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Gene-splicing brings hope of malaria vaccine 

COLLABORATION between scientists 
in Australia and Papua New Guinea 

has resulted in a crucial breakthough in the 
search for a vaccine against malaria. It 
could open the way to controlling many 
other parasitic diseases in the tropics. 

Scientists from the 
Walter and Eliza Hall 
Institute of Medical 
Research in Mel
bourne and' the 
Papua New Guinea 
Institute of Medical 
Research, at Goroka 
and Mandang, have 
developed a new 
technique which 
allows them to isolate 
human malaria anti
gens-the proteins 
that identify the para
site responsible for 
the disease and 
provoke the immune 
system to produce 
antibodies against the 
parasite. 

Several groups 

Ann Westmore, Melbourne 
recombinant-DNA technology in order to 
isolate all antif,ens in the blood stage of the 
malaria pai:as1te, Plasmodium fa/ciparum . 
This parasite is transmitted by mosquito 

bite and causes the 
potentially deadly 
falciparum variety of 
malaria. In this, red 
blood cells are 
invaded and de
stroyed, producing 
symptoms of severe 
chills, fever, sweat
ing, anaemia and 
spleen enlargement. 
It m·ay develop into . 
respiratory failure, 
coma and death. 

The new tech-

immunoparasitology, Dr Graham 
Mitchell, explains that these sera enable 
scientists to identify the specific bacteria 
that are producing the antigens capable of 
stimulating useful immune responses and 
thus protection against malaria. 

During the next six months, the most 
promising of the I 00 000 bacterial clones 
that have been produced will be grown in 
large vats by the Melbourne arm of the 
team. The resulting antigens will be tested 
by the World Heath Organisation in 
monkeys (the only animal model of the 
human infection that is available).· 

Dr Mitchell says this should indicate 
whether malaria vaccines that would work 
around the world will need to contain "a 
cocktail of antigens". . 

Dr Mitchell adds: "The malaria parasite 
is particularly devious, with many trump 
cards to play in the fight against efforts to 
control 11. And so it may be that the 
composition of the malaria vaccine will 
have to be altered every few years to cope 
with the subtle changes of the parasite." 

around the world are 
working on a malaria 

Malaria spraying on the way out? 

" nique, published this. 
week in the 
Proceedings of the US 
National Academy of 
Science, involves 
inserting fragments 
of DNA from P. 
falciparum parasites 
into E. coli bacteria. 

While a vaccine will help control malaria 
and reduce its toll of death and illness 
among children in particular, Dr Mitchell 
doubts that malaria will ever be eradicated. 

vaccine, but only one other has reported 
the isolation of antigens-,and that was for a 
form of the disease affecting monkeys. The 
antipodeans devised a new application of 

Protest at sludge dump 
FRENCH fishing bj)ats this week.joined 

Sirrius, the "protest boat" run by the · 
Greenpeace group, in the Seine estuaey to 
demand that French firms stop dumping 
noxious yellow sludge into the estuary near 
le Havre. · • 

Greenpeace, a pressure group, claims 
that the Seine is being poisoned by the 6000 
tonnes of sludge that is pumped into the 
estuary every day. The sludge is waste from 
the manufacture of .phosphate fertiliser. 
Two firms, APC and Rhone Poulenc, dump 
the slud!Je from barges. A third, COFAZ, 
uses a six-kilometre pipeline. The sludge 
now forms a deposit 3-4 ll)etres deep over 4 
hectacres of the estuary. · 

The bay was once a rich fishing ground 
but now the fish are. gone . . And further out 
the effect of the sludg!! has been to sterilise 
fish spawning grounds, cause tissue and 
bone damage to fish and promote the 
spread of a phytoplankton; gonyaulax, that 
is toxic to marine life. 

Yellow sludge (phospbogypsum) is 
produced when phosphate rock is treated 
with sulphuric acid to make fertiliser. It 
contains traces of cadmium. Greenpeace 
says between six and 28 tonnes of the toxic 
metal enter the Seine each year. It also says 
that, at the APC plant, uranium was 
extracted from the sludge at one time by the 
French nuclear firm, Cogena. 

France is the biggest producer of 
phosphoric acid in the EEC. Half the 
industry's waste lands up in the Seine 
estuary. British manufacturers dump 
sludge containing some 20 tonnes of 
cadmium into the Severn and Humber 
estuaries each year. 

Catherine Caufield aboard Sirrius 

Culturing the bacteria resulted in a library 
of protein antif,ens, many of which have 
been tested agamst blood sera from people 
living in malaria-prone areas of Papua New 
Guinea. 

The researchers believe the key to devel
opment p( l!n effective vaccine lies with 
those sera which inhibit growth of the P. 
fa/ciparum organisms and which come 
from people who are apparently resistant to 
malaria. The Hall · Institute's head of 

The implications of the latest advance go 
beyond malaria control. "Similar ap
proaches to the identification of relevant 
antigens should be possible with other para
site systems such as schistosomiasis and 
trypanosomiasis which afflict hundreds of 
millions of people in tropical areas," says 
Dr Mitchell, "Until now, the single most 
important impediment to the development 
of parasite vaccines has been the scarcity of 
parasite protein antigens available for 
testing." D 

Ministers backtrack on lead 

BRITISH ministers are 
backtracking on their 

commitment to eliminate lead 
from ix:trol as quickly as poss
ible. They are bowing to 
pressure from the motor 
manufacturers who do not 
want to be forced to make cars 
that run on 92-octane lead-free 
petrol. 

before King was repla<;ed by 
Patrick Jenkin in the new 
administration) a spokesman 
at the Department of the Envi
ronment insisted to New 
Scienlist that, despite King's 
April statement, no decisions 

. Q had been taken. " We have 
~ never been committed to one 
"! side or the other. It is the Royal 
,I' Commission that came down 
il in favour of 92." 
<t The row arises because low-

In April, the then environ
ment secretary, Tom King, 
told parliament that the gov
ernment "accepted" recom
mendations on lead in petrol 

Jenkin 's problem octane lead-free petrol i~ easier 
for the oil companies to 

produce (they just leave out the lead). But it 
1s harder for the motor manufacturers, who 
must redesign engines to cope efficiently 
with the new fuel. The Royal Commission 
said there was " no insuperable difficulty in 
making the transition" . 

made that day by the Royal Commission 
on Environmental Pollution, The commis
sion, he reported, had said "from an early 
date all new vehicles should be required to 
use 92-octane lead-free petrol". This 
"rel?resents the best possible route to 
achieve the earliest and most sub
stantial reduction in petrol lead coµpled 
with its eventual elimmation". King said 
he would start talks with the motor and 
oil companies on a timetable · for the 
change. 

But, since those talks began, ministers 
seem to have changed their minds after tbe 

·car makers complained that the oil com
panies could change their product to make 
higher-octane petrol free oflead. On Friday 
of last week (after the general election but 

High-octane lead-free petrol requires 
only minor modifications to existing high
compression engines. But it requires either 
more expensive refining of crude oil or the 
addition of octane-boosters like methanol 
or methyl tertiary-butylether, as a substi
tute for lead. 

Meanwhile, the European Community's 
Council of Ministers meets today to 
consider the Europe-wide introduction of 
lead-free petrol by I 990. Europe's car
makers will be lobbying hard. o 
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Cottrell will head PWR safety panel 
SIR ALAN 

Cottrell, who not 
long ago was a lead
ing critic of 
pressurised-water r~
actors (PWR), is to 
become the official 
watchdog on their 
safety. The former 
chief scientist to the 
British government 
and a leading metal
lurgist has been 
appointed chairman 
of the advisory 
committee which will 
supervise the Inspec
tion Validation 
Centre · (IVC) for 
pressure-vessels to be 
built at - Risley, 
Cheshire. The centre 
is a joint project by 
the Central Elec
tricity Generating 
Board and the UK 
Atomic Enefll¥ Auth-· 
ority. It is designed to assuage 
once and for all fears about the 
stainless-steel vessel which will 
form the heart of the PWR 
power station intended for 
Sizewell in Suffolk. 

The IYC is likely to cost 
more than £3 million to build. 

certain abnormal 
conditions. 

For its past genera
tions of gas-cooled 
reactors, Britain has 
used · reinforced 
concrete contain-
ment vessels. But it 
has tested steel 
vessels. One critic or 
the board's PWR 
is Rodney Fordham, 
a former senior 
nuclear-safety scien
tist at the UKAEA 
who was forced to 
take early retirement 
from the authority 
last year. · Fordham 
was for 17 years a 
principal engineer 
responsible for reac
tor safety. He is now 
safety consultant for 
the Town and Coun-

It will include laboratories and Pressure-vessel (top) 
an inspection pit capable of and its watchdog 

- try Planning Associa
;o tion at the Sizewell 

public inquiry. He recently 
brought to light an engineering 
test in 1966 which resulted in a 
steel pressure vessel failing 
"catastrophically" at high tem
perature well below its calcu
lated strength. The results have 
never been published. Ford
ham says they raise questions 
about the behaviour of cracks 
in the steel vessel, suggesting handling steel sections weigh-

ing up to 200 tonnes. In addition to carry
ing out tests on the pressure-vessel's 
forgings, it will approve all the procedures, 
equipment and operators for the ultrasonic 
inspections that will be performed on the 
pressure vessel both during construction by 
the French firm Framatome and after 
hydrostatic pressure testing has been 
carried out. The IVC will also carry out 
automatic inspection of the pressure vessel 
using the equipment destined for ultimate 
inspection when the vessel is in service. 

The CEGB hopes that the presence of Sir 
Alan will be able to satisfy the critical voices 
who have questioned the integrity of the 
vessel design and the ability of current tests 
to predict the behaviour of steel under 

that brittle, rather than ductile, cracking 
could take place at high temperatures. 

The UKAEA says the test was 
instrumental in confirming that the 
integrity of a pressure vessel is properly 
assured by preventing a crack from running 
rather than relying on being able to stop 
runninf. cracks. Asked to comment on the 
test, Srr Alan told Fordham: "It is an 
extremely artificial case, completely 
unrepresentative of practical conditions, 
in which catastrophic failure was forced 
upon a model p.ressµre vessel. .. . These 
artificial conditions do not represent 
any realisable operational situation in 
a PWR pressure vessel". 

Roger Milne 

Shuttle will drop laboratory into space 
T HE NEXT trip into space of America's 

space shuttle, scheduled for lift-off this 
Saturday, will test a new concept in space 
science-a "free-floating" platform that is 
left in orbit laden with experiments. During 
the shuttle's six-day miss10n the vehicle will 
heave overboard a prototype P~ll!fQrm 
made by engineers in West Germany. The 
hardware, called SPAS, will stay in orbit for 
several hours until the shuttle picks it up 
again for a safe return to Earth. . , . 

Ultimately, scientists think that such 
platforms could be left in space for months 
collecting data or acting as a test bed for 
experiments in materials processing. The 
European Space Agency is building a plat
form, based on SPAS and called Eureca 
(European Retrievable Carrier). It should 
fly in space in 1987. 

Challenger, the second vehicle in 
NASA's shuttle fleet, is making its second 
flight. By 1985, NASA will operate a total 
of four orbiting craft. The m1SSion will be 
the first on which astronauts use the 
shuttle's robot arm to position objects in 
_outer space. With the arm, they will talce 
out from the vehicle's cargo bay two 
commercial satellites for Canada and 
Indonesia. The arm will also figure in the 
mana:uvres involving SPAS. 

Thirdly, Challenger's five-person crew 
will include Sally Ride, an astrophysicist 
who becomes the US's first woman astro
naut. Also aboard is a physician, Norman 
Thagard, who will monitor the rest of the 
crew to discover what causes the motion 
sickness from which many astronauts 
suffer. Peter Marsh 
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Dutch return to windmills 

T HE DUTCH government has ~ven the go
ahead for the country's first wmdmill park. 

More than 20 turbines, with a total generating 
capacity of IO 000 kW will be built at Sexbierum 
on Holland's breezy Nonh Sea coast. Toe 
Ministry for Economic Affairs has promised to 
conlribule half of the estimated cost of £16 
million. Work will begin in 1984. o 

Minerals threat to Antarctica 

SIGNATORIES of the Antarctic Treaty 
are meeting in Bonn during 11-12 July to 

discuss a minerals ~me for Antarctica. Central 
to the discussions will be a document drawn up 
by Chris Beeby, the chairman of an Antarctic 
minerals meetmg held last January in Welling
ton, New Zealand. The Beeby document 
proposes "principles" to ensure that any mineral 
exploitation of the Southern continent should 
not cause "significant or irreversible chanFI in 
the distribution, abundance or productiV1ty of 
living resources" or the environment. 

The proposal argues-against exploitation of 
protected areas such as sites of special biological 
or scientific imponance. Without specifically 
defining the terms, the document outlines 
regimes for prospecting, exploration and 
development. . 

Greenpeace claims that "if this plan is a~ 
at the meeting in Bonn . .. then the way will be 
open for the systematic destruction of the most 
vulnerable parts of Antarctica-putting at risk a 
unique range of wild animals and birds, includ
ing penguins, whales and seals. It will be an 

· irreparable Joss for mankind." □ 

World's top astronomy job 

THE MOST imponantjob in astronomy will 
go to the present director of the Institute for 

Astronomy in Hawaii, John T. Jefferies. He will 
direct America's new National Optical 
Astronomy Observatories, an amalgamation of 
three observatories and nearly 20 telescopes. 

His fiefdom will include the Kitt Peak 
National Observatory in Arizona which has nine 
telescopes, and is the site for six more Ol)!:rated 
by other institutions-and, in the southern sky 
the Cerro Tololo Inter-American Observatory in 
Chile with eight telescopes. The third obser
vatory in the new organisation will be the 
National Solar Observatory, itself a new amal
gamation of the solar telescopes on Kitt Peak 
and those at Sacremento Peak in New Mexico. 
They include the world's largest telescope 
designed to study the Sun, the McMath tele
scope. 

The amalgamation is panly to create an 
organisation to be responsible for America's plan 
to build, in the next few years, the world's largest 
optical telescope, with a mirror (or array of 
mirrors) 15 metres across. 

Lust for power 

PROFESSOR Reimar 
Lust is the new head 

of the European Space 
Agency-one of the 
continent's top jobs in 
science administration. 
ESA's council approved 
the appoint-ment on 8 
June. Liist is the current 
president of the Max 
Planck Institute. He will j 
take over in May 1984. 

By all accounts, Liist 
had a tougher fight than J 
expected. His elevation s; 
was delayed after he~- ,.... a. , 1 

allegedly performed Last: takeover 
badly at an interview. 
Britain's Sir James Hamilton, his little-fancied 
civil-servant rival, did well. 

In its formal statement, ESA's council 
felt it necessary to affirm its continued 
confidence in Erik Quislgaard, the 0\11-
going chief, for his remaining year in office. "ti 

i 
i 
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Government 'misleading' on nuclear war casualties 

A LEADING nuclear physicist, 
Professor Joseph Rotblat, has accused 

a top scientific adviser to the British 
government of misleadin~ the public and 
"completely ignoring" evidence from the 
US in his estimate of the number of people 
likely to die in Britain during a nuclear war. 

Rotblat, who once worked on the British 
bomb, criticises Professor John Martin, of 
Dundee University, in a letter in tlie 
summer issue of the Journal of the Society 
for Radiolo~ical Protection, published this 
week. Martin is the chairman of a Home 
Office working party on radiation hazards 
and his claims have been accepted by the 
Home Office for its civil defence plans. The 
bone of contention is the difficult problem 
of calculating the radiation dose that would 
kill ' 50 per cent of the population...:..the 
LD50• Martin argues for an LD50 value of 
600 rads, measured at the skin's surface, 
whereas the figure widely quoted else
where, especially in the US, is 400-450 rads. 
A recent symposium in the US backed the 
figure of 400 rads. 

Martin "bears a very heavy responsibility 
for ensuring that the public is given an 
objective picture of the radiation hazard in 
a nuclear war", writes Rotblat. 

Martin has cited various cases to back his 
version of what the LD50 is. One of these 
concerns four Algerian women who stole 
some radium and exposed themselves to 
between 1000 and 1400 rads over 38 days. 
All four survived. However, says Rotblat, 
Martin does not mention that they "had to 
be kept in isolation in plastic sterile 
chambers; they received major antibiotic 
and anti-mycotic treatment; repeated 
transfusions of multiple bags of red and 
white blood cells and platelets". Such treat-

Steve Connor of this recovery. The OED is, the,refore, the 

ment would not be possible in the after
math of a nuclear war, says Rotblat. 

Martin, meanwhile, ,s preparing a 

amount of radiation actually damaging the 
body and when it rises to the LDso then 50 
per cent will die. 

Philip Steadman, the director of the 
Centre for Con-figurational 
Studies at the Open Univer
sity, points out that when the 
OED formula is used to 
modify Martin's LD50 for short 

reply to Rotblat's criti
cism. He told New Scientist 
last week that the American 
symposium produced "no new 
information". The figure of 
400 rads had been estimated 
by polling radiologists and 
medical physicists. "It is up to 
Rotblat to say why he believes 
in this estimate," says Martin. 
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i! bursts of radiation, to account 
,i: for the body's ability to 

I 
recover, it, raises the LD50 to 
800 rads for a day's exposure, 
and 900 rads for a week. "This 
last figure may be compared 

. with the LD50 for an exactly 
0 equivalent wartime one-week 

But Rotblat is even more 
critical of Martin's use of a 
formula to assess how the 
effects of progressive recovery 
from radiation by the body can 

Rotblat: "misleading" dose, · quoted recently by the 

be incorporated mto the LD,o. The human 
body can recover from a short burst oflow
intensity radiation as new cells are made 
and old, damaged cells repair themselves. 
The Home Office, taking its cue from 
Martin, proposes a formula for assessing 
the operational equivalent dose (OED) 
which adjusts the total dose to take account 

British Institute of Radiology, 
of 450 rads," says Steadman. 

Raising the LD50 to 800 rads for one 
day's exposure "perhaps explains the claim 
by the Home Office" writes Rotblat, "of a 
70 per cent survival after an attack of nearly 
200 megatons on this country, with radi
ation accounting for less than 6 per cent of 
the fatalities." D 

Canadian trial decides dioxin use 1~ 

A TRIAL is under way in the Supreme 
Court of Nova Scotia, Canada, to 

decide whether herbicides containing the 
lethal impurity dioxin can be used near 
inhabited areas. Sixteen local residents, 
wl;J.o have won a court order banning spray
ing until the case is heard, will have to pay 
CS½ million in costs if it is found to be safe. 

The. Swedish-owned company, Nova 
Scotia Forest Industries (NSF!), wants to 

switch to aerial spraying of the herbicides 
2,4-D and 2,4,5-T to kill young hardwood's 
in softwood plantations. Local une'ase 
reached a peak last June when Micmac 
Indians, whose reservation is downhill and 
downstream. from the plantations, ripped 
up I 000 seedlings in protest. 

Other pulp companies in the province, 
including the British-owned Bowater
Mersey, are helping with NSFI's costs. D 

Two · months on a floating ice-station 

C ANADIAN scientists are 
assessing data gathered 

during the country's longest 
and most ambitious recent 
expedition to the Arctic. The 
results could prove valuable in 
bolstering Canada's claims to 
sovereignty over parts of the 
Arctic. They will also cteate 
better maps, improve under
standing of ice conditions, and 
lead to wider knowledge of 
a virtually-uncharted under
water mountain range. 

A team of 40 men and· 
women, sponsored by the 
Federal Department of 
Energy, 'Mines and Resources, 
spent more than two months this spring 
aboard a floating ice-station, CESAR '83 
(Canadian Expedition To Study The Alpha 
Ridge). They set up camp 400 kilometres 
south-west of the North Pole, and drifted 
an average 2 km a day on the ice, while they 
studied the Alpha Ridge-a chain of moun
tains 400 km wide, almost 1300 km long 
and up to 2·7 km high-under the Arctic 
Ocean. 

One of the aims of the expedition was to 
take samples of the core of the earth's crust 
from the ocean bottom. If, as some ocean
ographers and geologists believe, the Alpha 
Ridge is connected to the Canadian land-

mass at Ellesmere 
Island, Canada could 
claim the whole ridge 
area under the pro
visions of the Law of 
the Sea Treaty. 

The llfOUP, under 
its chief scientist, 
Hans Weber, lived in Arctic tents in 
temperatures around -45"C. Among their 
300 000 kg of supplies were micro
computers and a bulldozer to build a 
runway. Dining on steak, the group was a 
far cry from the first polar expedition
mounted by the British 100 years ago. 

Researchers from Norway and the 
United States also took part in CESAR, 
Bathymetric surveys, to show ocean depths 
throughout the area and the major seafloor . 
features, were followed by gravity studies 
providing data on the underlying crust. 

One other highlight was a visit to NP-25, 
the Soviet ice station which has been drift
ing near the Pole for almost three years. Jim 
Tanner, director-general of the ministry's 
earth physics branch, says: "It seems they 
are· doing little science at the site-they 
have satellite-receiving equipment, some 

weather instruments, 
and appear to be 
doing some oceano
graphy." He assumes 
that, "the .Soviet 
scientists merely 
gather the basic data 
and send it off to 
Moscow and Lenin
grad" for analysis. 

CESAR, like NP-
25, did a lot of move
ment tracking: the 

station drifted east-south-east about 2 km 
each day, more than 6 km a day during the 
storm. The storm was welcomed by the 
mapping team as it drove them over a 
greater area of the Alpha Ridge than antici
pated and contributed to their investigation 
of the Ridge's origins. D 
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Europe pitches for African communications satellite 

THE BA TILE to provide a 
pan-African satellite tele

communications system is 
hotting up. European satellite 
suppliers seem to have stolen a 
march on Intelsat a coop
erative project that has become 
tied up in international red 
tape, and per-suaded a number 
of African nations to buy into 
their own satellites. 

The · Europeans-British, 
French, Italians and the Euro

Fund (EDF), the project had to 
be more European. Now a 
consortium headed by Euro
space has widened African 
contacts to include English as 
well as French-speaking Afri
can nations. 

Industry, The Ministry for Cooperation in 
France and the Union of African Posts and 
Telecommunications are currently engaged 
in "door-to-door selling", according to one 
source. · 

pean Space Agency-hope to Nations set to sign 
sell a satellite for national and 
international communications. It will be 
operational by 1988. The French sowed the 
seeds some years ago but, to get aid from 
l>odies such as the European Development 

At . a meeting in Dakar at 
the end of last month, the 
Europeans launched the idea 
of setting up a group of 
customer-nations. They hope 
at least seven will become 
members by the end of the 
summer-making it an accept

If the satellite goes ahead, it will be 
specially modified to cope with a mass of 
low-volume signals coming in from all 
corners of the continent. The Europeans 
are arguing for a system designed to operate 
with low power and low-cost earth stations. 
This will be an advantage over what Intelsat 
could offer at the moment, the European 
suppliers believe. 

able candidate for EDF aid. 
Five nations are near to signing

Senegal, Congo, Sierra Leone, Ghana and 
Botswana. The- British I>t:_partment of 

Killer plastic stalks the greenhouse 

The Europeans believe that satellite 
communications could have great advan
tages for Africa. Satellites are much less 
vulnerable to the frequent maintenance 
problems which plague African tele
communications. Ground-based micro
wave networks need only to have one relay 
station out of action for continent-wide 
communications to be affected. SCIENTISTS working for the British 

government believe they have nailed a 
mysterious plague that has been . killil)g 
crops in green.houses. The culprit seems to 
be a type of plastic glazing strip, which 
firms started fitting two years ago. The 
plastic has an unfortunate side-effect-it 
kills plants. 
This week, scientists at the National V ege

table Research Station at Wellesbourne 
near Warwick are rebuilding one of the 
station's glasshouses to test the theory. 
They are replacing the glazing strips-the 
pieces of plastic that hold the glass-in part 
of a large greenhouse with strips made from 
a less volatile type of plastic. In a few-weeks 
they should have some hard facts to back 
up their suspicio·ns. 

Some people who make a living growing 
glasshouse ·crops such as tomatoes already 
liave the evidence they need in the form of 
damaged produce. For cabbages and 
radishes, the effect is even worse-the 
whole crop dies. 

'According to the ARC, symptoms of the 

problem "include pale or dead patches on 
the margins of leaves and sometimes lead 
to the death of the leaf or even the whole 
plant". 

Scientists working at the Agricultural 
Research Council (ARC), the agriculture 
ministry and Imperial College,. believe they 
have traced the problem to a plasticiser 
called di-butyl phthalate, which turns hard 
PVC into a malleable substance. After a 
time it seems to give off a chemical-which 
no one has yet been able to detect-that 
arrests photosynthesis in certain plants. 
The ARC believes concentrations of the 
chemical are far too low to pose a threat to 
humans: "the amounts involved are parts 
per billion," said Dr JeffMoorby. 

British PVC makers had talks with the 
ARC last month. They have already 
changed the plasticiser that goes into glaz
ing strips for a less volatile one. The green
house companies are anxious to keep the 
whole fiasco quiet: "If this gets out, there 
will be no Brinsh greenhouse industry in six 
months," one scientist said. D 

However, the European suppliers are 
afraid that Intelsat will come up with a new 
service more tailored to African needs. In 
the meantime, they are looking for around 
£20 million in assistance from the EEC
enough to pay for the satellite. But the Afri
cans will have to foot the bill of about £80 
milliod for the ground stations. 

:Andrew Lloyd, Pllris 

Now, Euro-TV for breakfast 

Britain to sell reactor to Turkey's colonels 

EUROPE'S TV broadcasters have 
come up with a plan for "Eurovision" 

breakfast TV. It is one of the highlights of 
a package of programmes that could be 
exchanged by satellite between the main 
broadcasting networks from next year. The 
broadcasters met last week in Munich, 
w!tere they discussed a proposal to 
exchange at least three hours of 
programmes each day. These would either 
be broadcast Immediately by the main 
networks of cable TV or could be recorded 
for later transmission. "Good morning 
Europe", a 6 am competitor to existing 
breakfast programmes received strong 
backing at the meeting. BRITAIN is set to make its first export of 

a nuclear reactor since the 1960s. At 
the weekend the National Nuclear 
Corporation confirmed . that it is nego
tiating with Turkey for the sale of a 350 
Megawatt Magnox reactor, one of the first 
generation of British nuclear reactors. 

The NNC acts as the agent for the build
ing of Britain's nuclear power stations and 
has been running short of work. Moves by 
the NNC to sell the Magnox to Bangladesh 
and Chile ran into political flak recently 
because of fears of nuclear proliferation. 
Magnox reactors are particularly efficient 
at producing plutonium suitable for.weap
ons. It rem ams tci be seen whether the 
Turkey deal founders because of the 
unstable nature of the present military 
regime in Turkey. • , , 

Meanwhile the Sizewell inquiry, now in 
session at Church House, Westminster, 
after its move from Suffolk, has been told 
of the Central Electricity Generating 
Board's medium-term capital investment 
plans. These include provision for a 
programme of eight nuclear power stations, 
including Sizewell B, over the next decade. 

~ ~ · ,'--. '. 'J __ ~· 

·, - . .• -;,Ji > ~,,.,. -w• ~-· 
Last year, 15 nations ran a series of 

programmes using an existing satellite . 
These were distributed by closed-circuit TV 
only. But, as a report due for publication in 
July will show, these experiments proved 

.g that there will be enough demand and pro
~ duction capacity to make such a service 
., viable."They were successful enough for us 
f. to think we will continue next year," says 

NeviUe Oarke, senior programme officer 
with Britain's IBA. 

Will the military take the controls?-

Details came to light during the cross
examination of John Baker, the board's . 
.chief witness, who was facing questions put 
b}' John Taylor QC,.on behalf of the Coun
cil for the Protectton of Rural England. The 
details of the board's investment proposals 
are contained in a hitherto-confidential 
memorandum submitted to the Dep
artment of Energy in February. The docu
ment shows that the board believes it would 
be prudent to ask the government for 
financial approval for a continuing nuclear 
programme. 

The board says neither the CEGB nor 
Whitehall is committed to the plan. D 

The broadcasters' plans are coordinated 
by the European Broadcasting Union. They 
follow yet another report by the EEC 
Commission that called for the develop-
ment of something even more ambitious-a 
European TV channel. Amongst other 
things, the report complains of a lack of 
really "objective" European news coverage 
without nationa-list overtones. As the new 
technology of cable and satellites makes it 
feasible for homes to receive a .huge variety 
of programmes, Europe's technocrats, 
politicians and broadcasters have decided 
that the time is ripe for a Euro))Clll' 
channel. D 

i 
I 
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I Germany calls for curbs on Europe's pesticide exports 

00 

! 
TODAY, West 

Germany and 
the Netherlands will 
call on their partners 
within the European 
Community to bring 
in controls on the 
export of dangerous 
pesticides to farmers 
in the Third World. 
Members o( the EEC 
are responsible for 
two-thirds of the 
international trade in 
pesticides and · West 
German chemical 
firms alone produce a 
quarter of the world's 
exports. Oxfam, the 
development charity, 
estimates that there 
are 375 000 cases 
of humans poisoned 
by pesticides every - ~~~~',,;• .,., 
year i_n developing f .ft;' "J_:/t,~• .. 
countnes. . . " , ¥, ~ 1;~ 

Some pesUc1des , "' ,. ," · i. ,,-~;r_ 
should only . be \~ i<·~Jr 
sprayed by tramed l ._;,. 
operators wearing , , . -:,i• 
heavy and expensive ~ · · ►-A• 
protective clothing. 
In practice, in the 
fields of the Third 
World, they are 
sprayed by half
naked farm labourers who know nothing of 
the risks that they run. West Germany will 
use its position as the current chairman of 
the EEC's Council of Environment 
Ministers at today's meeting to back a 
proposal for a directive that would give 
ministers the right and duty to control 

pesticides exports. Both 
West Germany and the 
Netherlands, which will 
propose the idea. of a 
directive, have plans for 
similar domestic l~s
lation. The direcuve 
would outlaw the export 
of any pesticide that is 
banned or severely 
restricted within the 
EEC, unless the 
importing countries still 
ask for the product after 
being told of the reasons 
for the restrictions. 

The move follows 
extraordinary unanimity 

. in. a vote at the United 
Nations last December 
on the need to control 
pesticides. The General 
Assembly voted by 146 
to I in favour of control

ling the export of 
products, including 
pesticides, that can
not be sold in the 
country of manu
facture. There were 
no abstentions. Only 
the United States 
voted against. This 
vote, unlike an EEC 

S!directive, is not bind
~·ing. But the nations 

did agree to publish, by the end of this year, 
a list of all the products banned or restncted 
in indiviqual countries. 

The UN is also drawing up a code of 
conduct for the advertising, labelling and 
marketing of pesticides-similar to that 
drawn up for "infant formula" baby foods. 

Are the West's pollutants killing Thai fish? 

P 'i::STICIDES may be the cause of a 
mysterious disease ., that is killing 

millipns of fish in Thailand, say Thai 
government scient,ists. Among the species 
affected are mudfish and snakehead 
part of the staple diet of Thai• peasants. 

First reports that fresh-water fish were 
dying in large numbers came from the 
south of the country in November. One 
Bang!<ok resident reported that "the 
disease left ugly open wounds in the fish:'' 
Sil\ce then the epidemic has spread 'to 
more than half the provinces in Thailand. 
Fish worth $10 million have died, prices
of.other protein sources have so_ared. 

There 1s controversy over the cause of 
the i:pidemic. The head of the toxicology 
divis~c;m of the Thai agriculture depart, 
ment, Dr Prayoon · Deema, blames the 
pesticides. But Thai and British fish 
experts say the fish are dying from an 
aquatic fungus. This may or may not be 
linked to the presence of the pesticides. 

Whatever the truth, Thai fish are in a 
bad way.Deerria's staff have found Para
quat and other pesticides, such as dieldrin 
and heptacbior, in most samples of fish 
·~e they have examined since the 
9it~ . !)f- the .' disease. P~uat 
«ili\lm111auqn rangecl 'lip to 60·Jlllrts pe_i: 

biUion. River water samples contained 
Jfextremely high levels1' of 2,4-D and 
2,4.,5ff. These biocides are widely used in 
Thailand to keep down weeds.on rubber 
plantations and rice fields. 2,4-D levels 
reached 8 • 8 parts per billion in river 
water. 

Paraquat is manufactured by IC! for 
sale in Europe and North America as we.II 
as ip developing countries. The only 
published source of data on Paraquat's 
long-term toxicology is research by the 
U.S company, Industrial Bio-Test. The 
reliability of all IBT results has been 
thrown mto doubt since its direcfor and 
three chief scientists were indicted by" a 
gra'nd jury for fraud. 

Thailand's National Inland Fisheries 
lnsiitute says it does not know what is 
causinjl the epidemic or.why it has spread 
so rapidly. Experts from the Institute of 
Aquaculture at Stirlinjl University in 
Scotland were recently m Ban~ok. But 
they were unable to make a positive iden
tification. "The Srn:!ptoms are of a severe 
chronic muscle mfection caused by· an 
aquatic fungus," said Dr Ronald Roberts, 
the Insµtutc's director. "But it's a new one 
to 1.1$and we don't lmow.what'si:ausing'it, 
obvtiafetrol;ts illuis. . · • · :. . .. '·.; o 

The industrialised nations of the OECD 
have also prepared their own "guiding 
principals", accordinll to which the 
governments of importmg countries should 
be given information about hazardous 
chemicals. But these guidelines have not 
yet been adopted by the membet<states. 

As a result of all this international 
activity, the manufacturers themselves are 
rushing to prepare. their own codes in the 
hope of influencing the drafting of the UN 
code. A bizarre competition has developed 
between the American National 
Agricultural Chemicals Association 
(NACA) and the International Pesticide 
Industry Association (GIFAP) as to which 
will be the first to adopt gmdelines. The 
Americans believe that whoever can claim 
to be following a formal code of conduct 
will win business, especially from 
governments, who are among the largest 
buyers of pesticides. o 

Rat poison kills,.,18 

EIGHTEEN ~ ople died j n•fndo~ esia 
earlier this :,;ear' after eating. ri,ce 

treated with a ral· poison made by ·!Cl. 
Campaigners for controls on the export 
of hazardous products from Britain say 
that the deaths would not have occurred 
if !Cl observed the same precautions on_ 
its exports as are required for pesticides 
sold in Britain. . . 

IC! suppli'es the government of 
Indonesia with the "rodenticide, 
brodifacoum, unper the trade · name 
Klerat. K.lerat is a .l\qµid and IC! mixes 
it with rice for use as rat bait. One of the 
many settlements in which it is used was 
Bajar Agung in Lampung Province, 
Sumatra. The people there knew the rice 
was poisoned but, because their hartest 
had failed and they were starving, they 
decided to eat iL They washed 1t 
.thoroughly and one man volunteered fo " 
"ct as a humari guinea pig. Because 
brodifacoum is a slow0acting poison, the 
man lived long enough for the others to 
decide to eat the poisoned rice. Tlrey all 
fell ill, and 18 of them died. . ~ 

ICI does not ·sell brodifacoum in 
Britain, although. another cr,mpany; 
Sorex, does sell it in a pelle.t form. It ma.y 
only be sold to "professional operators" 
for indoor use. The ready-to-use 
poisoned rice that lCI sells to Indonesia 
carries health warnings a.n.d1 first . ·aid . 
advice. But the lapel does".n~!' advise 
professional . use only)!! "Since 
brodi(acoum is sold in pellet,form in the 
UK", asks David Bui.I ofOxfam-'s"1)ubl1c 
affairs '!nit, ",l"_hy does IGliJ.sel_l_ it .'to 
Indonesia m .h9~1(\ fom;i , ,wllic\l. 1s 
clearly more dangerous?" . 111 

,Brian Cox of Jhe company:s plant<. 
protection division, says: "It's not foe us 
to dictate to the Indonesians. They have 
made plain that we're-not expected to 
take the blame or pay compensation." 
ICI refuses to say how much 
brodifacoum it sells to the government 
of!, lndonesia-"that's a commercial 
§ecret''. The Consumers Union of 
lndoqesia claims that since 1980 Klerat ·m~· 52 pebP.le in Indonesia alone. 
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Ecology's law in search of a theory 
Plant ecology, at the admission of its own protagonists, bas produced only one 

respectable scientific law. But the basis of it is unexplained 
Michael Hutchings 
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Figure 1 The relationship 
between density of surviving 
plants and their mean dry weight 
in species of plantain; as lime 
passes populations move from 
the bottom right-hand side of the 
graph, up the -3/2 thinning line 
towards the top left-hand side of 
the graph. From K. Yoda, et al 
Journal of Biology, Osaka City 

University, vol 14, p 107 

THE MORE closely 
plants are crowded to
llether, the smaller each 

indiVJdual plant .is liable to 
be. The more they are 
thinned, the bigger the 
surviving individuals can 
become, until they may ulti
mately reach the maximum 
size for the species 
concerned. So much is obvi
ous; but what is remarkable is 
that the density of the 
surviving plants growing in 
an actively thinning popu
lation has a precise mathe
matical relationship with 
their average (mean) weight. 
Indeed, if one draws a graph, 
plotting the falling density of 
surviving plants at different 
points in time along the hori
zontal axis, and their 
increasing mean weight up 
the vertical axis, using a loga
rithmic scale in each case, a 
steeply sloping straight line 
will be produced when the 
points are joined together, as 
shown in Figures 1-3. Astime 
passes, populations move 
from the bottom right-hand 
comers of these graphs (high 
densities of plants with low 
mean weights), up the slope 
towards the top left-hand 

Density-dependent mor
tality is selective; inevitably, 
it tends first to affect the 
smallest members of the 
population. Thus, its first 

Plants thin themselves so as to maximise their biomass whether they effect is to result in an 
are mosses (top) or pine trees: though foresters may help the latter to increase in the mean weight 

obey nature's laws of the survivors. In addition, 

comers of the graphs (low densities of plants with high mean 
weights). The slope of the lines, almost regardless of the species 
considered, will be close to-3/2, "minus three over two". This 
relationship is so widespread that, in the words of Professor 
John Harper of the University College of North Wales, 
Bangor, the so-called -3/2 power law is "the only gener
alisation worthy of the name of a law in plant ecology". 

The relationship outlined above is a simple mathematical 
description of the way populations of plants develop. When a 
population of plants first starts to grow, each indiVJdual may 
have all the resources it needs to grow as fast as it is genetically 
capable of doing in the environment in which it finds itself. 
However, as time goes on, individuals may begin to compete 
for resources, and to interfere with each others' growth. Under 
com~tition the rate of growth of plants is reduced, and 
modifications of plant form, termed plastic responses, are 
often also seen. Such modification'sl!ia'y include, for example, 
production of fewer branches and flowers, or the characteristic 
elongation of stems (termed aetiolation) seen in plants 
receiving insufficient light. . , . 

However, there is a limit to the ability of plants to absorb the 
effects of competition by plastic responses; when the 
competition becomes too intense, some plants die. Of course, 
plants may die as a result of many causes, including the effects 
of frost, desiccation, disease, being eaten and so on. Being 
crowded out is only one possible fate, and this particular cause 
of death is termed density-dependent mortality. 

within any one population, it 
has the greatest influence in the areas where the plants are 
most crowded, and thus density-dependent mortality also 
leads to a more even distribution of plants on the ground. 
Subsequently, however, with competition reduced through 
the death of the smaller plants, and with survivors continuing 
to increase their mean weight, the total weight of the whole 
population increases as time goes on, despite the fall in plant 
density. When the surviving plants have grown to the greatest 
mean weight, that can be achieved at their new reduced 
density, density-dependent mortality may continue to · take 
out the ·smallest ones. This leaves survivors with a greater 
mean weight, and allows them to grow still further. 

Thus, with reference to the graphs, we can see that density
dependent mortality (or a thinning policy consciously adop
ted by a forester or gardener) is constantly tending to move the 
population towards the left along the horizontal axis, by 
reducing the density. However, as it does so, the mean weight 
of the survivors increases, and the population rises up the 
vertical axis. The net effect is to push the populations diago
nally up the graph as time passes. Note that the total weight of 
all the plants in the population (the total biomass) is the pro
duct of their mean weight, multiplied by the density. Note too 
that the line is steeply sloped, to such an extent that a IO-fold 
reduction in densit).' will, once the surviving plants have grown 
to fill the space available, be accompanied by roughly a 30-fo!d 
increase in mean weight, and roughly a three-fold in~m 
total biomass. 
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The line that the population follows on the graph is called 
the thinning _line. It is a constraint upon plant growth in 
crowded populations-a boundary condition defining the 
maitlmum mean weight that plants can achieve (and hence the 
maximum biomass of species which can be grown) at a given 
density. In practice, of course, plants may well be below that 
maximum-for example, they may be small, and yet thinly 
spaced, as in a newly thinned patch of seedlings. In such a case, 
plotting density against mean weight would produce a point to 
the left of the line. On the other hand, density-dependent 
mortality always prevents the population from moving into 
the area of the graph to the right of the thinning line; 
this is effectively a "no-go area" for accumulation of plant 
biomass. 

James White of University College, Dublin, and Eville 
Gorham of the University of Minnesota, have both recently 
published large sets of data showing that different species of 
plants ranging from mosses to forest trees, and includin~ a 
wide variety of families and forms of growth, follow a thinning 
line of the kind-shown in the graph- a straight line with a slope 
of - 3/2. In Figure 2, results from different species are 
combined. Unsurprisingly, the trees, at the top of the ~ph, 
are individually large but must be spaced far apart, while the 
herbs, at the bottom, remain much smaller but need far less 
room. They all follow virtually the same slO{JC of - 3/2 and thus 
the same law applies to all of them. In addition, as the thinning 
lines for all species examined lie roughly along the same 
trajectory on the graph, it _is obvious that they would virtually 
comcide, if appropriately extrapolated. Thus, we might 
surmise that if an individual daisy could grow so big that it 
occupied a whole square metre, it would be roughly the same 
weight as another species that occupied the same area. And so 
it turns out. The mean weight (or hY\)Othetical weight) of a 
plant filling one square metre exactly lS given by the term k; 
and log k, for virtually all species, has value between 3·5 and 
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Below the thinning line; plants take time lo reach optimum density 

4-3. In practice, since k is expressed in logarithms, the consis
tency is not quite so great as it seems: ' the weight in grams 
might lie between about 3150 (if log k was 3 · 5) and about 
19 950 (if log k.was 4 ·3). However, this range in values of log 
k, representing roughly a six-fold range in mean plant weight 
at any density, is very small in comparison with 1016-fold vari
ations in mean plant weight values over which thinning lines 
have now been fitted. Log k may well be a constant for any 
species. The range of values it takes from species to species 
may in fact be much smaller than that quoted above since, as 
James White has pointed out, log k is very sensitive to small 
changes in the slope of the thinning line, which itself will vary 
a little according to the data available. 

Knowledge of the value ofk is valuable since it enables us to 
predict.limits to biomass production for a given species at any 
density. It is a term in the generalised equation that describes 
the thinning law. This equation takes the form w=kd·312, or 
log10w=log1ok-1 · 5log11id, where w is the mean weight of 

- surviving plants, d is their density, and k is the constant as 
defined above. 

James White's <Jata show that this general equation applies 
to about 80 species of plant grown in mono-culture both in· 
natural and managed stands, and it also applies to mixtures of 
species. In this last case it describes the behaviour of all of the 
plants, and not the fate of the individual species. However, I 
have found that the plants that seem to fail to follow the -3/2 
thinning line most consistently are the perennial herbs that 
spread over the ground by clonal growth-that is, by produc
ing facsimiles of themselves by asexual multiplication. These 
plants often occupy very large areas of ground with a network 
of shoots, many of which may remain physicallr connected to 
each other for several seasons. Growth and· density of shoots in 
such clonal herbs are still constrained, however, by the thin
ning line. The growth strategy in such plants produces enough 
shoots each year to make it difficult for other plants to invade 
the space they occupy. In addition, as Lesley and Jon Lovett 
Doust described recently in New Scientist (vol 95, p 81) some 
of these plants distribute their shoots over the ground in such 
a way that they make the best possible use of available 
resources, but without causing enough competition between 
shoots to produce density-dependent mortality. (Adrian Bell 
in particular, at Bangor, has demonstrated predictable spatial 
organisation of shoots in a variety of species including the 
Indian cucumber and yellow wood sorrel.) Consequently, 
these plants increase their biomass very efficiently, because 
they are largely free, as other species generally are not, from the 
losses of biomass associated with density-dependent thin
ning. The populations grow until they encounter the 
constraint represented by the -3/2 power law, which, in many 
species, seems to coincide closely with their attainment of 
sexual maturity. Populations of shoots may remain near the 
thinning line for some time without moving along it, 
continuing to photosynthesise, both to maintain themselves 
and to build up storage organs that enable them to over
winter. 

It is possible to alter the position of the thinning line-that is, 
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Figure 2 Relationships between 
mean dry weight and density for 
selected plant species, drawn to 
show the coincidence between 
thinning linesfor plants of differ
ent sizes anti forms growing at 
different densities. Those at the 
left of the graph are trees, those 
at the right are herbaceous. 
From J. White, in Demography 
and Evolution in Plant Popu-

lations, Blackwell 
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Figure 3 Relationships between 
density and mean volume per 
tree for beech and oak for Jul/
stocked stands up to 150 years of 
age. Redrawn from J. L. Harper 
The Population Biology of 
Plants, Academic Press 

this supposition: species with 
a conical shape and needle 
leaves, like coniferous trees, 
seem to have higher k values 
than broadleaved deciduous 

to . increase or decrease the trees, with more spherical 
maximum mean weight canopies: grasses, with their 
achievable at a given uprigllt linear leaves, proba-
density-but only by chang- bly have the highest values of 
ing the intensity of light. If all. In perennial rye-grass log 
any other essential resource is k may even exceed 5 ·0. 
altered, for example the avail- Ecologists have known of 
ability of nutrients or water, the - 3/2 power law for about 
or if herbivores or foresters 20 years, but foresters, con-
harvest the biomass, then the cemed with the optimum 
rate at which the population spacing of trees, intuitively 
progresses up the thinning gras~ its significance much 
line may be changed (the earlier. The Forestry ManageJ 
plants· grow faster or slower) The light penetrates deep into Norway spruce (lop) allowing high ment Tables produced by R. 
but the thinnin~ line itself mass and high density. Iris (above) spreads to maximise mass_ with- T. Bradley, J.M. Christie and 
apparently stays m the same . . out competing with itself D.R. Johnston in 1966 show 
pesition. However, if the the ·most suitable thinning 
mtensity of the available light is increased (provided nutrients regime to adopt in order to maximise the rate ofincrease in the 
and water are in sufficient supply) the position of the thinning girth of trunks and the volume of usable timber per unit area 
line can be raised. In other words, plaqts achieve a greater of ground, for different species on different soils. Plotting the 
mean weight before density-dependent mortality sets in. The logarithm of the mean volume per tree against the log of the 
opposite effect occurs when light intensity is lowered. density of survivors produces lines with gradients ranging 

Light has this special effect on the thinning line because of from - r • 72 to -1 • 82, depending on the species and the grow
the way in which it becomes available to plants. It enters a ing conditions. These gradients are not greatly different from 
stand of plants from above, and is rapidly attenuated as it -1 ·5,andsuchdifferenceasthereismaybecausedbyplotting 
passes down through the leaf canopy. If light is oflow intensity mean volume rather than mean weight. 
to begi.ri with, the~ it will not pass far through the canopy Despite the appealing mathematical simplicity of the -3/2 
before there is too little to support photosynthesis. Hence, with · thinning law and its wide applicability to agriculture, horticul
low light, the shorter plants begin to die at an earlier stage of ture and forestry as well as natural stands of vegetation, it has 
growth and the total biomass which can be produced at a given so far been demonstrated by the accumulation of evidence 
density is reduced; in other wordsJ ~.thipnjng line is shifted to from experiments and other empirical data, but not satis
the left. Mark Lonsdale and Andrew Watkinson of the Univer- factorily derived from theory. The explanations originally 
sity of East Anglia have shown recently that the differences in proposed for the -3/2 term in the equation used arguments 
the intensity. of light in greenhouses between summer and based on the dimensions of the plants, but despite the apparent 
winter can ml!-l'kedly alter the position of the thinning line logic of this approach, these explanations have been shown to 
(although, as already indicated, the value of log k does not be untenable. Thus, we can demonstrate the law in action but 
exceed about 4 · 3 in most broadleaved species). we cannot yet say why it works, or to quote Professor Harper 

Because the position of the thinning line and the value of k once again, we have in the law "a crude statement of constraint 
depend in part on the ability of light to penetrate the leaf whose underlying rationale remains elusive". D 
canopy, it seems that plants that allow deep penetration of 
light should have higher k values than those that do not. 
Evidence on this is scarce, but what there is seems to bear out 

Dr Michael Hutchings is in the School of Biological Sciences ,.at 
the University of Sussex. 
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GASC 
Take a good look at the photo- and viewed through the other end, 

graph below. Isitagasnebulasomewhere became the microscope - the key to the 
in the universe or a microcosm here on exploration of inner space. In the course 
earth? Astronomy, metal physic<J, or of the last three centuries parallel 
human biology? Such are these scientific development of optical telescopy and 
disciplines that if the yardstic\{ by which optical microscopy has provided 
they were measured were distance, they scientists with deeper and deeper insight 
would literally lie worlds apart. Astro- ---.. into hitherto invisible worlds. However, 
nomy is the study of all objects within the application-of electronic and 
the universe; metal physics the properties computer technologies as tools for 
governing solid state materials and biol- scientific investigation has achieved a 
ogy the phenomena of life. Despite the · much greater impact in considerably 
divergent nature of these sciences, their less time. 
individual development can be traced The electromagnetic spectrum, 
back to a single unifying source: the like the optical properties of Galileo's 
Galilean telescope invented in the early telescope, has provided a fundamental 
17th century to examine the stars and basis for development of a wide and 
planets. That same telescope, modified varied range of sophisti_cated investi-,, 

PHILIPS 

gative instrumentation over the past three 
decades. Astronomy, metal physic<J and 
biology have benefited, of course. But 
the interdisciplinary nature of this 
development has given impetus to other 
fields of research such as Chemistry, 
Radiology, Geology, Meteorology, Tele
communications and Microelectronic<J. 

-As one of the world's leading 
research-based electronic enterprises, 
Philips has played an important role in 
this technological evolution. Notable 
achievements in electron microscopy 
start with selected-area diffraction 
apperturing and a 5-lens optical system 
in 1949, and continue with similarly 
~ovative 'firsts' through to the recent 
introduction of a new family of trans
mission electron microscopes. Indeed, 
Philips global reputation for innovation 
in this field applies not only to electron 
optic<J, engineering and vacuum design . 
but also to their application-oriented · 
system concepts. 

For medical investigatio$, Philips 
has developed advanced diagnostic 
systems for CT scanning, digital vascular 
imaging (DVI), ultrasonic<J and nuclear 
magnetic resonance (NMR). And you 
will find Philips providing a scientific 
eye for detail in space technology, too. 
In radio telescopes, in satellite earth 
stations and on board orbiting astron
omical satellites . 

. Fpr a closer examination, here are 
some fine details. 

Outer space or inner space? Inner space, in/act. 
The bright spots represent the distribution of minute 
pal/adiumcatalystpartic/es0.(}()(/()()4mmindiameler 
on a thin substrate. The image was recorded using 
the conical dark field mode of the Philips EM 400T 
transmission electron microscope. 

NEW NMR SYSTEM FOR 
MILAN CLINIC 

Measurement of the nuclear magnetic · 
resonance (NMR) of hydrogen is a long 
established analytical procedure in 
chemistry and physics. Now Philips has 
applied this principle to develop the 
GYROSCAN - a NMR medical diagnostic 
system for visualizing internal organs and 
other tissues. NMR makes use of the 
property that hydrogen nuclei, which are 
present in all living tissue, can be made to 
emit radio signals. Using computer tech
niques, these signals can be processed to 
obtain an image of the tissue-of-interest. 
Good results have been achieved in the 
detection of brain oedema and the study of 
pathological processes such as necrosis, 
ischaemia and various types of neoplasm 
and degenerative disease. 

The GYROSCAN has been ordered 
for the Radiology department of the Clinic 
Pio X in Milan, Italy, where a Philips 
TOMOSCAN 300 CT scanner has already 
been used for over 30,CXXl studies. 

NEW TEM FOR APPLIED 
RESEARCH 

Philips universal transmission 
electron microscope, the EM 420, combines 
high performance imaging with extensive 
analytical systems capability. A unique 
feature of the patented Twin lens is that the 
excellent objective lens coefficients in 1EM 
and STEM are identical aJ}d also allow 
small-probe 1EM performance with high 
±(i()0 tilt and high resolution. The EM 420 
can be extended with an extensive array of 
accessories to meet advanced specialistic 
needs in the area of X-ray, electron energy
loss and diffraction analysis. Specially 
developed for applied research, the EM 420 
is part of a new family of transmission 
microscopes, the others being the EM 410 
for life science investigations and the 300 kV 
EM 430 microscope for fundamental 
research. 

•~li'/le3:(•ll)~l•Jit.11t•l~1t•1: 
METEOROLOGY 

Signaal, Philips space-tech company, 
has developed a meteorolog1cal ground 
station that produces instantaneous images 
from orbiting and geo-stationary weather 
satellites. Employing sophisticated 
computer-tracking techniques, the station 
tracks low-orbiting satellites. when they are 
in range and - when they go out of range -
switches over to goo-stationary satellites. 
This dual-tracking capability enables 
meteorological agencies to widen their data 
base by comparing the high-resolution/ 
limited area data from theTIROS-N satellite 
with synoptic data from the GOES and 
OMS satellites. The station's software
oriented layout permits· a variety of system 
configurations to be achieved. One of these 
stations is already operational at the Royal 
Netherlands Meteorological Institute, · 
KNMI. . 

These are just a few examples of Philips adv!IJ!ced technology. If you would like 
more inforination, contact your Philips organization or Philips Corporate Planning and 
Marketing Support, VOA-0217, 5600 MD Eindhoven, the Netherlands. Telex: 35000 
PHTC NL. Please indicate in which o(the above subjects you are interested: 

0 
•·-·" 0 . 

0 

e SURE SIGN OF INNOVATION IN OBSERVATION 

769 

• 



[.' 

) 

·'· ,, 
~ 
' 

l 
• t 
I 

TTO New Sdsntisl 16 June 1983 

CONSIDER this irony. Teri groups 
from developed nations have eut 
up about $50 000 000 to build, 

test, and sail a form of lacht first built 
in 1907, with. the aim o winning a cup 
that America has successfully defenqed 
24 times since 1851. While the tech
nology that is being aeplied to chal
lengers and defenders alike is space-age 
stuff, the hull form is bound by a rule 
that has changed little since it was first 
established in Europe in 1920 and 
which has . not been modified since 
1933. 

The course, 
south of Newport, 
Rhode Island, is 
38·8 km long. 

Several designers of these boats, 
called "twelve metres", admit that des
pite all the tank testing, computerised 
hull design and construction tech
niques, any two with equivalent sails 
and crews would probably travel at the 
same speed. Races for the America's 
Cup are not necessarily about top 
speed, but about a combination of a 
boat's speed over a variety of wind 
directions and velocities, its manoeuvrability, sail quality 
and the preparation of equipment and crews. But even with 
all these, the winning boats in ·all the closely contested 
challenges have owed their success to something that tech
nology cannot provide- sailing skill. 

The J-c/ass yacht Rainbow, 39 m long, 
defended the AT1Jeriai 's Cup 

successfully in 1934. But in the 
~ competition that year, Britain's 

. •. ~ challenger Endeavour won the first two 
' "., . races, the last time a British contender. 

has won any of the-races 

Racing starts 
on Saturday; 

the trial is on 
13 September 

The role ·of technolo~ is to eliminate 
all the possible uncertamties that a chal
lenger or defender faces. And it is in this 
context thai the America's Cup chal
lenge of 1983 becomes more than just a 
race between emotionally-fired rich 
men for a trophy of doubtful value. 
America's Cup boats have always been 
technologically advanced, but this year 
sees a new high in the use of materials, 
electronic instruments, design tech
niques and computers to evaluate 
performance of boats, sails and men. 
For those who need a "spin-off" from 
esoteric technological projects, the 
America's Cup leads to improvements 
in the performance, safety and cost of 
the small boats that sailors take to sea 
for recreation. 

The America's Cup .is like a Grand 
Prix motor race. The analogy is best 

. seen at the waterfront in Newport, 
Rhode Island, where the races have 
been sailed since 1930. There, in a selec

tion of wharves, each camp has its "pit", with several 
specially equipped "containers" . Some are offices or work
shops and others are compact meteorological stations. At all 
these "pits" is a hoist, that when connected to massive eye 
bolts in the keel can lift these 25 tonne- displacement boats 
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out of the water. In some cases the boats are lifted out every 
night, while in others, the keels are shrouded to conceal the 
secrets of their designers. Each syndicate has the use of a sail 
loft in town, and each has hired the services of their nation's 
best sailmakers, albeit most employed by one American 
manufacturer . 

Security in each camp varies as to the syndicate's percep
tion of its chances. For the so-called Freedom syndicate 
(inevitably the favourite as it contains the key people who 
retained the Cup in 1980) it borders on the hostile. For 
Britain's Victory syndicate 1t extends from the locked gate to 
the threat of instant dismissal for any employee who leaks 
information to the press. In the case of France and Italy, 
while language provides a natural security, the leading 

US-the Freedom syndicate 

D ENNIS CONNER, who successfully 
· defended the America's Cup in 1980 

is both skipper and boss. He has two boats 
in Newport, the new Liberty and last time's 
defender, Freedom. 

Liberty is the result of trials with 
boats built specifically to investiga1 
extremes of design under the rating rul, 
One, Magic, was short and light; the oth, 
Spirit of America, was IOJ18 and bea1 
Both turned in stunning speeds in light ai 
but could llOt beat Freedom in stro: 
winds. Liberty, in consequence, 
elements from . both unsucc:essful 
boats, but is, at face value, .a conventio· 

Ive metre. 
,iter is not -a ~t believer in co 

· ·,ts,but his defender will 
·- ~--cx,mputer: -•-•-· 

selecdon •ofi 
Jllllll;•- ' ' 

iiilkiit.= lindilit :'·tlio ~ 
· ~!~ef_~e 

N9~" 

people are eager to publicise what they will do to. try and 
wrest the Cup from their better heeled and more 
technologically-advanced competitors. 

On ~e water, too, security is tight. Last summer in 
Newport, the British roused the anger of Dennis Conner, 
skipper of the Freedom syndicate, by filming the American 
boats during trials with video cameras. When the Americans 
sailed further out to sea, to make life difficult for the crew 
of the small tender the British were using, Peter de Savary, 
Britain's challenger, merely sent out a larger spy-boat. 

The Americans spy too. During one series of British trials 
last summer, Britaiq's syndicate manager sent a tongue-in
cheek note to Conner, thanking him for providing a rescue 
boat. The · acrimony that such activities built up has been 
resolved now with a British style compromise. Each syn
dicate has alternate days when it has the right to privacy, 
while anybody can follow its boats on the other days. The 

· result is a dearth of objective information about any boat's 
performance. Experimedtal sails that'show promise are aired 
on the private days; those that are average are on view to 
anyone nearby. The same applies to speedy boats. As Conner 
said: " If I had a breakthrough boat .I'd let my conventional 
boats ooat it when the press was around." 

The key technological areas for twelve metres at this level 
of competition are hulls, sails, and electronics. But masts and 
rigging and sail trimming winches are important too. 

