Problem 12.2
(8) maua +mpup = meuc + mpup; W = 0; + V.
m4(ag + v) + mp(up +v) = me(ic +v) + mp(ap + v),
maug + mpgiig + (ma +mp)v = meuc +mpip + (me + mp)v.
Assuming mass is conserved, (m4 + mg) = (m¢ +mp), it follows that,
matig + mpug = meuc + pip, 50 momentum is conserved in S.
(b) $mav} + tmpuy = fmeul + tmpu}, =
Ima(@% + 204 - v +0?) + dmp(ah + 20p - v + %) = Ime (8 + 26 - v 4+ v?) + Jmp(0}, + 20p - v +v?)
$maa} + dmpaph + 2v-(maiis + mgiig) + v (ma + mp)
= jmcig + ympi}, +2v - (meiic + mpip) + v’ (me + mp).
But the middle terms are equal by conservation of momentum, and the last terms are equal by conservation
of mass, 80 ymaG% + ympiip = tmeiil + jmpi},. qed

Problem 12.13 ‘
Let brother’s accident occur at origin, time zero, in bo_th frames. In system S (Sophie’s), the coordinates
of Sophie's cry are z = 5 x 10° m, ¢t = 0. In system S (scientist’s), { = ¥(t ~ %z) = —yvz/c®. Since

this is negative, |Sophie's cry occurred before the accidexﬂ ins. 7= 71_-7-:’/-5)-’ = m};“__m = '5—3 So
F=— (1) (¢) (5x 10°)/c? = =12 x 105/3 x 10° = —4 x 10~2. {4 x 10~3 s earlier. |
Problem 12.14

(a) In S it moves a distance dy in time dat. In &, meanwhile, it moves a distance dj = dy in time df =
v(dt - %dz).
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In this case u; = —ccosf; uy = csinf = tanf = 3 (:—ﬂfT‘s";%;) >

(b) tan @ -

[ i o o
tanf = % (ms;%/?) .|[Compare tan @ = v222 in Prob. 12.10. The point is that velocities are sensitive

not only to the transformation of distances, but also of times. That's why there is no universal rule for
translating angles—you have to know whether it’s an angle made by a velocity vector or a position vector.]

Problem 12.17
—a%° +aIBI +a252 4 &353 = —72(0.0 _ﬁax)(bo - Bbl) + .’2(01 _ Bdo)(bl _ ﬁat)) +a2b2 +a3b3
= —7*(a®° - ﬂp’z' - ,6;14" + BPa'd - a'd' + 6;/110 + ﬂp"i)‘ - 8%a°0°) 4 a®b* + a®bh®

= =7%a®%°(1 - B?) + ¥*e’b' (1 - §°) + a®b* + a®%°

I

~a%° +a'd' 4+ a%? +a®b. qed [Note: v*(1-5%) =1]



Problem 12.20
(a) () T = —c* A2 + Az? + Ay? + Az = ~(5-15)2+ (10— 5)2 + (8 = 3)2 + (0-0)2 = =100 + 25+ 25 =
(ii) (In such a system Af =0, so [ would have to be positive, which it isn't.)
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( )- 8 - - B S travels in the direction from B toward A,
making the trip in time 10/c.
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(b) (i)I=—(3—l)’+(5—2)’+0+0=-4+9=

(ii) By Lorentz transformation: A(ct) = v[A(ct) — A(Az)]. We want Af = 0, so A(ct) = f(Az); or

_Afet) _(3-1) 2 I . G i
= = (5—_2—)_3.80 u_3c, in the +z direction.

ol

(iii) (In such a system dz=Ay=Az=0s0/ woulrcLber negative, which it x’.m't.?

Problem 12.25 ' . - o
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(b) Vieur/ed — (f1-4/5 V34 = V5; n Ji-u?jc? aad e Vae

(€) n® =ve=|V5ec.

(d) Eq. 12.45=

= 2(5¢ 2/5 2
by =4 () = 1 19 = Ve = 3
(€) e = 7(n: = Bn’) = Vl—%(ﬁc— %,/Sc) : My =My = Vae.

Y iz = V3 =0. v }
=5 a=vBas{ PV,

1 e 1
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