BASIC ELECTROMAGNETICS
WITH APPLICATIONS

by
Nannapaneni Narayana Rao

Solution Manual

Posted with the permission of
Pearson Prentice Hall, Upper Saddle River, NJ, USA
March 17, 2009



1.1.

1.4.

CHAPTER 1

From graphical constywckions similax to those (n Examble 1-1, we

obtain the gnswers ginen on page 529 of the text.

(0) Avea oy the Exiangle = L AB stn & lA %81,
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() Volume DJB‘ e tetvahedyon = —_"; aYea 0(7 one ﬁme X \eng{-\n okﬂ(q_

bey},ev\&\'cu\av dvawn to that foce from TRe vevtex opposite to Ue

i (._3)(_‘7_— ‘%XE’\)(lé-%*sl) ) ‘Z A B xc) .
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C-C= (B-A)-(B-R)=8-8 -B.A -H-B+A.h
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T - 1T -~
¢t = B.B -2A.B A0 = AttB zABcosok\’Bv-

(a) A vormal wvechy to the blane = (A-BYx(Aa~2)
= AYA “A%C -BxA +BNC =z AxB 4+ BRCHC XA,
~ ~ ~ ~ ~ ~ e

(¥) Minimum distance s the component off A (ov B ov ¢) along the

wormal oy to the Plane fvom bthe on‘gtn
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F(A-BYx(A -]
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(o) db d’(,éx +dn3 ’L‘.’?* 43 '9"5
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(cos g d\r—vS(np d¢)£x+(5(n¢dV+YC°S¢A¢)£?+‘35 ,53(

(cos ¢ ,Ex-v Sin g '5\2)&\( + (vcos g 15,:3'\(5"“?5,5;() dg +A§ ’é’b’

it

AY,EY* r dg ,595 + déig'
(b)Y Deviwvation <similar to that in pavt (o).
() dL = f(wdu—-'\rd'\f}L+ (wdvt vduyt 4 (gé)z]\/z
= [ (W ev) (dw)t« (WP wt) (dv)te (dgyt] 7
A’LV = utar Augu*mdvgv+ d;g}

(8) dv = (Jurev™ dW)(VuTrvr dw)(d3) = (ut+ ) du dv dy .



1.6. For wethod, see Example &-4-
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t.7. (&) cos N = RSB 2
(o1) (0R)
0T x OR 0T x ON
(by cosd = =2 o . =~

(oT)(0R) Sin 7 (ot)(oN) 5im B4
(¢) amd (d) For omswers , see \oo\?e 529 ‘(y toxt .

1.3, Foy wmethod, see Example 1-5-

1.9. Fovy webhod, sce Exoam}q\e i-6.

< (&) The two aeekovs ave -uvw& st ,%x' E?,O\md fc;,}me uniform.
Gy Ll rbgr 28,0, woay = (s T sm T g, w(semThcos T Sy
L,
+ 3 '\\.’% = L.+ ¢ %13
N +[, . _ 3W oo BT : . ™
Liy* Gg = 3,&,{)(3.4,5%, 9.4) = (cos oS n) v (sin 3T

s 2T Y ¢ +30 = -3¢ >
+ OST)N? r\l'} rft\'x*‘ N}

The Ewo atchivs ave wot &U”‘l'

Q) ( 3 L = W ¢ L3
[ﬁNY+ N}’&(g.é,%r)g-4.) Aﬁ-—‘os-x }vx*-ﬁ.StmT

a3k,
T - Lot ‘;;,?*'3%}
The bwo ntclors ave Qv‘a’(.
(d) wot 2qual
@ equal
A @ (AxB) - (oxR) = [Cax I A8 (e a)p-(3-8)5] 8

1}

(A e)(8:2) -(8.¢)(A.D)

(b) (Axpyx(cxD)

i

Excsrpy=(E205-(5-5

~
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(AxBeR)g - (A *k-

D
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(&) (Bre) X (gxAY = (Bxg.AYe ~ (Bxc- YA ={BRE-AVE

. 2
(Ax8INCBREY % (CRAY = AxB. (Bxc-A1c =(AXB-C)
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l-12. (&) 3 Lx+é§v?+3£/

(b 1Lgx-z’g?+95},—ec +10 ¢

&) Via , 33
@ (2};#‘5‘,5?’1,%37/&
() $O'0,—‘>

() 5/7 5 44°25" 5 0,90°, -0.2809, 106° 19"

[9) -4 klx+8f&‘7—4k’}7 4-&/)(—2'(;\9—3 b}?"a ..L;;(—Lf'v\?*"z'g}’
*‘°b,¢+z°£3"°b)’ '0,5,(‘20,‘:',\7*“’.5}’0

(h) /15 138%25" 5 5/7 ,134%25'; 0, 180°
W ©

(J) 16y, 24, -24,-24

Ry =32 ¢ -8 ¢ +16 ¢

Ly 576

(my ©

(ny (cos B - 2simg) 'E‘Yc+ (- Simp -2 cos B) ’L;¢+ Eny ;

(5lm_e cos ¢ -2 Stm b Su—nﬁ 4 COS 6) I(;IYS+ ( Cos © COS}‘ ~7 coso Sl‘n}é

~sine) E’e + (~ Sim ¢—zcos¢)£

)4

0 : - N . .
(o (ﬁ'f 27 X, = -4 k,}-\- 4 };\? (s a ~¢tcloy bevbew&(culav to i\q...%

1,43, Fov ;AV omd E v The k(vs\’ %a\dyo‘v\{" A= Afcos o 'l;'x"' Sll’”‘*,‘i\g) A

’%: B(Cos&ix-fv Si'mdi;&;p).'\'%ey\

A .

(Q) cos (&~G>) = ,% - cog,Lcosob-c- St & S\'m@,
A B

b) Stm (OL_G}) - IQ%EW

= Sind cos B - cosd scm(j’:

For B, on Te fivst quadvant amd 8 i We fruvtR quadvant,

Az A (cosd ,g"x-t-S\'mJ\,C\,\g) ond, g:B(cosa%'L‘l”‘~~ St‘m@’g%).'rhan

b4

B8
M = cos d Cos B~ St J sumos
AB

&) cos (o + 6) =




1.44.

(d) Sun(d+p) - 'AxB
AB

1"

St o cos B + cos A Sm 05

b-B -B
Combonew\’ O/k A &\oﬂ@ E = A : ~ = AR y 1.871
B B

Ve
A cos L

1w P

N(,\C\«,m9 Malt the imbevcepts made on e x, Y, omd Y axes b? The plame

ave 3,41-5, amd A, Yﬂs}cec\—-'/v{hg, we o write two aechvs i i’t{}vlm

as A=-3¢ +1.5 5‘3 amd Bo-3f o« 'g}. Uwnit ey movmael to
Ehe Llame (n khen aiwtm by B B L L0 w3 .
e 7 AB Nk ot S

1146, Vedwy dvomwn from (X5,9,, 3 & om au\:'x&vow»g Potnt (x,4,3) ™ the

2.4,

1.43.

1'19-

Plome (s (x—xo)£x+ (%-Y0) ,CV\)\L (3~ %) 51’- This vechor wust be

bevpendicular to ai +b ’cv\y-x- ¢ ’L;} for all (x,9,3) on the plane
Renee |, The equakion &y The blavie (s e by

(a g + bgf c 9“9 [ %0) Sx+ (99D Lyt (3-30) L] = 0

o, o (x~x%o) +¥(9-%0) + ¢(3-3,) =0

Foy desc_vi},‘c(ows, See )caae 519 of the text.

(@ 5T+ ayte ont o T, oy, (J%:)?_+ (\/—7_\3’/_2_)1‘L (7%/‘3)12 t

cos _
1)) 7 g = Uo or, Y= — cos = ov, o X Stmece X= Y Coslé
Yy o
! 2 T
x"‘+\91‘ - X oY, <7§ - "G + \a'L.: S >
v, 2 Y, 2V,
5\4’\6 - ' 1 Y,
) —— = Ny or Yg= — S 6 oY, Y= % Simce Yav simB
Y, vV ¢Ts
S 0 v
[}
2 oY _‘__ (S 1 1
Y;-_ +y = S oY, (Y-c_ - 2V > -+ }x: (—‘ )
Vo [ 2_\/0
v o=
~

wy Sin @ £¢ wheve w Us e amg wlay wvelocity of fRe Ravth.

Covistank wma%nl%uae suvhaces are Y $im € = Cov\s'vavx\’, C?KQA:MAQYS

ha,\n‘m% e 3 oxis ag tHe oaxis « Divecklon lines ave civeleg i The

Plaves 2= comstant omd witk Thelv cevtevs located alovgThe 3 oxis,

(e, The ShW axts .,

See bage 529 ca‘[S e bext .



1.20. (09 Conskamt W\a:ﬁmd‘\/\c‘t suvrftces ave x= constant . Diveckion lives

axe skYacg)hk Wnes divected tn the posidae x diveehon for X >z
ond v The 'ne,f)o\)h'/w. x diveckipn hY x <z.

(b) Cowstant mow(jwtlcwée suvfrces ave Y= tonstamt s Diveckion lines
ave civeles vn e ya\omes Y= constant wAtR  urkers q\,o\/\g The 2 axtis
amd. diveckd i The YosiRve ¢ diveckon fox ¥ >4 buk in The
’f\e_gov\w?v{ @ diveckon for v<lb.

(ey Constawk wwihae suvitces ave r= constant. Divechon lines
ave sevatcivcles m The @ = constant planes it centers at The
ovigim and divected in the © diveckwon.

(&) Constamt 'W\wﬁm&v.ée Suvfnces ave v= conskant . Doveckon ltnes

ave vodtal lnes evv\a\hovkna} GYoW\_“qQ on'i,)(y\.

Foy meRpd ) See Exgmp},\e A-10.

Iv cavte stawn COOY&W\G\*QS, Vo= J_’—\{l = i—)i Lo+ i& C, & _A_:” L armnd.
~ At E ~ % b N‘a, Jdt Ny
o = J___g - é_i_f bx-\- A_} [ AL% L
at Jev ATt
™n C\’\{Y\A*(Ccm\ c_oo\’cliv\o&es) LV d‘,l c_l:" + Y dﬁ""- A”
V= o= e ¢ + = (o
at 4t g v~
d¢ : .
b S Dhod | Mede U by e
3y, dt Y dt 1y dt ~g JdE
d.
. v o2 & + Y é_f ¥ d%
VT oq e T e e MY oMy
_ d,\: A'LY A . T . L
%= T —-——-: Lo ¥ - é.’é"“-\- a._\f" ¢ 3 +YCC-!—¢1_,&¢+"CA£ C_JE¢+C.(_5L
dt dt gt dt dt ¢ ¢ 4t J¢ der~¥
But §—b¢= 2hy Al‘*rb_éﬁﬂf‘J«b%‘f}_— .
ove 4t 3p At 3L 4t T dg
dt dg\2 &
o = ¢ > @ , Vg d d
” thl T°(ar)]hv+’~(rf~¢)ﬁ+“}~}
v dt k)P JEv

Scm'\\m\\% wA s}q\ngviml cooyJ\'vm\"cs,

dvg

Vo= < . . .
~ pe ~vs Tt SAE ~e+55tme__ C




_\_[_‘_ 4 (vsléf) - Y, Simo cos ® (if)zl ,5,95

vg dk £ dt
+ [ ! é_ vsl sem T 0 i@) C
Ys Sino dt t ~p

1.23. Ust'm%, {x\qY&SS\'ay\S Lor v Wv\oL% %A./\N/V‘ im We solubong fov Pvoblew

1.22 , we %e\- e owns wers %uWV\ cw\}vat 529 of e tex}.

1o24. d(A-8) = d(AxBx thyBy+ AyByy

1

dA, B, + 1Ay By + A, B 1Ay 4B, + Ay 439 + Ay d3y

= dA 8B + A.dB
~ ~ ~

~

Ev,aa\-\'ov\ (1—64) cant be rwvt'{\'ea in a similary vnanner.

1.25. (&) d(xteosz@) = 2v cos 2@ dy - 2v*Sin 2¢ =0 or the curface . Hence,

tan d = (Yd¢) (ck !
—— = 0 Z¢)T(' = ;&:300
dy \17.,‘6:,0 T {
2% Td;zf};,p ~t
. . - /
bt—_COS‘oLL-bSl'.v\cLL —_-"EC + =~ ¢ ol'ch'll
~NY ~¢ 2 ~Y z ’Vﬁ ﬁ ~Y
Using ¢ h 20
9 by as the second mector Eangential to e 1 ? x
Suvfoee , we ovkain
rreos gz L
:L-'/\\:,‘(,k*b}:‘—z':’vv"%gﬁ'
(b [:V (Y"'coszgﬁ)] ‘
v = {2Y Cos28C ~ 2y Stn 2d
- !
'J’:L)—Z,O ~Y N¢ 1&1%)0

2 Cos - N 1 N
Jz 3 S ’L.ﬁS\n—3 'Lvy‘

i}

™ J3
_ E
3 -

1
¢ - L :
~F T T Ay L}v¢

1.26. - . - : : ; !
oo (o dT=yT AL—(vbzm-*>*:y+*»z})-(éx£,+Jv£4+dzx}3

uy d % + 3% d\a Xy cl} = d(x\;})

ST e Ry

-

P> U= sza}

() V:--';Cog)é



1.27.

1.2%.

1.29.

1.30,

1.3, (

(&

See ﬁauge 530 of the text .

Unit weekor vovmal to fhe Suwb&CE ak (z,l,\') :(

!

