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Problem 12.3

(a) What’s the percent error introduced when you use Galileo’s rule, instead of
Einstein’s, with v4p = 5 mi/h and vge = 60 mi/h?

VAB +VBC 8 .
VGalileo =VG =VAC =V4B T VBC VEinstein = VE =VAC = i ( / 2) ¢=6.7x10 ml/h
+ V4BVBC/C
2
Vg —VE ZI—VE _ (VABVBC/C ) _ VABVBC _ 5% 60 ~ 5% 60 z10_16
2 2 2 2
VG Vo 1+(vapvse/?) S +vapvse (67x108) +5x60 (6.7x10°)

(b) Suppose you could run at half the speed of light down the corridor of a train

going three-quarters the speed of light. What would your speed be relative to
the ground?

V4B +VBC _ C/2+3C/4 10

1+ (vapvac/c) } 1+[(C/2)(3c/4)/02] T

(¢c) Prove, using Eq. 12.3, that if v4p < ¢ and vge < ¢ then v e < c. Interpret this
result.

vac __ vapletvpele _ auprape _ Vraupapc—|augrape] | (1-aup)(1-asc)
C 1+(VAB/C)(VBc/C) 1+aABaBC 1+aABaBC | 1+aABaBC

positive

VE =V4C =

:>VAC <cC
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Problem 12.4 As the outlaws escape in their getaway car, which goes %c, the police
officer fires a bullet from the pursuit car, which only goes %(‘ (Fig. 12.3). The muzzle

velocity of the bullet (relative to the gun) is %(‘. Does the bullet reach its target

. . . . . e ¢ FIGURE 12.3
(a) according to Galileo, (b) according to Einstein?

1 1 5 3
Vg =V4c = V4B T VBC ZEC+§C=EC>ZC

Vyp +V c/2+c/3 5 3
by MtV e+d3 5.3

1+(VABVBc/02) 1+[(C/2)(c/3)/02] 7 4

—
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Problem 12.6 Every 2 years, more or less, The New York Times publishes an article
in which some astronomer claims to have found an object traveling faster than the
speed of light. Many of these reports result from a failure to distinguish what is
seen from what is observed—that is, from a failure to account for light travel time.
Here’s an example: A star is traveling with speed v at an angle 6 to the line of sight
(Fig. 12.6). What is its apparent speed across the sky? (Suppose the light signal from
b reaches the earth at a time At after the signal from «a, and the star has meanwhile
advanced a distance As across the celestial sphere; by “apparent speed,” I mean —_—
As/At.) What angle 8 gives the maximum apparent speed? Show that the apparent focarh

speed can be much greater than ¢, even if v itself is less than c.

FIGURE 12.6

t t,=t,+d
Emitting light from {a} at time { “}; arrives at earth at time{ T a/c} t, —t :i; d,—d, :M
b lp th =ty +dp/c vsin @ sin @
As As As As vsin 0

A dv' = = - - }
pparent speed v =y (tb+db/c)_(ta+da/c) (fb—fa)_(da_db)/c As/vsin@ —Ascos@/csinf 1-vcosO/c

&' (1-vcos6/c)vcos@—vsin@(vsind/c) vcosd—v* cos 6?/c—v2 sin? 0/0 ~ v(cosO-vjc)

=0, =cos ' (Zj
00 (l—vcosé?/c)2 (1-vcos 0/0)2 (1-vcos 0/0)2 o ¢

y :v\/l—(v/c)2 _ v
o 1-(v/c)’ \/1—(v/c)2

asv—-o>c=v

max —> © even though v <c
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Problem 12.25 A car is traveling along the 45° line in § (Fig. 12.25), at (ordinary)

speed (2/+/5)c.
(a) Find the components u, and u, of the (ordinary) velocity.
(b) Find the components 1, and n, of the proper velocity.

(c) Find the zeroth component of the 4-velocity, n°.

System & is moving in the x direction with (ordinary) speed /2/5 ¢, relative

V4

=Y

FIGURE 12.25

to S. By using the appropriate transformation laws: "= o (12.40)
. . , . - - . = _ dx Uy — U
(d) Find the (ordinary) velocity components i, and ity in S. AT T 0 =)
1 2 2 PR . (12.45)
(@) u, =u, =ucosd5’ =——=c=,|=c YT T (= /)
Y \/5 \/g 5 _dz u,
1 e @ S
(b) — = =+/5 o
Y > 1_4/5 _ ug—vg c«/ c«/ B
1- (u/c) U, = 5= 5=
l—uxv§/c (01/ )(c\/ )/

ol

n:\/l—(u/c)z y =
0
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Problem 12.25 A car is traveling along the 45° line in S (Fig. 12.25), at (ordinary)

Vi 2
- —C
speed (2/\/5)(‘.- N3
System & is moving in the x direction with (ordinary) speed /2/5 ¢, relative
to S. By using the appropriate transformation laws: 450
(e) Find the proper velocity components 7, and 7y in S. x
(f) As a consistency check, verify that FIGURE 12.25
_ u
n o \/I _172/(,2. ﬁ0=)’(’70_.377])s

nt=ym' =),
n. 3 2 n =1
(e) 77x:7(77x—,3770)=\/:[\/50—\/:\/§c]:0 2 =12,
> > 7’ =n.
Ny =1, = V2e

1 e =B =0
? 1= (i/e) 12 R j{ﬁy =3ir, =2

Electromagnetism Chap.12 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring

! (12.43)




Problem 12.31 Suppose you have a collection of particles, all moving in the x
direction, with energies E, E,, Ej, ...and momenta p;, p,, ps3, .... Find the ve-
locity of the center of momentum frame, in which the total momentum is zero.

