1-3.

1-4.
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Once airborne, the plane’s motion isrelative to still air. In 10 min the air mass has moved
18 m/s x 60s/min x 10min = 10.8 km toward the east. The north and up coordinates relative to

the ground (and perpendicular to the wind direction) are unaffected. The 25 km point has moved
10.8 km east and is, after 10 min, at 25 - 10.8 = 14.2 km west of where the plane left the ground

(0, 0, 0) after 10 min the planeisat (14.2 km, 16 km, 0.5 km).

@ 2L 22.74%x10* m,

t= = 1.83x107*s

¢ 3.00x10% mls

N

2L
x

(b) From Equation 1-7 the correction &t = =—
C

<3|<
N

8t = (1.83x10745) 10747 = 1.83x107 25

(c) From experimental measurements Sc_ _ Ahmis 1.3x1073

c 299,796 km/s

No, the relativistic correction of order 10 8 isthree orders of magnitude smaller than the

experimental uncertainty.

0.4 fringe _ 1.0 fringe
(29.8 km/s)2 v km/s)2

o2 £(29.8km/s)2 = 220%10° — v = 47.1kmis

(a) Thisisan exact analog of Example 1-3with L = 12.5 m, ¢ = 130 mph, and v = 20 mph.
Calling the plane flying perpendicular to the wind #1 and the one flying
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(Problem 1-4 continued)
paralel to the wind #2, #1 will win by At where

Lv?* _ (12.5mi)(20milh)*
c3 (130milh)?

At = = 0.0023h=82s

(b) Pilot #1 must use aheading 6 = sin"!(20/130) = 8.8° relative to his course on both legs.

Pilot #2 must use a heading of 0° relative to the course on both legs.

1-5.  (a) Inthiscase, the situation is analogous to Example 1-3with L = 3 x 108 m, v= 3x10*m/s, and
c = 3x10m/s. If theflash occurs at t = O, the interior is dark until t =2 sat whichtimea

bright circle of light reflected from the circumference of the great circle plane perpendicular to
the direction of motion reaches the center, the circle splitsin two, one moving toward the front
and the other toward the rear, their radii decreasing to just a point when they reach the axis 102
s after arrival of thefirst reflected light ring. Then the interior is again dark.

(b) In the frame of the seated observer, the spherical wave expands outward at c in al directions.
The interior isdark until t = 2s, at which time the spherical wave (that reflected from the inner
surface at t = 1) returnsto the center showing the entire inner surface of the spherein reflected

light, following which the interior is again dark.

1-6. Yes, youwill seeyour imageand it will look asit doesnow. Thereason isthe second postulate: All
observers have the samelight speed. In particular, you and the mirror arein the sameframe. Light
reflects from you to the mirror at speed c relative to you and the mirror and reflects from the mirror

back to you also at speed ¢, independent of your motion.

_ 2Lv?
- 2

1-7. AN

iy (Equation 1-12) Where A = 590nm,L = 11m,and AN = 0.01 fringe
c
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(Problem 1-7 continued)

2 _ ANA.Cz

= (0. inge x1077my3.00x10°m/s m
oI (0.01 fringe)(590 x 107°m)3.00 x 108 m/s > 2(11m)

v

v=491x10%m/s = Skmls

1-8. (a) No. Result depends on the relative motion of the frames.

(b) No. Results will depend on the speed of the proton relative to the frames. (This answer
anticipates adiscussion in Chapter 2. If by "mass,” the "rest mass' isimplied, then the answer
is"yes," because that is afundamental property of protons.)

(c) Yes. Thisisguaranteed by the 2" postul ate.

(d) No. The result depends on the relative motion of the frames.

(e) No. Theresult depends on the speeds involved.

(f) Yes. Result isindependent of motion.

(9) Yes. Thechargeisanintrinsic property of the electron, afundamental constant.

1-9. The wave from the front travels 500 m at speed ¢ + (150/3.6)m/s and the wave from the rear
travelsat ¢ - (150/3.6)m/s. Asseenin Figure 1-15, thetravel timeislonger for thewavefromthe
rear.

