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The title page of Newton's Principia, 
published 300 years ago. 
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87 seems an auspicious cycle for 
physics. This year has seen the 
first neutrino observation of a su­
pernova and the development of 
a new class of superconductors 
which carry large currents at rela­
tively high temperatures. It is also 
the centennial of several major 
events in the history of physics 
which have shaped our present 
understanding of the universe. 

In 1687, Edmond Halley as Se­
cretary of the Royal Society in Lon­
don wrote to Isaac Newton in Cam­
bridge to confirm that the latter's 
Philosophiae Naturalis Principia 
Mathematica was finally ready for 
publication. 

In view of the Royal Society's 
lack of funds at the t ime, Halley 
had undertaken to publish the book 
at his own expense. 

'Honoured Sr, I have at length 
brought your Book to an end, and 
hope it will please you. The last 
errata came just in t ime to be in­
serted. I will present f rom you the 
books you desire to the R. Society, 
Mr Boyle, Mr Pagit, Mr Flamsteed 
and if there be any elce in town 
that you design to gratifie that 
way ; and I have sent you to be­
stow on your friends in the Univer­
sity 20 Copies, which I entreat you 
to accept.' 

Two hundred years later, in Clev­
eland, Ohio, Albert Michelson and 
Edward Morley failed to detect any 
effect on the velocity of light due 
to the movement of its source, a 
puzzling null result which had to 
wait 18 years for an explanation 
by Einstein's revolutionary Special 
Theory of Relativity. 

Also in 1887, Heinrich Hertz, 
then working in Karlsruhe, was 
especially busy discovering the 
electromagnetic radiation sug­
gested twenty years earlier by 
Maxwell 's equations. Not content 
wi th this single breakthrough, he 

saw for the first time the photoel­
ectric effect. For the explanation 
of this initial example of light 
waves behaving like particles, the 
wor ld also had to wait until 1905 
and the genius of Einstein. 

Three centuries after the publi­

cation of Newton's masterpiece, 
Stephen Hawking and Werner Is­
rael assembled a group of the 
wor ld 's foremost researchers in 
cosmology, relativity and particle 
physics for a commemorative 
meeting ' 300 years of Gravitation' 
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Insulating Materials with High Radiation 
Resistance 

The Swiss Insulating Works together with CERN 
carried out detailed tests about the radiation resis­
tance of numerous high voltage insulating ma­
terials. The results published in the "CERN Publi­
cation 85-02 of the Technical Inspection and Safe­
ty Commission" prove the usability of selected in­
sulation under working conditions with high radia­
tion. A radiation dose of 5xl0 7 Gy affects only very 
little the break down voltage of our conductor in­
sulating tape Grade 366.16 which consists of sami-
capor, glass fabric and silicone resin. Our high volt­
age insulating material for motors and other elec­
trical apparatus behaves similarly good: Samica-
therm consisting of samicapaper, glass fabric and 
epoxyresin withstands a dose of lxl 0 8 Gy and re­
tains at the same time 50% of its original flexural 
strength. 

Your reliable partner 
for electrotechnical insulation problems 

Our manufacturing programme includes also 
Varnishes and Resins for the manufacture of electri­
cal machines and for the electronic equipments 
with excellent dielectric and protective properties. 

We also obtained excellent results with our Lami­
nates Epoxy Glass Cloth VETRON1TE G-10 and 
VETRONITE G-ll as well as with Epoxy Glass Mat 
DELMAT. Radiation Doses of 10 7 Gy for example 
lead not to a substantial loss of the mechanical 
properties. 

The chambers in VETRONITE G-10 are manufactured and 
machined by Swiss Insulating Works. 

Your specialist in base materials for printed 
circuit boards 
• Base material for FR-4 
• Multilayer 
• Multiwire ® 
• Base material for CC-4 Additive Process ® 
• Flexible Copper Clad Laminates with modified 

epoxy adhesive (a Sheldahl product) 
• Base materials for microelectronics 

( ® Trade Mark of PCK-Technology) 

The Swis s Insulating Works Ltd 
C H - 4 2 2 6 Breitenbach/Switzerland 
Tel. 0 6 1 / 8 0 2 1 2 1 Telex 6 2 4 7 9 
Fax 0 6 1 / 8 0 2 0 7 8 
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UK postage stamp commemorating this 
year's tercentenary of the publication of 
Isaac Newton's 'Principia'. 

Sir IS J J € NEWTON (1642-1727) 

in Cambridge earlier this year. In 
addition, Trinity College, Newton's 
home from 1661 to 1696, organ­
ized its own tribute, as did the 
Royal Society. 