The rule governing the design of a twelve-metre hull is 
highly restrictive. A designer can make a boat longer, but it 
must also be heavier and carry more sail; if he makes it 

shorter, he must reduce the weight and increase the sail area. 
Most designers opt for a length of about 20 m overall, with 
a waterline length of about 14 m, and a sail area of about 165 
sq.m. 

The precise hull shape is also governed by an official 
measurement of its ·girth at different positions. In general 
teffil:S th_ese must add up to a _specific volu:111e. The. con
ventJ.on 1s to have the biggest girth roughly m the rmddle, 
with the weight in the ends of the boat being minimised. 
There is a specifically local_ reason for this. During the 
summer in Newport, the winds are often light but the sea is 
short and steeP. exacerbated by wash from spectator boats. 

Any designer worth his salt will draw· a boat that can cut 
through such waves and not suffer from speed-sapping pitch-

UK-the Victory syndicate 

PETER DE SAVARY is the motive force 
behind Britain's best-presented chal

lenge since 1934, the last time a British boat 
won any of the races. Like Conner, be has 
bad two boats specially built: Victory '82 
(which was not fast enough) and Victory 
'83, which has not yet proved to be a 
winng either. 

He also paid for Australia, said by 
C.Onner to be faster than Freedom, and 
Lionbeart, Britain's challenger in 1980. 
Victory '83 is designed by Ian Howlett, who 
also designed Lionheart. Victory '82 bas 
been. severell modified as a back-up boat 
for this years~ .· 

Tlie Austtalians, · prmousfy the undis
puted leaders _outside the US, have taught 
de Savary that a cballenser inust . have 
enough money to spend ·on hiSh ·'tech
nology. ;rhere 1s aSI aillliob bu~to tiliy_, 
~for his syndi_"cate anch1.•......_.,,..,.,...., 

·-10,, Peni com · ·' ~~.:'. 
~ -ooau· use: ~tat:~ -·~ 
meats which have a ·mi · ~ .for 
eiclf~; Ui> to 10.~-atirtime 
carr·tie. ·•.,.n•miued &om'::;:t ~~, 
Masts, 7 -.--and'bydiauliai an,1iointhe 
~111~1\at'tbe US c:haJlqefi,ses.O '.· . . ' .... ' . . . .. · ... ' .. , .. ~. ' . ' .. · :'. 

ing. If he can reduce wetted surface area he will cut dra~ but 
again he is limited by the rule. He can reduce rudder size to 
this end but manoeuvrability is a key to a good match racing 
boat; the rudder must be of sufficient size and of suitable 
shape to control the boat while under the forces of a wide 
range of different sails acting under winds of different speeds 
and directions. 
. Most designers start with a known quantity-say a pre

vious winner or a powerful challenger-and study its lines, 
rule book in hand, to see how the form can be improved. 
Then they draw the better shape and this is where computers 
and tank testin~ come in. . 

Computers aid in checking that the shape "looks" ~ood 
when shown in a three-dimensional form. As Bruce Kirby, 
designer of Canada I says, "there is norexcuse for an ugly 
boat". Apart from offending the eye, it is likely to be slow. 
Then the designer builds models to test in suitable tanks. 
Expertise in this area is what brought Ian Howlett into the 
limelight. He designed Lionheart for Britain's unsuccessful 
challenge in 1980 and Victory '83, the much better boat on 
which Britain's hopes are pmned this time. Howlett is a 
naval archi,tect who specialised in tank testing at the Wolfson 
Unit at the Southampton CollC$e of Higher Education. 
Before Lionheart, he had " half built a twelve meter" before 
the commission was abruptly terminated. Learning from 
existing hulls and published data, he built models and tesf:ed 
them in towing tanks to experiment with variations. With 
Lionheart, he scored a ~al success, creating a boat th?t 
some people have descnbed as " the fastest twelve metrl m 
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the world in a straight line". The opportunity to design 
Victory '83 gave him the chance to add cornering ability to 
speed. Only time will tell whether he learnt his lessons. 

The hulls are made with lightweight but strong aluminium · 
frames welded and glued into the structure, with sheets of 
aluminium laid over them. Any unevenness is filled with 
epoxy resins and boatyard workers endlessly sand them to 
the final, desired smoothness. . 

Hull design is still something of a gamble, even when the 
designer has had years of experience. Conner's new boat 
Liberty was designed by Johan Valentin, a Dutchman 
regarded as a whizz kid. He had considerable assistance from 
Conner and a veteran called Halsey Herresof (his 
grandfather designed many of the US's. successful defenders 
of the 1930s). Yet rumour is now rife that Liberty is nowhere 
nµr as fast as Freedom, in which Conner won last time. 

If the Cup is won by a non-American this year (or any year 
if it comes to that) the community of designers who follow 
the twelve metres will have to go back to their drawing 
boards. Conditions in Perth, Australia· Il's home, or Essex 
where de Savary hails fro~, are markedly different from 
Newport. . 

Everybody favours the "conventional" boat, on the basis 
of past experience. But they still all secretly hope for a real 
breakthrough. This year it is Australia II, designed by Ben 
Lexcen that is exciting most comment. · 

The finest hull is no use without good sails. And sails have 
shown the most advances in the recent past. The secret of a 
g~o<!- ~I is its shape. Design~ around '~ ideal ~e_!ofoil, the 
fabnc must change shape at different pomts of sailing.- When 
sailing as dose as possible towards the wind, it-must be flatter. 
in heavy airs than in a light breeze. When running away 
from the wind, it must be full to catch every drop of power. 

When the wind comes from forward of a line cat a right 
angle· to the boat's direction (called the beam), most of the 
power comes from the lift given by the sail's aerofoil section. 
When the wind is behind the beam, some, but not all of the 
power comes from the "push" of the wind on the sail: When 
running directly down wind all of 'it comes from this force. 

J'welVe metres normally carry two sails at a time (although 
on occasion they can carry m.ore). The mainsail is attach~ 
to the mast and to tf\e boom. The other is called the genoa 
and is attached only at its forward edge to the forestay, a wire 
that holds up the mast. The mainsail is always carried and 
must be capable of being trimmed to a shape that suits·the 
apparent ,wind-the wind as seen by the moving boat. 

Materials are the key to a high-technology sail. Until 
recently Dacron (known as Terylene in Britain) was the 

~ ~" 

Top: The two finalists in 1980-Freedom (USJO) and Australia. 
Australia 's foresail has vertical panels to give more stretch
resistance. The dark and light patches on the back of Freedom's sail 
are made of Mylar/ Kevlq.r, alternately reversed to help stitching. 
Above: North Sail's plotting/cutting table brings automation into 

• the sailmaking loft 

favourite; tightly woven into a fabric and " tempered" by 
heat treatment or coated with resin it stretches much less 
than traditional materials such as cotton or canvas. But it 
does stretch, so sailmakers turned to an extruded plastic 
sheet called Mylar. While Mylar is very tough, once it starts 
to tear, it goes m a flash. So sailmakers had to bond ·a woven 
material to it for tear strength. 

Mylar hardly stretches at all compared with Dacron, but 

SINCE A,ustralia.fu:st:Gballenged fo~ tie 
Cup m 1962, it"., has prbduced the .,.,. '' ~" . 

greatest number ifof• contenders (six.I to 
Britain's'one),and the most technologically 
advanced: On llVO oocasions, with Oretel.in 
1970 and Austra!i~ (the Victory syndicate 
uses her as its trial, ho rse), the Ameri_cans 
acknowledged that the Austra)jans had the 
fastest boats. TheyJ ost the races due to the 
American's superior local ,knowledge and 

area(to.r, 
anoem 
a bu)b shape at the bo 

helm'smanshlp. _.,. Ii ,t c " · 
In .I 983, Australia II js reckoned to be 

the most feared .conternler. She was devel
oped hy l\ syndicate-run by Alan B'ond (a 

. Pei;th"property deve.loper often,'dell(>ribed as 
having the same •·piratic<1h:11o_nature , as 
de Savary of Britiiir),, and'designed by Ben 
Lexcen (who was' Pilr! designer of Austra
lia). The boat is gene_rfally believed to h!lve 
a novel huU shape) Th,e keel and after sec
tions are not exposed to (he, press or com" 
petitors, so nobody knows~preaisely what 
the novelty comprises:Ji.But it is generally 
believed that Lexcen has cut down the keel 

ere are said to.be fins (ra 
ils': seen',,on _advanced 
,t t0' reduce drag,r 
Australia II"is said to 

raigh~ tin~ and round cor 
ther Ausb:alian,entry desighe, 
~aJlenr~, a· "conv\:ntiona\" t 
:,xren .1s rep.orted to have be, 
,out tanldtests on ihe -
:l(evei; t.ltat0ifthe full-i 
1ywhere near"its· theo 
"JI•• revojutio.rt'.!S<J.j .hu11 
,ats. · a,t1,1; ' · 
!fhis'v\'.i_\l t,fBopd's fourth attemvt a(the 
1p m nme years" so he h;is considerable 
perience; that'means that sails, electron
s, masts ancho on will be at least as gooo 
; any other,contendcr's. And in John Ber-

rand, he has what many people believe to 
~ one qf the top five he! ms men i!l the 
·orld in mafcb racing. D 
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Right: Mkla'j,f evlar 1.0 

with Kev ar 1bres in .. . 
the load bearing . 
direction (the wa'ffl ... give the laminate 
cloth more stretch 

0 .7 
resistance for the 
same wei~ht. '; 0.6 
Below rig t, a i laminated sail has a .!: o.s 
Mylar sheet 'Coued to -
a cloth; this nd i o., 
must survive floftng ~ 
of the sail as we/ as 03 

sun and salt water. 
Below: the loads on 
a genoa are greatest 
at the corners, and 0 .1 

at the back, 
explaining why sail-
makers put more 
layers of cloth at 
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it gives enough to allow the sail to take up a satisfactory shape. 
Sometimes Dacron is bonded to it but in others a Kevlar 
cloth is chosen. Kevlar is a synthetic fibre which has a high 
strength to weight ratio. Sails of this pattern were first used 
for genoas in the America's Cup challenge in 1977, and for 
mainsails in 1980. 

Sailmakers have tried different ways to cut the panels they 
stitch into sails. Traditionally they cut the panels horizon
tally with curved edges. When these curves are held straight 
and stitched, the sail takes up the curved aerodynamic shape 
intended. Until 1980, nobody could achieve a suitable shape 
with anything other than horizontal panels. But nature was 
not on their side for the vertical forces in a sail are greatest. 
If only they could sew panels vertically, for the same strength 
they could use a lighter material. 

In a match race, where the first boat need only be one 
second ahead to win, a sail that can keep its shape in a wider 
range of wind speeds is an important advantage. You cannot 
afford the time to change a mainsail in such a competition; 
equally you cannot afford to break your sail. 
. This. year's novelty is a materi~~~-"warp Kevlar". It 
1s a ply of Mylar plus Kevlar woven m the warp, or load
bearing direction. The material is extremely expensive and 
until nine weeks ago did not exist in a form suitable for 
mainsails. In 1980, Australia started· the final match with a 
genoa made of warp Kevlar cut in vertical panels. It con
tributed to the boat beinjl faster than the US boat, Freedom, 
although it lost the senes because Freedom's crew sailed 
better. 

Last Autumn, the US sailmaker North Sails persuaded an 
American manufacturer of sail cloth to make a 5000 m long 
bolt of warp Kevlar, 1-4 m wide, using a fibre twice the 

diameter of the 1980 material. It took some persuading 
because this simple roll of material cost $ I 00 000. Kevlar is 
extruded-squeezed from a die of the right diameter-and for 
a warp cloth must be produced in the length of the final roll. 
There are 35 fibres to the centimeter and at 1-4 m wide, that 
means nearly 5000 fibres, each 5000 m long. If any fibre 
breaks during extrusion, it is worthless. If any fibre breaks 
during the pr= ofweaving the fibre into a cloth, that part 
of the cloth is no good. 

After w~ving, the fabric must be glued to the Mylar to 
form a laminate so perfect that it can withstand the flogging 
a sail experiences every time the boat "tacks" (turns so that 
the wind moves from one bow to the other). Add to that the 
natural dislike that laminates in general . and Kevlar in 
particular have for sun and salt water, and you get some idea 
of why a twelve-metre mainsail can cost about $15 000. 

Most boats in the America's Cup have three such ~ to 
cover the wind range in which the cup races can be sailed, 
from 5-25 knots at the start. Each syndicate will have built 
many such sails to get the perfect shape: · 

Traditionally (that is now in most sail lofts) a sailmaker 
creates templates for each panel. He draws a line on the 
material and cuts it by hand. Now North and other sail 
makers are using computers to handle this earlier stage of the 
design. 

Once a designer defined the shape of a sail by drawing it 
and transferring key points into a table. Then he converted 
this into a set of instructions for the template maker. With 
the computer programs that North has had designed by 
Michael Richelson at Copenhagen University, and Peter 
Hepple at Ounbridge in the UK, this part . of the process 
becomes automated. The designer keys into the computer 
the e<r0rdinates that define the new sail. The program 
checks these for glaring errors and automatically converts 
them into the cutting instructions for each panel. 

Sail makers at North's UK subsidiary, which the Victory 
syndicate is using almost exclusively, feed the co-ordinates 
into a computer at its loft in Fareham, Hants. They then lay 
cloth on a 25 -5 m-long table and push buttons on a key pad. 
A car:riage that runs on rails either side of the table then 
either marks the cloth to the desired shape, or cuts it with 
a "hot wheel". The key benefit is accurate sails. 

Computers are also used by most srndicates to evaluate 
sails, as part of the whole operation o monitoring the per
formance of boat, crew and sails working together. The data 
for computers are measurements taken by sensors on the 
boat. They include such variables as true wind speed and 
direction, apparent wind speed and direction, boat speed and 
direction and speed made good to windward-the latter is a 
measure of how fast and close to the wind the boat sails. 

·Both the Victory syndicate and Australia II send data to 
mini computers on tenders that follow the yachts as they 
train. Italy plans to transmit its data to a computer ashore 
for analysis there. The three American boats have opted for 
computers on board that store data for analysis when the 
boats dock, as have the Canadians, the French, and the other 
two Australian syndicates. 

Britain's boats send data to a large motorboat that follows 
them round. There they are loaded onto an ICL Perq com
puter and displayed instantly. In other words the operator, 
an electronics whizz kid called Graham Winn who is also a 
sailor, can watch the traces of each boat's speed, direction, 
the true and apparent winds they are experiencing and so on, 
as the boats are manoeuvring with each other. . 

He has programmed a number of floppy discs to cover the 
expected range of sea states-the height and frequency of the 
waves. He can use this information in a number of ways. 
One is to follow continuously what each boat does in re
lation to the other, · pointing out to the shippers how they 
~ght sail faster, or manoeuvre more swiftly. Or he can 
identify whether a particular sail is driving a particular b1,1at 
faster and under what conditions. 
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Top left: An Apple II computer on board Victory '83 is used for analysing data;'naviga
tion and tactics. Bottom left: France(// has a similar set up. Centre: each display has 
its own microprocessor and can be reprogrammed, by swopping '!I card, t<Y show anr_ 
other reading. Right: the screen of the Perq computer displays readings from Britain s 

two /Joats as they try, in training, to outmanoeuvre each other 

Hydraulics shapes. the rigging Grinders winch the sheets 
HE ·MAST and rigging of a twelve 
metre are akin to a fine musical 

instrument-unless tiJned · to perfection, 
they do·not deliver theidull potential. The 
mam, or coarse, tuning is done :before the 
boat goes .to sea; but when sailing the crew 
will make co.ntinual adjustments to the 
rigging to · pull and push the mast into a 
profile that suits the best shape of the sails 
for a particular course. 'They .. do this 
nowadays with hydraulics: · 

For example, a twelve me.tre's mast can 
take up any shape from looking like a I 
bow, to dead straight, · to "'the. •top 1 
bepding.fo.-watd. Much .of :thi~ coqtr, 
througli"the backstay, which-runs fron 
top or the..,mast to the
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iliai i'un over · horizontal rods projecting 
outwards at roughly 45• to the fore-and-aft 
line of the boat, down to roughly the 
middle of the mast. They support the top of 
the mast and govern the shape. of the top 
half; the rams act outwards on the rods, or 
"spreadm". The,other two rains act on the 
side stays (again through the. spreaders) to 
tension them. Beneath the mast is yet an
other hydraulic jack, used before a race to 
tension the rigging. Finally, hydraulics is 
being used to control the .shaP.!l5 of sails._ 
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"IF THE sails of a, twelve metre 
equivalent to the engine of a Gra 

Prix motor race, then its winches are 1 
controls the driver uses ·to get the m 
power from them" says Phil Atfield. H 
the :engineer who-Jias installed a Bri 
designofwinchonnineofthe 12Ameri, 
Cup boats now in Newport. He works 
Lewmar, · a British firm that has 
advanced its winch technology,in the 1 
five ~ that its equipmi;nt is the fi 
choice of the .leading contenders. A 
£50,000 ($75 000) per ~ste~ 
busmess. , -, _ . 
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On board, the computers are used for navigation or 
tactics. One might be surprised that a race over a mere 40 
kilometres needs computer-aided navigation, but there are 
two &ood reasons for it. One is to allow the navigator/ 
tactician to plan ahead. The computer says at the push of a 
button, the course to steer to get to the next mark as.fast as 
possible. If he believes he can get there before the other boat, 
without continuing the manoeuvring duels that are endemic 
to match racing, he can cut and run. Equally, when 
approaching a mark of the course, he can calculate with 
considerable precision what the apparent wind direction and 
speed will be when he turns the comer. This warns the crew 
which sails to have ready; anything that saves a second, or 
gains one tenth of a knot in speed is important to a really 
competitive twelve metre racer. Finally, Newport is a foggy 
place in summer. Contenders have lost races there because 
they could not find the next mark of the course. 

But behind the technology remain the people. It is in the 
nature · of sailors to be independent and they are often 
Luddites too. So the wise project managers emphasise that 
the technology is an aid to good sailing. No matter that they 
could not win without it. In the end many believe that 
Conner has the self-discipline and drive, coupled with the 
best technology, to win. But as a successful America's Cup 
skipper said of him: "He is only human. Like you and me 
he puts his trousers on one leg at a time." o 
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Your problem 
You are an electrical engineer, a surveyor or a 

professional person whose work involves long and 
involved mathematical calculations. Physics or· 
chemistry may be your forte. Or, indeed, you are a 
statistician faced with the problem of calculating 
population variance over differing periods of time 
given the norms and the level of significance where 
the appliaition a' '<-test is relevant. 

Your program 
P0 

Pl 

10'1.'C 
211 PRINT'x";A+l; : 

INPUTX 
30A=A+l 
40N=NtX 
50P=P+Xt2 
60 GOTO20 

10PRINT "y" ; Btl;: 
INPUTY 

211 B= Btl 
300=0+Y 

40Q=Q+Yt2 
50GOTO 10 

P2 
!0C=(SQR((P-(Nt2 

~AV(A-l)))t2 
211 D=SQR ((Q-(Ot2) 

/BV(B-1)) 
30PRINT "Pl =";A-J 
40PRINT "P2=";B-l 
50PRINT "F0=";C/D 

t2 
60END 

Your computer 
• CT ~ --;"x.100_." _~ 

~~i _.'! 
~ -, 

~ !!11--·~•)WIJ _. if '=' ~-, FX700P 
0 . 'BASIC' LANGUAGE SCIENTIFIC 
PROGRAMMABLE.12dip1<mpby,QWER1Y..,.,.,.,.i.1S68 

propamaq,&. Upto222 memorits. Buik-inximrificfunctiom. 1iipnomdric IUld 
invux ~functions. Random numbers. Logs. FP12m.ini-primcr, FA3asactte 

intemt'e availabit • optional ac:aaories. 

Bringing all the well-known Casio qualities of 
reliability and value for money into the world of 
pocket-computers has produced a range that will 
take care of a phenomenal number of problems. 

See them at your nearest Casio stockist. You'll 
be astonished at how much they can do for you, at 
such a low cost and in such a compact form. 
DISCOYER ~IC• FOR YOURSELF AT: ARGOS, BOOTS, OJRR'fS, DIXONS. GREENS IN 
OEBEfMWS, D.G.. LEISURE CENTRES, HOUSE Of FRASER, L.ANDNJ CALCULATORS. LEWISS, 
RUMBELOWS.. JMilAN, SELFRK>GES. W. H. SMITH. I.N>ERWOOOS. 'IIN..L.N:E HEATON. 
WILDING OFACE EQUlPMENT. F. W. WOOl.WOATH AHO WOOLOO. Abo o.tta Electrora. 
tbnnditch Wrilouse, Liurs, McOcna6ds Stores, Met)dean. SN:wy and Moore, Sumk>o, 
eor.:-i., TYPtWrilitt"Centrtandother IMdq; Hi.fi, ~and Dlpartment Stores. 
•MaynatbeA:ldild~in:iwidualretlillB. . 

~ Dectnri:s Co. Lid., Um 6, 1000 North CirtUa< Road, ~ NW2 7JD, 

CASIOef 
MAGIC. · 
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MONITOR 
A radio supernova suggests more are overlooked 

ASTRONOMERS from Jodrell Bank, 
Holland and Germany have found a 
~upernova in another galaxy by its 

radio ~mission. This is the first time that a 
· supernova has been discovered at wave

lengths other than light, and it suggests that 
optical astronomers may have missed 
many supernovae in the past: Supernovae 
could occur twice as frequently as previous 
statistics indicate. 

The team reporting the discovery (to be 
published in Natil._re) consists of Rod 
Davies and Alan Pedlar from Jodrell Bank, 
J. M. van der Hulst and G. D. van Albada 
from Holland, and E. Hummel from Bonn. 
The Dutch astronomers had mapped the 
radio emission from the spiral galaxy NGC 
4258 with the Westerbork telescope in 
Holland and the Very Large Array in the 
US during 1974 and 1975. The galaxy was 
observed again at Westerbork in late 1982. 
Meanwhile, the team was using the Very 
Large Array to study a sample of I 00 spiral 
galaxies, which included NGC 4258 in 
January 1982. They analysed the map of 
this galaxy a year later. 

To their surprise, they found a bright, 
very small radio source in one of the 
galaxy's spiral arms. This source did not 
appear in the I 974-75 map. They then 
checked the map made at Westerbork later 
in 1982, eight months after the source was 
recorded with the Very Large Array, and 
found the source present, but only half as 
bright. This confirmed that the· source was 
real, not just an artefact from the telescope, 
and also showed that it could be ·a super
nova, fading after an earlier outburst. 

Radio astronomers have detected radi
ation from only three other supernovae, all 
first_ discovered by optical astronomers. 
The new supernova has a similar radio 
output to these three (about 14 times 

Nig_el Henbest 
stronger than the most powerful source in 
our Galaxy, Cassiopeia A, the remains of a 
supernova explosion of 300 years ago) . 
There are three main optical observatories 
regularly monitoring galaxies to look for 
supernovae-Palomar m the US, Asiago in 

. Westerbork telescope spots a supernova 

Italy, and Zimmerwald in Switzerland. 
Paul Wild at Zimmerwald has studied his 
collection of photographs, and has indeed 
found a faint image of the supern_ova on a 
plate taken in November 1981. The strong 
radio emission several months after its 
appearance optically is typical of the 
previous three radio supernovae. But the 
optical image found by Wild is little more 
than a hundredth as bright as the super
nova should have been. Its dimness was 
probably caused by its ligli"t being absorbed 
by the dense dust in that region of NGC 
4258. Wild's photograph may have been 
taken after the supernova's maximum 
brightness and its maximum was missed 
because the supernova occurred close to a 
bright spiral arm whose image would have 
been "burnt out" on photographs. 

Either way, the fact that optical astrono
mers missed this supernova means that 

A clock that keeps time in the womb 
ANIMALS have built-in "clocks" that these areas clearly when slices ·of brain 

regulate their bodies' activities accord- are subjected to a photographic technique 
ing to the time of day. But does the called auto-radiography. If the mother 
clock start ticking at birth or before? was injected during the day, the SCN cif 
Steven Reppert and William Schwa~ of the fetuses showed up as dark spots; if 
Harvard Medical School . have found she was injected at night, they could not be 
that · the biological clocks of rats are seen at all. _ . 
working well before birth; they are syn- When the researchers gradually changed 
chronised. by their mothers' experience of the rats' " day" into " night" by turnmg 
night ·and day (Science, vol 220, p 969). the lights on and off at different times, 

Animals regulate their clocks-located both mother and babies adjusted their 
in brain regions· called the suprachiasmatic clocks to fit the new daily cycle. But if 
nuclei (SCN) of the hypothalamus- the mother was unable to see, neither 
according to the periods of light and she nor the fetuses reacted to the change. 
dark that make up their day. There is a · This was the first convincing evidence 
direct link between the retina of the eye that the mother's experience of day and 
and the SCN. This system could hardly night determined the daily rhythms of the 
be working in the cosy but dark conUnes fetuses. · 
of a rat's uterus. Yet Reppert and Schwartz The authors conclude that "the mother 
found that the SCN's of ·rat fetuses acts as a transducer between the en
examined 24 or 36 hours before they vironment and the fetal brain", although 
were due were active in the daytime they do not speculate on how she might 
and quiet at · night. _They injected· the achieve this. But they argue that without 
mothers with a · radioactively-labelled maternal guidance, physiological mech
form of glucose called 2-deoxyglucose, anisms that show daily rhythms might not 
which collects in active parts of the brains be coordinated at the time of birth, thus 
of both mother and fetuses, and marks endangering the survival of the young. □ 

they inay have missed many .othe°i-s in the 
spiral arms of galaxies-particularly those 
of Type II, the explosions of young massive 
stars which occur mainly in the arms. 

If the supernova rate has been under
estimated, it affects many branches of 
astrophysyics. The shocks from supernova 
explosions are responsible for forming 
some of the stars in a galaxy-the propor
tion depending on the supernova rate. The 
shocks also accelerate cosmic ray particles, 
which produce the normal radio emission 
from spiral galaxies. . 

Perhaps most important, · it helps_• to 
alleviate the " pulsar problem". Pulsars
rotating . neutron stars-are thought to 
be the collapsed cores of Type II super
novae. The number of pulsars in our 
Galaxy indicates that a new ·pulsar must be 
born every 10 years; but the rate at which 
supernovae explode in spiral galaxies has 
seemed to be about one every 50 years. The 
higher rate implied by the new discovery 
goes some way to closing this gap. □ 

Bugs too hot to handle 

AT 250°C, fats melt, proteins unravel 
and DNA falls apart. So when on the 

eve of 1 April this year, A.E. Walsby found 
on his desk at the University of Bristol a 
manuscript announcing the discovery of 
bacteria that can not only live but grow at 
that temperature, he at first toyed with the 
idea that he might be the victim of an elab
orate piece of April foolery. But apparently 
not. The manuscript ·was sent from Nature, 
with a request for an editorial comment 
from Walsby. Both have now been 
published (Nature, vol 303, p 423, p 381). 

John Baross and his colleagues at tl)e 
State University of Oregon discovered J he 
bacteria last year in the output of sulphqr
ous hydrothermal vents deep in the floor-,0f 
the east Pacific (Nature, vol 298, p 366). 

Baross set out to grow the bugs in the 
laboratory in condi
tions as close as he 
could manage to their 
natural ones. At 
250°C his bacteria 
were still growing. 
They beat by a 
comfortable margin 
the record of 1 OS0 C, 
set last November 
by a heat-loving 
strain discovered by 
K.O. Stetter of the University· of Regens
burg (Nature, vol 300, p 258). 

Having abandoned the April Fool theory, 
Walsby has settled for speculating on how 
bacteria might manage this chemically 
implausible feat. ·A few more hydrogen 
bonds and salt bridges to stabilise their 
proteins, perhaps? .Baross mentions fi:ve 
mysterious unidentified amino acids in their 
make up-perhaps they contribute. 
Perhaps life began with such thermophilic 
bacteria, much earlier in the Earth's cool

. ing than we had supposed possible. 
Perhaps the molten core is even now seeth
ing with unimaginable life forms . . . □ 
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Comb jellies find their roots in the past 

A LONE among animal phyla 
fl the comb jellies or cteno
phores have had no fossil record. 
That is no longer so. A fossil 
ctenophore, about 400 million 
years old, has been found in the 
early Devonian Hunsriick Slate 
at Bundenbach in West 
Germany. It is described by 
George Stanley and Wilhlem 
Sturmer, who name it Paleo
ctenophora brasseli (Nature, vol 
303, p 518). 

The oval-shaped, biradially 
symmetrical specimen, 13 mm 
high and 9 mm in diameter, is 
poorly preserved, which is only 

ate the typical eight longitudinal 
rows of tiny ciliated comb plates 
used for swimming, and the 
paired, branched tentacles that 
would have been retracted into 
internal sheaths when the 
animal was not using them. 

In ar.pearance the fossil is 
most hke the modern Pleu
robrachia , which belongs to the 
simplest order of ctenophores, 
the cydippids or sea goose
berries. The cydippids are 
believed to represent the ancesc 
tral form and all ctenophores, 
whatever their adult appear
ance, pass through a cydippid
like, free-swimming larval stage. to be expected since ctenophores 

are delicate, jelly-like. animals 
that live in the plankton of 5 
coastal waters and the open ! 
ocean. Luckily some of the 
details of the soft tissues of the 
ancient ctenophore were 

The first fossil ctenophore (right) and what it may have looked like 
alive in the Devonian seas · 

Stanley and Sturmer believe 
that the similarity of Paleo
ctenophora IQ its living counter
part, Pleurobrachia, indicates 
the "antiquity of the basic cteno
phore body plan" and that if 

preserved by pyritisation (the conversion of 
organic sulphur compounds to iron 
sulphides). 

These anatomical details have been 
revealed by X-ray techniques developed by 

Stumer for studying many other 
invertebrate fossils found in the Hunsnick 
Slate. Paleoctenophora shows all the main 
ctenophore characteristics-at the top lies a 
statocyst or balance organ from which radi-

ctenophores and coelenterates ever had a 
common origin this must have been further 
back in the Palaeozoic than the Devonian, 
perhaps even in the late Precambrian when 
the metazoans first appeared. □ 

Gene probes may spot genes missing from embryos 
A' NYONE who has been following the 
fl AIDS story ( and it has. been pretty 
difficult to avoid) will know that 
haemophiliacs suffer from an inherited 
deficiency in blood clotting that can be 
corrected by extracts from other people's· 
blood. Yet this replacement therapy does 
not always work: in rare cases, the 
haemophiliac produces antibodies against 
the blood-clotting factor he needs, and is 
forced to resort to less satisfactory forms of 
treatment. The reason for this rare com
plication, according to some recent 
research in Oxford, is almost certainly 
that the patients in question completely 
lacic-the gene for the clotting factor (Nature, 
vol 303, p 181). Since their immune 
systems have thus never seen it, they 
identify it as non-self and proceed to 
attack it. 

This conclusion was based on an analysis 

of six patients with a form of haemophilia 
known as Christmas disease, or 
haemophilia B. Christmas disease is 
actually a very uncommon form of 
haemophilia, due to a deficiency in clotting 
factor IX: the more usual form is 
haemophilia A, which is due to defi
cient factor VIII. The reason for choosing 
the rarer form to study was simple 
expedience: nobody has yet cloned the 
gene encoding factor VIII, but George 
Brownlee and his colleagues at the D unn 
School of Pathology m Oxford have 
very recently succeeded in cloning the 
gene for factor IX (Nature, vol 299, 
p 178). 

The Oxford scientists used a series of 
radiolabelled DNA probes correspond
ing to different parts of the factor IX gene 
to search the chromosomes of the six 
patients in the UK known to have anti-

Warmth kills a giant of the seas 

VERY frustrated 
scientists study 

giant _squids. These 
monsters of the deep 
can exceed twenty 
metres in length and 
may grow even 
bigger; but unfor
tunately, they are 
always discovered 
either as a rotting 
corpse on a beach, or 
dying in mid-ocean. 
So, any hard facts 
about them are few 

• 
. 

""' 

I 
and far between. At last, a Norwegian 
zoologist has got to one before it has rotted 
away and lost all scientific value. He has 
shown that despite their size, giant squids 
die if the water temperature goes above 
IO"C. This is the reason why, when carried 

inshore by warm currents, they are 
usually dead on arrival (Nature, vol 303, 
p 422). 

Ole Brix of the University of Bergen 
took samples of blood from a squid, 
some 10 m Ion!!, netted off the coast 
of Norway. Sqwds have haemocyanin 
instead of haemoglobin in their blood, 

. . and Brix found that giant squids have 
two disabilities. Their haemocyanin 
levels are very low, and their blood 
carries four times less · oxygen at 15"C, 
than at 6"C. All this indicates that 
these huge invertebrates do not have 
the- capacity to move very quickly, 
or to tolerate changes in their environ
ment; so they live m the depths of the 
ocean, lazily catching fish until they 
die-either in the jaws of a sperm 
whale or suffocated by a freak warm 
current. □ 

bodies to factor IX, to see if any part of 
the gene was missing. Four of the six 
proved indeed to have gross deletions 
Ill the gene, and in two of those the Oxford 
researchers could find no factor IX DNA 
at all. 
· What about the other two? Their genes 

may contain mutations that distort their 
factor IX so much that it is not only use
less but unrecognisable to the immune 
system as the same molecule as normal 
factor IX. 

This research will probably not help 
patients with antibodies. But 1t may help 
potential parents of haemophiliacs with 
the difficult decision they have to face 
about having children. It is already possible 
to diagnose haemophilia before birth, but 
not until quite late in preinancy when 
abortion is relatively traumatic and dan!\er
ous. Diagnosis with DNA probes is possible 
much earlier and much more safely, 
because doctors do not have to wait until 
the embryo is producing enough clotting 
factor to be reliably tested; and there is no 
need to remove blood from the embryo. All 
his cells will have the same defective gene 
and they can be sampled harmlessly from 
the amniotic fluid . In these circumstances, 
parents at risk of producing a child with the 
more severe forms of haemophilia, particu
larly if they are likely to be antibody
producers, mi~t well prefer the option of 
an early abortion. 

Eventually, of course, the cloning of 
clotting factor genes is aimed at the possi
bility of getting genetically engineered 
bacteria to produce the factors instead of 
blood donors. And although it seems likely 
that the danger of AIDS has been 
grotesquely exaggerated, it could well be 
that, given , the choice, many 
haematologists would sooner give theu 
patients clotting factors from a nice· cloan 
bacterium. D 
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Predicting rainfall-th~ answer may lie in the soil . 
RAINFALL patterns over the conti

nental US and China seem to be 
affected by the temperature of the ground 
one or two metres below the surface. The 
effect is not a dominant influence on 
climate. But it could help to pinpoint agri
cultural regions at risk from drought if the 
results of studies at Colorado·State Univer
sity (CSU) stand up to further tests. 

A research team headed by CSU's Elmar 
Reiter has found a significant correlation 
between the temperature pattern of deep 
soil in one season and regional precipita
tion in the following season. The inspira
tion for the work came from Chmese 
studies which • have also shown that, for 
example, if the deep soil is unusually· warm 
during the winter season (December to 
February) the following sprin1;1 is likely to 
be wetter than average. After Visiting China 
and learning of this work, Reiter decided to 
test the hypothesis using data from existing 
deep soil monitoring stations in the US, 
with the help of Maocang Tang, a Chinese 
scientist now visiting CSU. 

Reiter stresses that his team is not yet in 
the forecasting business, and that their 
study i$ at the preliminary stage. They have 
used data from just 38 monitoring stations, 
and since they first get the data in a usable 
form some six months after the 
measurements have been made there is no 
hope of predicting weather trends. 
However, the records of daily temperature 
variations in the soil a few metres below 
ground go back for 20 years, and have now 
been analysed in terms of overall seasonal 
variations against which individual seasons 
can'. be compared. Typically, a significant 
anomaly is a deviation of ± 2 •c from the 
long term trend· over a three month season. 

Such a deviation does not produce a 
dominant influence in the weather of the 
next season. But by comparing years in 
which other things.are equal, the CSU team 
has shown that- droughts are more severe 
when preceded by low soil temperatures, 
while seasons that were going to be wet 
anyway, judging by the overall circulation 

pattern, are even wetter where the soil has 
been unusually. warm. The prospect is not 
one of predicting the weather, but rather, in 
a year when a drought is on the cards 
because of gross circulation patterns, of 
identifying the re~ons most at risk. 

These are qualitative effects and cannot 
be translated into a forecast that a 1 • C 
deviation implies so much difference in 
precipitation. But the correlation holds up 
even better in the US than in the Chinese 
records, perhaps, says Reiter, because 
"precipitation trends here are not as 
erratic" . Such a technique would be very 
unlikely to reveal anything useful in the 
UK's notoriously erratic climate, but might 
be applicable to continental Europe. But to 

provide reliable information for regional 
precipitation forecasts Reiter estimates that 
as many as 200 monitoring stations would 
be needed in a state the size of Colorado. 

Although the research into this 
unsuspected correlation is only just begin
ning, there is no difficulty finding an 
explanation for it. Warm rur rising from 
warm ground enhances convection and 
encourages shower and thunderstorm 
development; cool soil makes for less 
convection and therefore less precipitation 
locally. So the effect is likely to be distorted 
by urban heat islands, but to be cleares_t in 
the open countryside, exactly where the 
agricultural benefits of improved fore
casting will be most strongly felt. D 

Straight tracks point to the Z particle 

EXPERIMENTERS at CERN, Europe's 
centre for research in particle physics, 

now have evidence for five Z0 particles, 
thus confirming the first tentative pro
nouncements made last month (New Scien

I z•-e-e+j 

out ofa total of three billion or so, in search 
of the_ Z0

• O~t of this sample they find four 
occasions, like the one shown here, in 
which an energetic electron-positron pair 
are created and fly away back-to-back. The 

!l+ 

pairs are consistent 
with their · having 
being produced in the 
decay of a Z particle. 
On a fifth occasion a 
pair of muops
"heavy" electrons
are observed, also 
apparently from a 
decaying Z. 

tist, 12 May, p 355). 
The Z0 plays an im
portant role in the 
electroweak theory, 
which links electro
magnetic phenom0 

ena with the weak 
nuclear force respon
sible for many kinds 
of radioactivity. 

The team that has 
observed the Z par
ticles consists of over 
I 00 scientists from 
Europe and the US. 
The experiment, 
code-named UAI, 
detects the debris 
from collisions be
tween protons and 

e- From these five 
"events" the resear-

A decaying Z particle betrays its pres- chers calculate a mass 
ence in the straight back-to-back tracks of 95 GeVI (roughly 
due to an energetic electron-positron pair 95 proto~ m~) for 
(e-e•J . The tracks are picked up in the the Z

0

, _m _ line with 
gas-filled central detector which observes the predictions of the 
the collisions of high-energy protons (p) electro~eak theory, 

and antiprotons (jj) but subJect to a possi-

antiprotons -in CERN's largest particle 
accelerator, the Super Proton Synchrotron. 
In this recent data analysis the researchers 
have scoured over two million collisions 

ble change of ±5. 
Ge V after the apparatus is calibrated at the 
end of the present bout of data collection in 
July. Experimenters may then have moreZ 
particles to strengthen the theory's case. D 

Galaxy redshifts still pose puzzles for cosmologists 

QUASARS and galaxies continue to be 
identified in associations which pose 

puzzles for cosmologists. One new piece of 
evidence reveals -that there is a tendency for 
galaxies to cluster around quasars; another 
survey shows a consistent tendency for the 
fainter galaxy in pairs of spiral galaxies that 
are physically associated to have the larger 
redshift. But nobody is clear what either 
discovery is actually telling us about the 
Universe. 

Interest in associations between galaxies 
and quasars, and in the redshifts of 
companions to galaxies, was revived 
recently by Jack Sulentic's confirmation 
that the pair NGC 4319 and Mk 205 is 
physically connected even though they 
have very-different redshifts (New Scientist, 
21 April -l983, p 148). Redshifts are usually 
interpreted as a measure of the distances to 
extragalactic objects, but if two objects in 
the same place have different redshifts this 
simple relation breaks down. Now, 
Sulentic, working with Halton Arp, or 
Mount Wilson and Las Campanas Obser- . 

vatories, E. Giraud and J . P. Vigier, of the 
Institut Henri-Poincare in Paris, has 

' conducted a survey of pairs. of spiral galax
ies which shows up the same sort of discrep
ancy. 

The study by the joint French-American 
team is especially interesting because by 
choosing pairs in which both objects are 
members of the same class-in this case, 
spiral galaxies-they oul;lht to have elimi
nated differences in therr physical proper
ties, except those which depend on size. Yet 
they find that in sample of 63 pairs in 73 
per cent of the cases the fainter member of 
the pair·has the higher redshift (Astronomy 
and Astrophysics, vol 121, p 26). Faint 
galaxies might appear dim because they are 
younger and have less mass; could it be that 
younger galaxies are composed of material 
that has a higher intrinsic redshift? 

Meanwhile, Howard French, of the 
University of Oklahoma, and James Gunn, 
of Princeton University, have been looking 
at the distribution of galaxies near rela
tively low redshift quasars. In a sample of 

25 quasars with redshifts less than 0-36 
(which places them relatively nearby on the 
conventional interpretation of redshifts as 
distance indicators) they found a signifi
cant tendency for faint galaxies to cluster 
around the quasars (Astrophysical Journal, 
vol 269, p 29). 

Although the redshifts of these cluster 
galaxies have not been measured, they are 
faint objects which look about the right 
brightness to be at the distances indicated 
b)'. the quasar redshifts. This is a quite 
different pattern from the classic examples 
of "discrepant" redshifts, like the one 
Sulentic desc;ribed recently, where a bright 
galaxy has a much s~aller redshift than its 
faint quasar companion. 

. The only "obvious" conclusion from this 
study is that, perhaps, quasars only occur in 
glaxies that have companions. But the obvi
ous implication of all these studies taken 
together is that no one simple model can 
"explain" all the observed features of extra
~actic redshifts, and that is a far more 
mteresting, and profound, discovery. D 
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Aromatics on the edge of stability 
A newly synthesised porpbyrin _analogue provides a test for one of organic chemistry's most 

treasured theories 

A NEW larger analogue of the 
porphyrins-arguably nature's most 
rmportant class of biomolecule-has 

been synthesised. Christened pentaphyrin 
by its creators, Albert Gossauer and Hans 
Rexhausen of Berlin's Technical Univer
sity, its increased. size· underlines a central 
theoretical concept in organic chemistry 
known as aromaticity. This is the increased 
stability bestowed on certain flat cyclic 
molecules that contain just the right 
number of alternating carbon-carbon 
double bonds. 

Porphyrins play a vital part in several 
natural processes. They are the haem in 
haemoglobin, the red, iron-containing 
protein that transP,?rts oxygen in the blood. 
With a few modifications, the same basic 
molecule serves as chlorophyll, -lhe green 
light-collecting pigment that drives photo- · 
synthesis. Yet; structurally, porphyrins are 
simple. Four rings, each consisting of four 
carbon atoms and one nitrogen atom 
(called pyrrole) are connected into a larger 
ring or macrocycle. Each pyrrole unit is 
joined to its neighbour via a carbon atom 
known as a methine bridge (see Figure). 
This arrangement creates a hole in the 
middle rather like a well-known mint, 
which can be filled by a variety of metal 
atoms. In haem, the metal is iron; in 
chlorophyll, it is magnesium. 

Another consequence of this arrange
ment depends on the sequence of double 
bonds (or n-bonds) shown in the figure. 
They alternate in a special way, leading to 
a stabilising effect chemists call aromaticity 
(after the first compounds in which this 
effect was discovered, the sweet-smelling 

. benzene and toluene). 
•· TT-bonds in a molecule make it chem
ically reactive. They are the reason why 
ethylene can polymerise to·form polythene, 
and why margarine spreads straight from 
the fridge. In molecules with many 
n-bonds, this reactivity is multiplied as long 
as the 1t-bonds are isolated from another. 
When they alternate, however, something 
strange happens. Somehow, the alternating 
n-bonds mteract with each other and 
stabilise the molecule. In cyclic molecules 
with alternating n-bonds (called cyclic 
polyenes), this stabilisation is much more 
pronounced, but only if there are the right 
number of them. 

The classic example is benzene. It has 
three alternating n-bonds contained in a 
hexagon of carbon atoms, yet the molecule 
is exceptionally stable. Why is this? Kekule 
dreamed the beginnings of the answerback
in 1865, but it wasn't until the early part of 
this century, with the advent of Erwin 
Schroedinger's wave mechanics, that the 
problem was solved. The answer lles'irt the 
quantum mechanics. TT-bonds are not lines 
on paper. The are the result of the overlap 
of electron-clouds. 

In the benzene ring, each carbon· atom 
uses three electrons, two to bond to its 
neighbours and one to a hydrogen atom. 
This leaves one electron per carbon atom 

Lionel Milgrom 

Possible delocalisation 
pathway 

Pyrole 
unit 

AJf-ematin'g double 
bonds (11'- bonds) 

,,r 
Noturally-oc.curing 
porphyrins have 
various groups here 

llhe basic porphyrin skeleton I 

with nothing to do. It exists as a " chruge
cloud" above and below the plane defined 
by the hexagonal carbon skeleton. The six 
charge clouds merge together to form, as it 
were, two "doughnut" rings, sandwiching 
the hexagon. The six electrons are now said 
to b& delocalised over the benzene ring. 
This arrangement stabilises the n-electrons 
(reduces their energy) and similar 
stabilisation occurs with other numbers of 
electrons. The German theoretical chemist, 
Erich Hiickel, showed that, in general, 
cyclic polyene with 4n+2TT-electrons (n=0, 
1,2 . .. . etc) would be similarly stabilised. 
This is known as Hiickels rule and for 
benzene, n=I (so that 4n+2=6). 

Hiickel's rule is born out in practice. 
Molecules with 2, 6, 10, 14 and 18 
1t-electrons exist and are stable. They are 
said to be aromatic. Conversely, molecules 
with 4, 8, 12, and 16 it-electrons are either 
unstable or impossible to synthesise. They 
are called anti-aromatic. The magic 4n+ 2 
formula does not go on forever, though. It 
is thought to break down after n = 5. 

The aromaticity of a molecule can easily 
be detected using nuclear magnetic reso
nance spectroscopy (NMR). Here, a mole
cule is placed in a uniform magnetic field, 
and a c_hanging radio-frequency signal is 
beamed in. The signal causes the nuclear 
spins of the molecule's hydrogen atoms 
to "flip" or resonate. The frequency at 
which a hydrogen nucleus will resonate 
is intimately connected with its atomic 
environment. Different surrounding 
groups produce changes in this resonance 
frequency which, in turn reveals what 

·groups they are. The NMR technique is 
therefore a powerful diagnostic tool for 
determining the structure of organic mole
cules. 

Under the influence of NMR's external 
magnetic field, the electrons in an aromatic 
molecules's ring "doughnuts" rotate. This 
ring current generates a magnetic field in 
opposition to the external one. In other 
words, it is diamagnetic. Because of 
this, hydrogen atoms sited on an aromatic 
cyclic polyene experience a large shift in 

H3C 

CH3 H 

IGossauer and Rexhausen's pentaphynn I 

their• NMR resonance frequency-the 
diamagnetic ring current opposes the 
external magnetic field so that an aromatic 
hydrogen atom actually . experiences less 
magnetic field than if the ring current were 
absent. This called diamagnetic shielding 
and all aromatic molecules show it. 

From the theoretician's point of view, 
porphyrins are interesting because they 
obey Hiickel's rule and so should show a 
diamagnetic ring current in the NMR. 
Normally they contain 22 n-electons (n=5) -
but only 18, (n=4) are ever delocalised at 
any one time. The hydrogen atoms sited on 
the methine bridges (see Figure) have a 
large NMR shift, so that 18 n-electrons 
produce a diamagnetic ring current and 
porphyrins are aromatic. Would a pyrrole 
macrocycle with more than 18 delocalis
able it-electrons still be aromatic or would 
the predicted breakdown of Hiickel's rule 
begin to tillce effect? 

Gossauer and Rexhauser synthesised the 
pentaphyrin macrocycle from two frag
ments, one containing two pyrrole units 
and the other, three. This wasn't an easy 
task because chemically-linked pyrroles are 
structurally and energetically prone to form 
porphyrins if four or more are involved in 
a macrocycle-forming reaction. The judi
cious use of functional groups, however, 
neatly overcame this problem, with the 
result that the German chemists obtained 
pentaphyrin in over 31 per cent yield. 
Pentaphyrin contains a total of 28 1t-elec
trons so if they were all delocalised, the 
system would be anti-aromatic and un
stable (if 4n+2=28, then n=6½ which is not 
a whole number). A delocalisation scheme 
can be envisaged, however, where only 22 
n-electrons are delocalised. Even so, n=5 
here in Huckel's 4n+2 rule. So would it still 
be aromatic? 
Sure enough, the methine-bridge hydro

gen atoms (see Figure) show a large NMR 
shift like those in the porphyrins. 
Pentaphyrin has a diamagnetic"rin11 curre:nt 
and is therefore aromatic, in hne with 
theoretical expectations. ( JCS Chemicals 
Communications (1983), 275). -□ 
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1ECHNOLOGY •. jl Heat pumps tap geothermals Walkie-talkie . . ; 
· • • • , t WO PROJECTS in Scandinavia Ludvika works of the electrical company ESE!'-~.CHERS aod _mdus1/}~sts plan Navy puts more punch ID Its Harriers .' Tsuggest that geothermal energy will ASEA. In this case the nearby Lake rto;om forc1:5 ~ givetBlli~~hnew ~i., 

i ':'. provide a boost to the already growing Vasman is the heat source. orm O comm!lruca !JDS sa e e. it tI:ie 

T HE PERFORMANCE of the Royal - , . . . ' - . ' f mte~ in large heat pump installations. In Denmark, tenders are out for a heat c~ F -~e ui°- ve:Mcles would keep Ill 
Navy's Sea Harrie~ fighters ~uring the · ~- - "'· ; ,t r Swedish enginesrs have compl~ted an pump tha~ will dra"'. geothermal water and con c W! eir O ces. 
Falklands war has convmced the ~iji~~ . ; exploratory dnlbng programme linked to feed heat mto the district heating network Accor<ling to workers at the R,utherford e 

Ministry of Defence that the aircraft has a :1;11me!!! : exploiting s.eothermal energy with heat in the Jutland town ofThisted (population ~pp_leton_ LaboR ratoryhofC
th

e Seil ietnhce an£2d0 ~ 
speeded up plans to improve the Sea .- puttmg the fimshing touches to that This is Denmark's first attempt to couple million satellite CO!!ld be la!)nched m 1987 · 
big future. The mini~ (MoD) has ~ pu~ps, while in_ ~nmark engineers are 20000). '!~eenng . esearc ounc ' . e ~ 

~arrier's abilit_y to find and destroy enemy . i-, country's f~t geotbermal-link~d proje~. heat pumps with underground bot water, The craft would ~ .1-!1 what is called a super-
.aircraft and ship~, !Ind to protect itself from , ; S"'.eden 1s well a~vanced ID apply1Dg and three electrically-driven 3 .4 MW syncbrOD(?US orb•~, it _would move around ., 
attack. The m1mstry clrumed after the lilllilliiiirdl~~~~:-:9' .,, ,t mul\1:megawa!t, beatmg-only, beat J?Umps pumps connected in series will be supple-

thhi ~man ;m~ •~ S)-IC~ aw~ ~at_ghthe ~ 
Falklands that the _Y /STOL (vert1cal/sbort '/ft,_,~~~ · , l f, ID cities and 1Ddustry. The extraction (?f mented by beat from their associated diesel he c e ~ over ea n run or a u ei t 

comparatively small aircraft earners, was as • · f already a proven option to expensive The temperature of the saline brine being . Thhi crutthould be more tisef~ to people 

that used to operate from the much bigger ' ,[ The exploratory drilling programme, 60"C considerably above that extracted at mi:tio3is ~elliies wB hicb bo~e!Jl 900 l;F 

take-off and land1Dg) plane, flymg from I ' r low-grade beat from sewage and lakes IS generators (totalling 4 -2 MW). · ours a ay. 

effective as the Phantoms and Buccaneers , f imported oil. · pumped to the surface at Thisted is, at 1'! ve_ c es ai:i are C<?nven on commu-

Ark Royal. The Royal Navy's top brass f , near the town of Lund in the south of Lund. Because of the energy requirements a ve e ua_or. ecause n _nisso ~ 
now _51?CmS to have overco~e. its initial i• Swed~n, involved· the local utility Lund of the production and injection pumps in· north, such vehicl~ are always f~ly low m 
sceptlc1Sm, an~ agrees that _this 1s the ~ - !i ( Energiverk and manufacturer Stal-Laval. the geothermal circuit, heat will be recov- ~iJJ~' so obs!ntc~ons SI!: ":5 b~ges and 

1Jie navy will soon arm its Sea Hamers f ) Water extracted from the sandstone ered from motors and gears to maximise gs can m e ei;e WI SI&!J · 
with British Aerospace's new Sea Eagle ' formations 700 metres beneath Lund the efficiency of the system. La!er, fully-operational _ve~ions of ~e 
anti-ship missile. Sea Eagle is much more , reached the surface at 25"C. The engineers The consultants for the project Steensen satellite . ~uld rrohjtiom51 mobile 

· advanced than the French Exocet in many i! . ·. ·• hope that a heat pump will be able to raise Varming, has put the beating ~pacity of commumca ons. eop e . w 0 m~ve 
areas.lthasajetengineratherthanasolid- ,t ,. "". water temperatures at its condenser side the entire plant at 15MWwhenraisingthe around and want to keep m .touch _with 
propellant rocket motor, giving it a ran~e of ; - . ;, sufficiently to provide energy for municipal temperature of district heating water from o~rs ;oul~ no i!f iger ~eed C<?nvertio~ 
100 km: twice that dfExocet. The Bntish ~ ....._;_,oj..,__ .....,~=- 1 districtbeating. Laterthisyear, thepartners 50"C to 80"C, and cooling geothermal ra oc annes,w care commgcogg · 
weapon's radar homin~ head contains Sea Harrier has convinced the sceptics · I} will d~de whf?tber to pr~ with a trial water from 60"C to 2o•c. Paint-a-chip 
advanced computers which work out the • 5 MW mstallatJon plumbed mto the town's The state-owned Dansk Olie & Naturgas . . 
m?st valuable target to attack in a group of ~~en the first Sea H~ers w\th AMRAAM w~~h gives the Harrier its unique hovering .; ff ~ct beating sys~em. . h~ been drilling down to geothermal rcser- s c~NTISTS at _California's Lawrence 
ships. Exocet's seeker selects the first target J0m the fleet, each aircraft will have four of ability. The new Pegasus Mk 105 for the •i: MIDdful of the mcreased busmess that voirs 3 km below the surface of Jutland L'lverm~re _National Laboratory have 
that it detects. the much longer-range radar missiles as improved Sea Harrier will produce more ',( Could result from more widely available since 1978. The present project is founded taken up paJntlng. They have '!evelo~ a 

The M(?D has recently decided that th_e well as two Sidewinders: · thrust but !>u~ I~ fuel (helping to P!'Cvent 
1 

)· subterranean heat l!(>!,I~, Stal-Layal is to on this work, . and complies with the new ':WY of m~ng mt~ted Cl~wts with 
Sea Hamer, rather than the Royal Air When the navy decided what sort of embarrassmg 1Dc1dents such as bavtng to t fund some test drilling mto gramte near company's renut to exploit any Danish ~ rapidly:flashing laser light working much 
Force's fighter version of 11!~ Tornado equiP,ment it want~ on Sea ~arrier, it land on Spanish merchant ships). , :, Finsj)ong. Accordinjl to managing director geothermal energy. like a P!ltnt brus~. . . . 
bomber, should be the f~t Bntish aircraft specified a radar . with com~tively lo_w Another l~n from the Falkl_ands was . l Giiran Lundberg, high water tables ID the At first, grid electricity supplies will The light, flashing millions oftimC;_S e~e~ 
to carry the new Amencan AMRAAM performance. This proved 1Dadequate m the vulnerability of modem aircraft to l region make the study of underground power the heat pumps because the diesel ~nd, ~ ':hrou$h gases to ~runt 
missile. Hughes Aircraft is developing the Falklands, and the MoD gave radar rapid-fire guns that use radar to control , ; water as of much interest as a possible heat generators are to be excluded from the first 1Dtegrated ClrC!)1ts . directly onto s1~con 
~. w~ch ~ds. f~r Advanced companies_ only five . weeks in which to tb_em. The nayY plai:is to fit its Sea Harriers ;· source ":5 do_the dee~rgeothermal sources. phase of the plant (which should be on wafers. The scientists call the techmque 
medium-range air-to-air IDJSSile, to replace come up with a better idea. Three firms put with electromc eqwpment to detect these , Swedish mterest m large beat pumps strt;am late next year). If this part then laser pan\ograpby. By the end of 11\e year 
the 195Qs.vintage Sparrow. AMRAAM.is inbidson 12Ap!11, andtheministryboped radars, work_ out what m,e they are and , steri:isfromthecountry'sla~k_ofindigenous operates successfully tor 12 months, the thf?SClentistsho~tohaveasystemthatcan 
much s~er than S~ow, and 1t ~ its to ~nou!1ce a wmner 0!) _ 18 l>:ia¥. N~w the send out _a high-power s1gi:ial to JaJD them. ~ fossil fu_els. Cheap elC?1rIC1ty based on di_esels and associated heat recovery plant prunt I 000 trans1~tors a second. The group 
~wnactivera<!arseeker~ thenose(which, election_1s oyer, a dec1S1on_1s 1mmment. To,ese 1mprovements,will makf? the Sea . t substantial hydro-el~nc resourec:s and will be_ added. The consultants say that makes_ ~Id clru_ms !ibout the systems 
like the '1ommg head m Ex~t or _Sea Marcom Avtom~, Ferranti and Thom- ~arne_r a potent_ fighting machine. The ~ ; j~' (arguably) from a high pr0P!JrtiOn . of by taking waste heat from the genera- potential. that it will lead to greater 
Eagle, guides the weapon to a direct hit). EMI are competing for the order. Thom- irony IS that, havmg stru~ed for years to . , { _· nuclear power plant, has combmed with tors as the last step in boosting the num'?ers of supercomputers, capable of 
~ !farriers in the Fal\dllnds ~chieved EMI at least, ~d probably Ferra~ti, have sell th~ _aircraft to an, ummpressed world, / l~ws that p~event industry from fitting '!ew district heating water temperature, the workin~ at much faster speeds. . 

the1r high success rate despite carry1Dg only turned to Amenca to help supply 11. the Bntish are now about to be overtaken M j-i oil-fired boilers to replace worn-out umts. heat pump can operate at a lower con- On~ i~portan~ feature o_f the process IS 
!WO Sidewin_de[ missiles, which hom_e in to The oth~r main ~ of improveme~t by 1:he Mc~nneµ Douglas . A V-8B-a ,.. .!, . Two '!otable a_pplications are the 36 MW densing temperature and consequently that it 1s. reversible enabling workers to 
infrared radiation from an enemy rurcraft. are the engine and eqwpment for electromc Harner look.alike with an Amencan name- 1 \ Jr1Stallat1on which serves the town of show a better coefficient of performance. correct mistakes. □ 

The Royal Navy has since doubled the warfare. Rolls-Royce is developing a new plate and all the clout of the Pentagon • ·. 1/i 'l!ppsala's district heating system by extrac- In this design the condensing temperature 
number to four per aircraft. From 1988, version of the Pegasus turbofan powerplant behind its sales campaign. □ , , ~ ting heat froni citizens' waste water, and the goes down by 8°C, increasing the 

' .. 12 MW unit that supplies heat to the coefficient from 2 · 8 to 3-I. □ 
Hip strain 

AHIP bone, in the words of the song, 
used to be connected to the thigh bone. 

