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“...it is nevertheless beyond question that! traditional
mechanics? was a copy?® of real motions of moderate velocity,
whilet the new physics® is a copy of real motions of enormous
velocity.”’®

“The mutability of human conceptions of space and time
no more refutes the objective reality of space and time than?
the mutability of scientific knowledge of the structure and forms
of matter in motion refutes the objective reality of the external
world.”’8

V. . LENIN
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2 beyond question B HEiE, {E“E LR, A EBERE "M, 2. traditional
mechanics: 44 h, WHRFBWHERSHDE, 3. copy: n ¥BE;E
#5h, 4. while: b B 37 ER, RRHBXRERE, T M. 5. new
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More than fifty years have passed since Einstein proposed
the principle of relativity. His theory, which had seemed a mere
freak of mind! to many,? is now the cornerstone of physics.
Modern physics cannot exist without® the special theory of rel-
ativity just as it cannot exist without the concept of molecules
and atoms. An immense number of physical phenomena would
never be explained without the theory of relativity. Particle
accelerators and calculations of nuclear reactions are based
on it.*

Regrettably, however, the theory of relativity is little known5
beyond a narrow circle of specialists. The theory is a ““tough’®
one, that is true,” and a siranger in physics will find it difficult
to grasp its essentials.®

We hope that we have managed to present to the casual’
reader the fundamentals of the theory of relativity in a clear
and simple enough manner, and that the reader will not think
that the theory of relativity contends that ‘“‘everything in the
world is relative”. On the contrary,!® he is sure to realise that
the theory of relativity, like any other correct physical theory,
is a teaching about the objective truth independent of?! any-

1. freak of mind: #H.OEH; BEXIT, 2. many: pron. &£ A,
3. cannot exist without ...: BG5--MAEHFE; EEH AW, XR—HNE
HEHER, 4, are based on it: [ ZbEal; ME/EGRIE, 5. little
known: FARbABE: RAHARE, little puabREIR, 6. “tough”: 3
BB AR “THES A7, 7. that is true: BPRXHH; BRTH. EREBA
B, 8. find it difficult to grasp its essentials: ML ELABRBPA
., it REXRE, FEMRAEREELSEREMRIE., 9. casual: {H—2%

28 B K, 10. On the contrary: {834 #K; K22, 11. indepen-
dent of ...: % - HWRys FLA--AHE#EH, &% truth.
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one’s wishes and tastes. Having shed! the old concepts of
space, time and mass, we have gained a still deeper insight into
the true nature of the world.

AUTHORS
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Chapter 1

FAMILIAR EXAMPLES OF RELATIVITY

Does every Statement have a Meaning?

Evidently not‘1 Even if you choose perfectly sensible
words and put them together according to all the rules of gram-
mar you may still get complete nonsense. For instance,? the
statement ‘“This water is triangular”3 can hardly be given any
meaning.

Unfortunately, however, not all examples of nonsense are
so obvious and it often happens that a statement appears per-
fectly sensible at first sight* but proves to be absurd on closer

ﬂf' p'\;

examination.®
Right and Left

On which side® of the road is the house — on the right?
or on the left? It is impossible to answer this question directly.
If you are walking from the bridge to the wood, the house
will be on the left-hand side,® but if you go from the wood to

1. Evidently not: BAREXAEHWHAXER LEHRIE, BILEAS

RIMEHER T, LREGHEEN FHRE, MXERBEERM, £4E9LLH
adv. + not X f4%,4n certainly not, absolutely not, of course not

e 2. For instance: fim (=for example), 3. triangular:
=REM. tri- XAWMBRZ"DEH, 4. at first sight: —RE¥; E
EZTF. 5. on closer examination: {F4i—#M; 2 —HHKE, on X
BEME, F—%...,370..."HESB, 6. On which side: £88—3l1, on
X BEEEE, B8 W, which ERMESHEERHEL. 7. right:
ki, right fEXERAF, BmBRMN left Wi 4id. 8. on the left-
handside: fEZ4F ;48 ., FAUs iy right-( = right-hand) i ZiX 45 %K.

1




Fig. 1

the bridge you find the house on the right. Clearly to speak of?
the right- or left-hand side of the road, you must take into ac-
count? the direction relative to® which right or left is indicated.

