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Problem 10.4 Suppose V = 0 and A = Ay sin(kx — wt) ¥, where Ay, w, and k are
constants. Find E and B, and check that they satisfy Maxwell’s equations in vacuum.
What condition must you impose on @ and k?

E=-VV —%—?z—m w Ay cos(kx —awt)y
B =VxA =kA;cos(kx—at)2

In vacuum p=0&J =0
V-E=0=V-E=09,wA)cos(kx—ot) =0

VXE =0,wAycos(kx—awt)Z = —kwAgsin(kx—wt) 2

VxE:—é—: OB . A
ot E:kw% sin (kx —at) 2

V-B=0=V-B=0,kAycos(kx—awt)=0

. 8E:;VXB=—8XkAocos(kx—a)t)§/:kzﬁosin(kx—a}t)y
HO%0 5 Z—Itzza)onsin(kx—a)t)y

k

\ Hoéo
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Problem 10.11
(a) Suppose the wire in Ex. 10.2 carries a linearly increasing current
[(t) = kt,

forr > 0. Find the electric and magnetic fields generated.

: 1 r't
It's electically neutral = V (r,t) = jvp( t)dr=0
Areg A

Fort<s/c,A=0 Fort>s/C'

po (I(rt) L g VP —s? Kty 4 (ﬂokj (Ct)z‘szt—\/SZJrZ'z/C :
A(I’t) 47[.[ " dr'=z2— J.W\/ST J.O dz

52 +7'2

:2ﬂ0k tln(\/s2+z'2 +z’)O —

S +\/(ct)2 -s® \/(ct)2 —s°

C
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Problem 10.11
2 2 2 2
. ok ct++/(ct)” —s (ct)” —s
(a) Suppose the wire in Ex. 10.2 carries a linearly increasing current A=z Lﬂ[t In \/ 5 — \/ -
[(t) = kt,
forr > 0. Find the electric and magnetic fields generated.
2 2 2 2
OA k|, ct+4/(ct)” —s st 1 c“t c“t
E:—VV—a—:—zZO In \/( ) + - —| Cc+ - — >
¢ 4 > ct+\/(ct) _g% 3 \/(ct) —g? c\/(ct) —s?
5 Lok n ct+\/(ct)2 —s? . ct \/(ct)2 —s? yct - ct
27 > ct +\/(ct)2 —s? \/(Ct)2 —s? \/(Ct)2 —g?
2 2
. HoK . ct++4/(ct)” —s
- 5100 \/( ) or =0(t<s/c)
2r S
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Problem 10.11
y ct+\/(ct) —s? \/(ct)2 —s?
(a) Suppose the wire in Ex. 10.2 carries a linearly increasing current A= —7[ S - c
[(t) = kt,
forr > 0. Find the electric and magnetic fields generated.
2 2
~ o~ oK S ct+4/(ct)” —s S S
4 ct+\/(ct) —s? S s\/(ct) —? c\/(ct) —s?
,uok S ct\/(ct)2 —s? 1 (ct)* —s? 452 S
=77 2 - 2 " 2
ct+\/(ct) —s? 32\/(ct) —s? c\/(ct) g2

¢ yok —ct N S
_ s\/(ct)2 2 eylct)? - <2

Kk —(Ct) +s° _ HpK
¢ﬂ0 0 \/(Ct) ~s%¢ or =0(t <s/c)
SC\/(C'[) _ g2 - 27SC
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Problem 10.11

(b) Do the same for the case of a sudden burst of current:

I(t) = qgod( r).
A(r’t):ﬂoj“]( r:Aﬂij q05 r 21u0q02'.‘005(t_“182+z’2/c)dz
4 ~ /S _|_Zr2 0 /52_'_2!2