But for some Swedes, their hip bones will 
soon be connected to a strain gauge as part 
of an experiment to measure the stress on 
artificial hips. 

EEC hits European video consortium 
BUREAUCRATS at the European 

Community have unwittingly helped 
to kill a dream of a pan-European electron
ics industry to do battle with the Japanese. 
The import restrictions that Brussels 
imposed on Japanese video recorders in an 
attempt to give European firms such as 
Philips and Grundig a better chance of sell
ing their ailing V2000 system, has cost the 
jobs of European workers employed to 
assemble Japanese machines in the EEC. 
Now Thomson of France has abandoned a 
plan to link up with Philips and Grundig. 
Instead it will make parts for the European 
assemblers of Japan's JVC. 

In 1978, Thom in Britain and Tele
funken in Germany spurned the video 
formats that Philips and Grundig proposed 
for Europe. Instead they signed with JVC to 
back the Japanese VHS system, which now 
has two thirds of the world market. In 
March last year, Thom, Telefunken and 

JVC formed a joint venture called J2T to 
assemble from kits VHS recorders in Berlin 
and Newhaven. 

Thomson was due to have joined in with 
a third assembly factory in France. But 
when the company was nationalised, 
Philips suggested that it make European 
V2000 machines instead. Nothing 
daunted, the)2T factory in Berlin took on 
450 West German workers to assemble 
300 000 machines a year, and Newbaven 
employed 220 Britons to make 200 000. 

But in January this year, after the two 
plants had gone on stream, Brussels made a 
secret deal with the Japanese government 
to keep Philips and Grundig happy. The 
deal limits to 600 000 a year the total 
number of kits that Europe can import. 
With Matsushita, Sony, Hitachi, 
Mitsubishi and Sanyo already assembling 
or planning to assemble Japanese recorders 
in _Europe, the quota is nowhere near large 

enough. So J2T is having to hold its total 
production down to 400 000 recorders a 
year. The plant in Berlin now bas only 
three out of four production lines working 
and Newhaven has one of its three lines 
lying idle. 

The stumbling block is that although the 
assembly work is complex, the plants 
import almost every raw component from 
Japan. Only the recorder's fuses and aerial 
wires are made in Europe! To break the 
deadlock, Thomson has bought a 75 per 
cent share in Telefunken, and signed a five
year rolling contract with JVC to make the 
high-precision video tape mechanisms in 
France for both the J2T factories. Kits with 
the main part coming from within the EEC 
would avoid the restrictions that are crip
pling J2T. So largely thanks to meddling by 
Brussels, Philips and Grundig have now 
lost· all chance of persuading Thomson to 
back the V2000 video systems. □ 

Holophonics hits the shops 

T
HE RECORD company CBS has significance of the fact the the inventor 
twice had to delay the release of its disc demonstrates it directly from wide-range 

of sound effects recorded on Hugo digital audio tape. This partly explains the 
Zuccarelli's "holophonic" system (New impressive effect the Zuccarelli has 
Scientfst, vol 98, p 24). Technical problems achieved with his new approach to the 
with cutting the master discs have forced old idea of binaural or "dummy head" 
the company to delay the release, originally recording. 
scheduled for May, until June or July. But after seven tries at making a master 

CBS made the original recordings, of disc, CBS now thinks it can tum out good 
sound effects such as rattling matchboxes, • pressings. So in July, hi fi buffs should have 
explodin$ fireworks and spraying water, on a chance to bear holophonics for them
a Sony digital audio tape recorder. Digital selves. But the record will not be cheap. 
tape can handle a wide of dynamic range (a CBS plans to release a 30-cm, 45 rpm disc, 
dramatic difference between loud lfnd soft with IO minutes of sound effects on each 
signals). But engineers find it hard to trans- side. Althou$h there are no musicians or 
fer the same range onto disc without music royalties to pay, the record will cost 
distortion. And any background snap, around £3. 
crackle and pop from the disc's surface Even when CBS man.alles a clean press
destroys the illusion of surround-sound ing, one problem with holophonics 
through headphones. remains. This is tlie lack of a clear frontal 

Some journalists who eulogise over the sound image-a characteristic of all binau-
holophonic effect have not realised the ral or dummy head recordings. □ 

Middlesex Polytechnic has desi~ed 14 
miniature strain gauges, each I millimetre 

. in diameter. They are due to be attached to 
a miniature radio transmitter . and 
implanted into a hos11ita1 patient, along 
with his artificial hip jomt. The experiment 
will take place in Stockholm later this year. 
The experiment is the brainchild of Dr 
Clive Lee, of Exeter University. 

The gauges, fastened down the length of 
the steel spike of the joint which is 
cemented into the femur, will record the 
immense stresses im)l?sed on hip joints 
during ordinary activtties. 

Within two years, so Lee believes, the 
data transmitted from the joints !0 
receivers strapped to the patients' hips will 
provide enough information for the design 
of joints to be based; for the first timef(ln 
proper engineering considerations. D 
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Molecular path to a new electronics 

a 
~ 

MOLECULAR conductors are an 
exciting new class of electronic 
materials. In theory they could 

open the way to new types of lightweight 
batteries or even to "molecular computers" 
which act as a single entitr., But scientists 
worltjng on them face a dilemma: should 
they concentrate on fundamental research, 
to unl!erstand fully the materials, or has the 
time come to seek out practical applica
tions?. 

Earlier this year, Britain'.s Science and 
Engineering Research Council held a work
shop for scientists to decide on this, and 
other questions about the new materials. 
The coordinator of the research council's 
programme, Professor John Lewis of 

· Bangor University, sees a parallel between 
molecular conductors today and liquid 
crystals 25 years ago. At that time, liquid 
crystals were materials with unusual prop
erties but with no obvious applications: A 
few years later, when their uses in electron
ics were discovered, they turned into big 
business. Now the Science and Engineering 
Research Council wants to ensure that 
Britain can take full advantage of equiva
lent developments in molecular conduc
tors. 

The new materials fall into many dif. 
ferent types, from conducting polymers 
such as polyacetylene to crystalline salts of 
metals such as platinum. Conventional 
electronic materials, for example copper or 
silicon, are composed of atoms linked 
together by chemical bonds to form a three
dimensional lattice. In the new materials, 
the basic building blocks are molecules. 
The same chemical bonds bold together the 
atoms that make up each molecule, but the 
forces binding the molecules together are 
much weaker. Electrons that can move 
freely wihin each molecule cannot hop 
from one molecule to the next quite so 
easily. A typical molecular solid, such as 
paraffin wax, is an insulator. · 

But what scientists have discovered is 
that not all molecular solids are insulators. 
In special cases, where the electron orbitals 
in adjacent molecules overlap sufficiently, 
electrical conduction between molecules 
can occur. 

The conduction can have some unusual 

. made diodes and 
Paul Breeze ~ solar cells from the 

properties. For example, if the electrons on \ ;_r, - material. 
one molecule can bop onto adjacent mole- ~ ----=:::_ Unfortunately, the 
cules above or below ~ A ~ finished product is 
it but not sideways, \ \ I sensitive to air and so 
the material will \ \ brittle that it cannot 
favour conduction in be moulded as a nor-
one direction (aniso- mal polymer can. 
tropy). Many of the Bob Feast, at 
new matenals are Durham University, 
one-direction con- is trying to overcome 
ductors. this problem by mak-

Conducting poly- ing a n:iaterial that 
mers form another has normal polymer 
group. In these, elec- ·properties but which 
trans move easily turns into poly-
along the carbon acetylene when 
atom backbone of heated. 
a polymer molecule, Much of the 
and show some very unusual research on the new 
properties peculiar to one- materials started as a 
dimensional conductors. Scien- quest to find an 
tists are only beginning to explore organic superconduc-
the technological implications of tor that works at 
this type of material. ~ 1711· • ,, ~) room temperature. 

Researchers have found materi- •·c, ~ (Conventional super-
als with non-linear optical proper- , conductors work-
ties, conductivities that change \ /7f/,\ only at very low tem-
with voltage and temperature, peratures.) So far, 
and in some cases, easily-stimu- l only one, low-
lated changes in chemical com- temperature, super-
position which industry exploit to ---•- - conductor has turned 
make batteries. up, but the search 

Applications are already appear- continues. 
ing. In the US, the National Science Faun- Such a material could provide inter-
dation has funded research on poly- connections in microchips, and possibly 
acetylene as a material for batteries. It transmission equii;>ment for electrical 
offers a method of building a lightweight power. Another mteresting possibility 
but P?.werful device for storing energy. A would be to make a cable and its msulation 
subsidiary of Allied Chemicals should from a single material, structured to form a 
make a prototype later this year. Elsewhere, conductor on the inside but an insulator on 
IBM is interested in developing polypyrolle the outside. 
for batteries and electroruc displays. Bell These ideas are only scratchin~ the sur
Labs, Xerox, the General Electric Co and face: many more will arrive with time. This 
Chevron are also workin11 in the area. is where the scientists's dilemma lies. On 

There are other tantalising possibilities. one side is the fear that if they direct 
How about a semiconducting polymer research toward practical goals already 
which can . be processed at low tem- identified, they may miss even more 
peratures, moulded to the correct shape, important discoveries. But if researchers 
and is cheap enough to throw away· after fail to keep their sights on exploitation they 
use? Scientists can dope polyacetylene to cannot expect to attract investors from 
make it semiconducting, and they have businesses. D 

·Superchips destroy computer class barriers 
A NEW generation of computers coming 
ft onto the market later this year will deal 
another blow to the old hierarchy of the 
business. In the past, machines fell fairly 
neatly into the categories of mainframes, 
minis or micros. Recently, however, "super 
minis" -computers the size of filing cabi
nets with the processing power of 
mainframes-have eroded one distinction. 
And the advent of "smart terminals", 
screens with their own processing power, 
has blurred the distinction between termi
nals and independent microcomputers. 

Now an American "original equipment 
manufacturer", which supplies hardware to 
the household names of the computer 
world, plans to take the process a step for
ward by introducing a system that users can 
upgrade from a micro to a mainframe sim
ply by adding more modules. The firm, 
Convergent Technologies, hopes that its 

"MegaFrame" 'equipment will allow ·com
panies such as Gould, Burroughs and NCR 
to build computers that do just this. 

At the heart of the system are filing
cabinet sized units based around 64 K very 
large-scale integrated circuits connected 
with a 32-bit high-speed system bus. Con
vergent says it has designed the architecture 
of the system so that doubling the number 
of processors doubles the amount of pro
cessing power. 

The firm says the MegaFrame could 
grow to serve up to 128 teIIiinals, with 24 
megab~ of random-access memory and 
21 • 6 gigabytes of memory in outside discs. 

At the front end, programmable termi
nals, each with a 64 K random-access 
memory, will be able to handle operations 
such as word-processing and simple 
graphics without interrupting the main 
computer. 

One ofConvergent's vice presidents, Ben 
Wegbreit, said last week that the arrival of 
desk-top computers had dealt traditional 
terminals a death-blow. "People will not 
tolerate delays when a personal computer 
can provide instant response . . . terminals 
that depend on the host conipµter for pro
cessing are becoming obsolete." 

Wegbreit said that new chip technologies 
had already blurred the distinctions 
between different types of computer: 
"These machines are considered to be 
micros because the chips are small, but 
their processing power goes well into the 
mainframe range." 

The next stage will come when manu
facturers adopt the new 256 K chips. The 
barriers in the way have already changed 
from technical to financial ones. When 
they are overcome, the days of many main
frames could finally be numbered. □ 

Scientists and the supernormal 
Many distinguished scientists have involved themselves in studies of the occult. Though they oiay be 

. well-intentioned, they cannot always be relied upon 
Ruth Brandon 

THE NUMBERS and 
eminence of interested 
scientists has always 

been one of the stron~est 
planks upon which psychical 
researchers base their claims 
that parascience is not only 
a serious subject worth 
investigating, but has been 
repeatedly, thoroughly and 
'unexceptionably investi
gated. Thus Brian Inglis, in 
the introduction to a series of 
books published by the 
Society for Psychical Re
search to mark its centenary 
in 1982, writes: "If evidence 
were lacking for 'para
science' .. .it could be found 
in the composition of the 
society from its earliest 
beginnings." 

the veracity of the ghost 
Katie King, materialised by 
a charming young lady 
medium, Miss Florence 
Cook. 

The Katie King material
isations may today be 
reasonably discounted. Al
though they still have, or 
had, their adherents, it seems 
fairly plain that Crookes, a 
susceptible man, was the 
lover of the delectable Florrie 
Cook, and-being also mar
ried with a large family-was 
in no position to destroy her 
reputation even had he 
wished to do so. But his ex
periments with Home are 
not ·so easily dismissed. They 
are quoted to this day
perhaps most recently by 
Eysenck and Carl Sargent in 
their book Explaining The 
Unexplained-as evtdence 
for the existence of super
natural powers. 

He goes on to list the 
names of distinguished scien
tists and other savants con
nected with the society from 
its inception. The list is 
impressive; it includes Sir · 
William Crookes, Sir Oliver 
Lodge, two Lord Rayleighs, 
Henri Bergson, Hans 
Driesch, Gilbert Murray, 
William James, A. J. Balfour, 
Charles Richet, the Curies, 

Sir William Crookes, one of the earliest and m ost influential in
vestigators of the paranormal, photographed with the materialisation 

of Katie King 

D. D . Hoine was the most 
famous medium of his day, 
perhaps the most famous 
ever. His reputation rests on 
the fact that, uniquely 
among mediums, he was 
never discredited or dis

;md many others. Nobel laureates abounded and still abound. 
The list . is remarkable not only for its philosophers and 
psychologists but also for its physicists, chemists and 
biologists-groups of scientists used to dealing with "haFd" 
evidence. And these numbers, this mix, was true not only 50, 
60 and 70 years ago: it is still true today. Brian Josephson, Sir 
Fred Hoyle, Sir Alister Hardy, H . J. Eysenck, Professor John 
Hasted, the Stanford Research Institute, stud the pages of 
today's literature of psychical research. · 

The importance of these people. to the credibility of what 
were once known as "psychical phenomena", today more 
often called "psi" or "parascience", is that in this region of the 
weird 3Ad the woolly they are neither woolly nor weird. They. 
are haril-headed men and women used to hard-headed 
investi1¥1tion. Their names and reputations are brought out 
like talismans. It is assumed and asserted, by themselves and 
others, that their motives and methods in this field are exactly 
those they bring to any other scientific investigation. This claim 
is of course essential to their credibility, and it is made ( one 
may reasonably assume) in utter good faith . But is it true? 

One of the most significant and influential of these 
sc,ientific investigators of the supernatural was also one of the 
earliest: Sir William Crookes. A brilliant and innovative 
chemist and physicist, Crookes was a self-made man who 
went on to become, in old age, president of the Royal Society. 
But his investigations into the supernatural took place many 
years before that, in the early 1870s, while he was still in his 
forties. In this capacity he conducted experiments with the 
famous medium Daniel Dunglas Home, and attested to 

covered in fraud, even though he was rigorously examined by 
no less a figure than Crookes. . 

Home was renowned for his capacity to produce "physical 
phenomena". (In distinction to, say, Mrs Leonora Piper, the 
medium who convinced William James of the truth of 
spiritualism, and· who specialised in seeming!}'. inexplicable 
dairvoyant descriptions of the past life and family relations of 
her subjects.) Home's repertoire included all the usual spiritu
alist mysteries such as raps, touchings by disembodied hands, 
messages from the dead, table-liftin~: but he also boasted 
some much more· amazing specialties, unique to himself. 
These included elongations of his body and levitations. 

Perhaps the most spectacular of these feats was the occa
sion when he floated out of a third-floor window in Victoria 
and in at the window of the adjoining room. This was at a 
house belonging to Lord Dunraven, in Ashley Place, and was 
witnessed and attested to by Dunraven's son, Lord Adare; his 
cousin, Captain Charles Wynne; and a young Scottish peer, 
the Master of Lindsay. 

Their descriptions of the occasion conflict in details, but all 
were convinced at the time that they had witnessed a miracle. 
(The accuracy of their observation is perhaps exemplified by 
Lindsay's estimate of the windows as being 85 feet above the 
ground. Three stories could not be more than 40 feet up; 
Houdini1 who was preparing to emulate the feat, remarks on 
the predilection of these gentlemen for tall stories.) 

Of the three, perhaps the least sure of the miraculous nature 
of the occasion was Captain Wynne-the only one of, the 
three who was not prevtously well acquainted with Home. 
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"' 1 the other end was supported on a spring balance fastened to 
a strong tripod stand. Home placed the tips of his fingers 
lightly on that extreme end of the board which rested on the 
support while Huggins and Crookes, one each side, watched 
closely for any effect which might be produced. Almost 
immediately, they saw the pointer of the balance descend, 
then rise again; the end cifthe board oscillated slowly up and 

forming an opinion? Have I ever admitted a new fact in 
science on insufficient testimony?" he demanded of a 
colleague. And in reply to Carpenter he wrote: "Now, let me 
ask what authority has the reviewer for designating me a 

t ,. 

ii 

~ 
I 
I 

;1 
; 

I\ 

i 
I 

f] 

Both Adare and Lindsay had known Home well for some 
time, and both had witnessed similar, if less spectacular, 
performances on his part several times before. It seems clear . 
from the accounts cif the incident that Wynne was an 
unexpected guest on this occasion, and one no( altogether 
welcomed by Home, who nevertheless, for once, made the 
best of things. For an important part of his technique was the 
hand-picking of his subjects. Only certain people were 
permitted to witness his 
more extraordinary feats. 

Cynics would say that the 
rationale for this is clear 
enough: some people are 
more prone than others to 
believe . what they are told 
they see. A clear case in point 
is that of one of Home's most 
celebrated and discussed 
seances: the one in which 
both Robert and Elizabeth 
Browning participated. This 
led, in Elizabeth's case, to an 
implicit belief in Home's 
miraculous powers, and in 
Robert's, to the disgust 
which led him eventually to 
write the damning anti
spiritualist poem M r Sludge 
"The Medium". -

Home readily agreed to be tested by Crookes, and these 
experiments have become the linchpin upon which his repu
tation has since rested. They were conducted in the presence 
of Dr William Huggins

1 
a fellow FRS; Serjeant Cox, a lawyer 

and enthusiast for spiritualistic manifestations; Crookes's 
wife and daughter; his laboratory assistant; and a Mrs 
Humphrey. 

The seances were not quite as coldly clinical as the ambi
ence of laboratory experi
ments might suggest. At first 
there was a number of what 
might fairly be termeq. 
routine spiritualist effects
raps and knocks, currents 
of cold air, disembodied 
touches. An accordion, 
locked in a cage, played 
Home Sweet Home and The 
Last Rose of Summer . 
Although he was distinctly 
impressed, these were not the 
experiments in which 
Crookes was most interested. 
They could not be satis
factorily tested in scientific 
terms. He had, however, set 
up one which could. 

This consisted of a long 
mahogany board, one end of 
which rested on a table, while Where she saw miraculous 

disembodied hands rising 
from the very table's surface, 
he saw crude puppetry; 
where she was touched by 
ghosts, he was patted by 
some arrangement of sticks 
and stuffed hands, 
emanating from Home's 
" inordinate sleeves". Before 
this seance began, five 
would-be participants had 
been summarily dismissed 
by the medium. Browning 
concluded that Home would 
no doubt have liked to send 
him away, too: but there was 
no having Elizabeth without 
Robert, and Mrs Browning's 
recommendation was one 

D. D. Home (far right, and ' 
above) levitates be/ore his 
distinguished company, which 
often included Crookes (right) 

which Home, then at the start of his European career, was 
anxious to recieve. 

Home's usual way of dealin~ with awkward customers like . 
Robert Browning was to admit them, amiably enough, to llo 
seance at which nothing, or very little, happened: the power 
to work miracles cannot, after all, be summoned up to order. 
Vague promises of future, more successful occasions would 
come to nothing. Only those suitably inclined witnessed 
Home in full flight. 

Where, in all this, does William Crookes fit? On the face of 
it, there could have been few men in England less suggestible 
and more suitable to provide a real test of what he was to term 
Home's "psychic force". In an introductory article in the 
Quarterly Journal of Science, of which he was the editor, 
Crookes set out his position: "The spiritualist tells of 
manifestations of power, which would be equivalent to many 
thousands of ' foot-pounds' , takin~ place without known 
agency. The man of science, believmg firmly in the conser
vation of force and that it is never produced without a corre
sponding exhaustion of something to replace it, asks for some 
such exhibition of power to be manifested in his laboratory, 
where he can v,,eigh, measure, and submit it to the proper 
tests." 

I 
i 

down. - • . 
Home now took a matchbox and a small handbell and 

placed one under each hand to satisfy Crookes and Huggins 
that he was not producing the downward pressure. The slow 
oscillation became more marked, and Huggins, watching the 
index, said he saw it descend to 6! pounds. The normal weight 
of the board was 3 lb, so this meant that there was 3! lb of 
additional downward pull. At one point in the experiment, 
the index descended as low as 9 lb. · 

Crookes wrote up this experiment, and various others 
which he subsequently conducted, in his Quarterly Journal of 
Science . He also sent substantially the same paper to the 
Royal Society, which, much to his mortification, rejected it. 
Crookes was particularly indignant at this rebuff because (he 
asserted) the reason for it lay purely in the subject of the 
experiments, not in their quality or interest (a grievance 
frequently voiced by experimenters in the supernormal). And 
up to a point, he was right. 

In the early 1870s, when Crookes was conducting these 
experiments and publishing them, the scientific debate 
between Darwinists and fundamentalists, hard-line ration
alists and those who found it impossible to envisage or accept 
a world devoid of soul or design, still raged furiously. Spiritu
alism was (and parapsychology still remains) allied with the 
Lamarckist camp and the 
vitalist philosophy of a 
purposive life-force. 

Crookes was vitriolically 
attacked for such allegiances 
and attitudes in an article 
entitled "Some recent con
verts to spiritualism", which 
was written by Professor W. 
B. Carpenter and published 
in the Quarterly Review. 
Crookes's reaction, not 
surprisingly, was to mount 
his scientific high horse. 
"Have I ever shown haste in 

D. D. Home is "tested" 
by Crookes, though the 
cartoonist remains sceptical ~,. 

The great Harry 
Houdini was furious 
to think that anyone 
should suppose he 
achieved his effects 
by paranormal 
means 

recent convert to spiritualism?" . 
In the face of this indignation, two questions immediately 

present themselves. One: was his interest in the subject of the 
"new force" as dispassionate as he was at pains to have every
one believe? And two: if Home fooled him, how did he do it? 

The st:e0nd question is of course much more straight
forward, and-especially given a will to believe on Crookes's 
part-not all that hard to answer. Home was probably an 
expert illusionist, and it has been pointed out that Crookes 
was very short-sighted (which may or may not be relevant to 
the case). There are various ways in which Home could have 
moved the end of the spring balance. 

One, and possibly the most likely, is by distracting the 
attention of Crookes and Huggins, allowing time for a quick 
pressure of the fingers. (Other _techniques which have been 
suggested include the use of a loop of hair or black cotton to 
depress the plank, perhaps looped round Home's knee, or a 
working knowledge of the power of static electricity.) At any 
rate, if we suppose that Home's was no new force but plain 
old physical movement, possible means abound. Crookes and 
Huggins may have been expert scientific investigators, but 
they were not, as Home almost certainly was, expert 
conjurers. 

Conjurers who claim they can replicate the most inexplic
able of mediums' feats abound in the history of the para
normal. They range frpm J. N. Maskelyne and Harry 
Houdini to James Randi, possibly the most prominent such 

figure in the field at present. A common reaction of 
those who have been fooled, as Houdini found to 
his fury, is to insist that the illusionists have psychic 
powers but are simply not admitting it. It would 
clearly not be difficult for such a person to set up 
most successfully as a psychical wonder worker. 
But the puzzle remains. Crookes was an experi
menter of the first rank, and he knew exactly what 

he was looking for, and looking out for. Was it really 
possible that he could have been duped? 

This, of course, is always the key question, and the 
answer generally accords with the predelictions of 

the respondent. The position of a Brian Inglis 
is founded upon the assump
tion that the answer to such a 
question must be no. This 

position is stubbornly main
tained against the batterin~ of 
assorted sceptics, and most 
particularly those magicians 

who have interested themselves 
in psychic questions and who are 
only too willing to demonstrate 
at every opportunity that, on the 

contrary, the answer is almost 
certainly yes. So the battle of words 

goes on. The satisfaction of a convert 
1s rarely accorded to either side. 
But a more fruitful line of investigation is 

perhaps to look at the actions and behaviour of 
the scientists themselves. Partisans may argue; 
what, meanwhile, do the facts of the case indi
cate? 

In almost every case I have looked into, the 
facts tum out to be singularly revealing. Time 
and again they present a curious dichotomy 
between the publicly proclaimed spirit of pure 
scientific inquiry in which the investigations in 

question were undertaken, and the underlying 
emotional motivation which prompted Uiose 
investigations in the first place. 
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Thus the founders of the Society for Psychical Re~ch agency exists to which prayer is directed. The cooperation of · 
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(SPR) went to great lengths to distance themselves from the this agency could in all sincerity and propriety quite well be 
trivial yulgarities of spiritualism. In the case of this Cam- . included in the research plan. In·fact, the older world religions 
bridge elite, it was probably as much for reasons of intel- were supposedly founded with the aid of miracles, . that is, 
lectual snobbery as any scientifically discrediting effect it cooperative demonstrations by divine agencies." 
might have had. And once the SPR had got into the full swing Rhine was in no doubt that tangible proof of the existence 
of its investigations, spiritualists certainly-regarded members of God is the real aim of all research into the supernormal. 
of the SPR as dispassionately intellectual to a fault and ac- Only so will communism be defeated. "Most thinkin~ people 
tively antipathetic to the movement. But a reading of the know that blind faith in dogmatic revelationistic religion can
diaries and letters of Henry Sidgwick and F. W. H . Myers, the not counter the claims and promises of communism. It may 
SPR's founding fathers, shows that each originally ap- force a realisation of the need to push research on the spiritual 
proached the subject through spiritualism and in that mood armament against communism to its logical scientific Jim
of religious yearnmg so common among those mid-19th cen- its ... Think of all the good man-hours of prayer spent 
tury intellectuals who, 50 years earlier, would probably have through all the centuries by all the billions around the globe, 
taken orders as a matter of course, but who; post-Darwin, · with no one throughout these ages taking the obviously sensi
needed proof to bolster their faith. ble precaution of checking up!" Rhine clearly believed he had 

The hidden agenda 
There are other, much inore extreme, cases. J. W. Dunne 

is best known for his famous book An Experiment with Time, 
an account of a series of prophetic dreams he experienced. 
This is written up in a highly scientific and philosophical 
style. Mathematics, quantum theory and relativity are ad
duced in Dunne's explanation of his dreams, much as the · 
strange behaviour of sub-atomic particles is quoted by ex
plorers of the paranormal today. Spiritualism is certainly 
never allowed to raise its unintellectual head. But the book 
appears in a very different light if it is read in conjunction 
with Dunne's autobiography, Intrusions, which he wrote just 
before his death in 1954. Here he reveals that he began his 
interest in such things as spiritualism, and was indeed for a 
time a medium-this book providing, incidentally, one of the 
very rare objective analyses of mediumistic possession as ex
perienced from the inside. The omitted framework of the 
dreams that make up An Experiment With Time is fascina
ting; but even more fascinating is the fact that Dunne chose 
to leave it out of his original account. This was presumably 
because he judged, correctly, that it would affect the way that 
account was received. 

An even more revealing instance of.significant omission is 
that of Dr J. B. Rhine. Almost everyone, of course, has heard 
of Rhine. He was the founder of the famous Parapsychology 
Laboratory at Duke University, the first person to establish 
the paranomial as a subject for university research. Nothing . 
could have been less outre or more banal than his· own re
searches in this field. 

Rhine was the king of card-guessing, a statistical exercise of 
monumental boredom using the Zener pack of cards bearing 
five different symbols . . Others, notably the English mathe
matician S. G . Soal, took up this line of investigation and 
achieved amazing results, later to be discredited by the dis
covery of manifold cheating. Rhine's reputation has suffered 
no such slur: his integrity is as spotless as his results were 
uninteresting. Rhine did, at first, get results. But as he im
proved his experimental design, so his subjects' paranormal 
powers declined. Scientifically, he was unexceptionable. The 
contrast, however, between his techniques and findings and 
the motivation behind them, could not be more bizarre. 

Rhine began scientific life as a Harvard botanist. While 
there he met Dr William McDougall, a noted psychical re
searcher and, like Rhine, a vitali~t who believed that life could 
not be explained mechanistically. Vitalism was not pro
pitious to a budding biological career, and when McDougall 
moved to Duke University, Rhine moved with him. The 
vitalist link is, of course, significant; but many excellent sci
entists have been vitalists. Much more extraordinary is the 
extreme motivation Rhine reveals towards the end of his 
book The New World of the Mind, published in 1954. 

In the reli~ous war between capitalism and communism, 
Rhine saw his researches as a crucial weapon. He proposed, 
in so many wor(js, to co-opt God as an experimental partner 
in this fight. "There is a belief . . . that . a divine personal 

done the final and conclusive check-up. If President Reagan 
shared his belief, the world might be a safer place today. 

Where, in all this, does William Crookes fit? Was there in 
his background, too, some unadmitted reason .which might 
make him so eagerly desire to obtain the findin~ he did in 
fact obtain, that the habit of scientific method and objectivity 
was no match for it? Was he, in fact, in control of the sessions 
with Home as his written reports of them lead us to assume? 

The very fact that Home agreed to be tested by Crookes 
argues, judging by his invariable practice, that as far as Home 
was concerned the sessions were being run by himself, not 
Crookes. And this is borne out by Crookes's notes of what 
went on during the seances, and his letters-as opposed to his 
published articles. Most importantly, one might reasonably 
mfer from the articles that the sessions discussed represent all, 
or virtually all, the occasions on which Crookes conducted his 
experiments with Home. But the notes and letters reveal that 
there were a great many other occasions, unrecorded in the 
articles, on which nothing of any note took place at all. Thus, 
Crookes wrote to Huggins: "I want you to conie and attend 
another seance which is appointed for next Thursday 
week . . . when Home has i;>romised to come, and we are going 
to get the same party and if possible the same conditions. You 
must, however, prepare for the chance of a failure. Home is 
the most uncertain of mediums, and it _is quite as likely that 
the next time absolutely nothing will take place." 

Thi~ certainly accords with I_I~me's habit ~f not_ attempting 
anything unless all the conditions were nght, mcluding-a 
sympathetic audience and correct lighting, pfacing of persons 
and so on. And the notes show that Home dictated when the 
company was to stand and when to sit, to move away from 
the table or towards it, and other such very germane details. 

Why should Crookes have suffered himself to be imposed 
upon m this ~ay? Because-contrary to. his declarations-he 
wanted to believe. A few years earlier, m 1867, he had suf
fered one of the great griefs of his life. His beloved brother 
Philip died at the age of 21 while acting as engineer during a 
cable-laying expedition to Havana. Ever since then, Crookes 
had been making eager and (he felt) successful efforts to con
tact him through spiritualism. So he had compelling emo
tional reasons to wish that the phenomena of spiritualism 
could be tested and proved on a sound and unarguable sci
el!!ific b~i~. W~en ~nter _designated him "a recent con
vert to spmtualism", this was m fact no more than the truth. 

What are we to infer from all this? Obviously n9t all para
scientjsts conceal their motives from themselves, the public, 
or both, any more than all "hard" scientists are dispassionate 
about their work. But the fact of concealment, where it 
occ~. is interesting and relevant in itself. And given the 
cases where it can be shown to occur-after all, among the 
most important in the history of the subject-it is clear that 
the background of those scientists interested in the para
normal is as fair a subject for scrutiny as their results. □ 

Ruth Brandon's book-Tfle Spiritua/lsts; The Passion for the Occult In the 
NineteenthsndTwentiethCenturlesispublishedon2~JunebyWeidenfeld. 

Parasitic DNA-the origin of species and sex 
Some sequences of DNA perform no function in the organism and yet spread through 

populations. The discovery of these transposable 'elements-"parasitic DNA"-has led to new 
· ideas about the origin of species and the evolution of sex 

Michael Rose and Ford Doolittle 

A NEW view of DNA is emerging. Particular DNA 
J-\.. sequences may be neutral, irrelevant,. disposable 

or even parasitic. This parasitic DNA does the 
organism no good, and may even be harmful, yet it can 
persist and spread. In effect, the genome of the cell, its 
repository of genetic material, has become a kind of 
ecosystem: many selfish replicators engage in a melee of evo
lution within the genome. This view new of DNA has opened 
up some of the most taxing problems of evolutionary biology; 
including the ways in which new species . emerge, and the 
origins of sex. Sex, indeed, might reasonably be seen as a form 
of disease that animals and plants have learned to live with. 

Parasitic sequences of DNA can be thought of-as viruses 
inside genomes. Unlike viruses, however, they do.not spread 
by infecting a cell, reproducing within and then escaping 
from the cell. Rather they engage in what is called 
"duplicative transposition" -newly synthesised, "free
floating" copies are made from a copy located on a chromo
some and then deposited at a new chromosomal site without 
loss of the original sequence. Mathematical theof}'. for this 
process shows that such a "transposable element" will usually 
spread throughout a population unless its effects are 
extremely detrimental. Many different transposable elements 
are known throughout the living world. Indeed, some 
genomes may consist almost entirely of transposable 
elements or their inactive descendants. 
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Transposable elements appear to come in thiee basic 
models. The first kind have molecular structures that resem
ble the DNA of retroviruses that have become integrated into 
the chromosomes of cells. Retroviruses are viruses that 
contain only RNA but they convert this into DNA and then 
insert themselves into the DNA of the host. Some trans-
posable elements appear to move themselves around the 
~enome in a similar way; they first form RNA copies of the 
mtegrated D NA, then convert these RNA copies into DNA 
copies, and fi4ally reinsert this DNA at new sites on the 
chromosomes. Since retroviruses also go through all these 
steps when they reproduce inside a cell, such elements may be 
degenerate viruses. On the other hand, the viruses may be 
parasitic segments of DNA that have acquired the ability to 
spread "horizontally" by infection as well as "vertically" by 
inheritance from generation to generation. Howard Temin of 
the University of Wisconsin favours the second evolutionary 
scheme, but the question remains unresolved. 

The second sort of tmnsposable element also appears to 
propagate itself by going from DNA to RNA and back to 
DNA. But unlike the retroviral-like element, this kind of 
transposable element does not itself encode the enzyme 
necessary for the second (RNA to · DNA) step of that "life 
cycle". Just how the second step is carried out remains uncer
tain. These elements seem to be fragments of parasitic DNA 
that arose within genomes, since all DNA is able to form 
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copies of itself in RNA. Our 
own chromosomes are 
burdened with between 
300 000 and one million 
copies of a family of such 
elements, the "Alu" family, 
studied extensively by 
Warren Jelinek, Carl Schmid 
and their collaborators. 
These "genes" have no func
tion; they do riot direct 
the production of any 
protein. 

~- H l r ·, -~ ,, ll 
Primitive sexuality is a cont~ous disease. Bacteria .normally reproduce asexually . . by splitting in 
two. But when Escherichia coli becomes infected.wit/I a segment oJPfl.rasitic DNA-a plasmid known 
as the Jf.facJor.,.;,the bug begins to Nmpte". lt grows ·sex piW (le/i) and uses them to lnfrct the F faaor 
and bitf ,~fit~ ·o~ JiN_.A, i"!o ~r baaeria (righlJ:_ J>arasitic_ DNA. may_ lft:lve 1rrvented sexual 

reproduction simply 111 order to sp"4il_ ttse(faro,jnd. between lmeages 

The third sort of trans
posable element does not 
generate free RNA inter
mediates; it transposes itself 
by replicating straight 1nto 
DNA and integrating the 
new DNA into chromo
somes. Although there are · 
bacterial viruses which 
employ these same processes, 
a viral origin for such 
elements seems unlikely. 
These viruses themselves are 
probably derived from such 
elements, having acquired 
the additional DNA that 
codes for the protein that 
coats the viral genome. . 

In spite of differen~~ m 
mechanism of transpos1t1on, 
the integrated copies i,f all 
three elements are struc-
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__ ~ constraints preventing several transposable elements operturally similar. We do not 
know whether these simi
larities represent traits 
retained from - a primitive 
common ancestor, or reflect 
constraints on the ways in 
which a transposable 
element can be made. 

The phenomenon, known as P-M hybrid dysgenesis, arises 
in certain crosses oflaboratory stocks of fruitflies (Drosophila 
melanogaster) when males from "P" strains, recently caught 
in the wild, are crossed with females from "M" strains tliat 
were derived from wild populations more than 30 years ago. 
The offspring suffer a high rate of mutation, frequent re
arrangements of chromosomes in their sex cells. Sometimes 
the offspring are also sterile. The <;a use of these pathologies in 
the hybrid is a transposable element that contams 2907 base
pairs of DNA. This particular transposable element, known 

Escherichia coli. The F factor encodes at least 11 genes, eight 
of which make E. coli cells extrude long appendages, known 
as "pill". When cells with these pill contact cells lacking the 
F factor, the pilus acts as a genetic syringe, sending a copy of 
the F factor into the contacted cell. Sometimes normal host 
genes are also transferred in this way, making it a plausible 
starting point for primitive sexuality. The parasitic nature of 
the F factor is evident because cells with F pili are more 
susceptible to viral infection. So there is circumstantial 
evidence that sex originated as a result of selection acting on 
parasitic DNA to foster its horizontal transmission between 
host cells. 

New species may be created 
by "genomic disease.· Two 
strains of fruitfly (P and M) 
may possess different trans
posable elements. Normally 
these mobile bits of DNA are 
quiescent. But when two 
strains mate, · the newly-
mixed elements become 
active and cause havoc as 
they move about the genome. 
As a result the hybrid 
offspring are sterile. Thus a 
breeding barrier is formed 
between the two strains, lead
ing a new species. 

All transposable ele!llents 
can cause mutations near 
sites at which new copies are 
inserted. It has been fash
ionable to see this ability to 
cause mutations as "a good 
thing". By causing muta
tions, such elements increase 
genetic variability within a 
population, and it is genetic 
variability upon which a 
population must draw when 
challenged to meet some new 
environmental threat to its 
survival. But this account is 
unsatisfactory for two 
reasons. Firstly, most 
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mutations are deleterious. So 
this explanation requires that 
individuals maintam genetic 
components which are, on 
average, harmful, simply ~ 
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because the population as a as the "P element" seems to have originated in the western 
whole may thus remain more hemisphere, and since 1950 it has swept through wild popu
adaptable. But selection does lations of D. · melanogaster. When females from populations 
not usually favour characters without P elements receive them, the P elements appear to be 
that are fostered by such activated: they move around the DNA in germ-line tissue (the 
group selection, while simul- sex cells) and thereby disrupt the production of gametes. 
taneously opposed by indi- Two sequences in the DNA of the P element that appar-
vidual selection. ently code for proteins are responsible for these unusual prop-

Secondly, the explanation erties. One seems to encode a transposase, an enzyme that 
is actually unnecessary. enables P elements to move about the genome. The other 
Duplicative transposition sequence seems to encode a repressor gene-product, that acts 
alone can maintain such to reduce the rate of transpoSition. If P elements have been 
transposable elements, and present in the population for some tjme, a balance between 
evolution operating within ..promoter and repressor is achieved: its two gene products are 
the genome, independently present at levels that allow germ-line cells to replicate 
of any benefits for the normally. In hybrids, this regulatory system breaks down, 
organism, can create them. producing dysgenesis. 
Some very specialised trans- The biology of hybrid dysgenesis led Kidwell, Bingham and 
posable elements may be others to formulate the "genomic disease" mechanism of 
maintained by individual . speciation, although the term is our invention. Suppose that 
selection: for instance, those isolated · populations of a species acquire different trans
which appear to generate posable elements-such as P, such that each population has · 
variation m some parasitic two or three transposable elements not present m the other. 
protozoa that enables them Populations of one type will then lack what amounts to 
to circumvent the immune immunity to a genomic disease, caused by the transposable 
defences of the host. But elements present in the other type. Thus all hybrids ·could be 
there seems no reason not to completely sterile, as a result of the de-repressed proliferation 
regard the vast majority of of different transposable elements. This would establish a 
transposable elements as breeding barrier between these populations, making them 
genomic parasites. distinct species. 

The concept of genomic • • • • 
parasites throws light upon Spec1ation by genmruc disease 
one of the most elusive prob- "Genomic disease" could have created some of the species 
lems in biology: that of speci- of Drosophila alive today. The defective gonads of P-M 
ation; the formation of new dysgenic hybrids bear a striking resemblance to those of 
species. Thanks to the work hybrids between D. melanogaster and D. simulans. D. mela

ofMar~et Kidwell at Brown University, William Engels at nogaster also possesses other stretches of DNA that cause 
the Uruversity of Wisconsin, and Gerald Rubin and Philip dysgenesis in hybrids, such as that of the 1-R system in 
Bingham at the Carnegie Institution of Washington we now another pair of strains studied by J. C. Bregliano and his 
have a fairly complete understanding of a phenomenon, colleagues in France. The pathologies of these hybrids are 
involving parasitic DNA, which seems to have all . the much like those of the hybrid progeny of species closely 
makings of a mechanism of speciation. . related to D. pseudoobscura. There appear to no biological 

ating to produce dysgenesis in a given hybrid. Two such 
transposable elements seem to have spread through D. mela
no~aster in the past 50 years alone. At present, there is 
eVIdence for the possible action of genomic disease in specia
tion only within species of Drosophila-probably because it is 
easier to work with Drosophila; its genetics are well-known 
and large stocks have been collected over the years. 

The evolution of sex is one of the major concerns of 
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modem evolutionary biology. It is the subject of books by the 
leading figures in the field such as John Maynard Smith of the 
University · of Sussex and George Williams of the State 
University of New York at Stony Brook. The problem is that 
it is difficult to explain the origin and maintenance of sex in 
terms of any benefit to fitness. Indeed, it is possible to argue 
that there should be strong selection pressure favouring the 
abandonment of sex by females, and the adoption of asexual 
reproduction instead. 

Traditional evolutionary explanations for sex and related 
aspects of the genetic system, such as the benefits of 
recombination (the shuffling of genes as gametes are formed 
and fuse) have revolved around the advantage that accrues 
from producing offspring with a variety of genotypes, as 
opposed to a number of identical copies of the parental geno
type. This idea was first put forward by H. J. Muller and R. 
A. Fisher in the context of group selection: sexual species 
would eliminate asexual species, because the former would 
evolve more rapidly than the latter. 

But such arguments depend upon ~oup selection: an over
all advantage to populations. Evolutionary biologists tend to 
regard such arguments as measures oflast resort. They would 
prefer to identify selection mechanisms couched in terms of 
the reproductive success of individual organisms. They 
concentrated mainly on cases involving unpredictable 
environments, either in space or in time. But mathematical 

· analysis has led Maynard Smith to disavow "any idea tliat 
selection in an unpredictable environment necessarily or 
easily confers an advantage on sex". 

The new ideas in evolutionary molecular biology suggest 
an altenl.ative explanation. If some DNA sequences appear to 
evolve for nu other end than ensuring their vertical trans
mission from generation to generation, could there not also 
be. parasitic DNA sequences which foster their transmission 
horizontally, between lineages? In a.sense, viruses do just this, 
though they have a life-cycle stage outside of any host cell. 
Parasitic DNA could engineer its horizontal transmission by 
establishing genetic exchange between host organisms; the 
DNA could infect new hosts · as 'a result of the ~enetic 
exchange. Sex thus becomes a means of genetic contagion for 
these parasitic DNA sequences. 

As pointed out by Donal Hickey of the University of 
Ottawa, this whole idea would seem quite outrageous were it 
not for the fact that there are DNA sequences which do just 
this. Consider the F factor, a large circular piece of DNA, or 
"plasmid", which is present in some cells of the bacterium 

With this view of the origin of sex, the maintenance of sex 
can also be seen in a different light. If sex is something that 
organisms were burdened with by parasitic DNA, then it 
seems reasonable to go on thinking of sex as something that 
happens to organisms, whether it enhances their fitness or . 
not. It is difficult to . explain how females benefit 
evolutionarily by their fertilisation by males, so perhaps they 
normally do not benefit. Instead, sex may be maintained 
because it is difficult for females to escape matin~, 
evolutionarily. In this context, males can be seen as parasitic 
DNA made manifest at the organismal leveL While males 
may occasionally benefit females, as indeed plasmids some- · 
times bear genes that benefit the host, nonetheless sex, like 
speciation, may be best conceived of in terms of evolutionary 
misfortune, rather than adaptation. · D 
Further reading 
For more about pa-asitic DNA see W. F. Doolittle, C. Sapienza, Nature, vol 
284, p 601 and LE. Orgef and'F. H. C. Crick, Nature, vol 284, p 604. For 
spedation, see M. R. Rose, and W. F. Doolittle, Science, vol 220, p 157. 
For sex, see M. R. Rose, Journal of Theoretical 8/ology , vol 101 ,. p 137. 

M ichael R. Rose is assistant professor in B~y and W. Ford 
Doolittle Is professor ot Biochemistry at Dalhousie University, in Halifax, 
Nova Sco_tia, Canada. 
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World Armaments and Disarmament 
SIPRI Yearbook 1983 
T he fourteenth Yearbook continues SIPRl' s annual account of 
developments in military expenditure , armamenu and arms 
control efforts. Severa l chapters explain the background and 
progress of on-going arms control talks at Geneva, Vienna and 
New York . A feature chapter traces developments in the 
Falklands/Malvinas conflict in 1982. Another section describes 
recent activities in the field of chemical and biological warfare. 

Junt 1983 c. 680 pp Cloth £26.00 0 85066 247 8 

The Arms Race and Arms Control 1983 

S/PRI 
Junt /983 220 pp Paptr 
£4. 45 0 85066 250 8 

This paperback has been written for those people who are 
actively concerned about the dangers of war. Its objective is to 
tell the reader what these dangers a re by providing well 
researched information on military developments o f every kind, 
based on material published in the S IPRI Yearbook 1983. 

Uranium Enrichment and Nuclear Weapon 
Proliferation 

A. S. Krass, P. Bos/cm,,, 
W. A. Smit and B. Elztn 
May 1983 270 pp Cloth 
£/5.00 0 85066 219 2 

This publication presents both the technical and the political 
information necessary to evaluate the emerging threat to world 
security posed by recent advances in uranium enrichment 
technology. It contains a detailed projection of the world 
demand for uranium enrich ment services, a critique of present 
institutional non-proliferation arrangements, and identification 
of the states most likely to punue the enrichment route to 
acquisition of nuclear weapons. 

Arms Control Agreements: A Handbook 
Jozef Go/db/al 

Increased awareness of the destructive capabilities of modern 
weaponry has pointed out the need for mobilizing world public 
opinion on behalf of peace and disarmament. Arms Control 
Agretmtnls helps bring about such mobilization by providing a 
well-i nformed historical overview and a searching critique of 
arms control agreements and negotiations from the Hague 
Declaration of 1899 10 the SALT Treaties and Conventions of 
the 1970s and 1980s. · 

May 1983 c. 256 pp Paptr £9. 50 . 0 85066 248 6 

Nuclear D isengagement in Europe 

Editid by 
S. Lodgaard and M. Thtt 
Junt 1983 c. 300 pp Cloth 
£/ 7. 00 0 85066 244 3 

Nuchar Distngagtmtnt in Europ, probes the quest ion of a nuclear 
weapon-free zone in the region . Pugwash and SIPRI arranged a 
meeting at which an international team of lawyers, scientists, 
politicians and military experts gave background information 
and provided an appraisal of problems regarding the zone 
initiatives as well as benefits that wou ld accrue. · 

Defence without the Bomb 
Alttmatiot Dtftnct Commission 

The Alternative Defence Comm ission was set up to consider the 
possible defence policies for a Britain 1ha1 had said 'No' 10 the 
bomb. The Commission looked al the immediate difficulties and 
consequences of becoming non-nuclear and goes on to put 
forward suggestions for the defence of the country, ranging from 
the maintenance of strong convent ional forces to radical 
proposals for defence by civi l resistance. 

Apn'/ 1983 312 pp Cloth £4.45 0 85066 240 0 

Scientists, the Arms Race and Disarmament 

SCEHTISTS . 
ltCNIMtUDiMtC~1 -

Edittd by j. Rotblat 
A joint Taylor & Francis/ 
Un,sco Publication 

Jun, 1982 320 pp Cloth 
£9.50 0 85066 234 6 

Not only through their work in laboratories, but in their capacity 
as !enior advisers in governments, scientists face dilemmas of a 
moral and material natu re in devoting thei~ talents to war 
purposes in times of peace. It is hoped 1ha1 by drawing attention 
to these problems, a valid contribution can be made to the 
ultimate goal of international disarmament. 

@Taylor & Francis Ltd N,w y.,, 
London and 2ET 

. London WC1N 4 John Street , 
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NUCLEAR DEBATE 

The truth for John and Jane Citizen 
A LMOST 38 years ago, when 

J-\.. the atoIJUc bomb was 
dropped on Hiroshima, i 

was in hospital recm>ering from 
surgery necessitated by the 
effects of a more conventional 
explosion. The devoted, deeply 
shocked, staff nurse, unable to 
contain her horror and knowing 
that I was a scientist, declared 
that she could not give aid and 
comfort to anyone who had any 
connection, however remote, 
with this weapon of terror. 

In vain from my disadvan
tageously inferior recumbent 
position, I suggested that there 
were other considerations; that. 
to secure a Japanese surrender 
by conventional weaponry 
might cost many more lives, that 
a new era had now dawned in 
which global conflict might be 
less probable and that, in any 
case, nuclear fission might offer 
benefits to humans as, for exam
ple, by diminishing the need for 
coal mining and the incidence of 
emphysema, chronic bronchitis 
and accidents, often faial, due to 
rock falls and fire-damp 
explosions. The last point made 
some impact because in the next 
bed was a "Bevin Boy" miner, 
victim of such an accident. 

The real problem, I told her, 
was bow humanity could come 
to terms with this newly
acquired power, become its. 
master and not its slave, and 
that to succeed in this task in a 
democratic society moral indig
nation-even revulsion-was 
insufficient; the citizens must 
know all the facts. If these argu
ments bad any influence on her 
thoughts the bomb which fell 
three days later destroyed that 
influence and much of 
Nagasaki. Her feelings were not 
unique. Even Otto Hahn, the 

Living with nuclear weapons 
by Harvard Nuclear Study Group, Harvard UP, pp 268, £9 -95 

Fred Dainton 

discoverer of nuclear fission, 
was so depressed that he spoke 
of suicide. 

A year or so later the Ameri
can Atomic Scientists Associ
ation was launched and one of 
its purposes was to _put the facts 
in front of the public. In Britain 
some !ike-IJUnded scientists · 
took a similar line. Meetings 
were arranged and my memory 
is of minute audiences because 
the vast majority of the popu
lation was apathetic, unwilling 
to consider the terrifying possi
bilities accompanying the open
ing of this nuclear Pandora's box 
or simply grateful that, after six 
years of war, and with national 
coffers depleted, British soldiers 
could be brought home. 

The grandchildren of those 
.returned warriors and their 
contemporaries in the USSR 
and the US are now growing up 
to face the same problems 
except that the aggregate 
destructive power of nuclear 
weawns exceeds 10 billion, that 
is 10'0 , tonnes of conventional 
explosives. In the intervening 
years there have bee.n two surges 
of public revulsion typified by 
flu:.. CND marches of the 1960s 
and the current Greenham 
Common type demonstrations 
triggered by the failure to ratify 

.SALT II and, latterly, the deci
sion to site Cruise in Europe and 
to proceed with MX . 

But the public remains by and 
large ' confused, unable to 
discern where the truth lies 
between the extreme views of 
. the unilateralists and those who 
feel that the only effective shield 

for Western values is nuclear 
supremacy. The party 
manifestos issued for the elec
tion and the divergent views of 
those supposedly committed to 
them reflect this confusion. 
Much information is available 
to those · who are prepared to 
quarry official publications but 
most of us have neither the skill 
nor the time and · there is a 
priI_llaf)', urgent need for a clear, 
authontative, statement of the 
truth in a form comprehensible 
to John and Jane •Citizen. 

Living with Nuclear Weapons 
goes a very loni way to meeting 
that need. It onginated with the 
president of Harvard, Derek 
Bok, calling together some 
colleagues, already experienced 
and knowledgeable in the field 
of nuclear arms limitation, and 
inviting them to confer with the 
object of producing a lucid accu
rate account of nuclear weapons 
and their control presented man 
easy-to-read style but without 
distortion. They have been 
conspicuously successful. 

After a preview of five major 
questions, the book opens with 
an essay on the history of the 
politics of the balance of power 
m. the pre-nuclear era and then 
describes bow a nuclear war 
might begin and develop, 
emphasising the enormously 
compr~ time-scale of deci
sion. Historical facts about the 
various nuclear arsenals form 
part two, whilst the final part 
discusses weaponry alternatives, 
possible control mechanisms 
and agreements, prevention of 
proliferation and concludes with 

a piece on moral and practical 
dilemmas faced by humanity in 
the nuclear age. 

Throughout, it does not shirk 
real issues and reminds readers 
who crave for certainties on 
which to base their decisions 
that in principle these are often 
unattainable; for example, there 
is the paradox that as long as a 
deterrent policy works it must 
be impossible to know hQ.w 
much weaponry is enough. The 
authors suggest that for some 
time we have to endure a kind of 
"crisis stability" which to a phys
ical chemist recalls certain 
metastable states of ~tion 
and perhaps we might take 
comfort from thermody-
namically unstable glasses 
which have nevertheless persis
ted for thousands of years. The 
question is how to avoid 
initiating the catastrophic devit
rification of global nuclear 
"peace" before war of any kind 
is abandoned as an instrument 
of national policy. 

This book makes a real 
contribution to the manage
ment of this (probably 
prolonged) metastable balance 
until the ardently desired real 
peace arrives, because it 
communicates the facts and 
uncertainties so clearly and 
objectively to everyone who 
cares to open its pages. I recom
mend it without major reserva
tions and congratulate Harvard 
University on its responsibl_e, 
public spirited, attitude m 
producing it. Harvard's motto is 
Veritas. The Bomb produces 
heat and light; discussions a'!>out 
it generate more heat than light, 
an imbalance which this book 
attempts to correct. The book 
deserves the motto Veritta.Lux 
Est and a wide circulation. D 
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( .,..-, J N THE all-important nuclear 
~ debate there i_s at leas~ a 
~ common starting pomt . 
..- Everybody - from Ronald 
~ Reagan to Yuri Andropov, from 
~ Margaret Thatcher to the 
(.,..-, women at Greenham Com
~ moo-agrees that a nuclear war 
111111,i would be the worst imaginable 

disaster that the human race can . 

~ 
inflict upon itself. But when it 
comes to the steps to avoid 
this disaster, the views are 

~ diametrically opposite. The 
...__--, women at Greenham Common 
~ have a simple solution: if we U want to avoid a nuclear war, we 

~ 
should get .rid of nuclear weap
ons. Thatcher's solution is more 
sophisticated: she wants an 
increase in our nuclear potential 
(for example, Trident) pre-
sumably on the basis of the 
Roman dictum "Qui desiderat 
pacem, praeparet bellum". 

Defended to Death makes out 
a strong case against reliance on 
nuclear weapons for defence, on 
the well-substantiated evidence 
that the on-going arms race has 
resulted in less security and a 
greater likelihood of nuclear 
war. It is ironical that the idea 
for the book should have come 
from an official in the Ministry 
of Defence who suggested "that 
the academic community can 
play a valuable part in ensuring 
that the debate 1s conducted on 
an informed basis". This was 
certainly proved by the 
Cambridge dons, but I doubt 

Cambridge dons speak out on defe11ce poli9' 
Defended to death 

edited by Gwyn Prins, Penguin, pp 387, pbk £3 -50 

Joseph Rotblat 

whether the outcome will please 
the Ministry of Defence; m the 
book the nuclear defence policy 
of the government is analysed 
meticulously, and demolished 
point by pomt. 

The account of the many 
aspects of the nuclear arms race 
is remarkably comprehensive; I 
have one or two reservations 
about it. Granted that complete 

. nuclear disarmament should be 
the clear goal, need the authors 
be so deprecatory about the few 
measures achieved so far, such 
as the Partial _Test Ban Treaty, 
the Non-Proliferation Treaty 
and SALT I? Can anyone be 
sure that without these brakes 
the arms race would not have 
already , ended in a fatal 
collisio'o'.? In a book which 
stresses the radiation hazards 
from military and civil nuclear 
uses, the· likely effects on the 
health of people from con
tinuous atmospheric testing 
deserve more weight. Similarly, 
without the Non-Proliferation 
Treaty the nuclear club might 
have already acquired a larger 
membership. 

The progress of the arms race 
is depicted mainly as the history 
of the introduction and deploy-

ment of nuclear weapons by the 
United States. This is justified 
because there is hardly any 
direct information about corre
sponding developments in the 
Soviet Union. Indeed, this very 
secrecy-inherent in the regime 
-has considerably contributed 
to the arms race, as it enabled 
the military in the US to 
demand funds for new_ weapon 
systems, allegedly to match 
advances in the USSR which in 
almost every case turned out to 
be non-existent. 

But is it necessary for . Russia 
to follow automatically-with a 
lag of 3-5 years-every Ameri
can step? The Soviet Union offi
cially rejected the concept of a 
limited nuclear war, and surely 
its .arsenals are already big 
enough to satisfy its defensive 
needs. There is insistence on 
equality, but what this really 
means is the capability to 
destroy the enemy, say, 25 times 
over, instead of 20 times. 

All the same, there can be no 
doubt that the greatest danger at 
present arises from the decision 
of the Reagan administration to 
step up the arms race by the 
introduction of weapon systems 
which must be perceived by the 

Accidental warfare weapons will be more accurate 
and reliable, and have greater 
targeting flexibility, than the 
ones the;,' replace. Moreover, the 
superpowers are energetically 
working on anti-submarine 
warfare, anti-ballistic missiles 
and anti-satellite warfare. These 
developments are destabilising 
the Soviet-American strategic 
balance.'The more unstable the 
strategic system becomes, .the 
greater the risk of unintentional 
nuclear war during an inter
national crisis. 

Risks of unintentional · nuclear war 
by Dal)iel Frei and Christian Catrina 

HMSO, pp 255, £14 -25; pbk Croom Helm, £7-95 

Frank Barnaby 

OUR POLITICAL leaders, 
judging by their speeches 

during the election campaign, 
are not well versed in the 
intricacies of nuclear-weapon 
systems. The tragedy is that few 
of them are likely to read this 
book. 

The issue is topical because 
the superpowers are rapidly 
modernising their nuclear 
arsenals. The US, for example, 
intends· to add 23 000 new 
nuclear warheads, during the 
1980s, to its existing 26 000-
strong stockpile.' It will withdraw 
17 000 from the stockpile, so 
that the net increase will be 6000 
warheads. But the 23 000 new 

Daniel Frei and Christian 
Catrina describe the factors 
affecting strategic stability, 
particularly the nuclear arms 

race, the devel
opment of strategic 
doctrines and the 
spread of nuclear 

The ways in which a nuclear 
war may start include mechani
cal failure or malfunction of a 
nuclear weapon, or error by the 
humans or computers control
ling the nuclear warning and 
weapon-firing systems. Nuclear 
war by accident, in other words. 
Nuclear war, though, may also 
begin because of the mis
jud~ement or miscalculation of 
dec1Sion-makers, particularly 
during an international crisis. 
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weapons to countries 
that do not have 
them, Their conclu
sion_ is that while the 
danger of accidental 
nuclear war should 
not be underestima
ted, it is much more 

The guestion addressed by 
Risks oJ Unintentional Nuclear 
War is will the deployment of 
new nuclear weapons and their · 
supporting technologies signifi
cantly increase the dangers of 
nuclear war by accident or 
miscalculation? 