500 m B 500m
3.00x 108 m/s — (150/3.6)m/s  3.00 x10¥m/s + (150/3.6)m/s

At=1t,-t,=

s

3x10% + (150/3.6) - 3x10% + (150/3.6)
3x108)% - 2(150,/3.6)(3x 108 - (150,/3.6)>

= 500

~5002150/3.6) _ 4 31013
(3x10%)2
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1-10.
—'—H%H—ﬂﬁ—'—ﬂ% Vo>
A’ B’ o
Whilethewavefront isexpanding to the position shown, the original positions of A’, B/, and C”have
moved to * -marks, according to the observer in S,
(a) According to an S observer, the wavefronts arrive simultaneously at A”and B,
(b) According to an Sobserver, the wavefronts do not arrive at A”and C”simultaneously.
(c) Thewavefront arrives at A”first, according to the Sobserver, an amount At before arrival at C”,
where
I¥ali I 4/
Ar-BC _B A since B'C’ = B’4’ = L', Thus
cC—Vv ctvy
Af= [/|€Frv-e*rVvi_ ;i 2v
02 - V2 02 - V2
1-11.
p y=1/1-p4" dl
s L
0 1
7 =
0.2 1.0206
0.4 1.0011 °r
0.6 1.2500 T
0.8 1.6667 T
0.85 1.8983 sk
0.90 2.2942 2|
0.925 2.6318 4 ‘ ‘ ‘ ‘ B
0.950 3.2026 v 04 06 08 10
0.975 4.5004
0.985 5.7953
0.990 7.0888
0.995 10.0125
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(from Equation 1-21)

1-12. / on/ / on/
tl = Y tl + > t2 = Y t2 + —2
C C

= Y(tzl - t1/)

@ t,-1, = y(t;+
C C

(b) The quantities xll and x2/ in Equation 1-21 are each equal to xo/ , but x, and x, in Equation 1-20
are different and unknown.
1-13. (@) y= 1/1-v¥/c}" = 1/1-(0.85¢)%/c** = 1.898
x' = y(x-vt) = 1.898/75m-(0.85¢)2.0x1073s)1= -9.537x10° m
Y [ ( )]
y'=y=18m
z/=z=40m

t' = yt-vx/c? = 1.89812.0x107°s - (0.85c)(75m)/c?)= 3.756x107 m

(B) x = y(x'+ v') = 1.898(~9.537x10°m + (0.85¢)3.756 %10 5s) = 75.8
(differenceis due to rounding of y, x, and t’.
y=y'=18m

z/ = 40m

N
1l

t=yit'+vx'/c? = 1.8983.756x107%s + (0.85¢)(- 9.537x10°m)/c?

= 2.0x107%s

1-14. To show that At = O (refer to Figure 1-9 and Example 1-3).
L L 2L _ 2L 1

t = + = —
\/02 - y? \/02 -2 \/c2 - y2 ¢ V1 -v2/c?

1

t,, because length parallel to motion is shortened, is given by:
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(Problem 1-14 continued)

_ 2/ .2 _ 2,2 —2/.2
t:le/c+L1v/c:2LC\/l vel/e

2
c+v c-v c21-v2/c?

_ 2_L 1-v2/¢? _ 2_L 1 _

¢ (1- v2/c2)2 ¢ J1-v2%/c?

Therefore, ¢, - t; = Oand no fringe shift is expected.

1-15 (a) Letframe Shetherest frame of Earth and frame S/ be the spaceship moving at speed v
to theright relative to Earth. The other spaceship moving to the left relative to Earth at
speed uisthe “particle”. Thenv = 0.9c and u,_= -0.9¢.

/ ux -V .
u, = ———— (Equation 1-24)

1- uxv/c2

] ~0.9¢-0.9¢ - 18¢_ 9945

1-(-0.9¢)(0.9¢)/c? 1.81

(b) Calculating as above with v = 3.0x10% m/s = -u_

/ -3.0x10*m/s - 3.0x10*m/s -6.0x10*m/s _

u, = = ~ -6.0x10* m/s
|- (-3.0x10%m/s)(3.0x 10* m/s) 1+ 108
(3.0x 108 m/s)
/- d”x/ I u.- .
1-16. a, = — whereu, = —=—— (Equation 1-24)
dt’ 1-u_v/c?

And ¢t/ = yi¢-vx/c? (Equation 1-20)

X

du! = (ux—v)(vdx/cz)(l—uxv/c2)_2 + (l—uxv/cz)_ldux
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(Problem 1-16 continued)

( %) (ux—v)dux + (1 —uxv/cz)dux

(l—uxv/cz)2
dt’ = ydt-vdx/c?