The papers presented at the 
Gravity 300 meeting have been 
published as a commemorative 
volume*. Introducing the subject, 
Stephen Hawking claimed New­
ton 's Principia to be 'probably the 
most important single work ever 
published in the physical sciences', 
and went on to explain how New­
ton was motivated by Halley to 
make clear how the elliptical orbits 
of the planets were due to an in­
verse square type force directed 
towards the sun, a result Newton 
had in fact worked out some years 
earlier but had not published. 

In the Principia, Newton intro­
duced the ideas of absolute t ime 
and absolute space, controversial 
concepts which nevertheless held 
fast until the advent of Einsteinian 
relativity more than t w o centuries 
later. In the book, Newton did not 
introduce his idea of 'f luxions' — 
à form of differential calculus he 

developed to handle forces varying 
in magnitude and direction — pre­
ferring the historically acceptable 
geometrical approach, and leaving 
the door to calculus open for 
Leibniz. 

In the preface to the first edition 
of Principal, Newton remarked 'I 
wish we could derive the rest of 
the phenomena of Nature by the 
same kind of reasoning for me­
chanical principles, for I am induced 
by many reasons to suspect that 
they may all depend on certain 
forces' . This hope has not been 
fulfil led, but, as Stephen Weinberg 
concludes in the book, 'we are 
working on it, very much in the 
Newtonian tradit ion: the formula­
tion of increasingly comprehensive 
quantitative laws. From this high 
viewpoint, all that has happened 
since 1687 is a gloss on the 
Principia'. 

The 1987a supernova came as 
a fitt ing monument to the tercen­
tenary, underlining the importance 
of the classical theory and at the 
same time pointing to the future. 
Gravitation reflects both the sedate 
beauty of a classical theory and 
the turmoil of modern research, 
as exemplified by the contributions 
to the book. 

Upsetting the ether 

The Michelson-Morley experi­
ment was one of the big upsets 
of physics, undermining the con­
siderable confidence that had built 
up in the ideas of the day and set­
ting the scene for modern physics 
and the special theory of relativity 
almost twenty years later. 

When the t w o American exper­
imenters planned their epic study, 
electromagnetic radiation such as 
light was believed to travel through 
some invisible 'ether' that filled all 

space. If so, radiation from a mov­
ing body should travel faster than 
radiation f rom a static source. To 
test this idea, Michelson and Mor-
ley built a superbly tuned instru­
ment designed to compare the 
velocity of light moving in the same 
direction as the Earth wi th the vel­
ocity perpendicular to the Earth's 
mot ion. 

After repeated attempts, they 
found no such evidence for the 
long-awaited ether. According to 
their precision experiment, the vel­
ocity of light looked to be 
independent of the velocity of its 
source. Work ing independently, 
Hendrik Lorentz in the Netherlands 
and George Fitzgerald in Ireland 
concluded that the paths travelled 
by the t w o perpendicular light 
beams had to depend on velocity. 
This empirical result was eventually 
set in context by Einstein, who 
showed that Newton's absolute 
benchmarks of space and time 
were only valid for everyday 
phenomena, and had to be re­
thought on the grander scale. 

In 1907, Michelson became the 
first American to receive a Nobel 
Prize for scientific achievement, 
but to his death in 1931 remained 
a staunch opponent of quantum 
physics and relativity. 

In Cleveland, Ohio, where the 
experiment took place, thirteen of 
the city 's cultural and educational 
institutions joined in a city-wide 
six-month celebration entitled 
'Light, Space and Time' , encom­
passing the sciences, arts and hu­
manities. Case Western Reserve 
University, where Michelson and 
Morley were based, played a lead­
ing role, wi th major symposia on 

* 300 years of Gravitation, edited by 
Stephen Hawking and Werner Israel, 
published by Cambridge University Press. 
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physics history and modern per­
spectives held during October. 

Hertzian waves 

A pupil of Helmholtz, Heinrich 
Hertz made his initial mark on phy­
sics by justifying Maxwell 's equa­
tions on theoretical grounds. Wi th 
so much evidence building up to 
support the idea of electromagnetic 
radiation, he turned his attention 
to its detection. Using the appar­
atus still on view at the Deutsches 
Museum in Munich, he found that 
sparks across a gap in a rectangu­
lar wire frame could produce 
sparks in a similar but unconnected 
circuit. The distance between the 
transmitting and receiving circuits 
was gradually increased from 1.5 

metres to right across the room. 
After this initial discovery, Hertz 

went on to demonstrate that the 
radiation could be reflected and 
refracted like all other waves. 