L
~%

Veckor Joinina (1,-2,0) to (0,02
oy

=

“hptIiwr2by
3

Req)AireA compoov enk

The vequived rate of; cl’\amze s

19Oy =93+ 23] (1,530

*

Ly Oty gateay™] .
re I[ZCx y—L}}«&-X}L)](.,y_,;))

t_=-2¢C {
+22 ¢ Pix Tty t ALy

~ X

+u>5}) . = 5.237

? ‘ .
[v3e_—~2¢
~K

~

\3*4-'515)

A mormal wector to the plane at (—;:,

1

)

) (s [,Y (’(‘3373 .\1

48

x4 +

f:‘/} ;— ,":,} - Fvom Ehe solubion tp Pvoblem L.6., the

requived plave (s oivtm by 2(x=35)+4(y-7) + 5 (¥-2)= 0

oY, 1bx + 324+ 3 = 24,

i

o) S Yy dv

)"S‘ (9) J} dx

310 % =0

jl Yx} J}dx =

3:0 X<0

3

4

14
0
W

exists omly fov the suvfuce % +2Y+373 = 3. For thic surface,
dx dy

L
~

>
O

wn

Sn

>

. L

~

n

(x ‘93 f(f/x * ‘91‘}* £b+57’x~9 /{?})’ (é S«X‘L




3-x
paosgs 100 (2 0, L om
X=0 \a:o
o A
1.33, .ds = (0) dv d v
(o) &5 s ‘(S:og:oorvﬂ"—k[ :(o)\rc\ dg
T e dpdy =0
p=0 3:=0

a !
S (o) dv d3
326

SLTF(O) vJvd)é . a ngY(o) rdvdg + 5
Y=

4

g

{

+ ¢ gt-v Avclaa +g“/7’ o¥ cos g c(}ad} :O‘L’(;.:_'
}:0 ¢=O 3:0

134 (0 ba.ds - g’ gw/L(o)‘(Jvde-&-g g/ﬁo)vaYANg g yrdr dg
's 6

=0 8=0 Y20 g-0 Y=0 gz
'WL 1‘-/2_
+S S St'mecieaﬁ = %r
g0 ¢=O
T R w T
Lb) ée\v'd’s‘/ = g S "Q,4_S|:Y‘e A93¢+5 5 b4‘§'~ﬂ9&9c‘¢ 4_“.(104-—“4)
8=0 p:0 €:0 g:=¢
-
Vp31,0 Ry
1,35, (o S fdk - S (S(v\mx c\x-rXSanxAx):l;'
0,0,0 x=0
1\'/1‘[)0 -“/ T
e g = f (e B rdy = T
000 ~ 7 Y=o T T
“/L,(;O \
) 5 §.A£=S (‘W%%J«‘{gméxﬂ =
0,0,0 %:o
-“./L;\;O 1“/7_"’0 '“/z_r\lo
(&) For any avbitrary pat, S Fedl= ) (ydxex Ay):jd(x?) =T
¢,0,0 0,0,0 -
(PRI )% 0,0,0
‘ n 1. T 1.
136 () gg’é}, z 57_(&-\,)3;3}:@2\9 ,
O)ojo 30
Lt | ‘ ‘
&) §ala = § @ dxs —\014»3«»5 () dy = -b*
0,0,0 XzQ Y= =0 3=0
b \ 1t
() S ﬁcd&/: g (&L—-bl) x dx 4 g (o) d’z = ﬂ.;
0,0,0 ®z0 3=0
1Ll . ! \
(d)S 5 (o)dxg+g oféx+3 (o) dy = a”
60,0 9=9 ®=0 3=0



(P t Aty
(e) g A.dL = (a-b%) ¥ dx = - In fack, fov any path
~ ~ Z
0,9,0 X=0
LLt [ 1 Toq at- L’L
o bthe Xta }',bwle , S ::/ 3}\—/ = S 4 u _ \9—_'2 ) = _,_Z-
0,0,0 T z
0,0,0
0 [s]
1.37. §> f}/'d}vz 0 + 0 + S x"dx-\—g 314\}:,13_.
abcda ez gz
i w/
1.38. (& §&3}L = 2y dvy « S LA¢ + 0 = l+o0.5T
C Y=0 p=0
1 -

1.39. Lek ws considey the contour bedeb showw in the (yfg\*Ye‘ Then

/1_ ] _.g
A-dL =0+ ede+o+gede
ebcde ©=0 6= 3
- - -8
= 7z (e - € )
-\
Aedl = Lim A.dl = T (eT=1).
~ ~ ~ ~ [
&% co §20 %epcde

1.40. (o §c A,L« = <§c (dx :gx*- dxg ‘:(»3"' dy ,.5}3 = (i:lx) ,5,(1' (§CJ‘9>£?+<§CJ}>,&?O

(b) §>cl§ = 5 A'SV + ds
s flat hemlsbkevfca!
Surfoce Suyface
o , T w v
:5 S ‘YAYAF‘}Q,‘LS LS atsine do dp Ly
Y0 g=o 6:=0 p=o
*a 2 ) 'n'/L At
=‘[§ S c!vc!;zﬁ]}:l +):5 S a® Sin" e cosy}Jngéhkg
Y=¢ p:o } 6=0 g=o0 o
W, 2w T, LW
N [S ( A" Sine Sing Aeép}g +[J' Lf&LSMQCaseéngﬁ (. =0
6:0 g=o ? 8:0 g0 ~y
\ o N 210
(©) 5 g 4V = g S (cos @ cos g ¢ +C05 0 Sng L ~Sing ¢ )vmsmo dydedg
v Y:0 g-0 o ~% ) ~3
- oL wrald L

1,414, pevivation stmilar fo thal in cyl(m&vfcal coordinates (See seckion 1.8)

{41, Devivatton scmilay Eo that in cyl(nclv(cal coordinates (See Seckion 1.8)

1.43. See bage 530 of the text.

1044, (@) 6 x93y () 5 (0 cosg (d) 0 exceptab the ovigin () 4r+ 2 cos o .




. U
1.45. &,5-42=§ S a'gv.azsme&edfa = 4Tal.
> €=0 g=-o0
5V.vdv= S3Av:3xi1ra3=4‘ra3~
v© T v 3
Revce, &{vevggm_q theovewn Us ch{,\-ea.
i t i
tede. (@ fg.adv= (0 § § gxyy dxdydy o 3.
v ~ X=0 yYy=z0 320 ¢+
3 o3 3xor?
(‘”52'&3":5 S - S 67‘;541&\}3}”—1—:’—
Y X=0 xa:o 320 160
o w o\
1.4 (Q)Sg&&'\f:g g g(cos¢)vdvd¢¢15:0
\ Y=0 $=0 30
. L _ a2l .
(o) 52.&’3'\,:5&31_ S (cos¢)\r3~rd¢<l-é_az
V. » Y=0 g=0 3:0
! e Tl F RPN ™
1.48. (@) jz-é\vd«v: § § S (4¥+2cos 0) ¥TSine dv do dg = 7=—3—
Y Y:0 g=o0 F=0
b ™ W .
() S g A dv = S S g (ax+ 1 cos0) vrsine dr dodg = 4w (b*-at).
v Yeaqa 6:-0 ¢;0

~

\

YA = —8‘6‘957+—a-—(b><)+‘a— (xyy=0- HCV‘CQ,&Q.A}v:Sv.AJv:o
s

ox Y 07
Fov €adn case, we choose & conventent closed suyfoce co\n\jo\\',y\(y\za the given
surfiee omd then evaluate the vequived imbegyal as the veaabtive of The
suw of the swrho.ce 'wx‘ft’.rands Svey o\l the va(yaccs of; the cosed suvface
exclwding The 9N suvfece.
() By consideving the closed suvface kovmed by the blaves x=z0,y=0,

3=0,md w4 2y +33 3, we obtain the vequived integral 4q

¥, 3oy .
5 é-clz = - S- 3 3 —3—5‘
yso ’§=o (a1 =o'\—.-¢\\3352 _X’S S [f\\/}y_;[—éxcléu 3\
3 3-x 20 pe0
- Sx——o g:o [A-Xb:o [-dx dy ¢ 1 - T_e‘_ .

» US\'Y\Q The closed surface %avmeé by x=0, 97 % 5:0,3:L,om)\ r= 1,

we obtain SP\.AS = L
~ ~ 2_

(e) Using the closed Suvface Sovmed by 3=0 and r=1, we owtain S A.dS =0 .

(d) Using the closed Swurface {—ohmeé by G:TT: and 3:=4,we owbtain S A J;v = 0.

10



1.50.

1.5%.

1.54.

Devivabion similar to thalt sphevrical coordinates (See Section 1.9).

. Devivation similay Eo that wn sphevical coordinates (see Seckisn 1.9).
Unit vector ( i { { { { :
ni cto Lx Y Ly Lyve A Lvs Lo
carl 0 0 0 0 (4/v) ,Q} 0 (4/r) ;g

See poge 530 of Fhe Lext.

() c\nvosinob the 3 axis a5 the shin axis, we wrike Vvosowr b

< Zg
wheve W (s bhe am%w\u velocity . Prdile wheel does wob turn for
oytentotions aleng the x and Y diveckion s « Foy oviembokion in the
7 divection , the paddle wheel burns in the sense of an odvancing
Y§9k\' hond sevew  stmen the paddles fov (&Y%e‘( volues of Yo ove
hib with aveater fovee than the poddles with smaller nalues of
r, - Henw, curl hasg on\? a3y compovient. In kact, Vv =

¢

gxw\”c}v}”:zw”}-

(b)Y The };cs(tl"ah wveckoy &(e\é (s 9(/\&\'1 \9\3/ X, =Yg vas . The lDCLA(He

©

(4)

wheel does mot buvn foy any orievtation sime the blades ow
eithevy side 0’%«0‘- hosibion arector Wne cu&E\'v\? waoug\q ks axis

are hit by egual fovees. Infock, Yxv:= vx ¥ =0.

S Mys

~%

the sewnse o‘(f a Yeceé{mé Yu'ghk hond screw When Xs oxuis (s

The [eld s grmen by V= V\:" L. Paddle wheel tuns in

ovievnked CL\OY\% the Y diveckion . Paddle wheel does wot turn
foy ovientakigns a.\ov\aa the x and 3 diveckions. Hence, The cuvl

's entively iyt th { { oW . = -Um g
Ls entively iwn € Y\Qtaa*\ve Y diveckion . Iwn fock,Yry= fﬁa'
E-= rl;}zj - Poddle wheel does mob buvn  for ovcentolions ox\vm} the

% and Y directions . For orientaltion a\owa} Me 2 C],;Yed.go,\’ JT
Eurns n the S&wnge o’% an QO\N-QMC\'Y\a Y(gk%’ hC\V\d

Sevew  Stmee. wove bla des ave it own the far side

(s<e %‘.“}\*Ye) ton the near side With he Saywie

fovee densil«y. Heviee, fhe curl has a tomporent

11




1.5%.

1.56,

1.97.

1.68.

{.59.

1.60,

w the 3y diveckion. In ko\(k s Ve F o= ¥ x ¢ =
~ T ~

R
~¢ Y«l?z/
3 22
2x a% 3} ~ % N\}, ,\l}
|3 2 2 1 Z0 Vxyve |2 3 |
szi‘ % 3y 3y ~o- ERS .3—‘\} 3 |79
v oV AV
£ ——
ey Y %y
i P’

Av\? nveckoy  kov which g, Awevgevxce ts 3evo Cawv be expressed as the
el ag aviothey wveckov. Amé, areckor for which e cuvl s YNO can be

J

expressed as the gradient off a scalav. Ao, E

amd F con be
~ ~

exressed as curls of some ofhev arectors. A, E,and £ can be

expressed as gvac\({vx’ts oy some scalavs.

Zxﬁ:-ggx—3£?~x£}.
Y (R 4
Fodl =z Goxacds = § 0 o dady 4 3 dxdy
Xz0 '3:0 3=0 x=0
b9 i-‘}
+) ERCECEISE
"b’ 3:0
gx’fi: (z+ 25ing) '(:”2/
1 Wy
@ §a-dy = fgrp-ds=f (T(erasmp)vdrip mrrosT
Y=o @g=o0
®) §a.dl = 52xA.A§,: gb §L (2+25n@) vdvdg = om (b™ad)
v=o0. Pp=0
v A = . g:"'
~ XS v ~f
i /2
&f\\,.d},: ggxﬁ\-c‘i:j S —e drde = T(e-0) .
Y=0 gz0 z
4

A =0.
xN 0 Hence éc p; AL = gs v x Q, . d S z 0. For case(ay mnol(\,)’
we choose a comatmient closed path con\’a(y\(v\% the 9iven bath and thew
evtluate the requived line infegral ag the negatinve of the Sum of the

Line (y\\'e%vals ovey al\ the }aaﬂus oy the cloged bath exclual'y\ﬁ the %C»\;{v\
‘nak\'\ .
(o) By cow;ic\eviv\% the closed halh ginren by v=t, ¢= —T-;:{‘ s ¥= Stn TH
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y WE

from the ovfsk‘v\ ko (‘,%,o) o\ y=0 back bo the oviﬁi\r\

0,0,0 )
f{;\,]‘é:o' A\g f‘;? =0 .

obkain the vequ‘\YCA tn\'ecbva\ xS - S
ar
0

‘)—i,
(b) Using the closed hath Cov»s(s(-(y\%L of x=JZ sin t » Y=V Sink,

2_:_‘:-5 from (0,0,0) bto (4, 1,0 3 X= 4, y= 1 from (v, 0% (‘;‘10)',

ond X =y ()«va (\,\,o) % (o,o,o\, we sblain SA. 4l = 4.
c
(&) For any ﬂkYbifvowy lr:ad'k, A dL = d(Xg}},
Szz-M,g.ex,-(,.n 2034, 5,61, ~6-93
&.AE: [X‘j’a—} = - 87.9% .
0,0,0

6,0,0

1.61. Ffor o avlume ¥V bounded b? the closed suvface  Yre 6\@\& oy A, stokes’

eorem \ZCe\ds

S Ve(ZxA dar = é(va).ds
v AR 2
Re}aYesoﬂ)t'k'ﬂg S as the sum oy Ewo suvfaces S amd §,
. ds
(see frguve) , we write ~1

sk

~

T

{ (gxAy-ds = S(gx&)-&5+g(ng7-Js: & A-d
s S" S ~ ~ <y

He.v\ce_, g Yv.(zxA7Jr\r:Q oY, z.y\lxﬁ =0
v

2.
1.6 §C 2V°J£ = éc dv 9 Sime ¢ (s a closed ‘oo&k and heviee tre lowey

and whper limits of the \}V\\’C%Ya\\ ave the same ( provided Vis a

5"‘(‘9‘( wvalwed funchon) . Fvom Stokes’ lheorermn, we Ehen have

A}

=0 or, ¥V \V=op0
~

js(j{,xgv)-clg = §3\/. A&/ =

1-63 . Foy amswevs  see koube 530 0(5 the Yext.

1.64. vtA = . -
2= 7(v-A) yrY, xA

9 aAX+B_é’9+BA?)£+_}_(EX+BA?*_B}>L
X Y 35 ~9

ox \ 3 x 3y 3y 9\ 2x 3y 33,
Ly &a\} ":”Y
+l(3ix+?ihbf_a O 2 2 2
23\ 9x 3y 3y ) V¥ X 2% oy
D0y dA4) (DAx_ 3Py (2R 2AX
(579‘5:2) (av{, ax)(ax 5‘3)

= (VPR 5, + (TFAY) g» +(VLA3>};_S.

13




1.65.

1.66.

1.67.

1.68.

Devivakion similay to that in cavfesion coovdinates (See Soluhon fov

Problevn 1.64)

Devimakion Siwnilay fo thak (n carfesian coordivakes (See Solutron fov

Problewn 1.64).

See Seckions 1.5,1.8,1.9, and 1.10 for exbressons for vV, yv.
~ ~

V€
~

-
(02 Tvn s 5, A s (08« 2 (VAy)

2V

= A, 2=

*
= Q',un

(b) y
~ %

?

leuf\/: 2 x
VA
:"YUX

© 2
o2

T LB = | Ax
By
—_ B'V
~ o~

)

Bx(ﬁxB} z

(Az B-é— A},B?}

+ A 3__9_+A ou
+U§7v.£:
o by
2 2 | .
3\3, X%
UA\Q, VA
A v ugrs
22
3\} ¥y
Ay Ayl T
B? B}
XA - AT
b
2
X

i

Yl e

¥

(%]
<

\

bV
o oF

> Yo ®
os“f\'\‘

(A%Bx— Ax5}7

?A
Ay, 9Py
3\3, 2%
f-n, ~x
3u ul
}3’ 'aX
377 Ax
S |-12
93 ?x
Ay By

oy

2

3%y

(Ax B\}"Aagxw

z,

F ., omd vty vesheckinvely, in the diffevent coovdivale systems .

LN

n o
o oY

which upon exbansion amd S(m};\{[yccm\'l‘ov\ %MS the desired vesult.
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CHAPTER 2

2.1. For the electvic fovee to countevact The %Yw\f'\ﬁah‘ov\a\ fovee, g€ = ’W‘%,E,v

oY,

}M

m N 10 (‘3‘ .
- - % Ly r Fov an e\uhoy\,gz 9:1083 X107 x9.8

1

= 55,12 x 10" TN/ .
feb021 X‘D’w

2.2. Fov The c,\mvczsz, % follow o civeunlar ovbik, the electvic gvlc\d ad*vxg o Wk

must exevk the vequived cevxh'),ekaﬂ kv, Thus fov am ovbit of vadius v,

Ey . v @
i M MY {, ov, Eyg=- ™ Vo
Yo Yd ~ 7
2.3, (&) The «ULa‘riov\s of, mot ton fov the test chavge ave W\A_d_’\f: =0 and
A ing Th ' ' initiad conditions
™ Th:)/ =9 E, - §o\vmc3 These ccU.Lahoy\s amd wsing The patare {

Vg =V M’\A'V'\J=0 ‘fOY Fz0 amd x=0 omd 9:060‘((‘:0, we%,g):‘

E o ,
x"'V'o% amA Y = %“EOEL, oY, 4= ,:U— ¥ whichis the QIU*A}WY\.