( 12) (ux—v)(dux/dt) + (1 —uxv/c2)(dux/dt)

I _ d“x/ _\¢c
oAt y(l—uxv/cz)3
B (dux/dt)(l—v2/c2) B a,
y(l—uxv/c2)3 y3(1—uxv/c2)3
, duy/ , u,~v _
a, = —- where y, = ——— (Equation 1-24)
dr’ 1-uv/c?

du! = (duy/y)(l—uxv/cz)_1 + (uy/y)(l—uxc2/c2)_2 du

(duy)(l - uxv/cz) + (uyv/c2) du,

Y- uxv/c2)2

/
Y - duy ) (duy/dt)(l—uxv/cz) + (uyv/cz)(dux/dt)
y

dr’ y(l—uxv/cz)2 y(l—uxv/c2)

) ay(l —uxv/cz) + ax(uyv/cz)

yz(l—uxv/c2)3

aZ’ isfound in the same manner and is given by:
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(Problem 1-16 continued)

;- az(l—uxv/c2)+ ax(uzv/c2)

a, =

Y (1= uxv/cz)3

1-17. (a) Asseen from the diagram, when the observer in the rocket (S system sees 1 ¢+ tick by on the

rocket’s clock, only 0.6 ¢ have ticked by on the laboratory clock.

ct

ct'

(b) When 10 seconds have passed on the rocket’s clock, only 6 seconds have passed on the

laboratory clock.
c/
Tu 0
Mo y
x!
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(Problem 1-18 continued)

/
u, + v
u.= : ; S 0rv, (Equation 1-25)
1+vux/c2 1+0
/
u. = uy = ¢ :£
g y(1+vux//c2) Yy(1+0) vy

(0) u=fu + u) = v 2/ = e Al v eR =

1-19. By anaogy with Equation 1-25,

I
u, +v
@ uy = — - 99cr09¢ . 18c_ gg0s5,

1+ vu!/c?2 1+ (09¢)(09¢)/c* 181

(b)
. utv. 18c/181)+ 09c  _ 18+ (0.9)(1.81)
" levalse? 1+ (18¢/1.81,(09¢)/¢> 181+ (1.8)(0.9)
- 3429 09997
3.430
1-20. (a) Y= S (Equation 1-18)
1-v%/c?

|
“—-
|
<
[\*]
N
o
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|
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—_
|
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(Problem 1-20 continued)

(b) 1
=y1- vi/c?= (1 - v2/c2)/2

1
Y

(©

1-21. At= yAt’ (Equation 1-28)

Ar- A’ yAt' =AY
At' At'

N
N

)

c

:'Y—l::: :'Y—l:::

N | =
o ‘<
[\*)

N | =

- / _ /
2o 9 2= A v:c(zxA’ At

V2
v o ] = ¢2x0.01y2= 0.14¢
t t

1-22. (@ L= Lp/y (Equation 1-20)

L,-L ) Lp—(l/y)Lp )

—m o= ) = 45x1072 = 45x1010%
L, L, Y 22 2

v

1
= / ~ / -

- 3.16><107s[1 - %(3x10‘6)2}

~3.16x107 s elapses on the pilot’s clock also. The pilot’s clock loses:

10
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(Problem 1-22 continued)

2
At'- At = AF'(1-1/y) ~ At/ 12"
22

= (3.16x1075)(1/2)(3x1075% = 1.42x107*s (1min/60s) = 2.37x107® min

1-23. & L= Lp/ vy (Equation 1-20)
= Ly1-v*/c?= 1.0m1-(0.6c)/c*” = 0.80m

(b) t=L/v=080m/0.6c=44%x107s

(©
back of merersick o' The projection O4 onthex axisisL.
passes x =0

Thelength OB on the ct axis yieldst.