. . . 

. . 

Waiting for the trigger 

]! likely that "an acute 
~ international crisis 
"' may act as a catalyst f to trigger a nuclear 
· war not in fact inten

ded by the govern-
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other side as preparation for a 
first strike. Coupled with the 
fervour of a crusade against an 
"evil" regime, it is bound to 
make Russia (and everbody else) 
extremely nervous, and induce 
it to adopt desperate measures, 
such as launch-on-warnin~. 

While advocating a policy of 
renunciation of nuclear weap
ons, the authors are fully aware 
of the risks involved in such a 
policy, but they are convinced 
that these risks are outweighed 
by the risks involved in the 
possession of nuclear weapons. 
In the li$ht of recent devel
opments 1t is difficult not to 
agree with this conclusion. □ 

ments concerned". 
The authors, it seems to me, 

underestimate the dangers of 
accidental nuclear war inherent 
in the deployment of new nuc
lear weapons. Pershing II mis
siles, for example, will be able to 
hit targets in the Soviet Union, 
from launch sites in West 
Germany, after flight times of 
less than 10 minutes. We know 
that the American computerised 
warning system takes, on aver
age, longer than this to sort out 
false alarms. And we also know 
that the Soviet computer system 
is not so good as the American 
one. To deploy the Pershinll II 
clearly increases the probability 
of accidental nuclear war, even 
in times when there is no serious 
international crisis. 

Why, then, are such 
destabilising nuclear weapons 
being deployed? Political leaders 
may want a first-strike capabil
ity, for world domination or 
whatever. Or, the nuclear arms 
race may be out of political 
control. The answer you choose 
will affect your judgement of the 
risks of nuclear war, and of the 
ways in which the arms race can 
be stopped. But on this basic 
question, the authors of Risks of 
Unintentional Nuclear War are 
not forthcoming. □ 

Pllysicians practise pr~y_entive medicine 
Medical effects of nuclear war . 

Report of the BMA, Wiley: pp 188, pbk £4-50 
Last aid 

_t>_y Eric Chivian et al, Freeman, pp 338, £15 -80, pbk £7- 40 

John Humphrey , 

J N 1981, the Annual Represen-
tative Meeting of the British 

Medical Association asked its 
Board of Science and Education 
t<i review the medical effects of 
nuclear war and . the value <if 
civil defence in order that the 
BMA should form a policy. 

Also in 1981 , a ~oup of 
eminent Boston physicians, who 
shared the doubts of a growing 
number of doctors in America 
about policies · that relied on 
nuclear weapons, joined with 
Soviet doctors of equal 
eminence expressing similar 
feelings. This historic meeting, 
near Washington DC, was the 
first congress of the Inter
national Physicians for the 
Prevention of Nuclear War 
(IPPNW). It was attended by 72 
prominent persons from 12 
countries, and received wide 
publicity in the US .and in the 
USSR. 

IPPNW has now grown 
sufficiently to assume the role of 
coordinating throughout North 
and South America, Western 
and Eastern Europe (including 
the USSR) and Japan, the 
organisations of doctors and 
other health workers who regard 
avoiding nuclear war as the 
major challenge to preventive 
medicine. It relies upon and 
exemplifies tlie fact that medi
cine has common goals and a 
common ethic which transcend 
national boundaries and 
political systems. 

So much for the credentials of 
the producers of Last Aid (based . 
on the first congress of the 
IPPNW) and The Medical 
Effects of Nuclear War (the 
report of the BMA's working 
party). Both are impeccable, 
though they differ insofar as 
IPPNW started parti pris with 
the intention to mfluence 
readers,,and the BMA working 
party with an open mind and the 
rerrut only to inform. 

The books cover much 
common ground; the devel
opment of nuclear w~pons,_ -
their physical effects, current 
estimates of the world's nuclear 
arsenals (based on available 
independent analyses which 
depict a rough balance in total 
lethality between those of the 
US and the USSR), descriptions 
of the predictable medical and 
psychological effects of nuclear 
weapons used in war, studies in 
more detail of possible scenarios 
involving attacks on the UK and 
the US, and some very gloomy 

assessments of the aftermath 
and the possible effects of an all
out nuclear war upon global 
ecology. 

Last Aid goes on to give the 
text of appeals to world leaders 
and to world physicians to 
eschew nuclear weapons, 
whereas the BMA report 
contents itself with a summary 
and conclusions. The conclu
sions are clear and very similar: 
no current or foreseeable civil 
defence measures could provide 
effective medical help against an 
attack with nuclear weapons, for 
which even the destruction of 
Hiroshima and Nagasaki cannot 
be regarded as valid precedents. 

How could a bunch of doctors 
predict the form that a nuclear 
attack would take, or_ know 
about nuclear weapons to fore
tell the effects of such an attack 
on people and their environ
ment? They cannot, and neither 
can the Home Office, but the 
BMA working party examined 
several scenarios, concluding 
that the National Health Service 
could not deal with the casu
alties which might be expected 
following the explosion of even a 
single I megatonne weapon over 
the UK, let ·alone those follow
ing a more commonly assumed 
attack with 150-200 mega
tonnes. 

As regards the second ques
tion, there is sufficient published 
information derived from more 
than 1200 nuclear weaJ?_<?ns 
tests, combined with civilian 
and wartime medical experi
ence, to allow computer predic
tion of short-term casualties 
from a !liven weapon at a given 
place within a factor of two. 

The BMA working party 
interviewed representatives 
from the Ministry of Defence, 
the Department of Health and 
Social Security and the Home 
Office about specific plans for 
civil defence in the UK. Part of 
the Home Office replies are 
given verbatim, and the text is 
rCIBroduced of the . currently 
operativi:' {but under revision) 
DHSS 1977 circular "The 
preparation and organisation of 

. tq,e J1ealth services for war". 
The working party is severely 

critical of the Home Office's 
replies to questions, and agrees 
(with a section to explain why) 
with calculations made by 
Scientists Against Nuclear Arms 
(SANA) which conclude that 
official estimates of expected 
casualties may be too low by a 

Last Aid and warned ..__ 
that . the s~rviving ~ 
medical services in ~ 
a nuclear war could ,.. 
provide only mar- \ _ 
ginally useful short- t
or lon$er-term aid to liiia 
the inJured and the 1...:i: 
sick. If the BMA t 
Annual Representa
tive Meeting follows 
the logic of its report, """" 
it is difficult to see ~ 
how it can avoid criti- lliii 
cising the govern- l .:i: 
ment's plans for civil Cl: 
defence, and thus ~ 
criticisinl! a policy ,._ 
that relies on the """
threat to use nuclear l, 
weapons, which · 
necessitated those 

Nagas,aki victim on his way 10 medical help. Bui plans in the first 
could medics cope in tomorrow's nuclear blast? place. 

Doctors' organisa
tions constitute . one the most 
powerful lobbies in the countries 

factor of two or more. The reac
tion of the Home Office was to 
state that SANA's estimates 
were exaggerated-but also to 
admit that its own predictions 
were being revised. · 

What conclusions the BMA as 
a whole will draw from its ~rk
ing party report remain to be 
seen. In the US, the prestigious 
American Association of Physi
cians as well as the American 
Medical Association itself have 
accepted the general theses of 

of the West, so some of this crit
icism may even filter through to 
higher government levels.There 
is no doubt that it is more ).ikely 
to do so if the lay public reads 
and takes in the implications of 
the message of these books. Of 
the two, Last Aid has the more 
popular approach; the BMA 
report is the more dead-pan and 
technical, but is nevertheless 
surprisingly readable. □ 
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New Books from 
Chapman and Hall and 

E&FNSpon 
Second.Edition 

Geothermal Energy 
H. C. H. Armstead, Consulting Engineer 

This new edition has been updated throughout and should 
ensure that the book continues to maintain its reputation as the 
best all-round text on the subject. 

' . .. must rank as a classic textbook· to take priority on the 
book.list of every Sll!dent.of geothermal energy.' Energy Digest 

Hardback 0 419 12220 6 £25.00 . 

Engineering Behaviour of Rocks 
I. W. Farmer, Reader in Mining Engineering, 

University of Newcastle upon Tyne 

It is the aim of this book to explain how rocks deform, fracture 
and yield, and to show how this knowledge · can be used in 
engineering design. An invaluable text for students of mining 

· engineering, rock mechanics, geotechnics and engineering 
geology._ · 

Hardback 0412 25280 5 £18.50 
Paperback 0412139804 £8.95 

Third Edition 

Statistics for Technology 
A course in appl ied statistics 

C. Chatfield , Senior Lecturer in Statistics, 
University of Bath 

~ 

One of the most popular introductions to the range of statistical 
methods commonly used in science, social science and engi
neering, this Third Edition has been revised throughout and a 
new appendix has been added describing general methods of 
tackling statistical problems. 

Paperback O 412 25340 2 £5.95 

Computer Insecurity 
A. Norman, Consultant 

Taking incidents from published and unpublished sources over 
more than a decade, the author examines in detail cases where 
computer security failed, and by highlighting the danger spots 
it points the way to the security precautions that are required. 
The book will become the standard reference work on an 
increasingly important topic . 

Hardback O 412 22310 4 £14.95 

CHAPMAN AND HALL E&FNSPON 

Statlstlcal Methods In Agriculture and 
Experimental Biology 

R. Mead, Reader, and R. N. Curnow, Head of Department, 
Department of Applied Statistics, 

University of Reading 

This is an introductory text for scientists working in agricul
ture and experimental biology. It is appropriate for use as a 
textbook for either undergraduate or postgraduate students 
and includes all the basic statistical methods which they are 
likely to use. 

Hardback 0412242303 £25.00 
Paperback 0412242400 £11.95 

Third Edition 

Insects and Hygiene 
The biology and control of insect pests of 

medical and domestic importance 

J. R. Busvine, Emeritus Professor of Entomology 
as Applied to Hygiene, London School of Hygiene 

and Tropical Medicine 

Published in paperback for the first time, this edition includes 
recent advances in the understanding of insect physiology, 
ecology and the changes in the approach to insect pest control. 
It provides valuable information for those interested in all 
aspects of applied entomology. 

Paperback O 412 25360 7 £12.50 

Elements of Ethology 
A textbook for agricultural and 

veterinary students 

D. G. M. Wood-Gush, Senior Principal Scientific Officer, 
Agricultural Research Council and Honorary Professor, 

Edinburgh Schoo/ of Agriculture 

This is a readable and informative book for undergraduates in 
agricultural and veterinary departments. Using the best 
examples from the.literature, it links them to the behaviour of 
the main species of farm livestock and points for discussion at 
the end of each chapter provoke thought on how ideas put 
forward in the text are relevant to practical problems. 

Hardback 041223160 3 £15.00 
Paperback 0412231700 £6.95 

Second Edition 

NMR and Chemistry 
An introduction to the 

Fourier transform-multinuclear era 

J. W. Akitt, Schoo/ of Chemistry, University of Leeds 

An advanced introduction ·to the whole field of NMR spectro
scopy, this book will provide students with a broad background 
to the subject and introduce them to the newest techniques. 
The book is unique in dealing with NMR as applicable to all 
chemical elements. 

Hardback 0412240106 £17.50 
Paperback 0412240203 £7.95 

L-----11New Fetter Lane, London EC4P4EE------' •-----------------------_. 

OPINIONS on the causes of 
wars are, for the most part, 

simple; the human mind at
tempting to make some compre
hensible judgement so that the 
colossal event of a war can be 
coped with. In our own time the 
cause of one war, according to 
some people, was the unbridled 
aggressiveness of Margaret 
Thatcher. Millions of Ameri
cans believe that the reason for a 
future war will be Communism. 
Wars have been blamed on the 
Jews, the Arabs, the Kaiser and · 
the cutting off of Jenkins's ear. 

It follows that removing the 
threat of war must be equally 
simple. Kill the Communists, or 
the Jews, or hang the Kaiser and 
all will be tranquil. The women 
of Greenham Common sub
scribe ti> the same simple view. 
Abolish nuclear weapons for 
Britain and peace will follow as 
the day the night, if not for the 
world, then for the UK. 

Michael Howard's gracefully 
written book is a collection of 
his essays and lectures over the 
past 20 years or so. It deserves 
wide reading, for, in· addition to 
the common urge to cling to a 
single idea of the reasons for 
wars, there is a reluctance to 
study their history. It seems to 
me that if you do not under
stand, at the least, that the 
causes of wars are complicated, 
you. can never understand the 
complications of keepin~ the 
peace. The reluctance 1s as 
sensible as refusing to study the 
causes of crime when engaged in 
attempting to obviate it. 

Attitudes to war have changed 
radically in this century. Pie-

A DECADE AGO, nuclear 
safeguards were seen as 

having four purposes: to prevent 
theft, to detect theft, to recover 
stolen material, and to provide a 
response to threats of violence. 
As the authors · of Uranium 
Enrichment and Nuclear 
Weapon Proliferation point out, 
this list° applies not only to 
nations that misuse and divert, 
but also to sub-national groups, 
terrorists. 

The distinction between 
national, and sub-national 
l!fOUps is noralways clear. Israel 
1s thought to have acquired 200 
tonnes of uraniull'.! loaded on to 
a ship registered to a different 
purchaser. Perhaps the --chief. 
distinction is that sub-national 
groups acquire nuclear materials 
only now and then, whereas for 
nations-Israel, .UK, France, 
India, US, Pakistan, USSR, 
China-temptation is always 
present; there is always a Mars 
bar in the cupboard. 

The International Atomic 
Energy Agency's current system 
of safeguards does not attempt 
to fulfil the first, third or fourth 

New Scientist 16 June 1983 

How to achieve peace 
The causes of wars 

by Michael Howard, Temple Smith, pp 248, £10 

Roy Herbert 
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Loos in 1915.- bombs and gas found their way on to the batlle scene 

tures of crowds outside official 
buildings in August 1914 are 
almost interchangeable: in 
London, Paris and Berlin, 
people are cheering, waving 
their hats. They enthusiastically 
accepted the war just declared. 
But what sympathetic note is 
struck in any contemporary 
breast by Rupert Brooke's, 
"Now God be thanked who hath 
matched us with this hour"? No 
such rejoicing marked the 
declaration of war with 
Germany in 1939. It had 
become obvious by the begin
ning of 1915 that technology 
had made war a different busi
ness, murderous, sucking in 
populations as well as armies. 

Nowadays, with the advent of 
nuclear weapons, it encom
passes the world itself. How are 
we to deal with this when the 
causes of the wars in history are 
just as powerful now as they 
were then? • 

In societies described as 
"bellicist" by Michael Howard, 
war was a normal, even 
respectable, method of settling 
differences or extending power. 
Wars are not, in spite of some 
extraordinary arguments I have 
heard, caused by weapons. They 
are caused by men, who calcu
late that they are on to a good 
thing, on balance. In other 
words, they conclude that they 
have more to gain than to lose, 

Nuclear candies in the cupboard 
Uranium enrichment and nuclear weapon proliferation 

by Allan Krass, Peter Boskina, Boelie Elzen and Wim Smit, 
SIPRl(Taylor & Francis, pp 295, £15 

Ross Hesketh 

ofthe_purposes listed above; it is 
restricted to detection of theft. 
At best, the· agency ·can cry, "I 
saw you!", but sometimes it 
cannot even do that. In the 
words of the IAEA, " .. . the level 
of assurance . .. depends ... on the 
content of the safeguards agree
ment concluded with .the state in 
question . .. " Under the agree
ment with the UK, the IAEA is 
µllllble. .t.o_ n:quire the most 
significant piece of information, 
namely the isotopic quality of 
the plutonium which comes out 

-oli Britain's civil nuclear power 
stations. The IAEA is not even 
able to cry, "I saw you!"; it is not 
allowed to see. 

Disillusionment abounds in 
Chapters 7 and 8, a laconic 
recital of wheeler-dealing be
tween nations, each nation 
trying to enf?rce on others rules 

of "non-proliferation" which, 
for its own part, it does its best to 
evade. For example, in 1976 
Brazil (not a signatory to the 
Non-Proliferation Treaty) an
nounced a wish to buy en
richment services from Urenco, 
the British-Dutch-German con
sortium. In 1978 the Dutch 
parliament agreed to sell, but 
only on conditions. These 
conditions were circumvented 
in 198 I: Uren co announced that 
shipments to Brazil would take 
place from Britain. Yet Britain 
has insufficient enrichment 
capacity for her own needs. 

The book amply maintains 
SIPRI's reputation for distin
guished and dispassionate schol
arship. The first part looks at 
the technicalities of uranium 
enrichment, the several motives 
for enrichment, and the 

795 I 
wrong though they so often have ~ 
been. It is hard to see how the oe. 
most bellicist of governments ,... 
could calculate that siarting a '-
war in the nuclear age could lead <:
to m?re advantage than the ~ 
opposite. ~ 

In his essay on the use and lr 
abuse of military history, t 
Howard is at his best. He deals 
with professional historians, but 
I know of no better case for the ~ 
amateurreading of the history of '-, 
what, after all, has been a -. 
constant occupation of man- l.r: 
kind up to our day. All military = 
history, or, at any rate, good ~ 
military history, takes into llilll 
account the political, social and -. 
economic context of the 111,,; 
outbreak of war and its progress. l.r: 
If we cannot bear to study these 
things, we are hardly in a good 
position to recognise those that 
could bring war about and still 
less well-placed to avoid them. 

In my youth, I heard over and 
over again that all wars were 
economic in origin and .vaguely 
ascribed that apophthegm to 
Marx. The war that I took part 
in did not, as far as I could see, 
fit that pattern. Neither did it 
seem to me to be sensible to 
blame it on Charles Darwin, a 
belief that a Czech interpreter 
harangued me with in Germany 
at its end. Wars are not the result 
of simple causes, though they 
may be fought for them. 

Theodore Roosevelt's reci11C 
for keeping the peace was, 
"Speak softly and carry a big 
stick." I· prefer the words of 
Liddell Hart, quoted by 
Professor Howard1 "if xou want 
peace, understana war . □ 

technical and institutional 
means of control. It is not 
easy reading, but it is very 
worthwhile for the dedicated 
layman. 

The second and largest · part 
treats in detail the principles of 
enrichment and all the hard
ware, both actual and putative. 
The authors continue to address 
the layman (as in the first and 
third parts of the book) but in 
fact they have produced a trea
tise for the setentific . commu
nil).'. Only the person who is 
bwlding a plasma centrifuge or a 
laser isotope will need to look 
elsewhere. 

The authors are perhaps 
slightly backward lookin$ in 
their emphasis on uramum. 
Plutonium is now preferred for 
weapons and in the coming 
decade a major risk in prolif
eration will be enrichment of the 
large· stocks of plutonium 
derived from reactors of all 
types. Already one of the 
favoured methods is three years 
ahead of schedule. Soon there 
will be even more Mars bals in 
the cupboard. □ 
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t-r--, WHAT are the prospects for 
~ nuclear power? The prom-
~ ise of electricity "too cheap to 
~ meter» is lost m history, while 

~~ From developed to developing policies inconsistent :wi~ a Israel's awkward option I David1?uter'scartoon ~ 
government's stated obJectives) ------------------------- m War Heads 

by Philil! Gummett or f(!reign infi)Jen~. . 1-J Israeli nuclear deterrence: a strategy for the 1980s CSphe_re,pp96,£2-SO). -
· His conclu~ion ~ th!!t secunty ( by Shai Feldman Columbia UP pp 310 $32•50 pbk $13 _Smee Hiroshima, ....._ 

and econolDlc obJectives have _ I ' • ' • artists have used the ~ 
more influence upon the tech- , Lawrence Freedman bomb as a symbol of 1._ -
nology chosen than bureau- - our fears on warfare. ,.,_, 
cratic or international political ISRAEL'S nuclear capability is from actually providing the Steven Heller has l-~"'-J 
processes, and that the .tech- • one of the worst-kept inter- evidence on Israel's capability collected works from 
nolo$)' chosen, therefore, IS the f national secrets. It may not yet on the grounds that it is all quite -""'--......,.__ ii,.;..~ tw- '<.. over 60 cartoonists 
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~ that of the fast reactor is van-
~ ishing into the future. France 
~ apart, the nuclear suppliers are 
~ starved of orders in therr domes-
~ tic markets ,and are competing 

~ 
vigorously for a share of the 
export market, with perha 
profound implications irr 
nuclear proliferation. 

~ There has been much interest 
..._-, in the possibility that exports to 
F, developing countries might sus-
~ tain itie major nuclear suppliers 

~ 
until the hoped-for day when 
domestic orders pick up again. 
In this context, the books by 
David Hart and Dhirendra 
Sharma are timely reminders 

best mdicator of real intentio.ns. · have actual weapons. It may speculative. This is a curious •a:.,=.-- Allbnnmr.m (including Steadman, 
Considerable political capital have only a sort of quick- omission in an otherwise Scarfe, Tupor and i-.., 
has to be invested to offset the assembly kit. But it certainly has thorough book. There is far Feiffer) exposing ~ 
heavy .cos~ of. nuc1C!11' power, an advanced option. Top-~t more evidence on Arab nuclear "the lunacy •~d peril ~ 
and this pnce IS o~mously not \ briefings from the CIA descnb- programmes than on Israel's, of an arms bwld-up". _,;: 
thought worth pa)'lllg by ~ost ' ing this capability, usually details of which only emerge in This Is no! a book to ~ 
leaders of developmg countnes. I putting it at up to 20 bombs, descriptions of what other invoke smiles; rather ~ 

While most books on inter- reach the press at such regular nations think Israel is up to. So ,.,....i~;:s!1!! it is a macabre ..,_ 
national nuclear affairs con- I intervals that it can seem as if the reader has to assume no collection of gloom i,,.;: 
centrate upon governmental , there is almost a deliberate smoke without fire and that Dr and despair. But so 1._~ 
decision-making, William . . 1 -i policy of disclosure to accustom Feldman would not bother to is the subject. "' 

ii Walker and · Mllns LOD.!11:0th l l the world to this awkward truth. write a book on the subject if 
~ develop I! more ongmal · · The truth is awkward for- Israel lacked the option. that some developing countries 

do not wish to become over
dependent on the industrialised 
nations for nuclear technology. 

India's nuclear estate 
(Lancers•, pp 195, Rsl 15) offers 
Sharma's highly personal and 
personalised account of the poli
tics of nuclear energy in India. 
Such an approach IS perhaps 
inevitable for a country where 
nuclear politics have turned so 
much on a handful of indi
viduals, though it has its 
dangers. 

India has one of the most advanced programmes of nuclear 
development in the Third World 

! approach m Nuclear .Power : , everyone: the Israelis want to What the author does is to a struggles (Allen &. Unwm, PP I I preserve the option while not draw on the vast literature on 
204, . £13 -95). Therr extremely - JeOJ.>3rdising relations with the the concept of deterrence to 
well-informed and subtle anal- _ United States by admitting to a demonstrate that a nuclear 
ysis focuses on the ~ggle f(!r i nuclear status; the Arabs do not Israel might not be such a ba_d 
supremacy and survival that IS want to have to accept the limits thing after all. He does this 
taking place among the leading , on their plans that a nuclear successfully-to an alarming 
nuclear manufacturers. . Israel imposes· the Americans extent. 

do sober the reckless and 
restrain the adventurous. But 
there is a nagging doubt that 
they might just not sober and 
restrain enough. 

overt Israeli "bomb» and the 
current foreign policy could be 
disastrous but this must be 
counted the most likely combi
nation. Moreover, if something 
along the lines of UN Resolu
tion 242 could still be approved 
then it is not necessarily the case 
that the accompanying diplo
matic and conventional military 
safeguards would not be 
sufncient. In these circum
stances an announcement on 
nuclear deterrence could disrupt 
the new-founded harmony. 

(1 

1 

.. 
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•Lancers Publishers, PO 4325, New 
Delhi 110048, India. 

Taming the Atom 

Sharma is highly critical of 
what he regards as the costs of 
India's , quest for nuclear inde
pendence, in terms of foregone 
enerw. options, the drain of 
specialist personnel, radiation 
hazards, corruption in high 
places, threats to democracy, the 
disbenefits of the 1974 explosion 
and, of course, finance. The 
Department of Atomic Energy 

Facing the Future with Nuclear Power 
Ian Blair (AERE, Harwell) 
A highly readable ll<X:Ount of the nuclear ene,gy scene for readers 
without a technical knowledge, which dispels many of the myths 
surrounding this emotive subject. 

Ian Blair explains precisely how electricity Is generated from 
uranium; he dlscusses how nuclear power fits Into OlD' present 
energy scene, the role we might reasonably e,cpect tt to play In the 
future , and what precisely are the main Issues of the debate , set In 
the context of our lnduslrlal society. 

May 1983 248pp 220 X 140mm 
hardcover ISBN 0-85274-414-5 f-15.00 
paperback ISBN 0-85274-483-8 £6.50 

Modem Energy Studies Series 

Alternative Energy Sources 
for the Centralised Generation of Electricity 
Richard H Taylor (CEGB, London) 
This ttmely book offers a broad, up-to-date survey of progress In 
the development of 'alternative' ene,gy soun:es, Including wind, 
ttdal , geothermal , solar and ocean thermal ene,gy. 

For each of the various technologies, the author desaibes the basic 
scientific llr]d engineering principles Involved, before considering 
technical problems, natural resowces, eoonomk viability and the 
possible environmental effects of their large scale development. 

May 1983 310pp 240 X 160mm 
hardcover ISBN 0-85274-476-5 £18.00 -

Adam Hilger Ltd . 1- -
Techno House. Redcliffe Way , ·lt ,HI! 
Bristol BSI 6NX. England fi'L~L'r 
Te le (0272) 276693 Te lexc 449149 

is sometimes renamed the 
Depart-ment of Added Esti
mates, though this hardly 
reflects a uniquely Indian prob-
lem. · · 

In contrast, Hart analyses. 
Indian nuclear policy more 
from the viewpoints of the tech
nol~ involved and, as he 
sees 1t, its lack of energy-policy 
rationale. There is little political 
analysis in Nuclear power in 
India (Allen & Unwin, pp 159, 
£12) and only a brief appendix 
on the 1974 explosion. Hart 
does, however, present a lot of 
information and he makes some 
interesting points. 

For instance, the difficulty 
with basing more of India's 
energy policy on coal lies not 
with the coalfields in incon
venient locations or 1111predict
able production, but with the 
inefficiencies of the railway 
system. There is a summary of 
the nuclear activities of 16 other 
developing countries, though 
Hart draws no overall conclu
sions: indeed, the book ends 
with startling abruptness. -

Nuclear power m the devel
oping world (Allen & Unwin, pp 
254, £14·95) is more analytical, 
with its exploration of why 
developing countries choose the 
nuclear policies that they do. 
Daniel Poneman distinguishes 
between countries that seek 
independent nuclear develop
ment, those that rank speed of 
access above independence and 
so are willing to depend indefi
nitely on a supplier, and those 
that so far have mounted no 
serious nuclear power pro
gramme. He exal]lines expla
nations for nuclear policies in 
terms of national security and 
economic objectives, and as the 
result of domestic political 
battles (which may produce 

France and West Germany is 1• do not want 'to be asked to The argument is based on the 
challenging the :c.JS's suprem!lcy, choose between its nuclear premise that the introduction of 
they suggest, with Japan poised proliferation policy and a nuclear weapons so greatly 
to enter the ring. They examine , favoured friend· the Soviet raises the risks of confrontation 
the implications of the differing Union does not ~t to have to that confrontation is therefore 
states of these countries' domes- , provide nuclear guarantees to its less likely to take place. Estab
tic markets and exP?rt pros~ - unruly Arab clients. So it is in Iished nuclear powers are always 
fortheshapeofthemternational -, everyone's interests to keep the embarrassed when other coun
nuclear system over the next 10 · secret. · tries start to take seriously 
years. In particular, the a~thors I Shai Feldman wants Israel to arguments-and the associated 
foresee a growing separatl(!~ of I come out of the nuclear closet capabilities-that have served 
the centres of geopolitical t and declare itself. But he refrains them so well. Nuclear weapons 
authority (the US and USSR), 
upon which the non
proliferation regime has largely 
rested so far, from the new 
centres of nuclear trade. 

The future with nuclear power 
Taming the atom 

by Ian Blair, Hilger, pp 248, £15, pbk £6-50 

William Walker 

I AN BLAIR has set out to 
provide our old friend, the 

intelligent layman, with an 
"authoritative and readable» 
assessment of nuclear power. 
The outcome is a lively 
and sensitively-written book, 
although most New Scientist 
readers will quickly detect the 
partiality of one who works for 
the Atomic Energy Authority's 
public relations department. As 
always, the infalhl>le litmus test 
is the fast reactor. Blair expects it 
to be the preferred · reactor 
design by the end of the century, 
warranting an early decision m
favour of a British demonstra
tion plant. 

that it is economic, has distinct 
advantages over other energy 
options (including conser
vation) and is relatively safe. 

At this point, our intelligent 
layman may begin to wonder 
what all the hullabaloo has been 
about. If the cards are stacked so 
high in favour of nuclear power, 
why the persistent whiff of tear
gas in the air? In the third part, 
Blair essentially argues that 

These doubts grow in a politi
cally unstable environment. 
Feldman recognises that a 
nuclear deterrent is not so much 
a substitute foreign policy bpt a 
way of bolstering the security of 
a state that wants nothing more 
than to live within its own 
boundaries. So his argument is 
conditional on Israel accepting a 
radical peace package that takes 
it back to something approxi
matins the 1967 boundaries. 

Shru Feldman is quite clear 
that the consequences of an 

nuclear power and its architects 
are not themselves to 
blame-they have fallen victim 
to society's general disillusion
ment with the industrial way of 
life. Resolve that problem and 
the resistance to nuclear power 
will also die away. "I would even 
be so bold as to say that for all 
practical purposes the nuclear 
debate is over. However, the 
more general and important 
debate on the future devel
opment of our society is just 
about to ~ ." These are the 
author's closing sentences in this 
book. 

In my view Ian Blair is wrong 
on both counts. Opposition 

to nuclear power 
is undoubtedly a 
complicated social 
phenomenon (as is 
nuclear advocacy), 
embracing many 
grievances and con
flicts. But concern 
over nuclear power 
today has become 
more and more 
focused on the 
specific attributes of 
nuclear technology 
and practice. Ques

Walker and LOnnroth expect 
France ( a non-signatory of the 
Non-Proliferation Treaty) to 
assume a crucial role in the 
maintenance of the non
proliferation regime. Not only is 
France likely to dominate 
nuclear trade m the near future, 
but its overall foreign policy, 
with its strong emphasis on 
relations with Third World 
countries and with the Western 
alliance, places it well to mediate 
between North and South, 
aligned and non-aligned, and 
the US, West Germany and 
Japan. However, as the French 
domestic nuclear market 
declines in the late 1980s (a 
consequence, they predict, of 
earlier over-investment in 
nuclear plant), and pressure 
builds up for exports at almost 
any pnce, they foresee an 
intense J>!>litical stru~e over 
the prionties to give to mdustrial 
welfare, trade relations and 
international security. It would 
seem, then, that the survival of 
the non-proliferation ~me in 
the 1990s may depend m large 
part upon an economic, if not a 
nuclear, boom in France. D 

The book can be divided 
roughly into three parts. The 
first contains useful, although 
hardly novel, descriptions of 
nuclear reactors and the fuel 
<:¥cle, and a rather coy 
discussion of the British nuclear 
industry. The second presents 
the case for a stronger commit
ment to nuclear power, arguing 

Uranium is transported to users in a relatively lions of safety, eco-
sefe form as an oxide, or "yellowcake" no mies and military 

In the end, therefore, a case 
not proven but a carefully 

. reasoned and rigorous case 
nevertheless, unafraid of a 
disturbing set of conclusions. D 

. connection now dominate the 
controversy-the utopian quest 
for alternatives to industrial 
society, which certainly gave 
impetus to the opposition move
ment in the 1970s, having run 
out of steam in the face of mass 
unemployment (here if not in 
West Germany).• . 

The nuclear debate is there
fore by ilo means over. Indeed, 
the serious nuclear policy debate 
may be only just beginrung. Can 
we afford to spend over £ I 00 
million annually on the fast 
reactor when it will not be 
competitive for decades to 
come, if ever? Is . civil 
reprocessing necessary7 Why is 
so much money being spent on 
that most surrealistic of tech
nologies, nuclear fusion? Should 
we not instead concentrate our 
efforts, in cooperation with 
other countries, on develol?ing 
better thermal reactor designs 
that will enable utilities to invest 
confidently in nuclear power 
when need arises? 

Happily, these questions are 
now COIDlng firmly on the policy 
agenda. Unfortunately, they are 
not ones that Ian Blair or his 
colleagues -recognise as valid, 
which is a problem facing 
nuclear power. D 
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~ The hard truths of energy policy g:1

~ver mth~em~- The other side of the debate v..-...... ""'- -•-'- " ~ 
· ~ The war against the atom decade, d~n~:'1~~h Keeping the peace ~a:,,ir'Jlp!!...,q" ,t:.:i:~!{il!JI! ~ 
~ by Samuel McCracken, Basic, pp 206, $18 -50 t~ea':n~:blisbment~ edited by Lynne Jones, Women's Pre_s, pp 162, pbk £3 -60 -
~ , c th da Over our dead bodies \ ~ 

~~ Michael Kenward Gone are e . ys edited by Dorothy Thompson Vira<>o P'P 253 pbk £2 -95 -.;;:_ 
when that establish- ' 0 

' • l -
~ THERE HA VE been a hand- does, and because a large pro- ment could disregard Sheena Phillips ~ 
"""-I ful of nuclear books, many portion of its cost is labour, the anyone who so much . ~ 

precious few anti-anti-nuclear down". The solar lob!Jy pr~nts m~stry -r'85 less thl!n books are collections of or running an office. Consensus ~ 
more anti-nuclear books, · but price is not likely to ever come ~ suggested that the ALTHOUGH both of these decision-making, demonstrating 

books. Indeed, this is only the solar energy's labour m!Cns1ty as pe eel. 0 a cei1;am writings by women, they are is widelr. preferred to voting. · i-.., 
(-,.-, second of the third genre that I an advantage beca'!lse 1t creat1:5 extent the .esghta~lisp- very different contributions to Responsibilities are devolved. '-' 
""-ii have seen. Although Samuel employment. Yes, 1t does, but it ment was n tfmthits the peace movement. The aim And there may be "severe -., 
...._ 'I McCracken may not be a will be dangerous 1:11anual assessment O e of Keeping the Peace is to growing pains"! !-.~ 
F, !>rilµant . writer, - a!1d his o--:n Jabour for people who will have safety bof. di~duclilttlear provide "an insp~tion a_nd in Actions such as the encircle- b= 
~ - mdignati_on sometimes gets m to clamber over the roofs of tpe power, . ut it e some cases a practtcal gmde to ment of The Pentagon by ~ -

~ 
the way, he goes through the rich who ·can_ afford luxunes t~ convmce tpe fl~ further action by others". It is a women expressing Mourning, ,,,.. 
anti-nuclear arguments and such as expensive solar heaters. lie: 1Jiere . . IS e series of very direct personal Rage, Empowerment and Deli- ~ 
dismisses them convincingly McCracken takes apart one pomt ID haVIng !1 per- accounts, well broken up with ance emi;>hasise the emotional i-...= 
enough. But he is at his best solar energy scheme produced feet technology if you pictures and headings of how and physical aspects of politics. _ 1...-4.J 

. I when dismantling the indi- by Barry Commoner ~ho seems are t~. arrogant · to various groups of wo~en have Both at The Pentagon and at 
victuals who lead the anti- to believe tha~ streetlights could expla10 it to the con- organised themselves and taken Greenham, women have 
nuclear campaign. be replaced with solar collectors sumers w~o have to action on "peace" issues. The demonstrated that the military 

A scientifically-educated audi- and batteries. Maybe, but "the foot the bill for that examples range from small is inaccessible to them phys-
ence will not need to be told of visual quality ?fthe [Common.er technology. . groups of Japanese women in ically and emotionally as well.as 
the technical shortcomings of Patent Streetlight], ~hateyer its The an~i-nuclear their 50s and 60s disrupting politically. A woman at 
the case against nuclear power. economic problems, ~ a hideous . " . , m?vement is . ~C?W a military exercises, to Oxford Greenham said: "That action 
But it does put things into per- one, a b~ _regression to ~e "plagued by 1naccuracy ; and ttred operation. Its cnttcisms Mothers for Nuclear Disarrna- meant directly confronting these 

. spective . when you learn that days when u1:iJity poles carrymg McCracken gives chapter and have . been rebutted o_ne after ment organising a walk into people with our bodies . .. with 
"replacement power generated hundreds oflines blotted out the ve~ to support these alle- anoth_er, l!-lld the leading pro- town. the comprehension of what 
from fossil fuels, primarily coal, urban skyscape. One wonders gattons. . . tagorusts m _the movement do There are also about 50 pai:es violence and power mean in 
to replace the damal\ed TMI-2 what on . earth Commoner can . McCracken sums up his post- not have ~e mtellectual honesty of practical notes on taking human terms." 
[power plant] is killing four be thinking of." tion: ~The~ are some hard to admit th!it they were action, obviously built on "Direct actions" like these are 
people a· month". It also puts McCracken goes on to truths 10 this area, truths th!it wrong-sometping that the hard-won experience: "Most protests about violence in 
things into perspective when investigate Commoner and the must be_ ~fully observed 10 nuclear establishment_ has been partici-pants ·in the blockade general, not just about nuclear 
you learn that "The anti-nuclear other "co~man~ers" of~hat he the P'!blic m!erest. The ~ (!f forced to do m!111Y times over had done no previous training weapons. The aim of Over our 
lobby delights to quote cost calls the wamors agamst the these IS that 10 e~ergy policy it (!>e years. We still see the same and did not come in groups. Dead Bodies on the other hand, 
overruns, but it rarely notes th_e atom", He sa~. of Commo~er does no! matter, if one gets the ~ed old argun:ients trotted out, Expect this. Arrange emergency like CND, is to convince people 
influence on these delays that 1t that his work 1s studded with fa<:15 senously wrong, how com- ~th no ~mbellishmen_t, and cer- training." on the single issue of nuclear 
works to cause These costs too passages that make one wonder rmtted, how passionate, or tatnly with no new SCtence. The unconventional political disarmament It is written "with 
are borne by c~nsumers and are why anyone takes · him indeed how virtuous one is. One Perhaps that is why the focus style of many women's peace a sense of urgency" and a feel-
cruelly regressive upon the senously". "Coin_in_oner's. views !Ilust ~t of all know what one has moved to 1;1uclear weapons, groups comes across strongly. ing of concern ~rvades the 
poor." are the so~ that 1t IS possfble _to 1s talking about and then go on a more mearu!1gful ~et for On an organisational level, for book. Many of the chapters 

Throughout his book, hold only m _an extraordinarily the crusade." pro~1:5t, depen_ding as it does on instance, these groups aim to cover topics found widely else-
McCracken raises the issue of rich country, where a glut of There are doubts abo'!t politJ~ Ch(!1<_:CS rather than involve as many women as where-the effects of a nuclear 
the social inequities inh~rent in everything maslc!, the system nuclear power. And the anti- technical dec1S1ons. □ possible actively-whether in bombardment, civil defence, the 
the anti-nuclear campaign. He that produces 1t. He really 
presents opposition to the nu- resembles that bygone figure of 
clear power as a middle-class gentle fun, the foolish professor. 
activity for those who can afford It is unfortunate that such a fig
to be against it. And there is no ure should.be taken seriously on 
denying that the alternatives to one of the most cr_ucial issues 
nuclear power are spectacularly facing the world today." 
expensive. For example, a solar Amory Lovins comes in for 
hot-water system "costs ten sin).ilar treatment. He is branded 
times what a conventional one as "extremely inconsistent" and 
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s60Jl · 0 0 I-~isUlt . smuXEBS ,, 1 ' \ . .,; 

Tlie ~!ear :Protection Advisory Group 

Ori@nally published bft the Swiss Federal Office of 
CiVIl Defence, this is a ully a uthoritative guide to the 
preparation a nd adaptation of buildings for use as 
temporary nuclear shelters. Complete with technical 
illustrations. 

Price £8.50. Hardback 

- Available from THE OCTAGON PRESS . 
14 Baker Street, London WlM 2HA 
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The energy of protesters 
The CND story 

edited by John Minnion and Philip Bolsover 
Allison & Busbf, pp 158, £5 -95, pbk £1 -95 

Anti-nuclear protest 
by Alain Touraine et al, Cambridge UP, pp 202, £19-50 

Nigel Calder 

A
FfER THEY have lynched 
any generals and i;>hysicists 

they come across, surVJvors of a 
nuclear war. will have plenty to 
chat about over the radioactive 
herbal tea. Why did the most 
creative civilisation of all time 

· condpne its _own destruction? 
How come tjlat, among JO 000 
J)ages of learned prose com
posed and published every 
second of every day, no para
graph persuaded the arms racers 
to Jet up? 

The early warning system 
worked well enough. Albert 
Einstein's last public act before 
he died in I 955 was to sign 
Bertrand Russell's manifesto 
that said bluntly: "There lies 
before you the risk of universal 
death." The bent white cross of 

the Campai$0 for Nuclear Dis
armament, mvented by Gerald 
Holtom of Twicken!Jam in 
1958, became a symbol ofanti
military protest, worldwide. But 
the war gamers built public 
unrest into their scenarios. and 
decided they could li;ve with it. 

The two books under review 
help unwittingly to show why 
the Reagans, Thatchers and 
Mitterrands (to mention incum
bents only) are allowed to go on 
conniving with the Andropovs 
in keeping the nuclear arms race 
going. The CND Story is l\ col
lection of reminiscences and 
comments on the first 25 
years of a relatively vigorous 
campaign against nuclear weap
ons, which SUf!!ed in the early 
1960s and agam in the early 

1980s. It is well written and even 
hearty in style. Anti-Nuclear 
Protest , on the other hand, is the 
minutes of an inquiry by 
"interventionist" sociologists 
from Paris into the unsuccessful 
movement of the late 1970s, 
which was directed against the 
civil nuclear power programme 
in France. 

Most people in the industri
alised world are deeply scared 
about nuclear war, so the task of 
CND is apparently simple: to 
translate "that fear into a strident 
demand for nuclear dis
armament. The trouble is that 
those who organise such move
ments are too self-conscious, 
like a mah wondering what 
colour of tie he should wear in 
the lifeboat. As a result, they do 
not take the threat of Arma
ge4don with the unequivocal 
senousness it deserves. 

They also believe they can be 
politically astute. CND became 
preoccupied with capturing the 
Labour Party, and succeeded 
three times with results less than 
nil. The Conservatives, who 
delivered the p~al Test-Ban 

Treaty in 1963, ·were sub
sequently able to treat the anti
nuclear vote with disdain 
reserved for declared opponents. 
"Getting boxed into the left of 
the Labour Party," is how Nigel 
Young describes the outcome. 

Repeated confusion of issues 
-Greek democracy, Vietnam
was another. symptom of self
consciousness. In the Cuba 
missile crisis of I 962, opinions 
on the merits of Fidel Castro's 
regime obtruded incredibly into 
CND's discussions, on the very 
brink of all-out nuclear war. 
More wilful has been the 
confusion between nuclear 
weapons· ·and nuclear power 
pregrammes. John Fremlin's 
dismay on this score, in The 
C/YD Story, is labelled "an alter
native view". It. suits the arms 
tacets to see anxiety about 
nuclear war, and the energy of 
protesters, diffused in opposi
tion to power stations. 

The book from France reads 
like a Lewis Carroll parody of 
self-consciousness. I shall leave 
to social scientists the question 
of whether Alain Touraine's 

The voice of women campaigning for peace at Greenham Common 
connection between nuclear 
power and nuclear weapons, for 
example. · 

However, it also offers some 
fresh angles on the subject and, 
unlike many political publica
tions, some beautiful ·poetry. It 
stresses the import-ance of 
involving non-experts in the 
defence debate, though the st}'le 
is rather wordy for a general 
audience. 

The authors address them
selves to women in particular. 
Kate Soper, for instance, 
appeals to women on the basis of 
"the starkness of contrast 
between the event of conception 
and the event which irradiates 
the womb". But many women 
in the peace movement place 
nuclear weapons in the wider 
context of the military as a 
whole. For them, the military is 

techniques are sound. Self
styled "agitators" create "inter
vention groups" of militants, 
~e • them to recognise the 
"hij:hest possible meaning" of 
their action, and guide them to a 
prop:amme of "permanent 
soctology". The protest against 
civil nuclear power in France 
broke like so many waves on the 
rocks of Cap de la Hague, while 
French officials made their 
country the most comprehen
sively nuclear nation on Earth. 

Touraine's conclusion? "If the 
anti-nuclear struggle is not yet a 
socio-political Torce, it is 
because it is more: the double 
movement of a chan11e of 
culture and a transformation of 
the · social struggles." Such 
rhubarb provokes sympathy for 
Pierre Samuel, president of the 
French Friends of the Earth, 
who declared, "I accuse Alain 
Touraine and his team of having 
driven a score of unfortunate 
ecologists up the wall and round 
the bend ... " 

Tragicomical pages describe 
the shock when one of the 
militants draws the distinction 

the epitome of a male institu
tion. In fact, the unconventional 
practices described in Keeping 
the Peace have grown out of the 
women's movement as much as 
the peace movement: they 
demonstrate alternatives to the 
male practices established in 
mainstream politics as well as in 
the military. 

Of course, women's peace 
groups do not speak for all 
women. As Hilary Wainwright 
observes in Over our Dead 
Bodies, women exi;>ress "both 
extremes of patriotism and of 
humanitarian revulsion from 
war". However, Keeping the 
Peace clearly suggests that the 
response of the peace groups is 
appropriate. Over our Dead 
Bodies, in contrast, isolates the 
nuclear debate and gives the 
wider issues a lower profile. □ 

between civilian and military 
uses of nuclear energy. A trade 
unionist from the plutonium 
separation plant at La Hague 
remarks that there was much 
more job satisfaction in the good 
old days when the plant was 
working for the Army. It turns 
out that some of the French 
militants opposed to civil 
nuclear power are fatalistic 
about nuclear weapons, or-even 
in favour of them. 

Future historians in the South 
Pacific may conclude · that 
nuclear war was an inevitable 
consequence of the existence of 
nation-states, like flags and 
inflation. They may also judge 
that the few decades after the 
discovery of nuclear fussion 
gave precious little time for 
dismantling the nation-states, 
beyond the token declarations of 
nuclear-free zones by many 
cities and towns. But if these two 
books survive in an Auckland 

· library, they will not contradict 
any Polynesian inference that 
the European protesters, like the 
generals and their political !bas
ters, were just playing games. D 
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Rationality and irrationality in deterrence 
The prisoners of insecurity 

by Bruce Russett, Freeman, pp 204, £12 -95, pbk £6 -50 
Nuclear war and nuclear peace 

by G. Segal, E. Moreton, L . Freedman and J . Baylis, 
. Macmillan, pp 162, £17-50, pbk £5 -95 

James O'Connell 

in the policy, knowing that any 
other policy may only defend us 
more surely to death. 

The American author por
trays the Soviet Union as a 
danger rather than an enemy. 
The British authors seem to 
suggest rather ineffectively that 
the Soviet Union is an enemy to 

T HREE assumptions are 
built into Western-Soviet 

nuclear deterrence. First, that 
rationality will prevail on both 
sides-or, at worst, one side will 
back away from the perceived 
irrationality . of the other. 
Secondly, the Western alliance 
and the Soviet Union are locked 
in unremitting enmity. The 
th_ird is that the existing balance 
of 'terror can continue indefi
nitely. 

~ " .. i. I' l ,., I ~, 0,, 

-✓{' ' .. · .. \})~' 
Britain. They broadly 
base their case on dif
ferences of ideology 
and the clashes of 
national interest be
tween Easl and West. 
•Ideology, however, 
would hardly explain 
the long series of 
Soviet-Chinese ten
sions. They write 

J . Baylis suggests in Nuclear 
War and Nuclear Peace that a 
value of the British deterrent is 
that the Soviets would back 
away before perceived British 
irrationality. The irrationality in 
this case would need to be seri
ous indeed because Britain 
could use its strategic weapons 
only in accepting to be, or in 
being, destroyed. One may well 
shudder over the fragility of an 
assumption of rationality in 
politics, for the Falklands 
episode alone is a reminder of 
how lacking in rationality two 
governments were under pres
sure. How much rationality 
would prevail in a mishandled 
crisis when governments have 
for over a generation portrayed 
and seen one another as treach
erous and advantage-taking 
adversaries? 

One may well shudder also 
over the lack of historical sense 
in an assumption of continuing 
enmity. Europe and the United 
States have seen enough changes 
of alliances during the past 150 
years to suggest that it seems a 
folly to risk global or European 
incmeration for an inevitably 
tempo,;ary set of alliances 
-which is. not to say that one 
must advocate immediate dis
armament on one side or the 
other or both sides, or that a 
proper measure of defence is not 
sensible during even a tem
porary• period of confrontation. · 

As to the assumption that the 
existing balance m deterrence 
will prevail, Segal et al especially 
strike me as insensitive iil 
Nuclear War and Nuclear Peace 
to the de-stabilising effects of 
increasing technological change 
and to the search by both super
powers for first-strike capacity, 
not to mcintion proposals for 
fighting and winnmg wars. 

The Prisoners of Insecurity is 
a readable introduction to the 
nuclear deterrence policies of 
the two superpowers. Bruce 
Russett ~ both countries as 

.
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glibly about Finland 
but only barely men
tion Yugoslavia. 

'¥ They are obsessed 
I! with the danger to H ..,t• 

"prisoners of insecurity". He 
tries to see how they might 
escape from their prisons offear, 
and he uses "the prisoners' 
dilemma" (recently used to good 
effect by P. 0. Bennett and M . 
R. Dando-New Scientist, I? 
February, p 432). The weakness 
of the book is that while he deals 
with the pathology of con
frontation, he analyses rather 
less well its historical context 
and politics. 

Russett scarcely mentions the 
British deterrent which is after 
all a marginal issue for Ameri
cans, and Russett is American. 
On the other hand, Segal et al 

. are heavily concerned with 
British policy and suggest that 
their views offer a way between 
"extremist positions". Much of 
their "argument ... is with the 
anti-nuclear movement". They 
sometimes present anti-nuclear 
positions in forms that seem dis
torted and oversimplified and 
that neglect crucial distinctions 
made by others who oppose 
British nuclear weapons policy. 

It is hard to believe their view 
of themselves as defending a 
middle way for Britain when 
one considers the views they 
hold. They favour staying in 
NA TO as a nuclear alliance, 
American bases remaining, 
retaining Polaris and inter
mediate range missiles; they 
support bringing along Cruise 
and Pershing II, and they will 
have Trident if they have to. 

They argue for stronger con
ventional NA TO forces with a 
nuclear back-up-as if such 
forces could not. spark off a 
nuclear intervention earlier or, 
even if they postponed this 
intervention, the end result 
might not be the same a little 
later. In the case of Europe, it 
surely makes sense to argue that 
the best policy is to maintain 
strong conventional forces and 
accept the limitations inherent 

political stability and the West
ern alliance from a non-nuclear 
Britain. This rather over
estimates the role of Britain. But 
they also say that a crucial rea
son for the British deterrent 
is "the retention or· some 
capability just in case the US 
umbrella is ever removed". 
They appear at one stage to 
reject Lawrence Freedman's 
earlier published position that 
the best argument for British 
deterrent is the ~certainty of 
the future, but they state even
tually that, even if NA TO 
moved towards stronger con
ventional defence, "Britain 
would still require some kind of 
nuclear capability as an insur
ance a~nst unforeseen con
tingenetes". One could say 
many things about this flimsy 
argument for our deterrent. At 
least one may comment that the 
deterrent itself is a powerful 
factor in creating a more uncer
tain future for this island. 

Segal et al rightly keep 
reminding us that nuclear 
weapons cannot be disinvented. 
For that reason, besides the 
threat of global destruction from 
the superpowers, there is 
another threat, proliferation
whether the spread of weapons 
to desperate or . irresponsible 
governments or the acquisition 
of increasin~y miniaturised and 
widely-distnbuted weapons by 
terrorist groups. 

Proliferation can be coped 
with only through some form of 
global policing, which is cur
rently impeded by the immo
bilism of the superpowers. Both 
these books deal weakly with 
proliferation and scarcely notice 
policing. Finally, there 15 noth
mg of substance in either book 
on how we might take political 
initiatives to transcend an East
West military confrontation 
that is politically anachronistic 
and economically unreal. D 

JF THERE is a single consol-
ing thought about the pros

pect of nuclear war it is that the 
people most likely to survive it 
are precisely the ones who 
caused it. And serve them right. 
There could be no more fitting 
punishment for tJ:te military and 
politicians in their bunkers than 
to be given time to appreciate 
the results of their mad policies. 

It is to these miscreants that 
John Burton's letter "Dear 
Survivors . .. "is addressed. Now 
that they've had their Third 
World War, what will they do 
next? After they have cleared 
up the mess (assuminj!, un
warrantedly, that there 15 any
thing or anyone to clear up, or 
that it is a mess that can be 
cleaned ui>) how will . they 

' arrange SOCtety and nations in a 
way that will not lead inexorably 
to a Fourth World War? 

Dr Burton is well qualified to 
put such questions. During and 
after the Second World War he 
was Permanent Head of Austra
lia's Foreign Office. He is direc
tor of the Centre for the Analysis 
of Conflict at the University of 
Kent, and has written books on 

I T CANNOT be easy to select 
a contentious topic like 

nuclear power, engage opposing 
experts in debate, install the 
puckish yet authoritative Monty 
Finniston as chairman-and still 
end up with something monu
mentally boring. But that is 
what executive proclucer 
Michael Peacock managed to do 
with his most recent Report to 
the nation (Channel 4, 5 June). 
For I! hours, Atomic Energy 
Authority chiefs were on a 
hiding to nothing, with three 
critics ranged against them. And 
nothing happened. Why not? 

Partly to blame was the choice 
of agenda. The pr~e 
covered three major topics, only 
one of which (radioactive waste 
disposal) was dealt with in such 
a way as to focus attention on 
crucially important technical 
and political problems. The 
remaining sections, on the fast 
reactor and on "the AEA'srole", 
presented us with the perplexing 
spectacle, of civilised exchanges 
over issues which are not, 
frankly, the most pressing for 
those who have anxieties about · 
nuclear operations in the UK. 

Thus Professor David . 
Henderson, leading for the 
opposition against fast reactors, 
concentrated on whether the 
£2200 million spent so far had 
given us value for money
when, he opined, the cash might 
have gone on council houses. 
And why did Britain require a 
British design? Why not buy 
technolozy from elsewhere? 
AEA chairman Sir Peter Hirsch 
had little difficulty in handling 
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After the Third World War 
Dear Survivors 

by John Burton, Pinter, pp 137, £9, pbk £~- 50 

- Richard Boston 

international relations, conflict, 
terrorism and war. 

He argues that the post-war 
reconstruction of 1945 was a 
failure because it aimed 'to 
return the system to "nor
mality", the business-as-usual of 
the pre-war world. He says that 
in effect we set about to re
create the very conditions that 
had led to that war, and to the 
war of 1914-18. In doing so we 
inevitably, and blindly, created 
the conditions that must lead to. 
the Third World War. 

The questions Burton raises 
are of life-and-death importance 
to everyone. Unfortunately he 
conducts the discussion on a 
level of abstraction that makes it 
almost impossible to concen
trate on what he is saying. His 
avoidance of concrete examples 
is almost wilful. 

For examj?le, he refers at one 
point to the community means 

of handling deviance as devel
oped, for example, in Ohio (see 
Time magazine, 1980)". But 
Burton tells us no more about 
Ohio and the handling of devi
ance there, so his argument is 
advanced not at all. Unless, of 
course, the obedient reader 
works his way through a whole 
year's worth of Time magazine 
m the hope of finding the article 
Burton is thinking of. What we 
have here is merely another 
example of academics putting in 
bibliographical references . not 
for enlightenment but for what 
they consider to look like 
academic respectability. And if 
Time magazine has become 
academically respectable, then 
we have come to a pretty pass. 

"The fact," says Dr Burton, 
"that universal human needs 
include non-material goals that 
are in infinite supply, opens up 
means of resolvmg apparent 

The nuclear debate that wasn't 

these incisive shafts. 
Discussion then 
lapsed into agreeable 
banter about whether 
he watched Yes 
Minister on TV. 

Curiouser still was 
the debate about 

TELE VISION 

of its expenditure. To 
which Chief Execu
tive Arnold Allen 
replied that, "we have 
our own very 
rigorous internal 

the authority itself, Bernard Dixon 

scrutinies". Sir Peter 
added further assur
ance ("all our pro
grammes are looked which ~ with --

another cntic, Professor Roger 
Williams, presenting a short 
video tape covering the AEA's 
30-year history in terms almost 
indistinguishable from those of 
Hirsch's opening video tape. 
The two even contained one 
identical shot, of Sir Peter walk
ing across a well-kept lawn at 
Harwell. This was followed by a 
plea from Williams that the 
authority should embrace cus
tomer-contractor principles as a 
spur to more rigorous criticism 

at extremely carefully") and that 
was the end of that. 

Even an anticipated dispu
tation over waste handling fell 
terribly flat. Dr Toriy Gloyne 
argued that the Nuclear Industry 
Radioactive Waste Executive 
should have been set up earlier
without indicati~ precisely the 
point of this cribcism. He also 
observed that some members of 
the Institute of Geological 
Sciences were unhappy about 
some aspects of waste dis-
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only a social SCtentist would say ~""J 
it. If a book like this is going to $ 
have any effect it must be by 
beint1 understood by non
speetalists. As a fully qualified i-.., 
non-specialist I have tned, and '1it 
as far as I can make out what Dr• -., 
Burton is saying in an extremely ~..:J 
complicated, roundabout way, = 
is that to avoid nuclear war we ~
must all behave more sensibly i,aa, 
and be much nicer to one ~ 
another. Somehow I feel that I llil,;;l 
knew this already. D ~..:J 

posal-again without any fur
ther details. Summarising the 
authority's need to locate dump
ing sites and dispel local appre
hensions, Hirsch then con
cluded: "One will have to work 
at this slowly and gradually." . 

Nearly an hour of this major 
national debate had elapsed 
before anyone raised the key 
issue of public apprehension 
over nuclear power. It was inde
pendent assessor Professor Ian 
Fells, rather than any of the 
three "informed critics", who 
did so. Amazing. And just as 
extraordinary were Sir Monty 
Fmniston's efforts to stir up his 
~tical trio. "Come on now, 
don' t let them off the hook," he 
said to Gloyne at one point. But 
the tactic didn't work. 

There were other weaknesses 
in this programme-a repeated 
failure to explain basic science, 
and a use of prerecorded videos 
resembling the most mediocre 
public information films of the 
1950s. But given such a rare 
opportunity to scrutinise an 
organisation emplor·ng 3000 
technocrats in wor of 'great 

• importance and sensitivity, the 
· major defect was a lack of 
spunk. The nuclear debate is not 
lacking in individuals who com
bine a command of their subject 
with a keenness to engage 
opponents in real dialogue. Why 
were they not represented? 