:2;10_%“‘00'5(t—\/82+2'2/C)(C S :I—Z'2 d /SZ—I—Z'Z/CJ
27w Js §2 1 72 Z
_ HoY% C

27 \/(ct)z—s2

Z

B:VxAz—ﬁsAzéz—ﬂgjo > 3/2¢? or =0(t<s/c)
[(ct)z—szj
3
E=—VV—%’?:ﬂ§qo ct K or =0(t<s/c)
" [(ct)z—sz}
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. . . - . 1 gc .
Problem 10.15 A particle of charge ¢ moves in a circle of radius a at constant Vi == {,M.,_],‘.v)- (10.46)
angular velocity @. (Assume that the circle lies in the xy plane, centered at the

origin, and at time f = 0 the charge is at (a, 0), on the positive x axis.) Find the | Aqx.1 = i‘i% = v, (10.47)
Lienard-Wiechert potentials for points on the 7 axis. i (
w(t) =a| cos(wt) % +sin(wt)y | = v(t) = wa| —sin(wt) X +cos(wt)y |
A A A . A 2 2 Z2 +a2
v =22-W(t ) =22-a| cos(at, )k+sin(at, )y |, +=vz°+a® =c(t-t, )=t =t-
C
a-v(t; ) = wa®sin(wt, )cos(wt, )(1-1) =0
” 1 C 1
V(rt)= d = d
drgy (aL—4-V)  4drgg ;2 52
Ho qcv Hy Qwa : . . 1 qoa : . .
JA(r,t) = = [—sm(a)tr)x+cos(a)tr)y} = [—sm(a)tr)x+cos(a)tr)y}
Az (aC—4-v) 4z [,2 72 Ameg (2052 4 52
Z2 —|—8.2
t, =1-
L C
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Vir. 1) = q< * (10.49)

Problem 10.16 Show that the scalar potential of a point charge moving with con- e /(2 —r )2+ (2 = v)(r? = 22
stant velocity (Eq. 10.49) can be written more simply as
Ve ) = — d . (10.51) y
4meg R\/1 — v2sin 6/c2
where R = r — vt is the vector from the present (/) position of the particle to the 6
field point r, and € 1s the angle between R and v (Fig. 10.9). Note that for nonrela- q v

et e ,12 2
tivistic velocities (v- < ¢-), FIGURE 10.9

V(e 1)~ 4;':].; %, V(rt)=— qe
Areo 1

(czt—r.v)z+(02—v2)(r2—02t2) 0 \/(czt—r-v)z+(cz—v2)(r2—czt2)
[e-Rev)v] +(c2—v@)[(R+vt)-(R+vt)—c2?] - ic

2 470 \/R2 [(vcos@)2 +c? —vz]
=(02t—va056’ Vv t) +(c2—v2)(R2+2thcos@+v2t2—c2t2) 1
:[(cz—v t—vaos@]Z+(c2—vz)(RZ+2thcos€)—[(c2—v2)t]2 :47ng : 2 2
[ Ry/| 1+ (vcoso/c)” —(v/c)
=| (2 -v?) ] ~2(c? —v?)tRvcos 6+ (Rvcos 0) 1 q

2

+(c? - )(R2+2thcose)—[(cz—vz)t} 47[80 R\/ vsm&/c) }

R? [(vcos@) +C —vz]
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l .
Vir.1) = a : (10.49)

Amen /(2 —r-v)2 4 (2 — ) (r2 — c22)
Problem 10.27 Check that the potentials of a point charge moving at constant ve- ., _ o qev ‘ (10.50)
locity (Egs. 10.49 and 10.50) satisfy the Lorenz gauge condition (Eq. 10.12). @t @ - - ey
V. A_—,roo% (10.12)
Ho 2 2 (5 a2 a2\ 2 2 (2 2)(,2 v
V-A=20qc (c2t—r-v) +(c2=v®)(r2=c%?)| v.v+v-v|(ctt-r-v) +(c2=v?)(r2 -c2?)
4 =0

_Zl—;qcv {( ;j[(CZt_r.V)Z+(c2—v2)(r2—c2t2)J_3/2 [Z(CZt—r-v)V(—r-v)Jr(cz—VZ)V(rZ)]}

:go 1 -V [2(ct rv)v(r-v)-(c? —VZ)V(r2)}
ez —r v+ (2 2)(r2 —c22)
V-A:go qC 3v-[z(czt—r-v)v—(cz—v2)2r]
" 2 2 (2 2\(.2 2.2
(\/(C t=rov) (e —v?)(r? % )) Vir-v)=(r-vV)v+(v-V)r+rx(Vxv)+vx(Vxr)=v
_ Ho9c (c2t—r-v)v2 —(c2=v2)v.r 0 0 2o
B e
_ ,quC3 V2t—V'r
4

3
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qc
dmen St — -2+ (2 — v2)(r2 — ¢22)

Problem 10.27 Check that the potentials of a point charge moving at constant ve- ., _ o qcv ‘ (10.50)
locity (Egs. 10.49 and 10.50) satisfy the Lorenz gauge condition (Eq. 10.12).

