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Authors’ Note

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.4

Regrettably, however, the theory of relativity is little known®
beyond a narrow circle of specialists. The theory is a “tough™s
one, that is true,” and a stranger 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-
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 nacture of the world,
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1. FAMILIAR EXAMPLES OF RELATIVITY 1

Chapter 1

FAMILIAR EXAMPLES OF RELATIVITY

Does every Statement have a Meaniug?

Evidently not! 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™® 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
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 guestion directly.
If you are walking from the bridge to the wood, the house
will be on the left-hand side,® bat if you go from the wood tc

L. Esidently not: BAOR S o oL YT ) R 00 1 A PO PRS0 g
PISIERERS 7o 1L RMEHR TSN MR, i X BT mAE Ry, rR IV
adv. + not zfEara, 4y certainly not, absolutely not, of course not
2 2. For instance: itn (=for example), 3. iriangular;
— B, tri- ERRTER Y Twa ., 4. at Brst sight: —@REY, |
E e 2N 5. on closer examinabon: {4 —18, &8 EHEE, on 1.,
B, A L, LA, 6. On whith side: £% -5, on
CRRIF "L, HE" W, which AMBEIHRBNEE, 7. righe
7. nght EARR &M, mHRE loft wazid, 8. om the left-
bandside: 575 F %, k4. Figqey right-( = right-hand) ¢ 2 AL,



Fig. 1
the bridge you find the house on the right. Clearly to speak oft
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 dees 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 righte
besause the movement of a car singles out? one of the two pos-
sible directions along the road. '
1, to speak of WM. RR... ERWIEBR-EHL, EREEE
}a‘ EhagW clearly Frikin, 2. take into account..: §Eg.., £
... (=take account of..), direction & take Ey%aE, 3. relative
0.0 B MR LGB, EEEESREEENSELES -
rection. 4. It does make sease: SIREMERAH B3, AMEEREE, does
) PR IER 5. but oaly because ... {ER N E..., only %
" WL ML H because, but S LIME it makes sense g it is s0. 6.
keep to the right: (31#) MENERTH, 7. siagles owb: J|,

i, i, B sifgle LW, :




1. FAMILIAR EXAMPLES OF RELATIVITY 3

We see that the notions “Right” and *“Left” are relatives
They only acquire meaning! after the direction relative to
which they are defined® has b.en indicated.

Is it Day or Night just now?

The answer depends on® where the question is being asked.
When it is daytime in Moscow it is night in Viadivostok.* There
is no cortradiction 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 contradiction. The reason is that the two drawings have
been made 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 anglcs under which they are seen. Evidently such

1. acquire meaning: = make sense. 2. defined: ik &), kg
i ¥, relative to which they are defined 1) after SUREHAEY brkay
WaahiE W, fgiy ditection. 3. depends om...: ... iji, FRes..., on
tkiniey where S igdg ol ), Bk 6 0 AR ed GRS on iy sE,
4. Viadivostok (v lmdi'vastok}: Birdl A b, MRESE, FaEs
1860 & | g5 r:1k0r, Lo BE R el hv, IO SR A K B
LY 8L, 5. our question cannot be answered without,..: 15 k...,
MM ERBRE, RS TEER, 6. glober ik, Ekiik, 45
“HaLRT MY, FEeiEuss he. 7. siood closer to._: MR T, A
# stood = was situated, close to RRAT B, W S0 s,
close thetiviladll, Fu$® 8 closer ~.HI#% [ stood. B, angles
under which they are seen: MU CMY AR, 14 angles = visyal
or optical angles.



anghlar dimensions of objects! are relative. Tt makes no sense
to speak of the angular dimensions of objects without indi-
cating the point in space from which they are observed.? 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.

The Relative seems Absolute

If the point of observation is moved a smail distancet, angular
dimt_:nsions also change only by a small amount. That is why

1. angulsr dimenslons of objects: REE s Ko, 2. withomt
indicating the point in space from which they are observed: i A o o
ERE CBRRBTEEIN, indicating R#1£37, M without wiRas, L
WLEL point MKIE, they {itk objects. 3. o say: This tower s seen
wnder an angle of 45° is to say precisely nothing: HMELZEIENE AL
4515, MRS B ARTE 45 AR EIWE RERER. #- B to
say R AE KM 458, this tower... 45° R EMIKBERD, KM 10 say
frdid8. U nothing RE#KIH, 457 fortyfive degros. 4. 2
suall distance: w7, SERMEFERE, ENRIERIER,
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angular distances are often used in astronomy, A star map!
usually gives the angular distance between stars, i. e.,? 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 becauset 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

i star map: 2@, 2o bhoe ['aPEL R ML L3 i id est
(5858, = that is. 3. however mach: BRI E..28 however Bl
W, BMME R a R, BB A — e o . 4. move about:
178 K, A% abowt 2813, 5. whatever poinis: {42, points
# choose 89%FE, whatever f{ER:7r63 , & what B2 S0, I MRS
Beyd -l e, 6. This is becamse...: .z }.ui%..., because
SIMETR KA, 7. meh..that. .. 68y, 15K, 13 LA s, such
RWZEL]. that 5888 Eikasit s, 8. in comparison: fieriewe, MK
ZFe BRUAH, 9. safely: TRET@N) K@%, 10 In this
particular case: A @B M T, -



absolute measures of distance.

