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earth's velocity relative to the L
supposed ether frame. (b) The
vector-addition diagram that gives . (D —
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Ta of fepes shifled

In their experiment of 1887, Michelson and Morley had an arm length

= 11 m. (This was accomplished by having the light bounce back and forth

between several mirrors.) The wavelength of their light was A = 590 nm; and

as we have seen, 8 = v/c was expected to be of order 107%. Thus the shift
should have been at least

From L. S. Swenson, Jr, lnvention and Discovery 43 (Fall 1987).

_2p* 2 (11m) X (107%)° % il v~ 3% 10*m/s

9
A 590 X 10°m earths WL”J

Although they could detect a shift as small as 0.01, Michelson and Morley Afeed ground tha Cnn
observed no significant shift when they rotated their interferometer.
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FIRST POSTULATE OF RELATIVITY

If § is an inertial frame and if a second frame §' moves with constant velocity rela-
tive to §, then §' is also an inertial frame.

(\’ﬂnys.‘:j Q-Avl.t (373 '('l.z Aoy A D\J’Q 'qu.‘L'J 'ﬂ'“m_)

SECOND POSTULATE OF RELATIVITY

In all inertial frames, light travels through the vacuum with the same speed,
¢ = 299,792,458 m/s in any direction.
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It was only with the advent of super-accurate atomic clocks that tests
using man-made clocks became possible. The first such test was carried out in
1971. Four portable atomic clocks were synchronized with a reference clock at
the U.S. Naval Observatory in Washington, D.C., and all four clocks were then
flown around the world on a jet plane and returned to the Naval Observatory. (SQ al/bo <\° g )
The discrepancy between the reference clock and the portable clocks after |,
their journey was predicted (using relativity) to be _R\ e l“ WSton ’F 'f}N_,’

275 + 21 ns (1.19)
while the observed discrepancy (averaged over the four portable clocks) was*

273 + Tns (1.20)



1.27 == Muons are subatomic particles that are produced % AL 14
several miles above the earth’s surface as a result of b R
collisions of cosmic rays (charged particles, such as -t / .
rotons, that enter the earth’s atmosphere from tly -
Epace) with atoms in the atmosphere. 'I‘Eese muons N = No 1 W‘. N H c ’h“-) - Na/z
rain down more-or-less uniformly on the ground, al-
though some of them decay on the way since the E7<An‘;\n/ ,oY' 'P'.og
muon is unstable mth a proper half- life of about —
1.5us. (1ps =10"s) In a certain experiment a
muon detector is carried in a balloon to an altitude of
2000 m, and in the course of 1 hour it registers 650
muons traveling at 0.99¢ toward the earth. If an iden-
tical detector remains at sea level, how many muons
would you expect it to register in 1 hour? (Remember
that after n half-lives the number of muons surviving

from an initial sample of N is N,/2", and don't forget
about time dilation.) This was essentially the method
used in the first tests of time dilation, starting in the La“yl_\ cdm LL w.e_uSurté via Juc\.p.l-.]k .

1940's.
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If the two observers measure x;
and x; at the same dme (f; = 1),
thenl = Xz — X}
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(a) The thought experiment as
seen in the train-based frame §'.
(b) The same experiment as seen

from the ground-based frame S.
Notice that two observers are
needed in this frame. (c) The
(b) dimensions of the triangle ABD.
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—_— /i} As seen in the boy's frame §,
ﬁ]__u = = =100 the two hatchets bounce
x = e R s simultaneously (at ¢ = 0) 100 cm
apart. Since the snake is 80 cm
leng, it escapes injury.

-2 2 B _____ M Lab . s L_a L _s_ L _______ L __WNa__ ____ M _a



Example 1.6

A relativistic snake of proper length 100 cm is moving at speed v = 0.6¢ to
the right across a table. A mischievous boy. wishing to tease the snake, holds
two hatchets 100 cm apart and plans to bounce them simultaneously on the
table so that the left hatchet lands immediately behind the snake’s tail. The
boy argues as follows: “The snake is moving with 8 = 0.6. Therefore, its
length is contracted by a factor
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and its length (as measured in my rest frame) is 80 cm. This implies that
the right hatchet will fall 20 cm in front of the snake, and the snake will be
unharmed.” (The boy’s view of the experiment is shown in Fig. 1.11.) On
the other hand, the snake argues thus: “The hatchets are approaching me
with B8 = 0.6, and the distance between them is contracted to 80 cm. Since
I am 100 cm long, I will be cut in pieces when they fall.” Use the Lorentz
transformation to resolve this apparent paradox.

