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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—%—? = -0+ wA, cos(kx—a)t)ff

B=VxA =k4,cos(kx—wt)z
In vacuum p=0& J =0
V-E=O:>V-E=8ya)AOcos(kx—a)t)=O

VXE =0, wAycos(kx—wt)z =—kwAysin(kx—wt) 2

VxE=—8—Z> oB : A
Ot E=ka)A0 sin (kx — ot ) Z

V-B=0=V-B=0,k4,cos(kx—awt)=0

AR s aE:M(VXB:—@xkAOcos(kx—a)t)&:szosin(kx—a)t)§f
Ho%0 5, %—l;jza)zAO sin (kx -t )y

k
k2 = yogoa)z = 0= =ck

\ Ho€0
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Problem 10.11
(a) Suppose the wire in Ex. 10.2 carries a linearly increasing current
I(t) = kt,

for t > 0. Find the electric and magnetic ﬁelds‘ Uenerated.

It's electically neutral = ¥ (r jV ’ t dr=0

Fort<s/c,A=0 Fort>s/c
A(rt):ﬂOJJ(r',t T,_Q&I V-2 n (ﬂokj Imt_m/cd'
s 472' A m\/T 0
A,U()k tj‘m 1 2 IJ‘W
7z 1
c Y0

0 S2 n le

s% 4+ 72

'
yA

(61)2—52 2
YT PN e\ ()
2 | c
22 2
:i%k tlnct+\/(ct) s _\/(ct)
T

C
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Problem 10.11

2_ 2 2_ 2
i’uLk tlnct+\/(ct) s _\/(ct) s
c

(a) Suppose the wire in Ex. 10.2 carries a linearly increasing current A= . .
[(t) = kt,
for t > 0. Find the electric and magnetic fields generated.
2 2 2 2
OA . Uk ct+\/ ct)” —s st 1 ct ct
Ez—VV—@—:—z’ZO pn €L (et) + —— | et _ 2
! 4 S ct+\/(ct) —s? 8 \/(ct) —s? C\/(Ct) _5?
2 2 22
~ Mok ct+\/ct — S ct \/ct —8s° +ct ct
k] el (er) S
2 2
7 s e -2 | Y- ) ) -5
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Problem 10.11
. _ _ A A,uok[tlnct+\/(ct)2sz _\/(ct)zsz]

(a) Suppose the wire in Ex. 10.2 carries a linearly increasing current =Z——
2 S c
I(t) = kt,
for t > 0. Find the electric and magnetic fields generated.
~ ,uok s ct+\/(ct)2 —5” s s
B=VxA=-0,4.¢=—¢"0 - 2t v
2 2 2
ct+\/(ct) s S S\/(ct) e C\/(ct) _s?
2 2
¢ ,uok s ct\/(ct) —s? 4 (ct)” —s% +5° N s
2 2 2
ct+\/(ct) —52 SZ\/(ct) —52 C\/(ct) —S2
k| —ct S
_ ¢ > Ho +
2 2
\/(ct) —S2 C\/(ct) —S2

¢'u0k _(Ct) b _ Hok \/(ct)z—szé or =0(z<s/c)
7 se(e)? —s? 27
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Problem 10.11
(b) Do the same for the case of a sudden burst of current:
[(t) = (]08(f).

A(r,t):ﬂOJJ( ,_Q&J‘OO 6]05 ,_Auoqo 2_[005 5%+’ /)
4 “ —00 /S s / Z'

i [ (g/)[csﬂ dﬁ/J

_ Hoq0 c 5
27 J(er)? - 52
B=VxA=-0,4¢=-

Ho40 cs

2
" (et) =5
OA _ Ho9o C3l

o [(ct)2 —S2

72 é or =0(7< s/c)

E=-VV - z or =0(r<s/c)

]3/2
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qc
deg (e —2-v)'

Problem 10.15 A particle of charge ¢ moves in a circle of radius a at constant Vir,1) = (10.46)
angular velocity . (Assume that the circle lies in the xy plane, centered at the
origin, and at time 7 = O the charge 1s at (a, 0), on the positive x axis.) Find the Ar,n =209V _ Yy, (10.47)