2m vt
oy & pavabola .
(¥) The test charge shends o bime L/, tnhe field vegion. Fenc,
L . »
b RO ('3’3 tebfar, © 1E, L . The Y cm}o“ew% O’% the f\)-(,\vr_u\—\a is
- ]

T
™m vy,

— L .
~L ~ % ~
dt wmar, V¥ vy ™9

{Aw] _ 3Bl o s v a v, O EAT 3-8

tzbfv, ~

(¢) Owee the chavae emevees from The 6x‘e\<3 Yecgiov\ % follows a S\-vafﬁh\”
Kwe pat a\m% the dlyeckm o v . SinatRe L ime bakem by The chavge

o Yeaos the x = L+3 plame &vm'ﬁe %= L plame is %, we obtain

e+ (3551 () = 255 (54).

Vo v ,\,oz

2.4 . For the task chavgr to erpevienas Mo fover , the sum of e covmponents ol
fovees ackw? oY\'\)V &\W\oa Y= X wwush be 3®vo sine The Suwn 0’% Trs

Com\(ao‘nevx'\\”s novwmol % Y= X is 30 LYves‘Pev‘n'Ng o} the value o} k. Thus

Q14 1k [(x-1) x +x2]
+

=0
R g ATéo[XL-Q»(X-\)L_)”L Jz %
‘/L
1 \)
0y, k:-('l—?ﬁ S+ LX+ . FoYX:\,k:——L—:—O,355536—pv x:L,h:g,gg
2z xF(ax-1) e 4

15



2.5. Foy the c\«omaes to be tn ezmld\an‘um, the vesultant of-he elechyic fpvee and
he gvamitatvonal fovee au:,\'\‘ng, oNn Lath Q\'\Ok‘fae must be CklbY\a the line of tRe

skvima % that c\«\aw%x_. Thus |, for an &wda\“eva( tebtvahedvyon

Q?.
2 E a"Je
1. YV\? T e——— oy, =
4AWELL 7 LY k9
Lo- < 4Te, ma,

2:6. (0 The fovee exYpevienced by each chavee Lg the VeCkoY sum of aflThe fovees

o\c\-‘\ma on W due B all The offev charges. Tt (s e«vm& t 3-29
4T €y

and divected awaw, from the covwer opposite to that Ckm’gﬂ-'

'y\gwf ons

{(by The eleckvie 6(@\:\ \:v\\—ey\gik} ak The \po(,}\L (v, 1,2) *s Re Su\,ey\,osi'\'\'ov\
of Me eleckvee feld in tewns {Nes ab that }wfv’\t' due % all e C"\tf%?-?'

It is equal B 2T (g*\»gﬂ“g,ﬂ.

WE,

© 635 L - 035 ¢ 1.93%6 ¢
e, S Ly * R
2. (@ E}: Q _ PN . 15
.
4TE, (3-4d) ATE, YT ame (3 d)
Q L
= ._-——————i"*. 7:._%.4-3(_&___)1‘_‘_ ..,}_ 1Q + Q ‘_Z_.__J__+3(_Z _..-:}
4WE, ¥ ¥ 4T, 3T 4TE A 3 d
& 4
z — 6 =
4“&0*3”& ( }') * -k
6Qd*
Fov 3 >4, E-b,"’:’ :
4me, yh

T
() For vd, & x- 288
4-1160\'4

2.8. JE - ¢ dy

Y . b2 .
= N e ,(:‘Y —- ———— ’(:
4TEG (v 3H) [ VAL Ve 7

The %X.N'(M ‘W\{Te,%xa'k (gDY EY) E¢,0~Y\0L E} Mow 6~row\

This expression .

€lo
Wy By = E, -0 E. = X
Y e, ’ ¢ 7T
eLo }o €
(b) E, - 1Eg=0,E,20. For 3 00, B, — —"
LWELY m‘;o- £ T %0 Y 2T E LY
1 r ‘ by
LC)E=—————-<1————-———- 20, €20,
v ve, PN ) By =0, Ey =0 For lavat v, By - et

16



Which (s ecv,w&tome total chavge dianded \9\9, 4TE, Y

€Y Ey=20,E4 =0, E, = t { Fo L 130*‘\1Y’L+53'l .
A r Ty —_—— - N ————
ZT\'&O |'YL+'5L v

I T A IR Boo, 2o ...
Fov la.‘(czx- Y, E}— ...\(.(‘ ?.Y"+ ) L <I* Y N LY""+ >
32 dipole vnoment
-5 - = -
3y? aTELY?
2.9. de . _Gady [ S N SUS N4
4“60 (O“L'\"ZL? ,QL«‘.}L ~Y m N}
dEy = - dEy cosp , AE?:—AEYSV"P : 3| \Ye"r o
The o(ruvem im%c?vals fov Ex E‘? , ovnak E} bollow
from these ex},vess(ons « Foy answers, see ndg
jaae 530 of We Yexk. X
d
2.0. dE = (s v v J¢ Sy ¥
4TE, (vhq ) :Lq &T
e 3 ¥ dy CIQ'
dE’Q: d€ cosd = ’—S""“‘——;
4TEG (Yrryt) T 2
b d
dEy = dE Stm o = _—Elf—éx—ji;
4w éo (Yli—’bt) I3 ¢
dg
AE)(:"AEY COSﬁ,AE?:—AEYS\.ﬁ/\¢ X yaﬁ/dk

h v wal
The ginkn w\a?\mls fov Ex, Ey, and, E} Pllow frem these expressions -

(a) Exsfy=0, g, . 0¥
zeopa\
(b EXIE\Q:O,E :fi‘l(.}_______.} )
ST RS

Fov [=) Y, , E} - total chavge . v, - o, E} . o .
4me, 2€,
© € Cso K4

1€ v rrar

€
For 3 — o0, E}—ao; foy v, o0, E}——v —2_562.
o
€s

d) By =z - e €. E, =
( . 4 €513\ ? 5

es'O
(e) E)g: E,=-o0 Ey= —

¥ ’ ? 4€51%)
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2.41. We cownsider bthe skherteal suvface charge & be made up & a series {} Y(no(»),
Chavors , Yg=a and 0= constant. Sima e chavge density Cs
Cmo\?—yemo\@\\— oy ¢, e electvic Eeld ‘w»fevxsi)\?, ak (0,0,3) due &
eacth YCmoa c.\\ow%yu (s enl{ye\\? 3 divecked as shown we Problem 2.9() .

Usima the vesuly & Pvoblem 2.9 (a), we obtawm , vy a Yimg chavge

COY\’QS)’JOY\ALY\% t an oxbik Ymr\? vnlue sy &,

JE. - (na sime) (€s ade) (3~ a coss)

4T €, {(O\St'me')'z‘+ (}*&Cose)"-lwl
which graren TRe thivza vesuly fov E}.
For answeys o (a) and (b), see poge 530 0} Wre text.

2.12. We dinde tRe aplume c\\ow%;z. W o sevies 6\7 Sheel c\r\mwbz.s 6\;

\‘mg\'mi\'est\ma\ Mickness db\ . Leb ws considey ona swew sheel c\\avg,e_

locared ok 5:3\. We then howve
€43t

— ¢ oY 373!
2€ ~%¥

dE - °

€dy' . : ‘
= a——— <
Zeo ~Y -é 7

which %Mg

& edy 1 o
S J— - - S ?J} for 3w
bl:'a' €, 7.60 320
\ & a
e, (7 o A <§}H>-S ““z) for ~a<yen
B Feew Ty e TR e gy
_ g& ed}' - __\_ Sm ed} {'OY }(—0;
3‘:_&260 teo 3=-o

@ 57 pv 31ca, ol

y 131 »>a
€, e,,}h LA

Q) .Zi((s\—m r 13lea , 0 fov [31oa

0

.
© 22 oy 13) <y ik fov Rlea
26,131 2&0 7y

E i

€

(d fov [3) <y o foY [3>a

2.13. Devivakion follows along limes stmilar to Exawble 2-6. For answer, see

poage 530 ofy e text. Reswly cav also be obtaimed by divectly considering

18



e c\yﬁzmo\wco\\ chavee as a Swpev posihon A Cmgmﬁe\y {M% live charages.

2:34. (0 Fyom Exaveple 276, The electyic freld intensihy ot any vadins Y €a Cs

<qpal t5 T
4Te a?

w 3T aldlx
™ 4we 0’

(b x =

©

) a {q
Py 4T éoYY\&%

E‘vY « Hene fhe chxa\-\'ow %amo\?(ovx 85 the C-kow% Cs

=0 ,wheve x s the distance from the center.

/ l \ a 14y
o. Cos ._;Q_l_‘.l_..—-» t ,v:—m\/—’QT o SE.
AT e m o 4me ma’ dre,ma

2-15. Devivakion follows alovxj lines sevnilay bo Example 2-3. For answers,

2.

16.

See Yoge 530 & The text.

Sekhma wp he coordinate s»s\*em os shown wn e 6‘.‘5\”‘% we ?,d-

E _ €L1 K—=%Xy eL'LY X=X
T awe by by
o R, 2wE, R
- oy € %
3 ° FY 5
e, R} rwe, Ry
Su\oskhkdﬂ} &DY S and E\& (VN i;‘* = fli an
t\? Ex
0 (x=%y) A‘? - ydx (x-%) dy - ydx
L4 a + el..L 2
(X=X "+ Y™ (X=X v
) + Y
ki r
3 (7x 4
e, _<__*__r_\l + €, __-__-»( r) =0
9 ¢ N\
b (::\ '+<><~XL\
¢, d (tan dy) N d(kan dy) -
Sect L, Sec™ ol

€y ddy + €, dd, =0

el..ﬁ_ °L\ + QL‘I_ o( =

bR COWS‘\'U,V\L .

(xy,0) ,

(X,,0)

The vesull can be %cvxevah‘}e& fY any Muwnber of live chavges .

(2 dy + od, = constank

conskant

(0) L\~ &, =

¥
D 2R

19
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2.47. Lo Ca&\‘n% he ltme charae ad‘moa tRe 3-axts between 3= - a and 3= +a and

Cons\’&eviv\g oan '\mkx‘mi\"esimo\\ element as shown 3 ra R,
\
N The b‘oav«e , we obtain .
da' (cosd £, + Stmel ) Ry
de = fro ©2 C ¥
ame, [vl+ (3-30%]1 )
which %(rvés The electvic feld (w*‘ensﬁy com)aonen+s -
due % Wre entive line c\\ow(}q_ s
fro o Y v
E, = (Sl'fneL—S\'malj = —_— - -
'b . \ 2
4TELY 4T €Y Ri  Rp
e ¢ ' a. 3 -
Ey = _to (cosdq- cosa,) = ke <}+ ______ﬂ)
4TWELT 4TE,T Ry Ro
Sw\os{»«‘\-u’rin% for Ey and E} in &Y = i_’gr_ and evossmulEply iv\},
gy

By
we obtaim The equation for the diveckon lines as

(3+a) 33 + vdv _ (3-a)dy + v dv

R, R,
dv, = 4R,
R, -R, = Comskant.
This (s e equakion § hypevbolas wilh Meir foell ab the ends §y e
line chavae .
2-18. We can vehvesent a surfaw S which does mot enclose the Yoint charge
as he su\,,ey\pog(koy\ [\5 Yoo swb—(ues Syomd 4 both € wheeh endlose e
ppotmt c\r\ourcy, but wits Hemovwal &5 one {} the suvfaces (Say Si)

owtwavd awvd the novmal to The offRer Swrface (s,) inward - Then,
E.ds = bp.ds v S e.ds - & _Q -0,
S ~ ~ §l~ ~ ésl"‘ ~ €, Go
2.19. AWl answevs follow fvom S\amw\ekv? constdevations « See )mcé)b 530

0’3 The bext fov answers

Lot e, .
210 (e.ds = § L C (et Ly) drdys feo
=, jo -6 b:o 2, v ~Y ~ X N\a 4&0

The total Klux emanaking fvom the line charge between 3= 0 and 3= 1

ts o /eo « Fvem sgmmek‘v\? cowsiJevo&fows, one fourtx & this @&xx

20



90es (nko twe [irst qradvant , which checks WAMR the answer ohbtained

by &\nx\wo&ivx? S E.ds .

Sysr (ixx & dx - & .
ate, vr vs* (ix ) dx dy - i<,

2.21, S €.ds = Sl gw &
Xz b

o =0
The total fr&)\x Q\may\ahﬂx% EYDYY\ the },)D(m\r Q)\&Y% s %0‘ Evowm ngmgkvg_
COY‘S\"}Q""&\'OY\S, '/% of e btotal flux goes inty e (Scys\— ockant,

Whieh checdks with e answer obtacmed \;\9 m\umb(ng S = cl/SV

2.22. Fyom Considevations §y S\amme(“f\g and %eow\g\rrl}) The eleckric k\‘e\d

fxes cukbingThe ainrm surface ave as follown  (a i_e (b \-eo»be:o-s
o

o €
wW(1~0.29) 0.375 1v
() —— = > N Henw the bokal k(ux = 1-478
€ €, € ’

o

2-23. The solukion (¢ each paxt consists dk thoosing. an appvopy cate Guaussian
swrfd @ fyem Considerations ﬂ, S\gmmehx} omd. TRew oqnb\\gzt‘m%, Gauss' law.
For answers, see Page 531 & the text. The Gaussian Surfaces ave
as follows ¢
(0 Rechomgular box wilh me surface located tn the 320 plane
() Re_r)fav\ﬁu.\o\v box uilR one surface (vcated in the 3= a (ov 3 =-a) Plane
(&) Same as fov ()
(> Sawe as fov (b)

(e) Sawme as 6«7\' (&)

2.24, Goussian surfaces ave Cyh‘mdgys ha/v'\fff\cé Me 3-axis as Bely axes.

ey | €, at
(ay — Ce &v‘f r<o g ¢ AR N
Z €, zeg, v ™

(b 0 fr vea, i (r*-a*) ¢ for acreb, Lo (e-aY C, kb

2€,Y 2€,Y
€. ¢t P al
) : at .
©) Le bor Y <a, o foy r>a
3&0& 3&0\”

2.25+ Goussian suy b«xces ave syheves howx‘m% centers at MRe ovigim - See ragr

531 d’kﬁf\e text éoY answeys.

