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Cassini gives general 
relativity a good test... 
While most physicists are conv inced that 

Einstein's theory of gravity in terms of a 

curved space - t ime geometry is basically 

correct, it is a lways good to check. Now 

researchers in Italy have made a new, more 

str ingent test of general relativity using 

measurements of the f requency shift of radio 

signals to and from the Cassini spacecraf t as 

it passed on the opposite side of the Sun 

from Earth. Bruno Bertotti of the University of 

Pavia and col leagues measured the parame­

ter y , which is unity in general relativity and 

zero in Newton 's theory, and therefore 

indicates the degree to which gravity can be 

explained purely in terms of geometry without 

any addit ional forces. 

The team found that y - 1 = 2.1 ± 2.3 x 10~ 5, 

which is a dramatic improvement over previous 

measurements that gave results at the 0.1% 

level, and strongly supports the idea that 

gravity is of purely geometrical origin, at least 

over distance scales of the order of our solar 

sys tem. The improved accuracy is due to 

technological improvements implemented on 

the spacecraft 's communicat ion system and at 

NASA's ground station at Goldstone, California. 

Meanwhi le, Cassini, a joint N A S A / E S A 

Entropy is turning out to be more subtle than 

ever. As a measure of the number of 

microstates accessible to a sys tem, entropy is 

clearly Lorentz-invariant, but now Donald 

Marolf of the University of California in Santa 

Barbara, Djordje Minic of Virginia T e c h , and 

S imon Ross of Durham University have had a 

close look at what happens in t ransformat ions 

to non-inertial (accelerated) f rames, and have 

found that things can become very tricky. 

As with Hawking radiation, the Unruh effect 

predicts that the vacuum of an inertial observer 

This artist's impression shows the concept 

of the gênerai relativity experiment. 

(Jet Propulsion Laboratory.) 

mission, continues its journey towards Saturn, 

which it will begin orbiting on 1 July 2004. 

F u r t h e r r e a d i n g 

B Bertotti etal. 2003 Nature 4 2 5 374. 

will have particles in it as seen by an acceler­

ated observer. It is not immediately obvious 

then what can be said about the corresponding 

entropies, and a great deal of careful rethinking 

about statistical thermodynamics may be in 

order. With luck, when the dust settles, the 

results may be comparable to those after it was 

realized that the second law had to be revised if 

black holes were to be accounted for properly. 

F u r t h e r r e a d i n g 

h t t p : / / x xx . l an l . gov /abs /hep - th /0310022 . 

Single molecule able 
to store memories 
A new approach to memory devices stores 

ones and zeros on individual molecules. Fraser 

Stoddart and collaborators at the University of 

California in Los Angeles have shown that 

individual organic molecules called catenanes, 

held between carbon nanotubes and metal 

electrodes, can be used to store data. Each 

catenane molecule has two linked rings that 

can rotate relative to each other depending on 

an applied voltage. The nanotubes act as 

incredibly thin wires, and also bond chemically 

to the catenanes. These memory elements can 

be very small - a gramme of organic mole­

cules could, in principle, be enough to make 

all the memor ies for all the new computers 

worldwide for several years. 

F u r t h e r r e a d i n g 

A Goho 2003 Science News 164 182. 

New display device 
creates E-paper 
Paperless offices, paperless journals - and 

now paper less paper? Robert Hayes and B J 

Feenstra of Philips Research Eindhoven in the 

Nether lands have developed a new display 

device that acts like a sheet of paper, but can 

display images fast enough to be used for 

v ideo. The idea is to use an applied voltage to 

control the degree to which a droplet of 

coloured oil mixed with water in a tiny pixel 

wets a white reflective surface. Contrast and 

reflectivity are far higher than can be obtained 

with liquid-crystal displays, so this looks like a 

technology that might really take off quickly. 

F u r t h e r r e a d i n g 

R A Hayes and B J Feenstra et al. 2003 

A /a ta re425 383. 

Going to work 
at CERN? 

