Solutions
Chapter 2

Problem 2

First consider E and B to be parallel. Hence, we can choose them both to be in the x direction:
E, = Eyf(z—ct), By = Bof(z— ct).
Then the integral on the right side of the third Maxwell equation is,
/E LdA = /(Bxi) (dAj) = 0,

as i j = (. Then, applying the third Maxwell equation as done in the text, will give,

Ey=0.
A similar argument for the fourth Maxwell equation will give,

By =0.

Hence, there will be no wave.

Next, let the electric and magnetic field directions remain perpendicular, but choose the direction of
wave propagation to be the x direction. Then,

E, =Eyf(x —ct), By, = Byf(x—ct).
And, following the method in the text, we get the loop integral,
OF,
dzdx = 0.
5, 2%

z

FEds = (Bl + dz) — Euf(2))do =
This is because E; does not depend on z in this case. Inserting this into the third Maxwell equation gives,
By =0.
Similarly, using the fourth Maxwell equation will give,
Ey=0.

Hence, there will be no wave.

Problem 4

4
Z H?ﬁ = (z1c080 — 2250 0)? + (21 8in 0 + x5 cos 0)* + 23 + 23
pn=1

= z¥cos? @ + x3sin? O — 2x129 cos Osin O + 22 sin® O 4 23 cos® O + 2x129 cos Osin @ + x3 +

4
— 2 2 2 2 _ 2
= +$1+$2+$3+$4—Z$M
p=1



Problem 5

4
Z xf = (z1c0o8¢ — x48in ) + 23 + 235 + (21 8in ¢ + x4 o8 P)*
pn=1

= x% cos® ¢ + 33?1 sin ¢ — 2xq24 cos dsin ¢ + m% + :B§ + :E% sin? ¢ + :EZ cos? ¢ + 2x124 cos P sin ¢

4
— 2 2 2 2 _ 2
— +I’1+$2+$3+$4—Z$M
p=1

Problem 8

Rotation about the z axis by an angle 6 is

cosf@ —sinf 0 O

N sinf cos@ 0 O
R(k,0) = 0 0 10
0 0 0 1

For a velocity v along the x axis, the equivalent rotation by an imaginary angle is given by ¢ where
v = ictan ¢

Then the corresponding transformation matrix is

cosgp 0 0 —sing
5 0 10 0
sing 0 0 cos¢

So, a rotation about the z axis followed by a Lorentz transformation due to a velocity in the = direction
is

L = B(i,¢)R(k,0)
cos¢p 0 0 —sing cosf —sinf 0 O
- 0 10 0 sinf cosf® 0 O
- 0 01 0 0 0 10
sing 0 0 cos¢ 0 0 01
cosfcos¢p —sinflcos¢p 0 —sing
_ sin 6 cost 0 0
N 0 0 1 0
cosfsing —sinflsing 0 cos¢




Problem 9

Lorentz transformation due to a velocity v in the y direction is (v = ictan ¢)
1 0 0 0
: v | 0 cos¢ 0 —sing
0 0

sin ¢ cos ¢

Problem 10

The Lorentz transformation due to a velocity v; along the z axis is (v; = ictan ¢1)

cos¢py 0 0 —sing;
A 0 1 0 0
B(17 ¢1) = 0 0 1 0
sing; 0 0 cos¢

The Lorentz transformation due to a velocity vy along the y axis is (vy = ictan ¢2)

1 0 0 0
s 0 cosgpy 0 —singo
0 singa 0 cos¢s

So, a Lorentz transformation representing B(i, ¢1 ) followed by B(j, ¢2) is given by

L = (.]7 ¢2) (

1 0 cosqSl 0 0 —sing;
- 0 cos oo 0 —sin gbg 1 0 0
- 0 0 0 1 0

0 sin g9 0 cos d)g sin qbl 0 0 cos¢p

cos ¢ 0 0 —sin ¢
_ —sin¢gysingy cosga 0 —cos¢isin gg
- 0 0 1 0
sing;cosgpa  sings 0  cos @y cos@o

Problem 14

For the case of positive v and v, let 31 = v1/c and B2 = vy /c. Then, using the hint,