2.6+ (0) - ej_" (. for 13l <a, 0 fr |3)>a
€, ¥
(b) 0 kv v <a, (’Séotk Ly oy v >a
0

21



¢y o foy v<a, b0 &

—_—

Ly koY acr<b , 0 poy vrob

GOY'
.
NN fov r<o, Rso oot Yo
~Y
EoYT
T
a .
ey © er Y <a, €50 Cy oy acvreb y 0 oY r>b
9

2:27. We make use & supevhosition % solve this pvovlem b‘? cgwsic)ev\‘v\g_me,
%C’WY\ Cha{%g_ ALS\”YLB\A*‘\\OV\ as e Sum d’b' t{;\/v uan—Dym\y d\'gt—{\:\)““ea
ey imdyre cal c\wcr%szs’ me dY YAdLUs & and The oRer dy vadius b, omd

SWth that fhe btotal c)mr%u. mnthe hole cs 20¥0. Thus, we obtatm e
\req)xwec) eleckvic keld im\.‘ans(h? as

LR

R
e. D8 o GR
~ 2¢, t 16, vR®
¢ ; €
= 2 (R, BL) = 2 ¢
7€, 2€,

Thus The electvic fveld cmside he hole ¢s uniform %omn‘m% mwanc('ude
S)_f: oand divected pavallel to the lime b/o\'miv\?, the two axes.
16,

2.28. AL frelds hawe only 3 components. Rene Gauss' law im dijfeventral form

Stmplfres bo ?__E_’x - & Vevikicakion consts ts § swbshtuhmg E
a’b eo % 3‘

obtained in bvoblewm 2.23 15 theek »{)— e agvees UAMR trat grmem Vs
Provlewm 2.23,
P9 _ ¢ .-

2.29. - (VEV) = = PYoceclwre SLmtl(xY Eo Pro\alem .28
Y Y €p

2.3%0., L

L3 (v*e )= £+ Procedure stmilar to Problem 2.28.
v)
(1o €,

.30 (a) "'—eoz-‘i= €, E> = €, §(3)+ & e, E(xy-a)-
23 > 5

by €= €0 V- , ” GOVS}(YEY) - ey
- - & —
(C) [ €, V. E = ¢ L 2Y(Y-7,Er7_ Q 8((‘—&"———-‘ g(r b) .

1 4T bt
2:32- We stavt vAlk o volume chavge &y &ewsﬂ—)/ e %t)\l}awolmk 5} v amnd \‘31\'\%,

berween the spherical svw(;aces Y=Y, -av omd. = Y, + &Y. The total

>
4
®

thavge peov unit suvjmce area between Y,-ay ond v, +ar (S equal &%
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2 DY, Let This quantlry be F5 - 1f we vow leb 8¢ kend to 3evo increasing
¢ such That ?5 vemoains constant, we obtain a Suvfnce C_l\o«%g_ oy density
fs ¢/m® . The q//\av\‘:\'*y € becomes o delts fanction € S(V—‘(Oj sime

vt

S:— € 8(v-rp) dv = €. Thus, we have Y-E = —;—o s 8 (r-vo)-
vz,

2:3%. We stavt with o wolume chavge lyimg betwesn fhe fonr Suvfoces
V=Y, oy and 6= ¢, +0ag andk oy uniform density ¢ ¢/m?. The

Eobal c\«a\vcy. \ve.v uvniik \enﬁk‘h w e 2 diveckion (s €¢U¢\0\9\ o

(Yot DYV = (¥ ~av)"

% (rag)

Let This vwmﬂ’r)' be € o+ Tf we now
tet av and o g tend to 2evo (mcveasimg, €, such thaY € o vemains

Constant, we obtaim o lyme chavos of density €, ¢/m . The

‘U#avx’}"\\')' f becomes a deltwn (yv.ncl»ion fLo 8 (v-ve) § (g~ o) Simee.

Yo

+
fYo g?fo‘f o E(r-v) S(g-Fo) v dvdg = €, Thus, we have

Y:Yp' ?:¢°~ Y'o
g.g = Log, S0-)8(9-60)
~ éo v

-]

2.34. Soluktion @\\ows o moviey Suemilay to those 0‘6 Pyoblems 2.2« and
1.33. \m& 5\'@(%(\/\«} witk & svolume chavoxz, hy{m% between The stx Suvfmees

r=Y*ay, e:eaiae,ow\o(gé:;ﬁoi‘ag%

05, 5, 4>3 0.5, 433
/! = ~
2:35.  Wovrk = 5 T 5 T <CUS¢LY+S\n¢L> drc’f”‘? +Abfv})
-~ ~ T~
1,0,-12.7 1,0,-21-17 v
v
- [— C°S¢_XO‘SJ'TZ:;4'3'3 .
Y (,0, -2
The wovk is dove by the freld.
2.36. V. _v x
M= T ESdL

L

X

5 CREYS ! for oex<t

N

0 *

- S 2% dx +§ 0dx = -4 for —m<x<0

1 0

gxg-'-ckx =z2-% oy Vex<coo

y ** )
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2.37. The morwel vechays bto fRe &cl/z\i}oo\’ent(al suvfoces ave %AMM\J\»),

Y](ﬂ—sec&) = 2Y sec© '{"Y+ v Sec © kam € fL;G'

Rene , The divection Wmes owe divam b\,&

dv rdeo YsSing dg
TY seco v seco tam O .0
dv
— = 2 cokt B de and A}ZS:O
Y ?
v cosectg - covxstay&, and @ = constant.
a8
2.%%. V = - i + &
ATme S + - 1vd cos @ ATe,v 4 TE, me
Q 4 Y - N2y
= (+ 8- _ 2d cose) “_ d 1‘4 ’1
AT eV ( -~ v % (l+ _Y_L+ -~ CoS G)

f

& (-.‘_(éj'_EACose)+§_(§_L_7:5\.‘:059)1——--'
ATE,Y z v % I3 v Y

' T
—z»«\—‘;_ d +_7'__L056>+—( +7;‘icose)—o--1
YL Y | g
1
4 Q4 (3 cosTe-1)
4Te_x?
2.39. v = ] - 2

4T € [ x1s yly 3t 4TE, fx —ax)-+ ytezv

a (8]
- v —_—

4TE x’-+”7—+(5—-n})7’ ate, J(x-ox) + %.‘__*_(3__0.571,
a -\ Y.
= V. et
i - . Zox . ox _ _2.0"3 oY \
4'ﬂeo\f{ . {1 Y 5mecos¢+(r)-‘\ (.1 Y cos 6 + )

- X’I- 71_\:} Stn g cos ¢ ~ 1:7’C059+(e_é)1+(%—’1)x]_ L);

~ 38 sxoy
———— Stm @ Cos @ CDS}j ,
4Te, v

2.40. ZQJ"—O
Z8)x) = 89 Llar byrh) = Chur iy (y + ) - Lgt G4 (kg ip) o
Z &5 {30y 0t vy
P AT { D3l Gt 1T 30yt D D205y 40T )
—stmmv'sY\Hz—s{(ig*Eﬂ‘iv\L”

[(L}-\-ijo(_ Vv t2 +3[ (¢ iyt £y L'] }
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Hewe , we kgt o consider The mexk higher ovdey Eevw, ohion €5 Me “OCE‘*Y’O\Q
Fevwn. From the binemial expansiont %‘”""‘b? E‘i' (2-n2), Thes Ferm con be

shown bo be

ST 15 (v vy oo Te (v Ly
reme, 1 & 8; LS (g 02 -9 (i 0]
o J

which Uk\()(}Y\ substitulon poy Qj and x; %\'rvcg

3
\ = __E_g.é.._ (st @ Cosp)(S"’”f}S"""p) Cos © .

4T E ¥4

Alkernatively, The solubion canbe abbaimed by ehplying Ehe vesult of
Pvoblewn 2.29. &5 the \'Mﬁh’V\‘OLW"*L‘U*&AYU“YWlw mmk{m9 wy The ocl'u]nol(

cr% g };Yob\em .

. q. 8. _ @ . 50
2.41.(MZQ)-~Q Y7 "% T

.42,

2.43.

(_ N . ’_Q—
QYT Qg5 =

- 9 . 3 ¢
’Q‘(?ﬁx‘*'? b})

v 28 | Tejy-x
4TELY 4~TT€oY3 ) '
TQ  TYi-X
] . . . ____J-
_ C . { = +
(b) = Q) = -3, N 8% = 4‘(,%%"'}0\3*,\,73\ , v e,y ate, v

t . -
) ZQJ‘ =0 , ZQJ},',‘ = z&(bxi-g,},)

2 Qj [3(,‘53" ex Y- ‘rl‘f)"L] = QY (65mY 0 cos™p +6 <0s%G + 6 50 Coso cos P~ 4) .

y ! 1 (x5
v 2% Ty s 13y -ty
4TE,Y aTweE, Y2 3e, v 5

See \oage 5131 oe e kexkt for expressions for V.
D\:}vo\e woment abouk an o\rb(_kvo:(xé }vok‘mk (%9 )y

= m3QY TRCE IV YR (-1 + & (L by =x) = 2@ (b + &y

which (s The same as thak obtaired in Problew 2.41 (Y-

av = ____e_"_d_}.’;.._ s Nz % e dy ) _F}
AT, Jxhayr ey Iy d;?
¥ 1
Y 47

Fo¥ answevs, see Y"l‘ge 531 of The texk.

K]
. . - v-
Lumhma cases () Foy ¥ 373, the live chavge

a\a\peow; l\.'ke oo \)O(Y\% C\’\“Yge « Fovy v & 30 THe X —30-L

ex)vession fov v should Eend to That (YOY an nkimitely lovm% Wne c\nawze.

(b) Fov ¥ >>-é° ,The \ine thavge ahpears tike o \ao'w\{' C_how%e .

5




4
2.44, Jv: 272

a
Tl Ve —————— e d 3
ATE, Jat e 3™ 47?60(0}.*}1.)'/2—5 Ldg T
() ve nfe AV
€ (at }1‘) & ‘ ‘2
 ’“ 3 Eotal chavge on the ving
Fov '5>>a,vxz Fore % ¢ . a dg
ATTEy Yy 4T €y .
(b) 0 (¢) o (c{) 0
s vdrd tsrdrd
2.45. AV - sversg s 4

QWéo‘/\r'L+3L 4T\'é°,f ‘(1‘*};’

The gumen ‘w&e?ﬁﬂ for v &o\\ows fromThis ex},ressfow.
For answers, see page 531 §}; The text.

Note « 1w c/\r(lluo.hv\% the in’reoé,va\sl we should

wyite, fov example,

o<

v dy < dv — — 1
I ety e | DT st 17 = a1

Simee The eleckyie 6\'2\3 os divecred awa.y (,YoW\ the S\ateh\nay%e_ on ettheyr

WAL ofy K and hence The potenttal must be avm e funchon ), 3 -

Lomeking cases : (by Fox 3 27, , The charge appears like o point chavae

2.4¢6. The \ao\’iv&"-o\\ due % am '\N\kx'm{.kCSCW\A\ oo 0 unk ﬂj c_\f\m»r%& 6 Om i_r\t‘\n'\’hgima\\

oYea (adg)(asime dg) on The shhevteal Suvfnce is
4y = €c o+ sim 6 do dg

41‘(&0 Jd’w}"’-za} oS 8

which ?\'ms'ﬂ?\q vav,\(wec) expression bov V.

(v = amar Sso fov 31> a amet Yo fr 131 <o
- y — .
4T €, [3) 4T €y o
€go 2131
(B vz 5% v [31ca, _£°_°l..;_. bor (31 7o
3¢, 3¢,
a Cro A'b' ¢
2.47. V = g — Lo
&7

Tl L]

€o (o m"+(§+a\) _

° VTt (3= T+ (3 -2

Equipotentual suvfaces ave ?cmmb\g,
e Orar 1 G = constant, Say, ¢.

VA (-2 +(37®) x .
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2.41%2

Jrete (yeay - ¢ f ¢t (3-a) = e (3700 - (v +e)

Sa[\AaY'm% both sides, stmplifying , and 69ain Sqmaving botk sides and
g(m\,\%\a\‘y\%, we obtain

(c‘—\)z vt + 4 ¢ (c—l)l‘g"-A-C(t‘*‘)Lam =0

-yt - 7
GO (e 0 (B)

(e~ \)

RIS

. , . c+\
This (s The {sz&(om of o elipse hanimg semnimajor axts ——

.. 2T on .,
AonaThe diveckvon avd sewniminoy axls —-C/_T o olong the ¥ directy

. ‘ ! -
Distance 6"“‘ centev to eitfier focus \/’rﬁt‘:— >

Thus he ev'x}zo\'ew\\'o.\ suvfaces ave e\\i.\psolés with e ends & The

Wne as thely foct(,

To es k‘ab\\‘sk the ov qucbov\o\\i-\-\a %W\e eczu.xt‘rm\’ev\h‘a\ Su-‘(kau tothe
éivec’n‘oy\ \ives 5\5 E, we note that

(N oo + )
IN = -——52 V KLV\ o are) 2 ‘\
~ 4T €y J¥re (3-a)" + (3=

¢
- Lo ( 3 - . 34 A ) ¢ ( - = N}'—l
4TEY R Ry /7 ™Y Ra

which s },m],mvt-:ovm\ to E obtained in Problem 2.17.

¢ + -
-(&.) \/:—-—-—‘—'—‘2 LV\L-\- eLO v

n —
LWE, v

LTE Y
4 | 2

w &5 2 T ovdeos g

\r

v

d
L ';o o cos ¢ 617( d—=o

R

vefevcnce.
kee},cmg €09 constant | / ¢~ beint
o X7 2t YT (Y + ¢d cosp "
vy .
L.
x Il 4 cos v d—o Reehin CLod constan
- g ying
d
nve B cos & .
'LT\‘GOY‘

) Ewcbol’ewkcm{s ave S95P constant | say, ¢
v

X
oy,

R O
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These ave cb\\‘mo(e‘(s AW Theiy axes havallel to tRe 3 oxcs and tms&fﬁ%;

fRvough x = & owd Y=o amd hawtng vagdi i &

YI\{:MV(M):—?LQA
~ v

1TE, LWE v

(cosg ¢ + Sing ’L;ﬁ)
Rence, equipoential suvfaces ave ofthvgw\m\ to the divectiom limes.

2.49 Bha cowSiJEVCV\% o \'N\&\‘m"_kesima\ avrount 0’(; c\/\au’%e, v o ';Y\B’\‘“‘:\feﬁm"‘-L

..
voluwme (AY)(.VAG)(YSl'médjzf),we obtoiv dV = €,y Sng dv de d¢
4we, fytezto1ry cos B

whickh uhown ‘u/\\'c?YaLHOV\ 9ginres

a ™ L ¢ q
= +
Vo= S 5 g dv = o <Q1—L) by rea, ond ta oY Yoo
Y20 =20 420 € ? 3eor
2.50. choosing 3 =0 fov the vefevence plane , we have
0 3y ks
Ve vl -, s el s - CTEal o T dy
3 o o
1t (s conventent to pevfurm the i‘/\\‘e%vmhows %Ym}zhico\uyo The vesults are
€, 3" 4
- 22 for |31 <a, =2 (0}"7.&‘3\) oy [y >4
2 €, 1€,
] k3 \
) -SO__ (2&'5- _-é—— ) é“Y I3l<o, Fo& %) ka 131 » o
2€, I3 2€,%
3 33t
© - .(};’\ v 13) <a , 2o’ - 3a" (3] 6"* (51 > o
6e, ¢ e,
T a3 3
@) 3N v 3lea, 2 3 for 131> a
6€, 3€,%

(o) 2% 30%

v (3 co, &30 e asa
be,

Y,
251, V= v -V = (Ceadl = - [T gy
Y Y.o

Fov answevs, see ‘Y’“?e- 532 0'6. he text. The veleyvence \coinl‘s axe

@y v,z a0, () r, <o, avd (€} Yoz O .

o v
252, V=v()- V(e) = § E'3L=—g g, dv
Y ~ oo
4 ¢
(™) % (b-a?) fov Yea, _e_" (3v v- v 2a?) for acveh, —2 (-pd) fY v >b
Zeo Qeo\( 3@0\’
e 0. o3
(b °. (aai~v3) oY vea, >— fY r>a
12 e,a 4 €47
2€, 0>
© &(E__Y’Q_L_\_ _Ii) foy veo e 61# Y > a
g\ 4 2 20 a* 15 €,¥
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5o i} fov 13t <a, amd 0 fuv [1,\'70&.