It does make sense* to speak of the right bank of a river,
but only because® the current determines the direction of the
river. Likewise we can only say that cars keep to the right®
because the movement of a car singles out? one of the two pos-
sible directions along the road.

1. to speak of. :ii&E..;ifk.... XEMIEHH—FHER, RiEHE

H, EXx 5 clearly B, 2. take into account...: FRHE|..; X
3... (=take account of...), direction B take HIRIE, 3. relative
to...: HAMTF...5 RTF..o B0, ZAEEFHEESEHES NGBS di-
rection. 4. It does make sense: XiZWEHF R XiEHEHEHE., does
FEahEnRIESER, S. but only because ...:{HEZ RHE}.... only &
Bid, i 5% i because, but JFRLA#hFE it makes sense it is so. 6.
keep to the right: (EH) BERAELITR. 7. singles out: &E; $k
tH, Y, X8 single K3)id,
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We see that the notions “Right” and “Left” are relative:
They only acquire meaning' after the direction relative to
which they are defined? has been indicated.

Is it Day or Night just now?

The answer depends on® where the question is belng asked.
When it is daytime in Moscow it is night in Vladivostok.t There
is no contradiction in this. The simple fact is that day and
night are relative notions and our question cannot be answered
without® indicating the point on the globe® relative to which
the question is being asked.

Who is bigger?

In Fig. 2 the shepherd is obviously bigger than the cow,
in Fig. 3 the cow is bigger than the shepherd. Again there is
no confradiction. The reason is that the two drawings have
been maae by people observing from different points: One of
them stood closer to? the cow, the other closer to the shepherd.
The picture is determined not by the actual sizeS of the objects
but by the angles under which they are seen.® Evidently such

1. acquire meaning: = make sense. 2. defined: HHE(RM ) ; BE
545, relative to which they are defined #&[J) after 3| Sy RiEM AR H—
MEEMNA, & direction. 3. depends on...: ..M E; BWRF..., on
R where 2N, EREH,SIX AN, EAH on BHRIE,
4. Viadivostok [v.ladi'vostok]: #hidiRrEn, RAEERE, AFRETF
1860 £ 8L A TVIRM, LM ERR“EBHMAEN". ERAERHFBELT KT
Bi—4#%N, 5. our question cannot be answered without...: EXiE...,
BRIEREAARE. XENEAFTIER, 6. globe: HhER, BRSLEER, I8
“Wrk” B, E#EEiA the. 7. stood closer to...: ¥R EEIE..., X
B stood = was situated, close to £ EFAIFEIE, HBT “E'BHRLEH,
close fEHE{EREM, THE A closer Z2aM &AM T stood. 8. angles
under which they are seem: FALLAEEfIMNAE, XH angles = visual
or optical angles.



angular dimensions of objects! are relative. It makes no sense
to speak of the angular dimensions of objects without indi-
cating the point in space from which they are observed.?2 For
instance, to say: This tower is seen under an angle of 45° is to
say precisely nothing.® But the statement that the tower is
seen under an angle of 45° from a point 15 metres away has a
definite meaning; from this you can conclude that the tower
is 15 metres high.

Fig. 2
The Relative seems Absolute
If the point of observation is moved a small distance!, angular
dimensions also change only by a small amount. That is why

1. angular dimensions of objects: ik F5i0 fa k. 2. without
indicating the point in space from which they are observed: ifii%# 0 M
ZRW— KRR KB, indicating B zh4iF, Fife without BHEIE, E4 5%
XL point 432iF, they % objects. 3. to say: This tower is seen
under an angle of 45° is to say precisely nothing: PiME XML AL
45 B, BB VNS BB ABERBE XS, RS THAB., £—4 to
say A ERBIEERE, this tower... 45° R EMRIENT, E=A to say H
tE#iE, {818 nothing B 'ERIRIE, 45°iE forty-five degrees. 4, a
small distance: GRE¥N., XR&A4WEE, E0%ERIEA.
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angular distances are often used in astronomy. A star map!
usually gives the angular distance between stars, 1. €.,2 the angle
under which the distance between the two stars is observed
from the surface of the earth.

