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(a)

(b)

Scalar equations can be considered in this case because relativistic and classical
velocities are in the same direction.

p=ymv=190mov=

muo

1

=0.85¢

12
T 7 =1-90:>v=[1—(i)2] N
[1—(U/C)2:| [1—(U/C)2] 1.90

No change, because the masses cancel each other.

E=ymc?, p=ymu; E’ =(,‘/mcz)2; pz =()’mu)2;

(a)

(b)

(©
(a)

(b)

Eg =mc® =(1.67x1077 kg)(3x10° m/s)’ =1.503x107° ] =939.4 MeV (Numerical

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

E=

V4 mc?

1.503x1071 J
(1-(095¢/c )"

=4.813x1071° ]~ 3.01x10> MeV

K=E-mc? =4813x107° J-1.503x107%° 1=3.31x1071° ] =2.07x10> MeV

When K =(y-1)mc* =5mc*, y=6 and E = ymc* =6(0.5110 MeV)=3.07 MeV .
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(b)

(©)

(@  When K, =K, m,c* (7, =1)=m,c* (7, —1). In this case m,c’ =0.5110 MeV and
myc? =938 MeV, 7, =[1-(0.75)2 ]* =1.5119. Substituting these values into the
2 (y- 0.5110)(1.5119-1
first equation, we find Yp = 1+ MeC (}/2 1) =1+ ( ) ) =1.000 279 . But
My, 939
Tp = ! =" ; therefore u, =c(1—}';2 )1/2 =0.023 6¢.
[1_(“}1/‘3) ]
€ "le
(b) When p, =p,, 7pmyu, =), m,u, 01 u, =[7—]{—Jue,
Tp )\ MMy
15119 \[0.5110/c? »
u, = — |(0.75¢) =6.17 x10%c.
1.000279 J|  939/c
(a) E =400mc® = y mc?
02 Y /2
c
2 _(L)z
2 400
v 1 2
c _[ 4002}
v =0.999 997¢
(b) K=E-mc? =(400-1)mc* =399mc” =(399)(938.3 MeV) = 3.744x10°> MeV
V. 2 N \¥% 2742
(a) K =ymc?® —mc? =Vg and so, 7? =(1+ qz ) and (—)={1—(1+ qz ) }
. mc” . c . nc
12
v 1
—=J1- =t =04127
c 1+(5.0x10* eV/0.511 MeV)
or v=0.413c.
K= %mvz =Vyg

o

m

a2 [2(5.0x10* ev)|V?
) = =0.442¢

0.511 MeV/c?

The error in using the classical expression is approximately %x 100% or about 7.5%

in speed.



2-18 (a) The mass difference of the two nuclei is

Am=54927 9 u—54.924 4 u=0.0035 u
AE = (931 MeV/u)(0.003 5 u) = 3.26 MeV.

(b) The rest energy for an electron is 0.511 MeV. Therefore,
K =3.26 MeV -0.511 MeV =275 MeV .

2-20 Am=m —m, —m, =1.008 665 u—-1.007 276 u1—0.000 548 5 u = 8.404 x 107 u
E=c*(8.404x107 u)=(8404x107" u)(931.5 MeV/u)=0.783 MeV .

2-23 In this problem, M is the mass of the initial particle, m; is the mass of the lighter fragment, v;
is the speed of the lighter fragment, 1, is the mass of the heavier fragment, and vy, is the

speed of the heavier fragment. Conservation of mass-energy leads to

2 2
mc nyc

) \/l—zrlz/cz +Jl—zr,2,/cz

From the conservation of momentum one obtains

Mc?

(71;)(0.987¢)(6.22) = (m;,)(0.868¢)(2.01)

' V(2
= (m,)(0.868¢)(2.01) _ 0284,
(0.987)(6.22)

Substituting in this value and numerical quantities in the mass-energy conservation equation,
one obtains 3.34x107% kg =6.22m; +2.01m;, which in turn gives

_27 _ " _ 3.34)(10_27 kg _ _28
3.34x10™ kg =(6.22)(0.284)m; +2.01my, or my = ——————=38.84x10

ke and
378 g an
my =(0.284) my, =2.51x107 kg.
900 kgc? 2 02
2-26 Energy conservation: ;1 400 kec? + 8¢ _ Mec ; 3108 kg 1—‘—2 =M.
1-0° V1-0852  \1-02/c? c

900 kg (0.85¢) o> Mo
= ; 1452 kg, [1- 5 =

Mv
‘\/1—0.852 ,'1—172/02 c c

Momentum conservation: 0+

1452
3108

(@)  Dividing gives — = =0.467 v=0467c .
c

(b)  Now by substitution 3108 kgv1-0.467%> = M =2.75x10° kg.



2-33 The energy that arrives in one year is

E=25" At=(179x10" J/s)(3.16x10” s)=5.66x10%J.

24
Thus, m=—2=—2010 T __ (26,107 kg.

c (3.00><108 m/s)