2.53. (&) From Problem 2.26(a), € = - 'S¢
VI 3 Cso ¥ fco 0121
_——S E}J} - [+] €°YI'§\<0~, 50 M9 &“y Iy >
L] eo 60}
(b} Fvowm Problewn 2.26(@, E = 0 v v <o, e.‘."_f fov a<r<b,and 0 for Y2 b
€,V
v € a v 4
V< —S Ey dv So™ w2 hfr<m,ﬁf(ni%ﬁfmcvcb,ogov r>b.
b € o €, v

Psoa™

fo acv<h, and 6 o rob.
e, r

0

©) Fvom Problem 2.26(e), E =0 fo¥ veo,

P
QSOO‘ (,‘? _t> k‘Y a<r<y, 0 (501 v7b.

3 @
ave e de bo™(L - 4 porvea,
oo € €o
>
.54, g AQ = eo (WIMW\E) - eo AR (i'ﬂ'a.-b) = €°1rm
Vol g \3 I
day' _ ' = ¢ v i
805 = § exa - ] riae
vol Vol
A .
= 0, S S S (vsine cosg ¢ +YSind Sin g f;?'*’vc"sgk}\

¥=0 g=0 ¢:o
« ¥t sene dy do dg

0, Ta . . .
T — 9
16 (””53*}“3)'
V = e_oﬁo's (’o'n'o."‘f . . .
24 e, v 5¢rreov’-(sme cos g + Sin@ Sing 4 cos B) .
2.55. (o) Sa ' (T . . .

& ¢ - is-.o(e“’ cos ) (adp) (o cos g { xasinp i) = Ta¥ € by
LW

= 0

& (%o sin2p) (adg) (aco5 9 &+ asing Ly)

© S
=0
Stwvee g 49 s 3evo fov cases (a) and (&) y Ai\qo\e ~noyremts aboul any }’o{Y\L’

dQ Z;‘ = g
g=0

dg ¢'= gme g sing)(adg)(acosp i tasing ¢ 7-QL°“L W AT
~ ) Lo X p Sy)= - CUE™ ~33-

other Ethan the ovigin ave The savme as The Ai)no\e moments apoubt The

oxVgin {ov these two cases.
2.56. IfThe curl o a gakn vechy keeld is 2070, then That keld can be vealized

os o stabc eleckyoc (gfe\a . Reve, ofl WY 6\'2\35 can be remtﬂ}u{ as shake

eleckyic (5\'elc§s.

2:57. (@) See Example 2-4 fov E amd ExXowple 2-17 fov V.

(b) see Problemn 217, fov E and Problew 2-47 fov V.
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(&) S<e Example 2-3 fov E omd Example 2-14 fov V.
(d) See Pvoblem 2.15. v & omd Problem 2.43% foyr v.
(&) See Provlem 2411, fov E omd Pvoblem 2.46 fov V.

(H See Exaw\)o\e 2-6 for E and. Pvoblewn 249 6"*‘1'

Z.5%8. Fivshk,we vote thakt Vl(i\;) = V-V(—‘?) =0 Qve_YgW"\QW’- Q"Ct\o\”o\{' the OY{3(V\'

~ o~

Then , we mote that

vH) dv = e = [ (e S

-3
Sphere rga Shheve vza Surface Y= &
T 2T
G L TR TR
6:z0 p:o
ov,  Lim g 9t (%) dv - s
a0 spheve v so

Thus V"‘(-LY) sokiskies The de{sxmcl‘tay\ §; a delta ‘;unc%'mqj strength

- 4T ol the on‘ﬁi\n . Hence | q'l.(.'?);-. 4% g(r) .

Fov o point chavge Q located at The origin, v.e = & & §()
~ o~ €o

o, y.(-gv)y= L Q\_;vz L]

vr-gn s Ll Lo
or, Yty - vt —9’—)

41TGOY
oy, V = _& to within an av\oi‘:ra*tg constant which can be
AT E,Y

assumed to be evo .
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CHAPTER 3

) Fo % Ey) VR CE)F = (M kY r B B
3'1' E/3 = e'\;SXE = E(y.x'\rz_)x ———-——'——‘("'L ~! :( '»17. aed -l
e(ﬁ\",{,ﬂ 5\"}{1,

Sv\\oslk‘(\-akcv\% éo'( E"E’- A and Ly we ?,e,l: F,=-¢ S'VX'

320 T vy and vy ave the vadii oy cwraature of; e Latrs fgllowed by m , and ., ,

- .
Yespeckively , we have ™Yo g AN amd M2V g v || . Thus
Y v,

!

vz
d= 2\vrg-vi| = 12 (me-m) v/ 128]
3.3, (a) The uv;ah‘ons ol ot ion for the test chm’?i axe 3—\—;" =1Vy 8o, and

w\d'\r\? -

] -4y By So\'\rdm% These lq)}ak Cons and wsimo The iniktval
t

conditions ary = 0 amd vy W fov £=0, and x=zo aw\al‘gso kov
b=0, we z)ﬂk %z %(_ (1-cosw k) and Y= q_g’c St W,k Wheve
w, = 3;;0 . We cawn ex)ress this solubion as (x- %?c o ut = (.}:ﬁc .
Thig is The WO\.ECOY\ o'% a civele .

by The Yest chavge evnevges from The freld veolon ok akime t, W"‘)"b

Vi . R VA
L= 22 Sim wcbl oY St wct'\- C
Wc l\ro

)
e A ERN AR
(& Vo

d d
Vo= | = + 99 ¢ = w, L L+ V \/_1_ (’ig\: T Cy o
- [Jk ) dt N\Q‘]b:h °o ’ 'V’o) 2

() Owu The chavae emevaes fyem TRe keeld veaion, * kapws A sk'va\:g\&

Henee ,

fAsy

line patk olong The divechon € Y+ Stmuw The Liwne %o\kwb\a The

c\'\mrubz % veach The W= L+ d blare from We Y= L plane cs

A/'\foJ’l’;’_{:’—g\f—)—?— ’ we OEEA\:M )(Az XL“-K(“)CLA/’U—O/"‘ %)L‘X‘

3.4 The -E‘.CV,LO_EL'OY\S 5\), ot lon (ﬂ)« Yhe eleckvon are
dvye dnvy ® %lr} _
m,d_t,e'\r\aeo,mﬂ"a__e‘\& o 1 amd ™ = 0.

SO\’V‘:N\% These e_wﬁk{oy\g amd ug(n% the CmeCo\l Condibions

Ve =Vxo '>V‘9:’V90’°m‘ivé:v}>o fov t=o, and xEP=Rce ‘_Dy{_:()’we%k
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X = -— (vxo St Wk —'\F»o cos Wt +v‘30j
w
[
= L (v, StnwE o+ Yy, COS wek = Vo)
% W 9o
3 = ’\r,aot

whtch can be wyitten as

1 1
A
V‘?’O (R < + Vo Yo + v and ,5:»\)—30!:
S e o
y Yelix vodius
wheve w, = _C.E" . These ave The e_zU,ch\'Lov\s fov o ok
"
) , <03
heltx s com leted Lo pevio
- v 1—"1'?10’ . Owe tuvn of e |3
Lwel

o2 (el
. L. .
T = 2T and henaw e \oxl—c\n ﬂs the Weltx s

lwe)
We
N (koakional fover , we honrg
N bic fover wi i the oyt
3.6, E%aktv)oé The maome

& east.

. My L The cuvyent muskgeﬁw'kvm west

TL 60 = \'Y\? O‘(, 1: é
IS

= 9.8 w/sect,
Foy L= 4w, ™= 30 gws B, = 0-3 x1o™H Wefmt) avd g
oy = m, - J
T = 93800 avnln”

5.6 1k 4 s The owxg\e 5\9 which The loo) Sw\‘m%s ?

from tRe aevbveal ; we obtain b\j evq\\'wg he
X b
\:ovc\))es

1 B o cosd (a)= amo Sin & (8) +2aMg St d (%)

I%o&

., B

tan & = 1__..?"7 ov, d= tomn ™} e.
2oy

20
*m9 ? o

Deno%iv\oa, e dimensions & the loo\,, Yo be L

parallel to The 3 oxls and W \ocv};evxét cwlay bo

F
'Lk \;\ ?hx _/N
,WQ one ,\}
fl: IL L, %xB B o= -1L ¢ .

.‘) N’N'L_

TOYQ\}«Q

u
Yan)
1
*®
N
€
C
1
1
+
-
£
~
-
®
[v3]
c

n
)
r
Y
-

3.9. Fovee expevienced by ooy Cy Cs ofinrtn b\g/

1,4%,
£, ﬁ*j% % 1db % (3,d0, % Ry ¢ R <,
T Cy R2
1

.dL,IR
po i1 (g LRIy
: L[%’(\& - §C‘ G R

1"
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But §>CI§ (%x'%;ﬂdh

33

=T gftz %q(d&l.g’ —PL\:L> Jé”' =0

te

1
! Ria

1
S¢ . v = \Y v, — . = I
nece éc‘ dt Vi SS‘K PR Rn_\) JE‘ 6 wheve S ¥ O\Y\L} S\ué—ace
bounde d \9\9 Cy . >T\,\\Ag E - . MoL T, %3 &j (A/LQL . JE,L) Rin
~r 4-“- C\ CL ’

3
k3

Sc\m'x\ax\\g y The 6vvce .En_ exy;evfevxcea },v looh <, o it \9?

«EL: __/‘_A_? % %) ILAKLL%<I‘JE(X’EL,)
4T Co C, -

can be shown ko be %Ml ko

3
21
_’if’__l_l_EL% % (A(ﬁl' 41{717&7—‘ = - £, svAnCe &L\:'—&:lt'
AT cy ‘Cy K’A
21
E"L\ = %IL&[LS‘}X (I\‘;Ll,‘;’,\}* ,t(ﬂa_x /(‘)'5 = - ﬁ’:—:‘_ I\ILAL| Al-,_ E’.«}'

Fu = ‘;{:‘T‘;I\M‘};g"{Iz‘lLL‘;?"(’Qb)}/(‘)3: Fooxy1,d800dlL, g

AT bl
Fa= AL dly CLan[nd by X Chathy v i) 03 BRI Ly 565
ftl} s 4:—:\, 1 ALI ,‘;‘ax [IL‘“‘A('.‘;/)(.) ’((},x’f&\"b})]/(ﬁ)a = g{‘,lll—z_‘“-\‘“} ,{;,x /36 .

F, He

- - . C Mo -t : '
~30 T —-4—-“_ xmdk‘s('ﬁ‘uxwﬁ[IL‘“'z};, *('ﬁ‘vx'*-l"v‘g.)-l /(Jf"’-)s’ o I, '-'“LCH'B }v'g/z'ﬁ

4

) ) .. 3 . ‘
Ja ® %: I,41, Ly X (1,44 (’.E,x77‘(,':.x“~g)]/(ﬁ) = %’r‘-’fakld(a [AAXE

From Problem 3.8., The fovee uc},e‘(ieV\CeA \7\3, closed

koo\v 1 due to closed lbo\a 7. (S sz e,
£, = - MoI.IL§ % (dL,-d% YR fj
4w Cy Cqp R’g, ‘a

1 -5,

Hence , paivys § sides which ave kev\aewéﬂcw\av to

zaon olhev do mot conbvibule To F, - wilh rejevence dax,

% Re motakton shown (v e é—f?uwe, Iy
EL MoT Ty S * S& dxy dxy [ (-2 ,‘;',x“" A,-L/'#—)

- - B S £ A A
4 4T LIPY

%, =0 ¥, zo [Oe=xa)*+ ]

+ MoTi Ty g& go‘ Ax\4x3[(’<l"‘37£x"*£‘g *‘A,‘:vy_l

4T _ T L 213/,
%320 =0 [ -x3 )" £ a4 3%

~ : ‘ onents
On\y he 3 cow\\qoﬂev\k o’(y 51/4 LS J\ intevest since The X ““A\'}Low\" ¢

0’& e fovces on o};\nos({‘e sides ove QthwQ and opposite and henu cavcel.

EW\LQ‘I"\H’\? Re 7y Cc‘m};onew"f , we t?,e,%
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™ o
A S R T Tt
C 3
LA v Ry
(§ A,va* 517. - g& ’631 ,‘;,3 x [’A};?* (372 ,51,\
C
S 350 L (3-va Y

deb gy Ly x (4 by + (3™ 43 )
o~y b oomy MU TP

3
3= Lys s (3,-8) ©

~e
} —
Sl (4« vyt o+ (’a.—’aﬂ"'} f

; S“ 43, Ly x [-0d4B) Ty + (3772 &3]
H

A*'b. x[—%g\}‘f’a\lﬁnﬂ

3

dy ,5\3

y=d [yt+ 3F)

g

E-va(uo&cn§ <§ dl xR and Ethen ef\mluahv\} F,,we %LE
v C

3
R('L
Fo= /“oI.Iz“(_‘-,,‘_L)L )
g d d+ )
) . R
Foo= Mo § I’-‘“’z“g 1.3 Ly % Ran
~1 T -—-————-—-——————'R3
4 c. Y =-® RN
T by xRy S“’ by Lo+ G EY
3 = Y x
E Rar 3= ® [yte (3-30%1° K
MoTI, 1, 2
F o= di % {— = L
“1 4 § ~1 ‘?”"]
¢
d+b
Mo L, T, 4 . z S z
AT S-o LR S -d Jvh‘}x g ©x
Ei Y=
S“A d+h
- '97-"(')(—_—_‘:/74—‘5 d\ac)‘——- L%X
b ~ ~
=0 ‘2
? V:J
MReToTyo ( | |
4T S R TS
3.12. () The ma«gneh‘c field o(cak\m% on e wive occupying the line x=1,9=1 ¢s
/“0 N . - Ma . M N 3M° o . . F ev MY‘z{'
an Cha Sy - LR b B0 Ly = M (chp b1 Foee ¥
\e\ng\’V\ ) thot wive = - Mo (S‘vx"‘}vg)' Thus lhe fovce on each wive

4T

(s 0:.2377 My pex wnit length and s divected Eowavds Yhe oHoos'L{‘e wiye .
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3.13. Fov the wives to ativact , the cuvvents wust flow

3.14 .

3.15.

(b) o. 2149 Mo (- Ey + "a\

(e} My(-0:382 L -0.14 ’L;\g')

i The Same diveckvown . Sivice d & U, e wives &7 .

com be cownsidaved % be \'m(?'mika\? lov\ob. Lek

o
s

A3

the swimg [vorn TRe ytvkical hositon be 4 as

L L
shiewn v e b‘wve- Then, the kovie on 2adh - -
. It
vod {s © Fov eguilibvinm, @ Ffed d
T (d-1a) W “O
7
Fom o = ..é——- = f_ = It W w
L w LT (d-287)W
oy ITLL - Ao T movedases, a imceveases
;) —— = (d-28) 1. ForI=0,0:z20-Rs 3 ,
R

(d=2a) decveases and henw [heve {sa moxXimur vadue fov (d-2a) 2

\N\zw\o( which The equakion cannot be sotrsiied. This wmoximum

- d y g 1 - 4 W
volue ocewys fov o= K)-mo\ is, kv < ™

(wﬂV\eY {vicvease in cwYvent . the fovwe F betemes %ru&ev tRan T Stn o

+ Fovy any

and henu the rods swimaé oand Fouch zach olher «

The Wmob/ﬂe\—fc 6\'&\& ot (0,0,%) has a3 cnponent onlxg, sing e radial

compments duets O}:\mSik\\g sthuated pairs f}y current <lements on

Te \oo)h Comcel. Henw

ru 7—‘— 1adg MOI& :
e s o :
~ Y‘ ’b} [ gz0 4T (a+3Y) J&f’{” "'5 2 (a+3Y) e
For 320, B - S b Mo A¢ ¢, = _":.O.E 9 whith (s the Same as
” ¢=0 PETUN 2o 70

he above veswlt Eends to.

