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probe and flyby (1974), a Jupiter orbiter mission (1976), 
a Jupiter-Saturn-Pluto mission (1977), a Jupiter
Uranus-Neptune mission (1979) and a Jupiter-Uranus 
entry-probe mission (early 1980s). Several of the mis
sions are based on the "grand tour" concept, which 
makes use of the gravitational field of the planets to 
direct spacecraft to the outer reaches of the solar 
system. The board stresses that opportunities for 
grand tours as favourable as occur in the late 1970s 
will not recur until the second half of the twenty-second 
century, although there will be less favourable oppor
tunities for such exploits between 1989 and 1996. 
Two further missions which the board says need further 
consideration are to dock with an asteroid to determine 
its chemical composition and to determine the physical 
and chemical properties of a comet. 

In the opinion of the board, most of the technology 
needed to accomplish its chief recommtndations is 
already available, and the Titan IUD-Centaur com
bination is sufficiently powerful to be the launcher. 
But the report urges NASA to develop a lightweight 
probe which can descend into the hostile atmospheres 
of the larger planets and also to develop new spacecraft 
designs including one which will not become magnetized 
after passing through the magnetic field of Jupiter. 

If anything, the report lacks conviction by failing 
to put a cost on any of the projects recommended. 
And one fear is that the manned spaceflight lobby will 
point out that it is too early to talk about the outer 
planets when the exploration of the adjacent planets 
Mars and Venus has only just begun. 

The report comes at a time when there is increasing 
concern among scientists about the priorities of the 
United States space programme, and while a presiden
tial task force is examining future space policy. Under 
the chairmanship of Vice-President Agnew, the task 
force includes Dr Thomas Paine, Dr Lee DuBridge, 
Defense Secretary Mr Melvin Laird, and Secretary· of 
State Mr William Rogers, and is having to consider a 
spectrum of possible national goals. As well as the 
Mars expedition which Dr Paine is expected to recom
mend and the call by the Academy board for more 
unmanned probes, NASA has put forward plans for 
space stations in Earth orbit to accommodate upwards 
of 100 scientists and astronauts and for an orbiting 
base for lunar exploration. So far only the programme 
as far as Apollo 20 has been approved by Congress and 
partially funded. Clearly the task force is not going 
to be able to please everyone. 

HIGH ENERGY PHYSICS 

No Bounds at CERN 
IN Hpite of increased expenditure on the intersecting 
storage rings and the preparatory studies for the 
300 GeV accelerator, the CERN laboratories at Geneva 
are spending more than ever before on basic pro
grammes of research which have nothing to do with 
either of the machines, according to the CERN annual 
report for 1968. Some of the largest strides forward 
in the past twelve months have been in areas that 
only impinge obliquely on the mainstream of basic 
nuclear research, particularly in instrumentation and 
computer techniques. 

A new type of wire spark chamber has been built 
at CERN which obviates the need for triggering by 
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scintillation counters and which therefore increases the 
repetition rate from the cramping few hundred events 
per second of conventional chambers. In the new 
chambers, each wire is itself a proportional counter 
and the separation between wires is between two and 
three millimetres. There is no paralysing spark between 
wires, but merely a feeble pulse which can be amplified 
to taste. Costs still make it hard to use these new 
chambers to replace the huge wire chambers, but their 
use in critical places is a great boost to efficiency. 

Streamer chambers also came into their own at 
CERN during 1968. These have the advantage that, 
like bubble chambers, they can record complex events 
involving many particles by the independent develop
ment of breakdown processes (known as streamers) in 
the chamber. A streamer chamber was used in an 
abortive search for a quark, which would produce 
about a ninth the number of avalanches as a normal 
charged particle. Another innovation last year was the 
successful building of an ultrasonic bubble chamber, 
which overcomes one of the chief failings of the 
standard bubble chamber-its very short sensitive time. 
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Expenditure at CERN since inception (in millions of Swiss 
francs). The dominant vertical bars represent the basic 
expenditure of CERN, with the increases due to rising 
costs represented by lighter shading at the top. The lower 
bars represent expenditure on the intersecting storage rings 
and the 300 GeV machine, with the cost of planning and 

development indicated by solid black shading. 

The continuing refinement of measurements on the 
electromagnetic interaction is a continuing feature of 
the research at CERN. Accurate measurements of the 
magnetic moment of the mu meson were carried out 
last year, and the experiments are being extended to 
reach an accuracy where the strong interaction should 
start to show up against the otherwise pure electro
magnetic interaction, even for mu mesons. Progress 
has also been made in finding a theoretical framework 
for the coupling of strongly interacting hadrons with 
photons. The most fundamental form of this coupling 
is through vector mesons such as the rho, omega and 
phi. 

A new type of target has been developed at CERN 
which performs the important task of aligning the spins 
of protons that pass through it. The present targets 
of lanthanum magnesium nitrate in a magnetic field 
can be made to align some of the spins of free protons, 
but a new target using butyl alcohol instead of LMN 
has been found to perform more satisfactorily. 
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