he was doing. For this reason also I am 
not well informed on the closing phases in South Africa in 
so far as radar is concerned. As far as the overseas story is 
concerned my remarked have been most superficial for the 
subject is vast and complicated.
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My remarks have largely been directed at the technical side 
with very little about the personnel involved. Two names 
must be mentioned - Col Hodges, previously Professor 
Hodges of the University of Natal, who took over com- 
mand of the Unit concemed late in 1940 after the first of 
us had gone to East Africa. He came up to Nairobi at the 
turn of the year and was OC whilst we were operating in 
Sinai. Later he retumed to South Africa as activities at 
home increased. I must also mention the name of Bri­
gadier F.C.Collins, Director of Signals through the whole 
period. His confidence in a Unit with so many academies 
in key positions was remarkable.

The technical staff initially consisted mainly of Electrical 
engineering graduates and as many electronic technicians as 
could be found. There was a sprinkling of physicists and 
mechanical engineers. Operators initially were a great 
problem. In East Africa and the Middle East we had men 
from all walks of life. Some were very bright and some 
were not, I remember an operator who had never read the 
time to closer than the nearest five minutes and we ex- 
pected him to read ranges based on measurements to mi- 
croseconds, and to plot ranges and hearings accurately and 
read off co-ordinates to three significant figures. In South 
Africa the problem was solved by using women operators. 
A very high Standard of recruit was attracted and a high 
level of operating efficiency was achieved under conditions 
which frequently must have been both boring and tiring.

I have placed prime emphasis on the technical side because 
I believe the early technical achievements were most re­
markable. Having been associated with electronics and 
telecommunications research and development ever since, I 
never cease to wonder at the pace achieved in the late 1939 
early 1940 phase in a field full of baffling problems. 
There was, in fact, a happy post-war sequel. Six junior 
members of this team formed the basis of the Telecommu­
nications Research Laboratory set up by Sir Basil Schon- 
land as part of the CSIR, in 1946. This team remained 
together for more than 10 years and, in fact, in 1957 when 
Sputnik 1 was launched unheralded, the team showed it had 
not lost touch,

Wilhin two days (a weekend in fact), tracking equipment 
was improvised and the orbit of the satellite was estab- 
lished. Within a fortnight one of the members (since then 
unfortunatcly emigrated to the USA) calculated the ex- 
pected lifetime of the satellite in terms of this orbit, and 
published his results in Nature. He thus gave the world 
the first and, I think, only reasonably accurate prediction of 
the lifetime of Sputnik 1 — an event that proved him cor­
rect to within 15 per cent. Quite remarkable! The team 
subsequently dispersed; perhaps just as well as electronics 
technology is essentially a young man's field.

F. J. HEWITT (1974)

The FREJA scientific satellite under construction
The FREJA scientific satellite project is a “follow up” of 
the very successful first Swedish satellite VIKING that 
was launched in 1986. FREJA follows the concept of in- 
expensive satellites applied for e.g. S3-3, AMPTE, and 
VIKING. This has had the consequence that the costs in- 
curred are in the range of “expensive” sounding rockets or 
single instruments in ESA/NASA missions. More impor­
tant, the scientific return from inexpensive satellite pro- 
jects has proved to be no less than that from major agency 
projects in this field.

The scientific objectives for FREJA are in many respects 
similar to those for VIKING, i.e. to study the interaction 
between the hot magnetospheric plasma with the topside 
atmosphere/ionosphere. This interaction leads to a strong 
energization of magnetospheric and ionospheric plasma and

an asociated erosion, and loss, of matter from the Terres- 
trial exosphere. Previous mid-altitude projects such as 
S3-3, DE-1/2, Viking and more recently EXOS-D, have 
demonstrated that important fundamental plasma physics 
processes lakes place in the altitude range =500 km to 
=15000 km above the Earth's auroral zones, leading to 
among other things the occurrence of bright auroral dis­
plays and a strong outflow of ionospheric plasma into 
outer space.

FREJA, with an orbit inclination of 63° - 68° and an alti­
tude ~ 650 - 1800 km, will cover the lower edge of the au­
roral acceleration region. This altitude range also hosts 
processes that heats and energizes the ionospheric plasma 
above the auroral zone, leading to the formation of large 
density cavities.