To avoid the possibility of 
people raising their voices? lf so, 
Channel 4 chiefs should take 
that tiny risk next time. This 
bland and polite affair was rplly 
no debate at all. D 
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. ably responds with infuriating ridicule. friends-people who ordinarily could not research applications", but that is an idea e 
The incumbent also gets the feeling that- get into the papers with the aid of the far from the X-ray laser battle stations that ,.,.,_ 

• . the mangling that the press inflicted on his costliest public rell!tions counsel, but who Teller has advocated for missile defence ~ 

When 1. s a sc1· ent1· st most productive? words when ~e was a candidate_ is no.thing suddei_tly _acquire wicked _celebrity becau!!C (New S.cientist' vol 96_, p 728). Teller says i 
• compar~ with the systematic misrep- of their hnk to the president. Psychiatnc there IS no connectton planned or m 

__________________ .... ___________________ resentation to which he has been subjected tests for !?residential candidates? It is a existence between Helionetics and the 
Tony· Jones has been thinking about the age of science ___ __ as president. And he finds the press picking Catch 22 situation: The kind of people who supersecret X-ray weapon programme at 

. "I_J" A VE you passed your peak? Is your 
..£1 brief blossoming of youthful bril-

liance giving way to a sad slide into 
intellectual torpor? In short, are you over 
30? If so, listen to Helmut Abt, the manag

. ing editor of the Astrophysical Journal. The 
most productive years of an astronomer's 
life may be in: middle and old age, he says, 
and he has hard evidence to back him up 
(Publications of the Astronomical Society of 
the Pacific. vol 95, p 113). 

But first, how can one measure the 
productivity of-a scientist? Not by the 
hours he works; certainly, nor even by the 

.. number of papers he writes. Abt's unit of 
.productivity 1s the "citation". In their 
published work, scientists conventionally 
make references (citations) to the papers of 
other scientists whose work is relevant to 
their own. The more citations a paper 
receives in the literature, the more useful it 

· has been to other scientists. On this 
restrjcted definition, the most productive 
scientists are those ·who receive the most 
citations. 

Abt selected 22 "outstanding" American 
astronomers who had retired by 1970, and 
examined the number of citations made 
during the years I 970-1979 to their life's 
work. His source was the Science Citation 
Index, . a voluminous index to scientific 
papers cross-referenced with their citations. 
In those 10 years· tlie 22 astronomers were 
cited oo-9400 occasions. Abt grouped these 
citations according to the age of the 
astronomer when the cited paper was 
published, and applied a statistical . 
correction to allow for the fall-off in cita
tion rate since publication. (In an earlier 
study Abt found that papers received fewer 
and fewer citations as they became older. 
On average, a highly-cited paper has a 

Popular Maths 

PERl,PECTIVE and probability are the 
two topics the London Mathematical 

Society· has chosen to present to t)ie public 
this year; This august body, whose lectures 
are usually aimed at a select · group of 
professional mathematicians, is for the 
secopd year running offering a more tempt
ing mathematic;il menu to a public that 
seems ravenous for more. The socie9; 
hopes the "Evening of popular lectures 
will become an annual event, "contributing 
directly to the culture of this country" in the 
words of Susan Oakes, the society's admin
istrative assistant. The lectures are free 
and are · being held on Friday, 8 July at 
7 .30 pm in the Mechanical Engineering 
Lecture Theatre at Imperial College, 
.London. Anyone wishing to listen to 
Professor D. Williams from Swansea 
expound on the mathematics of probability 
("Hopping mad"), and Professor E . . C. 
Zeeman from Warwick discuss the discov
'ery of perspective in the Renaissance, 
should write for tickets to Susan Oakes, 
London Mathematical Society, BurliJ1&lon 
House, Piccadilly, London WlV ONL. D 
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"half-life" of somewhere in the region of 
24 years.) 

Abt's findings are surprising. Work 
published between the ages of 30 and 75 is · 
cited the most and accounts for 94 per cent 
of all citations, while the years 40-70 
account for 70- per cent. An averalle 
"outstanding American astronomer" is m 
his early fifties before he is half-way 
through his productive ~er. 

Why should this be .so? One notes that 
this study excludes the "truly revolutionary 

scientist", because there are too few for 
statistical analysis. (Abt doubts whether the 
United States has produced even one such 
astronomer this century.) .Nevertheless, 
says Abt, brilliant intuitive leaps are ot\ly 
one way of advan.cing astronomy. Others 
include the painstaking collection of data 
for statistical analysis, the chance discovery 
of new objects, the securing of measure
ments at the limits of our technical ability, 
and the synthesis• of new hypotheses from 
diverse ,observations. Few of these are the 
prerogative of the young. In particular, 
mcreasing age bnngs increasing job 
security ( or it used to), and astronomers 
then have the time and resources to 
embark on major, long-term _projects 
which are likely to yield important results. 
Also, older scientists tend to write review 
papers which summarise work done by 
others over a broad field, and which attract 
many citations. 

Of course, not everyone agrees that a 
scientist's work can be fairly evaluated in 
this way (especially one's own work). -Much 
has been said here and elsewhere on this 
and now is not the right time to "re-cite" 
the rights and wrongs of citation analysis. 
Life is short, and there is science to be 
done! □ 

Dr Tony Jones Is in the Astronomy Department at 
Manchester University. 

Candidates on the couch 
Daniel S. Greenberg examines some presidential sym11toms 

THE TROUBLE with the recurring 
suggestion of psychiatric examina
tions for presidential candidates is 

that the types who traditionally pursue the 
presidency are not .{ikely to fare too well by 
the standards of Freud and Rorschach. 

Perhaps that is all to the good, and a 
shrink barrier should tie added to the many 
others that guard the road to the White 
House, as Dr Marvin Greenblatt, a 
psychiatrist from the University of Califor
nia at Los Angeles, recently proposed to the 
American Psychiatric Association. But if 
the idea is put into. practice, we might be 
left with an insoluble problem: Where to 
find candidates who can pass psychiatric 
muster? 

Consider, for example; that anyone seri
ously committed to becoming ~resident 
must necessarily feel an enthusiasm for 
being the most powerful and important 
person in the world. Colossal egotism, even 
megalomania, are as integral to the pursuit 
of the pr~idency as feigned enthusiasm for 
the local grub ;md surrounding countryside 
and for plunging' into crushing crowds to 
shake as may' hands ,as possible. That is 
the nature of . modern presidential 
campaigning, and anyone too delicate for 
the course had better settle for other work. 
But behind the double doors qf psychiatric 
suites, any candidate who honestly 
discusses the obsessively sought after goal 

and the required means for reaching it is 
going to inspire rapid scribbling in the 
doctor's notebook. 

The presidential examiners . might also 
see suspicious symptoms in several 
complaints common to all White House 
aspirants and many officially certified 
psychiatric patients. Thus, anyone who 
repeatedly insists that he is the victim oflies 
and that his words are constantly and delib
erately twisted by conspiring enemies 

· would instantly set off psychiatric alarms. 
But all presidential candidates insist that 
they are the victims of lies and misrep
resentations. It is a rare candidate in this 
era who does not at one time or another . 
proclaim something along the lines of, 
"Even if my opponent stops lying about 
me, I'll continue to tell the truth about 
him." 

Psychiatric tests for a president seeking 
re-election would present special problems, 
because there is nothin~ like a term in the 
White House for inciting paranoia. At 
abcut the two-year mark, the incumbent 
becomes persuaded that his precious secrets 

. are being pilfered, usually by henchmen of 
known enemies, but sometimes by trusted 
friends. Feeling abused and desperate
symptoms of interest in psychiatric 
diagnosis-he lashes out at these unseen 
betrayers, and even demands lie-detector 
tests to find the culprits. The press invari-

on his wife, closest relatives, and oldest · run for the office could never pass. □ the Lawrence Livermore National Labora-

Laser weapons misses the point 
Jeff Hecht believes an American press campaign is off-target 
- --- - ------

N EWSPAPER 
articles in the 
United States 

have alleged that 
physicist Edward 
Teller may have used 
information he 
learned as an advisor 
to President Ronald 
Reagan to help 
manipulate the price 
of the stock of a small 
Californian company 
involved in laser de
velopment. The re
ports, . which first 
appeared in the New 
York Times, seem off 
target in charging 
Teller with the 
manipulation of 

when Jimmy Carter 
was president. Teller 
vehemently denies 
having bought or sold 
Helionetics . stock 
since then, or that the 
stock was payment 
for him to use his 
influence in Wash
ington. 

stock dealings. They 
also fail to notice a 
larger trend of which 

Teller-father of the "Super Bomb" 

Any suggestion of a 
connection between 
Helionetics .and the 
development of laser 
defence against bal
listic missiles seems 
rather fanciful. The 
company does build 
lasers, and is wod::ing 
on a military contract 
to build a new type of 
laser for use in space. 
But that type of laser 
would be used to 

Teller is only a part: the growing number of 
prominent scientists lending their names to 
corporations by serving as directors, but 
who have only minimal involvement in the 
company's activities. 

communicate with submerged submarines, 
not to zap Soviet intercontinental ballistic 
missiles. Helionetics, aci:ordirtg to its 
annual report, is also working on tech
niques to produce "high-energy X-rays for 

tory. 
The connections between Helionetics 

and President Reagan's missile defence 
proposal appear to be the creation of fertile 
imaginations on Wall Street which noted 
Teller's connection with both. That seems 
to be part of a trend on Wall Street to look 
for the names of prominent scientists 
among directors of small new companies. 
The presence of a scientific "superstar" on 
a board of directors can multiply the 
amount of money a new high-technology 
company can raise on the stock market by 
a factor of four or five, claim authorities on 
industrial finance. Investors tend to be 
impressed by companies which can drop 
prominent scientific names. 

That trend would be understandable if 
the big-name scientists were active in ·the 
companies, but often they retain their full
t~e academic jobs and serve only•a nomi
nal advisory role as a director. In some 
instances, the company's activities don't 
even lie in the superstar's primary field of 
expeftise. Teller's relationship with Helio
netics is a case in point; his main speciality 
is in nuclear physics, while the company is 
involved in laser development, solar cells, . 
electronic power supplies, and sonar. 
Althou~ nominally retired, Teller keeps 
busy with activities other than Helionetics .. 
Jeffrey Levatter, president of · thi; 
company's laser division, says that "Teller 
makes no technical contributions." □ 

Teller is alleged to have had advance 
knowledge of President Reagan's advocacy 
of ballistic missile defence in his-speech of 
23 March (New Scientist, 31 March, 
p 871 ), and to have used that knowledge to 
mfluence the price of the stock of Helio
netics Inc. Teller was summoned from the 
West ,Coast to the White House for the 
speech. He says he did not know the 
planned content of the speech until two 
hours before it was given. He owns stock in 
Helionetics and is a director of ·the 
company, but he says that he purchased it 
during the company's formative years 

Pithy gag competition 

Other side of the Wall 

OUR MAN at a recent international 
geological meeting in Berlin claims 

that his most endearing recollection of the 
event was when delegates were given the 
afternoon off in East Berlin. Getting 
through Check Point Charlie with a band 
of Americans, most of whom had German-· 
sounding names, our · man -. sa~ ... ,was.. 
memorable enough-it set the frontier 
guards a jitter, treble-checking everything. 
But that aside, the great moment came at 

·the famous Pergamon Museum.where the 
delegates were confronted by the splendid 
Altar of Zeus, rescued by an earlier genera
tion of German archaeologists. Well, our 
man was· facing it, but the workshop 
geologists were on their hands and knees 
before the Altar, exploring some excellent 
red Devonian marble flagstones rich in 
fossils. D 

What scientists and engineers think of each other 

WE ASKED for witty gal?,S about 
scientists and engineers m which 

. they give away their professions 
throu~ their responses to "everyday 
situations" (Forum, 28 April, p 239). 

The prize for the best-known joke goes to 
David Poyner of Harlow in Essex (three 
other readers sent in versions of the same 
story but Poyner's y,as' the most pithy): 

. • Three scientists were travelling together 
from London to attend a conference in 
Edinburgh. Shortly after crossing the 
border, they saw a black sheep. 

"How interesting," the astronomer 
remarked. "All sheep in Scotland are 
black." 
: "An unwarranted inference," the phys
icist replied. "We can conclude only that 
some sheep in Scotland are black." 

"All we can be really sure of," the 
logician said, "is that at least one sheep in 
Scotland is black on at least one side." 
Our next favourite came from R. Wood, 
who works in Wembley, Middlesex: 
• A Texan tycoon became increasingly 
nervous of air traver. In this modern era of 
terrorism, he reasoned, it was only a matter 
of time before he, a regular passenger, 
boarded an aircraft whfch carried a bomb 
or a hijacker. Being a technocrat, however, 
he decided to collect further data. He 
summoned his chief engineer and strategic 

rr:S EX.TRAORDINAR.Y- A 
FUNNY THING HAPPENED 
ON THE WAr TO -rHE LAB . 
TDDAY. 

planner. "What," he asked them, "are the 
odds of my stepping aboard a plane which 
also carries a bomb or a hijacker?" 

Three days later they delivered their 
answer: 312 547 to I. 

"And what can I do to improve those 
odds?" he enquired further. . , 

"Well, sir," explained the chief engmeer, 
"we calculate that if you were to carry your 
own bomb aboard, the odds of there being 
another bomb or a hjiacker on the same 
plane are in the neighbourhood ofa 28 
million to one." 
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Paul Dawson of London (who also sent 
in a version of the black sheep gag), gave us 
a subtle insight into the minds of mathe
maticians: 
• A physicist and a mathematician were 
each given an identical pair of problems. In 
the first, each was locked in a room with a 
burning wastepaper basket, an empty 
bvcket and a tap. Both the mathematician 
and the physicist filled the bucket of water 
from the tap, and use_d this to put out the 
fire. 

In the second problem each was locked 
in a room with a burning wastepaper 
basket, a tap, and a full bucket of water. 
The physicist poured the bucket of water 
over the burning wastepaper basket to 
extin~uish the fire. The mathematician 
emptied the bucket of water on to the floor, 
thus reducing the problem to the previous 
one. 

But our top scorer came from I. Snell of 
Bell Aerospace in Buffalo, New York State: 
• "What is 2+2?" 

An accountant will tell you that the 
ans"".er i~, of course,_ exactly f<!ur. . 

Sc1entJsts and engmeers will explam that 
they have studied the problem carefully, 
and that there is good evidence to su!\!lest 
that the answer lies between three and Jive. 

On the other hand a psychologist, after 
' studying you intently for a long period will 

respond: "Why are you asking these ques
tions? Why do you want to know these 
things?" 

While we enjoyed the stories, and not to 
detract from the glory of our winners, we 
were disappointed to hear so few original 
gags. In the vein of the scientists described · 
by David Poyner, we are tempted to specu
late that there is little humour in science 
and technology. But perhaps we won't 
because we daren't guess what the logician 
might make of it □ 

... and more jokes 

STRANGE how some people enjoy 
poking fun at the rather sad prospect of 

having your research grant either turned 
down or cut. At the moment there seems to 
be a plethora of jokes about the subject. 

At a recent meetin!l of the Association of 
Researchers in Medicine and Science, a 
pressure group to stop contract labour in 
universities, Sir Monty Finniston, who 
introduced himself as "a scientist by 
profession, a technologist by adoption and 
an industrialist by accident," related one 

· such story. It was about someone called 
God who applied for a grant to create the 
Universe. Unfortunately he/she was turned 
down by the releYant research council on· 
the · grounds that the application was. too 
old', He had not repeated the experiment 
before; and, moreover, a book had. been 

· written on the subject. 
Notto be outdone, Dr J.B. Wyngaarden, 

from the National Institutes of Health in 
the US, compared the stringencies of the 
American grants system to a "big grizzly" 
chasin~ after a couple of academics who are 
on a hiking holiday. One of them stops to 
take off his hiking boots and put on his 
running shoes. · 

"Don't be silly," says the other, "you 
can'.t outrun a grizzly." "It's not the 
grizzly I'm outrunning," said the other, 
"it's you.' D 
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A monument to mountain meteorology 
Jim Barton and Marjory Roy have_ high hopes for this month's 

Scottish celebrations 

A CENTURY 
ago a small 

. community l>e
gan living on top 
of Britain's highest 
mountain, Ben · 
Nevis. They manned 
·a meteorological 
observatory that 
functioned for more 
than 20 years, build
ing up hour by hour a 
picture of a ch mate at 
times as severe as 
anything recorded on 
much greater moun
tains elsewhere. In 
1904, the lack of 
funds and an 
unsympathetic gov
ernment forced the 
obser-vatory to be 
closed. Nowadays the 
work of that 
pioneering obser-

with other countries: 
Europe and North 
America had already 
built several high
level stations. 

The observations 
from Ben Nevis and 
Cairn Gorm will 
fittingly be brought 
together this 
summer, when the 
Scottish Centre of 
the Royal Mete
orological Society 
celebrates the cente
nary of the building 
of the Ben Nevis 
observatory with a 
two-day event in the 
Fort William area. 
After a series of talks 

, on various aspects of 

I
f mountain weather, ! those with enough 

• ., energy and enthusi
i asm will rise before 
:ii 5 am on 25 June 

:..1:1! and retrace the 

vatory is to some 
extent continued by 
a purpose-built auto
matic weather station 
on top of Cairn 
Gorm, 50 miles east 
of Ben Nevis. This 

Ben Nevis observatory in winter (top) steps of the extra
and the Heriot-Watt's automatic ordinary Oement 

station, Cairn Gorm Wragge and his assis-

modem counterpart, designed and built by 
the Physics Department at Heriot-Watt 
University with funds from the Natural 
Environment Research Council, was 
installed in 1977, · 

Meteorology was still in its infancy in the 
I 880s, although inventions such as the 
electric telegraph were of: . crucial 
importance to forecasters in gathering 
observations together quickly. The fore
casters would analyse weather data by 
drawing synoptic . chartse--such charts had 
been displayed in Britain for the first time 
at the Great Exhibition of 1851. The public 
soon became aware of a scientific; as 
opposed to a fatalistic, attitude of weather 
with the introduction of daily forecasts in 
national newspapers. The proposal to build 
a mountain-top observatory stemmed from 
scientific curiosity about the higher atmo
sphere, championed among others by Sir 
William Thomson, later Lord Kelvin, and . 
also from a desire for Britain to keep up 

tants. Wragge, and 
colleagues, had· climbed Ben Nevis almost 
daily in the summers of 1881-83 to read his 
instruments before the observatory was 
built by the Scottish Meteorological 
Society. 

An intriguing picture unfolds from the 
neatly written pages of the Ben Nevis 
logbooks. Not only did the hardy observers 
have the winter weather to contend with, 
but also a constant stream of tourists 
during the summer months. Only extreme 
events, such as fire caused by _lightning (19 
June, 1895), would interrupt the hourly 
observations of pressure, dry- and wet-bulb 
temperature, wind speed and direction, 
type and amount of both cloud and precipi
tation, and duration of sunshine. The 
observers had to put up with their hair hiss
ing and glowing with St Elmo's fire during 
thundery conditions . . It happened so 
frequently that they came to. accept it as 
normal. 

Observations for comparison were made 

at Fort William, only 5 miles away but 
close to· sea level. 

The main problem with mountain obser
vations is the formation of ice on the 
instruments. Because Britain lies on the 
track of frontal depressions moving across 
the Atlantic, mountain tops are often 
shrouded in hill fog at temperatures around 
freezing point. Ice, or rime as it is properly 
called, can build up to several feet thick on 
exposed instruments. With the limited 
technology that the Victorians had, they 
were unable to record observations auto
matically in these conditions. 

On Cairn Gorm a different solution had 
to be found. Although mains power was 
available at the summit in a hut built to 
house rescue radio equipment, this was 
insufficient to keep conventional auto
matic instruments free from ice by heating 
tliem electrically. The· station run by 
Heriot-Watt University is therefore hidden 
away inside an insulated container except 
for a 3-minute period every · half-hour, 
when the instrument platform is auto
matically opened. After 3 minutes, the 
readin!!5 of mean wind speed and gust, 
wind direction and temperatures are logged 
and the station closes until the next 
observation is due. 

Over six years the automatic recording 
·equipment has been opened and closed 
sqme 85 000 times and an archive of 
meteorological data has been built up. 
Cairn Gorm, like Ben Nevis, can produce 
extreme weather: on 17 January this year 
wind speed reached 124 mph (with gusts of 
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up to 141 mph) with an air temperature of 
-6·c. 

The Royal Society of Edinburgh pub
lished the Ben Nevis observations and they 
provide a valuable and detailed record of 
mountain weather in the west of Scotland. 
The observatory staff, Alexander Buchan, 

· the distinguished Secretary of the Scottish 
Meteorological Society, and others anal
ysed the data in an attempt to determine 
weather patterns. However, the Meteoro
logical Office forecasters of the day appear 
to have made no attempt to utilise the Ben 
Nevis data when framing their forecasts, or 
their forecasting rules. In fact, the offer of 
regular telegrams from the summit was not 
taken u~n the ~ounds of cost
although Ben NeVIs readings were 
published daily in the principal Scottish 
newspapers and telegram observations 
were sent to "the German Meteorological 
Office. 

It is a great pity that the summit obser
vations were not received more enthusi
astically in London, because before wireless 
telegraphy there were no immediate obser
vations from ships at sea. A systematic 
comparison between Fort William and the 
summit might have yielded clues to the 
three-dimensional structure of warm and 
cold fronts. It fell to the Norwegian 
meteorologists during the First World War 
to put forward the model of frontal 
depressions-those features that so domi
nate our British weather and which should 
be familiar to anyone who watches the TV 
weather man and his maps. 
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If the Ben Nevis data (containil!l\ more 
than two million values of the different 
weather elements) can be put on computer 
file, more ambitious analyses would 
become feasible. Potentially there is much 
useful information to be deduced from the 
old observations plus the recent Cairn 
Gorm data by using modern meteoro
logical modelling techniques. Observations 
from Cairn Gorm are now being sent in 
real time by way of a microcomputer at 
Heriot-Watt to the Glasgow Weather 
Centre for evaluation of the use -of such 
observations in mountain area forecasting. 
With the recent opening of the Meteoro- . 
logical Office's manned station in 
A viemore, there again exists an oppor
tunity to record the often dramatic contrast 
between summit and valley weather in 
the small but rugged mountains of 
Scotland. o 
Dr Jim Barton Is a member of the Department of -, ==~'f:!~~~ :.::i.:~~ 

Naval intelligence 
SUB-LIEUTENANT Ian Watson, by 

landing his Harrier on a Spanish 
freighter, may ~ve set a trend that the 
Royal Navy will regret. We hear a scur
rilous , rumour that the British Polaris 
missile than ran amok while being tested at 
Cape Canaveral last week has a highly 
secret "intelligent" guidance srstem, that 
attempts to recreate the decision making 
ability of the human brain-artificial intel
ligence in the jargon. The rumour is that the 
missile's brain decided it was not going to 
be outdone by Sub Lt Watson and tried to 
land the missile on a Russian trawler that 
happened to be nearby. □ 

---ENIGM 
No216 

Point to point 
By Susan Denham 

AS a challenging geometry puzzle, I asked 
fl my son to mark a prescnbed number of 
points on a piece of paper, no three of them 
being in a straight line, and then to join each 
of the points to each of the others by straight 
lines. I knew by my choice of the number of 
points that he would not be able to do this 
without at least two of these lines crossing. 

But I asked him to do it with some of his 
lines drawn in red and the rest drawn in blue, 
and in such a way that it would be impossible 
to find a red triangle or a blue triangle in the 
whole configuration. This he managed. 

How many points had I asked him to 
draw? 

A £5 book token will be awarded to the sender 
of the first correct solution opened on Thurs
day, 10 June. Please send entries to Enigma 
No 216, New Scientist, Commonwealth 
House, 1-19 New Oxford Street, London 
WCJA ING. The Editor's decision is-final. 
The winner of Enigma No 213, Enigma 
square was S. S. Marway of London 

Answer to Enigma 213 · 

Enigma's square 
MEANINGLESS (ENIGMAS was 2079364, 
which is one of the interesting class ql 
"curtailable" squares). 

~ 
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Rampant scientist 
Milton Love believes that a little creative reconstruction could go a long 

way in science 

H E CAME into my office and said, 
"I see you are writing for New 
Scientist. n 

Visibly preening, I agreed I bad written a 
couple of pieces for tbe magazine. 

"When are you going to write for a big, 
important number?" 

Feathers drooping noticeably, I said, 
"Wbat do you mean?" 

He brougbt out one of those thick, glossy 
publications which litter the newsstands. 
"How are you going to -achieve tbe inter
national recognition you deserve by writing 
for tbe Attic of Journalism? You should be 
submitting items to Cosmopolitan Play
hustler." 

Pointing to the titles of the articles on the 
cover he said, "Now here's what sells maga
zines." 

I read the first title-"The Brooklyn 
proctologist's weigbt-off diet". · 

"No, no, below tbat." 
"Creative divorce througb yoga?" 
"Not that one." 
"Making friends througb intimidation?" 
"The last one on the left." 
"Wbat to tell your dog about sex." 
"That's it! Sex! That's what sells maga-

zines." 
"Gee, the truth is I have never owned a 

dog and, well, I'm not sure I would know 
what to tell a dog about sex. Don't they just 
sort of ... pick it up on their own?" 

He sigbed. "I am suggesting tbat, if you 
insist on writing for tbat rag, you can at 
least try to raise its circulation." 

Sadly, there is truth in his words. Science 
is not sexy. 

This is not to say that scientists have not 
studied sex in all its myriad incarnations. 
Indeed, few are tbe reproductive organs 
not measured, minced, manipulated or 
attached to all manner of recondite elec
trical instrumentation. Then, too, tbere are 
the uncounted researchers busily filming 
the sexual displays of the grouse, docu
menting the mating call of the timber wolf 
and recording tbe assorted moans, gasps 
and wheezes of the rather Bohemian couple 
next door. 

Nor is it fair to imply that scientists have 
nQt practiced what they bave preached. 
There are numero.us, well-<locuniented 
studies indicating that a significant 
percentage of scientists have engaged in 
sexual activity of one sort or anoth_er, at one 

time or another, with one species or 
another. 

Thus, science and scientists do not lack 
for substance-we fairly reek of it. Rather, 
our image is depauperate, not conjuring up 
the slightest degree of concupiscence-a 
sorry state indeed, when even adver
tisements for housing insulation are 
suggestive enougb to drive one to a cold 
shower. Fortunately, there are a number of 
ways we migbt bump and grind our way 
into the sensual I 980s. 

There are any number of physical 
improvements guaranteed to lend certain 
sexual allure to even the most retrogressive 
researcher. For example, codpieces could 
quickly become the essential accoutrement 
of every lab coat. Cool, padded and 
protruding, these. would give an enhanced 
portrait of vigor and prowess, immediately 
changing the public's perceptions. Indeed, 
by using real cods, the misgivings of even 
the most conservative researchers will be 
assuaged. If it works for the Rolling Stones, 
it will work for Linus Pauling. 

The virtually mythic Edward Teller has 
reached public stardom entirely on the 
basis of his eyebrows. Black and robust, 
reaching virtually unimpeded from ear to 
ear, Ibey fairly scream of the testosterone 
coursing rampant througb his - veins. 
Teller's are sufficiently bushy and 
convoluted to have entrapped a maJority of 
Napoleon's forces at Austerlitz. 

Reflections on the present day 

THE DAILY MIRROR proudly 
launched its "Day I of a vital series: 

Waste of a nation" on I June. The eye
catching display on the famous page 3 
depicted an anywhere picture of Britain 
tumbling down before us. And the Iron 
Lady herself could only look on with a tinge 
of shame. But there, in the background, was 
a way ahead, and one that didn't resort to 
U-turn. A dose of tonic prized for its 
energy-giving values was well placed to hint 
at recovery. But recovery from what? Hith
erto we believed that there was no known 
cure for the gay Western epidemic. □ 

Fortunately, while it is true that cod-

g. eces are most applicable to male scientists 
thougb this should not preclude females 
om giving them a try), nearly everyone 

bas eyebrows. The judicious use of hair 
transplants from more hirsute regions will 
allow all to approximate the lush growth of 
our premier sex symbol. 

The press is our conduit to the laity and 
science bas been notoriously Jax in 
manipulating this most plastic of indus
tries. For instance, scientific journals migbt 
change format to one more mteresting and 
stimulating to the general public. Nature or 
Science . might emulate tbe · fabulously _ 
successful tabloids, luring to its pages 
thousands of sensation-seeking readers. By 
artfully changing a paper's title (and includ
ing numerous photographs of scantily-clad 
Jab technicians), journals would gain a 
certain cachet missing today. For instance, 
"Autoradiographic evidence for a calci
tonin receptor on testicular Leydig cells" 
(Science, vol 216, p 735) is much more 
spicy as: "Women! Here's that 'certain 
something' men want and need!" Or 
"Female moorhens compete for small fat 

. males" (Science, vol 220, p 413) takes on a 
new aura as "Fatties do it more!" 

Even more important tban the title is the 
form in which the information is dissemi
nated. As an example, here is an excerpt 
from "Bovine and mouse hybridomas that 
secrete bovine immunoglobin G," 
(Science, vol 220, p 522). "We report here 
tbe interspecific fusion of a mouse 
hybridoma with normal .bovine spleen 
cells, resulting in stable hybrid cell lines 
tbat secrete monoclonal bovine lg mole
cules. Interspecific hybridomas were 
produced because HAT (hypoxanthine; 
arninopterin, thymidine)-sensitive bovine 
myeloma cell lines are not available." 

Let us see what a bit of creative recon
struction migbt create: 

"She disrobed slowly, draping her lab 
coat artlessly across the centrifuge. Her 
perfect, pink bee-stung tongue formed little 
O's around her lips. 'We've done it, you 
know,' she whispered. 'We've produced an 
interspecific fuston of normal bovine cells 
with a mouse hybridoma.' . 

"He glanced up from the bed, his eyes 
smouldering beneatb sex-<lrugged lids. 
Sipping his Manzanilla Ten-Star Tequila 
be grunted, 'That cell line is a ·stable hybrid. 
They're secreting monoclonal bovine lg 
molecules.' 

"Maddened by desire, she ran her fingers 
througb the thick black mat of hair on his 
chest 'Why?', she pleaded, 'Why produce 
an interspecific hybridoma?' 

"He laugbed' savagely as he pulled her 
toward him. 'Because HAT (hypoxanthine, 
aminopterin, thymidine)-sensitive bovine 
myeloma cell lines are not available.' 

"I am," she murmured. 
Note the subtle difference in tone 

between the two papers. 
I can but hope that this message will be 

an inspiration for my associates. I trust tbat 
the day is near when Francis Crick, having 
declaimed at length, will be pursued out of 
the lecture hall by hundreds of groupies, 
artlessly ripping at his clothing and making 
lewd, thougb admittedly . fascinating, 
proposals. □ 
Milton LOYe wrttes from the Department of Biology, 
Occidental College, Los Angeles, Csliforria. 

Literate engineers 
I see it all, the bon:dom of the 
general election has got through to 
Bernard Dixon (Forum, 26 May, 
p 572) so he feels obliged to go 

. and kick a few engineers. 
In many engineering disciplines 

the technology changes so fast 
that specialised books are often 
out of date before they are 
published. So in these instances 
the answer for the information 
seeker is the journal, but even 
here the number of journals is so 
large that an information officer is 
required to sort out the chaff 
from the com. Hence the journals 
do not have to waste time 
reviewing. books and the engineer 
does not have to clutter up his -
office with same. The main 
victims of this situation of course 
are the truly marginally literate 
who use bookshelf capacity as a 
means of assessing intelligence. 

With the vampire UGC cutting 
and sucking the "old blood" from 
the technological universities in 
favour of " new blood" from the 
old school tie, it is a wonder that 
we produce graduate engineers 
who can solder two pieces of wire 
!"!!ether let alone use joined-up 
wnting. It is the aim of the 
engineer to produce script which 
is unambiguous and not like 
Bernard's article with its "who can 
produce decent English• and 
"rather conclusively". 

Engineers appreciate the type of 
script that one often sees from 
journalists and therefore I suggest 
that the advert about which 
,Bernard writes was aimed at 
journalists who have not read the 
excellent editorial in the same 
issue of New Scienlist. 

However, I am glad to see that 
"The inevitable process of decay 
through which all empires pass 
when the fire and rhythm of 
speech is n:§le<:ted for grammar 
and spelling is not supported by 
the New Scienlist. (There is an 
advertisement for the Universisity 
of Sheffield in the same edition!) 
Loraine Tymons 
Biggin Hill 
Kem TN/6 3HG 
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Dirty play 
Roy Fuller fails to. do justice to the 
vast range of health hazards 
surrounding the cricketer (Letters, 
2 June, p 649). 

He makes no mention of the 
unmentionable-cow pats on the 
villa~e outfield, dog excreta on the 
public park outfield, swan, seagull 
and ducks (no pun mtended) 
droppings on the riverside outfield. 

I shudder to contemplate 
the consequences of this 
correspondence being read by the 
Health and Safety Executive. Will 
that august body lay down rules for 
the professional cricketer involving 
the necessity for pre-match · 
inspections of the ground (don't 
forget the need for extensive 
chemical analysis for traces of 
2,4,5-T, paraquat etc etc). 

They might even insist that after 
every delivery the ball should be 
carefully sealed in a plastic bag and 
removed for decontamination or 
even incineration! 

This, however, seems like a lot 
of balls. 
Vincenl A. Kelly 
Caversham, Reading 

Freedom to talk 
Quite honestly, I do not see why 
Jeremy Cherfas makes of much 
fuss about one lecture of Fn:d 
Hoyle (Forum, 19 May, p 486). 

OK. Fn:d Hoyle got his facts 
wrong. But, first, Darwin's Origin 
should not be taken as Holy Script, 
especially in the light of Francis 

Hitching's recently published book 
The Neck of the Giraffe-Where 
Darwin Went Wrong. 

Secondly, other scientific 
celebrations wen: lcnown to 
err-even in their own field! For 
example, Jacques Monod's 
description of evolution in his 
book Chance and Necessity follows 
obsolete ideas of mutationism. And 
Abdus Salam put forward his 
theory of left-right symmetry 
violation connected with massless 
particles, although Rudolph Peierls 
said he did not believe that left
right symmetry could be violated 
in weak nuclear forces at all. Even 
Wolfgang Pauli told Salem to think 
of "something better". 
If the mentioned ,people found it 

difficult to believe something in 
their own field, why could not 
Fn:d Hoyle, an astrophysicist, have 
similar difficultiQ in the field be is 
not quite at home with? Why does 
he have to be put on the pillory 
because he admits his beliefs 
publicly'/ 

What I see as far more 
important is the frtedom
everybody is entitled to one's belief 
or disbelief, whether one has been 
knighted or not, or became FR&, 
And everybody should be free to 
talk what one believes and not be 
stoned or burned at the stake 
for it! 
Igor Fodor 
West Germany 

Etna eruption 
Debora MacKenzie suggested that 
the attempt to divert a lava flow 
on Mount Etna might have been 
jeopardised by t!>e !'act that I and 
my colleagues had to return from 
Etna, owing to lack of funds, 
before the eruption finished, and 
that our continued collection of 
data about the flow was important 
to the diversion attempt (This 
Weck, 12 May, p 359). This was 
not the case. 

The diversion technique used by 
Italian scientists and engineers bas 
been discussed among 
volcano!~ for many decades 
and diversion attempts using 
similar principles were used in 
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Hawaii during the I 935 and 1942 
eruptions. Our work on Etna, 
funded by the Royal Society and 
the Natural Environment Research 
Council (NERC), was to make a 
particular set of observations on 
lava rheology and flow field 
development. Although of 
relevance to developing new ideas 
for protecting property from flows, 
the success or failure of the prese_nt 
diversion attempt did not depend 
on our observations. 

We are grateful to the officers of 
the Roya! Society and the NERC 
for thetr help and prompt action in 
making available the funds 
requested thus allowing us to 
complete our work successfully. 
J.E. Guest . 
Departmenl of Physics & 
Astronomy 
University College 
Lendon WCJE 6BT 

Hybrid joke 
The genie is now out of the 
retort, it would seem. Far from 
being mere foolish figments of 
your April imagination (Monitor, 
JI. March, p 888), Messrs William 
Wimpey and Barry MacDonald 
are very much alive and now 
giving mterviews to journalists 
from the Brazilian news magazine 
Veja (21 April, p 84), about their 
exciting new beef-tomato hybrids. 
At least one Brazilian biologist is 
impressed that the German 
biologists have "alten:d the course 
of natural law". The joke is now 
on whom? 
Joao Ferraz 
Stephen de Looze 
Freibur_g i. Br. 
West Germany 

Pressure-tube reactors 
R~er Milne and Fn:d Pearce in 
thetr article "Why Britain said no 
CANDU" (This Weck, 2 June, p 
6 I 4 ), do not seem to realise that, 
using ordinary water both as the 
coolant and, separately, as the 
moderator, a nuclear reactor of the 
pressure-tube type will work 
perfectly well, though it would 
probably be necessary to use 
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enriched fuel. If,· however, suitable 
adjustments were made to the size 
of the "pile" enrichment of the fuel 
might not be necessary. 

Such a pressure-tube reactor 
(PTR) would not require the use of 
exl"',:isiv~ bea~ water.so that 
Bntam's mab1lity readily to supply 
this would not matter. Using 
existing technology; a PTR would 
be easier to construct and probably 
cheaper tba·n a pressurised-water 
reactor (PWR). It would be safer 
and what is most important the 
public could have confidence in its 
safety in view of the Canadian 
experience with the similar 
CANDU. After all the former chief 
scientific·adviser to the 
government bas fairly recently 
written that the methods of testing 
the safety of the PWR pressure 
vessel need to be improved by a 
factor of 10 before its safety 
reaches an acceptable level. Should 
the containment of a PTR suffer 
damage, it can be repaired .more 
easily than that of a PWR. 

Furthermore, what is a . 
considerable advantage, a PTR can 
be refuelled without being shut 
down which a PWR cannot be. No 
doubt British Aerospace would 
welcome another order for the 
necessary machinery which would 
be the same as supplied for the 
original CANDU. Now is the time 
for investigating the advantage of a 
pressure-tube reactor using 
ordinary water both as coolant 
and, separately as moderator. 
H. 0 . Worger 
Ewell, Epsom, Surrey· 

Molecular drive 
· My attention bas been drawn 
belatedly to J . Grehan's comments 
(Letters, vol 97, p 678) on Gail 
\rines's article on "Molecular drive: 
a third force in evolution" (vol 96, 
p 664). 

Grehan mistakenly equates 
molecular drive with another 
concept called ortbogenesis. There 
are no biological similarities 
between the two concepts. Their 
only common ground is in the use 
of the word "internal". 
Orthogenesis refers to internal laws 
of growth which are based on the 
supposedly limiting set of 
interactions between components 
of cells and tissues during 
development. Molecular dri·ve 
refers to internal processes of 
turnover (gene conversion, unequal 
exchange, transposition) in 

::}ui,~~n0:,1~~
0
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the spread of mutations. . 
If any such changes in the 

genetic composition of multigene 
families were to affect the 
particular proteins involved with 
cellular interactions and thus to 
affect the laws of growth, then 
there is conceivably an indiiect 
connection between the two 
phenomena. However, natural 
selection acting on phenotypic 
variation due to single-copy genes 
could also i;>rovide this link. 

The detailed molecular 
background against which I use the 
word internal, and to which Vines 
correctly refers, is in the original 
article (Nature, vol 299, p 11 I). 
G. A. Dover · 
Department of Genetics 
University of Cambridge 

Extra dimension 
Paul Davies's review of John 
Pollcingborne's excellent book The 
Way tlie World is (2 June, p 638) 
is remarkable not so much because 
of what it tells us of the book, but 
rather because of what it tells us 
about Paul Davies. 

As a priest in the Church of 
England who is also engaged in 
research in theoretical astrophysics, 
I sometimes have to deal with the 
so called "fundamentalists" and 
their half-baked prejudices which 
pass as the "pseudo-science" of 
"creationism". The problem is one 
of having to argue with somebody 
who has replaced thought with . 
misplaced conviction or prejudice. 
Now it appears the same method 
of argument appears in the 
esteemed pages of New Scientist! 

TODAY I SHALL LFCTUR£ 
£X C/ITTIEDRA 

For example the success of the 
big bang theory and other advances 
of recent physics do not challenge 
many of the assumptions of 
Christian doctrine. Indeed the big 
ban~ theory itself is normally 
attnbuted to Abbe Lem/iitre, a 
Roman Cathoic priest, whose 
theory was officially endorsed, I 
think unwisely, by the Vatican! At 
times it seems almost unseemly 
that the scientific picture of a 
Universe evolving out of a 
fearsome explosion of nuclear 
particles arid energy to form an 
ordered universe of galaxy, star, 
planet and complex living 
organisms should mirror so clearly 
the Biblical creation of an ordered 
process from chaos to man in a 
poem written millennia ago! The 
Bible of course adds the extra 
dimension by saying, "God did it", 
but that is "faith" not "sight". 

Davies began by saying, "The 
continuing clash in perspective 
between science and religion . . . •, 
it seems to me that that clash exists 
nowhere except in his own mind, 
but then I suppose I am 
prejudiced. 
The Revd Garth Barber 
City of London Polytechnic 

The Severn Bridge 
Toe caption to the illustration to 
your note (2 June, p 6 12) on the 
Severn Bridge aslcs the question "Is 
it safe?". The answer is a 
categorical "Yes"- so is the Wye 
Bridge. 

Your reporter could not possibly 
disceni from the report, because it 
did not explain the point, that 
Hint & Neill assessed the Severn 
Bridge, and the Wye Bridge, using 
a nofional loading 2½ times that 
used to design the bridge, nor was 
there any indication of how this 

notional load relates to the actual 
load on the bridge. 

The main span of the Severn 
Brid11e was designed for a 
distnbuted load of 2200 tons; the 
notional load is 5500 tons; and the 
load on the span for 98 per cent of 
the time, while traffic is movin11 
freely, is about 300 tons. Only 1f 
there is a bold-up so that the whole 
span gets jam-packed, can the load 
approach 2000 tons. Therefore the 
design load was and is adequaie. 
To get 5500 tons would require 
130 fully-loaded 38-ton truclcs on 
the span at one time, leaving no 
room for any cars. Such a load is 
possible, but commonsense says it 
1s very unlikely and, with a 
modicum of good management, 
aided b)" vehicle counters and 
traffic lights, such a condition can 
be avoided at little cost and with 
little disruption to the traffic. 
Similar-comments apply .to the 
Wye Bridge. Yet it is suggested 
that upwards of £28 million should 
be spent on modifying the bridges 
to enable them to carry freak loads 
solely composed of juggernauts 
packed nose-to-tail. ·· 

For a long time the Severn • 
Bridge has been the subject of 
grossly exaggerated and emotive 
comments about fatigue and 
corrosion. Certainly neither are on 
a scale that warrants the lane 
closures and load limitations that 
have been imposed; both are 

· within the range of regular 
maintenance. 

Bluntly, acceptance of the 
report's proposals, with the ensuing 
severe disruption of traffic required 
to implement them, would involve 
a reprehensible waste of taxpayer's 
money and impose unnecessary 
restrictions on those using the 
crossing. 
David Fisher 
Freeman Fox & Partners 
LondonSWl 

Reincarnation? 
If the chances of anione being . 
John Eccles are 10' 000 aiiainst, 
("The trouble with thinlcing 
backwards", by Ralph Estling, 2 
June p 619), then presumably all 
we need to.do is count the number 
of living creatures on this Earth, 

~i:tJi::~ =~o~ fl,~~~wd 000 

of them, then the chances are, one 
will be John Eccles. Of course, if 
there are twice that many, then two 
will be John Eccles. 

Historically, every time. the 
number of creatures who ever lived 
reaches a multiple of 10" 000

, we 
should expect history to produce a 
John Eccles. 

Is this mathematical proof of 
reincarnation? 
Sophie Gril/et 
London 

Wrong name 
The chairman of Scientist Against 
Nuclear Arms is Michael Pentz, 
and not Michael Perutz, as we 
incorrectly stated in New Scientist, 
2 June, p 612. 

We welcome short communications. 
We reserve the right . to edit the 
longer ones. Write to: Letters to the 
Editor, New Scientist, Common
wealth House, 1-19 New Oxford St, 
London WClA ING. 
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Appointments and situations ,acant 

CELLTEC H is one. of the World's leading s pecialist 
bio technology comp anies. Based in the UK, th e 
compa ny is bac ked by four m ajor City of London 
fin a ncial institutions, a nd a lso b y the British 
Technology Group . A s trong scientific team has now 
been b uilt up in the areas of recombinant-DNA and 
cell-hybridisation a nd continued expansion is 
e nvisag ed; close links are a lso maintained with the 
acad e mic community. The Company aims to exploit 
th e pote ntial of d iscoveries aris ing in the field of 
b io technology, a nd commercial successes have 
a lready been achieved in several a reas. 

BUSINESS EXECUTIVE 
· Bridge Building 
in Biotechnology 

We now seek a talented Business E xecutive to ac t as 
scientific administrator in o ur Business Development 
Department. The job includes responsibility for 
creating and maintaining links with the academic 
community and for setting up and supervising the 
financing of researc h a nd development programmes 
both internal a n d external. The role will necessitate 
close contact with both the Medical Research 
Council on the on e hand, and with grant giving, 
bodies on the other. 
The successful applicant, probably aged under 33, 
will posses s a d egree in immunology or the life 
sciences, several years e xperience in the 
administration of. scientific affairs, either academic or 
commercial, and a b ove ave rage organisational 
ability and a flair for coininunicating, effectively. 
Salary will be in the range of £10,500 - £12,500 per 
annum depending on age a nd experience. 
Please quote reference number 172. 

GRADUATE CHEMIST 
O ur C he m istry Department has a new vacancy for a 
versatile orga.Ric c he misUo-wotk both in peptide and 
DNA synthesis. . 
The department has considerable experience in the 
automation of DNA synthesis and is cU!Tently working 
o n solid phase synthesis E>f novel polypeptides. 

The ideal candidate should !:\ave a good honours 
degree in chemistry and be an enthusiastic 
experimental scie ntist. . 
Please quote reference number 175. 

Diagnostics Division 
. SALES 

REPRESENTATIVES 
Celltec h's newly formed Diagnostics Division require 
Sales Representatives to promote their exciting new 
range of monoclonal antib ody based immunoassay 
systems to Hospital Laboratories. Selling experience 
would be an a dvantage but is not essential as a 
comprehensive in-house training c ourse will be 
provided. 
Knowledge of immunoassay proc edures and 
techniques is needed. 
Sales coverage of the following areas is require d :
Area I London, Home Counties and East Anglia 
Area 2 West of England, South Wales and West 

Midlands 
Area 3 The North of England and North Wales 
Area 4 The North East oI England and Scotland 

A competitive salary, commission scheme a nd 
c ompany car will be provided together with 20 days 
paid leave and a c ontributory Pension/Life 
Assurance Scheme. 
Please quote reference number 176. 

GRADUATE TECHNICIAN 
A biochemistry graduate or equivalent is required 
within our Diagnostics Division to join a team 
working on new assay syste m s. In the first instance 
the s ucc essful candidate would be required to work 
on a project to deve\op a novel enzyme 
immunoassay. Some practical knowledge and an 
appreciation of the theory of immunoassay would be 
an advantage but is not essentia l. 
Please quote reference number 174. 

To apply, please send a full C.V. to Jane Wali ey, 
Personnel Officer , quoting the appropriate 
reference number. 
Celltech Limited, 244- 250 Bath Road, Slough, 
Berkshire SLl 4DY. 
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Satellite 
Communications 
• Spacecraft Systems • Communications Systems 
• Antenna Design • Radar and Signal Processing 

• Electronic Circuit Design 
• RF and Microwave Equipments 

• Mechanical, Thermal and Dynamics Design 
Recently awarded contracts levels there are several 
have created a need for vacancies in each of the above 
immediate expansion of on-site work areas. 
iacilities and the design ·team. Qualifications required are 
Some senior appointments have • Degree/ HND/HNC in a relevant 
been tilled from within. but discipline. plus experience. 
there are still opportunities for Excellent salaries and compre-
Engineertng Managers and hensive range oi benefits are 
GrolJJ) Leaders lo head up offered. together with relocation 
additional teams now being assistance if required. 
formed. Please complete the coupon 
A! Senior Engineer/Engineer below. and send iflo: 

■ Jadl: Bumte, Marconi Space eslgn~~z:.c=::~~ 
Hants. Tel. Portsmouth 674019. 

(All posts are open to both 
I ■ male and iemale applicants). 

.--- ngm.e~ 
. I 1 

I 
I 
I 

Name 

Address----------------~--------

Age ___ Telephone (Home) _____ (Work) ______ _ 
Qualifications ______________________ _ 

I Area o f inlerest (p lease lick) 

Spacecraft Systems D RF and Microwave Equipments D I Communications Systems □ Radar/ Signal Processing D 
Antenna Design D Electronic Circuits (VHF/UHF)□ 

' Structures: Mechanical D Thermal□ Dynamics D Ref BL 73. f 

---------------------- Marconi ~ 
COMPUJ'A' - -

o.,c-,~ ........... -·-..... ai,aafti, 
....-v,ria11ea11 
wllidli-affl" ==~~~-==-=~~-:-c:::,~ ~=~t=:3~~== ~~---....,.wt-lrilM,torJ_ r.=:,mt a wrill.11& 1C1 O,ld' &mltitoe. Alin=nft 
~ "-od,,don Lael, Manton i.~. ledtwd 
MK417PP. 

THE NATIONAL HOSPITALS FOR -NERVOUS DISEASES 
Queen Square, London WC1 N 3BG 

BASIC GRADE MEDICAL .LABORATORY 
SCIENTIFIC OFFICER 
a temporary Basic Grade MLSO is required to undertake duties in the 
Department of routine Chemical Pathology, to cover maternity kl ave until 
the end of March 1984. A Junior ·e· MLSO with experience may be 
considered. 

~pa~~:,/a~t~~ :~v~" a~~~~"fe1tgf-'8~a;~ 1 ~°E'x~~J~ Personnel 
Closi~g dat~ for the return of completed ap~ications is 30 June, 1 ~83. 

MEDICAL RESE&BCB COUNCD, 
National Instltate for Mecllcal -Division of Molecular 
Pharmaoology 
POST-DOCI'ORAL 
BIOCHEMIST/ 
BIOPHYSICIST 
Applications are Invited trom post
doctoral biochemists or blophysi-~c= ,.:f .,1::,=.t:.,~~ 
actions for a post In the Division of 
Molecular Pbarmacology for three 
years to work, In the flnt Instance, 
on the binding of antlfolate drugs to 
dlb;y!lrofolate reductase. 
The prqject Involves studies of the 
drug-<meyme Interaction In atomic 
detail, with the ultimate alm of the 
rational design of new drugs. The 
principle techniques employed are 
NMR spectroocopy and computer 

~=~ :g~~f'e1lJ:er
thJ 

these would be highly desirable. 
Excellent faclllties are available for 
this work, Including 500 MHz and 
multlnuclear 200 MHz NMR 
spectrometers and a PDP ll-
colour graphics system. 
Salary according to age and experi
ence will be In the· range 
£7655--£93'10 plus £ll58 London 
allowance. 
Further Information can be 
obtalrJ!,d from Dr J . Feeney or Dr 
G. C. K. Roberts (01-959 3666). 
Applications, together with curricu
lum vitae, resea.rch experience and 
the names of two professional 
referees, should be sent to the 
Director, National Institute for 
Medical Research, The Ridgeway, 
MW Blll NW7 lAA before 22 July, 
1983, quoting ref: ¥Pl4. 

The <luffn'a Univenity of Belfast 

RESEARCH ON NllTRIENTS 
IN SHEU' SEAS 

Marine Biology 
Station 

Agnduot•--t~ by 

~PEJ:IC"W!~~ed.': 
dynemics ~ In the non!t-west 
Scotdsh lhell rwgion. The post la - "" 
ttne years and an ability to wort a, sea wil 
be necessary. The ruearch assistant may 
register fot a fltil degree. 
Selary range: (5550-£6375 pe,- ......,, _......,,_ 
Fw!twpan;a.jaramaybe-~omO,
G. ~ . a.-•, lk1iYorsrty of Belfast. 

~1~~.:..ionafeny, Co Down 

ApplM:atioM incWng. - - and the names and addresses of two referees 
ahcud be Nm to the Personnel Officlf, The 
a.-·, UnY■nity of -~ Belfm BT7 

:~=~~m,te:8~. 
PROGRAMMER 
Applications are Invited for the post 
of Programmer grade lB. The 
computing unit Is well equipped 
with DEC PDP-11 equipment and a 
varlefy of micro-computers. One of 
the PDP.. Us la used as a remote job 
entry terminal to the University of 
London network (Ahmdabl V8J and 
to a commercial bureau database. 
The work Is very varied and the 
appointed person will work mainly 
In FORTRAN, BASIC and a&Sem
bler In a small unit providing 
medical statistics and scientific 
support services . 
The salary (under review) Is In the 
range of £5~ plus London 
Weighting Allowance, according to 
age and experience. Applications 
please by letter with currtculum 
vitae to Dr a. B. King, Instttute of 
Obstetrics and Gynaecology, Queen 
Charlotte's Maternity Hospital, 
Goldhawk Road, London W6 0XG. 

You can't fail to notice. Theres some
thing radically different about the new 
RAF Airborne Early Warning Nimrod. 

Its bulbous profile betrays its 
purely functional nature. Very simpiY, 
the Mark 3 Nimrod AF,W is an incredibly 
effective flying radar station and will 
be Britains latest contribution to NATOs 
air defence network. 

A network of integrated ground/ 
air defence systems that can detect 
high or low flying potentially hostile air
craft and missiles, in sufficient time to 
take defensive measures. · 

On the alert 24 hours a daY, even in 
peacetime. Keeping us ahead, by a nose. 

Like its sub-hunting sistei; the new 
Mark 3 N'unrod AF,W will be jam-packed 
with electronic wizardry. For any elec
tronics engineer it'll be an Aladdin\; cave, 
filled with some of the most ingenious 
radar, advanced computer hardware 
and software you could hope to work 
with. Yet that's exactly what you could 
be doing after a 12-month, fully paid, 
post-graduate Aerosystems collrM; - · -
following your officer training. And the 
trainingyou11 receive could count 
towards your Chartered Engineering 
status. 

There are well over 2,000 Engineer 
Officers in the RAF. 

The opportunities open to them 
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are far ranging.There are jobs that will 
stretch your creative potential to its 
limit, others that will give you new in
sights into rapidly evolving technologies. 

In the Communications and Elec
tronics field, you might find yourself 
working on one of the most complex 
military data processing systems in 
Europe, another part of our developing 
Air Defence system. 

You might command one of our 
latest radar field units. A computer
driven mobile radar system which 
boasts solid state and 3D techniques 

· with phased array aerials. high-speed 
identification capabilities and a self
diagnosing fault tl'acer. 

You could be involved in the devel
opment and introduction of UNITER
our new integrated services digital 
communications networi<, which utilises 
sophisticated circuit and packet switch
ing systems. 

AltemativelY, you may prefer to 
teach the theoretical aspects of these 
and similar systems to RAF Personnel 
as an Education and Training Officer 
specialising in engineeringand aero sys
tems. If you are not trained as a teachei; 
wed gladly teach you the art of teaching. 

If your standards are as high as 
ours,you'll lind an engineering career in 
the RAF very rewarding. 

Because to us 
and to Britain, the RAF 

_ Engineer Officer has never 
· been more important. 

Whatnow? 
IdeailY, you should have a degree in 

electrical or electronic engineering, or 
be academically qualified for corporate 
membership of an appropriate engineer
ing institution. AlternativeiY, a degree 
in mathematics, physics or computer 

· science may be acceptable. 
Gratuity-earning Short Service 

Commissions, ranging from 3 to 6 years, 
or pensionable pennanentcommissions, 
are open t.o men and women. Upper age 
limit on entry is 39. 

If you're at, or planning to go to, 
university or polytechnic, consider our 
University c.adetship or Bursary 
Sponsorship schemes. 