B X

meterstick y
() X
-
1-24. (a) At/
At=yAt'= — = (Equation 1-28)
1-v2/c?
26x10%s  2.6x107%s

= 596x108%s

(1-(0.9¢)?/c?” /0.19

(0) s=vAt= (0.9)(3.0x108m/s)(6.0x108s) = 16.1 m

11
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(Problem 1-24 continued)
(©) s = vAt= (0.9)(3.0x108m/s)(2.6x1078s) = 7.0 m
(d) (As)? = (cAt)*> - (Ax)* (Equation 1-33)
= ¢(6.0x1078)> - (16.1m)* = 324 -259 = 65 — As= 7.8m

1-25.  From Equation 1-30, ; _ LP/Y = L y1- v2/c2

where L = 85m and L, =100m

J1-v2/c? = L/L, = 85/100

Squaring 1-v2/c? = 85/100
= 1.58x10%m/s

2 _

v2 = (1-85/1002)c? = 0.2775¢% and v = 0.527¢

1-26. (@) t=distanceto Alpha Centauri/spaceship speed = 4¢-y/0.75¢ = (4/0.75)y = 533y
(b) For a passenger on the spaceship, the distanceis:

L=Ly1-v3/c* = 4cy1-(0.75)* = 4¢*y(0.661)/0.75¢ = 2.65¢"y

and t = 2.65¢-y/0.75¢ = 3.53y

1-27. Using Equation 1-30, with L, and L, equal to the proper lengthsof A and B and L
p p

length of A measured by B and L = length of B measured by A.

Ly=L,/y = 100my/1- (0.92¢)* = 39.2

= 36/{/1- (0.92¢)?/c? = 91.9m

12
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1-28. InS": Ax’/ = 1.0 mcos30° = 0.866m
Ay’ = 1.0 msin30° = 0.500 m Where 6/ = 30°
INS Ax = Ax’/1-P? = 0.866m\/1-(0.8) = 0.520 m

Ay = Ay’ = 0.500 m

-1 0.500
0.520

Where 0 = tan = 43.9°

L = J(Ax)? + (Ay)? = /(0.520m) + (0.500)% = 0.721m

1-29. @ InS':V' =a’xb/xc'=2m)(2m)(4m) = 16m?>
In S: Both a”and ¢”have componentsin the x” direction.

a) = a’sin25° = (2m)sin25° = 0.84m and ¢ = ¢’c0s25° = (4m)cos25° = 3.63m

a = a)J1-p* = 0.84/1-(0.65)* = 0.64m

¢/ J1-B = 3.634/1-(0.65) = 2.76m

cx

a,= ay/ = a’c0s25° = 2¢0s25° = 1.81m and ¢ = cy/ = ¢’/sin25° = 4sin25° = 1.69m

a=\la;+a; =(0.64)+ (1817 = 1.92m
c= el + ¢l =\(2.76) + (1.69) = 3.24m

b’ (in zdirection) isunchanged, so b = b/ = 2m

0 (between ¢ and xy-plane) = tan"!(1.69,/2.76) = 31.5°
¢ (between a and yz-plane) = tan"(0.64,/1.81) = 19.5°

V = (areaof ayface) - b (seepart [b])
V= cxasin78xb = (3.24m)(1.92msin78°)(2m) = 12.2m3

13
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(Problem 1-29 continued)
(b)

1-30. c c 1-v/c
A= — = = A, (Equation 1-38)
f 1+ 1+v/c

1-p

M) 1-v/e A2 .
(To) “1rv/e — (_] d1+v/ey=1-v/c

2
i/ ’ + 1 = 1 — i/ ’ . X = M
A‘o A'o ¢ 1 + (A'//A'o)2

_ 2
A= 650 nm. Foryellow A = 590 nm. ¥ = 1= (3%0mm/650nm,

¢ 1+ (590nm/650nm?

Solving for vi/c, 4
C

= 0.097

Similarly, for green A’ = 525nm — Y = 0.210
C

and for blue ' = 460 nm — = 0.333

ol<

14
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1-31.

1-32.

1-33.

M-S ¢ o [ 1v/es  (Bauation 1-39)
f /1—[3 1-v/c
1+ Bf"

M-d, W 1+v/c o _|1+(1.85x107mls)/(3.00x10mis) |* |
A, A, l-v/c —(1.85x 107 m/s)/(3.00x 108 m/s)

= 0.064

Because the shift is a blue shift, the star is moving toward Earth.