We know that however much® we move abouté on the Earth
and whatever points® on the globe we choose to observe from,
we always see the stars in the sky at the same distances from each
other. This is because® the stars are such unimaginably large
distances away from us that,” in comparison,® our movements
on the Earth are negligible and can safely? be forgotten. In
this particular case!®we can therefore use angular distances as

1. star map: EH, 2. f.e. [ai'iz]: SRR B, XBEHTIE id est
45, = that is. 3. however much: ELibAiF£.3X8E however BE
W, 5IRULBRENG, WENEHHA—BKENE, 4. move about:
frahs %, X B about £&iidA, S. whatever points: {£fif# 5. points
# choose My5cif, whatever FI{EH 1A, % what BER, BEMAE
AN AH—-RBERENY, 6. This is because...: X&H-F..., because
Bl RAEIEME., 7. such., .that.. . XEENY.. .Digk..., X£#%%EH, such
RIERIA, that 5|2 RRIBNA, 8. in comparison: LLi%REK; M

ZTF, EREAE, 9. safely: TRty HXE—KkH, 10. In this
particular case: 7 iX A% i i1 b




absolute measures of distance.

If we make use of! the Earth’s motion round the Sun it
becomes possible to observe changes in angular distances be-
tween stars even although? these changes a{im/%ry small. But
if we were to® move our point of observation to some?* other
star such as Sirius, all angular distances would change so much
that> stars far apart in our sky might then be close together,

and vice versa.®

The Absolute proves to be Relative
We often use the words up and down.”  Are these notions

1. make use of...: FWH...; FH.... 2. even although: HifE, 5§
4 B even though, = even if. . 3. if we were to. ;B I ME...,
ERAERS, AL REAEN, HAREAHBIZ, 4. some: X —,
some TEG W R ANEEN, HEATREMAEEHKS., 5. so...that. .:
XEEHE.. LAB..., XREMRER, so £Hlid, that B3| RRIEMNG., bR
EwH 7, 6. vice versa ['vaisi 'vorso]: (R TiE) Rl 2—#,
BHL. R EERBEME, EXRE FERAMEMIE, 7. the words
up and down: EMTFXMA I, up f1 down & words §Ehris,
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absolute or relative?

At different times in history the answers given to this ques-
tion have differed. As long as' people didn’t know that the
Earth is a sphere and thought that it was flat like a pancake,?
the vertical was taken to be an absolute direction. It was taken
for gr%ffﬂeds that this vertical direction is the same at all points
on the Earth’s surface,® making it perfectly natural to speak
of an absolute “up’® and an absolute “down”.

When it was proved that the Earth is a sphere the vertical
began to totter — in people’s minds.®

Indeed, if the Earth is a sphere, the direction of the ver-
tical depends decisively on where on the Earth’s surface the
vertical is drawn.

Different points on the Earth will have different verticals.
The notions up and down now cease to have meaning unless
the point on the Earth’s surface to which they refer is defined.
Thus these notions change from absolute to relative ones.?
There is no unique vertical direction in the universe. There-
fore, given any direction in space,® we can find a point on the
Earth’s surface at which this direction is the vertical.

1. As long as...: RE...., XAEELEXE#EEIAA, = provided that.
2. flat like a pancake: RIEDEINEERE, like XBHE/iA, 3. taken
for granted: (IS BWERE:; W\ Y HBr MK, 4. Earth’s sur-
face: #ifi, Earth §—AF B AEZ AL, BHERKRS, L—& T Lim s,
RAymERK, DEIABAL. 5. absolute “up”: #3fpH“LE”, up MBS,
Fer Kb LARERIELMGE", THEA ‘down” BEBMF, 6. in peo-
ple’s minds: 7ZEAfI800H, XANMAEERERFTSEE, RAWEMHIE
BHE, XERERRE, MM TERRE, QERERXMHER. 7. ones:
B4t 37 one 9 E ¥, X B Ak L notions. 8. given any direction in space:
ZEREEEM—AFE, XA2HEE, BERXALR#EIE we, B LE1HE
i# can find; 333418 given FHFBWHE L, HHRH KA HRKIF direction.