Fyormr s\ammei‘na Cons'\AeYokCOV\S, B abt a };o(m‘.’ onr the 3 axts has
& 3 wmponent ov\\g - Rena, "k v Auldrcent Y we compute B}
dwe B e side dy the ‘pv\\a%m and Yr\u)}\'y;\\g Ve b?ﬂ- w LR

veltyenu 1o the motakiton shown un the (7“3"“’2 , This ts gem b\j

Mol
AB. : (cosd,-cosd,) cos B
3 4me




.
L S cos —
MoT o St g S A
- U A .

- . -
ame (oksml;\) + ot

T
T oCow o
y\/uora Sswvo—1

B:(vaBbwav - '/g‘%
4“[(& cos T—E)L+ 'bfl[a‘—‘* —52} ‘

. -1
For =200, m SinZL = 2T, cos — =23,
1A}

T
B oo Mol® (., which agrees wi b the vesult of Pyob lem 3-14.
~ N L}’LN’J
2 {a>+3%)
3 /-'( I ° ° MpL ?17_
AL B‘: 37_- 4 (cago—cos‘}o): o= 1
ATd 4Td L(8
= on & ko= Mol % '
B B\SY\:-\—B_LSLY\ > _{ST;_A S\Y\’i‘ ;b\,1
. Mol R . )
B = ;—A Sim ;'LZ k‘:")\ where b& {s Me unit vectoy aloy\% the busechor off
&Y\g\ed\- For o =T, Sten ooy B - —/ig-*I 3 wheve ¢ cs eiveulay
’ T P~ awd ~f ~p
to the wive,
3.17. (&) Using the vesult of Problem 3.14, we obbain
B = f*o'“\m{ ! o 1
~ 3 ~
T\ Tors (3001 o (e ) 72
by [ 48 - tp 5 -7
(&) { "‘}} =0 [ é——}’] = -3, Tak [ (a¥+bY) P s Bkt bY) *]
? 3=0 d §L 320
;] 3
[ —“t}] =0 bvv L= & ; I A_E'b—} =0,
‘45 30 = d‘b"’ 3=0

5.18. The magnebc flux density ok (0,0,3) due o Ting g&cuwey\k fovmed by
Wi d i clqb‘ c’k’me solenot d X 3= -:a‘ (s W ] %Ym the vesuld 5\)’ Pvoblem

Mo (n1d3') o> . The maﬁy\e{'k 6&\,\7& dewsl}'\g/

2 Lot (3—3')113/7'
due ® The ewnbtive soleviotd s thew %/(N‘Wb\a,

B = y‘* 48 - f*o“'lx_,__’zif.’.—- _,_é:::—a]
> 2 s Geyt (aeGia

3)‘:-‘L\

3'\4‘)\3‘} é%: qu

For Ly sl =2 003 B = MonT {4 which is The Same as hat fov an
'Lv\gx'm‘\.\’e\y \OY\O‘} solevnoid .
3.19. \We considey oY img s vodins v ond widh dv and obtain The m“%“ejnlc

kte\d due & Kook (0,0)3) as
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4B = Mo (WI&Y)YL

~ z (Y1+'él)}/7'

b} fvom The rvesult o‘[y Pvoblern 3-14 5 which %C'\NS

The Yec{/ui‘{ed Cv\Tetho\\ 6!37 § Eov answeyvs T (&), (b, and () , see

Y)Ouae_ 533 U\Tme text.

3.20. We considey o Yo o width o do' ok 0z 0 amd obtain e m&%hey\-c

keld due & & ak (0,0,3) as

48 - Mo (NI do) (asimon)?

~ /(1/ from The vesult % Pyoblem
Z[(&S\Y\ 6‘)’L+ ('b_o\c_os e()'l_]B/L }

3.14 , whithThen gives the mvxwed iv\\'egml for B~

2 T . Mo, T7
(o /“03“0 [ for [3) <, ——f’;—l*;-;)—‘ &, o 13>
N, Iat . 3
(b &L;o“&“ Ly oY [l<a, Moo TR L o (37
(a- ") 131 (3+-aY)
3.21. (o) B = Mol i,+ . MR,T
Y aw Y, ~ vy, 77

= MOI 4 v C d L
Bl T4 sing (- 4 6]
+

Mo d e Lo d .
+ -——"‘?:“_o‘(l {—.’Z S\Y\¢LY (Y+_7:COS ¢) ,'1/95]

v 2
wheve v {r”‘«» (d_tf-_ rd COS¢}VL and v_z [ v CARAR cos g

{

. . 1
B_,_._/*alASin K'r"'-(- (d/zj'l—lé N poTd cosg {::—-—_(_‘ﬂ}_)_ 1
~ T A

A ~ 2w v ~
- "—LO’I—JL (-stng ¢, +cosp £¢7 kv doo keeping 1 d comstant.
2Ty

(b)Y sweskituking fov By, Bp) and Bay in E{ér = V_Bé? = ‘i‘} and sim}pli&\giwg,
v 0

we obkain A(- C,?_S\??f):o and day =0, ov

&

_ o5 - com stant  and
Y

2

. x
3 = constant , wheekh can be writtenas - — =¢ and 3= constant
xve i

o (x- %)L +ylz (£)" and 3= constant. These ave civeles w
the planes b:c.ov‘tﬂavx%, wR centers ok X = % 1y =0 omnd vadce

Cf(j.&ox\ % l___.\ .

T
3.22. Devimnkion similat B that in Problem 3.21(a) except thak "k i

conventent B WorkR w cavtescan coovdinates. Thus
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MoTo

7.11'[(" + %)Li- 27-]

[+ %),-5‘3—'9'5;)

E = [(x- é:‘.)f;?’?,'“;xl
Finding By amd By and substitubing cn 9x 2 dy and cross multiplying
. B x 8
3
oand (‘Y\{’(’.%Yog\.’\'v\%, we %x)\‘ﬁw. th\Rm _UUAD,}:COY\

for e diveckion lines of 8 .

@ [Cor 300y ] [ 9% p]= amstant

Cvyoss mutttyhgéwg ond veay Yamcgtv\% ;W gxk

(x - 4 C‘L+,)l+ yt = (_é_"__ *

2z (SR | et -1

which VZ}?YeseY\V civeles.

3.2%. (&) We use the yvesulk o’% Pvoblewn 3.14. % odbbain

T
2\ Lot x (3-a@ V5 [ (yea)E) Y

which veduces % 3/"(01‘*131 fov 3 3 aand 4.
3+ 7
(b Following The method of devivation ewmployed im Example 3-5, we
obkain The total feld ak o poink on The y axis duets fouv curvent
elewrents Sywmek vicolly situated about Kk W\&k"\f\g W”‘%'{U g wilR

he X oaxis as
se - - MoI ad (wb+d™) Sim g' i E»}
T (wis a¥) [+ ybedb-zay sing! )

foz ol (stagl s 28 serpl) i, fov oy »a andd.
T 3 9 ~Y
9
IV\\'goéw.\—(v\aé dB from ¢t= LT g ¢l: ’L‘; and Yev\acin% Y b? Y,
~ ™
3 M, 1atd

2v4

we obtain B -~ _

~ M

3.24. We considey o widlh dx ofy The swefmce cuvvent ok o dustanee x o e

3 0xis ond write The magmekic field due &k ak (0,9,0) as

e = Mo Ts dx

Y R S SN
-~ ﬂm{ T m—f"?]
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Which gdwts the re‘vAweé CM’e%va\s fox Bx and By -

(a_)B :__/uoTSot -1 & ~
x —————_n_ am 5 73‘?—09 B}_o
() B = - MoTso fpam™ & = 2 &t *
b e G T+ it %f)aﬁv—‘)»%-‘)
() By =0, By= - [oTs0r, RS -
x y By - (l ‘%_tw‘_\a , By=0

3.25. We consider two cuvvent elewents T (dv!) (r'dph) $, ok the Yoints
(Y" ¢l) O\V‘\& (‘(" _¢l) S\QW\W\CEYl:Ca,u\} SQM\-e_d about e X3 \rs\ay\e ond

obkoin tre Wﬁk(zﬂnﬁ‘t‘cc kield duets Remn ok a‘poin% ?(X ;0,3) &S

Mo T 2y cosg' dr'dg!

dg, = — which Then ‘?‘:/\)CS

L
~ z
@ [xbay' 4 yro2vix cos g 17 ~%

Al o
B = ,ﬂolx,_;a/~zﬂ¢
" SS75‘:o é\_gég" T4 x (xre 3yt B\ ~
both abowt and below The xy blane .

From Example 3-3, the magnetic freld ok Lotnt Pabeethe Xy plane

due & o 611o\mevx'fmxa wiYe m\DV\% The W\e%al,-cw 3 oxts caxrying current

1 g‘rmm he on’gcnt‘o 3= -0 Cs

Mo T ki
Bz - - —— e 4] . . . .
|4 o X gt ngwhwla agvees WAt The apove expression

For o (;i\o.\mew'ta\«\j wive along The posihime 3 axis covrying current I

from The ovigin 1o 3= 0o, The 'W\ou%mek {c g\'e\d a)r},oin\’ P below The

xy plame (s

Ed . .
E = Rl X» —_— 1 ]k\? whith agrees wilk The exbvession devived

T wx Vbt

fov e vradial cuvvent Jeckvibukion.

3.96. We dinide The wvolume turvent inlo asevies dy
. e
[
o’b slabs of Cv\k\'mﬁ\’eS(W\&L Thiekness d?" ! o
1
Leb us comsidey ome such slab located at \ %
— ! :‘ —
%:%‘.Weﬁxev\»\wﬂ :l:: ‘7
Mo T dy' . Y
— - ,':,)( (5vv \3>~3' : ::
AE’ = \3:5

Mo 89 fov gy

T

which gtves
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T~ z ?:—m
?Mofdy’ o‘lu.o’féta‘ M a %
Bo=d -0 v B =—°[§“3~ “?]&W—w“\
’ 1 gz T i=y * 2 lyey 95
Mojé?\ Mo “
\ Sg 2 T 7 g Td? for g
\3_-0- 5:-&

(O = peTog bov Iyl<a, -u, 70 2 e pyl>a
%
() MoTo (131-8) fov Iyl<a, o for Iyl>a

© - #o9” fov y)ca, - Mol
2 [yl 9

(@ Ho(a-y) fv Iyl <a, 0 for lyloa

EARAS

3.27. We considey (he ﬁ\mm&vxkavxo ewrvents COYYCS})DV\aCY\%“\‘&) Cv\&\‘mi\'esima\
aveas r'dy' c\yg' at (¢!, ¢') and (v'y-p") mé obtain The wxawav\eh‘c

feld due o tRern ok (x,0,3) s

\ \ ! ! 1 .
gp s MY dy' dg' (x-r'cosg") ey which Then gives
~ T Lv"’+ xT-2v'x cos ']
a iy Y
g)v - g g AE = _/':‘_7 S Ty dyr! ,l:n?
Y‘=0 5}':0 x ‘(':O

EV& Se‘r%m% X =y in wew oy The c.\olmc)n'cox\ s\awwv\ekv\g and veplacing

the ~vavlable of inteqrakion v by v, we obbain Me olvem mtegral .
Fov avnswevrs & (&), (), and (e), see \"‘”3“ 533 & e text.

T
3.28. B. AL = Mol ;“/sé'dﬁz"—@”—' (~ydx +xdy)

~
2Ty 2w (x4 yY)

(0\) A\O‘(\% kmm X-f-?_va: LN O\Y\A‘é: 0, X = 1—7.‘/9, Ax:—?_a‘?,

MoTdy

B.al - —— ———"
~o- LW (5 yt-4y + V)
0,%,0
g.dl = Mol
1o,0 ~ 4 (40,9)

Evom covsi devak fons 0«% S\ammeh\é and A\m\,eye's civeuital law,

b ¢ b I I

g B.A\:S B.AL-\-S B.dl = [(ii_-\-o Mo .

m"\-' ~ ~ ~ ~ ~ a 4.
o <

\

490



(b) Equation fov We palh is y=2-%, 3=27% - -~ dy=z -dx .
Mo T dx

LT xtoax+?

54y =

=

7

—
L

AU = Mol
~ b(l,\,ﬂ

From covnsidevakions {} S\gm\metf\a, ond

Ampere's civeuital law,

S\’B.ak:gag.dk— Mot X

= —e v
~

o 8

[

-

3.29. The solution fov eoch }709(‘7 consests ﬂr choosing an oxka})wro);vt'm\'e
closed pakh from comsidevations { symmekry and Mhen applyime
Awmpere's tiycultal law . For answers, see Page 533 of We texb .

The closed paths ave as follows:
@) Reckangular path in e constant plane Witk one side N tre plane y=o.
(k) Reckangwlay palh in 3= Conskant plane with one side in the plane 3“1(“’“)
(¢) Sawne as (;w (&)
) same as fov (B)
(&) Same as fuv (&)

3.30. closed paths ave civeles tn 3= constant plane and howmg conters on Ehe

3 XLS .

T .
) 0 fov vea, D) iy pvacrer, Bou(vian) Ly v vob

.Y
. MOTO Y““—' g L
() —n mg by vea, MoTorT e voa
(ne2) a” (n+) ¥
Iv
© M7,

I T_¢ 2
for yea, M oY aereb, MoT (cP-v™) fov bevec,

/]
T
awar P 2Ty

2TY (cﬂ——b") ~
0 fov v >c.