Table 1: Freja Scientific Payload

Experiment Principal Investigator

F1 Electric Field Experiment Göran Marklund, KTH, Stockholm, Sweden

F2 Magnetic Field Experiment Lawrence Zanetti, JHU/APL, Laurel, USA

F3 Partiele Experiment
Hot Plasma
Gold Plasma

Lars Eliasson, ERF, Kiruna, Sweden
Brian Whalen, NRC, Ottawa, Canada

F4 Wave Experiment Bengt Holback, IRF, Uppsala, Sweden

F5 Auroral Imager John S Murphree, Univ of Calgary, Canada

F6 Electron Beam Experiment Götz Paschmann, MPE, Garching, FRG

F7 Correlator Experment Manfred Boehm, MPE, Garching, FRG
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FREJA will be uniquely suited to study the impact of the 
auroral acceleration process on the topside ionosphere. 
This uniqueness is due to novel instrumentation with ca- 
pabilities to increase the spatial/temporal resolution orders 
of magnitudes better than what has been achievcd on satel- 
lites before. For instance, in burst mode waveforms will 
be measured up to MHz ffequencies and electric field struc- 
tures with a time resolution better than 1 ms, correspond- 
ing to less than 10 m of satellite orbit. Full 2-D partiele 
distribution functions will be obtained with temporal and 
spatial resolutions of=10 ms and =80 m respectively. Au­
roral structures will be imaged with a spatial resolution of 
the order 1 km. This will allow FREJA to resolve the 
fine-structure of e.g. discrete auroral displays, a perfor­
mance hitherto reserved for sounding rockets only. A high 
data rate (250 - 500 kbits/s) combined with “burst mem- 
ory” capabilities will make this all possible. The FREJA 
payload comprises a full complement of high-resolution

plasma diagnostic and a fast auroral imager. Table 1 lists 
the individual instruments and Principal Investigators. 
FREJA is a sun-pointing, spin stabilized (=10 rpm) S/C 
with magnetic attitude control. lts design life-time is 1-2 
years. The S/C is planned to be launched “piggy back” on 
the Chinese rocket Long March 2 from the Jiuquan Satel­
lite Launch Center, China, in the third quarter of 1992.

FREJA is an international collaborative effort involving 
scientists from the Nordic countries, Germany, France, 
UK, USA, and Canada. Funds for the project were raised 
mainly within S weden and the Federal Republic of Ger­
many (FRG). The project is managed by the Swedish 
Space Corporation.

RICKARD LUNDIN (FREJA PROJECT SCIENTIST FOR 
SWEDEN)
GERHARD HAERENDEL (FREJA PROJECT SCIENTIST FOR 
GERMANY)

NEWS IN BRIEF
EISCAT
The Trornsp HF high power heating 
facility in northem Norway, which 
is owned and operated by the Max- 
Planck-Institut für Aeronomie in 
cooperation with the University of 
Troms0, is at present having one of 
the antenna arrays upgraded to pro- 
vide a narrower beam (7°) at fre- 
quencies centred on 6.6 MHz. The 
original array, which was the largest 
of three covering the range 2.7 to 8 
MHz, was damaged in a storm in 
1985. Originally it contained 36 
crossed full wave dipoles; now it is 
being re-built with 144 dipoles to 
give a 6 dB increase in gain on top 
of the original 24 dB. Maximum 
effective radiated power should then 
be about 1.2 GW. This upgrade, 
called Superheating, should be 
completed in the summer of 1990 
when it will be used for the first 
time.

Plans are now well under way for 
the transfer of the Heating facility 
to the EISCAT Scientific Associa- 
tion which operates two incoherent 
scalter radars at the same site as 
Heating. The formal transfer date is 
envisioned to be 1 January 1993 
with EISCAT staff training starting 
in 1991. This means that after this 
date all Heating experiments will be 
performed by EISCAT staff on the 
behalf of experimenters from the as- 
sociate countries (Finland, France, 
Germany, Norway, Sweden and 
UK). The transfer, which will al­
low wider and more flexible access 
to the heating facility, will make 
the EISCAT UHF and VHF radars

together with the HF high power 
facility the single most sophisti­
cated assembly of ground based in­
strumentation for ionospheric re­
search in the world.