Erorar = By +Ey +225 Protar = D1+ Do+ 0=y — B,
_ E 1% c _
Protal =7 | Protal ~ Pl =0=pf=—= Protal® ' =y’ = pn’).
C E 1 (12.43)
total 72 = n?
2 A (p +py )
— = ptotalc — pl p2 ﬁ3:773-
Etotal Ey+Ey +-
Einstein identified p®c as relativistic energy:
2
E=—2¢ (12.49)

va! —MZ/CZ;
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Problem 12.34 A neutral pion of (rest) mass m and (relativistic) momentum p =

%mc decays into two photons. One of the photons is emitted in the same direction

as the original pion, and the other in the opposite direction. Find the (relativistic)
energy of each photon.

3 Y 25 5
E? = p202 +m?e? =(chj  +m*ct :Emzc4 = :chz

Conservation of energy: %mc2 =F,+Ep

) E E
Conservation of momentum: p= ch =p4—DPp= A _TB
C
Ey = mc*
— |
Ep = —m02

4
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Problem 12.39 Define proper acceleration in the obvious way: dt = /1 —u?/ctdt. (12.37)

7 g2 .1
or = 40 _ I (12.75)
dt dt*

(a) Find «® and & in terms of u and a (the ordinary acceleration).

0:d770 _dny dt | d c 1 _ (_lj c(—2u-a/cz) 1 1 u-a

dm i i) =€)

dr dt dr | dt 1_u2/62 1—u2/02

L_dn_dian 1 d u _ a +u(_ljc(—2u-a/c2)
dr dr dt 1_uz/cz dt 1_uz/cz \/1_u2/02 \/1_u2/02 2

1 {aJru(u-a)}
l—uz/c2 * —u?

a
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Problem 12.39

(b) Express a,a" in terms of u and a.

(u-a)

— % (u-a)

2 2
aﬂa“:—(ao)zﬂl-a:— 12 (u-a) Tt ! ik l—u—2 +L2u
c (l—uz/cz) (l—uz/cz) c c
1 o > 2 2 2 1
R Pl wa) +ad o | S 1= (wa)” 4
(l—u Je ) | ¢ % % % %
( 2)? 2 [ 2\ 2
= : 4<a2£1—”—2 +% 14212 |+ 5
2/ 2 C C C
(l—u /c ) \ -
( 2
(l_uz/cz) \ C c
( -1
— 1 ‘a’ (u-a) 1——2 - : a2+—(u-a)2
2 2 2 2 2 2
(l—uz/cz) - ¢ (l—uz/cz) © ~u
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Problem 12.39
(¢) Show that n*a,, = 0.

(d) Write the Minkowski version of Newton’s second law, Eq. 12.68, in terms of

. Evaluate the invariant product K #1,,. pr =mn”, (12.47)
(c) P pu=—(p")+ (p-p) = —m*c?, (12.53)
fy, _ .2 i( iz )_ 1 B, _oo iy _ Mo o
n 77,u_ ¢ :>d2' n 77,u = 77,u+77 O‘y—za 77‘u—OZ>C¥ 77#_0
(d)
dp* d
k4= _ (mn”):ma” = K*n, =ma’n, =0

dr dr
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Problem 12.47 -l (12.108)

(a) Show that (E - B) is relativistically invariant.

E-B=F,B,+E,B,+ L5 =EB+/ (£ —vBZ)(By+L2EZ
C
v2
= —c—zBE +EZBZ%—
2 v
- (E,B, +E.B.) 1—6—2 =EB,+E,B,+E,B, =E-B

Like E, the component of B parallel to the motion is unchanged.
Here, then, is the complete set of transformation rules:

Ex=E:. Ey=y(Ey,—vB) E; =y(E;+vBy),

B, = B, B_\‘:y(B_\.+;—;EZ). B.=y (B:— 5Ey).

c=

(12.109)
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Problem 12.47

(b) Show that (E? — ¢?B?) is relativistically invariant.

2 2
E?-c*B? = [E§ +72(E, —vB, ) +7* (E, +vByﬂ—c2 LB,% +y? LBy +%E2] +y? (BZ —leyJ
C C

= E2 +y?(E2-2E,B, +V*B2 )+ y* (E2 + 0E, B, +V*B?)
2 2
2 p2 2.2 2 v v 2 2.2 2 v v
—C Bx —C Yy By +2_2ByEZ +_4EZ —C Yy BZ _2_2BZEy +

C C C C4
2 2 n2 2 2n2
Ey—/thBZ/qu B + EZ +2vE-B, +V°B;
2 2
2 p2 v 2 2n2 v 2
_¢ By—/zvgy/ﬁj——zEz — " B: +20BE, ——E,

C C

2
EJ’

= E2 —c*B: +y*

2
2 2V 2 2 p2 2p2  2p2 2 p2
ES +E7 ——2EZ —C" B, +V B, —c"B; +Vv'B]
c

2
2 2 p2 2 2V
—E; -’ By +y* | Ey ——
C

2
=E2-?B2+y? (E2+ B2 B2 B2 )| 1-2

C2

=(E2+ B2+ E2)-c? (B2 + B2+ B?)
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Problem 12.47

(¢) Suppose that in one inertial system B = 0 but E # 0 (at some point P). Is it
possible to find another system in which the electric field is zero at P?

No.

For B =0 in one system, then (E 2 csz) is positive.
Since it 1s invariant, it must be positive in any system.
Therefore £ # 0 in all system
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