0<(1=pF1)(1—pB2)=1~—p1— P2+ P15



Hence,
B1+ P2 <14 B152

Dividing throughout by (1 + (1 2) gives

B1 + P2 <1

1+ B152

Multiplying throughout by c gives
V1 + V2

— 5 <
1+ vivg/c? ¢

Problem 15

The fractional contraction is

Lo—L 2 2
f= T =1—4/1—-0v%/c

Using the binomial expansion
(1+2)"=1+nz+n(n+1)2%/2+- -
upto the first order term (as v/c is very small)

f=1-(1=-0*/AH?~1—(1—-(1/20v?/P?) = (1/2)v?/c? = 4.7 x 1071

Problem 16

The amount by which it is longer is
AT =T Ty = (y—1)Tp = (1 —v?/cA) V2 = 1)Ty ~ (1 + (1/2)v?/? — 1)Ty = 4.7 x 10~ hr.

as Tj is 1 hour.

Problem 22

T =~(T —vX/c?) > ~(T —vTc/c?)

as X < Tec. Then,
T >~T(1—v/c) > 0.



Problem 23

As (As)? is an invariant, its sign is preserved in a Lorentz transformation. Then, “likenesses” must also
be preserved under a Lorentz transformation as the sign of (As)? completely determines the “likeness” —
negative for time-like, zero for light-like and positive for space-like.

Problem 24

When measured from the side (transverse Doppler), considering the two successive shifts gives

v = yo\/l - v2/02\/1 —v2/c2 = (1 — v%/c?)

So the decrease in frequency is

vy — v =ppv*/c? = 5.6 x 10~ * sec™!

When measured from behind (longitudinal Doppler), considering the two successive shifts gives

v= VO\/i—}—Z;Z\/i"_Z;Z 1+Z§Z ~p(l—v/e)(1—v/c) ~1py(l —2v/c)

So the decrease in frequency is

vy — v = 2gv/c = 6.7 x 10% sec !

Problem 29

Let the magnitude of the electron and proton charge be e, the electron mass be m, the electron speed be v
and the orbit radius be r. Then, as the electrostatic force on the electron is also its centripetal force:

muv? B e?
r o dmegr?
Hence, the kinetic energy is
2
K =mv?/2 = S
8megr
The potential energy is
2
e
U=-
dmegr
Hence, the total energy is
2
E=K+U=—-_°
8megr



Here,e = 1.6 x 10717 C, g = 8.9 x 102 F/mand r = 5.3 x 10~ m. So,
E=-22x10"18]

The mass equivalent of this is
Am=E/c* =24 x10"% kg

As the electron mass is negligible compared to the proton mass m,,, the fractional difference of the hydrogen
atom mass and the mass of its constituents is

AM 1 4 w107
myp

Problem 30

The mass-shell condition is,

4
> ph =i +ps+ps+pi = —mict.
pn=1

As py = imc = i E/c, this gives,
pi+p3+p3 — B?/® = —mic?.

As p? = p? + p3 + p3 by definition,
pz _ E2/02 _ _m(Q)CZ.

Multiplying by ¢? and rearranging terms will give,

E? — p*? = mich.

Problem 31

As the rest-mass of a photon is zero, the mass-shell condition reduces to,

E? —p?c? =0.
Hence,
p=EFE]ec
Also, for a photon,
E = hv.
Hence,
p=hv/c=h/\,

noting that, for any wave, frequency v, wavelength X\ and speed c are related by,

c=VUA.



Problem 32

The collision being along one direction, momentum conservation gives only one equation:
h/X = —h/\ 4+ moyv (1)

where X is the wavelength of the photon after collision, mq the rest mass of the electron and v its speed
after collision. The energy conservation equation gives

he/X + moc® = he/N + moryc? 2)
The above two equations can be rewritten as

h/X+h/N = moyv 3)
h/X —h/XN +moc = moyc “4)

Squaring both sides of equations 3 and 4 and subtracting gives
(h/X = h/XN 4+ mge)? — (R/X 4+ h/N)? = miy? (S — v?) )
Further simplifying this gives

m%c2 + QmOChW — 4ﬂ =mycC (6)

This leads to on
N=\4+—"— @)

moc

+1 ®)
Using equation 7 this becomes

_ 2h?
7= mocA(mocA + 2h)

v=rcy/1—1/72 (10)

+1 )

and using the definition of v we know