1= 11+gf0 where f= 1.02f,

(1.02)2- 1
(1.02)% + 1

(1.02) = ll%g S B- - 0.0198

v=0.0198¢ = 5.94x10°% m/s

_ B 1-B 1-B
f= 1+l3f°_' A= 1+BA_ ITB(656.3nm)

1+1073

For = 1073: A = (656.3 nm) = 657.0 nm
\ 1-107
-2

For B=102: A= (6563 nm) | 19" - 662.9 um
\ 1-1072
-1

For = 10" A= (6563 nm) | -1 = 725.6mm
10
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1-34. (a) Timetostar: t = d/v=15¢'y/0.999¢c = 15.015y
Timeof visit=10y
Timetoreturnto Earth: ¢t = d/v = 15¢-y/0.999¢ = 15.015y
Total time away = 40.030 y

(b) Distanceto star: L = Lyy/1/p* = 15¢+yy/1-(0.999)% = 0.6707c"y
Timetill star "arrives': ¢ = d/v = 0.6707¢c:y/0.999¢ = 0.671 y
Timeof visit=10y
Timetill Earth "arrives' = 0.671y
Total timeaway =11.34y

1-35. Distanceto moon= 3.85x108m = R
Angular velocity w needed for v =c:
w=v/R=C/R=3.00x10%m/s)/(3.85x108m) = 0.78 rad/s

Information could only be transmitted by modulating the beam’s frequency or intensity, but the

modulation could move along the beam only at speed c, thus arriving at the moon only at that rate.

1-36. (a) Using Equation 1-28 and Problem 1-20(b),

At' = At/y = Atd- v%/2c?) = At- Atv?/2c?

where At = 3.15x107s/y and

v = 2nR,/T = (2m6.37%10%m)/ (108 min)(60s/min)

v = 6.177x10°m/s = 2.06x10 3¢

Timelost by satellite clock = Afv2/c2

16
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(Problem 1-36 continued)

= (3.15%1075)2.06x10752/2 = 0.00668s = 6.68ms

(b) 15 = Arw?/2c?

At = 2/(v*/e?) = 2/2.06x107%% = 471x10°s = 150y

cos® + B

1+ Bcos®’

1-37. cosO = (Equation 1-43)

where 8’ = half-angle of thebeamin §/ = 30°

cos30° + 0.65

For B = 0.65,cos0 =
1+ (0.65)cos30°

= 0.97 or 6 = 1.41°

Thetrainis A from you when the
headlight disappears, where

_ 0.75m
tan14.1°

-« A > \

=3.0m

1-38. (a) Ar= yAf, Forthetimedifferencetobels, Ar-Af = 1s

At-At/y=1 — At(1—l) - 1

Y

2
Substituting 1. 1- 1v- (From Problem 1-20)
Y 22

(3.0x 108
(1.5x10°/3.6x10%}

1 v? 2,2 _
Atf 1-1+ =— | =1 = At=2c“/v°=2
22

~ 1.04x10'% 5 ~ 32,000y

17
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(Problem 1-38 continued)
(b) At-At, = 273x107%s. Using the same substitution asin (a),
At(1-1/y) = 273x10° and the circumference of Earth C = 40,000 km, S0,
4.0x10"m = vAt or Ar= 4.0x107 /v, and

_ 2¢2273%x107%)
4.0x107

4.0x107/v = 2¢2/v?273x107%, 0r v = 1230 m/s

Where v is the relative speed of the planes flying opposite directions. The speed of each plane
was (1230m/s)/2 = 615m/s = 2210 km/h = 1380mph.

1-39. Simplifying theinterval to (ct’) - (x’)?, we substitute the Lorentz transformation:

t'=y(t-vx/c?) andx’ = y(x - vt)

ct' = y(ct-vx/c) = (ct’'P=y*(ct-vx/c)

(Ct/)2 _ (x/)2

Y’i(ct-vx/c)? - (x-vt)}

Y22ttt -2vxt + vix2/ct-x? + 2vxt-v2t?

Yie?-v)t2- (1-v?/ch)x?

(ct)’ - (x)?

1-40. (a) AlphaCentauri is4 c-y away, so thetraveler went L = /1-? (8c-y) in6y, or

8c-yy/1-v2/c? = v(6)
J1-v2/c? = v(6/8¢) = (3/4)(vic)
- 1-B2 = (34 B
(314 + B = 1
B2 = 1/(1+ 0.5625)

v=0.8c
18
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(Problem 1-40 continued)
(b) At= yAt,= y(6y) and y= 1/{/1-p? = 1.667

At = 1.667(6y) = 10y or 4y older than the other traveler.