For more information call in at any 
RAF Careers Information Office or write 
to Group Captain J. F. Boon, FBIM, RAF, 
at RAF Officer Careers (609 /EP4), 
London Road, Stanmore, Middlesex 
HA7 4PZ.Pleaseincludeyourdateof 
birth and your present and/ or intended 
qualifications. 
formal app&ation muat be made in the UK. E. 
~~~-.,--►~ 

RAF Officer 
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Pri~cipal Research 
Engineer 
To break new ground in telecommunications 
systems and software 

STl, the Research Centre for Standard Telephones and Cables pie, has an enviable 
reputation for the quality of its achievements in a number of high technology areas -

· VLSJ,.sub systems and electro-optics.to name but three. This world-leading expertise 
has given rise to considerable responsibility in the field of Defence 
Telecommunications and, due to a.rapidly expanding d~velopment programme, we 
are now looking for an exceptional man or woman to strengthen a vital project !,!nit 
concerned with the particular problems of embedded software and microprocessors 
for the systems under study. 

Our work covers every facet of integrated communication systems, but you will 
be particularly involved in the following areas: 
* Integrated and Distributed Networks 
* CircuitandPacketSwitchedAccess 
* High Integrity and Secure Data Links 
* Microprocessor applications 
* Software development tools (MASCOT/ADA) 

A relevant degree will need to be supported by at least 5 years' experience which 
should cover systems design in a defence environment. real time microprocessor 
based applications and CORAL or a similar high-level language. A knowledge of 
MASCOT would be a distinct advantage. 

This is a senior engineering appointment. and we are looking for someone with 
the potential to move towards a technical management role. 

An excellent initial salary will reflect both your experience and the importance of 
the work you'll be doing, and will be supported by a full range of benefits induding 
generous relocation assistance, where appropriate, to this delightfully unspoilt area of 
Essex. · 

Please phone Harlow 29531 Ext. 2371 for an application form, or 
write with full c.v. to: Maureen Brook., Standard Telecommunication 
Laboratories Limited, London Road, Harlow, Essex. CM17 9NA. 

The Research Centre of STC STL 
,;, 

1,,,.'-

You've worked hard for your Science degree. 
Now let it work for you! 

As a Medical or Technical Representative, you can earn unlimited bonuses in_ addition to a good 
basic salary and company car. 
If you are ambitious, aged 21-35, you can enter a career offering excellent prospects and a real 
challenge. 

Call us now for details of vacancies throughout the UK and our detailed, Informative booklet, 

' 

SclentlllcStaffConsultants ...... i-c,f14!1to.-.!P"' TV 

on 01-83~16471 or 01-405 0725. s,:ie,UdlS"' .,..! 

50 Lincoln'• Inn Flelde, London WC2 . _ "w ,1 - -

UNIVEBSITY OF SWAZILAND 
Appllcatlorui are Invited from suit
able quallfled candidates for the 
post of 
LECI'URER/SENIOR LEGI'URER 
In BOIL SCIENCE 
In the Crop Production Depart,
ment. The successful candidate will 
have a Master's degree In Soll 
science. Preference will be given to 
candidates who hold Ph.D degrees 
and have had teaching experience 
In the subject at University level. 
The successful candidate will be 
expected to teach lnteralla the 
following courses to undergraduate 
students: .. 
1. Soll Genesis 
2. Class!flcatlon and Survey 
3. Soll Fertility 
4. Crop nutrition and Fertilizer use 
5. Management o! Tropical and 
Bul>-Troplcal soils. 
He/She will also be expected to 
participate In the development o! 
the Department. 
8alary . Scale: Lecturer: 
E8460-El2060 Senlor Lecturer: 
El2060-El3620 (£1 Sterling -
El · 72425). Entry point on both 
scales based on quallfications and 
experience. 
Local candidates: Permanent and 
pensionable terms of service after 
successful completion of two years 
on probation. Expatriate candi
dates: Short term contracts o! two 
years; 25% gratuity for the first two 
years and 2'1i% In the second two 
years; 10% Inducement allowance; 
education allowance; accommoda
tion at reasonable rental; travelllng 
expenses for appointee and 
dependent children not over the age 
of 19 on appointment and normal 
termination; biennial leave. 
Detailed applications (3 copies) 
Including a curriculum vitae, copies 
of academic certificates; the names 
and addresses of three referees and 
details of present salary should be 
forwarded not later than June 30 
1983 to the Registrar University 
of Swaziland, P/Bag Kwalusenl, 
Swaziland. Applications resident In 
the UK should also send 1 copy to 
the Overseas Educational Appoint
ments Department, The British 
Council, 90/91 Tottenham Court 
Rood, London WlP ODT quoting 
reference U85/83: Further details 
available from either address. 

/Southampton 
( t) THE 
~~ l '!'l:IVERSITY 

DEPARTMENT OF BIOLOGY 

Applications are invited for the post of 
Lecturer in 1he Department of BKllogy. 
Candidates should be entomologists with 
postdoctoral experience and research 
interests In bk>chemistry. behaviour, 
physiology or ecology and preferably with 
an interest in chemistry. The person 
appointed will be responsi>fe for the 
organisation of an existing MSc cou-se in 
Insect Control and woutd be expected to 
make a substantial contribution to the 
teachng of the course as wea as 
maintaining an active research 
prog,amme. 

Salary scale: £7190 X £450 (15r 
£14125 per annum. 
The inltJal salary will depend ori 
quaMfication■ and experience. Further 
particulara may be obtained from 
0 . A. S . Copland, Staffing Clepartment. 
The Unlvenlty, Southompton S09 
SNH, 10 whom oppllcatlons (7 -
from UK applicants) should be Hnt not 
later than 30 June. quoting ret...-.ce 
No. 188/A{NS. 
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Medical Statistician 
International Clinical Research to c. £15,000 
Our dtent is the UK Research Centre of a well known international 
pharmaceutical company at the forefront of innO\l'ative reseacch-. It is 
located in a pleasant.semi-rural area of the Home Counties. 

e liait,:on wn:h company EDP departments. which wiU reQuire an 
initifl and subsequent yearly visits to the USA. 

The Clinical Research Department has on-line access to the com
pany's IBM 38/34. 3031 and 3033 computers. and uses the SAS 
pack¥ge as wetl as Statpak and Minitab on Tymshare. 

We seek an experienced Medical Statistician to head-up a new, 
specialised Statistical Unit within the 20-strong Clinical Research 
Department. which handles c linicartrials in the UK and continental 
Europe from human pharmacok,gy right through to post -marketing 
dinical assessments. 

For this pivotal appointment we seek a statistician qualified to at 
least degree level, who should have already gained experience 
appfying statistical procedures to dinical triaJ data and who has a 
good appreciation of computing and programming. The successful 
candidate will have the style to be accepted at the highest levels 
inside and outside the company. 

Key aspects of the job invofve: 

• Taking over responsOility for existing statistical work within the 
department. and establishing a high-calibre internal statistical 
service for the ptanning, design and interpretation of dinical trials. 

In addition to a higiv attractr.<e salart other benefits will include 
free life assurance. a ron-contrbutory pension scheme and assistance 
with rek>cation expenses. 

• Provision of a consultancy service to investigators. which will 
probabty invotve short monthly Eur~an trips. 

Please write in confidence for an application form. or phone if you 
would like to discuss the appointment further before applying: 

CZ!{tz!1~£K ~ 
James A Edwards-, Talentmark Limited, 
King House, 5 -11 Westbourne Grove, 
London W2 4UA. Tel : 01-229· 2266 

116-A~t 
ROYAL HOLLOWAY OOLLEGE 
((JNIVERSJTY OF LONDON) 
Blochemlstry Department 
LECI'IJRER IN PLANT 
MOLECULAR filOLOGY/ 
filOCHEMlSTRY 
Lecture6hlp In Plant Molecular 
Biology/Biochemistry Is available 
following the award of addltlnnal 
UOC funds In support of plant 
biotechnology. candidates should 
have an active research 1nterest In 
molecular aspects of plant systems 
with potential Industrial applica
tions and will complement an 
expanding College based group 
In Molecular Plant Sciences. 
8alary scale £83'16-£15 311 Includ
ing London allowance. 
CBndldates who have applied before 
may be recon,;ldered If they so wish. 

r.!~'":1 ~~~J_V= . 
Personnel Officer, Royal Holloway 
College, Egham Hill, Egham, Surrey 
TW20~ 
ROYAL lllAJISDEN HOSPITAL 
Fulham Rood, London SW3 
MLSO-DEPARTMENT OF 
SURGICAL PATHOLOGY 
8alary £6488-£8744 pa according to 
experience. 
Appllcatlons are Invited from suit- . 
ably quallfled Medical Laboratory 
Scientific Officers for this post In a 
busy, modern routine Histology 
Department, with special Interests 
In Immunocytochemlstry and pla.s- 1 • • 
tic eectlon work. . 
Whitley Council terms and condi
tions of service apply. 
For an application .fol"JD and job 
description please contact the 
Personnel Department, Tel 01-352 
8171 ext -/447. 
Closing date: 30 June 1983. 

--.. ~~~
Toxieologists 

Huntingdon Research Centre PLC is a contract 
research organisation working on the safety 
evaluation of pharmaceuticals, agricultural and 
general industrial chemicals. 

We are seeking botH experienced Toxicologists 
and recent graduates who wish to enter this 

· important field. You will join highly professional 
teams engaged in general toxicological research and 
should ideally be First Class honours graduates in 
Biology, Zoology, Physiologyor Biochemistry. 

Our work is sponsored by companies from 
many parts of the world and as well as the interest 
of working with a wide variety of test substances 
there is the added interest of meeting and 
communicating with people from other countries. 

We offer an attractive salary and excellent 
benefits with relocation assistance, if required. 
The Centre is located in pleasant countryside with 
excellent road and rail links to Cambridge, London 
and the Midlands. 

, . .. .Closing date for applications is 7th July 1983. 
Please apply in wrilfog, with a full c.v. lo Nancy 

Mccree, Personnel Officer, Division of Toxicology, 
Huntingdon Research Centre, (HRC) Huntingdon PE18 6ES 
teleph?ne 0480 890431, 
extension 3251. 

Huntingdon Research Centre ~------~---

THE UNIVERSITY OF 
MANCHESTER 
Department of Computer Science 
RESEARCH ASSISTANT 
Applications are Invited for the 
above SERO-funded post to wort on ~=~=i:~t= transferred from one Intelligent 
Knowledge Based Syatem to 
another. The wort. will involve 
constructing an Integrated Info~ 
matlon syatem containing Informa
tion retrieval, word processing, 
graphics and other fllnctlons. 
Applicants should have a good 
honours degree In computer 
Science or equivalent qualification, 
experience of UNIX and PASCAL, 
and knowledge of IKBS techniques 
would be an advantage. Post tenable 
for three years from July 1 or as 
""°n as possible thereafter. Salary 
range pa: £6375-£'1225 (under 
review) (Superannuation). Further 
details and appllcatlon forms 
returnable as ""°n as possible, are 
available from Dr F . N . Teskey, 
Department of Computer Science, 
The University, Manchester Ml3 
9PL. 

A vacancy has arisen for the post of 
HEAD OF REGISTRATION 
Applicants should have a degree In 
biological science and several year's 
experience lnterpretatlng the 
worldwide regulatory requirements 
covering pharmaceuticals, agro
chemicals and Industrial chemicals. 

~~:,',~wf...:o~t,!:'clu'lo~ 
of product licence appClons 
(human and veterinary), clinical 
trial requests, pesticide clearance 
submissions and notttlcatlons for 
new chemical substances. 
For an application form please write 
to Box No D'l36. • 
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Software and Scientific_ Engineers 
LONDON/SURREY £10 000-£18 000+benefits 
Our Client is a very successful Systems House, with a first class track 
record in Defence Systems. They require a number of additional people 
to fill their expanding project teams in the following areas: 

Operational Analysis * A Senior Consultant with experience in operational and systems 
studies in the Naval area. * A Consultant with more general experience in Defence Studies, 
Simulation or 0. R. * Fortran Programmers having worked in a government environment 
since leaving University. 

Navigation Sy!items . . * A senior appointment for candidates with Applied Mathematics 
background and experience of advanced filtering and tracking 
applications. 

Simulators * Senior Consultant with experience of Test Rig or Training Simulators. 

Real Time Software Design * Junior Team Leaders. Excellent opportunity to combine technical skills 
with responsibility for small teams and client liaison. Proven capability of 
Real Time Software Design on military projects is essential. 
CORAL/VAX is preferable. 

Hardware Engineers * Microprocessor Engineers with experience of building Micro Systems. * Signal Processing Analyst with two/three years experience. * Electronic Engineers with exposure to software. 

Successful candidates will enjoy a very professional environment where_ 
individual effort and contribution is rewarded by a progressive career 
development scheme. 

Please telephone O 1-399 9183 for further details, or write enclosing 
your CV. 

l\~IY!:_&i¥~tlJ?JDg 
FIELD STUDIFS COUNOL 

1EACHING 
POSI'S OPERATIONAL RESEARCH* SYSTEMS ENGINEERS 

MATHEMATICAL MODELLING Tuton in ECOLOOY required summer 
1983 at Dale Fort and Slaptoo Ley F'tdd 
Centres. Sin&)e, good degree, educational 
qualification desirable.. Research 
opportunities. Salary: £4200 1 177 x 177 -
£455-4 plus free board and lodging. Closina 
date ror applications Tb~y 30 June 
1983. Further details and application rorms 
from The Director, F"ldd Studies Couocil, 
Pracon Montfonl, Montford Bridge, 
Slu.,.slxuy SY4 IHW. 
Dalt Fon Fidd Cmtr~. Hamfordwrsl, 
Dxfed: special interest in MARINE 
BIOLOGY. Preference for candidate 
holding BSAC 11 class diving qualifteatioo 
(or equivalent). 

Slapton Ley Fidd Cmtr~. Xi,iisbrld,p; 
I>Pon..· prd'crence s;iw:n to thole with 
ZOOLOGICAL experience. though all will 
be considered. 

To formulate a total systems concept be k for SONAR, AVIONtCS, GUIDED WEAPONS, 
RADAR, COMMUNICATIONS, CONTROL or GUDANCE requires a first class anatytical 
approach with a know1edge of Mathematical Modeling, Reill rrne Programming, 
Assessment aNdies, operational research and en aptitude for 'seeing the wood for the 
trees' . 

Our Clients. leaders in their field require 'engineers' BSc to PhO at all levels from new 
graduates to Project Managers and with exciting projects. competitive salaries and tuft 
rek>cation packages. they cOIAd offer you the ca,eer move you .-e seeking. 
For further details and an app&cation fom, paease contact John Spencer at the address 
below or send a detaled CV. Full confidentiality HSI.Ked . 

Ir : ll- Skyquip Technical Services Ltd. 
If lrff BS High St,eet,Winchl'.'Uer. ~mpshire S02l 9Ar Tel Winchester (09621 6?478 

~ l24houn) 

Speu,11tst recruitment for AeH)Sp&e, Drfenc(' & Communicar1ons lndustrres 

UNIVERSITY OF THE 
~ INDI.ES-TBINIDAD 
Applications are Invited from suit,. 
ablr,, qua!Wed candidates !or the 
poot of 
PROFE:lSOROF 
AGRICULTURAL ECONOMICS 
In the· Department of Agricultural 
Economics and Farm Management. 
Applicants should have Interests In 
Quantitative Analysis and/or Agri
cultural Development. Interest In 
other areas ot Agricultural 
Economics will be an advantage. 
Duties will involve some coursework 
teaching and participation In the 

=wf~!'i,o~ 
assistants) and through supervising 
students, and to provide leadership 
In the discipline of Agricultural 
Economics. Salary Scale TT$91 788-
TI'$111 3'12 (£lsterllng=Tl'$3 · 8472). 
FSSU unturnlshed accommodation 
It available at 10% or furnished 
accommodation at 124% or housing 
allowance of 20% ol pensionable 
salary. Up to five (5) full economy · 
passages on appointment and on 
normal tennlnatlon. Study and 
Travel Grant. Detailed application 
giving qua!Wcatlons and experience 
and naming three (3) referees to 
secretary, u.w .I., st. Augustine, 

~~ ~.S.!'~~d~'!u~ 
copy to the Overseas Educational 
Appointments Department, The 
British Council. 90/91 Tott.enbam 
Court Road, London WlP 0DT 
quoting reference U92/83. Further 
details obtainable from either 
source. 

Field 
Officer 

The Gloucestershire Trust for Nature Conset-· 
v<1tion h;<ls I VK&l"IC)' for a Ftdd Officer- to assist 
the Conserv<1Uon Officer with the practial 
management of the Trust's fifty Nanre 
Reserves and in the proYision of advia: to 

~~~J;'J:J ~ be: Nau:;: 
C""""""'Y Ccundl, The ....,,, wil be 
(4500 pa. 
Candmtes shotAd have a good honours ci!frtt 
~-~"'•""'l<d,ubj,ct.-,,,. -="~~:~~-and conse,vation wart. A ful drimg ~ -~tk,ns must be made on the form wNch 

~~.,:..~,!ta ~ f~ 
c--tlon,QufdtHouoe,S
S--GLlOJEU. r;:.,~ - for .,.trio, Is Friday, 

UNIVERSITY OF WARWICK 
Electron Transport Theory In 
Structures with Variable 
Dlmensonallty · 
An BERC supported three year poot 
!or a theoretical physicist ls avail
able In the Department of Physics 
trom 1 October, 1983. The salary Is 
In the range £7630-£10 710 pa. 
The successful applicant will work 
with Professor P. N. Butcher to 
develop the theory of electron trans-

~rt :~c~~n'!':f:~v~tru= 
sionallty of the electron gas can be 
changed from three to two and from 
two to one. He will also participate 

. In other activities of the Theoretical 
Physics Group. 
Enquiries should be addressed to 
Professor P . N. Butcher, Depart.
ment of Physics, University of 
Warwick, Coventry, CV4 7AL, UK. 

MEDICAL PUBLISHING 
Editorial ability and knowledge of 
drugs (particularly CV's) are main 
requirements tor Interesting job. Tel 
01-387 3408 . 
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An Investigatory and Advisory 
Role in Pharmacy 
£12 505-£14 83Q 

~s:,s~t~i~the op~~~~t:~ ~~ani~!?~::art~-
based team providing advice, information and consultancy ~ ces 

~t;:~~~C:).J~t!~~i;r:~e~s~.~~~sg~~ment 
organisations (both at home and abroad) . This involves the 
assessment and approval of sterile medical and surgical products 
used in the NHS including the inspectt<>n of manufacturing facilities 
and quality control procedures. 
The suC:cessful candidate will be particularly concerned with 
pharmaceutical supplies and providing advice within DHSS and to 
other government departments. This will inv°'ve liaison with and 
visits to the pharmaceutical and allied industries and contact at 

u:::; ~; th~M':~~~:,nu~~~~~~;da~!~~~ 
:rcs!%°r!:; rr;g:;t~i~n and monitoring of applications and 

For more information about the work tel: Miss M. N. Duncan on 
01 -636 6811 ext 3104. 

~~~esa~u~ = ~v~ei~rs{°:x~~~~ q:~~:~1J of 
work. 

St.1:rting salary 8nduding £ I 2SO Inner London W eighting} 
between £12 5 5-£11830 depending on qualification and 
·experience. Promotion prospects. 

~ru1~~·1;t~.at~ ™a~~=~i:.~~:: 
Basin~•• Hanis RG2 I I ]8, or telephone Ba~ngstoke )0256) 
~~~~ ~=:t ~~ates out$Kie office hours. 
Department of Health and Social Security. 

CENTRAL PUBLIC HEAL TH LABORATORY COLINDALE 

. SENIOR MEDICAL LABORATORY 
SCIENTIFIC OFFICER 

(MICROBIOLOGY /IMMUNOLOGY) 

Required to assist the Director CPHL in a research project concerned with 
resistance to bacteriological infections. Some experience of cell or. cellular 
immunology techniques would be an- advantage. 

Further information can be obtained from Professor A. A. Glynn, Director, 
Central Public Health Laboratory, 175 Colindale Avenue, Loodon NW9 
SHT. Tel: 01-205 7041. 

National Health Service terms and conditions of service will apply. 

Salary scale £7197-£9507 plus £596 Londo~ Weighting. 

Application forms are available from the Personnel Officer, Central Public 
Health Laboratory, and should be returned to her by 30 June. 

THE CITY UNIVERSITY 
Department of Chemistry 

Research Assistantships 
High Enes-gy Density .Batteries 

Applications are invited for the following research assistantshif>S 
(a) Optimisation of bifunctional air electrodes 
(b) Mechanism of anodic dissolution pf Jightweight alloys 

The salary is within the range . £7496 to £8376 pa inclusive of London 
Allowance. Candidates should have a good honours degree in Chemistry, 
Chemical Engineering or Materials Science. The above posts are for one year 
in the first instance with the possibility of an extension up to a maximum of 
three years. 
Applications, together with the names of two referees, should be sent to 
Professor A. C. C. T seung, Department of Chemistry, The Gty University, 
Northamptoo Square, London EC I V OHS. 

B_iologist for 
Scientific 

Administration 
Swindon 

A Biologi5t is required to j oin the Marine Life 
Sciences Section at the Headquarters Science DM5io n of 
the Natural Environment Research Council, Swindon. 
Wilts. The Section provides specialist administrative 
support t o Council. its senior officers, and its committees 
responsible for the formulation and implementation o f 
policy for the marine life sciences. The duties are wide 
ranging 'and involve the planning and organisation o f 
meetings. liaison with NERC ln5titutes. univers itie5 and 
other organisations undertaking marine re5earch. and 
the provi5ion of scientific information and advice within 
Headquarter5. Jt is likely that the operation of Council"s 
procedures for support of university research ·and training 
in the aquatic life sciences area will be a particular 
responsibility of the person a ppointed. 

An interest in scientific administration and ability to 
communicate in writing are essential. 

Ouallficatlons: f\ rim or upper 5econd class 
honours degree in a biological science or a related subject. 
At least tv..o years relevant post graduate experience. 
ideally in aquatic sciences, is required for appointment at 
Higher Scientific Officer /HSO) and at least four years for 
appointment at Senior Scientific Officer /SSO ). 

Salary: HSO £7.149-£9.561; SSO £8,970-£11.476. 
Starting salary will depend o n age, qualifications and 
experience. 

The Staff of NERC are not cMI seNants. but their 
pay and conditions of service are similar to those o f the 
Civil Service. Staff are members of the NERC 
Superannuation Scheme. 

Further information about the post /and application 
form) is available from: Mrs P. Childs on Swindon /0793) 
40101 Ext 323. Completed fonns should be returned to 
Mrs Childs at the Natural Environment Research Council. 
Polaris House. North Star Avenue, Swindon. Wilts SN2 
1 EU. by 14 July 1983. 

Natural Environment 
Research Council 

HUDDERSFIEW POLYTECHNIC 

Oepartmen!._of Life Sciences Re-Adverlisement 

PRINCIPAL LECTURER (Ref ACA/4678} 
Salary £12 S19 - 13 938 (bar) £1S 744 

Applications are invited for the permanent post of Principal Lecturer in Human 
Ecology. The successful candidate is likely to J>OSSCM or demonstrate the 
following:-

1. wide experience of, and involvement in, human environmental issues 

2. substantial and currently active research interests in Human Ecology 

3. ability and pn:pared.DCM to make an imponant academic and 
adminjstrative contribution to the 8Sc (HONS) Human Ecology degree. 
and to take a leading role in its future development 

Further details and application forms are available from the Personnel Office, 
The Polytechnic, Queensgate, Huddersfield HDI JOH. Tel (0484) 2228\ 
Ext 2224 and should be returned by 30 June, 1983. 
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Warner Lambert is a major international 
pharmaceutical group at the forefront of 
research and development. From its South 
Hampshire base, the International Biometrics 
Unit administers and analyses clinical 
research programmes throughout the world . 
This team is still expanding and has now 
created the following four positions: 

1WO Clinical Data 
Managers/MonitOrS 

C.D.M.s are responsible for handling the 
data coming from phase m clinical studies 
conducted worldwide. They monitor, code 
and enter dat;l. on to the computer and work 
closely with Statisticians and Medical Writers 
in the preparation of final study reports. The 
minimum educational requirement for these 
positions is Science 'N levels, but a biological 
science degree is preferable. Previous 
experience within the industry, in clinical 
trials, regulatory affairs or medical 
representation is desirable for these 
vacancies. Appointments will be made at the 
Clinical Data Monitor or Manager level 
depending on experience and education. 

statistician 
The Statistician will be part of a small 

team analysing the clinical data prepared by 
the C.D.M.s. He or she will make extensive 
use of the Hewlett Packard 3000 computer 
and any application programs such as 
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B.M.D.P., which may be acquired or 
developed within the unit. A degree in 
Statistics, or membership of the Institute of 
Statisticians is essential and preference 
would be given to applicants able to offer 
relevant experience within the industry. 

Mediealwriter 
The Medical Writer will be one of a team 

of three Writers responsible for writing the 
final study reports of the clinical trials, using 
data supplied by the C.D.M.s and the 
Statisticians. They should possess a 
biological science degree and ·be able to 
offer experience in technical writing, ideally 
as a Medical Writer, Drug Information or 
Registrations Assistant within the pharma
ceutical industry. 

Salary for all these positions will be in 
the range £8,000 to £10,000 depending on 
education and experience. The Company will 
pay generous relocation expenses where 
appropriate. Other benefits include bonus, 
contributory pension scheme and flexible 
working hours. Please ring or write for an 
application form to Mrs. C. M. Cook, Senior 
Personnel Officer, Warner Lambert (U.K.) 
Limited, Mitchell House, Southampton Road, 
Eastleigh, Hants. Tel: Eastleigh (0703) 619791. 

Closing date for applications will be 
Friday, 8th July, 1983. 
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[] ~tPersonnel 
Recruitment Selection & Search 

WINDSOR GUILDFORD ST ~S 

BEXLEY HEALTH AUTHORITY 
QIIEEN MARY'S HOSPITAi-. 

SIDCUP, KENT. 
CHEMICAL PATHOLOGY 

Medical Laboratory 
Scientific Officer 

qua~fied in Clinical Chemistry 
required in the Chemical Pa1!1<>'ol!Y 
Department of this new Distnct 
General Hospital of 600 beds. 

This is a busy departmem with good 
opportunities for further study. 
A Junior studying for Higher TEC, or 
a graduate with an appropriate 
science degree would be consid
ered for this post. 
An On-CaH system is in operation. 

Whitley Council conditions of 
service plus London Weighting 
allowance. 

Application with names of two 
referees to Mr J . Newton. Senior 
Chief MLSO · from whom funher 
information may be obtained. 
01 -302 2678 ext 4098. 

UNIVERSITY COLLEGE LONDON 
Department or Phonetics 
& Linguistics 
RESEARCH ASSISTANT
HEARING RESEARCH 
Physicist requlred to work In the 
Cleld of electrocochlear stimulation 
In the totally dear. A new Clve year 
MRC-Cunded post (ste,rtlng July 
1983) In an established multi
dlsclpllnary group with collabo
rating members In London (Univer
sity College London and Guy's 
Hospital) and C&mbridge (Labora-

~7 ~~~~~~~chw'fli<>Kj,!; 
based In London. Work Involves 
speech signal processing, 
b locompatlble mater!als, practical 
prosthesis design and work with 
Individual patients. Preparation (or 
a higher degree Is possible. Salary 
£7190 +£1186 London Allowance. 
Applications (no Corm) should be 
sent to Professor A. J . Fourcln, 

. Department o( Phonetics & 
Linguistics, University College 
London, WolCson House, 4 Steph
enson Way, Lon don NWl 2HE. 

UNIVERSITY OF WARWICK• 
RESEARCH TECHNICIAN 
The Department of Biological 
Sciences has a vacancy for a tech
nician In the Development Biology 
Research Group. The work involves 
nucleic acid biochemistry and gene 
cloning techniques. Appllcatlons 
are Invited from graduates and 
others with appropriate quall
Clcat lons and experience In 
biochemistry and/or microbiology. 
The post Is (or a contract period 
extending to September 1984. Salary 
on the Technician Grade 3 scale: 
£5151-£6035 pa. Appllcatlon should 

, :: i::.e :~t:£~ = 
ence, quoting RA!! No: 45(r/83/F to 
the Personnel OCC!ce, University of 
Warwick, Coventry CV4 7AL by 
23rd June 1983. 

AUDIO-VISUAL TECHNICIAN 
(Grade 4) requlred tor main Teach
Ing and Conference building. 
Experience In the operation repair 
and maintenance of audio visual 
equipment. Some electronic know
ledge desirable. Some paid work 
available out of normal hours. 

=tl::n "fo',;,. £58~£:~l:f".; 
from Personnel Office, University of 
Reading, Whlteknlghts, Reading 
R06 2AH. Telephone (0'134) 875123 
ext 448. Please quote RA!! T08A. 
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Our new laboratory facility in Ware is one year old and we are looking for 
additional staff to complement the existing team. We require Senior Food 
Chemists and Microbiolog~ts educated to HNC/Degree level in Chemistry or 
Microbiology, preferably with supervisory experience. 

The laboratory monilors the quality of our 'own label' products particularly 
·dry groceries, wines and spirits, health and beauty aids, paper goods and fresh 

F d Ch • · / foods, providing a technical service and product 
development work. 00 em IS t S The FOOD CHEMISTS must have experience in either 

· food or household products, together with a knowledge of 

M·1c rob·10I01d·1sts ~:i\an:'ysis and instrumental techniques such as G.L.C. 

0 The MICROBIOWGIST must have experience in food 
microbiology in order to carry out our stringent quality control checks on all 

Ware Herts fresh food products. 
, Tesco benefits include negotiable salaries, a sophisticated working 

environment, staff discounl scheme (effective after 12 months service) and a 
contributory pension scheme. 

To provide yourself with a good career and pleasant working conditions, 
please apply for an application form to Mrs L. Lee, Personnel Department, 
Tesco Stores Ltd., Tesco House, Delamare Road, Cheshunt, Herts ENS 9SL. 
Tel: Waltham Cross 32222, ext 3154. • 

(/. cnu@:rw&~~ ~ 

"'=======================:::::::; 9TESC.O 
~ TOMORROWS OPPORTUNITY ~ 

THE UNIVERSITY COLLEGE 
OF WALES 

ABERYSTWYTH 

POST-DOCTORAL 
RESEARCH 

ASSISTANT 
Department of A1rkutture 

Appliations are invit~ for an agronomist to 
work in c:ollabcntion with plant physiok>gists 
on the chan~ in plant growth substances in 
potatoes in rdatioii to physiologial ageing and 
the effects of such c:han~ on subsequent field 

m~~n:t~f!=ar!?an 
undidates shaad possess a good Honours deEi£in Agriculture ora relevant Agricultural 
or · ·:afScie:nc:e: together with appropriate 
postgA te: e:xperienc::e. SaJary on the I A 
Range for Research and Ana.Jogous Staff (7 190 
to £11 615 per amum. 
Appiation fonns and further particulars can 

~K:~~u=~~~;w~~ 
~1-,°J~f,tfx; ~ sm 2AX 

Closing date for applic:a.tioos: Friday, I July 
1983. 

UNIVERSJTY OF ABERDEEN 
Department of Bio-Medical P hysics 
and Bio-E ngineering 
RESEARCH ASSISTANT 
Applications are Invited from Phys
icists.for the above Cancer Research 
Funded post to work on ultrasound 
hyperthermla of tis.sues. Experien ce 
with µ-computers would be particu
larly helpful. Appoint men t ten a ble 
until October 1984 In t he first 
Instan ce. Further details from Dr D. 
J. Watmough. Tel (0224) 681818 ext 
3207. 
Salary up to £9875 pa on t he IA 
SCale for Research and Analogous 
Stat!. 
Application forms from The Secre
tary, The Universit y, Aberdeen , 
with whom appllcatlons (2 copies) 
should be lodged by 15 J uly, 1983. 

NATURE CONSERVANCY COUNCIL 

RESEARCH ON 
SEABIRDS AT SEA 

! !:e~:~fdf~tb:St!v~~ ~a; ~~ ~j~~~::;~ ~f ~::ra~~ ~~s~~1:e=~ 
will be concentrated in the oil product ion and exploration areas around 
Britain"s coasts. The results will support responses to o ffshore pollution 
contingency p&anning. 

Applications are invited from omit~ogists/ marine biologists/oceanographers 

!~ c!.~~id~~t : t~ ~:r~= ~tsf~~ :~e~rJe:~~j~~e~~n~~ ~!s i ov~;~ 
Experience in data handling is essential for at least one o f the posts. One 
post will be designated team leader and grad~ HSO/ SSO (Post 1 ); the other 
post will be ~graded SO/HSO (Post 2). 

The posts are based in Aberdeen. Candidates will be recp.Jired to w ork 
offshore from boats or oil exploitation structures and carry out aerial surveys 
from light aircraft . The posts will entail a lot of travel and time away from 
Aberdeen. A current driving liceJ'.ICe is essential. 

Candidates for appointment as a Scient ific Off1eer should have an honours 

~;:~. o; ~~~~t ~f ~~eleyv:a~\ ~~~~~t s~~~~·ra~~t~:e~~~~ti~ 
additionally required and for Senior Scientific Officer, a minimum of four years 
relevant post•graduate experience is needed. 

, ,-4,J,.# f . . 

Salary scales: SO: £5682·£7765 
HSO, £7 149-£9561 
sso, £89 70-£11 476 

Salary is dependent on age and qualifications. 

leave allowance: SO: . 4 w eeks and 2 days 
HSO: 4 weeks and 2 days 
SSO: 5 weeks. 

Application forms and further details for POST 1 are available from Mr L 
K. Keely and for POST 2 from Miss J . A. Condie. Persomel 1, Nature 
Conservancy Council, Godwin House, George Street. Huntingdon, Cambs 
P£ 18 6BU. (Telephone 0480 5619 1). · 

Closing date for receipt of com~eted application forms is 8 July, 1983. 

UNIVERSITY OF EDINBURGH 
Department of Physics 

RESEARCH ASSOCIATE 
IN X-RAY DIFFRACTION 

App(ications are invited for the post of 
research associate to take part in a 
programme of X--ray diffraction expe.;. 
ments associated with the study of 
structural phase transitions. This project 
will include the development of high-
pressure crystaRography, some work on 
IOCOITIOl8flsurate crystal structures, and 
involvement in some parallel neutron-
diffraction experiments. 
The appointment, for one year in the first 
instance, convnences October 1983 at a 
salary according to age and experience, 
on scale 1 A. Superannuation under USS. 
Appflcants shoukt have. or be about to 
obtain, a PhD. 
Applications with the names of two 

f::l:::ts ~~ ~;';;,encfat~f t~'t~~t} 
Neknes, Department of Physics, Univer· 
sity of Edinburgh, Mayfiekt Road, 
Edinb.Kgh EH9 3JZ. to arrive as soon as 
possible. Further details on request. 
~ ase quota Reference No. 5095. 

ROYAL FREE HOSPITAL 
SCHOOL OF MEDIClNE 
(University o( London) 
Departmen t of Haematology 
R ESEARCH TECHNICIAN 
Biochemistry graduate required 
Immediately for t h ree years to Join a 
small group of cellular biologists to 
work on a Wellcome Trust funded 
project studying biochemical 
aspects or haemopietlc progenitor 
cell differen tiation. Experience in 
nucleic acid enzymology would be 
an advantage. 
Sala ry on Whitley council Scale. 
Further details and a pplication 
forms a.re ava.ilable from the School 
OCflce R. F . H . S. M., Rowland Hill 
Street, London NW3 2PF or tele-

~~~ne 101.;;r;:rWa3x tr:.e c~Jb~ 
reference H/1'. 
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(search in Domestic and 
Commercial gas utilisation 
Watson House Research Station-London SWl 
Group Leader 
[Combustion Related Studies] up to £16,433 
To be responsible for planning and directing the work of a multi-disciplinory team of 
scientists and engineers working on combustion related studies - applied studies of 
flueing, for example, the envirorvnental aspect of combustion and gas 
interchangeability. 
Duties require o proven record in R&D Manogernent, together with specialised 
knowledge of one or more of the team's octivities and the communications ability to 
promote the.work within the gas industry and among manufacturers. 
Applicants should have at least a good honours degree in a relevant discipline, and 
will preferably be of Chartered Engineer status. Ref. WH/ 323/NS. 

Engineers 
[Gas utilisation in new houses] up to £12,739 
Two vacancies in multi-disciplinoryteam working on novel gas appliances for 
providing a heating and hot water service to new highly-insulated housing, and on 
novel methods of supplying gas to, and venting products from, such houses. 

The work on appliance design involves studies of heat transfer, control systems and 
combustion performance and valve engineering, wht1st that on installation/ flueing 
involves the development of radical alternotives to existing types of meter 
installation, gas pipework, appliance connection and flueing systems. 
Applicants for either of these posts should combine creative ability, a practical 
outlook, and will have an honours degree in mechanical engineering or a related 
subject. Salary will be between £7,084-£12)79 pnduding Inner London Weightingi 
Ref. WH/319/NS. 
Please write with career details and quoting appropriate reference 
number, to Personnel Officer [Fulham]; British Gas, Watson House, 
Peterborough Road, London SW6 3HN or phone Mrs White on 
01-7361212 Ext. 3358. 
All positions are open to both men and women and benefits are those 
normally associated with a large ·progressive organisation 

QIICIIOJll!l'RW,IIIIWICBUllll'lll 
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BRITISH 
Graduated in Life Sci£nces 

in June 1983? 
Talk to the professionals about 

a career as a Medical Representative 
Ir you wanl a career in 

industry , and have thought of be
coming a Medical Reprcsmlative it 
will pay you to obtain effmive career 
advice from lhe professionals. We 
have contacts with all the leading 
Pharmaceutical Companies, and 
vacancies throughout the U.K. 

For a local interview (no rec 
payable) and the possibility of a 
career pooition ring: 

0256 55955 
(out of hours answering service) 
Sutcliffe Sclcction, 
46/48 Essex Road, Basingstoke, 
RG2I ITB. 

Sutcliffe Selection 

"" 

... 

UNIVERSITY OF 
THE WEIT INDIES-TRINIDAD 
Applications a.re Invited from suit
ably qualified candidates ror the 
following posts In the Depart
ment of Mathematics. UWI, St 
Augustine, Trlnldad,WI. 
1. PROFEESOR OF STATISTICS 
The appointee will be required to 
teach at undergraduate and post
graduate levels to students In the 
Faculties of Natural Sciences and 
Arts & General Studies. He/She will 
also be expected to teach at the 
undergraduate level In the Faculty 
of Engineering, and to contribute to 
the development or Statistics In the 
Department. A candidate with a 
feeling for Applied Statistics would 
be an asset to the Department. 
2. PROFEESOR OF 
COMPUTER SCIENCE 
The appointee would be, In addition 
to . the teaching and research 
commitments or the post, be 
expec~ to contribute to the devel
opment or a Department of 
Computer Science. Salary Scale 
TI'$91 788-TI'$lll 372 (£1 sterling= 
TI'$3 · 8472). 
FSSU unfurnished accommodation 
if available at 1091, or furnished 
accommodation at I~% or housing 
allowance at 2091, of pensionable 
salary. Up to five (5) full economy 
passages on appointment and on 
normal tennlnatlon. Study and 
Travel Grant. Detalled applications 
giving qualifications and experience 
and naming three (3) referees to the 
secretary, UWI, St Augustine, 
Trinidad, WI. Applicants 11!Sldent In 
the UK should also send one copy 
to the overseas Eductlonal 
Appointments Department, The 
British Councll, 90/ 91 Tottenham 
Court Road, London WlP 0IYr 
quoting reference UlOl/83. Further 
details obtainable from either 
source. 

UNIVERSITY OF BRISTOL 
Department of Aeronautical 

Engineering 

RESEARCH ASSISTANT

HIGH LIFT AERODYNAMICS 
The Department wishes to recruit • 

auitabfy quaified graduate to undertake 
research into the aerodynamics of wings 
with slotted flaps. The wort, wtw::h Is part 
of • national programme of high ift wing 
re ... ch, wil be h.nded by the SERC with 

- ""1cing and participadon by 
8ritloh Aerospace and 1ho bock;,,g cf 1ho 
Royal Ai-croft Es.-. The 
_,ooc1, d be largely experimernal. 
lirhed primariy •t ~ • detailed 
undennancing of 1ho flow i-1 1ho region of 
1ho outboord end of 1ho flap . The main 
tests wil be conGJCted in the large British 
Aerospace wind toonel at Bristol, using ., 
existing major• RAE high ift research 
model. These tesu: wli be augmented by 
wont in the University's own wind 
tunnels. 

Appicanta ahoukt hive a good honourl 
degr'ee in Aeronautical Engineering or the 
equivalent. preferably combnd wi1h 
relevant inckJstrial experience. The 
appointment wil be of th-ee y..-.· 
duratioo; the starting salary wil depend 
on age, qualifications and experience with 
• minlmt.m of £6310 per annum. 

The successful candidate would be 
expected to register for • higher degree. 

Applications. gimg the names of two 
referees, should be sent to Professor L F. 
Crabtree, Queen's Building. UniYerlity 
Welk, Bristol BS8 1TR. 
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REGISTRATION MANAGER 
-. . ethical pharmaceuticals £12,000 + car 

Napp Laboratories is one of the UK's fastest growing 
phannaceutical companies and has an international reputation 
based both on technological innovation and sales and marketing 
expertise. Now with the continuing development of new products 
in wo rldwide markets and the promotion of the present holder of 
this position to an international role, we wish to appoint a 
Registration Manager at our new, purpose built, architecturally 
adv;,nced headquarters at Cambridge. 

greater responsibility in this vital function . 
Salary will be c.£12,000 per annum plus an attractive range of 

benefits including co_ntributory pension, free life assurance, BUPA, 
PHI. a choice of q uality car and 20 days holiday. Future career 
prospects within this fast growing company are excellent. 

Write or telephone for an application form to Michael Healey, 
Personnel Manager, Napp Laboratories Limited, 

1 ,is important appointment carries responsibility for the 
preparation and maintenance of Product Licence and Clinical Trial 
Approvals for the UK and Eire; the preparation of export 
registra tion data packages- and the maintenance of registrations in 
export territo ries. The job holder will be assisted by the Registration 
Officer and have the support of a Technical Services Pharmacist. 

Cambridge Science Park, Milton Road, 
Cambridge CB4 48H. 
Telephone: Cambridge 314876. 

I
·~~ 
,, 

The position calls for a man or woman. aged under 35. with a 
degree in a biological or life science (or pharmacy) coupled with at . 
least two years experience of the UK, Irish and export registration 
of human phannaceutical produ~ and preferably a minimum of 
five years in the pharmaceutical industry. 

Particularly important are a confident. outgoing personality, 
well developed communication skills and an ability to maintain 
standards under pres.sure. Membership of the BIRA would be 
desirable including successful completion of the Association's 
introductory course on UK and Irish Registration . Experience of 
direct communication with the DHSS and NDAB would be 
desirable. as would a knowledge of the UK Review of Medicines 

·. llJ';'"""7_ 

i~- ,,_:~- . ~-;,-
; ,: · 6,1& =t~~-~~ -
·' NAPP . - . 

LABORATORIES 
Programme. . · The Science Park, Cambridge CB4 48H . 

S MtmbrrofNapp Pharmarr)ltiral Group 
This appointment offers a unique opportunity for a young 

Registration professional to gain valuable experience and assume 

MEDICAL RESEARCH ·COUNOL 

MAMMALIAN DEVELOPMENT UNIT 

RESEARCH. 
TECHNICIAN 

required for project involving 
microinjection or DNA into mouse eggs and 
tcratocarcinoma cells. Prnious work 
experience embryo culture, cell culture, 
recombinant DNA tecbnolo&Y or mien> 
manipulation would be advantageous. 

Salary according to age and experience. 

Applications. includi11g C V and names and 
addras~s of two r~/n tts, should ~ seru 
to th~ SC!ctttary, MRC Mammalian 
Dtnk>pment Unit, Wolfson Hoa.se, " 
Stcpheuon Way, London NWI lHF., to 
arrl•e not later than JO June, 1983. 

UNIV6RSITY OF LONDON 

INSTITUTE OF 
OBSTETRICS & GYNAECOLOGY 

SCIENTIST 
required, initi1Hy fM two ye1rs, to join the in vitro 
fcrtiliHtion tei.m at H1mmersmlth Hospital. A 
bKkground in embryology, wninology ~ or 
biochemistry with some experience in eel C\lltUt"e 
techniques WII be essential: trlining in h&ndling of 
hunWl g&metes win be •vail.lbk!:. Preference will 
be gN'ef'ltc 1personin~lltetwienties. who is 
ttithusautk ll'ld 1bk!: to intttact well with 
cofle.gun. The successful candidate who will be 
gfYffl some inde~t 1ctMty, will work under 
the direcbOr'I o f Dr S. G. Hillier who INds the 
scientific tl!1m. The wort 11 uduous but l!iwting 
and there wiM be pou,bdities of ori&m,,I march. 
Smry wil be ne&otMblc I t around£ JOCXX) pl ind 
OYl!rtiml! p17ml!I\U fflly be IVI~ in view or 
won: durin& unsoci1ble hours. A candidlte of 
suitl.blc backJround wiM be given ACademic sutus. 
Apply ~1tel7, With curf"IC\Jlum vitAe V'ld 
N mes of lwo referees_ to Dr R. H . L. Winston, 
Hvnrnenmith Hmpiul, London W 12 OHS. 

Creative 
Micro-Programmer

Medical Advertising 

Major international medical communications and 
advertising agency requires highly competent basic 
programmer with a flair for screen and graphic design. 
Ability to work in a team environment is essential. 

Lavey/Wolff/Swift is the leading medical agency 
in Europe in 'the use of micro-computer and video 
disc applications in medical communication and 
promotion, and the · position is a major career 
opportunity. 

Salary will be compettuve. Applications are· invited 
from programmers with appropriate experience 

•·-'-1-Rciuding recent graduates with appropriate project 
experience. 

Write in first instance to 
' fR Fullarton BSc PhD 

Lavey/Wolll/Switt 

31 St Petersburgh Place London W2 4LA 

UNIVERSITY OF ST ANDREWS 

Department of Psychology 

A TECHNICAL 
ASSISTANT 

is requred to work for 12 months on an MRC 
resurch proiect on puttption in man and 
monkey. Duties ... Include ...... - ,nd 
~ """""'&-~ ,hould 
N!Ye • minim.Im oJ thrtt years ~ Ind 
ONC/O'f ond Guild, or ...........,, qwfation. 
Ex.perienct: in e&ectronic:s would be an advantage. 

~ ~if~(~~ 
Furthe:r dl!tlils art 1vuable from Or 0 . l Perrttt, 
D,p,rtmont o( f>,yd,olov, u.w.ntty of St -Appfiatlons. ...,, hM <Urritubn - ond the 
Nmesoftworderees. shoo6d besenttothe 

~:!ws.~KYtr9~~~ 

EASTMAWNG 
RESEARCH STATION 

HEAD OF 
PLANT PHYSIOLOGY 

DEPARTMENT 
£15605to£19317 

A Plant PhysiologistJBiochemist. with 
extensive experience of the practice and 
management of re'evant research is 
required to lead research on the physi-

~~~ :,net =!ed~°J!!:S~~ 
biochemical physiology woukt be an 
advantage. 

~':
1t~Tfs~1

~~~ 
Non--contributory superannuation . 
Further particulars and appl"1C11tion form 

~=~ ~~~~\·11.~:.~ 
stone, Kent ME 19 68.J by 30 June, 1'sef. 
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Senior 
Toxicologist 

In the competitive field of ethical phannaceuticals, the name Smith 
Kline & French is synonymous with intensive research and 
dellelopment Our Toxicology and Pathology department plays an 
important part in each drug de\lelopment programme, testing 
potential compounds to determine their safety and preparing high 
quality reports for submission to 11\e appropriate regulatory 
authorities. 

Due to internal de\lelopment, we now have.a vacancy for a Senior 
Toxicologist to·act as study director for toxicology studies. As well as 
his/her own studies the appdinted person will supervise graduate 
study supervisors running their own studies. 

The right man or woman will be qualified in Veterinary Medicine or 
be a PhD Physiologist or Pharmacologist A Dip Tax or MAC Path in 
Toxicology will be ah advantage. 

Experience as a study director designing, running and reporting 
toxicology studies to standards required by Regulatory Authorities is 
desirable but not essential. You will need experience in organising 
and motivating scientific personnel. You should also be able to 
provide expertise in at least one key area of toxicology and have a 
proven record of contribution to the science of toxicology. 

You can expect an attractive salary and full range of generous 
be11efits including free BUPA, bonus plan, contributory pension 
scheme, free life assurance and flexible working arrangements. 

Please write for an application form or send a detailed c.1,: 
outlining qualifications and experience to the Personnel Office~ 
quoting reference number 933/B. 

Sl~&F 
SMITH KLINE 6FRENCH RESEARCH LIMITED 
The Frythe, Welwyn, Herts AL6 9AR. 

Assistant Librarian 
Redland Tuchnology Limited is the Central 
Research. and Development Division of 
Redland PLC, a multi-national Group, 
manufacturing building and construction 
materials in over 30 countries throughoul 
the world, with a long record of technical 
innovation . 

A vacancy exists for a qualified Assistant 
LibrariaA to work in the Company's small 
Library and Information Section. Duties 
will include the usual library routines such 
as journal circulation, loans, filing and 
photocopying. together with an opportunity 
to develop information skills such as 
abstracting from both commercial and 
technical journals and dealing with enquir
ies. A technical background in materials 
stjence, chemistry or physics and/ or 
experience in the construction industry 
would be an advantage. 

Salary subject to age and qualifications, 
will be within C5,000-C6,350 range, re
location expenses are negotiable. 

This post carries the benefits you would 
expect to be found in a major industrial 
group, including 25 days annual holiday. 
contributory pension scheme, generous 
sick pay scheme, and good prospects for 
'promotion both with in the company and 
the group. Redland Technology is situated 
in the country on the outskirts of Horsham. 
There is company transport to and from 
Horsham town. 

Please· telephone for an application form 
and further details of this vacancy, or write 
to Mr. R.A.G. Poulton, Personnel Manager, 
quoting vacancy Ref. 14/83 at Redland 
Technology Limited, Graylands, Horsham, 
Sussex. (Horsham 50222). 

Redland 
TECHNOLOG 

UNIVERSITY OF ST ANDREWS 
Department of Anatomy & 

Experimental Patholo11 

POSTDOCTORAL 
RESEARCH ASSISTANT 

Applications -are i'wited for the position of 
po,tdoct«,111,,anl,-toar,yout 
wori<onthe.......,....,.ol~ 
....... and the ~ ol bone ""' 
bonr rnam,w. Applants should have ._ ......... -..,__""' 
exp,rienceo/hot<>logialmothod,,nd 

- miao,copy - be odvant,geou,. 
The lpf)Ointmont b funded by the Wekome 
Trvst for th(tt )'Hl'1 Startinz alary 0190 per 
annum plu, USS. 
lnfOfflW enquiries can be m.tde to Dr E. G. 
Wrlgt,C In the Depanment of ANtomy ,od 
E,q,,nmmt,I P,thology (St An<hw, 7616 1 
Ext 7110). 
Aj>piation, (2 cop;.., p,,f=~r" type,cript) 
with curricu6um vitae and names and addresses 
of 2 referttS shoutd be sent to the Establish· 
mtnts Officer, The University, Colege Gate, St 
-, FIi• by JO Ju,.. 1983. 

UNIVERSITY OF WAR WICK 
Compton Scattering Studies of 
Electron Density In Metals and 
Alloys 
POSTDOCTORAL RESEARCH 
ASSISTANTSHIP 
An SERO-supported three year poot 
for an experimental physicist Is 
a valla!)le In the Departmen t of 
P hysics, commencing 1 October, 
1983, at an Initial sala.ry £7630 pa on 
the Research Range IA scale. 
The successful applicant, working 
under the direction of Dr M . J. 
Cooper, will be principally Involved 
In Compton scattering studies of 
transition metals and alloys carried 
out on the 196Au Compton spec
trometer Installed a t the R uther
ford Appleton Laboratory. He may 
also partlclpat.e In other studies 
with the Compton spectrometers In 
the Department. 
Enquiries should be addressed to Dr 
M. J . Cooper, Departm ent of P hys
ics, University of Warwick, 
Coventry CV4 7AL, UK. 

DlllIDOD!W 
Univetsity of. Wales 

PHARMACY 
RESEARCH 
ASSOCIATE 

wittwi the area of · novel wound 
management products. 

Salary: witlw1 Range 1 A Resea<eh and 
Analogous Staff 
£7 190-£8975 per annum. 

Requests (quoting Ref.A .45) for details 
and appltcation form to StafflrlQ Office, 
UWIST, PO Box 68, Cardiff Cf l JXA. 
Closing date: 15 July, 1983. 

UNIVERSITY COLLEGE WNDON 
Department of Chemistry 
POSTDOCTORAL POSITION IN 
ORGANOME:I'ALLIC 
CHEMISTRY 
Applications are Invited for an 
SERC pootdoctoral assistantship to 
study the chemistry of simple oxy
organlc ligands In dlnuclear and 
trinuclear transitlon metal com
pounds. The appointment will be 
from 1 October, 1983 for one year 
with possible renewal for a second 
with Initial salary In the range 
£637&-£7225 plus £1158 London 
Allowance (PORA IA pts 1-3). 
Appllcations with cv and names of 
two referees should be sent to Dr A. 
J . Deeming, Dept of Chemistry, 
University Coll!'&<! London, 20 
Gordon Street, WCIH OAJ 

POLYMER RESEARCH 
Rubber In Enclneerinc 
A vacancy exists for an 
ENGINEER/PHYSICIST 
to work on the properties of rubber 
related to engineering a pplications. 
A good H onours degree Is essential 
with a PhD or equivalent research 
experience. Some experience In the 
rubber Ind ustry may be an 
advantage. 
Topics currently under Investiga-
tion Include: · 
- flnlt.e element analysis 
- fatigue and fracture mechanics 

or rubber 
- gen eral engineering design with 

rubber . 
- durability 
The successfu l candldat.e would be 
expected to work in one of the above 
or a related field; a nd also to 
con trlbut.e to a n advisory service for 
Industry. 
The position Is at senior 
scientist/higher scientist level. 
5a1ary· scales are based on those of 
the Scientific Civil Service. 
Applications. with CV and naming 
two referees should be addressed to: 
The Director (ref AS), The Malay
sian R u bber Producers' Research 
Association, Brlckendonbury, Hert-
ford SG13 8NL. 

THE UNIVERSITY OF 
SHEFFIELD 

LECTURESHIP IN THE 
. DEPARTMENT OF 
OBSTETRICS AND 
GYNAECOLOGY 

(Non-Clinfcal) 

:rfdli~ci~~~ a/~r i~~e~bf~~~ ~~ 
tenable from a date to be arranged. 
Applicant's should have experience 
in reproductive endocrinology with 
special experience in the human and 
~evious clinical involvement would 

ran a~ :i;\"J~{f 1 '~tt;~~;,,: ~s!~; 
to ~13 505 a year (under review) . 
Expected age of candidates up to 
about 35 years but older candidates 
not precluded. Paniculars from the 
Registrar and Secretary (Staffing), 
the University, Sheffield S10 2TN to 
whom applications {5 copies). 
inck.Jding the names and addresses 
of three referees. should be sent by 
4 July, 1983. Quote Ref: R854/H. 

LUDWIG INSTITUTE FOR 
CANCER RESEARCH 
(LONDON B RANCH) 
Haddow Laboratories, Clifton 
Avenue, Sutton, Surrey SM2 SPX. 
ANIMAL TECHNICIAN 
required to work In t he Animal 
Unit. Applicants should possess the 
AIAT or equivalent qualification . 
The successful candldat.e will be 
required to assist with the general 
running of the Unit and also to 
work In coQJunctlon with t he 
Cllntcar Research Grou p currently 
aiming to Improve treatment or 
hormone sensitive human breast 
cancer using a rat mcxlel developed 
at this In.stltut.e. A current Home 
Office Licence Is essential and a 
pharmacological background an 
advantage. 
Salary on MRC Technician Scale 
£5491-£7747 pa + £596 pa LW 
according to age and experience. 
Applications with details of career 
and two referees should be sent to 
the Administrator at .the above 
address. Closing dat.e for applica
tions 8 July, 1983. 
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Radiobiology Unit 

MRCRADIOBIOLOGY UNIT 

TECHNICIAN/ JUNIOR 
TECHNICIAN 

~!!;~f=.i~.:1t ~~u:t!t~~~re:=-~= 
chcmica1s OD cd1t and chromosomes. 

Duties will involve the establishment and maintenance of a varietyofcclls il cuJtureaod 
tbe apPlic:ation of modem cytoloeic:al ICChniques for rouliae ICrUlling and for 
expenmenL 

Minim~m qualifications for a Junior Technician ate 4 'O' kvtls which lllould include 
maths and at leut one science subject. for a Technician. the 9ualificati0111 required are 
HNC or a dept,c in biological tcicnoes or genetics. Some pRCtica1 experience in C)'tok>sY 
would be an advutqe.. . · 

~~1 't.-9': ~er j~jat 0019-i.111 fOI' a Junior Tccb.nician 

RESEARCH OFFICE~ 
Wewillabortlyhavea vacancy ba Raearcb Officer in a sroup inve;sti&:alil!ltbe~tic 

=-~=~~~ in ~t~~-~~~~.:,-:it!,iolc!fy: 
to cover a period.of malerni~ leave_~ there is the posaal,ility that it may bcDome 
pmMDCDl later, The work II varied and iacfudes animal seoctics. ~ tiuue 

::=~wilJtbebe~tedca:fJ!ri~:!~==,:~~tc!Tr -~~ o/or~ .;:!:X:Ref~~ £6204-£1126 ror a Rearcb Officer 

Tbe Unit is situated i.D pleasant rural sunouodiqa; OD I.be edp of the Berbhire Downs 
and yet iJ convenient for Didcot and Chford. AKisted bomc-tc:>-wort. transport is 
available to most kx:al an:u. 'There are restlurut aod rcaational facilitia on Ille and 
hostel aa::ommodatioo ll availabk for siqle people. 

=:a:'.,r::i::.~ r:::.rr=~.:!~~-=~~ 
Ceudl hdlMloloc UaJt, Hanrdl. Didcot,(h:oa OXII ORD.~ .. tt 4JlllJ, 198J. 

WESTMINSTER SCHOOL 

HEAD OF 
COMPUTING/ELECTRONICS 

A pplications are invited for a new post of "Head of 
Computer Studies and Electronics · which is t o be 
established in January 1984 . 

T he successful applicant w ould be responsible for 
developing existing f acil ities and arrangement s into a single 
new Department. 

A new com puter labo ratory and electronics laborat ory w ill 
be ready for use by t he autumn. 

Applications together w ith the names of two referees 
to: T he Head Master, W estminster School, 17 Dean's 
Yard, London SW1 , from whom further details m ay be 
obtained . 

UNIVERSITY OF CAMBRIDGE 
Department of Physics 
RESEARCH "ASSISTANT 
A .l?os~ Doctoral Research Assistant 
Is sought by the Theory or 
Condensed Matt.er group at the 
CILvendlsh Laboratory. The poot 
which Is funded by SERC Is for a 
theoretical physicist with experi
ence In the modern mathematical 
developments In random mapping 
theory as applied to problems such 
as aggregation and polymer theory. 
8alary In the range £6375 to £8940. 
Applications to The Secretary, 
()avendlsh Laboratory, Madlngley 
Road, CJambrldge CB3 OHE by 30 
June, 1983. 

HARROW SCHOOL, MIDDLESEX 
RESIDENT COMPUI'ER 
PROGRAMMER 
A one or two research chair ls 
available for a specialist to 
carry out his own research into 
educational Programming. Access 
to a variety of microcomputers 
available. In return for full 
board- and lodging and a basic 
stipend the researcher would be 
expected to guide some of the 
project work carried out by senior 
pupils and to teach others on a 
llmJted scale. Applicants should 
wrlt.e to the Head Mast.er with 
curriculum vitae and references. 

UNIVERSITY OF 
SOUTHAMPTON 
BIOCHEMICAL AND 
INSTRUMENTATION 
TECHNICIAN 

821 

Applications are Invited for an 
appointment In the Physiology/ 
P harmacology Group or the School 
or Biochemical and P hYBiologlcal 
Sciences. The successful applicant 
will have experience and knowledge 
or basic biochemical Instrumenta
tion, Including spectromet.ers, 
centrifuges, recording equipment 
etc, and will be responsible for 
providing specialist biochemical 
support for research and poot
graduat.e training programmes. 
The a ppointment will be made on 
salary scale grade 4 £5826-£6702 or 
grade 5 £6279-£7332 j,er annum wlib 
Initial salary depending upon quali
fications and experience. Minimu m 
qualifications ONC/l'EC or equiva
lent with several years experience 
but graduates with research experi
ence In Biochemistry, or other rele
vant experience, are encourage<fto 
apply. 
Applications (two copies) giving dat.e 
or birth, details of quallflcatlops and 
experience together with t he names 
and addresses of two referees, 
should be sent to Mr C. N. Saull, The 
University, Southampton S09 5NH 
((uotlng reference 5lltr. 

UNIVERSITY OF BRISTOL 
Department or ZOOiogy 
ARC RESEARCH GROUP ON 
PHOI'OPERIODISM AND 
REPRODUCTION 
Applications are lnvlt.ed before 8 
J uly, 1983 for the poot of graduat.e 
research assistant In the above 
Group. The work involves a study of 
the neural and endocrine changes 
that occur during seasonal 
reproduction In birds. A range or 
tech niques are employed but' an 
important one is hormone radio
immunoassay and experience 1n 
this area would be advantageous 
though not essential. 
Applicants should have, or expect to 
obtain this year, a degree In ZOOiogy, 
Physiology or a related discipline. 
Salary will be within the University 
Scale 1B (£55=085). The t.erms or 
the appointment exclude the person 
reading for the degree of PhD. A 
curriculum vitae together with the 
names of two referees should be sent 
to Professor B. K Follett, 
Department of ZOOiogy, The Univer
sity, Bristol BSS. -lUG, from whom 
further Information Is also avail
able. The poot Is available lmmedl
at.ely and Is supported until 
Sept.ember, 1984 In the first 
Instance. 

UNIVERSITY COLLEGE WNDON 
Department of Phonetics 
& Linguistics 
RESEARCH ASSISTANT
HEARING RESEARCH 
Wor k on speech perception and 
production with profoundly deaf 
patients In the development and 
application or new electrical aiid 
acoustic methods or testing and 
rehabilitation. A new five year 
MRC-funded poot (starting July 
1983) exists In an established multf
disclpllnary grou p with collabo
rating members In London (Univer
sity College London and Guy's 
Hospital). Applicants should have a 
first degree In Speech Science or 
related area. Opportunity also 
exists for work on other types of 
communication dis-order; prepara
tion for a higher degree Is possible. 
Salary £6310 + £1186 London Allow
ance. Applications (llo form) should 
be sent to Professor A. J . Fourcln, 
Department of. Phonetics & 
Linguistics, University College, 
London, Wolfson House, 4 Stepil
enson Way, London NWl 2~...'.. 
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CULTURE IMPROVEMENT 

SECTION HEAD -
INTERNATIONAL PROCESS DEVELOPMENT GROUP 

Pfizer, one of the world' s leading pharmaceutical companies, is a multi-national 
organisation with world wide manufacturing facilities producing an extensive 
range of science based products, many of which are produced by 
fermentation . 

The International Process Development Group based at Sandwich in Kent is 
responsible. for the development of novel approaches to the fermentation and 
recovery processes used in International Production. 

Currently, we are seeking to appoint a Section · Head for the Culture 
Improvement Laboratory. In this position you will lead a small highly skilled 
team engaged in the use of modern techniques, including recombinant DNA 
te9hnology, to improve the performance of organisms which are of 
importance to the fermentation and recovery plants within Pfizer International. 

We are looking for a self-motivated person who can work independently to 
produce novel approaches to strain improvement. Candidates should have a 
good first degree and a PhD in microbiology/microbial biochemistry with 
experience in microbial physiology and an interest in genetics. Post doctoral 
experience in the application of the above fields to streptomyces would be 
ideal, although application from new PhDs or those w ith experience of other 
species will be considered. 

This challenging appointment offers a highly competitive basic salary plus a 
bonus related to personal performance. We also offer generous h11lp with 
relocation. 

,,;::'.~ We employ some 1400 people, of whom over 250 are graduates, on our ze r Sandwich site which is in pleasant rural surroundings, close to coastal resorts, 
:::;.. championship golf courses, the Continent and good sailing waters . We 

have a thriving Sports and Social Club w ith first class amenities. 

If you are interested in the appointment please send your 
curriculum vitae, in confidence, to Dr M . C. Hall, Senior 1i._ 
Personne_l Officer, Pfizer Limited, Sandwich, Kent. W 

AGRICUI. l\JRA1. 
RESEARCH COUNCl. 

FOOD RESEARCH 
t,ISlll\/TE 

PROCESS PHYSICS 
DIVISION 

Principal Scientist 
A scientist is r......, to lead I teem 
•l>JdVnll the physical and suuc:tursl 
propen,es of food materials du1ng 
proces.M'9. The initial aim wll be to ettab
lsh the basis of physical beha...., du1ng 

:.=~::::~'~=-~ 
to the efficiency and control of other 
proceu,ea. ===:~~~= lc:alehenutrv, Chonjcsl engi,-.,g .,. 