F o r i n f o r m a t i o n , c o n t a c t 

Users.Office@cern.ch 

.. .while relativity makes 
entropy more confused 

http://xxx.lanl.gov/abs/hep-th/0310022
mailto:Users.Office@cern.ch
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Mi lmega L t d 

Milmega is a leading specialist in the design and 
manufacture of solid state, high-power 
microwave amplifiers. Milmega has built a 
reputation for a flexible and dynamic approach 
to meeting customer requirements. 

The company's standard Broadband Class A 
amplifiers cover the range l G H z t o 14GHzwith 
CW output powers from 1W to 6kW. 

Milmega Ltd 
Ryde Business Park, Nicholson Road, 
Ryde, Isle of Wight P033 1BQ, UK 
Te l :+44 (0)1983 618005 
Fax: +44 (0)1983 811521 
E-mail: sales@milmega.co.uk 
Web: www.milmega.co.uk 

GoaùFellouj 

G o o d f e l l o w 

Goodfellow supplies small quantities of metals 
and materials for research, development and 
prototyping. Our CD-ROM catalogue lists a 
comprehensive range of materials in many forms, 
including rods, wires, tubes and foils. There is no 
minimum order quantity and items are in stock for 
immediate shipment worldwide. Custom-made 
items are available to special order. 

Goodfellow Cambridge Ltd 
Ermine Business Park, Huntingdon PE29 6WR, UK 
Tel :+44 (0)1480 424800 
Fax: +44 (0)1480 424900 
E-mail: info@goodfellow.com 
Web: www.goodfellow.com 

P e a r s o n E l e c t r o n i c s I n c 

W i d e band c l a m p - o n c u r r e n t m o n i t o r s 

Pearson Electronics is the original and leading 
manufacturer of wide-band current monitors. 
Pearson has a line of clamp-on current monitors 
with apertures ranging from l/i inch to 
18.0 inches. A typical model has a 
3-dB bandwidth from 5Hzto 15MHz, a rise time 
of 25 nanoseconds, and a peak current rating of 
5,000 amps. Certain models are in stock and 
available for immediate delivery. 
Pearson Electronics Inc 

4009 Transport Street, Palo Alto, CA 94303, USA 
Te l :+1650 494 6444 
Fax:+1 650 494 6716 
Web: www.pearsonelectronics.com Mclennan 

M c l e n n a n S e r v o Suppl ies 

W e manufacture and distribute a wide range of motors, 
drives and controllers for high-precision servo and 
stepper motor positioning systems. We also supply 
associated equipment, such as gearheads, encoders and 
other feedback components. 

More than 15 years experience with manipulation 
systems for monochromators, diffractometers, slits, 
multipole wigglers, goniometers and optical benches in 
leading worldwide establishments, including: Daresury, 
Rutherford Appleton, National Physical Laboratory, ESRF, 
Triest, Argonne National Laboratory, Berkeley and 
Illinois Institute of Technology. 

Mclennan Servo Supplies Ltd, 22 Doman Road, 
Yorktown Industrial Estate, Camberley, Surrey GU15 3DF, UK 

Tel:+44 (0)8707 700 700 Fax: +44 (0)8707 700 699 
E-mail: sales@mclennan.co.uk Web: www.mclennan.co.uk 

T M D Techno log ies L td 

TMD Technologies Ltd is continually developing 
new high-power microwave products for 
specialist applications. 

Contact us now if you require a broadband 
Klystron, TWT amplifier or solid state amplifier 
adapted to your particular requirement. 
TMD Technologies Ltd 

Swallowfield Way, Hayes, Middlesex UB3 1DQ, UK 
Tel: +44 (0)20 8573 5555 
Fax: +44 (0)20 8569 1839 
E-mail: wecare@tmd.co.uk 
Web: www.tmd.co.uk 

TMD 

Elec t ron T u b e s 

Two complementary publications from Electron Tubes: 

a clear, easy to use brochure with a step by step 

approach to help you choose the right photomultiplier, 

plus a guide to the principles of operation, performance 

characteristics and applications of photomultipliers. 

Choosing your photomultiplier has never been easier. 

Ask for copies now. 