(©)

10 ~ ot
ct N\ return trip
cy) 8

N\

6 AN X'
.
4.
2L
ﬂ/oo | §I | | | <
Earth ? 4\ Al ph6a Centaugii ° ©)

1-41. Orbit circumference = 4.0x 10" m.
Satellitespeed v = 4.0 x10”m/(90min x 60s/min) = 7.41 x 10> m/s

At- Aty =t,,

At-At/y = t,,= At(l—l/y)zAt( %WJ (Problem 1-20)

L= (3.16x 107 m/s)(1/2)(7.41 x10%/3.0x 108
= 0.0096s = 9.6ms

19
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1-42. (@) At' = yAt- Y Ax  (Equation 1-22)

6'2

For events to be simultaneousin S/, At/ = 0.

yAr= Y Ax = 2x10%s= Y (1.5x103m
2

2

c

c

v=2x10"%5,3%x108m/s)/1.5%x10°m

(b) Yes.
(©

@ Asp?

As

ct

1000

500

0

= 1.2x10%m/s = 0.4¢

ct’

Note: B ison the x/axis, i.e., where
ct’=0, asisA. For any x”slope greater than
0.4 the order of B and A isreversed.

(1

500 1000 1500 X
0 A

(Ax? - cAt?  (Equation 1-35)
5x10%7 - (3% 108m/s)2x 10765
2.25%x108-3.6x10° = 1.89x105m?
1370 m

As = 1370m

1-43. (@) y= 1//1-P* = 1//1-(0.92)* = 2.55

(b) T=2.6%x10%s At(lab) = yt = 2.552.6x107%s)= 6.63x1073s

(©) N(¢)= Nje™* (Equation1-31) L= 1-B?L,=/1-(0.92) (50m) = 19.6m

20
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(Problem 1-43 continued)

1-45.

Where L isthe distance in the pion system. At 0.92c, the time to cover 19.6mis:
t=19.6m/0.92¢c = 7.10x10°%s. Sofor N, = 50,000 pionsinitialy, at the end of 50min the

lab, N = (5.0x10% e 71726 = 3260

rg y ITHE-“ oo DMa S1. X s = O x e % .6 _
(d) lguirgreivty teimeegietooe MRS 1.81 x 1077 sadNwaldiete N = (5.0 x 10 e 181726 = 47

N

v

AL=L-L=L-L(1/y)=L(1-1/y)= Lp( —] (See Problem 1-20)

N =
o

ForL,=11mand v=3x10*m/s AL = 11(0.5)(10%=55x10"%m

-8
"Shrinkage" = 2.5x10"m = 550 atomic diameter

10 %m/atomic diameter

a ct ct
( ) 1500 — B

1000 —
500 —

| | |

0 f t f
X

o 500\\11200 1500 2000

(b) Slope of ct”axis=2.08=1/f,s0p =0.48and v = 1.44x 108 m/s

(© ct'=vyct and y=1/y1-B* so ct’'\1-P? = ct
For ct/ = 1000m and B=048 ct=877Tm

(d) F=vAt' = 114Nt — At = Susc/1 14 = 4 39,
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1-46.

1-47.

1-48.

1-49.

— _ 2 2 _ _ 2 _
@L=L,/y=Ly1-u?/c?=100m/1-(085) = 52.7m

o) u’ - u+u _ 085c+ 0.85¢c _ 1.70¢

1+ uu/c? 1+ (0.85) 1.72

= 0.987¢

©L'=L/Y =Ly1-u?/c?=100my/1-(1.70/1.72) = 16.1m

(d) Asviewed from Earth, the shipspassin thetimerequired for one ship to moveitsown contracted

length. L_ 52.7m o ix107s

Ar= =
u  0.85x3.00x108m/s

(€)

100 m

In Doppler radar, the frequency received at the (approaching) aircraft is shifted by approximately

Af/f, =v/c. Another frequency shift inthe samedirection occurs at the receiver, so thetotal shift

Af/f,=2v/c. v=(c/2)(8x10°7) = 120mls

f= fo 1 (Equation 1-37)
1-p v
_CRVI-B AVA-BA+B) [ SO P 1+
f= = = fy - f= 0
=P V(1-By V(1-py =P

Which is Equation 1-38.

t2/ - tll = Y(t2 - tl) - Y—:(xb - xa) (Equatlon 1'22)
c

€) t2/— t1/ =0 = -t = (v/cz)(xb—xa) — (0.5-1.0)y= v/c?(2.0-1.0)cy
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(Problem 1-49 continued)
Thus, -0.5= (v/c) — v=0.5c inthe-xdirection.