If we make use of! the Earth’s motion tound the Sun it
becomes possible to observe changes in angular distances be-
tween stars even although? these changes are very small. Bat
if we were to® move owr point of observation to some? other
star such as Sirius, all angular distances would cha'nge so much
that® stars far apart in our sky might then be close together,
and vice versa.t

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

1. make wve of ..: WEIH..., “Hi..., 2. even although: g+, %
HH even though, = even if. 3, if we were bo.. i anAP e,
TERBRASE, BRI SRR, 5 EEAOEE. 4. some £ .,
some IR TRER B, WLGAHAECEE . S, so..that. .
A LA o SERIIR SR, 50 74, that RIS 313 3h S
LFEET, 6. vice vers [vaisi 'va:se]: (i )'3%) EARRBUA -#.
) TR - TR, AR RE SRR R, . 7. the words
ap and down: L0 F.2W884d, up A down B words el F5 .

’J



1, FAMILIAR EXAMPLES OF RELATIVITY 7

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 2 pancake,?
the vertical was taken to be an absolute direction. It was taken
for granted® 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 totler —in people’s minds.S

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 wvertical.

1. Af long an..t L%, LS(E%IETLELIEASA, = provided that.
2. Hat Hke a pancake: ‘GEEF N7, Hke SEZ .4, 3. tken
for granted: (1 H3E) MER &, SIS, 4, Farih’s sur-
face: w5, Barth £ -7 KR Aa1h, HIE T RS, - ~BERT LG 8,
wEAATE, HRRIBERE, 8. absolute “up”: w@2ia3" 1", wp Mo,
ERR LIS ERE Y B, p e “down” & B G, &. in peo-
ple’s mindst 22 ARG . BT EE B A IS TR s 7 147 B4
A, LS HRE, MMIATHNE, (FEPELEMHEN, 7. ones:
AL one i iRy, sZ HAIR AU notions. 8, given any direction in space:
EEMEREMN BN A, ERMIES, FRALBNEE we, S 05150
75 canfind; B39 given SABBER, BT HAEEEE diroction.



“‘Common Sense”! tries to protest

Nowadays? all this seems obvious and indisputable to us.
But the record of history shows that in the past it was not so
easy for mankind to understand the relativity of up and down.
People have the tendency to ascribe absolute meaning to? no-
tions as long as their relative nature is not evident from everyday
experience (as in the case of* “right” and “left”).

Remember the ridiculous objection to® a spherical Earth
which has come down to us from the Middle Ages:5 How could
people possibly walk about upside-down?”

The flaw in the reasoning here is that of not recognising
that,® since the Earth is a sphere, the vertical is relative.

If you refuse to accept the principle of relativity for the
vertical direction and assume, say,? that the direction of the
vertical in Moscow is absolute, you are bound tol®admit that
the inhabitants of New Zealand walk upside-down. But if you
do this'l you should remember that for New Zealanders we
are the cnes walking upside-down.!* This is no contradiction,
because the notion of the vertical is not absolute but relative.

1. “Common Sense”; " 4", 2. Nowadays: =g 0%, 3@
THEHT B ] e h B b2 g 3. aserbe...to...: 1., 4
Fdlae 4. in the case of: wk.. il 3L iR 4%, in case of (fn &), S.
ohiection to...; k0078 P T s ¥ % 6. come down to ns from
the Middle Ages: 7ipipr bagit g is FEFAf, the Middie Ages (R
BEEACS PSR (4 2 pl0—14 132, 5 i 5—15 Bil. T walk about
upside-down: M E R EL, 8, Jz that of not recognising that.. :
AR TR, - that gigg, il Raw; 7w that R4, 3
B aETEY, Y Byt fh iR, SRGTWER (= let us say), H{Ed A
e 10. are bound to.. : By ST, 11, if you do this:
AR, do this LR assume that..., 1% 5 A, 12, for
New Zealanders we are (he omes walking wpside-down: RPN A
%ﬂé.fiﬁﬁtﬁlﬂﬂﬂ&w@?ﬁﬁ‘w\u We fsq8r8tA AE,

-