M.T.RIETVELD, EISCAT, 
RAMFJORDMOEN

VERSIM
The IAGA/URSI Joint Working 
Group on Passive Electromagnetic 
Probing of the Magnetosphere has 
proposed that it be renamed the 
JWG "on VLF ELF Remote Sens- 
ing of the Ionosphere and Magneto­
sphere (VERSIM)". The proposal 
will now be put to the patent bod- 
ies, namely IAGA and URSI. It 
was feit by members of the working 
group that its name no longer re- 
flected well the interests of the 
group members, due to changes in 
both techniques and scientific em- 
phasis in the years since the work­
ing group was established. Thus 
much work now, such as the vari- 
ous imaging networks, rely heavily 
on the use of VLF transmitters and 
thus the technique is not truly pas­
sive. It was also feit desirable to 
specify the frequency range of inter­
est, i.e. VLF/ELF, in the title, to 
avoid any overlap with for example 
the ULF community.

Other news reported to the JWG. 
G. Tarcsai reported on work in 
Hungary. He described work in 
progress to use digital matched fil­
tering to elucidate whistler fine 
structure and ducting mechanisms. 
He described the SAS experiment 
on the ACTIVE satellite which

would be used to study VLF propa- 
gation, The wave normal directions 
will be computed from the five 
components observed by SAS, by 
using a new technique - the 
matched filter parameter estimator 
method. Supporting VLF observa- 
tions on the ground at Halley, 
Antarctica and at Lake Inari in Fin­
land are planned. Whistler recording 
has continued at Tihany, the data 
being used in studies of plasmas- 
pheric electron densities. A new 
project studying wave induced parti­
ele precipitation has been initiated.

On behalf of U.S.Inan who could 
not be present, A.J.Smith reported 
on activities of the Stanford Univer­
sity group. These included broad- 
band whistler recordings at Palmer 
(Antarctica), South Pole, and Lake 
Mistissini (Quebec); ELF/VLF 
measurements on board the DE-1 
satellite, and intensive use of 
subionospheric remote sensing, us­
ing a widely spaced network of 
VLF/LF transmitters and receivers, 
as a means of investigating the 
trimpi effect as an indicator of 
whistler induced partiele precipita­
tion. Future plans included the de- 
ployment of a major active 
VLF/ELF experiment in Antarctica 
- the proposed Wave Injection Fa­
cility (WIF) - and participation in 
PENGUIN - a network of AGOs 
(Automatic Geophysical Observato- 
ries) in Antarctica.

A.J.Smith reported on current and 
future activities of the British 
Antarctic Survey. Observations be­
ing made were: broadband VLF ob-
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servations at Halley and Faraday; a 
VLF imaging network for precipita- 
lion mapping (in collaboration with 
the University of Otago, New 
Zealand), using OPAL (Omega 
phase and amplitude logger) re- 
ceivers; group travel time and 
Doppler shift measurements of 
whistler mode signals from VLF 
transmitters using SCODAR 
(Spectrographic COrrelative Direc- 
lion and Ranging), for monitoring 
plasma density and drift characteris- 
lics in the plasmasphere; and digi­
tal whistler recordings for studying 
whistler fine structure. Future 
plans included participation in in­
ternational programmes such as 
ISTP, CLUSTER, ACTIVE, etc, 
and deployment of an AGO network 
in Antarctica.

M.Parrot described work based on 
VLF observations by the low alti- 
tude satellite ARCAD-3. This in­
cluded a study of the geographical 
distribution of ELF/VLF emis- 
sions, including a possible link lo 
the location of powerful VLF 
transmitters, and also the use of bi- 
coherency technique for determining 
the characteristics of the observed 
waves.

J.P.S.Rash reported on VLF work 
by his group at Durban and at 
Sanae, Antarctica.