3.31. Fovy answexs, See \"Joube s3> o’%\‘ﬁe_ kext.

3.32. From considevakions ofy symmekry , The magnetbie fleld has only o

¢ component which ¢S mdependent of @ - Also, tie field oubside The
Eovoid s yevo. Covstdeving & civewlay path of vadius v and lying

{nside The tovoid and a\p},\\am% Awmperes civeuital law, we obtain

WY B¢ = Mo n(zmb )1
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(M( fox (v-b)t T Lot
v ~ ¢ : 1T+
oY %:i

’ 0 pox  (v-e)lx 3T v a"
3.33, Tobtal cuyvent [;stw\% on the s}a%evita\ surface (s The Same as e
cuvrent W the filamentavy wive. Fyom symmetry consideraktons,
The 'YY\ZMBN\Q,‘\'\'(, fre\d has 6‘/\[\3, a § Component whith is im&l)wn&en{-
o ¢ - A‘p\(?\\g(ﬂ% A peve's civeuital law B a civawlay path pavallel
teThe xy plane omd havimg canter on The 3 oxis ; we oktain

2T v, 875 =/ﬂo(cwwev& enclosed ) = iMoI bov v5>a

0 fov Yo <o

Wwhicw %\:/\)QS

MoT

L Y Y. >a
e V8 A

1w

0 koy Yy < o
3.34. wWe moXke use of Suyeyyvosi\w'ovx T solare Thig provlewm b\a covs (devino.

e ounm cuyvent distyibutton as The swm Fwo unikoymly distyibuted
¥ fovrly

ax L'm\\sa devecked Cuyvent duskyibuktons one o%-\ra.dtuus o &N\Am oTher

vadins b ond suchk That the total curyent (yn Me hole ¢s 2uvo.
s

Then, we obbaim Me Ymvu‘veo\ «nwxﬂe\:ic lux dens{l-\a as

L
B = IuOToK\ i « Mo Ty R,
~ 2 ~3 y ~L ~R1
Y AP . -
? L%X(K‘hgl R, (o)
= MoTp 3axis
T kl} * S inte Ehe
bA};eY

Thus [Fe ma%nd-\‘c kteld tvside e hole s uni fovm %aw\'n% ma%-n(%utde

MoToC amd divected movmal o The line 5"“"““‘2 the Two centers.
z

3.35. AW Helds hawe ownly x components- Hewne, Pompeves civeuital law tn
Ai%{vev&mk 60“7\ siraplifies & 9
: 3

9Bx _ _ Mo Ty - Vevificakion consists
K

oy swestitubing By obkained tn Problem 3.29. T check™y Ty

agvees with hal %va\ i Problevn 3.29.
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3.3%6. -'; éa_r {r 8¢) T M, T’a . Procedure similay to Problewmy 3.35.
3.37.(0) T = L gxs = - 2 28
~ I“QN ~ Mo a.? ~y
(b)T:—(—VxB:_.'__.B_.(\rB)(
Mo Mo Y pr By £y
() T=_1v94xp-: A i(vg __aBV}L
YoM T T MY LY o) 30 | ~P

For answers , see sze 533 o The texkt.
3.33, We stavt with @ avlume cuyvent U’B—Jtnii\'\r) 3‘: 3’7((.74,-5) Ex+ 7\9(*/’3753““},\"11’

between the plane suvrfaces Y= Yo, X ay. The Ly\‘kecgfalo'kma olume

cuvvent dens ity with veshect Y between the two },lame suvkoces Us
[ Tx003) Sx 7\90‘:3'),5\9'3 28y awpfm . Let This qromtity be

35 = Top bx + TSVa L‘? . I we vow let ey tend %o ptve increasing

. t tain a suvface
T, and Ty Such That Ty vewnains conskant | weoptain b
cu~venk of density JTs inThe Plave 79, The ‘U‘““&‘-’k‘g 7, Ve smes
Yot
delta nwekvon 7 S( ~Y%o) sin e U‘SS( _.\gajc]? = /?/—S .
" s 2t y=%s " ’
“ee
Thus we obtain \;7~/~§V—_ M, T S(‘Q’VJO)’

3.39. We start anilth 4 Wlume cuvvent ok density T= T;;; (¢:37,§,¢+ T3(2.3) ,5}

amp [m® Ly ing bebween The survfaces Y=Y, :av. The ‘w\‘ce?va\ vl e

arolume Ly vent Aens'&v& with Yespedt B v bekween the Ewo suvtces is
[Tg(6:3) Ly Ty ()3 £y) 20v amp fm - Lektnis guantihy be

. . 8 k 3w vo {wcveasin
35 = Ts;& cp t Ieq oy 1 wow lek av ten L ¥

T¢ and Ty such that T vemains constant, we obtain a surfaw
Pad

cuvvent ofy devnsiky Ty onthe suvfae Y=Y, . The quantity T becomes

Y, &
. - 0o
o delta funckion T §(r-ry) Stnce j E’Sg(r—vvj dv = T, -
Yoy -
4

Thus we obtain T v B = u, T, Elr-v)y.

3.40. Solukion follows in & manner stmilav to those of Problews 3:38. and
1.19, \:\3 Sbowh'v\r} wilh & '5—dive<.'TeA armlume cuvyent “«a(v\% be bt ween

the kvuw suvkaces ¥ =Y X oy and g =g, tnd. (See also Problem 2.133)
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o i
3.41, A - ,"ii S TA}..___ ¢ - Mot \/vl+(}+oﬂ" + (3t ) .
Yooamo) (eve (3-y0)r "0 t —— 2y
Pz~ F ) 4T Y'\-+_(..>_o~)1_+ (}—aﬁ
?«:vux:-}f”i z ﬂoz‘[—fﬁi—ﬂﬂ 2T —1 ¢
v P ave L Gras G UF
. Mol '
= D27 (cos oy - cos dy) wheve oLy and d, ave as in Fz'gwe 3.7. ofThe text .
4TY )
+ -
3’42-(¢)P\:[—M\“L+M(V\—Y——X.ﬁ
~ 1T ¥, M ' ~%
(k) tn et { \/ vt (d/ﬂ“-v‘ d cos P
— - hal — e ——
v, v,

;‘:\v\-:_; - é_cosfs fov d—=o0
o 1Y

kce\(y\lhoa 14 cawskomf
- “ '\/’?‘w— (3/2)* + v d cos g

Y
T Y‘L

x refevence
\::oiﬂh
x ‘.V\-:— + _i_‘( cos ¢ fov d 2o keeping Id constant.

[

b4

Fo ACOSQSC
~
27y

(©) B=9xA = by DAy . DAy MoTd :
~ ~ ~ - - - 4 - S ;
M bﬁ ~ by 7_1"\,-2—( SLV’¢'E'Y+ COS¢’L“¢3

which (s e sawe as that kound in Problem 3.21.

3.43%, Wi Vebe\rev\ce to Fl’guvc 3.9. of he text,

5: Po SZ“ E(Lc(¢‘£¢

—

AT S, -

Tl son ¢ dg' O 4 ’/‘iz 52’1 Iacos¢‘4¢'} :
- R ~x 41 1 R N‘}
=0 Hzo

KA. . v 1 21 1
The quankities | Tasmegldl g Tacosg'dg'
1 R K

pzo 56"—0
4T E, Fimes The electyostatic hotentrals due % ring Chavges &
densities 1 sin g and T cos £, Yes‘)eg\-(/\;e\pl ocm\,,\?/;y,g he bosl%(ov\
ol e W\o«a\ne% (c diyo\e . These pobentials can be 6«‘;\”\3 fov lar?,.,

volues f; v by using The meTod of Seckion 210, Thus, fov example,

oy e ving cthavae of de\r\sih} .= Tasing,
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T

fdsz = g (Ta simg) o dp =0
)

fda y' gm(“ﬁm¢>(ad¢)(am¢g%+asmyﬁ L) = WIa™ L,

g=0
v qu gdag'.ﬂr _ TIav sém p sim @
= b e v F e
Y 3o QT"GOY 4TT€°Y3 4_-“'e0\,L

Simlloxl\?, k\'md(v\% [V1Y>vm for The vimg choc(t?e 0‘% AeV\sLh? Ioacos@, ond
5W\>Sb(k‘u&(v\c} for the Lnteo()mhs, we obtain

A Mo Tab sime Simg 0 MoTTT a"sim 0 cos § .
- - et et e o e e e e
wx ¥ L

Ry Stn ®
ATt 470 vt e

4TV ~9

whave vz I Tar s The ‘W\a-gyx'diukde 0’% The c{L\ao\e yomaent .

C
B-vx A= —_rr }—(\’Sl'me Ad) - ~9 P—{‘(f\'v\ef\p)
~coov 15 Yo ' DY

T Y sin &

H

M (2 cos® :iv + Sin O /&ej whith (s the same &s obtaivied in
4wy?

Example 3~4.

g
&Xg”‘ Tadp' . _Sl Tadp' . } R
AT ¢|:° R\ ¢ ¢::° R, ¢

k-4
1

a2
1 1

T C
?i,zo(z"fﬂ““mfﬁ‘:x /(

(A \ } [
ootV ta cosp dp' ¢
+/‘A°S (R\ p ¢"’»
¢

"

Ra
=0 .
Th bk 'm(—‘- -4 Iasimp'dg' and 1(L—l)1¢c::s¢'o'¢'
e quanceties S, z. Ez) 1) 2. Ra
$=0 ¢':O
ave 4TE, times fhe eleckvostakic potenkrals due % q)tac)vw}w\es
Consishimg ol vimg chavges T Simg ond ¥ I cosg, ve speckatly,

omd oc,mky,\agnoa the \(»osil:\'oy\ oy the maoéwe’f\'c «U)kagw)\ko\e, These

bo?zwkca\s can be found fov large values of ¥ by using e ethod o
Seckion 2.10, which s also (llustvated (v Problem 3:43, not ing

howewty That we hang % 2~roluate The Terms géQ{x\:‘.m‘— et
in this case. Evaluaking Tese potentials and subsiiwhmg for e

Cn’ceobyo\\s) we obkatn

_ MoT

_ _n, N N . . T . .
A 4'rrv"5( 6T atd st e Ssng cos ~L'x+ 6wald sineg cos¢ cos 6 ,(\_“2)
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Mo T

cTatd sim e cos g \:¢

47 (3
(‘ .
Y |9
§:ng:/”'—f——_a-(rs\"meAﬂ-—;f——b—(rsme Ag)
YESme 00 vsing dY

3 Mo T a0 . .
M2 [ (3costo-1) L+ 25m8 cos© Lg |
4
A

1

which checks with the ve s wits fov the spectal cases cq; fvoblewn 3.723-

3. 45, AW vtckor \potev\h'a.\s hawe only 3 com},m\ev\%s deku\&evxt only on -

FmeE:Exg,weTV\ehhm By = 2Ry ov, Aaq= S‘% By dy wheve

oy 9°%0
424, ts taken to be e velpvence plane fov 3rvo PD\—Lﬁega,Q.SubsHbuna,

[or By frem Problem 3.29, we obtain the answers Wm)oa%ks 533
and 534 of the bext. The velrrente plares foy Ryo pokgnkfa& ave Y4=0
fov o\l cases. Akkevna.‘c\'r\rt\\?,‘mg expressions fov A can e wyiten
buy anology wilR We exypressions fov V oy analogous chavgr

drstyibukions .
3.406. A\ vehoy \mhn’c\‘als howe only 3 ompovient's dependent ml\a on Y.

F‘YOYY\'%: Yvia\,’wﬁ\’\m B¢—;——a,a_€\.°5 oy Ab: -S A be dy wheve
Y Y=Yy
Y=y, ¢s taken to be he velrvente surface fov o Yyo\(gy\)f\:mﬂ-'

S\A\pgt‘{t\ﬂ:iv\% oy BP from Provlewn 330, we obtain the @llawing 6v\',éi

™
o MoTo [ aF=Y¥" _ q% (w &) ¢
(@) © fo <oy 2o ( - a% n Y) Ly fov acyeb,

1
(M" ( A-bT o ln ‘LB + MoTo (vr-at) e ] C, oy Y 2)b
z z 2 .y Yo~y

(» _ﬁfj’. <m“+’1—_vvx+z) E,} fov r<a, M L“(}?}QJE fox Y7o

(n+)" o n+z
T e 3 b "o
¢ Mo e = = - — C vy vebh
(- ) /-L'{f C.'l’—\gL b o 7—&"1 ~'>r 60 !
MoT wn & - Mo h] L, hor acv<h
): 21 (eF-bY) (C g r z ) t e Wl sy o !

I ~ ‘
Mo tn & C:ﬁ { fo¥ pberce y O fox r>cC.
2 (SF-bY) v ~Y

3.47. (&) Themagnetic vectoy ‘Po‘cevx\:(a\ (s analogous to The electyostakic

\/70\'?.\(\\? calk Bof the Q\no\‘(%& cl(s\‘vlbu&toh %A.NQN\ b\g,
e, = § o v 9=
€0 fov Y= -o
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fov which V was fsund tn Problem 2.53 ().
(b) The 'mowbv\e\'ic_ vechoy }70\’@/\{\'&\ (s &Y\zx\o%ous % e electrostakic

\po\'eyxh'al fov the chow?t destvibution Wb\?

(S:{eS()‘ 6’0‘( Yz &
“Pso“/b fov r=b

fov which Vv was fwvund in pvoblem 2.63 (V)

Foy answers, See paor 534 of the text. Altevnatively; e

AnswWerS can be obrained \;\3 wsing e exYvessions fov B. foand in

Problem 3.31 (&) and (<), respechmedy ; and follswrmg the t;YDCRauLYes

tWustyated iy Problems 3,45 and d:46-

P [ 1
3-48-(&32—7_@,\:7(1%
- " Ve o+ simp L )y x Tdp (~sing' l + s B LY
22§ Tleosp LTI Ly L Ly
$=o ¢
- - : csip 6'c. +os e L)
*’\,‘L X ﬂ(/cose‘k}»rs\n 6‘/&\33x1&9‘(5tn6};% o 9
= 7

v .
T : : V(-s¢ ¢, +cos © L
+'—g /L(case‘yv,7+5\'me‘ux)xIde(s‘"‘ek} L)
z 1 ~
6=0

- T . . .
Y T (%ﬁ*k\a‘f %)

- I‘AO N - Mp wr . . . -
ﬁ\r 41TT3Y:3*N = .—’4“*(3 T (.\;J,(*“;v‘g'(‘b-bj %N

1 X B . B _ .
M L{(cose ~ S © Sin ¢) }VX‘P(S\Y\G cos p - Cos 9) 1;\3
¥

4

A ( Sing Sing —Sin® cos ¢ ) g,}].

A\kgvv\a‘cim_\%, A= _&l[& A . & iy U 4 eee
gwy L et 7 ¢ e 7

wsed as in park () below .

(¥) § dU zo Vvecause ¢! is aclosd looy - &C‘(ﬁ'.ﬁ) 4Lt =0 scneThe
[
e eqpuok amdk

evks due tgp the Two halves of The loop Qv

diypole wom

= R \ L l-LJaLl

\:v-alw&m% §[3(g Yy -Yy v
C‘

opyosite ond henet comcel €ach oThev «
and substitubing in The expvession fov A ) we obtain

1 .
A= Lot [ (1= 3sin 0 stn™@ - 3 Sn" 0 Sing con B )L
~

6y ?
“ (1= civte costg -3 St o Sing cos ) Lo 1.

47




3.50.

3.51.

3.52.

. . 1
T= 2 gcl el di
a T : ) .
= 3 g S (v'cosg' /g,x—ev‘sw\gs'k?jx In dv' (—r‘sfn¢'£x+r‘cosg§\};‘3)é¢'
Y=o ¢'=o

o )
= 1 wytde |\ ¢
{ S(;0 —\ }
Eov amswexs to (&), , and(w), See peae 53¢ of e texkt.

we dinide the Sphevical suvfsce imls seaveval Y\:V\%S }w«alle\ % tRe Xy
Plane and c’k L'V\k»‘ml’ceu'\ma& wdh o de and write the ch‘\ovle woment

due o me such yimg as AV,D = (nIade)(wa sinte) };} which Men

T -
Aeks W0 = S dm = Ta®I Snscn"—e do L.
6=0

6-0
3 .
(&)m:'}:_'ﬂy\ Ta® ¢ A - Mg T &7 5tn © ¢
~ 3 4 N’b Y - Grt N,b
() ™ oc 'LT\'\(\OIQ’S ,‘3‘3 ;A = MeNo L ad sin © }\-45
y®
The Skiku‘v\oa gk\/\eye ts Q_q/u.{,valey\k- t a volume cuvvenkt ok Aev\si¥\3_
Z = Bz € w, v Sine ’gp . We divide The syhevical wrbume inf a
number of Yings & in @Mtke_s(mo\\ aveas dl ¢rossseckion (rde) dr ,‘;',¢
and write the dijpole mMoment for me such Ying as
AY;"V = (0 wo¥ s ey (r dv de) (TY"sinte) Ly Whidh fhen gines
\y 5 ¢
Ao e \.S& g &Q]xr :W Sy
~ Tyl Y=0 g=z0 ~ iIsrr
\{/:SE'JE:SV)(&-AZ':é&.AL + 9
s s ™ c ~
. ¥ T
Fyom Ex«xw\\a\e 3-11, the vechy \oo\‘tv\‘nm\ due 1
e h
to Wae {Y\k{mi\‘ek\a 10“06 wive (s - }_A,‘LIE ln KA * 9 —d e b
1T Yo ~d
Rena

T T om,T (. dtb
&.Ai:g _ Mo LY\S*_A}*.O-\‘S _7“" n 2%° &-b“‘o
efghe T Yo (A %o

PR

W
dxb a2t
; KT . .
SS‘Z'“N - (7 Bl (i dy)
y=d 323 Y
_ MO‘I& [ &-\-b.
B W v
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- 2Aa . 2ha .
3.53. B = Vxh - 22 - L0 L, The direction lines of B ave glven by

3‘3 ~ X a7< .4\3
d a
—r = 9 = _c_l_}’,or, b_ﬁ'?féxa—}f}évazo and 3,20,
BA},[B% _B/\}/BX 0 2% 2y :

A:a = constant and 3= constant .

oYy

y dAy =0 ond =0, oY,

/‘AOE n L‘ + Covxskav\kx f‘} . Hence , The

.42 A =
Fyom Pyoblemn 3.472, b Tt T

diveckion lives o B ave %mb? %; = constant gnd %z constant oy,
a T
(w = conctant, Say, < and 3= constant

(x—d/2)" + s

which Ye\"Yesevx\' civcles &S (n Problem 3.22 (6D

3,54 . 1) e Acwwﬁmu 015 ac?)u\,wv\ %\'z\é S 3ex0 , Then "k v vealiyable as o

magnetic fe\d . Rerw, 8,,¢, and D canbe realined as magnebic fre\ds.