- £ . . - : . 4 (e —2-v) 2
Liénard-Wiechert potentials for points on the 7 axis.

w(z) = a[cos(a)t)i+ sin(a)t)ﬂ = v(t) = wa [—sin(a)t)i+ cos(a)t)ﬂ

2 2 zZ +a

l»zzi—w(t,,):Zi—a[cos(a)t,,)&+sin(a)t,,))A'], w=NzZ+a” =c(t—t, )=t =t-

l»-v(t,,) = wa® sin(a)t,,)cos(a)t,,)(l—l) =0

-

1 qc 1 q
V — pu—
(r.1) 4rgy (ac—4-v)  4drg, 22 12
: - ~ 1 : ~ ~
3 A(r,t) _ :‘70[ (/,,cq—C:v) = 5702 \/% [—s1n(a)t,,)x+cos(a)t,,)y} = Aoy 2 q;)i = [—sm(a)tr)x+cos(a)t,,)y]
22 +a2

t, =t-

\ c
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Vir,t) =

Problem 10.16 Show that the scalar potential of a point charge moving with con-
stant velocity (Eq. 10.49) can be written more simply as

d , (10.51)
4meg R\/1 — v2sin® 6/c2
where R = r — v7 is the vector from the present (!) position of the particle to the
field point r, and @ is the angle between R and v (Fig. 10.9). Note that for nonrela-
tivistic velocities (v? < ¢?).

V(r,t) =

q 1

V(r,t) ~ V(r,t)=

(/('
: (10.49)
4meo /(2 —r-v)2 4 (2 — v)(r2 — c2r?)

FIGURE 10.9
qc

4meo R
(czt—r-v)z+(cz—v2)(r2—czt2) O

47 \/(c t—r-V)2 (2 232) (2 —22)

:[Czt_(R+Vt).V:|2—|—(02—v2)|:(R+Vf)'(R+Vf)_Czt2:| = : chi
) 4720 \/R2 [(vcos 0)” +c> _vz]
:(czt—vaosé’ 1% t) +(02—V2)(R2+2R"t0039+v2t2_62t2) 1 q
7 2 =
— [(62 t Rvcos 9] +(c2 —\/2)(1‘32 +2Rvt cos 9)—[(62 _vz)t] ! R\/[H(vcos 9/0)2 _(V/C)z}
=[(02 } —2(c2 2 )thcos(9+(vaos 9)2 1 q
2
(2 22)(R2 4 2Rvicos 9)_[(02 _2) t] 4”50 R\/ (vsin 6’/0)2]

= R? [(vcosé?) +c —sz
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l .
Vir.1) = ch . (10.49)

dme J(c2 — 1 V)2 + (2 — 1) (r2 — 212)
Problem 10.27 Check that the potentials of a point charge moving at constant ve- , ., _ # qev . (10.50)
locity (Egs. 10.49 and 10.50) satisfy the Lorenz gauge condition (Eq. 10.12). @ T @ = T = )
V'A:—/loéo%. (10.12)
) ~1/2 ) " 4-1/2
V‘AZ—OQC{[(sz—Y'V) +(02—V2)(7’2—0212)J V'V+V‘V[(62t—r-v) +(cz—v2)(r2—czt2ﬂ }
T

_Z_g%v {( ;j[(czt—r-v)z+(c2—v2)(r2—c2t2ﬂ > [Z(Czt—r-V)V(—r-V)Jr(Cz—Vz)v(rzﬂ}

gi(; qc TV [2(0 [—r- V)V(r v)— (c —vz)V(,ﬂ)}
e @ )2 —ee)
V-A:’;lo q< 3 V-[2(czt—r-v)v—(c2—v2)2r]
a 2
(\/(Czt—l‘-V) +(62_v2)(r2_02t2)) V(l’-V)=(I‘-V)V+(V'V)I'+I’X(VXV)"‘VX(er):V
_ Mogc (czt—r-v)vz—(cz—vz)v-r =0 =0 =0
- (\/(c2t—r-v)2+(cz—v2)(r2—62f2))3 V(FZ):V(r.r):2(r.V)r+2rX(v=>(<)r):2r
_ ,uoqc3 Vii—v.r

3 ¢ .»_?1; +
4 \ )
. . . . : N Ve
2 ) ectzomagngl Chap.10 TA: hun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring r e Sl )
(\/(C [—r-v re—c’t TR |~
| ‘ S



qc
dre St —r -2+ (2 — 1) (r2 = c2t2)
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).