Electron Tubes Ltd, UK 

T e l : + 4 4 (0)1895 630771 

E-mail: info@electron-tubes.co.uk 

Electron Tubes Inc, USA 

Te l : +1 973 586 9594 

E-mail: sales@electrontubes.com 

W e b : w w w . e l e c t r o n t u b e s . c o m 

P P M 

Founded in 1994, PPM has developed a range of 
world-beating analogue fibre-optic link products 
serving diverse markets, including high-energy 
physics, test & measurement, instrumentationn, 
communications and military applications. PPM 
also distributes RF & Power conversion equipment 
in the UK and Europe. 

For more information contactsales@ppm.co.uk 

Pulse Power and Measurement (PPM) Ltd 
65 Shrivenham Hundred Business Park 
Watchfield, Swindon, Wiltshire SN6 87Y, UK 
Tel :+44 (0)1793 784389 
Fax: +44 (0)1793 784391 
Web: www.ppm.co.uk & www.vialite.co.uk 

F.u.G. E lekt ron ik 

For 25 years F.u.G. Elektronik GmbH has 
developed and manufactured highly precise low 
and high voltage power supplies for scientific or 
special industrial applications. 

Ask for our catalogue to find more than 650 
standard models from 6.5V to 200kV and from 
7W to some hundreds of kW. Custom-designed 
power supplies are an important part 
of our business. 

F.u.G. Elektronik GmbH, FlorianstraSe 2 
83024 Rosenheim, GERMANY 
Tel :+49 803128510 
Fax: +49 803181099 
E-mail: info@fug-elektronik.de 
web: www.fug-elektronik.de 
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MATERIALS & INSTRUMENTATION CRYOGENICS & VACUUM 

Outokumpu 
O u t o k u m p u is the wor lds leading p roducer of spec ia l 

coppe r and n iob ium-a l loy wi re and cable for 

s u p e r c o n d u c t i n g app l ica t ions. 

W e supp ly supe rconduc t i ng cab le for LHC acce lera tor d ipole 
m a g n e t s as wel l as supe rconduc t i ng busbars . 

O u t o k u m p u w a s the only wire supp l ie r for C M S detec tors 

and w a s recogn ized wi th C M S Go ld A w a r d and 

Crysta l A w a r d for its a c h i e v e m e n t s for C M S Exper iment . 

O u t o k u m p u Por i copper Oy , S u p e r c o n d u c t o r s , P .O. Box 60 

F IN-28101 PORI F I N L A N D 

T e l : + 3 5 8 2 6 2 6 6 1 1 1 , Fax: + 3 5 8 2 626 5 3 1 6 

O u t o k u m p u A d v a n c e d S u p e r c o n d u c t o r s 
1875 T h o m a s t o n A v e n u e , Wa te rbu ry 
Connec t i cu t 0 6 7 0 4 , U S A 
T e l : +1 203 753 5 2 1 5 , Fax: +1 203 753 2 0 9 6 

E-mail: sales.superconductors@outokumpu.com Web: www.outokumpu.com/superconductors 

J a m s R e s e a r c h C o m p a n y 
3 H e - 4 H e di lut ion ref r igerator 
Janis Research is offering the model JDR-100 
Dilution Refrigerator with: 
• 3He mechanical pump only 
• 15 mK guaranteed base temperature 

(10 mK expected) 
• 150 MW guaranteed cooling power at 100 mK 

(180|JW expected) 
• Sample in vacuum 
• Integrated safety features 
• Resistance and CMN calibrated thermometers 
Janis Research Company Inc, 
2 Jewel Drive, Wilmington, MA 01887, USA 
Tel:+1 978 657 8750 
Fax:+1 978 658 0349 
E-mail: sales@janis.com 
Web: www.janis.com 

Instrumentat ion Technologies 
Libera...frees you from traditional hardware and 
software limitations. 
Instrumentation Technologies is unveiling a 
completely new product line: LIBERA. LIBERA enables 
trouble-free commissioning, accurate beam position 
monitoring, and local and global feedback building. 
For more info about this all-in-one, feedback-ready, 
and customizable product, subscribe to the 
l-Tech newsletter at: http://www.i-tech.si. 