Vr,t) = (10.49)

A (2 —r )24 (2 — ) (r? — c?)

_1/2 V- -A= —,uoeo%. (10.12)
N qc 8[2_.2 2 .2 2_22}
e (ct—r-v) +(c?-v2)(r2 —c%2)
ac ( 1)[(.2 )2 (c2 —v2)(y2 22)_3/2 (c2 ) ¢2 or (c2 —v2) or 2
= (——j[(c t—r-v) +\c"—-v°)\r=—-ct } 2\c“t-r-v)| ¢ ——- v |[+\Cc°—VT)| 2r-——-2Cc"t
47[80 2 6t 8t
0 oy
gl Vt—r-v V.A:yoch’ Vit —v.r
e, > 3 4t > 3
i r v e (@2) (2 - 22) i r v e (@) )]
oV
_ N _v.A
— ,Llogo po V
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Problem 10.28 One particle, of charge ¢, is held at rest at the origin. Another
particle, of charge ¢,, approaches along the x axis, in hyperbolic motion: J ()

x(t) = /b2 + (ct)?; 49 I L)
it reaches the closest point, b, at time f = 0, and then returns out to infinity.

(a) What is the force F> on ¢> (due to ¢g;) at time 1?
1 N
F, = %92 s X
Arey b” +ct

(b) What total impulse (I, = [~ Fdt) is delivered to g by q;?

L= Egte [0 S92 1 gt = 142 { 1 tan_lc—tT _ G 1 ﬁ_(zj _ %9 7
27 )02 ~0 471y b2 + ct? Areq | be bl, 4drmggbc|2 \2)| 4megy be
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Problem 10.20 Suppose a point charee g is constrained to move alone the x axis.
Problem 10.28 pp p ge g ‘

} Wi < the f F I ) R Show that the fields at points on the axis to the right of the charge are given by
(C 'hat 1s the force Fj on g1 (due to ¢go) at tume [

E=_4 L(”“’) %, B=0.
C2t2 K2 dmeg 1 \c—v
C(’[ —'[r ) — |r —W(tr )| — X('[r ) — \/b2 + Cztrz — tr — —2(?0 119( assume v is constant!) What are the fields on the axis to the left of the
2c4t charge?
) ( 2t2 b2 4q2 %(CJFV}A( to the right of the charge
[2, 2.2 ci + E={ 0 AT ATV
= X(t, )=c(t—1, )= _
X(t) b _;C t , ( r) ( r) 2ct _4q2 iz(c ij( to the left of the charge
J C t C t S TTEQ 4, C+V
v(t) = — v(t ) CZtr c2t2 _p2 ¢t . c2t2 _p2
2 2.9 X r = = =
-1
d, 1 C—V ). Jo 1 c’t? —b? c’t? —b? .
E=- 2 X=- AREsrarvl Labvr vl B
ey x(t, )" \C+V Arey x(t, )"\ c°t®+b c°t” +b

% (czt2 +b? jz 2b%  c?t? +b? o

dreg \ 2ct c’t? +b%  2c4t?
_ d- 4C2t2 bz %
0 (22 2 O
2
_ . b L

TEY (2,2 , 12
0 b g
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Problem 10.28
(¢c) What 1s the force F; on ¢ (due to ¢7) at time 17

Light rays in + z direction

A person at point
x first sees the
particle when this point is reached
i.e. at z = -ct. or
t = -z/c

0, t<0

> X, t>0 Region below wavy line represents space-time
& (C2t2 n b2) points from which the particle is invisible
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Problem 10.28

(d) What total impulse (1; = [, Fydt) is delivered to g, by g,? [Hint: It might %z 7
help to review Prob. 10.17 before doing this integral. Answer: L = —1) = 2 = Areg E
q1¢2/4€obc]

o0
W% 2 1 _ @9 ,2 1 t 1 _ Q% (17 %% 7
Il__ﬂg b 0 Zdt__ﬂg b b2 | b2 + c2t? +Ob2 77 & " 2z \bc2)  4mey be
0 (c2t2 +p?) 0 +Ct% g +C°t 0 0
1, =l = o2 7
471'80 bc
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