M.Hayakawa (Nagoya University, 
Japan) sends the following informa- 
tion on recent activities:

1. A wave partiele interaction ex­
periment at L = 1.9, in collabora­
tion with IZMIRAN and the Uni­
versity of Otago, using special 
transmissions from the ALPHA 
transmitter at Komsomolskamur 
and ground based observations near 
the conjugale at Ceduna, Australia, 
was carried out in August 1989. 
Transmissions from the NWC 
transmitter to New Zealand, which 
passed close to Ceduna, were 
recorded in Dunedin and Wellington 
as a possible means of detecting 
transmitter induced precipitation.

2. VLF emissions and whistlers at 
low and medium latitudes. The fre- 
quency drift of low latitude VLF 
emissions is being studied. The 
propagation mechanisms for equato- 
rial whistlers, are being invesligated 
by data from a network of VLF di- 
rection finding receivers in China 
(in conjunction with Wuhan Uni­

versity), and modelling using the 
wave distribution function method.

3. In situ studies of magneto- 
spheric waves. Chorus in off-equa- 
torial regions, half gyrofrequency 
VLF emissions, role of hiss in 
triggering chorus etc, are being 
studied using data from the Aureol- 
3 satellite (in collaboration with the 
LPCE group). Non-linear wave- 
wave interactions are invesligated 
using Isis reception of signals from 
Siple and Omega transmitters (in 
collaboration with Stanford, CRL, 
and Chiba University).

News from Dr L.R.Piazza 
(CRAAE, San Paulo). The group 
has been operating a modified VLF 
Tracor receiver at the Brazilian 
Antarclic station, since February 
1989, in an experiment to detect 
trimpi events.

A. J. SMITH

Supercomputer
The first maxi-cluster based, multi- 
processing system ever to be com- 
missioned (designed and built) in 
South Africa, was recently installed 
at the University of Stellenbosch.

The supplier, Concurrent Technol­
ogy Systems (CTS), is a joint ven­
ture between Technifin and Altech. 
CTS is operating in the field of par­
allel processing currently using 
transputers from Inmos, with prod- 
ucts which are locally designed and 
supported.

The MC^ system uses the Standard 
PC platform as a host (user inter­
face) and can therefore interface to 
many existing hardware installa- 
tions. CTS products will also in­
terface with other industry Standard 
work-stations in the future. The 
MC^ system consists of clusters of 
processors remotely coupled to the 
host via an interface module.

CTS Managing Director, Graham 
Lawson, says that although there is 
virtually no limit lo the amount of 
clusters that can be grouped to- 
gether, at this stage CTS does not 
foresee MC“ systems of more than 
256 processors.

The supercomputer installed at the 
University of Stellenbosch numbers

64 processors (i.e. transputers). 
This parallel processing platform is 
capable of a sustained performance 
of 640 Mips and 100 Mflops.

The university will be using the 
MC^ system for computational 
fluid dynamics, computational elec- 
tromagnetic simulation work, finite 
element work, as well as a number 
of other applications which require 
significant computational power.

J. H. CLOETE

Royal Society of?
This may be news only to me. In 
my congratulations to Peter Clarri- 
coats (URSI NEWS, June, 1990) 
on attaining "FRS”, I gave the full 
name of "The Royal Society" incor-. 
rectly. The following from the 
Royal Society Yearbook was sent 
by Dr. Argent. My thanks and 
apologies! (The spelling in the 
quotations was presumably correct 
in 1660).