~~~~.,.r~ 
propenie• of complex materials. 

~~9Jt"',;'"' -~-= 
~ 1Caio [ 8970-£11476 . NO<t-

contrbrtory-- - · Further dotals and .,,,..._ fcnns from 
the Secretary, food. ReMerdt Institute, 

=...t.ar;2~NR4da~~A~ 
1983. 

Ap,liartiolls are imlod for a 

CHIEF PHYSIOLOGICAL 
MEASUREMENT TECHNICIAN 
Ta be responsible lo, the Cordia< Depa- I at North Tees Geoeral Hospital. The Ha,pital al 
1,000 beds is rt<!fltly bu ilt and prDYides all the medi<al senims for the North Toes Oisfrid on 
one site. 

The Cardiac Department i1 wtll equilloed for 001-i••osiYe cardiac ioffltigofioo, including 
real-lime echocardiography, treadmill exe'tci<e fesfing, Holter IClOftiforing and lope a•oly,is. 
If would be an adYanfoge ii opplicanfl ~ ... uperieoa, of llieie lechnique1, permolleol 
poa,maker fesfi ng and simple 11Spira1ar, losfl. • 

As well 01 the Chief Tedlnicion, Ille deport.-1 ~as rwo Ploy,iologi<al Meo,vr ... nl 
Tedlnicion1 and a Cardiogropl,er. 

Solar-,, £7386 - [9,212 p.a. for a 37 hour-'<. 

tl 
Application _____ ...,....._pur.;s ... .. -
_ ............ __ ,_T __ llospilal.Hnwid<, 

... -•T-~Tll: _&Z122_11i. 

~ ::R:: : HEALTH AUTHORITY 

The Hatfield Polytedwc 
School of Natural Scieoces 

POST-DOCTORAL 
RESEARCH 
ASSISTANTSHIP 
Applications are Invited 
for an SERC supported 
Post-Doctoral Research 
Assistantship to study 
nickel containing enzymes 
using EXAFS and related 
techniques. A knowledge 
of EXAFS Is not a 
prerequisite. The Assis• 
tantshlp Is tenable for 
three yean from I July, 
1983 or. an agreed later 
date. Initial salary £710 I 
per annum. 

Applicants should send c,, and 
names of two referees to The 
Staffing Office, The Hatfield 
Polytechnic, PO Box l 09, 
College Lane, Hatfield, Herts. 
Further details may be obtained 
from Dr B. Piggott, Division of 
Chemistry, School of Natural 
Sciences, The Hatfield 
Polytechnic (T et Hatfoeld 6B I 00 
ext 329). 

Please quote reference: 633. 
Closing date: 24 June, I 983. 

UNIVEBSITY OJI' LEICESTER 
The Leicester Blocentre 
Appllcanta are Invited, from 
sultably-quallfled candldates, for 
two technlcal staff positions In 
t.be newly....tabllshed Leicester 
Blocentre. 
POST l Reference GFC/1 Is for a 
Grade 3 Technician to work on a 
iru-year prqJect studying the 
genetic control or protein aecretloD 
In yeast. 
POST 2 Reference LBCP/T5 !s for a 
Grade 3 or Grade 5 Technician 
(dependent upon quallticatlons and 
experience) to work on a pl'Qject 
Involving the use or tissue cult ure 
techniques to study the Intro
duction and expression or foreign 
genes In plant cells. This 
appointment will, In the first 
ln8tance, run until 30 Beptember, 
1987. 
Salary scales: Grade 3-£5151..£6035; 
G rade 5-£6779-£'1332. 
Applications, In writing, Including a 
detailed CUrrlculwn Vitae and 
naming t wo referees, should be sent 
to: Ms S. N . D ilks, Technical 
Manager, The Leicester Blocentre, 
Medical Sclences Building, Unlver· 
s!ty or Leicester, Leicester LEl 7RH. 
The cloolng date for applications Is 
24 June, 1983. 

MEDICAL REP 
JOBCENfRE 

Ute ..., 33 ,.an apcrieoce of lhe 
pbarmaeeUticol mdm<ry to bdp you bRal< 
into medical 1ellina! We are renowocd ror 
our cucer coumcllina, our confidentiality, 
and our pc:nonal aumtion. 

Vacuc:ics Wit throu&bou,t the UK with 
IMjoc' oompuia. For earty m-.-

ROY ETIU'S 
01-549 6633 
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PI ant 
Pathologist 

Use your scientific expertise in a 
Marketing role. 

The Plant Protection Division of ICI is an international reputation 
and is a leading company in the development and manufacture of 
crop protection products. 

We have an excellent opening for a Plant Pathologist to be 
responsible for planning, implementing and controlling all aspects of 
the technical worl< necessary to launch new proprietary plant 
fungicides throughout the North and South American markets. lt·s a 
role which will provide an interesting and attractive opportunity for 
an ambitious, commercially-orientated man or woman to develop a 
career in product management/mariceting. 

We're looking for someone, aged 26-31, with either a good first 
degree in Plant Pathology supported by some specialist experience, 
or preferably a PhD. Some post-graduate worl< experience is 
essential, including a knowledge of field trials management and, 
ideally, some involvement in international or commercial operations. 

The position demands self-motivation and an ability to worl< with the 
minimum of supervision. Also important is a well developed business 
sense and a capacity to apply original and creative thought to 
identifying and developing potential mari<et opportunities. A 
knowledge of Spanish/Portuguese is desirable- a willingness to learn 
is essential. 

An attractive salary will be offered plus profi t sharing scheme and 
assistance with relocation, where appropriate, to this pleasant 
location. 

Write with brief personal and career details to Mrs S. A. Crouch, 
Personnel Offker, Plant Protection Division, Imperial Chemical 
Industries PLC, Femhurst, Haslemere, Surrey GU27 3JE. 

lici\ Plant Protection 
~ Division 

UNIVEltSITY OF 
NEWCASll.E UPON TYNE 

w~~r., 

(!IJAI_JrrY C()N'fU()L
Sl~C'f l()N 1'1f\Nf\(iEll 

The major international brevnng group, Guinness Overseas Limited 
has interests spanning three continents: Africa, The Americas and 
The Far East 

We have a vacancy for a Quality Manager (Overseas) to run the 
section within the laboratory of the Park Royal company which 
provides essential quality control support for these operations. 

Reporting to the Quality Control Manager, but also worl<ing in dose 
liaison with the technical department of the overseas company, you 
will be responsible for ensuring that your section gives a fully 
effective sen,ce. 

Technical, managerial and training skills will be involved. Your own 
practical wort win be of an advanced nature including trouble 
shooting and analytical development worl<. Some overseas travel on 
quality control and training projects will be required from time to 
time. 

Applicants rrust possess a degree in chemistry or other appropriate 
discipline and have had four to five years in quality control 
preferably including some supervisory experience. Previous worl< 
experience in brewing would be an advantage. 

A"';~;. '.:;r~:~. 'i!::.~'W:3 f:;,_'' 
--- -- -~ 

In addition to an attractive starting salary we provide a 
comprehensiYe benefits padcage including profi t share 
and non-contributory pension. 

Please write with full career details to: 
Mr D. J. Emptage, Assistant Staff Manager. 

GUINNESS 

THE UNIVERSITY OF 
LANCASTER 

~. Labonltory 

~M~ and 

Post-doctoral Research 
Associateships 

The European Molecular Biology Laboratory, a re5earch institute 
situated In Heide lberg. West Germany, Invites appllcanl5 for the 

following vacancy at the Laboratory's Outstation at the Deul5ches 
Elektronensynchrotron (DESY) 51te In Hamburg. 

DEPARTMENT OF 
ENVIRONMENT AL SCIENCES 

Research 
Assistant nn:c Racarc:h Almdalcshipa are amiable 

f«wort Oil: 

~~n~~ = ~ ~i:' newud~ 
malerials. ud with metal strenJlhe.nina by the 
bmatioe o( miud tolute4tom dUIICn. 
~ Tllc produc:tioa ud cbaraclaiatioo ofllCW 

aitiocu ~cu=:s c:;~:C 
=~~ other inlcntilial alloyl and 

())11oe ........... of-~ 
~ lted wire b' Ule in marincea.Yi
.......lL 

::r::■tmenu: (1) ud (2) are b tbn:c ,an 

u-=:-=~~ .:O~~ = 
1913. 

~,~ 11,~~1'r,~~r .. ~ 
aae. qualifications and upcrieoce. 
App6catioos., with fuD cuniaalum vi.lac and 
t1:1e umes ud addrcacs o1 wee referees. 
mould be teal to Pro6:ssor IC. H. Jact. ~ =.:, ._utr~,.~u ~.:'~Z; =3~ wJ"=> u ~ u :'tt; 
obwnccl. Plese quote~ 

BIOPHYSICIST /PHYSICAL 
BIOCHEMIST 

to interact collaboratively with vi51ting groups u51ng time resolved X-ray 
diffraction and scattering methods for the study of poorly adered sys
ems (fibres, 501ution5, gels). There will also be an opportURty to carry 

out a llml\ed In-house research pr!liect Appllcanl5 must have a PhD 
nd experience In particular with X-ray structural me~. l:xperience 

· ltrbl!khem~t,y will be an i155el 

An above-average salary will ~ offered to the successful candidate. 
Certain allowances are payable in addition, depending on personal 

, circumstances. An Initial contract of 3 years' duration which can be 
. renewed, will be offered. 

Plea5e write briefly for an application form quoting ref. 8~/ 21 to : 
EPIBL. Personnel Section, Postfach 10.2209 

D 6900 HEIDEl.llfRG. 

Appkatk>N are Invited for the post of 
postgrlekaat1 reteareh essistlnt 10 work 
with Prof...or Peter Yooog of the 
Depenrnont of Environmental Sdonces, 
end Dr Keith Beven of the Institute of 
Hydrok,gy, on , NERC sponsored, thra. 
year stuc}y of the · A~egated Dead Zone' 

~.1:1::'.~ -~~~ ::oren::.:=..~~~ 
frame ccmput ..... =-~~ ~ ~ 
--·· oubject, and p,eten,nce wll ::=.t~ ~~ ~ ~ 
~'mo-~~ the Re.- 19 Range , 

~=~~ 
:8u~ ~28tmo~ 
4213), where appicationl (five copies! 
namklg three referees, &holJd be ..,. 
NOT LATER THAN 8 ..U.Y, 1983. 
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Research 
Engine~rs-
computerised Vision Systems 

STL at Harlow, the Research Centre of Standard Telephones and Cables pie, 
is engaged on a programme of research into computerised vision and tactile 
sensing and related techniques. 

We are looking for decisive, forward-looking men and women to provide 
the innovative flair and initiative to develop this new technology whilst 
maintaining a practical and positive attitude to the development of working 
systems. · 

Graduate Electronics Engineers or Applied Physicists, you should be able 
to bring us some sound industrial experience in programming and dedicated 
mic;roprocessor projects. · 

There are excellent opportunities for career advancement as well as 
involvement in an exciting new field. 

Competitive initial salaries will reflect both your own achievements and 
the complexity of the challenge you'll be accepting. A full range of benefits 
includes relocation assistance, where appropriate, to this essentially rural area 
ju!it 2 5 miles from London. 

Please p~ne Harlow 29531 Ext. 2371_for an application form, 
or write with full c.v. to: Maureen Brook,, Standard 
T4!fecommunication Laboratories Limited, London Road, 

Harlow,Essex.CM17 9NA STL 
The Research Centre of STC 

,.. 

... 

BARR & STROUD, BORN, BASED AND GROWING FAST IN SCOTLAND 
NEED 

PHYSICISTS/APPLIED PHYSICISTS 
(two posts) 

The persons we are looking for will be 
capable <>f accepting project respon•sibility 
and be prepared to engage actively in the 
practical aspects of the work. 
The positions are in our General Physics 
Department, in a group, in which vacuum 
deposited optical thin film development 
and investigation of laser damage in 
materials and coatings, form the main thrust 
of the activities. 
The successful candidates will have a good 
degree in Physics or closely related 
discipline but just as importantly, they will 

Barr & Stroud 
Technologists of Excellence 

be practical people with some work 
experience in areas relevant to the above. 
AT BARR AND STROUD 

Research into new technologies is 
ericouraged (our expanding business 
depends on it). 
Salaries are paid to individuals for 
responsibility, experience and merit. 
(Not to groups on rigid scales.) 

INTERESTED? 
Send full career details to 
Donna Greert, 
Personnel Officer, 
BARR AND STROUD LIMITED, 
Culton Street, 
Anniesland, 
GLASGOW G131HZ. 

,.... 

.... 

UNIVERSITY OF THE 
WEST INDlffl-TRINIDAD 
Applications are Invited from suit.
ably qualified candidates for the 
post of 
PROFESSOR OF 
AGRICULTURAL 
ENGINEERING 
In the Faculty of Engineering, UWI 
St. Augustine, Trinidad, W .I. The 
successful applicant will be 
required to give strong leadership In 
this teaching programme and will 
also be expected to Initiate research 
programmes relevant to the needs of 
the Caribbean region. Preference 
will be given to those applicants 
with knowledge and experience of 
Agricultural Engineering In the 
Caribbean Region. 8a1ary 8cale 
TT$91 788 to TT$111 372 (£1 
sterllng• TT$3 · 8472). 
FSSU unfurnished accommodation 
Is available at 10% or furnished 
accommodation at 1~% or housing 
alowance of 20 % o? pensionable 
salary. Up to five (5) full economy 
passages on appointment and on 
normal termination. Study and 
Travel Grant. Detailed applications 
giving qualifications and exper!eoce 
and naming three (3) referees to the 
Secretary. UWI, St. Augustine, 
Trinidad, W .I. Applicants resident 
In the UK should also send one (1) 
copy to the overseas Educational 
Appolntmeots Depart.-ment, The 
British Council, 90/91 Tottenham 
Court Road, London WlP ODI' 
quoting reference U98/83. Further 
details are available from either 
source. 
BIRKBECK COLLEGE 
(University of Londonr 
HEAD TECHNICIAN
DEPARTMENT OF ZOOLOGY 
Applications Invited from sultab!y 
qualified candidates, with practical 
experience In zoological technlqu,:s 

~::'J~~~~~ 
research activities. Duties to 
Include organisation and super
vision of the work of a technical 
staff of eight, and of the teaching 
and resean:h laboratory services, In
service training of technicians as 
required and maintenance of 
records and accounts. Also, 
dependant on experleoce and 
expertise of appointee, provision of 
technical service In support of 
teaching and resean:h as appropri
ate to departmeot needs. 
Appolntmeot according to experi
ence and qualifications in Grade 6n 
In salary range £9500-£10 600 p.a. 
(Including London Weighting, 
under review). Permanent super
annuated post, 31 days leave, 
annual season ticket loan scheme. 
Apply with full c.v. and names or 
two referees to Assistant secretary 
(Personnel) (NS) Blrkbeck College, 
Malet Street, London WClE 7HX or 
Telephone 01-580 6622, ext 529 for 
further details and application 
form. 

CHELSEA COLLEGE 
University of London 
A POSTDOCTORAL RESEARCH 
ASSISTANT 
Is required to Join a research group 
Investigating the structure and 
function of model and biological 
membranes. Particular experience 
In biophysical methods would be an 
advantage but Is not essential. The 
post Is supported by the SERC for 
one year and the salary will be 
within · the range £7190-£8080 pa 
plus £1186 London Allowance. 
Applicants are requested to send a 
curriculum vitae and the names of 
two referees to Dr P . J. Quinn, 
Departmeot or Biochemistry, Chel
sea College, Maruesa Road, London 
SW3 6LX, from whom further 
particulars may be obtained. 
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tV.LINRt 
IMPROVED METHODS FOR THE 

PRODUCTION OF POLYETHYLENE FILM 
Applications are invit~ for two posts on a development programme at 
Pofy-Lina in collaboration with the Department of Non-Metallic Materials, 
Brunel University. The first post will involve the production ,of polyethylene 
film using existing and new techniques, and candidates for this post would, 
typically, · be graduates in one of the following subjects: Mechanical 
En~inecring; Materials Science; Chemical Engineering or Polymer Tech-
no . The second post involves the structural characterisation of films and 
the elopment of on-line film characterisation methods. Candidates for 
this post should be Physics graduates with an aptitude for the development 
of instrumentation for quality control. 

Candidates should be able, self-motivated persons, capable. of working on 
a development .programme with an industrial firm which is a leader in the 
field of consumer packaging products. Poly-Lina has exhibited growth rates 
in excess of 20% per annum for the last thr,,e years and now has a turnover 

· of £ I2m of which about 20% is exported. 

The posts arc for a fixed duration of two years, but offer excellent career 
opportunities for those interested on the P,Olymer field. 

Applicants should be under 30 years of age. The salary will be in the range 
0496-£8816. In addition, the successful applicant will benefit from Poly
Lina's profit sharing scheme. Application forms and further particulars may 
be obtained from the Personnel Manager, Poly-Lina., Millmarsh Lane, 
Brimsdown, Middlesex EN3 7PU. · 

ROYAL MILITARY COLLEGE OF SCIENCE 
Shrivenham, Swindon 

. Department of Mechanical Engineering 

HIGHER RESEARCH 
SCIENTIST 

ENGINE TRANSMISSIONS 
Applications are invited for the post of Higher Research Scientist 
to investigate fast, shockless gearchanges by automatic, micro-
processor, control of engine and gearbox. · 

The applicant should -hold a good honours degree in Mechanical 
En!jineering, have a sound understanding of the principles of 
reciprocating engines and transmission systems and should be 
prepared to undertake work of both a practical and theoretical 
nature. It may be possible for a suitable candidate to register for a 
higher degree . 

The appointment will be for a period of two years initially, in the 
grade ,;,f Higher Research Scientist, on a salary scale of £7149 to 
£9561 (entry point depending on qualifications and experience). 

Application forms and further information may be obtained from 
the Civilian Admin Office, Royal Military College of Science, 
Shrivenham, Swindon, Wilts SN6 8LA. Tel: (0793) 782551 , ext 
421 . please quote reference HQ 120/1/134. 

Closing date for applications 13 July, 1983. . 
UNIVERSITY OF BATH 
School of Engineering 

RESEARCH IN 
MANUFACTURING 

MRC CLINICAL RESEARCH CENTRE 
(NORTHWICK PARK HOSPITAU 
WATFORD ROAD 
HARROW MIDDLESEX HA 1 3W 

Technician 

COUNTRYSIDE COMMISSION 
FOR SCOTLAND 

Applications are invited for the post of 

PROJECT OFFICER 
for a project aimed to develop experience in the 
management of upland footpaths. Applicants should 
possess qualifications in a field such as Civil 
Engineering, Soil Science, Geology, Ecology or have 
experience in recreation or land management. 

This is initially a two year contract post and the 
salary scale is £7178-9681 with placing according to 
experience. 

Further particulars and application forms may be 
obtained from the Assistant Secretary, 

Countryside Commission for Scotland 
Battleby, Redgorton, Perth PH I 3EW 

Telephone (0738) 27921 

BIOSCOT LIMITED has been set up jointly by EdinlxJ;xh w Hem!-W,tt Univenities 
lo undertake collaborati,, prnject, i1 BIOTECHNOlOGY on • contract ""1rth basis for external 
clieni,, ·.,..i on it, own belwf. 
Some of tlis re,wch rray lead lo the s,ttiig up of downstream CDfllf>'nies. to pnxt,ce and market 
Biotedmlogy products, ii v,i;di BIOSCOT would participate. 
The Mw1i1f ClRctc, trill be "'fX'l5iile for: 
- Hw,ini tlie ~ v.ithil sound amnerci,I guiddi1es ididi1g the iltemaooml maruii,g d 

mrsservicos 1> mist,yw go,erMlelllagemes. 
- Dnctircthe- of scienti,ts ancf suppon mff "'fX'l5iile for ""1rth ocross, wide mge 

dbioted!nologicawbtions. 
- The person "' seek ,Iii ha..:-

• • tndc record i1 "'1ior mwgement v.ithil the Health c.r.. Ap,siness, food Processi1g, 
Brtwi1g .,..i Oii1i,,g er rsted industries 

• • scientific bod:grcu,d. 
The chalenge d est>bli!li,g • new busincss 'IOfllure i1 biotecmology, bm1 i1 Edilbtqh. '"attnctiYe 
,....,.,.tionP'(bge. (ilS wortingil •stirulating """""'°".,.. ocieoofic """"""'1\mike tlis 
• lllique oppcr111lity. 
Pleaseapplywithfulmerdeuis1o: 

0.-LCamenin,a..irman, 
IIOSCOT Limited, 

Heriot-Watt Unmnity, 
0lamlie,,Stnet, 

E....,.EHI IHX 

A Bigger Career 
Choice in 
Medical Sales w ..... nekJng • number of good honours 

graduates, o, those expecting to graduate, In 
~and~ac:lencetojoinour 
,....-ch tum. The wort In the applic.ltion of 
computet• In IMnllfKtUrli ~ INd to higher 
degrees, and e,1lwlced carMr prospects. 
Projects wdlde: Advanced Proceu 

- · lndustriol - - -
Vl9k>n, Soid Modeling, Flexibility In Batch 

~~~eR:~ct8ns=~of/=r:~~ ~~~ 0c!r ~:aY:nt · = ~ T!'3.~::na~'='~ ~~e ~.c::;~n;te 
required to· undertake laboratory Wont as part of the division research 
programme. 

If you have a scientific or 
paramedical backsround and 
want to succeed in a 
commercial environment 
lcadill$ 10 a managerial role, 
then ,pnone Andree Osborne 
or Alistair Ross now on 
01-222 1547. trial coa.boration wi1 be bt:Md et 

825 

- - - ...... Sys- .. Menufacu.e. Some of these ~incl.l•-

&TN In Southern England. Student,Nps 
ruun:h officer poata _,. a....a.ble. For 
fW1her detab write or phcxw Prof J . Black, 

= ·~f1~2s°e7r: of 

A knowktdge of biochemical techniques wouSd be an advantage. 
Specialised training in animal husbandry wiff be given if necessary. 

:=~.~or~~~~ f~~4-~~°!:n~~~o~~'1.~~s 
quoting refen,nce 102/2/3875. Closing date fo, applica- 30 .ble, 1983. 

~'l'\hl:ren. _ ·- . . -~ 
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Pharmacological 
Research-HNc 

Smith Kline and French Research is one of the world's 
leading pharmaceutical companies. We now need a 
Pharmacologist to participate in the biological investigation of 
potential new cardiovascular drugs. 

The position will suit someone with HNC, or an equivalent 
qualification in Applied Biology, who has an interest in 
pharmacological techniques. The ideal candidate should have 
gained several years relevant technical experience within a 
similar environment, and be able to carry out the work im1olved 
with the minimum of supervision. Possession of a Home Office 
Licence is desirable. 

The rewards are as attractive as our environment. We offer 
a competitive salary and a range of company benefits 
including free BUPA, bonus plan, free life assurance and 
flexible working hours. 

Please write for an application form, or forward a detailed 
c.v. outlining qualifications and experience quoting reference 
number NS/930/S to the Personnel Officer. 

Sl~&F 
SMITH KltNE EofllENCH RESEARCH llMITED 
The Frythe, Welwyn, Herts AL6 9AR. 

Principal 
The Institute is seeking a Principal to take full- time students, 420 members of the 
up appointment by the Autumn of 1984. academic staff, including 47 Professors , and 
The Principal is the Institute's chief . ...__ ""'c:::""'" 1,400 members of the non- teaching staff. 
academic and administrative officer, The Chairman of the Council, 
and leads in the formulation of F. A . Russell , JP, MBA, invites interested 
academic and other policies for the persons, who believe they could offer 
future development of the Institute. appropriate qualifications and experience, 
The Institute is independently i.;::,..;;:::;::;...:.-::, to communicate with him under private 
incorporated by Royal Charter and cover, when further particulars of the 
receives its grant directly from the appointment will be supplied. Corres-
University Grants Committee . It is pondence should be addressed to him , 
also the Faculty of Technology in· the c/o The Registrar, UMIST, PO Box 88, 
University of Manchester. Manchester M60 lQD. 

Currently it has, in 21 u M ISJ The lnshtut~ reserves the 
departments, nght to invite candidates 
approximately 4,500 for the Principalship. 

~ -
The University of Manchester Institute of Science and Technology 

TOPEXPR.ESS UMITU> 

RESEARCH 
SCIENTIST 

Editor 
A bjghly•successful scientific coosultancy 
seeks bright and enterprising people to wort 
in the areas of Vibration, Acoustics and 
Control. Raearch experience in these fields 
would be • decided advantqc. 

Applications with Cwriculum Vitae and 
names of two rcferea to Dr CF. Ross, Top-
......, limilOd, 13/14 Round Cum:b 
Strm, Cambridae CBS BAD. 

for a successful publisher active at an advanced level in the physical sciences 
and technology. The person appointed will be responsible for expansion of 
existing publishing programme. · 
The prospects for the successful candidate (age: 33-43) are excellent. 
Although the Editorial Offices of Applied Science Publishers Ltd (a 
Company within Elsevier Science Publishers) are in Albemarle Street, 
London-, candidates should send a CV, passport photograph and details of 
salary expected to: 

Managing Director, 

ABSTRACJ'OBS 
wanted, part..tlme, for acoustics 
and rare-earth topics, Central 
London. Brentwood (0277} 224632. 

Applied Science Publishers Ltd, 
22 Rippleside Comn;,ercial Estate, 
Barking, Essex. 

ANIMAL DISEASES RESEARCH 
ASSOCIATION 
Moredun Research Institute 
SENIOR SClENTIFIC OFFICER/ 
PRINCIPAL SCIENTIFIC 
OFFICER 
A vacancy Is presently available In 
the above grade for a member of 
staff to lead an Immunology Group 
being formed at Moredun Institute 
to study hnmunology of diseases of 
ruminants. Applicants must have 
substantial experience In hnmu
nology. Knowledge and expertise of 
monoclonal antibody techniques 
and of cellular hnmune mecha
nlsins would be Important. 
Applicants should have a first or 
upper second class honours degree 
In an appropriate subject with at 
least 4 years relevant post
quall!y!ng experience for Senior 
Scientific Officer and additional 
relevant experience for Principal 
Scientific Officer. Preference will be 
given to applicants possessing a 
PhD qualification. 8alary scale 
Senior Scientific Officer · £8970-
£11 476 pa, Principal Scientific 
Officer £11 343-£H 931 pa. Non
contributory superannuation 
scheme. Applications giving the 
names and addresses or 2 referees 
should be forwarded to the Secre
tary, Animal Diseases Research 
Association, Moredun Institute, 408 
Gilmerton Road, Edinburgh, EH17 
7JH from whom further particulars 
may be obtained. Applications clore 
8 July, 1983. 
YORKSHIRE RIDIONAL 
HEALTH AUTHORITY 
Regional Medical Physics Service 
Department of Medical Physics, 
Grimsby 
SENIOR PHYSICIST 
8alary £9010 rising to £11 649 pa. 
Required to Join the small but active 

~=t..':in!.t~ 3,~.::t;.,:f~h~sl~ 
Service for the whole of Humberside 
through which scientific and tech
nical support Is provided. 
This post Is primarily associated 
with the Nuclear Medicine Services 
(Imaging and RIA) and the work will 
be based at the ne'l'(ly opened 
District General Hospital later In 
1983. The successtul candidate will 
be expected to co-operate In slmJlar 
work In other re8ional centres. 
candidates should hold a good 
honolll'S degree In physics and must 
have had not less than four years 
experience In medical physics or 
related work Including a substantlal 
period specialising In clinical radio-
Isotope work. · 
Application form and job descrip
tion available from the Regional 
Personnel Officer, Yorkshire 
Regional Health Authority, Park 

· Parade, Harrogate HGl 5AH. Tel 
(0423) 65061 ext 108/ 109 
Please quote ref no PI'34. Closing 
date 1 July, 1983. 
BEATSON INSTITUTE FOR 
CANCER RESEARCH 
SCIENTIST 
There Is a vacancy tor a post
doctoral scientist with training In 
molecular biology to Join a team 
Involved In a long-term study of 
gene expression and Its control 
during the differentiation and 
maturation of human myelold cells. 
some background In cell biology will 
be an advantage. MRC conditions of 

:;~~v~lf'~~~~ 
IA or II (Salary from £6375 to £13 505) 
depending on age and experience. 
applications to Dr G. D. Birnie, 
Beatson Institute tor cancer 
Research, Garscube Estate, Switch
back Road, Bearsden, Glasgow 061 
lBD should Include cv and names of 
three referees. 
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SEVERN TRENT WATER AUTHORITY 
TAME DIVISION 

SCJENTIFle 
. OFFICER , 

£9999-£11184 pa (from 1 July, 1'983) 
The division is seeking a graduate chemical or elect;ical 
engineer, or scientist with a strong engineering background, 
to lead a group involved with instrumental water quality 
monitoring. 

The duties will cover all aspects of instrumental water 
quality monitoring from site evaluation through design and 
im~ementation to the maintenance of equipment. There will 
be ample opponunity for practical involvement. 

Preference will be given to applicants with at least three 
years relevant experience with continuous on-line measuring 
systems. Possession of a clean current driving licence is 
essential. The post is based at the divisional laboratories,at 
Tame House in central Birmingham. 1 

Applications forms by telephone request are available 
from the Personnel Office. Tame Division, Severn Trent 
Water Authority on 021 233 1616 Ext 2190. Please 
quote Ref IA 945. Closing 
date for the return of 
completed application forms: 
30 June, 1983. This post is 
open to both men and women. 

■EVE.RN · TflE.NT WATER 

Publications Officer 
The National Radiological Protection Boacd iS seeking a Publica
tions Officer. to undenake the following duties at its headquaners 
at Chilton in Oxfordshire. 

Editing technical repons and other publications. including 
competitg and standardising references, checking units, 
organi~ production of illustrations, proof reading and 
liaising with printers and designers. 
Assisting with other infonilation work, such as the prepara
tion of entries in directories, editing or drafting exhibition 
scripts and writing the text of information sheets; 

=~s~:~~t~'t~~a:~~rJ~v~:l_information to the media on 

The successfiA candidate will probably be a youn~ graduate with 
some experience in technical editing or work on sCJentific journals. 
or both. 
The appointment will be in the grade of Assistant Information 
Officer, with a salary range of £4865 at age 18 rising to £6195 
at age 20. to a maximum of £8645. Other benefits include a good 
pension scheme, generous annual and sick leave· allowances and 
flexible wortcng hours. 
For an application form, please contact Mrs V . J . Gibson, (Ref: 
PER A/182). Establishments and Personnel Branch, National 

~~~~~~:i~ri~~ ~~~·sfhJl~~'li&~~:· ims~:1d,i~~ 
date for applications: 1 July, 1983. 

~I Rad~~al Boad 
Proted1011 

UNIVERSITY OF ABERDEEN 
Department or Pharmacology 
POS'l'DOCTORAL RESEARCH 
ASSISTANT 
Required for an Investigation of the 
morphological and electro
physiological characteristics or 
peptide-containing neurones or 
guinea-pig Intestine. Post supported 
by MRC project grant to Dr G. M. 
Lees for three years. candidates 
should have experience with elec-

HOME COUNTIES 
AND WEST COUNTRY 

UNIVERSITY OF MANCHESTER 
Department of Botany 
PA'ITERN FORMATION IN THE 
DEVELOPING MUSHROOM 
FRUITBODYOFCOPRINUS 
RESEARCH ASSISTANT 
Applications Invited for a Research · 
Assistantship funded by SERC to 
determine the exact relationship 
between cells In the fruit-body gill 
tissues or the basldlomycete fungus 
Coprinus cinereu.,, as part of a 
study of enzyme control durlnJ 
morpbogenesls. Initial salary range 
£6310-£7190 pa (Superannuation). 
The project Is suitable for regis
tration tor a higher degree. Appli
cants should have, or expect to 
obtain, at least a 2(1) Hortolll'S 
Degree In an appropriate subject. 
The post Is tenable from July 1st or 
as soon as possible thereafter. Appli
cations, Including a curriculum 
vitae and names and telephone 
numbers of two referees, should 
be sent to Dr David Moore, 
Department of Botany, The Univer
sity, Manchester M13 9PL, to reach 
him bv June 30th. 

:'£~01,:~~q:'.:;.: 
previous experience In the field of 
gastro-lntestlnal physiology Is not 
required. 
Commencing salary up to £7190 pa 
on the range lA scale for Research 
and Analogous staff. 
Further paritlculars and applica
tion forms from the Secretary, The 
University, Aberdeen, with whom 
applications (two copies) should be 
lodged by 25 July, 1983. 
Mrs Maureen Shaw, Personnel Offi
cer, Uniyerslty of Aberdeen, 
General Administration, University 
Office, Regent Walk, Aberdeen AB9 . 
lFX Scotland. 
DURHAM UNIVERSITY 
Department of Physics 
Applications are Invited for a 
TEMPORARY LECI'URESHIP IN 
ASTRONOMY 
tenable for three years from 1 Octo
ber, 1983. Teaching duties Include 
lecturing on- topics In Astronomy 
and Physics at both undergraduate 
and postgraduate level --and
laboratory demonstrating. The 
research work to be carried out will 
include the developtnent of novel 
Instrumentation for large optical 
telescopes. 
Initial salary In the range 
£63'16-£7225 (under review) on the 
Lecturers' scale plus USS benefits. 
Applications (3 copies) naming three 
referees should be sent by 15 July, 
1983 to the Registrar, Science 
Laboratories, south Road, Durham 
DHl 3LE, from whom further 
particulars may be obtained. 

£9000-£17 000 + Relocation 
~rfi=~o~~,J=:t';~~te~!n'!e~J!:o~~i:o~E~:C~t 
Communications and Electronics in London, Home Counties and the Wat Country. 
In particular, they now seek 

ELECTRONICS ENGINEERS, SYSTEMS ENGINEERS, 
SCIENTIFIC PROGRAMMERS, MATHEMATICIANS, 

OPERATION RESEARCH & SOFIW ARE MODELLERS, 
MICROPROCESSOR DFSIGN ENGINEERS 

Applicants must have a ~(Maths. Physics. Electronics. Computer Scieaz) plus a minimum 
of two ycan relevant o:pencnce. For m9fe information contact 

CBS APPOINTMENTS 
1 Wootton Gardens, Bournemouth 

0202-292155. Evenings 825408 (Agy.) 

UNIVERSITY OF 
ST ANDREWS 

Depanment of Anatomy & 
Experimental Pathology 

LECTURER 
Appicationa are invited from graduates in 
the biological sciences or· from me<ical 
graaduates for a lectureship in the 
Department of Anatomy and Expermental 
Pathology. 
The successful app6cant wit be expected :~:=5courar:s ~ 
st6deAfs. ·a.tent research interests 
include cen biok>gy. functional 
n«.W"oanatomy, haematoklgy, radio. 
~y and tumour biology. Excdent 
facilities are availabfe fOf' research and 

~J>C?l'9faduate teaching . 
~ at a~opriate point on scale £7190 :/a~: rd:2s•=~• ~ probably 
Applications (two copfes preferabty in 
typescript,) with the names of thrn refer
ees should be sent by 8 Juty, 1983 to the 
Estabuhments Officer, The University, 

·Colege Gate, St Andrews, Fife KY16 
9AJ, from whom further particulars are 
available. 

THE UNIVERSITY 
OF LANCASTER 
DEPARTMENT OF 

PHYSICS 
Research Associate fn 

Theoretical Physics 

Applcations are invited fOf' the post of 
Research Associate it the Theoretical 

~c:~~~~f= 
of two years,~ ii October 1983, In 

~~a:;: ag~~ ~~. point 

Applicants shoukt haw II PhD in Mathe
matics or Theoretical Physics, preferabty 
with Interests M'l modem methods of 
dffferentlal geometry ll'ld octonions. The 
auccessfut applicant wl work with Or A . 

. W . Tucker on problems related to 
unification schemes in¥olving pvitation. 

F...- partlcula,s maybe obtained (quol
ing ref«ence l282/8), tom the Estabish-

:.':~LA ~~(T ~/;rnfi 
~:,~~~.=~ 
sent. Not Later Than 1 July. 1983. 

ROYAL POSTGRADUATE 
MEDICAL SCHOOL 
(University or London) 
Chemical Pathology 
ANALYTICAL CHEMIST 
(Scientific Officer/l'echnlclan) re
quired In the Peptide Research 
Laboratory. 
Qualifications: HNC or degree In 
chemistry, preferably with experi
ence In peptide chromatography 
(especially HPLC) and amino acid 

~i:.i::~ i:rir.W::i'~~c:~~~ 
posslbWty· or extension. 
Balary up to £7500 pa, depending on 
qualifications and experience. 
Application forms and further 
particulars can be obtained from 
the Personnel Office, Royal Post
graduate Medical School, 150 
Ducane Road, London Wl2 OHS 
quoting reference number 
4/MS/NS. 
Closing date: 7 July 1983. 
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Medicinal Chemist 
Pharmaceutical Research 

As part of our commitment to the discovery, and development 
of prescription medicines, we need a post-doctoral medicinal 
chemist to play an important role in a research group involved in 
the design and synthesis of novel compounds e?(erting a specific 
action at pharmacological receptors. 

We need a Chemist with post-doctoral experience in either 
industry or academia. Proven ability in devising and carrying out 
organic synthesis is essential. Experience in medicinal chemistry, 
or relevant biologically orientated research, and in using physical 
organic principles and techniques, would be distinctly 
advantageou_s. 

We pay an attractive salary and full range of benefits including 
free BUPA, bonus plan, contributory pension scheme, free life 
assurance and flexible working arrangements. 

Please write for an application form or send a detailed c.v. 
outlining qualifications and experience to the Personnel Officer, 
quoting referen<:<l number 935/S. 

Sl~&F 
SMITH KllNE r.FIIENCH RESEARCH LIMITED 

·The Frythe. Welwyn. Herts AL6 9AR. 

UNIVERSITY OF CAMBRIDGE 
Department of Chemical 
Engineering 
A POSTDOCTORAL RESEARCH 
ASSITANT 
funded by the .British Technology 
Group for a period of up to three 
y,,ars Is required to work In the 
area of high performance polymer 
tape production. '1be work w1II be 
concerned with developing and 
optimising . an existing experi
mental · facility for the manu
vacture of high strength polymeric 
tapes wblcb would subsequently be 
tested as composites. Desirably 
applicants should have experleµce 
In either Cbemlcal Engineering, 
Material Science, ·Polymer Tech
nology or Pbyglcs. Age relsted 
Salary In the range £6800,£8085. 
Applicants should Include the 
names or two referees and be sent 
to Dr Ill. R. lllackley, Department 
of Cbemlcal Engineering, 
Pembroke Street, C&mbrldge. 

UNIVEBSITY OF OXFORD 
Department of Experiment.al 
Psychology 
POSTDOCTORAL RESEARCH 
WORKERr-ORADEIA 
Applications are Invited for a post
doctoral research post concerned 
with the application of voltametrlc 
methods to the recording of brain 
activity In behaving animals. The 
appointment Is supported by the 
MRC and would be for two years, 
starting as soon as possible. Experi
ence with electropbyslologlcal, elec
trochemical, behavioural and 
especially computing tecbnlque8 
would be an advantage. 
Applications In writing with 
curriculum vitae ""1d the names 
and addresses of two referee8 
should be sent to Dr J . A. Gray, 
Department of Experimental 
Psychology, University of OXford, 
South Parda Road, OXford OXl 3D. 

CLINICAL RFSEARCH GROUP OF THE 
MAX-PLANCK-GFSELISCHAFf AT THE 

UNIVERSITY OF GOTTINGEN, FRG. 

A post-doctoral position is available immediately 
for a young scientist with experience in radio

immunoassay and peptide purification. The work 
of the Research Group involves the isolation and 
characterisation of biologically active peptides in 

the gastrointestinal tract. 

The appointment will be either at the BAT 11A or 
BAT 1B level (salary 45 000-55 000 pa according to 

experience) and is for up to five years. 

Please send applications with cqrriculum vitae, 
names of three referees and recent reprints to: 

Dr J. M. Conlon 
Kliniscbe Arbeitsgruppe 

fur Gastrointestinale Endokrinologie 
der Max-Planck-Gesellschaft 
an der Medizinischen Klinik 

der Universitat Gottingen 
Humboldtallee 1 

D-3400 GOTIINGEN 

OXFORD POLYTECHNIC 

RESEARCH ASSISTANT 
IN 

PHYSICAL SCIENCES 
Selective Optical Materials for 

Energy Efficiency 

~~~~ 
Auiltant to wOJt for=:" years on the 

:,-c,tion ..=. ~:= ~~ 
knproYe 1ho - efficiency of "°"" ~ com,en.,.. Partk:uar emphHis Is 
~ on the study of transperent heat :~s -=-~~en~~. 
chromic materials for use rt innovative 
convener designs. St.wfeces wil be 
prepared using chemicat m vacuum 
tvap<>n!tion tech"liques and analysed 
using reflectance .-lei transmittance 

~~~~ 
- be stucied. ~=-theC::.!e~=ss~ 
chefristry or mat.-.ls science. The suc
cessful applicant wil be permitted to 
register for the degree of MPhlfPhO with 
1hoCNAA and wl' be ,equlred to t.Wlde<· 
take some tNCtw,g at ...-.dergraduate 
level. s..,,.,,, - Is in 1ho range 
£4947-£5649 pa. Tho post is evalable 
from 1 September, 1983. 
Applications which ahc::l!Ad lndude a 
cwricubn vitae and the names and 
addresses of two ref•ees shouk:I be tent 

~p~~= 
OX3 OBP, from whom fw1ho< partlcuers 
of the post may also be obtained. 
CSosing date: 30 Jooe, 1983. 

UNIVERSITY OF MANCllfflTER 
Department of Chemistry/ 
Daresbury Laboratory 
POST DOCTORAL RESEARCH 
ASSOCIATE IN EXPERIMENTAL 
X-RAY SPECl'ROSCOPY . 
Applications Invited for the above 
post, funded by SERC, tenable 
from October 1st 1983, or as soon as 
possible thereafter, for an lnltlal 

=~:,,,t;;t~~i:.i·::.= 
resean:b at the Synchrotron 
Radiation Source at Daresbury and 
w1II be responsible for Implementing 
and COlllllllsslonl of a Ouo
rescence detection facility on 
the newly commissioned X-ray 
Spetroocopy Station on the Wlggler 
beam llne. Applicants are expected 
to bold a Ph.D. In experimental 
science; experience with X-ray 
detectors, general Instrumentation, 
and computing would be advan
tageous. Salary range £'1190-£'1630 
pa (Superanuatlon). Applications 
together with a full curriculum 
vitae and the name8 and addresses 
of two referees, to either Dr C. D . 
Garner, Department of Chemistry, 
'1be University, lllancbe8ter 11113 
9PL or Dr S . S . Hasnaln, The 
Daresbury Laboratory, Warrington 
WA4 4AD by July 31st 1983_. __ _ 
UNITED MEDICAL SCHOOLS OF 
GUY'S AND ST THOMA.S'S 
HOSPrrALS 
QUALIFIED LABORATORY 
SCIENTIFIC OFFICER 

~~~: ~~~ti::; ~.:;£ 
cine, at Guy's to work on a project 
studying Immunological and non
lmmfh'~~cal mechanisms of 
endo cell ir\lury. Experience 
In cell culture tecbnlques would be 
an advantage. 
Initial saisry for quallflecl Labora
tory Bclentlflc Officer In range 
£5491-£6851 plus £99'7 London 
Weighting. 
Apply In writing, stating age and 
giving detalls of quallflcatlons and 

~~~~~~~ls,~~ 
Hoopltal Medical Bcbool, London 
Bridge SEl 9RT. quotong Ref Rllll. 

UNlVERSITY OF CAMBRIDGE 

~rro~~ o~i;rth~Wc ~eaffi! 
Laboratory 
R6 TECHNICIAN 
required In t h e Cllnlcal Micro
biology and Public Health Labora
tory at New Addenbrooke's Hoopl
tal, Hills Road, Gambrldge, to assist 
In a two year Microbiology Research 

=~r ~t,~=mlst t 
develop a typing scheme for clinical 
lsolste8 of Clost rldlum difficile. The 
successtul a pplicant will be 
required to carry ou t t h e necessary 
experimental work under super
vision. Other duties will Inclu de 
care of apparatus preparation of 
reagents and special media and 
maintenance or adequate stocks to 
meet the requiremen ts of the 
project. There may be opportunity 
to work for a higher educational 
qualification. 
Quallflcatlons-HNC or equivalent. 
Balsry range £583~£6011 pa. Appll
cations from new grad\.tates 
welcome at a salsry of £4521 pa. 
Applications In writing to The 
Superintendent, Department of 
Pathology, Tennis Court Road, 
Gambrldge CB2 IQP giving names 
and addresses of two referees and 
quoting PF lH. 

-

Southampton 
THE 

~ UNIVERSITY 

HYDRAULIC 
ENGINEERING: 

RFSEARCH 
FELLOW 

The Department of Ovil Engincerin& is 
soclcin& a aood bonoul'l craduate. with 
appropriate research experience, to under
take and co-ordinate research experience 
into Low-Cost Hydraulics Structura 
Usina Rock Protected Earth Slopes. This 
is a J..year SERC contract with UK 

· consultant involvement. ~uate 

~ !~~~s~1in~~::y"~~f:~;, 
:r::·rt}::~~-=::i:":. v~ 
Sml~ Dtpartmeot or Ovll £acinttriac. 
DOI Illa- than JO June 198.J. Please 41aote: 
Rtf: NS. 

THE OPEN UNIVERSITY 
Faculty of Science 
TEMPORARY COURSE 
CO-ORDINATOR IN PHYSICS 
Appllcatlons are Invited for a 
temporary post as a Course Co
ordinator In the Physics Dlsclpllne. 
The main duties of the post are to 
provide t range of academic, ad
ministrative and editorial services 
to course teams producing multi
media undergraduate courses In 
Physics. Applicants should have a 
Clrst degree In Physics or a relevant 
subject and an Interest In academic 
administration. -

'f:j ~=n!fil f: ~~ 
Course Co-ordinator 1B saisry scale 
of £631~£98'15 pa. 
Application forms and further 
particulars are available from the 
Assistant secretary Bclence ("609/2). 
The Open University. Walton Hall, 
lllllton Keyne8 lllK7 6AA (postcards 
only pleaset or telephone lllllton 
Keynee (0908) 653481 or 653993: there 
Is a 24 hour answering service on 
653868. 
CIOl!ing date for applications: 4 July. 
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CSX RO 

Research Scientist/ 
Senior-Research Scientist 

$A23 340-$A34 330 
Division of Building Research 

Highett, Vic, Australia 

CSIRO conducts scientific and technological research 111 laborator(es 
located throughout Australia and employs about 7500 staff. of whom some 
2900 are professional scientists. The O rganisation's researth activities are 
.grouped into five Institutes: Animal and Food Sciences, Biological 
Resources, Energy and Earth Resources, Industrial Technology and Physical 
Sciences. The CSIRO Division of Building Research is a member of the 
Institute of Industrial Technology. 

FIELD: Building Operations and Economics. 

GENERAL: The Division is located in Melbourne and has a staff of 225, 
including 36 research scientists. Research at the Division covers a wtde 
range of topics aimed at increasing efficiency and eff«liveness in the 
building and construction sector of tne economy and all the industries and 
disciplines in this sector; enhancing the potential standard of 
accommodation for all Australians at work, at play. and at home; and 
minimising any adverse impacts of the construction sector o n the 
environment. One of the four major research programm es deals with Life 
Cyde Performance. 

DUTIES: The appointee will undertake research into systtms. operation,. 
and economics. at the building or industry level, f'Ortia.larlY the cost
effectiveness of components and systems over their whole ife cycles with 
particular concern for the evaluation of building quality. 

QUALIFICATIONS: Applicants should have a PhD . or equivalent, in a 
field related to science, mathematics, operations researth, engineering, 
building or economtCS together with relevant research experience. 
Familiar ity with life cycle costing and computer simulation would be an 
advantage. 

TENURE: A term o f three years with Australian government 
superannuation benefits available. 

APPLICATIONS: Stating full personal and professional details, the 
natnes of at least two referees and quoting reference No Al3 58 should be 
directed to: 

The Chief, CSIRO Division of Building Research, PO Box 56, 
Hlghett, Vic 3190, Australia. ·By 15 July, 1983. 

TECHNICIAN GRADE 3 
required to assist with the 
organisation and maintenance of 
Biophysical, Physical and Radio 
Chemistry lsboratorles. Duties will 
Include the preparation of reagents 
and Instruments. Opportunities w1II 
be given to participate In more 
advanced · work. Minimum 
quallflcatlons-HNC or two A levels 
or equivalent qualWcatlon. 
Mlnlmlum experience-three y,,ars. 
Possible day release. Five weeks 
annual holiday. Salary £5151-6035 · 
p.a. plus L. W. £1220 p.a. Let ter of 
application to Personnel Officer, 
The Bcbool of Pharmacy, 29/39 
Brunswick Square, London WClN 
lAX. 

l'1mivEasm oF LONDON 
INSTITUTE OF 
OBSTETIUCS 6 GYNAECOLOGY 

~unomayTedmician 
requlred lmmedJately t.o work 1n the 
In Vitro Fertlllsatlon procramme at 
Hammersmith Hospital. Salaly 
according to - and experJence and :~=ea•== overtime paymente will be made. 
Apply wttb curnculum vitae and two 
ref.,_ to Dr R. M. L. Winston. Ham
mersmith Hospital, t,ondon Wl2 OHS. 

-

Southampton 
THE 

• Ull:IVERSITY 

INSTITUTE OF SOUND 
AND 

VIBRATION 
RESEARCH 

A Research Felow i& required to work 
on · o amage ~ in Composite 
Materials. . The work will involve 
theoretical and explrirnental studies of 
the fatigue characterimcs of carbon fibre 
rlmforced plastk:a. The effects of edp• 
cracks on the stablty of panels wrth 
compressive n-plant and random acous
tic loadin$I will be eXIINned. Also damage ~~t~=tar~acec! 
smpte specimens. 

Suitably qualified CWldtdates will be ~ r~r~~or,:.~~~e: 
Engineering or Physics. 

Salary on ICM up to £8530 per annum. 
' Applications (in cklpieete) should be 
unt to D. A. S . Cociland. The Univer• 
llltv. Southampton $09 5NH, _..,,, 
•-187/R. . 
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OXFORD POLYTECHNIC 
LECTURER II/ 

SENIOR LECTURER 
IN PHYSICAL SCIENCES 
~ Chsmis1rtl 

:~;:t~~i ~ri~!~ [~~e~~ 
Physics Sciences (Inorganic/ 
Organic/ Organometallic Chemistry) 
tenable in the Department of 
Geology and Physical Sciences 
from 1 September. 1983. The 
successful applicant will contribute 
to the teachm~ in inorpanic and 
organic chemistry Within the 
Department" s undergraduate and 
TEC courses in Physical Sciences 
and Chemistry. 
The person appointed will be 
expected to undertake end develop 
research, extending the existing 
activity with the Department. 
Salary according to qualifications 
and experience, currently in the 
following ranges: 
Lecturer II [7215-[11 568 
Senior l ecturer E 10 683·[ 13 443 
An application form and funtler 
details of the post and the 
Department may be obtained from 
Mrs Judy Blakey,-Administration, 
Oxford Polytechnic, Headington. 
Oxford OX3 OBP. 
Closing date: 30 June. 1983. 

INNER LONDON 
EDUCATION AUTHORITY 
London Collece of Famlture 
U-71 Commercial Road, El lLA 
RESEARCH ASSISTANT 
required In the design and applica
t ion of non-metallic conventional or 
novel materials In furniture and 
relsted products, such as musical 
Instruments and equipment for 
disabled people. 
The assistant w1II be expected to 
undertake a specific research 
programme and participate In the 
ongoing research and development 
programme of the college. A teach
Ing commitment of up to six hours 
per week w1II be expected. 
Applicants must have a degree or 
acceptable equivalent In an appro-= C~~fln~~~~°li,tllff,'e 
Burnham (FE) Report: £46ro-£5355 
(plus £939 Inner London Allowance). 
Starting point dependlqg on qual
ifications, training and experlence
Appllcatlon forms · and further 
detalls are obtainable from the 
Senior Administrative Officer at the 
College. I 

ILEA ls an equal opportunity 
employer. 
THE ROYAL VETERINARY 
COLLEGE 
University of London 
Division of Paracllnlcal Studies 
Department of MIC!'Oblology and 
Parasitology 
TECHNICIAN GRADE 3-
BACTERIOLOGY 
Duties Include the collection, 
maintenance and preparation of 
material for practical classes tor 
veterinary undergraduate8 and 
assistance with the research 
programmes In the Section. 
Applicants should bold an Inter
mediate qualification at· least and 
have some relevant experience; a 
degree In microbiology will be an 
advantage. 
Salary scale: £63'71 to £7255 pa 
(Inclusive of London Allowance). 
Application form obtainable from 
Personnel Department , The Royal 
Veterinary OoUege, Royal College 
Street, London NWl OTU. a(Tei 
01-38'1 2898 ext 264). 
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MOUNT VERNON B08PITAL 
Marie CUrie Reoearch Wing 
Regional Radiotherapy Centre 
Northwood, Middlesex HA6 2RN 
ASSISTANT RE8EARCil 
OFFICER 

UNIVERSITY OF DUNDEE --- Cranfield 
(£6217-£7~71+ LW£596) 
Applications are Invited for the 
position of Assistant Reoearch Offi
cer. The succe88f\JI applicant will 
join a Clinical Reoearch Group 
currently funded until September 
1986 by a Medical Reoearch Council 
Programme Grant and concerned 
with the ae:nsltlsatlon· of hypmlc 
tumour cells to Improve the radio
therapy of malignant disease. 
The current research Interests of 
the group Include the Introduction 
of new chemical hypoxic cell aensi
tlaer& Into the clinic and the devel
opment of radio-frequ ency capaci
tance techniques for beat therapy. 
C&ndldates are expected to have a 
good honours degree In p byslcs, 
biology, electronlcs/blOenglnee, 
computer aclence or related disci
pline. An Interest and/or experience 
In statistics and computer tech
niques would be an advantage. 
Thoae Interested In the post may 
obtain application/job deacr!ptlon 
forms rrom the Senior Research 
Ottlcer, Mr Peter Anderson. Suit,. 
able candidates will be Invited to 
visit the unit, by prior arrangement, 
before the formal Interview. Tel 
Northwood 26111 ext 533/4. 

MAKE USE 
OFYOUR 
SCIENCE 

Your science degrJe . laboratory 
background, or "A' levels could help 
you becQme • me~tCal/ scientiftc 
representative . Manyvacanctes for 
trainees e•ist throughout the UK 
w i th excellent salaries + car 
+ bef)efits . "Phone or write (no 
stamp needed). for your copy of 
our information leaflet to Colin 
Mackinnon. 

, 01-229 4214 

1~l~!1h~!!!!!:E~ 
Freepost london w2 1BR. 

LECTURES, MEETINGS 
ANDCOURSFS 

Nlnewells Hospital and Medical 
Bchool 
MSc JN ANALYTICAL 
mOCHEMI.STRY 
'lbls full-time 12 month Course, 
based In the Department of 
Biochemical Medicine at Nlnewells 

r~~i,~=rf !'::'ri~~ 
such analytical techniques as chro
matography (OLC, TLC, HPLC), 
mass spectrometry (GO-MS, LC
MS), radioisotope techniques and 
Immunoassay, centrltupJ fast 
analysers, automated analysis, 
photometric and electrochemical 
methods, all of which are relevant 
to the routine and research aspects 
of the biomedical sciences. 
The course will be of value to 
graduates considering careers 
Involving the Identification and 
analysis of drup, Clinical Cbeml&
try, Environmen tal Analysis or 
related disciplines. 

:1:p=ts= ~"';."11~ 
dlaclpllne. Suitably quallfled appli
cants are eligible for support under 
the Manpower 8erv1cea Commla
alon TOPS a wards llCheme. 
Por further details contact either 
Dr J . D. Baty or Dr T . E. Isles, 
Department of Biochemical Medi
cine, Nlnewells Hospital and 
Medical 8choo1. Dundee 0 01 9SY 
(0382 60111, ext 2553, 2601). 