Vir,n = (10.49)

A (2t —r V)24 (2 — D) (rE — 212)

_1/2 V‘A:_HOEO%~ (10.12)
oV _ gc 5[2_.2 2 2 2_22}
Py _472'8081 (ct r V) +(c v )(r ct )
| P -3/2 or or
- (——j[(czt—r-v) +(cz—v2)(r2—czt2)} 2(02t—r-v) -y +(02—v2) or-——2c%t
dreg \ 2 Ot Ot
=0 =0
_ 903 vie—r-v V.A = /Joq(?3 V-V r
- 4re > 3 47 > 3
Vel (@) - eV (222 —2))
oV
= Ho€o Py \Y%

Electromagnetism Chap.10 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring




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:

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

(a) What is the force F> on ¢> (due to g;) at time 77?
919> 1
F, = X
: dre b% +c?t?
(b) What total impulse ([2 — ffooo der) is delivered to ¢, by ¢;?

bc b 2

o a0 1 ” 1
L= pdr=[" 9% g = D92 { LI C_l‘} _ 9192 _{ﬁ_

—0 ~0 47gy b% + 42 dre o  4mey be

(

T

2

)
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Problem 10.20 Suppose a point charge ¢ is constrained to move along the x axis.
Problem 10.28 pp p ge ¢ g

Wi i< the f F | . ) Show that the fields at points on the axis to the right of the charge are given by
(c) 1at 18 the force 1 on g (due to g;) at time 7

E— q l(c'+v) : B—o
0212 42 Cdmegnt \c—v/) -
C(f — tr) = |1‘ — W(tr )| — x(l‘r) — \/bz + Czl‘,% = tr — —(?o no)t assume v is constant!) What are the fields on the axis to the /eft of the
2c°t Charge’
; ( 29 b2 4(]2 %(HV}} ,to the right of the charge
2 29 ct™ + E- TEY - \C—V
=\b" + x|\t )=clt—t,.)= _
)C(t) b ¢t (r) ( r) 2ct _ % %(C V)i ,to the left of the charge
3 Czl‘ Czt . ) 2 2 475(9 A c+v
v(+) = = ct —b 2ct -b
i NEREE. V()= - 22 2 22 2
\ k x(t,) 2t PP +b +b
-1
gF—__12 1 (C—V)ﬁ__ 92 1 i >t —b? 1+c2t2—192 2
= = 5 —
ey x(1,)" \c+v 4rey x(1,.) 2t? +b? 2t +b?

2
4 (Cztubz} W P
Dt cAt? + b 20%2
D 4Czt2 b2 %
dre ( 2,2 12 )2 2t2

2
:_Q2 b X

70 (2 2+b2)2
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Problem 10.28

(¢c) What is the force F} on ¢, (due to g,) at time ¢?

Light rays in + z direction

A person at point
x first sees the
particle when this point is reached

i.e. at z = -c¢t, or
t = -z/c
2
b .
E=-122 5 X
70 (22 1 p2)
0, t<0

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

(d) What total impulse (/; = [°. Fidt) is delivered to g, by ¢,? [Hint: It might P
help to review Prob. 10.17 before doing this integral. Answer: I, = —1; = B
qqu/4€0bC]

drey be

le_qmszw L @4, ] { °°+j°° L :_611Qz(11j:_%c12£
& 0 (Cztz b2 )2 & 202 | p2 1242 0o 0 b2 1 o242 2reg \be 2 drey be
= I, =1, = N2 T
drey be
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