(b) t' = yt-vx/c?
Using the first event to calculate t” (because t”is the same for both events),
t=(1/{J1-(05))1y- (0.5¢)(1cy)/c? = 1.155(0.5) = 0.58y

(© (As)* = (Ax)*-(cAt)* = (1c'y)* - (0.5¢'y)* = 0.75(c'y)> — As= 0.866c"y

(d) Theinterval is spacelike.
(e L, = As = 0.866¢-y

1-50. (9

ct’ ct(cy)

1.7y

, 10+
X
2

x(cw) o 10 2.0

Because events are simultaneous in S, line between 1 and 2 is parallel to x”axis. Itsslopeis
-05=-pB.v=-05c.
(b) From diagramt’= 1.7 y.

1-51. xb/ —x,/ =YX~ Xy T V(T Ly (@)
/Y 2
b=t = Yy~ by~ v~ Xct ()

~t! = -Spus

r

Where x, - x, = 2400m t,—t,= Sus x, - x, = 2400m ¢/

¥

Dividing (1) by (2) and inserting the values,
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(Problem 1-51 continued)

_ -6
2400 28007 vex10Th) | 9400 + y(24002/5%106¢2 = 2400 - 5x10C v
T5x10°° 5x10°5 - y(2400),/c?

(2400)?
5x1076¢?

v +5x10°%|= 4800 — v =2.69x10%m/s in+xdirection.

1-52. u, = 0.85ccos50° u, = 0.85¢ sin50°

B=072 — yl//1-P = 1441 v =0.72¢

/ u.-v / uy
u = — Uy = ————
1-vu /c? Yl - Vux/cz)
u = 0.85cc0s50° - 0.72¢ _ —01736¢ _ ~0.286 ¢

1-(0.72¢)(0.85¢ cos50° /c?)  1-0.3934

u = 0.85¢sin50 _ 0745 ¢

1.441{1-(0.72¢)(0.85¢ c0s50° /c?,

u' = Ju?+ u)® = 0798 ¢

tan®’ = uy//ux/ = 0.745/(-0.286) 6’ = 111° with respect to the +x” axis.

1-53. Thisiseasier to doin the xy and x”y”planes. Let the center of the meterstick, which is parallel to
the x axis and moves upward with speed v, inS at x = y = x' = y/ = 0 atr=t/ = 0. Theright
hand end of the stick, e.g., will not beat t’= 0in S because the clocksin S are not synchronized

with thosein S. In S"the components of the sticks velocity are:

u v
u, = —2 = 2 because u,=v,and u, =0
y(l—vux/c2) Y
, u,-v
u, = ————— = -y becauseu, =0
1-vu/c?
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(Problem 1-53 continued)

1-55.

When the center of the stick is located as noted above, the right end in S’ will be at:

x' = yx-vty= 0.5y becauset = 0. The S clock there will read:
t' = yit-vx/c? = -0.5yv/c?becauset = 0. Therefore, whent’= 0 at the center, the right
endisat x”y’given by:

v
x'=05y y'= uy/t’ = —y( _0.5yv]
Yy c

/ Y
and 0 = tan’! 2 - —y( O'S—ZVJ/O.SY = (vyv/cz)\/l—[’;2

x Yl ¢

- /_
For =065 60 = (0.494vy/c)

0= x%2+y2+z2-(ct)?
= y(x/ + vt)P+ p 24 22— eyt + vx! /D)
= X2 22 et w p e 22k 1222 - e 242) + x/t (24%v - 2velyR/c?)

— x/2+ y/2+ 2/2—(ct/)2

The solution to this problem is essentially the same as Problem 1-53, with the manhole taking the
place of the meterstick and with the addition of the meterstick moving to the right along the x-axis.
Following from Problem 1-53, the manhole is tilted up on the right and so the meterstick passes

through it; there is no collision. v

manhole

X

LN X

meterstick
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1-56.

1-57.

@ t2/ = y(t,- vx2/c2) and tll = y(t - vxl/c2)
t2/ - t1/ = Y-t - v(xz—xl)/cz] = yT-vD/c?
(b) For smultaneity inS/, ¢) = ¢/ ,or T-vD/¢* = v/c=c¢T/D. Becausev/c<1,eT/D

isalso<lor D>cT.