UMJST 
INFORMATION~ 

MSc COURSE IN 

Integrated Circuit 
System Design 

~ ~!:t::,.MSc ~..:.::...°::t 
Components, Semf...O,atom Dwlces, 
Syst.,,,. ~ CAD Toots. Su.dent:-dnigned 
drcuits wil be menufectured by~ and 
SE.AC t.ciitin. 
Applications inYiled from Honours: Gnc:tu.lH ..---c.n-.-n--~ ... --.. ----Thia CourN tonns ,-rt ol the SEflC'• lnfor-......, y---• -nieed b..ft._ than tor-AdYMCed courM student-=for ~ :=. r.cognlMd by the 
Oet.ailt end a,pplicedon fomw from: Dr A. P. 

~~~ 
Manc:hesw M60 100, or telephona 081-
238-3311 ut 2035 • 90CW1 u ~ ,,__ __ EH/C7/AJ. 

Sports and Science? 
Are you kC(Cn on spori, yet inter:cstcd in lliology as well? 

Ic°you have 2 'A' levels, one of them in a scie~ subject, 
NoQington College in Kent has got the perfect ilegroc course 
to offer you. 

8-A. (Hons) Mcm:ment Studies with lllology 
Combine Sports and Science by studying for an Hono urs 

Degree that combines Movement Studies with lliology. 
Human lliology, Animal PhysiolotiY, Ecology and Animal 
Movement arc included in biolosical studies. 

For u early interview ring Nonington CoHege on 0304 1!4()671. 

~ a1:i~ EDUCAl10N - - . -

FLUID 
ENGINEERING 

MScin 
DESIGN OF FLOW SYSTEMS 

This one-year course is run by the Fluid Engineering Unit 
and covers design aspects of 

-fluid mechanics· and flow instrumentation 
-open channel hydraulics 
-pipe and duct systems 
- seals and pumps 
- high pressure hydraulics 
-solids handling 

The course commences in October and is suitable for 
graduate engineers who work, or intend to work, in 
areas such as the process industries, where flow 
systems are important. Project work will be carried out 
in the extensive laboratories used by BHRA for industrial 
research. Studentships are available for suitable 
applicants. 

1P1ease send funll8r detais of the MSc in Design of Flow Systems-:-1 I together with an application form I 

: ~=~~~:::: :::::::::::::::::::::: : ::::: :: : : :Te; ::::::::::::::::: ::: : 
I Complete the details and return to: I 

Dr Vivien Morris, (Ref 830) 
I ~~~~l~k~,!tld Institute of Technology, I 
~el. Bedford (0234) 750111 Ext. 3422 _____ _J 

THE OPEN UNIVERSITY ~ 
MSc in Mathematics 

by part-time external study 
•Applications are invited for a part-time MSc programme in 
Mathematics starting in January, 19134. A range of courses is offeted 
in the broad area of pure and applied mathematics, the first two of 
which, available in 1984, are Nonlinear Ordinary Differential 
Equations and Applied Functional Analysis, I', further three courses 
will be added in 1985: Analytic Number Theory, Matrix Groups and 
Theoretical Mechonics , to be followed by Functional Analysis in 
1986. Six courses must be taken to gain the degree. 

The programme is open to applicants in any part of the United 
Kingdom. Study is home-based; there is no requirement to attend 
lectures or tutorials. Teaching is by correspondence texts and set 
books, with continuous assessment and end-of-year written 
examinations. There is flexibility for students to choose the period 
of time over which the degree is completed. The average length of 
study will be three to four years but there is provision for students 
to take the degree over a shorter or longer period. · 

Applicants should normally have at least a second class honour$"'" 
degree in Mathematics or a degree with a high mathematical 
content for further ,particulars and application forms please send a 
~ to the Higher Degrees Office, Tlje Open University, PO 
Box 49, Milton Keynes MK7 6AD or telephone Milton Keynes 
(0908) 653806. Please quote reference (Ml /3) . The closing date 
(or receipt of applications is 30 July, 1983. 
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FLUID 
ENGINEERING 

Cranfield I
r--- :-----, 11~ ~ Southampton 

MSc/PhD BY RESEARCH 
The Fluid Engineering Unit offers a range of projects suitable for 
higher degrees in the following areas; 

- Advanced flowmeter design 
-Two phase flow instrumentation 
-Flow around pump impellers, compressors and fans 
-Jet cleaning of oil rigs 
-Free surface flows at hydraulic intakes 
-Numerical methods in fluid mechanics 
-Water turbine desi\jn using computational and 

experimental techniques 
-Analysis of pressure surges in flexible tubes 
-Hydraulic and pneumatic transport of solids 
-Optical transducers for process industry applications. 

Candidates should have first or upper ·second class honours 
degrees in relevant subjects. Studentships are available for 
suitable applicants . 

For further details p lease contact 
Professor R. C. Baker, (Ref 832) 
Fluid Engineering Unit, 
Cranfield Institute of Technology, 
Cranfield, Bedford MK43 OAL. 
Tel. Bedford (0234) 752739 

North East London Polytechnic 
Division of Applied Physics and 
Charing Cross Hospital 
Department of Medical Physics 

1 
MSc Medical 
Radiation Physics 
This is a part-time, two year course on Tuesday afternoons and 
evenings at the Polytechnic and Hospital sites. It leads to the MSc award 
of the CNAA. Applicants should.have an l'ionours degree in Physics or 
in some subject with a major Physics content. The syllabus covers 
computin~. radiation physics, radiation detection, radiation safety, 
radiography, computed tomography, radiotherapy, radionuclide 
imaging and the use of non-ionising radiation. 
Details and application forms may be obtained from: 

The Sdence Faculty Registrar, North East London 
Polytechnic, Romford Road EI S 4LZ.. Tel 01 -590 7722 Ext 
4014. . 

Nl~l~t• 
UNIVERSITY OF BIRMINGHAM " 
_.,_ 

M .SC. C OURS E IN T HE 
PHYSICS AND 

TECH NOLOGY O F NUCLEAR 
REACTORS 

Appic:atlonl we.WMt.cl from candldat .. having, 
ot •xpllCdng, an uppw Hcond o, firat daaa 
(Mgr• S'I pt,yak:a. mathsmatica, rneuA.gy or 
~ . A lrMed runt,., of SERC •bdent· 
.tipa ............ f«"-"""detala-,d~ 
lionforma~to:O,Dtfflklkoynon,~t 

~~~ :h~T!'8'2W:~1~,~~ 
~2078quotingNS. 

North East London 
Polytechnic 

STtJDE&tSffits 
UNJYERSITl' OF MANGHD!TER 
Dl!i)li:ttinent of Chemistry 
RESEARCH B'l'UDENTSHIP 
JN PICOSEOOND LASER 
SPECI'ROSCOPY 
A CASE research studentship Is 
ava1Jab!e commencing October 1983 
for research Into the application of 
plcosecond lasers to ultrafast 
photophysical and photochemical 
processes In molecules. Appli
cations to Dr 0 . 8 . Beddard, 
Department of Chemistry. The 
University, Manchest.er MIS 9PL, 
stating qualitlcatlons and names 
and addresses of two academic 
referees. 

,~~.!. THE ~~ U!\IVERSITY 

AMERSHAM. INTERNATIONAL 
and 

THE UNIVERSITY, SOUTHAMPTON 

SERC CASE SIUOENTSHIP 
IN CHBIISTRY 

Applications •e Ned for an SERC 
CASE Studentship t.-.ble for three years 
leadw>g t0 the deg,Nof P!"D. Tho project 
will involve the synthesis of bifunctlonal 
che&atea for the lira',g of racfioKtfve 
metal ions: to cams proteins and the 
anessment of the lsbelad carriers as 
diagnostic aids in nudur medicine. 
Further details may be obtained from 
o,, P. Wyeth. Deportment of Chem
~~• 

6
~ Univenity. Southampton 

UNIVERSITl' OF &BERDEEN 
Department of Nalural Philosophy 
RESEARCH STUDENTSHIP 
Applications are Invited for an 
SERC Research Studentship In 
Information Technology, tenable 
for three years from October 1983 
and leading to a PhD degree, lo 
lnvestlgat.e acoustlcs and data anal
ysis for surface t.exture evaluation 
using high resolution ultrasonic 
probes. 
Applicants should have or expect to 
obtain a first or &OOd second class 
Honours degree In Pbyslcs or Elec
trical Engineering. Further Infor
mation and application forms can 
be obtained from Dr M. A. Player, 
Department of Nalural Philosophy, 
Aberdeen University, Aberdeen AB9 
2UE. Tel: 0224 40W.. 

UNIVEIISITY OF LONDON 
INSTITUTE OF 
OBSTETIUCS & GINAF£0LOOY 

Eri>erienced 
Ballioimmanoa.m, Technician 
roqulred lmmedlald)- to work In the 
In Vitro FerWisatlon _,..,,,,,. at 
llammenmlt.b llaspll&I. Salary 
according to age and experience and 
because the wort involves assays 
durln& Wl50Clable boura suitable 
overilm.e paymenta will be made. 
Apply with curriculum vitae and two 
referees to Dr R. M. L. Wlnaton, Ham
mersmith Hospital, London Wl2 OHS. 

BmKBl!CK. COLUGE 
(University of London) 
ffi!:SEARCH STIJDENTSHIPS JN 
CHEMISTRY 
Applications are lnrited for several 
postgraduate studentships (hmded 
by SERC and other sources) for 
courses leading to the degree of 
PhD. The research areas available 
Include spectroscopy, medicinal 
chemistry, solar energy conversion, 
photochemistry and synthetic Inor
ganic chemistry. 
Applications, with a cunlculum 
vitae and the names of two referees, 
should be sent to Professor C. D. 
Flint, Blrkbeck College, Malet 
Street, London WCIE 7HX as scon 
as l)OSS.lble. 

UNIVERSITY OF BATH 
SCHOOL Of BIOLOOICAL SCIENCES 

SERC/ CASE RESEARCH 
STUDENTSHIP 

Thia aludent.lhip 19 fundld In cai.bonlion wkt'I 
Beechlm~IIICI i.tuperviMdbyDr 
G. o. Hatman. The proiea:wa lrwNtipte loaln 
induced MCredan In iao&awlent«ocytM _, thrt 
~ofkllonollndMctecorydn.lgit. ~~=--===2'-~ of BMh. Ohenon Down, WI. 
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KING'S COLLEGE HOSPITAL 
MEDICAL SCHOOL 
(Unlvenll:, of London) 
Department of Anaesthesia 
Applications are Invited for a 
POST-GRADUATE RESEARcH 
B'l'UDENTSHIP 
Leading to a PhD, available from 1 
October, 1983. 
The research project will be In the 
area of transduction mechanisms In 
arterial chemoreceptors, and w1ll 
involve a range of electro
physiological techniques. 
The successful applicant w1ll have 
a.ccess to facilities both In the Phys
iology Department at King's 
College, London, and In the 
Anaesthetics Department at King's 
College Hospital. 
C&ndldat.es should have First Class 
Honours or a good 2nd class degree 
in physiology or related subjects. 
Applications, Including CV and the 
names of two referees to Dr J . C. 
Pont.e, Dept of Anaesthetics, King's 
College Hospital Medical Schcol, 
Denmark Hill, London SES BRX, 
from whom further details can be 
obtained. 

WYE COLLEGE 
(University of London) 
RESEARCH BTUDENTSHiP 
Applications are Invited for a 
Research Studentship commenc!ng 
In October 1983, leading to the 
degree of MPhil or PhD. The prqJect 
Is concerned with the concept of 

~~~ ~~ ~~='fu~: 
their act1Jty and metabolism . . 
The successful candldat.e Is likely to 
hold a First or Upper Second Class 
Honours degree (or equivalent) In 
Chemistry, have considerable 
experience Inorganic synthesis, and 
an Interest In applying his/her 
chemical expertise to biological 
systems. 
Applications with details of career 
and names of two referees, should be 
sent to Dr N. 0 . Clark, Wye College, 
Wye, Ashford, Kent TN25 5AH. 

UNIVERSITY OF ABERDEEN 
Instltut.e of Environmental and 
Offshore Medicine 
POSTGRADUATE 
B'l'UDENTSHIP 
Applications are Invited from suit,. 
ably qualified graduates In phys
iology, biochemistry or a related 
subject, for a postgraduate student,. 
ship within the Institute. The topic 
of research will be the effects of 
variations In substrate availability 
on the metabolic response to exer
cise. Both human and animal 
models will be employed. 
The studentship · Is available at 
normal Research Council rat.es, 
from I October, 1983. Applications, 
Including cv and the names of two 
referees, should reach Mrs M. 
Shaw, Personnel Officer, Univer
sity Office, Regent Walk, Aberdeen 
~ lFX by 7 July, 1983 

UNIVERSITY 'COLLEGE OF 
NORTH WALES, BANGOR 
RESEARCH B'l'UDENTSHlPS JN 
PHYSICS AND CHEMISTRY 

~nd ot~~j.=1.Fvauat~ 
work leading to the PhD degree In a 
range of topics. Applications from 
those who hold or expect to obtain 
first or upper second class honours 
degrees In these or related fields 
should be made to the Head of 
School of Physical and Molecular 
Sciences, University College of 
North Wales, Bangor, OW}'IljJ!d 
IJ57 2UW (Tel 0248 351151, ext 223) 
not lat.er than~ July, 1983. 
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~ PLYMOUTH " ~ POLYTECHNIC 1 
NERC (CASE) 
RESEARCH 

STUDENTSHIP 
Research into chemical proces
ses during estuarine mixing. 
A research student is required 
to join a collaborative investi
gation of chemical processes 
in estuaries. The work involves 
a study of the chemical kinetics 
of solution-particle interactions 
in estuarine media. The labora
tory studies will be compli
mented by extensive fieldwork 
in the Tamar Estuary using 
facilities at the collaborating 
Institute. 
Applicants should hold or 
expect to obtain a good 
Honours degree in Chemistry 
or an equivalent qualification. 
The project is for three years 
and the student will be 
expected to register for a 
higher degree. 
Application forms, to be 
returned by 30;.June 1983 can 
be obtained with further 
particulars from Dr Millward, 
Department of Marine Science, 
Plymouth Polytechnic, Drake 

~cus, Plymouth PL4 SAA. 

UNIVERSITY OF HtlLL 
Physics Department 
CASE AND rr STUDENTSHIPS 
Two studentships are ava.llable In a 
research group Involved In optically 
detected magnetic resonance stud
ies In semiconductors Important for 
devices. The work Involves low 
temperature microwave and lumi-

. .nescence spectroscopy In a group 
which takes an active part In Inter
national collaborative research 
programmes. The CASE award ts 
with Dr M. S. Skolnick at RSRE, 
Malvern and Involves the cbarao
terlsatlon of defects In built m-v 
semiconductors. The rr• student
ship Involves the characterisation of 
spin effects In semiconductor 
beterootructures. 
Please send applications with the 
names of two referees to Dr B. C. 
cavenett, Department of Pbyslcs, 
The University of Hull, Hull HU& 
7RX, from whom further Informa
tion can be obtained. 
• Information Technology. 

UNIVERSITY OF EDINBURGH 

STUDENTSHIP IN 
ENVIRONMENTAL PHYSICS 

Appications are invited for a NERC atudent· 
stip liuds,g to the degree of PhD for rnearch 

~it:_ ~.==-~bybetween =~'. 
TNa is a CASE awad wiCh ~ Unsworth of 

~wil""!".:t.='=,~ 
anemometers on the eclct;' transfer of hNt 
from aops. The student wil dewlop Ntru-

~~ ~=== ~ 
existing ttlectronics to c:alaAlte the 
comlaiions between anemomet. and "'' 
IMtyNf signlll. The method wil be tested 
against gradient methods over mooMnd. ~,:::.=. .. ~~.;:. 
conver...-U essenti:11. 

Encpriu:=---~·-~ 
~ Rood, E~ = 3.JU. 

New Scientist 16 June 1983 

UNIVERSITY OF NOTTINGHAM THE SCHOOL OF PHARMACY 
Depariments of Health Care of Unlvenlty of London 
the Elderly and PbysioloC7 and Toxicology Unit, 
Pbarmacoloa Department of Pharmacology 
Exercise Physlology/Epldemlology SERC (CASE) STUDENTSHIP 
POSTDO<n'ORAL A three-year CASE studentship, 
FELLOWSHIPS AND funded by SERC ts available for a 
POSTGRADUATE good honours graduate (minimum 
STUDENTSHIPS upper second class) with a strong 
Professors Tom Arie and P . H. background In chemistry or 
Fentem are seeking to make four biochemistry to work for a PhD 
appointments to a small team degree; commencing 1 OCtober, 
which w1ll undertake research Into 1983. 
the patterns of physical and The project w111 Involve the study 
psychol!)IPcal capacities In the of in vivo cell biochemistry under 
elderly and thelr maintenance. the Influence of model toxic 
There are two f~owshlps which compounds by high resolution 1H 
are suitable for candidates with a and "O nuclear magnetic reson
hlgher degree and two post.- ance (nmr) spectro6copy. The meta
graduate studentships for candi- bollc fate of these compounds In 
dates with a good first degree. hepatocytes w1ll also be -::~=~t f~ &,,""':gr~~ i;u~ ~~';'!irt:!i tx;,~h~: ~~ 
renewal Is subject to an annual nlques In order to elucidate basic 
review. The salary scale for the mechanisms of toxicity and 
fellowships w1ll be on the scale for carcinogenicity. Work w1ll be 
non-<:llnlcal lecturers, and the carried out In collaboration with 
studentships w1ll be awarded · Dr C. R. Elcombe at the ICI 
according to the terms and condl- Central Toxicology Laboratory, 
tlons offered by the Research Alderley Park, Macclesfield, 
Councils. Cbeshlre. 

~~,! t~!i:emi.!m:~ =ul~~~!:'J'i.i,~~~ o~ 
two referees to: Professor P. H. two referees, should be sent to: Dr 
Fentem, Department of Physiology J . K. Nicholson, Toxicology Unit, 
and· Pharmacology, Medical School, Department of Pharmacology, The 
Queen's Medical Centre. School of Pharmacy, 29/39 
Nottingham N07 2UH by 30 June, Brunswlclt Square, London, WClN 
1983 lAX, O'el 01-337 7651 Ext 89). 

THE UNIVERSITY OF 
SHEFFIELD 

Department of Medical Physics 
and Clinical Engineering 

TWO 
STUDENTSHIPS 

~~! ~~:m~t~; ~and~·-=::. s;:: ~ 
tho 1-..g tOl)lcs: 
1 . Automatic analysis of auditory evoked 

electrieal potentiels to assess hearing 
i, chikhn. 

2. Analyticol and._.,,.,,.. sbdes of 
the mecharical behaviour of soft 
t,;ologicaltlasue. 

Further details from Professor M. M . ~~t~~=-= 
Hospiul. ~Road, Sheffield S10 
2JF. cr....;;;;;...0142-26484, ext 2712). 
Ouote rel R850/H. 

UNIVEBSITY OF LIVERPOOL 
Departments of ZOOiogy and 
Botany, and BICC Ltd, Prescot, 
Merseyside. 
TRACE METALS IN ECOSYSTEMS 
SERC !JASE STUDENTSHIP 
Applications are Invited from grad
uates or thooe who hope to graduate 
this year with. a · Flrst or Upper 
Becond Class Honours degree In an 
appropriate subject. 
The prqject Involves the study of 
mechanisms of heavy metal toler
ance · 1n Invertebrates and small 
mammals In stressed environments 
using electron microscopy, X-ray 
microanalysis and other modern 
analytical techniques. 
The successful candidate w1ll be 
expected to register for a PhD and 
w1ll bejolntly supervised by Dr D. J . 

~~~~)•&'~: SH~~~ 
(BICC). 
Requests for further details or 
applications, consisting of a curric
ulum vitae and the names of two 
referees, should be received as soon 
as possible by The Registrar, The 
University, PO Box H7, Liverpool 
L69 3BX. Quote.Ref: RV/960. 

Closing date 1 July, 1983. 
BOY.AL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(Unlvenlty of Lo-D) 
Department of Biochemistry and 
Chemistry 
SERC RESEARCH 
STUDENTSHIP 
Applications are Invited from grad
uates or students talt1ng honours 
degrees this summer In Biochem
istry or related subjects for a three 
year SERC research studentship. 
The successful candidate will regis
ter for a higher degree In the 

~~ve:!;! a ~:'°~U:=: 
least grade D (I)). 
The project concerns changes In cell 
surface properties In cell biology 
and pathology. 
A curriculum vitae and the names 
of two academic referees should be 
sent to Dr D. Fisher, Department of 
Biochemistry and Chemistry, 
RPHSM, Rowland Hill Street, 
London NW3 2PF, as soon as 
possible. 
Further details are available on 
request. · 

AGRICUI. llJRAL 
RESEARCH COUNCL 

FOOD RESEARCH 
INSllTI/TE 

CASE Research 
Studentship 

Appieltions •• invited for CASE = =d,;ps lo< -'< on tho 

1. ~ s.;::r ~) ofA=.t; 

:riv= cc:.:~ 
OlenllcalTechnology. 

2. ~YA~ Syal~~ 

of Cambridge, Caveodi~ator;. 
The awards are tenabfe for ttwff year. 
from October 1983 and wil lead to the 
degree of PIO. . 

--forms and lunhef panlculats from the Secretary, Food Research ins• 
Ma, Cohey Lane, Norwich NR4 7UA. 
Closing data: 30 .b>e. 1983. 

un1ve~s1ty 
colleqe of 
swansea 
Research Studentships 

The Science and Eng;neering 

~~~~~~~: 
number of research studentsNps tenabie 
in the Department of Zoology at the 
University Colege of Swansea. Appfice-

~~ ~~~ -~ 
formation; garnetogenesis and metamor-

~~ ~;,~°,;~~;:: 
nervous co-orcfination In cok>nial 
invertebrates. 

a1!'8 off~~!~P o;ors~an:e; 
qualified candidate with interest or 
experience in ~ or moleo.Aar 

:sv~=.c::ay~ 
IIA>stances, with the aim of developing 
technic:p.,es for growing these eels on a 

- scale. The val.Je of the studentsNps wil be 
in line with SERC rates. 

Further particulars may be 
obtained mxn "'" s.cmarv. 
~~w°'.n!a~~~ 
Swansea SA2 8PP. 

THE UNIVERSITY OF 
MANCHESTER 
Department of Chemistry 
SERC CASE RESEARCH 
STUDENTSHIP INTO 2D NMROP 
OLIOOPEPI'IDEB 
Applications Invited for the above 
po6t. The Studentship w1ll Involve 
collaboration with ICI Ltd (Phar
maceuticals Division), to Investigate 
the application of two-dimensional 
Fourier transform NMR spectro
scopy to the study of peptide 
conformation. Applications, Includ
ing a curriculum vitae and the 
names of two referees, should be 
sent as soon as possible to Dr 0 . A. 
Morris, Department of Chemistry, 
The University, Manchester M13 
9PL 

Portsmouth Polytechnlc .,__,.,llloloakaf-. 
Two SERC studentships, mus1 iwte 2(i} or fint 
~ honours dtcret and may register !or• higher 

Studentship I . 
~.:=rt.I~-:..~ ...,,.,,..,_Gioup. 
Studentship II 
Thereprocluc.tMt~distributionof the ~= .. - °'"""
~~=,~~~ 
cnAtole conllin1ent. 0n Y: M. Budef- and W . F. 
Farnham. All at the Marine Labontory, H,,yting 
bbnd. ,.._ ,.,.,to the AclfflWttrathe Auhtant, 

~':'..:·:~~~ 
=7611,btJll)fwfurtfMrdetalhucl --

UNIVERSITY OF BIRMINGHAM 
-of Physics 

Apptications •• Invited from candidates = oror,.::~-~ 
mathematics for"°;~~udentships in 

FUSION AND FISSION 
PHYSICS 

end related topics. 
For more det.ah and eppication forms 
please -'Y to, Dr ·o.,ek Beynon. 
Depanment of Phyob, - of 

~ .. ~2~1/~30~ 
quotklgNS. 

DURIIAM UNIVERSITY 
Department of Anthropology 
Applications. are Invited for a· 
three-year 
RESEARCH STUDENTSHIP 
to work with Dr M. T . Smith on 
"Migration and Genetic Structure 
among North Yorkshire Coastal 
Populations". The successful appli
cant w1ll have at least an upper 
second class degree y,!th a special
Ism In biological anthropology, 
evolutionary biology, genetics or 
historical demography. 
The project Is designed to evaluate 
a linear stepping-stone model of 
migration by prediction of genetic 
structure from historical 
demographic data. 
Further details are available from 
Dr M. T . Smith, Department of 
Anthropology, 43 Old Elvet, 
Durham DHl 3NH to whom appli
cations should be sent as soon as 
possible. 

UNIVERSITY OF LEICESTER, 
RESEARCH STUDENTSHIP 
An award ts available for a collabo
rative project between Dr R. 0 . 
Stephen (Department of Physio
logy), Dr C. D. Ocldeford (Depart
ment of Anatomy) and an Industrial 
sponsor. 
Applicants should have, or expect to 
obtain, a good honours degree In 
Physics, Electronic Engineering or 
allied subjects. The project consists 
of the development of a stroboscopic 
aurtscope fo~ use In detecting osslc
ular disease In man and a stro
bon:,lcroocope for measuring human 
sperm motility. 
Applications with full curriculum 
vitae and the names of two referees 
should be sent to Dr R. 0 . Stephen, 
Department of Physiology, Univer
sity of Leicester, from whom further 
details can be obtained. 

UNIVERSITY OF YORK 
Department of Biology 
YorkY015DD 
A RESEARCH STUDENTSHIP 
Is available for three years to work 
for a Higher Degree on Mechanisms 
of Immune Attack and Astrocyte 
Activation In 0llal Ce! Cultures In 
relation to Mechanisms of Demye
llnatlon In the Central Nervous 
System. The project Is funded by the 
Multiple Sclerosis Society. 
Applicants must have at least an 
upper second class degree In the 
Biological Sciences, some experi
ence with Immunology and/or 
of tissue culture work would be 
helpful. 
Further information ·can be 
obtained from Dr M. 0 . Rumsby at 
the above. address to whom appli
cations containing the names of at 
least two academic referees should 
be sent as soon as possible. 

UNIVERSITY OF·NOTTINGHAM 
Depattmeqt of Botany 
SERC CASE STUDENTSHIP 
Applications are Invited from 
biological science graduates with a 
1st or 2(l) degree for a SERC CASE 
studentship, In collaboration with 
Shell Research Ltd, for studies on 
somatic hybridisation by fusion of 
protoplasts from grain legumes. The 
studentship Is tenable for three 
years from 1 OCtober, 1983, and the 
successful candidate w1ll be regis
tered for the degree of PhD. 
A letter of application, Including a 
curriculum vitae and the names of 
two referees, should be sent to 
Professor E. c. Cocking and Dr 
M. R. Davey, · Plant ·aenetlc 
Manipulation Group, Department 
of Botany, University of 
Nottingham, N07 2RD, by 30 June, 
1983. 

New Soentist 16 June 1983 

Institute of Oceanographic_Sciences (Bidston) 

NERC Research Studentship 
Hydrodynamics of Liverpool Bay Including the 

Mersey and Oee··Estuarles 

A renewal of interest in this topic has arisen with proposals for (a) tidal barriers, 
{b) study bf heavy metals, (c) construction of sewage tr.atment works. 
( d) construction of coastal defences and ( e) land reclamation. A study of basic 
scientific problems associated with the above will be carried exit using two and 
three dimensional models operated on the CRAY computer. 

The studentship is. for three years beginning I October, 1983 and fealling to a 
PhD Degree (University of Liverpool). Applicants should have (or expect to 
receive) a I or 2.1 honours degree in mathematics, n_umerical analysis, physics 
or engineering. Further information from Dr·N_ S. Heaps or Dr D. Prandle, 
Institute of Oceanographic Sciences, Bidston Observatory, Blrkenhead, 
Merseyside L43 7RA (tel: 051 -653 8633). Applications should indude a 
curriculu":'· "'.tae and nal)1es of two referees. Closing date 7 July. 1.983. 

NATU~L ENVIRONMENT RESEARCH COUNCIL 

UMIST 
Chemical Engineering 

Department 

CASE AWARD 
An SERC CASE award is available 
from October 1983 for a joint 
project with ICI Organics Division on 
1lte Precipi1a1ion of Sufphonic 

· Acids. The study wiU involve work 
on 1lte _phase equilibrium. batch 
precipitation and phase characteri
sation of a number of sulphonic 
acids and some of 1lte worl< wiff be 
carried out at ICI Huddersfield 
Worl<s. . 
The position would be suitable for 
som89f1e wf;'to has obtained, or will 
be awarded this summer. a first 
dt,gree in chemical engineering or 
chemistry. Normal conditions for 
SERC Research Studentship apply. 
Requests for further infonnatibn and 
application forms quoting reference 
CE/58/AJ. should be sent to 
Professor J . Garside. Depanment of 
Chemical Engineering, UMIST, P 0 
Box 88. Manchester M60 1 OD. 
Telephone061-2363311 ext2106. 

UNIVERSITY COLLEGE, 
CARDIFF 
Identification of Minor 
Components: 
OU Refinery Products 
SERC CASE STUDENTSHIP 
Applications are Invited from chem
istry graduates with a good Honours 
degree for a project Involving exten
sive use of mass spectrometry and 
chromatography (gc and hplc), and 
some small scale synthetic work (In 
association with Esso Research, Mr 
S. F.Noel). 
Applications with curriculum vitae 
and names of two referees should be 
sent as soon as jx)ssble to Dr D. E. 
Games, Department of Chemistry, 
University College, PO Box 78, 
~ PP! JJU,. 

SERC CASE AWARD 
Research Studentship for three 

-~t'~~~ins~~'ict~ 
of ~ymorphonuclear leucocytes•. 
2(l) Degree or above required. Usual 
SERC studerttshlp conditions. 
Further details from and applica
tions Including CV and two refer
ences, to Dr P. N. Platt, University 
Department ot Rheumatology, 
Royal Victoria Infirmary. New
castle upon Tyne. 

Dllllllil~ ~ 
UNIVERSITY 
OF WALES 

DEPARTMENT OF 
APPLIED BIOLOGY 

RESEARCH 
STUDENTSHIP 
Applications are invited for a Research 
Studentship tenable for 3 years from 1 
Oc1ober 1983 to study poputation 
dynamics of young samon under super
vision of Prof. R. J . H. Beverton FRS ¥Id 
Or R. WIiiiams and in dose collaboration 
with staff of the Welsh Water Authority. 
Student wil be located a t UWlST Field 
Centre. Newbridge-on-Wye, for field 
studies. 

Applicants should hold a first or upper 
second class Honours degree and must 
be Home students f0t fees purposes. 
Baste stipend at Reseateh Council rates . 
Maximum value of studentsNp ts 
£4300, from whk:h fees are deducted. 
Details and application forms are 
available from Prof . R. W . Edwards, 
Department of A,paied Biology, 
UWIST, Cardiff, to whom completed 
forms must be returned by 30 June 
1983. 

UNIVERSITY OF NOTI1NGHAM 
Department of Botany 
NATIONAL WESTMINSTER 
BANK RESEARCH FUND 
Applications are lnrited for a 
POST-GRADUATE RESEARCH 
STUDENTSHIP, 
supported by the National West
minster Bank Research Fund, to 
work. for a higher degree on an 
ultrastructural and stereologtcal 
analysis of plant p rotoplasts during 
isolation and fusion. 
The value of the studentship w1ll be 
equivalent to a SER.C award and 
w1ll run, In the flrst Instance, from . 
October 1983 for two years. · 
Applicants should have, or expect to 
have, a good Honours Degree In a 
biological science and should apply 
(curriculum vitae plus names and 
addresses of two referees) to Dr L. o . 
Brlarty and Dr M. R Davey, Botany 
Department, University of 
Nottingham, University Park, 
Nottingham N07 2RD, by 30 June, 
1983. 
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UNIVEBSITY OF NOTl'INGJIAM 
Department of Bio Chemistry 
SERC CASE STUDENTSHIP 
Applications are Invited for a 
studentship expected to lead to a 
PhD degree for research on the 
control of cholesterol synthesis In 
lactation. -The project will be In 
collaboration with the Hannah 
Research Institute, Ayr. Applicants 
w1ll need a first or upper second 
class honours degree In Biochem
istry or related subject. 
Applications Including curriculum 
vitae and names of two academic 
referees to Dr B. ~ddieton, 
Department of Biochemistry, 
Medical School, Queen's Medical 
Centre, Nottingham N07 2UH. 

UNIVERSITY OF ST ANDREWS 

CASE RESEARCH 
STUDENTSHIPS 

IN PHYSICS 
SERC studentships are available in tonized 
gas and semiconductor physics, tenabfe 
for ttwee years from October 1983. 
Further details can be obtained from 
Professor R. A. Stradtng. Depanment of 
Physics, University of St Andrews, North 
Hauan. _$_t Andrews, Frfe KY16 9SS. 

FELLOWSHIPS,GRANTS 
& SCHOLARSHIPS 

UNIVEIISITY OF WARWICK 
POSTDOCTORAL FELLOWSHIP
PHYSICS 
To work In collaboration with 
professor P. W. McMillan In the 
Department of Physics. The 
appointment ts for two years In the 
first Instance with the possibility of 
an extension. and the research 

g,~.:!:t"':n';l''fu~=--~~~-
of hard ceramic type materials for 
speclaJlsed applications. The work 
w1ll Involve studies of nucleation 
and crystallisation of glasses and of 
composite materials using a range 
of sophisticated analytical tech
niques. Applicants should have a 
strong Interest In the physics of 

~~ :V: a~~'¥i~ ~ ,.r: 
related to materials science or solid 
state physics. Salary on the 
Research Range lA scale: £7190-
£11 615 pa. Enquiries and applica
tions to Professor P. W. McMillan, 
Depart-ment of Physics, University 
of Warwiclt, Coventry CV4 7AL. 
Closing date for receipt of applica
tions 5th July 1983. 

ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(Unlverslt1 of London) 
Department of Biochemistry and 
Chemistry 
JUNIOR RESEARCH 
FELLOWSHIP 
Applications are Invited from grad
uates or students obtaining a good 
honours degree this summer 1n 
Biochemistry or related subjects for 
a three year Junior Research 
Fellowship. The successful candi
date will register for a higher degree 
In the University or London. The 
project concerns the biochemical 
and ultrastructural mechanisms of 
membrane fusion reactions 1n cells 
and organelles. 
A curriculum vitae and the names 
of two academic referees should be 
sent to Professor J. A. Lucy, 
Department of Biochemistry and 
Chemistry, Royal Free Hospital 
SChool ol Medicine, Rowland Hill 
Street, London NW3 2PF by 24 
June, 1983. Further details tl!re 
available on request. 
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Electronics Research 
Fellowships in Japan 
PhD-level researchers for one year contracts with a world leader 
in high-tech ~&D 

In the competitive fields of audio-video, home and 
medical electronics, communications and systems/ 
control technologies, energy, VLSls device simulation 
(CAD), Toshiba is up omom,J the world leoders . . 
A position that was primarily esta blished - and now 
vigorously maintained - by a massive commitment 
to R&D both in terms of capitol expend iture and 
manpower. 

To' promote even greater understanding between 
the UK and Japan throu1ih co-operation in high 
technology research activities, we hove created the 
Toshiba Fe llowship Progra mme, which is scheduled 
to begin in November. 

Two fellowships ore available each year at our 
superbly equipped facilities just outside Tokyo ond 
successful candidates will be offered the opportunity 
to conduct, in conjunction with our own engineers, 
the basic research work associated mainly with 
the following areas: 
VLSI Device Design Simulation (CAD) • Semiconductor 
Technology • (Crystal Growth • Surface Physics 
• Opto-electronics) • Electro-magnetic Waves 

• Surface Acoustic Waves • Pattern Recognition. 
Ideally oged under 35, applicants must be of 

British nationality, a nd currently engaged 
as researchers in UK academic or government 
laboratories, having obta ined a PhD or equivalent 
in on engineering or scientific field. 

With o one-year contract (renewable up too 
maximum ol 12 months), Fellows will enjoy a pre-tax 
annual allowance of approximately £24,000, 
togeth~rwith free .air passages to and from Tokyo 
(including spouse and children), and o relocot,on 
allowance equal to about £540 on both arrival and 
departure. 

Simultaneously, Fellows will be provided with 
omple opportunities to become acquainted with both 
Ja panese industry a nd culture. 

For on applica tion form, please telephone 
01-242 7295 or write to the Toshiba Fellowship 
Programme at Toshiba Corporation (London Office), 
Audrey House, Ely Place, London ECl N 6SN. 

Closing dote: Applications must be mode before 
11th July 1983. 

==========TOSHIBA~~~~~~~~~~ ========== . == J 
ll ------~·-·-·- ------------- I -- ---- - -------------

-

Southampton 
THE 

~ l '~IVERSITI' 

DEPARmENT OF CHEMISTRY ---In 
Synthetic 0.ganlc Chemls1Jy 

~HerehFelowships•ewailablefor 
devek>pme(\t of new synthetic methods 
end for target synthesis of nan.nl 
pro<b:ts. Staning uta,y on lhe scale 

£61~£?~.=:::~~ 
~83. although earlier or later date could 
be arranged. 
Applications with cuniculum vitae and 
names of two referee• should be sent 
as aoon •• poulble to ProfnlOf R. C. 

~~~i~ 
&NH. Please quote Ref: NS. 

THE ANIMAL HEALTH TRUST 
Unit of Comparative Opbtbamology 
POST-IX>CTORAL REBEARCH 
FELLOWSHIP 
Applications are Invited ror the 
above post subject to continued 
tund!ng by a m,Jor funding body to 
study the antigens or Moraxella 
bovls, the aetiological agent or tnrec
tlous bovine keratooonJunct!vltls. 
The purpose of tbls project will be to 
develop a serotyptng scheme tor this 
organism and to evaluate cell anti
gens tor their association with 
patbogenldty and potential as 
components or a vaccine. candi
dates must be familiar with general 
bacteriological tecbnlques and have 
some experience 1n immunology 
and antigen analysl.s. 

/ 

APPOINTMENTS 
MSc PhD ANALYTICAL CHEMIST 
Recently graduated with wide 
knowledge or non-Isotopic Im
munoassay. Urgently seeks employ
ment In Research and Develop
menL Box No D'l35. 

WANTEI> 
PHYSICS GRADUATE 
5 years experience In Health Physics 
/Radiation Protection and Person
nel Dosimetry. 
WW work In UK and Europe Box 
D'l:14. 

AWARDS 

Natural Environment Research Council 
Estuarine Processes 

a N~RC Special Topic Programme 

LUNDY FIELD SOCIETY 

The post Is tenable tor three years 
and Is on the salary range £6375 to 
£11105 according to age and 
experience. 

The NERC has set aside a sum of money to promote new initiatives in research 
on estuarine processes. This money will be available for an initial period of three 
years and will be dispensed through the NERC Special Topic Award scheme. 
This scheme gives special emphasis to the promotion of a multi -disciplinary 
approach to research and development of collaborative programmes between 
research institutes and university/polytechnic groups. 

SMALL RESEARCH GRANTS 
The Lundy Field Society Is offering 
a tew small grants, maximum or 
£500 each, ror research Into a wide 
range of aspects or the biology, geol
ogy, geography, archeology and 
history of the Island or Lundy In the 
Bristol Channel. Particulars may 
be obtained trom the secretary, 
Mr P. B. F . Cole, 2 Beaufort CI06e, 
Reigate, Surrey RH2 9DQ. 

Further information may be 
obtained by telephoning Dr P . J . 
Cox, Newmarket (0638) 750M3. 
Applications and curriculum-vitae 
should be sent to The Station secre
tary, Small Animals centre, AHT 
Lan wades Park, Kennett, 
Newmarket, Burtolk, from whom 
application rorms may be obtained. 

Proposals from members of staff of UK universities and polytechnics for 
support-under the Estuarine Processes Special Topic arc now invited. Further 
details and application forms arc available from: 
Dr P. Williamson, NERC, Polaris House, North Star Avenue. Swindon, Wilts 
SN2 IEU. 
Closing date for receipt of applications is I September. 
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NUFFIELD FOUNDATION 
Awards to Newly Appointed 

Science Lecturers 
ll'9oJoru:~=~=';'.:i·P~~~=-::.T~C:~~~ 
;=:~=-~w-=~~::=ti=9.::Y:::?9~~~~~ ~a:-=c:roR~=h~T!=.:::~:.:~= ,::~~!'ectr.o:C:-~! 
but otherwise may be used flexibty In the furtherance of the award holder's research 
programme. 

Nature of Awards 

~--=~~::/:,~~~10:=:.e:::i:s~~:.~~iM~.~ 
~ ~~..;~~~r!:.~t>!-1:!t~==~~~-c.~~~ 
consumables and for occask>nal research and tedvlical assistance; they may also 

~~~ ':~~:= =v·:.~ 3:e':~~:~~e~=r ~=: 
to change their plans. subieCt to approval from the Fooodauon. . 

After two .,...... award holders wil be asked to write a repon on the use they have made 
of the award. 

Eligibility 

=~~~ ~=~~~:===~-~t=t apply widwl 12 months of taking..., their posts and may apply between the time of being 
appointed and taking up the post. 

How to apply 

:=:n~!.m:ta~edt~=~•~wr.:::i~o~~~~ 
f:1~:!~~~:=~e:.~nnta~en':n~S:rm!.0=.; 
~'!7:'oS:s~~=~~~~SOJ:~~o.r=e:: 
~~r.s::.~ :et~::=:;~ ~~m~~s:nd ~r~~~~~= 
be made within two months of the closklg dates. Awards are made formaUy to the 
Universi:'( or Polytechnic and wil be available as soon as the Institution concerned has 
signified its acceptance of the award. 

Application forms may be obt8ined from the fwffiakl Foundation, f'Mfiekl Lodge. 
Regent's Paf1c.. london NWl 4RS. . 
The scheme is onty open to appicants from Institutions widwl the Uritad Kngdom. 

BOOKS&PUBUCATIONS 

EDUCARE'S 50 
Book or 50 IK programs for 
primary education oo the Sinclair 
ZX81 microcomputer (plus Spec
trum supplement). £5·95 UK, £8 ·45 
worldwide by air. Educare, 139& 
Sloane Street, London $WIX 9AY. 

PERSONAL 
MICRO SOCIETIES WITH 
COMMUNITY SYSTEMS (UK) 
C-D-S 
C-D-S 1s one of Europe's m06t 
Important and urgent computer 
based social re-structure and urban 
rebuild programmes. Because the 
C-D-S project 1s aimed directly at 
t he very roots or all civilised social 
organl.s,atlon, it will be of great 
Interest to all cmcerned with 
Improving the "ways of living" of 
prdlnary people and changing the 
structure or commerce. C-D-S 1s 
about to start rebulld!ng the world 
In your area right nowl 
People of any protes.slon, occupation 
or status can partl.clpate-tortunes 
will be made, and C-D-S creates 
Immense commercial potentials. 
Bend stamped addressed envelope 
now for sensational information on 
'"lbe C-D-S Societies• to: C-D-S 
(UK) Micro, 89 Hexthorpe Road, 
Doncaster DN4 OBE. 

Bored? Frustrated? Angry? Ambi
tious? Then read THE 
ENTREPRENEUR, probably the 
world's most exciting monthly 
publlcatlon tor self-reliant men add 
women wishing to create/develop/ 
survive In their own business. Pree 
Introductory offer: Sae THE 
ENTREPRENEUR, Dept B28A, 
Alston, Cumbria CA9 3RP. 
LOANS F ROM £100-m>O 
to postgraduate scientists for 
research or other purposes. Salaried 
Staff London Loan Co Ltd, 175 
Regent Street, London Wl. For 
written quote reply 01-734 1795. 
CV COMPILATION 
Professional Service. Telephone 021 
502 4618. 

UNIVERSITY OF BATH 
School of Electrical Engineering 

TENDERS 

SERC (CASE) Award 
D5082 

=~~~edre!~~~= 
r.tion with n. CSt~). Imo che Recipn,dty 
of Propagation In Induction Loop SystWM. 

~tsrnu.thlwecect.micllrldNlidentia 
quaWlcadons ~ to SEAC and 8R ..,._t In 
radio nnsrniuion and comput.-s would N an 
advantage. Pwlod• of mac:hmad It Kl. wil ba 
r.qund. Toa auccenful ll)plk:wit wil be upected eventudy to MJbmlt I thesis on 1he 
work for • higher de9r1e. 
A9Pkation ,~ and fl.ntw' lnformadon mey be 
obtained by by wrldng to Mr W. E. WhNk>n. 
Schooi of Electicel EnginNring, lJniv.'llty of 
a.th. CIIYenon Down. Bl,th BA2 7 A Y. 

IMPERIAL COLLEGE 
(Department or Physics) 
A CASE AWARD 
Is to be filled ror a collaborative 
project Involving the spectroscopy 
group (Physics Department, Im
perial College) and the UKAEA 
Cu1ham ror Ultraviolet Spec
troscopy or Tokamak Plasmas. The 
aim Is to study highly stripped Ion 
spectra and radiative loss mech-
anisms rrom fusion devices. 
Interested candidates should 
contact Dr J . P. Connerade, Black
ett Laboratory, Imperial College, 
London SW'/ 2BZ by 9 July 1983. 

Opportunities in Radioactive 
Waste Management Quality 
Assurance Evaluation 
The Department of the Environment is seeking tenders from organisations 
prepared to undertake general research in the field of radioactive waste 
treatment and the evaluation of treated or untreated radioactive wastes. 

The organisation concerned will be required to handle packaged radioactive· 
waste in containers up to 500 litres capacity, up to 200 GBq alpha activity 
and/or 20 TBq beta/gamma activity. Similar specific activity levels are likely 
to be involved in carrying out associated research projects. 

!~,~ prst_i~ance the contract is likely to be for three years with a possible 
extension to the development of a Quality Assurance Evaluation 
Laboratory. 

Potential contractoi-s requiring further information or proposing to submit 
•a tender should contact Dr M. W . Jones, Department of the Environment, 
Room A537, Romney House, 43 Marsham Street SW IP 3PY in the first 

. instance by 24 June, 1983 for final submission of tenders by 22 July, 1983. 
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:i MICR~~ILM EDIT ION: 

Fiche 0< 35mm RoN Rtm 
including indexes and backn.,ns. 
Current subscription on 
microfiche: £30,00 (Surfac~) 
£45/$90,00 (Airmail). Back sets : 
CJS.00/$70.per year. Yearly 
sets of•iride11es: Cl 5 •00/$30. 
Enquiries to Oxford Microform 
Publications. 19a Paradise Street, 
OxfordOX11WTelex: 83147. 
Ref: OMP. Tel: (1;)865) 46252. 

INDEXES: 
Published quarterly. six weeks 
after the end of each quarter. 
Current indexes are included with 
all non-agency subscription 
copies, and do not need to be 
ordered separat~y. But back 
numbers (£1 -75 per index 
including postage) for the past six 
years can be ordered from New 
Scientist Readers' Services Dept .• 
New Science Pubtications. 
Commonwealth House. 1- 19 New 
Oxford Street, London we 1 A 
1NG. Payment with order. Cheques 
made payable to New Scientist. 

BINDERS: 
To hokf 13 copies (one quanerly 
votumel £3 -95 from Easibind 
Limited, 4 Uxbridge Street. London 
WS 7SZ. Overseas 25p extra. 
Payment with order. Cheques made 
payable to Easibind Limited. 
Please quota volume number 
required. Payment by ACCESS/ 
BARCLAYCARD/VISA. Send 
order wfth detaits of credit card 
~~signature. 

BACK ISSUES: 
£1 per copy UK. £2 overseas 

including postage from Post Sales 
Dept ., IPC Magazines Ltd. 
Lavington Street , London SE 1 OPF. 
Payment with order. Cheques 
made payabfe to New Scien_tis~._ 

ANNUAL SUBSCRIPTION 
RATES 
lriand 1 year £42•00 

6 months £21 ,00 
Overseas (surface mailt 

t year £49 .oo 
6 months £24.50 

USA and Canada lairfre;gl1ij 
1 year $95•00 
6 months $47-60 

Student rate · ' 
Inland 1 year £32 ,00 

8::::: ~J~~t ~~~ :~ 
: Airmail rates ~v~ on ~ st 

STUDENT RA TE: 
Please send a copy of your 
students union card, or a letter 
from your tutor. confirming that 
you are a registered_ stu_~~ 

SUBSCRIPTION ORDERS: 
Should be sent. with payment, to 
1st Floor, Post Room, Oakfield 
House, Perrymount Road. 
Haywards Heath, Sussa:it RH 16 
80H. England. 
Cheques m ade payable to New 
Scientist · 

SUBSCRIPTION ORDER 
FORM 
Please sand me New Scientist 
each week for one year. I enclose 
payment of '---------

Please Print 
Address_· _ ___ ___ _ 

=.rTt!:::t:.::::.= ~:"'s:J. ~..=,~ ~~~~.=., "'t' .. ~ ~;:_ ~=--e~ =or ~~~~L~~:'cl~.= 
& Gotch (A'sla) Ltd. For South Africa: Central News A/;Jl!Jtl'CY_ Ltd. Concltions of sale: tNs ~ shal not, without the written CClllWlt of the first~• be lent, mold, hi'ed out or~ 

~~~•~~edthe~#lY~~:1:'w~~~:=,~~~~or~~~:c'~=::ttt;::!it=~ 
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ARIADNE 
IN A supermarket on the 

outskirts of one of those 
new towns that effortlessly 
combine boring architecture 
with wind-blown squalor, I 
was appreciating once more 
the wonders of the scientific 
age. Every item bought by a 
customer was skidded across a 
transparent panel, whereupon, 
not only the price of it, but a 
description of the article was 
printed out on the bill, too, 
thus getting rid of the familiar 
kitchen puzzlement of what 
the 49 pence was for. 

Afterwards, looking at the 
items, impressed, I bogged 
down in an ignorance just as 
familiar. The codes are 
printed, as everyone knows, in 
stripes of black and white on 
the wrappers. I have had 
several goes at deciphering 
what the code is. Try as I may, 
I cannot relate the width or 
number of stripes to the printed figures, 
even comparing what I think is the code for 
a figure to its second appearance in the 
stripes. 

No doubt, it is all simplicity itself and I 
am seldom afraid to confess ignor-ance, a 
form of self-congratulation if ever there 
was one. So if anyone would care to 
explain it to me, gratitude will be his. D 

THOSE with 40 dollars to spare and 
who already have a small computer and 

a total Jack of imagination, coupled with an 
absence of culinary skill, should immedi
ately charge out and shout for aid from 
Virtual Combinatics of Rockport, in the 
US. (I admit it would be a loud shout and 
a difficult one, but the principle is sound.) 

With the money you can buy a program 
called Micro Cookbook and your problems 
of what to do with leftovers stored in the 
refrigerator are solved. Switch on the 
computer, put in the program, tell the elec
tromc circuits what you have in the saucer- . 
covered bowls and old bits of plastic wrap 
and all -kinds of delicious dishes will be 
suggested. You can even enter your own 
recipes, if you have any, create your own 
cookbook and prepare a shoppin~ list. All 
that is possible mstead oflooking ma book 
and using pencil and paper. Truly, the 
kitchen of the future holds out dazzling 
prospects for anyone . who can't summon 
up enough intelligence to whip something 

· up from leftovers but has enough to operate 
a computer. 

All, however, may not be well. The 
program has been produced by someone 
who is not too handy with spelling. An 
American friend tells me that an owner of 
a Micro Cookbook asked it to recommend 
an Italian dish con= tomatoes. The 
versatile, amazing · in the kitchen 
replied, "There are no Italian dishes 
containing tomatoes," the program~
nising only "tomatos". Mamma mia! 

Also on sale is the computer age bar 
guide, named Micro Barmate. The news 
leaves me stirred and shaken. D 
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W HILE we are on the subject (what it is 
will appear in due course, if I may so 

express mysell), this magazine has received 
an interesting report from an Australian 
research institute, about pigeons, though it 
concerns American-hommg pigeons. 

The current theory is that the homing 
capabilities of homing pigeons depend, at 
least in J>ll!l, on a small speck of magnetite 
in the birds' brains. In a test of this theory, 
two groups of 20 pigeons, one a control 
group and the other the experimental, were 
taken 35 kilometres away from their roost 
to be released. The birds in the test group 
were first exposed, the report says, to 
temperatures greater than the curie 
temperature of magnetite, thus making the 
magnetite ineffective as a compass. 
Records were kept of the return rate of both 
groups. 

All the pigeons in the control group 
returned while not one bird · in the test 
group did. The report says that this result is 
conclusive proof that homing behaviour in 
this s~ies of pigeon is controlled by 
magnettc properttes. 

Perhaps the two outfits, one in Maryland 
and the other in New South Wales, should 
keep in touch. A recipe for pigeon pie 
might prove· a popular item in the Micro 
Cookbook. D 

F OR YEARS I have been reading about 
the benefits of satellite pictures of the 

Earth. With clever dodges provided by 
computers-changing colours at will, for 
instance-the progress of crops, the spread 
of pollution, the possibilities of irrigation, 

. the growth of cities and much more could 
be surveyed for the good of hungry 
mankind and so on. Not the least to benefit 
would be what used to be called the poor or 
backward nations, those now emergent or 
in the Third World or developing. 

But there is a row going on about the 
French scheme to sell such pictures to be 
taken by their Spot satellites, due to be 
orbiting in 1985. Objecting to the plan are 
Third World, developing and emergent 

countries, who want the UN to 
have a go at controlling the 
production of the photo
graphs, because, they say, it 
could prejudice their territorial 
and military security. One of 
the reasons quoted 1s that the 
pictures could show up the 
state of · crops, mmeral 
resources, forests and so on, 
indeed, all those things that 
can be surveyed for the good of 
hungry mankind and so on 
(see above). 

It is not worth going into this 
subject in any more detail. A 
dropped jaw will suffice. D 

T AST week, Daedalus 
L outlined his scheme for the 
"accelerated ageing" of pris
oners by whole-body nuclear
magnettc-resonance (nmr). 
Every biochemical has a 
unique pattern of nmr 
resonances; by dumping 

energy specifically into the key chemicals of 
ageing, their time-evolution could be vastly 
speeded up. In a few hours, many years 
could be clipped out of a prisoner's life, 
while his memory would be sunultaneously 
aged. Long stays in prison could be abol
ished. 

DREADCO biochemists are now 
seeking more humane applications of the 
principle. They are irradiating volunteers 
with controlled patterns of nmr 
frequencies, to see what bodily and mental 
changes result. This should give crucial 
biochemical insights. It will also enable 
DREADCO to compile tables of 
therapeutic nmr frequency-patterns, each 
capable of ageing or equilibrating a specific 
biochemical process. The first therapy 
targets will be "limbo experiences": recov
ery from shock or trauma, acclimatisation 
to new surroundings, adjustment to 
loss or disappointment, etc. By rapid nmr
ageing of the underlying brain chemistry, 
these slow and dismal chunks of life could oe zipped throu~ in a few minutes, while 
the associated disturbing memories would 
be rapidly distanced. Similarly, nmr 
irradiation, while trainin11 for athletic feats 
or studying for exams, mtght well speed up 
the readjustment of body and brain 
chemistry to the new demands. The tedium 
of slow reorientation would be neatly 
avoided. 

Another obvious application is to 
parasite diseases (malaria, liver fluke, etc.) 
which are still hard to treat. Appropriate 
nmr frequencies should accelerate the 
parasites' chemistry without affecting 
their host. Their delicate life-cycle would 
be disrupted, and in a few mmutes they 
would all die of old age. But before ~ng 
on any of these humanitarian schemes, 
Daedalus is tackling the most profitable 
ageing process of all: that of wines and 
spirits. By rushing whisky and wine 
through years in a few minutes, he hopes to 
amass enough money to underwrite the 
more altruistic aspects · of the 
programme. D 
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COSMOWGY 
10DAY 

DARWIN 
UPTODATE 

Edited by Jeremy Cherfas 

newsc1ent1st GUIDES 
Cosmology Today and Darwin Up to Date provide an exciting 

beginning to what will quickly prove to be an outstanding development 
in the presentation of scientific ideas. 
Albert Einstein and Charles Darwin: the modern interpretations 
of their ideas, the debates that continue to resonate around each 
of them, were presented in New Scientist by some of the world's 
leading commentators as they were being fonnulated. Now those 
commentaries are brought together in the first two titles of a new 
series of Ne"vl! Scientist Guides. 

Available direct from New Scientist, 
price£3.75 each (inc. p & p). 
Send y~ur cheque or P.O., payable to 
New Scientist, fo"Trie Publisher, 
New Science Publications, 
CommonwealthJfouse, 
1-19 New Oxford Street, London 
WClA ING, specifying which title or 
titles you require. Please allow 28 days 
for delivery. 
Not yet available in the USA. 

r------------------~-
ORDERFORM 
Please send _ _ __ copies of ··cosmology Today'· £ ___ _ 
Please send ____ copies of "Darwin Up to Date·· £ ___ _ 

l enclosecheque/ P.O. Value( to1al) £= 

Name. ______________________ _ 

Address, ___________________ _ 

----------------Postcode: ____ • ______________________ J 
iii 
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newsc1ent1st GUIDES 
CosmologJ Today and Darwin Up to Date provide an exciting 

beginning to what \\ill quickly prove to be an outstanding development 
in the presentation of scientific ideas. 
Albert Einstein and Charles Darwin: the modem interpretations 

their ideas. the debates that continue to resonate around each 
of them. were presented in New Scientist by some of the world's 
leading commentators as they we're being formulated. Now those 
commentaries are brought together in the first two titles of a ne 
series of New Scientist Guides . 

Available direct from New Scientist, 
price £3.75 each (inc. p & p ). 
Send your cheque or P.O. , payable to 
New Scientist, to The Publisher, 
New Science Publications, 
Commonwealth House, 
1-19 New Oxford Street, London 
WClA lNG, specifying which title or 
titles you require. Please allow 28 days 
for delivery . 
. . at yet available in the USA. 

. ------------------~-
ORDERFORM 
Please send ___ copiesor-cosmology Today"· £ __ _ 
Please send ___ copiesor-o an,in Up 10 Date·· £ __ _ 

lenclosecheque P.O. Yalue(total) £=== 
Name _______ ___________ ___ _ 

Address ____________________ _ 

_________________ Postcode ____ _ 

~-------------------------------~~----------------------J 
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Takea 
closer look atus. 

As the largest chemical reagent manufacturer in 
Britain, BDH employs a workforce of over 1000 in 

the UK alone, involved not 
only in production but 

also research and 
development,· 

quality control 
and distri

bution. 

It doesn't stop there, for we have a strong 
commitment to capital investment for increased 
capacity in the future and, in the last ten years, 
have modernised or rebuilt a large part of our 
manufacturing plant. 

We are leaders in high technology 
developments such as monocrystals for 
instrumentation, lasers and aerospace and liquid 
crystals for visual displays. In fact, our Poole plant 
is the world's largest producer of liquid crystals. 

In addition to these new developments, science 
and industry have continued to look to BDH fora 
wider choice in basic laboratory fine chemicals. We 
have responded by continually expanding our 
range of laboratory reagents. 

If you would like to receive BDH News, our 
regular update on products, literature and 
developments, just send us your details and 
specify your special interest. 

AIISl1IAUA FIUN) ITAIY SOUTH AFRICA 
BDH Chemicals Oriola OY 
Australia Pty ltd Prolab Helsinki 

· BDH Italia E Merck (SA) (Pty) ltd 
SpAMilano (011)786-4830 

(03) 859 1305 4291 2579541 /2/3 SWEDEN 
IIEI.GIUM FRANCE -DS AxelJohnson Instrument AB 
SPRL Pasture Laboratoires Merck 
& Cie Brussels Cleve not 
2169626 (01) 876.11.50 

Brunschwig Chemie BV (08-54-07-00) 
(020) 113133 KeboAB (08-760-0020) 
NEWZEAIMD SWITZERUND 

CANADA GERMANY 
BDH Chemicals Paesel GmbH 

BDH Chemicals Chemie Brunschwig AG 
New Zealand ltd 0613815>5 

Canada Limrted (0611)42 2097 
(416) 255 8521 Promochem GmbH 
DENMA1111 (0281 I 25 25 7 
Bie & Berntsen ltd · 

Palmerston North 82038 U.5.A. 
NORWAY Gallard Schlesinger 
Kebo Bredal A/S Chemical Mfg Corp 
(02)742410 (516)3335600 

(02) 94 88 22 • 

BDH Chemicals Ltd. Poole BH 12 4N N England. 
Telex: 41186 or 418123 TETRA-GTel: 0202-745520 