The origins of the Royal Society 
date back to the middle of the seven- 
teenth century when a group of 
scholars made a habit of meeting 
together in London from about 
1645 to discuss the, then, new or 
experimental philosophy. The 
Civil War and the Protectorate inter- 
rupted these meetings. Some of the 
group went to Oxford, in particular 
Robert Boyle and John Wilkins, 
where these meetings were contin- 
ued in the rooms of the Jatter in 
Wadham College: others remained 
in or near London. After the 
Restoration the meetings were re- 
sumed in London. At one of them, 
on 28 November 1660, after hearing 
Mr Wren’s lecture at Gresham Col­
lege the company present withdrew 
into Mr Rooke’s apartments “for 
mutuall converse. Where amongst 
other matters that were discoursed 
of, Something was offered about a 
designe of founding a Colledge for 
the Promoting of Physico-Mathe- 
maticall, Experimentall Leaming.” 
Those present at that meeting, 
which is the first to be recorded in 
the Journal Book, were “The Lord 
Brouncker, Mr Boyce, Mr Bruce, Sr 
Robert Moray, Sr Paul Neile, Dr 
Wilkins, Dr Goddard, Dr Petty, Mr 
Ball, Mr Rooke, Mr Wren, Mr 
Hill.” These twelve can be taken as 
being the Original Founder Fel- 
lows.
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Charles II became interested in the 
Society through Sir Robert Moray 
and two years after its foundation 
the King granted the Society its 
first Charter on 15 July 1662. In 
this the Society is “called and 
named The Royal Society”. It is 
not known who first named the in­
fant society “The Royal Society” 
but the first time this appears in 
print is in John Evelyn’s preface to 
his translation of Gabriel Naude’s 
Instructions Concerning Erecting of 
a Library published in November 
1661.

A second Charter, granted on 22 
April 1663, extended the Society’s 
privileges and at the same time 
made the grant of the Arms. The 
motto chosen by the Society, Nul- 
lius in verba, was an expression of 
letermination to withstand dogma 
and to verify all statements by an 
appeal to facts. In this second 
Charter the Society is re- 
ferred to as “The Royal So­
ciety of London for Improv- 
ing Natural Knowledge”, 
which is its full title.

CRRES
Launch of the Combined Release 
and Radiation Effects Satellite 
(CRRES) was expected in late July 
(as we went to press). Scheduled to 
be placed into a highly elliptical, 
geosynchronous transfer orbit of 
approximately 217 by 22,236 
miles, CRRES is to conduct com­
plex scientific research in what is 
referred to as "Earthspace" — the 
space environment just above 
Earth's atmosphere which, far from 
being empty, includes the iono- 
sphere and magnetosphere contain- 
ing a dynamic ocean of invisible 
magnetic and electrical fields and 
particles.

Much as a high school physics stu­
dent spreads iron filings around a 
magnet to "see" its invisible mag­
netic field, CRRES will carry 24 
canisters of various Chemicals into 
orbit and release the Chemicals over 
a period of time. When released, 
the Chemicals will be ionized by the 
Sun's ultraviolet light creating large 
luminous clouds that will elongate 
along Earth's magnetic field lines, 
briefly "painting" these invisible 
structures. By observing the mo- 
tion of the clouds, scientists will be

able to measure electric fields in 
space and "see" how they interact 
with charged particles to form 
waves and to better understand how 
the Earth extracts energy from the 
solar wind. The luminous clouds 
also will be studicd from the 
ground, from specially equipped air- 
craft and from CRRES itself. The 
CRRES releases will be augmented 
by Chemical releases from 10 sound- 
ing rockets launched from Puerto 
Rico and the Marshall Islands. Un- 
der a launch services contract be- 
tween NASA and General Dynam­
ics, launch of the joint 
NASA/U.S.Air Force payload was 
to take place from Complex 36B, 
Cape Canaveral Air Force Station, 
Fla., aboard an Atlas I 
(Atlas/Centaur-69) launch vehicle. 
NASA's Marshall Space Flight 
Center, Huntsville, Ala.; the 
U.S.Air Force Space Systems Divi- 
sion, Los Angeles; and Ball 
Aerospace Systems Group, Boulder, 
Colo. — prime contractor of CR­
RES — are principal spacecraft par- 
ticipants in the upcoming mission. 
Atlas I launch services, with techni- 
cal oversight by NASA's Lewis Re­
search Center, Cleveland, and 
Kennedy Space Center, Fla., will be 
provided by General Dynamics 
Space Systems Division, San 
Diego, Calif. The Lewis Research 
Center manages the NASA-General 
Dynamics launch services contract 
and is responsible for launch vehi- 
cle/spacecraft integration activities.