Instrumentation Technologies d.o.o., Srebrnicev trg 
4a, SI-5250 Solkan, Slovenia 
Tel +386 (0)5 3332300 
Fax: +386 (0)5 3332305 
E-mail: i-tech@i-tech.si 

V A T V a c u u m V a l v e s 2 0 0 4 C a t a l o g u e 

This comprehensive catalogue details the world's 
largest selection of vacuum valves from a single 
source. Detailed specifications, drawings and 
option lists are included for every product. From 
gate valves to all-metal angle valves and seals to 
fast-closing shutters, VAT is sure to have a solution 
to meet your valve requirements. Request your 
free copy of the current VAT catalogue today by 
E-mailing VAT at uk@vatvalve.com. 

VAT Vacuum Products Ltd, 
Edmund House, Rugby Road, 
Leamington Spa, Warwickshire CV32 6EL, UK 
Tel: +44 (0)1926 452 753 
Fax: +44(0)1926 452 758 
E-mail: uk@vatvalve.com 

Instrumentation 
T e c h n o l o g i e s 

Specialty Gases and Equipment 

Spectra Gases 
Stable isotopic and rare gas catalogue 
FREE! ! ! THE STABLE ISOTOPIC AND RARE GAS CATALOGUE IS 
NOW AVAILABLE FROM SPECTRA GASES, WHICH HAS FACILITIES 
IN THE USA, THE UK, GERMANY, JAPAN AND CHINA. THIS NEW 
CATALOGUE CONTAINS SPECIFICATIONS ON HELIUM-3, 
DEUTERIUM, NEON-21, NEON-22, OXYGEN-18, XENON-129, 
XENON-136 AND OTHER STABLE ISOTOPIC GASES, AS WELL AS 
EXCIMER LASER GASES, OXYGEN-18, KRYPTON AND 
CARBON-13. RELATED GAS-HANDLING EQUIPMENT FOR STABLE 
ISOTOPIC AND RARE GASES, SUCH AS LOW INTERNAL VOLUME 
REGULATORS, ARE HIGHLIGHTED T H R O U G H O U T THIS NEW 
COLOUR CATALOGUE. 

USA: Tel: +1908 252 9300; Fax: +1908 252 0811 

UK: Tel: +44 (0)1353 865 470; Fax: +44 (0)1353 865 472 

GERMANY: Tel: +49 6073 72620; Fax: +49 6073 7262200 

E-mail: INF0@SPECTRAGASES.COM 

Web: www.spectragases.com 

V a r i a n I n c 

N E W Var ian V a c u u m 2003 Product Catalog 
Varian's 2003 Vacuum Catalog is an 
invaluable tool in locating and evaluating 
vacuum industry products. 

• Individual Product Sections 
make information easy to find 

• Applications Sections 
address your specific needs 

• Features and Benefits 
help you locate the right products 

Call toll-free in Europe: 00 800 234 234 00 
Web: www.varianinc.com/vacuum 

Group3 Technology Ltd 

Precis ion analog Hall effect magnet ic 
f ield t ransducer 
Group3, manufacturer of precision digital Hall effect 
teslameters for almost 20 years, has recently 
introduced a family of analog output Hall 
transducers using new technology to provide 
accurate, temperature stable performance with wide 
bandwidth. The units are factory calibrated to order 
for any full-scale field from 0.1 to 2.2 tesla, and for 
any output voltage from 5 to 10 volts bipolar. 
Check our website for your nearest distributor. 
Group3 Technology Ltd, PO Box 71-111, Rosebank 
Auckland 1230, New Zealand 
E-mail: group3tech@compuserve.com 
Web: www.group3technology.com 

Johnsen Ultravac 
• Variable-lncluded-Angle-Monochromator 
• Application: Undulatorsoft-xray beam line 

I • Energy range: 100-2000eV: 
• Total pre-mirror angle range = 170-178 degrees 
• Diffraction angle range = 80-89 degrees 
For details and a comprehensive listing of Beamline 
Components, chambers and UHV instruments 
including 6-axis manipulators with cooling/heating 
stages from lOKto 1200 K range, please contact 
the UHV specialists at: 
Johnsen Ultravac Inc, 3470 Mainway, 
Burlington Ont, Canada L7M 1A8 
Tel:+1905 335 7022 
Fax:+1905 335 3506 
E-mail: juvinfo@ultrahivac.com 
Web: www.ultrahivac.com 
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