(©IfD<cT,then (T-vD/c?) > (T-veT/c?) = T(1-v/c).ForT>0thisisawayspositive

c v
¢/ ¢

This changessignatv/c = ¢/c’ which is still smaller than 1. For any larger v (still smaller

because v/c<1. Thus, t; -t/ = y(T-vD/c?) isaways positive.

()AssumeT = D/c’ withe’>c. ThenT-vD/c? = (D/c')-(vD/c?) = (D/c)

thanc) t, -t = y(T-vD/c¥)<0ort] >t

v=06c y-—1  -125

V1-(0.6)?
(a) The clock in S readsy x 60min = 75min when the S’ clock reads 60 min and the first signal
from S'issent. At that time, the S’ observerisat v x 75min = 0.6¢ x 75min = 45¢-min. The

signal travels for 45 min to reach the S observer and arrives at 75 min + 45 min = 120 min on

the S clock.

(b) The observer in S sends his first signal at 60 min and its subsequent wavefront is found at

x = ¢(¢- 60min). TheS observerisatx = v¢ = 0.6¢t and receivesthe wavefront when these

X positions coincide, i.e., when

c(t-60min) = 0.6ct
0.4ct = 60c -min
t = (60c-min)/0.4c = 150min
x = 0.6¢(150min) = 90c-min

The confirmation signal sent by the S’ observer is sent at that time and place, taking 90 min to
reach the observer in S. It arrives at 150 min + 90 min = 240 min.
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(Problem 1-57 continued)

(c) Observer in S:

Sends first signal 60 min

Receivesfirst signal 120 min

Receives 240 min

confirmation

The S’ observer makes identical observations.

1-58. Clock at r moves with speed u = rw, so time dilation at that clock’slocation is:

Aty = vAL, > At = Aty T-u/e® = AqyT-rat/e?

Or, for ro<<c,At, = Ato( 1- %rzwz/cz)

1 22,2
At - Aty Ato(l—ar w/c)—Ato _

Few
And, ~—
Aty At 22
Vg
u-v
1-59. ux/z x
l—uxv/c2
Y, u
space station vy u, = 2 5
vyl-uv/c
( x )
vV, -V
C ., _ _ /I Ax _
@ ForvBA.v—vB,vAx—O,vAy_—vA_ So, vy, = =V
1-v, v/c
v -V 1
! _ Ay _ A _
Vyy = = where vy, =

27
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(Problem 1-59 continued)

_ /2+ 1 _ 2, Sy 2
Va = \Vax ¥ Vay T {Vp * Va/ Y3

/
\J -v,/Y 12
/ A VAL 4
tanf, , = = = =
/ -y YaV
Vs B BB

v

Bx_v

(b) Forvyg:v=v,, vy =vg, vy = 0. S0, véxz — = -,
l—vav/c2
% %
Véy_ B > 2 where Y, = 1
Yal-vpv/c)  Ya l—vj/c2
VB4 \/ ( VA)2 + v/ YA)2
tan®, = 2 - "B
Ya(" Vo) YaVa

(c) The situations are not symmetric. B viewed from A movesin the +y direction, and A viewed

from B moves in the -y direction, so tan ejl = -tan 9; =45° only if vy =vgandy, = vy, = 1,

which requiresv, = vy = 0.

1-60.
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1-61. (a) Apparenttime 4-B = T/2 - t,+ t, andapparenttime B~A4 = T/2+ i, - 1,
wheret, = light travel time from point A to Earth and t; = light travel time from
point B to Earth.

AﬁB=Z— L . L :l’+ 2vL
2 c¢c+v c¢c-v 2 e2-y2
BﬁA=Z— L L _ T_ 2vL
2 c¢c+v c-v 2 c2-y2

(b) Star will appear at A and B simultaneously when ¢, = T/2 + ¢,

or when the period is:

T=20,-1,=2 L L |_ 4vL
| ] c-v c+vy c?-vy?

1-62. Theangle of u” withthex’ axisis:

/ 2
;o u, (l—vux/c)
tand u’ vu u - v
X Y 1 _ X
2
u . .
tan® - 5 _ usin® _ sin@
Y~ YucosO - v, ycosO - v/u,

29



Chapter 1 - Relativity |

30