CRRES OBJECTIVES
CRRES will carry 24 canisters con- 
taining various Chemicals. For each 
experiment, one or two canisters 
will be ejected by the spacecraft. 
Approximately 25 minutes later, 
after the canister and spacecraft are 
far enough apart to prevent contam- 
ination, the canister will release its 
Chemical vapors. The Chemical will 
be ionized by the Sun's ultraviolet 
light, creating luminous clouds ini- 
tially about 60 miles in diameter. 
The clouds will elongate along 
Earth's magnetic field lines, briefly 
"painting" these invisible structures 
so that they become visible. By 
observing the motion of the clouds, 
scientists will be able measure elec­
tric fields in outer space, to "see” 
how these fields interact with 
charged particles to form waves and 
to better understand how the Earth 
extracts energy from the solar wind. 
These clouds will be studied by in- 
struments on the ground, in spe­

cially equipped aircraft and aboard 
CRRES itself. The CRRES re­
leases will be augmented by releases 
from sounding rockets to conduct 
further experiments.

NASA PRESS RELEASE

Voyager Status
The Voyager 1 spacecraft continues 
to collect routine cruise Science 
data. One frame of high-rate 
Plasma Wave (PWS) data was 
recorded on June 26. High-rate Ul­
traviolet Spectrometer (UVS) ob- 
servations were conducted on June 
22, 26 and 28. There was sufficiënt 
Deep Space Network (DSN) cover- 
age to capture all of the data.

On June 25 an AGC/Command test 
was performed over the 34 meter an­
tenna in Australia (DSS 42) and 
downlinked over the 34 meter an­
tenna in Goldstone, California 
(DSS 12). The test indicated that 
there has been no apparent change 
in the spacecraft receiver or com- 
mand threshold since launch.

Also on June 25 the Attitude and 
Articulation Control Subsystem 
(AACS) Sun Sensor heater B was 
powered on and heater A tumed off 
as the heater switch was made to 
avoid a Sun Sensor low temperature 
limit violation. Following stabi- 
lization, the Sun Sensor tempera­
ture was +4 degrees C above the 
predicted value.

A pre Computer Command Subsys- 
tem-B (CCSB) Refresh checksum 
was downlinked from the spacecraft 
on June 27; real-time commands 
were subsequently transmitted to 
initiale the CCSB refresh activity 
and reset the CCS status telemetry. 
Successful completion of the re­
fresh, which included the area of 
memory in which the Command 
Processor and Error routines reside, 
was verified by the received check­
sum value; the CCS status teleme­
try reset was also successful.

A Magnetometer Calibration 
(MAGCAL) was conducted on June 
28. Data quality was good. Cruise 
data appeared normal for the Fields 
and Particles Instruments on 
Voyager 1.

RON BAALKE, JPL
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MacLab" e » MacLab/4

m The MacLab system is a computer based data recording and display 
system designed to exploit the intuitive user interface of the Apple 
Macintosh family. MacLab gives a flexible and economie solution 
for data acquisition in Physical and Life Sciences as well as 
educational environments. MacLab is designed to emulate a number 
of Standard laboratory instruments including:

• Chart Recorder
® Storage Oscilloscope
• XY Recorder
• Spectrum Analyser
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* The range of MacLab hardware will record data on any of 4 to 8 
analog channels from ImV to 10V full scale at up to 100kHz. 
Additional software controlled front-end modules extend the range 
of the MacLab into specialist areas.

* For more information:
Analog Digital Instruments Ltd. P.O. Box 6320, Dunedin, New Zealand. Ph and FAX (24) 710 094
Analog Digital Instruments Pty. Ltd. 7/31 Terminus St, Castle Hill, 2154 NSW, Australia. Ph (2) 899 5769
AD Instruments Ine., 744 Cowper St, Palo Alto CA94301, USA. Ph (415) 321 5405, FAX (415) 321 8451
World Precision Instruments Ine., 375 Quinnipiac Ave., New Haven CT06513-4445, USA. Ph (203) 469 8281
World Precision Instruments Ine., 15 Dudley Road, Hastings, Bast Sussex TN35 5JP England Ph (0424) 721 765
World Precision Instruments Ine., Heiligenbuckel 2, D-6921 Spechbach, Federal Republic of Germany Ph (06226) 40619


