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It was in 1905, 100 years ago, that Albert Einstein first demonstrated the possibility of
time travel. He did this by demolishing*' the commonsense picture of time dating back to
Newton, and replacing it with his own concept of relative time,

Einstein was twenty-six when he published his ‘special’ theory of relativity. The young
Einstein was studying the way light moves. ®In_doing so. he noticed an inconsistency
between the motion of light and that of material objects. Using only high-school mathematics,
he demonstrated that if light behaves the way that physicists supposed, Newton’s
straightforward idea of time must be flawed. The central claim of his special theory of
relativity is that: Time is elastic. It can be stretched and shrunk. ~

How? By simply moving very fast.

What precisely do I mean by ‘stretching time’? Let me state it more carefully. According
to the theory of relativity, the exact duration of time between two specified events will depend
on how the observer is moving. The interval between successive chimes on my clock might
be one hour when I am sitting still in my living room, but it will be less than one hour if I
spend that time moving about. This time discrepancy is far too small to be noticed by a human
being; however, it is measurable by modern clocks.

That is vpretty much what physicists Joe Hafele and Richard Keating did in 1971. They
put highly accurate atomic clocks into airplanes, flew them around the world, and compared
their readings with identical clocks left on the ground. The results were unmistakable: time
ran more slowly in the airplane than in the laboratory, so that when the experiment was over
the airborne** clocks were 59 nanoseconds slow relative to the grounded clocks — exactly
the amount predicted in Einstein’s theory.

@Because your time and my time get out of step if we move differently. there can
obviously be no universal, absolute time, as Newton assumed. Talk of the time is meaningless.
The physicist is bound to ask: Whose time? '

@Significant though the Hafele-Keating experiment may be historically, it is hardly the
stuff of science fiction: a time-warp of 59 nanoseconds doesn’t make for an adventure. To get
a really big effect you have to move very fast. The benchmark here is the speed of light, a
dizzying*® 300,000 kilometers per second. The closer to the speed of light you travel, the
bigger the time-warp gets.

Physicists call the slowing of time by motion the time dilation** effect. @ Think of a
speed. Divide by the speed of light. Square it. Subtract from 1. Take the square root. The
answer is ... Einstein’s time dilation formula! This is a graph of the ‘slowdown factor’. ([}
AME) Notice how the graph shows the dilation factor as a function of speed and starts out
fairly flat, but plummets*’ as light speed is approached. At half the speed of light, time is
about 13 per cent slowed; at 99 per cent, it is 7 times slower — 1 minute is reduced to about
8.5 seconds.

Technically, the time-warp becomes infinite when the speed of light is reached. This is a
sign of trouble. ®In fact, it tells us that a normal material body can’t reach the speed of light.
There is a ‘light barrier’ which can never be breached. The no-faster-than-light rule is a key
result of the theory of relativity: Nothing can break the light barrier.




(Hi8#)  P. Davies: How to build a time machine, Penguin Books, 2002
MOREY, —EE

(1) *1 demolish: f#E 92 *2 airborne: RITHET:E TN 7~
*3dizzying: HIZZE Z S H 5L D7 *4 dilation=dilatation: J&3E
*5 plummet: B¥% 9 5

ax Al

(1) THEOZ AAREIZR LR E L,

(2) THHOZBARBIZRLRE W,

(B) THREGZBAFEICFR LR X,

(4)  Hafele & Keating |3, ED X5 REREITV, FDLdHERE-
2> B AFE THIRIZERR Lz S0y,

(5) MEOEREZv, ¥EE b LT, THREQOEE KX TE LS,

(6) THE®ZBAAFBIZRLAE IV,



2 | ROXBETR—=F 0 FHEOREZETHH< ) — - F 2 ) —DEFEICONTE
PNy A D—ETHb, INHEFHATERBICEZ XN,

(DWith the possible exception of Albert Einstein, Marie Curie was the most famous

scientist of her era and is almost certainly the most celebrated female scientist in history.

@ Although known primarily for her discovery of radium, her true gift to science was her

realization that radioactivity is an intrinsic atomic property of matter rather than the result of

more superficial chemical processes. She was one of the exceedingly rare Nobel laureates’*

to ( 7 ) the prize twice (physics and chemistry). Her life will forever reflect constant
devotion ( A ) work and an optimistic ( { ) in scientific positivism. On a more
personal note, she unfortunately has also come to symbolize a cautionary tale” concerning the
difficulties encountered when a woman enters and succeeds dramatically and publicly in a
sphere traditionally dominated ( B ) men. Initially viewed as a mere research assistant
"riding" on the coattails™ of her more ( ¥ ) husband Pierre, his death in 1906 confronted
her ( C ) the need and the opportunity to both establish her own scientific identity and to
insist, despite her critics, on her place in the annals ™ of the dawning technologic age.

When Marie Curie began her doctoral studies in 1897 (she was one of the first women
to enter Ph.D. training in France) she was already pregnant with her daughter, Irene. @The
subject of her doctoral work in Antoine Becquerel's > laboratory was an extension of the work

of Wilhelm Roentgen™ and Becquerel on the mysterious "rays" that could fog photographic

plates without external sources of light. 'Roentgen's ( T ) of electrically generated X-rays

in 1895 was followed in 1897 by Becquerel's description of a similar natural ( % )
produced ( D ) potassium uranyl sulfate”’. For her doctoral dissertation ®, Marie decided
to investigate whether other heavy elements might ( 4 ) similar capabilities. This work
(% ) the development of a rapid, quantitative analysis to detect the ionizing rays.
Pierre's background lent (7 ) to development of exactly the sort of measurement system
required. (@Marie found that, to a first approximation, the intensity of the Becquerel rays

appeared to be proportional to the uranium content of the tested samples and was apparently

unaffected by temperature, solvents ", or chemical manipulations. The raysthus ( 7 ) to

be an intrinsic atomic property of the tested samples. She ( 2 ) this property
"radio-activity".
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