head of (4o A ‘M_,)
hatlets oF rest M
¥ PEl x=o .
y:y&{ 4(-—'?0(4»0
L-y Jawnclo LSt Rachds whan

= 4l w 4zv  (sehtst=o)
1 -
Reldie S o . ° {'°. ol o ¥z faad ab PO0a  Lred?
|
‘ICS Y : Y(‘X‘V{X - 7'?0 = 109 G K 't/"-' )«(o = 1'8° ): - 5 Ry "‘é"c"
1es | = a ceb gt
S9 r.‘yl\- \\g"ckd' wWoS rlv-u 0\‘\' '{'--':0 Y X=‘°°C"" \,.I\\.'(,\‘ c,,yruf\wa&a A~

{ bo— V's) € |25 0w /- - ey _ _ b _5aGn

A= Y(leome) =gl s ¥ (o= Nibeys o g 2 7T

-‘FM S?\o.\‘hf; V;eh‘ ?0-\-*" »Q.g% L a'\'Lle Wéhs H—lﬁ.n 4 u"' ‘\(l c e , “, /: ) s \A\L-U\h

"’LS LM\A i ot 4\(’-: loo tan | ’(.I:" N

Lu“' \"\%f\' \\»*(LL\' \,-’lus r\Hf\JY NL(M/

(Sna\q wo uh\\MNJ)-

ealen ot e nte 4= - 75 0n
(&
N =2 5rs
1, =0 {
P
!';:}
X =0 S x' = 100cm

CRRUT SRR IY

wheq 10(0.'\?0-\ o{ Spatt e

1B
%\ﬁ"clw“‘: ’xl:. Y(?O-"U"g\:

[0 Cm

il o ot X, (50 )

b
Q<F \‘“hhj( o, X" 0

\'\6."‘(}4-" at A= Poum Lo 7

dote -E\\L 5\»6;\92 [ 73 the W“ g

't‘_’=. ¥(o- %90), ~ o4

xp =125cm
I
):m::l,* - m*
100 G
X — - =In§
C



Velseity  additivn \_3’“\ N
t > < /
/ N
7(’: Y %x-vt) Yew Weald o W\oc\'{7 W weaswed ia S ety A AL waasared W S 2

Ve ye-xzx) @%b ojud Az U- VD We e e e ek

o8 Leaad L Qighd
3o Vhak (5 Yo wreck fomda’

. _ dx
W We 25
dy — vad) 2w v
oy -Yix) A-%5 -
The veverse M\q Foon 5
Whot  aloont “’Y, L Uy " g:u \]I‘— p are.  oblaimed \7
v’ - dy' dy )%‘l’ . _ Uy uﬂm‘s v o -
i 7?’ ) Y (44 -2, 9%) ) 'Y( v u B v(I- ‘[_U_")
’ ’C" I"/" X) (‘.

_\\Q \-Q\n""'“‘ edua ¥ , fro 2aemdl @y e ""/ ce |
c Y

u'y’ ~ Uv—‘r, 'Mrl

N
N
~
?
~
Q
-
-~
N
<
~J

The rocket of Example 1.7 shoots forward a signal (for example, a pulse of

light) with speed c relative to the rocket. What is the signal’s speed relative to 0o

the earth?  Tixeh . from the wd poshdel | we shold have w= c . B we con veuTly + Mshé a)Jﬁ.‘-,.:
In this case u’ = c¢. Thus according to (1.45)

w'+v Tk
u = s=———=¢ (1.46)
1 + u'v/c 1 + v/c

-Exerc\‘sg, ( oe‘l-;e‘n :.Q )

1.47 e#+ Using the velocity-addition formula, one can
prove the following important theorem: If a body’s
speed u relative to an inertial frame § is less than ¢, its
speed u’ relative to any other inertial frame §’ is also
less than c. In this problem you will prove this result
for the case that all velocities are in the x direction.

Suppose that §' is moving along the x axis of
frame § with speed v. Suppose that a body is traveling
along the x axis with velocity u relative to §. (We can
let 1 be positive or negative, so that the body can be
traveling either way.) (a) Write down the body’s ve-
locity i’ relative to §°. For a lixed positive v (less than
c, of course), sketch a graph of 1’ as a function of & in
the range —¢ < u < c¢. (b) Hence prove that for any
u with —¢ < u < ¢, it is necessarily true that
—c < < e
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