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Homework 2 Solutions
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(a)7-29

(a) [,et event t have coordinates.rt =y1 =a =tl =0 and event 2 have coordinates
x2=100 as1,  y"= 22= tz  =0.kr  S '  ,  x i=7@r-vt r )=0,  y i  =y,  =Q, 7 i  =7,  =Q,a1Q

|  / a \  |  f  , , 2 f - v 2,i = 
4,, 

-l#),, 
l= o, wtth / = 

Lr 
- +j ""a * r =[r - 1s.7o121-vz = 1.40. In

system S', x'2 = y$t-atr)=740 m, yi = zi =O, and

t = r[ t" -( a\'"1- 
(l 4x{ 70X100 m) = {.33 ,,s .'  'L '  \c '  )  'J  3.mxl0'  ry 's

M' = x'z- xi =-l4o m

Events are not simultaneous in S', event 2 occurs 0.33 /s earlier than event 1.

A spaceship, referenct frame S', moves at speed o relative to the Earft, whose
reference frame is 5. The space ship then launches a shutde craft with velocity o in
the forward direction. The pilot of the shutde craft then fires a probe with velocity a
in the forward direction. Use the relativistic compounding of velocities as rvell as its

inverse rrarrsfomn tio". ":, = 
ffifl, 

and its inverse u, = 
ffi4.m" 

uA""u

variables are defined as: o is the spaceship's velocity relative to S, z! is the velocity of
the shutde craft reLative to S', and r, is the velocity of the shuttle craft relative to S.
Sefting u! equal to u, we find the velocity of the shuttle craft relative to the Earih to
, 2 o
De; l l .  = - .'  

7+Qtlc)"

If we now take S to be the shutde caft's frame of reference and S' to be that of the
probe whose speed is o relative to the shutde craft, then the speed of the probe

relative to the spacecraft will be, ri = i". - . Adding the speed relative to S yields:'  
l+ \v lc) '

I  g * f u / r \ ' I  3 o + 1 3 f  , 3  - -u, =l -:----:1:! " l= *. Using the Galilean transformation of velocities, we see' 
l1+2\alc)" ) 1+ 2a'lc"

that the spaceship's velocity relative to the Earth is u, the velocity of the shutde craft
relative to the space ship is u and therefore the velocity of the shutde craft relative to
the Earth must be 2u and finally the speed of the probe must be 3u. In the limit of low

[:J 
, a, reduces to 3?. On the other hand, using relativistic addition of velocities, we

find that a, = c when u -l c.

(b)



1-36 Let Suzanne be fixed in reference from S and s€e the two light-emission events with
coordinates \=O,tr=0, x2=0,t2=3 16.Let Mark be fixed in reference frame S' and give
the events coordinate x.i =O , t; =0 , ti = 9 1/s,.

(a) Then we have

. ,  t .  a  \ ^  r _G^_o \= .F4= !=4=g= ,= r .n * , .tz= 4r2--Tx2l=e 16= -X=-
\  c-  t  , lL-a ' fc2 |  c '  3 c '  9

xi = 7$2-otr)=3(0 -0.e43c x3 x 104 "f"toi "vt l=r.55x103 m' \ c )o)

1-38 t,et the S be the Earth fnme of reference. Then u = -{.7c. The comPonents of the velocity of
the first spacecraft are n, = (0.6c)cos50'= 0386c and 4y = (0.5c)sin50'= 0.459c. As measured

from the S' frame of the second spacecraft,

|:, = ux -a 
. - 

o.Wc -(47c) 1.086c . - -
' r-u,ulc' 1-(o'3864la7cll7 

= 
" 

=u'o"t

u, = 
u! 

. . _o.4e.lr-Q7)z _9.4e4!J! = s.?sL,,-Y 
ft-u,af c') I -(0.386X0.2) LT

The magnitude of "' i" {0.s55.f * (0285rf = 0.893c, and its direction is at

t"n-t 
0 5t = 16.8o above the x'-axis.
0.&55c

?-l

(a)

(b)

(c)

(d)

P=y177f

(t.tz xto-z ksxo.olc) - ̂ -
P='-- :' 

-- -'i:'a; ' =5'olx1o-2r k8 m/s

[r-(0.01clc)'J'

, _ (r.s! xro-" \e_ry:sc) = z8e x l0{e k8. m/s

[ 
-(osc/c)-J

, -F'q xn-" \gqqa = r.03xl0-rE kg.m/s
[ -(o.eclc)'l

I'mMev - .1'!gz x.1-0-�r3 J =5.?4xr04 kg.rn/s so for (a)
c 2.98 x 10" r4/s

(s.ot x to-" rg.-/sXroo vev/c)
= 9.38 MeVc

5.Ax1o-2 kg.mf s

Similarly, for (b) p=540MeYlc andfor(c) P=1930MeYlc.



LB (a) ER=mcz =(1.67 xlo-z qNaxros ry's)' = 1.50l xtoro I=939.4 MeV (Numerical

round off gives a slighdy larger value for the proton mass)

(b) t='* =ffiffi=4'813x10r0J=301x103 Mev

(c) K=E-ncz =4.813x10-10 f-1503x10-10 I=3.31x10-10 I=207x103 Mev

Lts (a) K =7mc2 - mcz =vq atrdn, yz =(r.#)'.r : = 
{t 

-(t -14)"}u'

g=lt ---------1-I =r.n *. I l + (s.o x lo' ev/o.srr raev)" J

or o = 0.413c.

(b) y=L-o" =yq

12yo1vz I zls.oxtoa eV) l v,
?r=l - - - - -  |  ={  , * l  =0.442c

\ m ,t [0.511 MeV/c, I

(c) The error in using the classical expression is approximately 1xn}7. or aboutlf)[o

in rpeed.

2.m Ln = rfl - m p - m.= 1.008 665 u - 1.0(7 276 u - O.ffi 548 5 u = 8'4O4 x 10{ u

E = rz(s.4lartoa u)=(a.lo+xro< ufrar.s uevTu; = 0.783 MeV.

2-33 The enerry that arrives in one year is

E =g N =(l.nxto17 lls\j.t6xto7 s)=s.66xt0z J.

th , ' , r ,o ,= 
E-  = 566t10 'J  -  =6.28x107 ks.
c" (t.ooxroE rrys)"