His patient investigations also 
found that illumination somehow 
facilitated sparking across a gap 
in a secondary coil. After carefully 
adjusting the gap so that no spark 
was seen in the dark, the spark 
came back when the lights were 
on. This was the first evidence for 
the photoelectric effect - the pro­
duction of ions by light. 

To commemorate Hertz' historic 
advances, the University of Karls­
ruhe is organizing a series of lec­
tures culminating in a centenary 
ceremony on 5 December. A spe­
cial exhibition will be held early 
next year. Other Hertz events have 

been organized in Hamburg, his 
birthplace, and at the Hertz Insti­
tute in Berlin. 

G. F. 

The apparatus used by Heinrich Hertz at 
Karlsruhe in 1887 to discover 
electromagnetic waves. 

(Photo Deutsches Museum} 
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From the specialist in high-density 
fast-NIM instrumentat ion 

f )<> 

FTA810 
Octal Fast Amplifier 
• <1 ns risetime 
• - 5 V output into 50 Q 
• < 20 equiv input noise 
• gain up to 200 

CO 4010 
Quad 4-fold Logic Unit 
• Coin/anticoin/off settings 
• overlap and updating outputs 
• fast-NIM and TTL outputs 
• LED indicator 
• gate input 

DV 8000 
Octal Variable Logic Delay 
• adjustable delay 10-50 ns 
• 15 ns pulsu-pair resolution 
• 3 outputs/channel 
• fast-NIM logic signals 
• < 10 ps/°C drift 

RD 2000 
Dual Rate Divider 
• Dividing from 1000:1 to 1:1 
• 40 MHz maximum rate 
• propagation delay independent 

of ratio 
• inhibit input 
• 6 outputs/channel 
• fast-NIM logic signals 
For more information: 

J^EEzG ORTEC/ESN 
Hohenlindener Strasse 12 • D -8000 Munchen 8 0 
Te lephone: 0 8 9 / 9 2 6 9 2 - 0 • Te lex : 5 2 8 2 5 7 • Te lefax: 0 8 9 - 9 1 0 12 8 3 
(Distribuée! by EG+G Ortec representat ives wor ldw ide) 

YOUR PARTNER FOR 

V A C U U M VALVES 
We manufacture and supply a large range of vacuum va 
ves and special components for 

- c h e m i c a l 

- m e d i c a l 

- n u c l e a r 

- m e t a l l u r g i c a l 

and other applications. 

We are not the oldest and not the largest company in the 
field of component-manufacturers, but we create modern 
technology in connection with highest quality and reliable 
function during a long service-life. 

W E TRY HARDER. 
Call us for more information. 

A f ^ fur moderne 
# \ v 3 Technologie 

- p r o c e s s e n g i n e e r i n g 

- c r y o g e n i c 

— v a c u u m 

— s c i e n t i f i c r e s e a r c h 

CH-9468 SAX (Schweiz) Postfach 41 
Tel. 085 -7 50 70, Telefax 085 -7 5086 
Telex 855194 cetc ch 
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CERAMIC/METAL SEALS FOR HIGH TECHNOLOGY I 

] 9 , rue Poliveau 7 5 0 0 5 Paris T é l . ( 1 ) 4 3 . 3 1 . 9 5 . 1 5 T é l e x 2 0 6 6 7 9 F T e l e f a x (1 ) 4 3 . 3 1 . 8 2 . 6 6 

I N S T R U M E N T A T I O N F E E D T H R O U G H S • V A C U U M T I G H T F E E D T H R O U G H S 

QUARTEX TMJ FEEDTHROUGH SERIE 

Electrical datas : 

Voltage rating : 600 V 
Breakdown voltage (20°C) > 2000 V 
Current rating : 1A 

Environmental temperature range : 
Cryogeny to 500°C 

Mechanical datas : 
Construction : Stainless-steel 304 L Body 

Kovar pins (Gold plated) 
Ceramic : 97% purity 
Helium leak tight < 10"9 atm/cm3/S" 

4 types available : 12 - 17 - 27 - 37 pins 
Compatible connector : JAEGER miniature série 

Oscilloscope TV 
digital ODF 
Par son traitement digitalisé du signal, l'oscilloscope 
TV ODF est très peu influencé par les tensions parasites 
et donne une évaluation précise du signal dans la 
bande de 0 à 10 MHz. 

Une grande précision de mesure est obtenue grâce 
aux 1024 échelons digitaux (convertisseur A/D à 
10 bit); la représentation de signaux uniques ou de 
ligues test s'obtient sans scintillement (fréquence de 
répétition de 50 Hz). 

Le micro-processeur interne de 16 bit permet de 
raccourcir la durée d'évaluation et le confort 
d'utilisation. R O H D E & S C H W A R Z 
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