~ 1~
3,55. (o) Le¥- e sheet cuvvent be 3—divected with Je,v\s'\h} TS, and. s (twated
(n the Y=o plame . From S\jw\W\e‘C'Y\? conside rattons , we know that
. C\ \, . \. _ . \__
ol components of Eowe independen oh x awnd 3, - Sinw a3 divected
cuvrenY does mo¥ prodwa & 3 cor ponent o B, we can say ot
8= Bx(4) & * By (%) ’5‘2 . Fuxvthevmove, By ~must be divected

away fvem (or Lowavds) The Sheet and By must suvxe und The

cheel wilh eathh cOm\om—neV\\' L\mmc} ac();\akwituées ak points
etvx'\éis’fmﬂ\' on either side of e sheet. T we mow considey a
veck auvxw\ow box en'clostvz% omnd ;%mmek\(( cal\\} sttuwated about a
povkion o’k e cwrvent cheetr awd "“}’H“} §> E, Ai =0, we %\_ .

s
8\9 = 0. Tp delevymine the on\\é reynaining c,o\m\ryowcv\)f ) By we ot)ovl}

Ampex’e)s civeuital law & a ve c,hxmbvn\ow ppath 59mme¥v5ca\l»}

gituake d about the cuxvent sheet omd l?{mﬁ in a ),]a.y\e ~noymal

ko " - This aimves 2 |Bxl = Mo Tgo o Thus
&Tsoﬁx b«w Y >0

2

Mo '
—’L‘TSofux for Y <o

1}

1w

(b) Lev e Yy oxls be The axis fy We cxafj;moley ond The cuvrent QQW‘W_
tn The 3 divection WK cla,v\si‘\'\a TSO - Fvoym S\éww\e)cnj considevakions

ond We (ya.& that a}—&ivec\‘ec\ curvent @lewent does wmot ‘PYUJ\ACE
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5.56.

& 3 component of B, we canwvite B = B (M L, + By (N L I} we
Yow considev o culimdycol box oy lengtn U ammdh cooxval witn The
(\9\\'V\AQY oma oLYW)\vE & B . 43, =0, we %R)C B, =0 . To debavmine

the only Yewaining cow\\oov\evx‘C, B¢ y We a)qy;\\a Aw\peye’s civewtkal

law % & cirewlay paln o vodius v tn e plaws nov ok 'EQ_W\L}&?“\'-S

and L\mmg “kn cvkrer o tRe 7 axis. This cb&,\,es

2T By = %

oY, 8

Mo LT 750

foy ¥ 7 &

6»0\( Y o

o .
. iﬂojsovﬁ,}é fov v>a

fov ¥ <o

Let tne loo)p be cevkeved ok e OYiOf:M and (n The xy plane with mdiusg

a. Sinwe By =0 be cause oy coveular S\#mwc%hg o the oo} avout the yaxtis,

-3
V.%:O Yeiucesﬁ; E—Y + '_B_’_} -0-
~ Y ‘a}
Ia*
By =0 and By = Mo 2T

(2
2Y I axis B

2 (ot }1)3”‘

} }CLX\‘Q i

2 (av+ 7y

See }:a%e 554 o’k‘me, bext fov answevs.

Geomebry
Infinive line
I,v\kini\'e sweet
Infnite slab
Twfinitely lona
oy indey %
Two - dimensional
dipole 7}
Tnfiatte Sheet - pair
Cylindvical suvface ()

cylinder with hole

Examples 2-4,2-9
Examples 2-5, 210
Problems 2.12,2.23
Problewm 213
Pvovlem 2.24 (b

Pyoblem 2-15

Pvoblem 2-26(a)
Problem 1226 (b)), ()

Problem 2.27
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_,——————‘_"_’
L)s/"-

At o point on e 3 axts,

évow\ Pvo blem 3. 14 . Thug

Exa.m}y\e 3.3
€ xamples 3-6,3-9
Prvoblems 2.16,3.29

Examples 3-7,3-10
Problem 3.30 (&

Problem 3-71

Pyoblerm 3-31(a)

Problem 3.3% (b), (¢

Problem 3-34




CHAPTER 4

4.1, Applying Loventy fovee 2 Yionn b threw velocihes v, ., and v and The
‘9 a} 7 W ~tt L 37

Cov~{€$bow<l,{v\ck fvcees By, B and «EB’ we obkain

5 - (Ea-E4) * (B, -F) 4 4x* 8 a8y .
~ - - . i . - ~'>--
T : - . -
ﬁ(EI’EJ’ (VNL'(\,C’Q 4 (—}:,x }0"9) (,LL\.:) r‘\‘-l-%‘)
From ixzcligx-glxg],wemenobkaiw E oz bxt Ly-

4.1. fFrom Lovewly kovee Jacvan:CM, we hawve E + Y x8 = E 4 ok B 20, 0v,
k",fl";{‘?%g:o,ov, E’,be:O.Tkus E:oov CE’} whgvecig&
consktant - In eithey case, frowm £, =19 (?u“‘”'\rf}",gﬂ | we obtain E’gx"'gy'
—\'hen,(y(ovv\ S‘*E:‘,E,,s we ‘?L)C E,:’b}

4.3. Method of solubion is Stmilavy %o that of Exo.\m}nle a-12, except That
'\f\}'s v, oy t=zo. Vsing this initial. condition mstead sz ‘\7\9:0 6\)\(
t=0,we obraln
v, = o w U - a E

x = 9 (\-cos &) AV Sim We an v,z S0 Stnw koA VY cos w, k
By B,
?Yocead{wnoa kudW\e\( , we obrain
E Yo .o
% = Lo (wet=- Sinw €) + Yo (1-cos w k) and y= 28 (v—cos Wct)"”—;) sin w,t.
we 8o W ) w. B, e

These eal)uahons YeancseV\E o Uﬁaoca wpon which (s su\aeviyn)quseA tHe

CUrat ol by X = % (1-cos w, &) and y= Yo sim wE « This cuvat s
13 W,

& civele with cewtev ab ({—f »0) and hm\n‘m% vodiusg M . Rowg\n sketch
¢ we

¢y the path fov swmall vy ts shown below.

7 1
+ =
FA O
N Ceefm \
9 TNE, 4ATE, X é_"é KX
w,Bg w8, Y g0t

4.4. Memod ols solubion is s¢milay bo Ehat 0’& Example 412 except Ral vy = v,
fov bzo. Vs ing thic nckral comdikion instead o vx=0 kov E=0, we

obt ain
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€y

"~
X = {wet - Sim w, k) + =2 stw we kb
wCBQ W,
y = Es (1~ cos wet) -~ Vo (1-cos wek)
w
weBy ¢

. ) : . 3 The
These cwah‘ov\s Ye}qve_ge\/\\' &Chjt\ﬂok wyon which g S\LY(’.YLW\YDS?_

CUVVE O e \ma, xz Yo sin wk and Y = - Vo (1-cos we¥) - Thais
vl We
N
ar . e Voo,
Cuvne (s acivde with center a¥ (o, - = \ and hav'mo vadius "y
c .

The paths dly the Fest chavae fov diffevent cases ave as bollows -

(a) sawe as in Flauve 4.2 of the texk.

E £
(b) * = 0 (w.t - —;l Sin wcﬂ o 8,
("c Bcv (4
. _fo (1= cos w ¥  Bg w By
L 2w, B ¥ fo AT poam
¢ o OT T We wt\clA’x
- - : ' th T, 4TE
(6) %=k 0 9z0, sEvargnt ine bo o 8,
alovo, The o%is .25 ()
oo e Y e
Eo
- Siyy w ) . 2 E AT E,
(@ %= o, (et v e 1 s &5,
[Sag/] [ ]; ;‘%x
\3=_ €o (\-—Coswc‘f) £ 1T gz AT
we Bp W ¢
Eo .
(e) X = (wct 4+ 7 Sin wcf)
weBo
aky | (e)
2 E -
y = - 20 (1-cosuw £) w8,
w By
4.5 WY‘\:{;L‘Y\% The LtUAa\'t'ovxs 6(; wobion o'(y'n;\g kest ckaw@e, oand eli mino&\'hg Vy
v
we ek d-vy " wc’l- Ty o= :1_};_-0 W, ¢os wt

The solubton fov vy consists dly bwo pavks @ e Complementary, funckion
Cy, cos w ot & €, stnwet and Te pavk¢culay w\te?m\ of tRe fovwn
Acos wk + Bsn wk fovr wFE W . SW\os{-(-l-vLHvua the ‘Fowk‘(c,\x\av in the

AA’.%@YQY\QL‘A\ evo&(ovx and ewlua)ﬁ'ﬂf) he CDQ"B"S\'C"QV‘ES/ we obkain

w .

Vy = 1€, ,L_f——b cos whk + ¢ cos w bt CLS“"ch for w # W .

122} w, -
Fyom J_"f" - LB 4 , we Then obtain

4t =

: W, W

\r» L N c - Stn wt - w €y sin w bt pw Cy caswct]

48, moowl-w
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4.7 .

SMLSH’L’L&}‘\'V\% the inttral cond(tions V-x:’\ry =0 fov Ezo Eo wveluate
€, and €, and TRen 'vv\\'e%vo&\“ngl we grk exhvessions for x nd
whith wpon swbshhubon {y TRe inikiod conditvons x=y =0 fwwt=o

oolir\r&

W . .
*x = CLEO < < S wk _ sinweb
oy wet - w? v
y = Ep _We  (cos wk - cos w t)
g8 wc"—w“

Foy w=->o0 ,. TRese vesults agree wilk fhose obtained 1w Example 4-2.
Cov The CaSe w=wg y Me Yo ceduve ts Strnllay =xcept Wak We
‘(ao\ﬂ-\‘tm\k‘("wkz?w& ¢s O We fovw AL cos w, ik + BE Sin w t
which czA.'/NS soluhons |

1 Eo Ep

Xz 3 (sin we b= Wt cos wet) and y= =% £ Simw, b
290 W 28,

wnb(n% The ewid-fons kaxo\'fovw fov The test chavog ond e\(m(na}\'vv\oa vy,

dt
we %\; Tx + ""LLVX = :1_;?0 (Wc.’“)) cos wk
%’L gl
which ofves vy = L€, coswh + ¢ cos Wb & €, Sinwek .
m wc-rw
d
From E*; = 1P vy - 1Ep sim wh, we Men obbain
™ m
wm € .
'\r\)—_ .(;g - q_—_y_;\_b T Sin wk‘—c‘wcsiy\wct +C1WLCDS wck_{,ﬁ_—é\o Si‘nw&]
[ [

Smbs{—ii‘ul—(vx% The tnitial LOV\JL*I'OYIS '\"X:'V? =0 6,07 rzv B evaluate
C,and ¢, and Then (ntegraking, we obkain exlpressions fov X and vy,

whith wlpon subsh hudven o'k cnitval conmditions x=y=o fov t-o %,(MC

X = 1 B X» Sin wb Sin wCE]

wW{we + W) w We

PRBEEEE

‘3:

w We

1€, X cos wk Cos wek ] . €y

(W, +w) w B,

For w— o0, These vesults aavee wilh Those oy Examlle 4-2.

Fovw zw, , x=0 ond 4= (\-cos w.t) .

cho

For loop ot an orbitvary diskane y prowm The 3 axis,

- Sﬁ‘aztg\?'kkj'ﬁ-kb(—’_ X) A\ad‘b :50\7(“\3-:}'
) 9
- 4y _ d
SRUURTINE Rk

”afwa)
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Y
4.3, we(g.ds = (1752 8 ‘ ‘
g S, S g (- 3 cos wk ,LV)Q.(-A?A}LX): Babcoswt ln 2,'%‘}

1
§>,E~a'd£v z - .A__Vi = (Bo\a\\r\ |3+&) w Sin wt .
c 4t o
4.9, Y = S’B’.A,Sv: By b (% "9_1“} cos wkt
v
§§.AL - - v . B, bw W 2% smwk+B_°Z°i cos wt .
< - dt K4 g4+

&.10. (o) Since The tnduced eleckvic preld wush cuvvound The biwme ?\row\otm}
maobme\‘fc gie,\cl7'\k’ Vias ov\\,\} a v c.omy)owevxlt. Also, frown sxavnme\rw}
cownsidevak ions, Ey {s ‘W&L\,ev\c\ev& %4 Y and 3 and wawst be an odd
B‘*“t\-\’on &y % - Co\r\s(daviﬂ%‘\‘v‘\'ev\ O\YCL\’WV\%ML’XY ba’ﬂ'\ cdefc s\jmme{‘vicauy

sihuated about the x=zo plane as showwn e fgure, we howe

E-dl = 2 {Eﬂca (cd)

~
cdefc
g,
f 80 Sin wt .+ 2 % (cd) e‘)‘( xlca * % Ix'x
é B.d4s = % % lx x
-~ ~ i
X % Ix %
i . xl>a Nl
ave o cc‘e% B, Sin wt. 2a (¢d) 6‘7" =1 d ¥ % ;x'ﬂ €
\(X'l\‘\‘
Fyom \:mvaéay's law, we Then obkain T RRE
k] X X% i %
- C xl‘irscx
e w B *k cos Wt Ky fov Ixlea % N Fa £
~ %1 FERR RS
~wh, o v cos wt :‘a’ fov Ix)7 o~ x=0

(3 Method similay to that 6 Exawyple 4 - 4.

0 &vv Yea
Y'L-_O:L.
va' -~ B, w cos wt ,‘:,¢ v a<ved
L .
-b-a B, w Cos wt ¢ for Y=V
v ~p

() MeThod similay ko thal & Ex«m}o\e 4-4&,

L A%
LY ~Y N
- ———— %OWCOSWL‘ L}; &QT Y& o

E- 4ot v
~ v .
- 2 p,weoswt § fox Yra
e #

] .
M. E - L'y = wo L y - ¥
4. Bz E4grB =07 gt Bp Ly zwaBs by

A2 L 4.4, v-[ Eo _ € . _E ) .
4 Fvom Problem ’ Y (80+(v° 'B—OJ coswct]}:m Y(\ro 75‘2)5\“W°€ }V\}

fov V.- Eo - Eo ¢ i
0= — ¥ = =L AE; = y E * . -
B, ~ 5, Ly tnd E E»r'y;xg EO\&%-:— _B_kaﬁBobs-o.
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. a!}v ) yta 3+b
4 S-—— 3%»-5 BowStnwtu-(Adva E 5bwsmwk—(n‘3+&,
2t
s 3 3 2 J
+y ks
§'\£*§'5},=§} fﬁeugw\:é3+0+§- Vo B cosw':&~b+o
< 3 ? 3t Yo

V%, ab
- 2% — cos wh.

9 Ly+a)

Ad&(nob the btwo, we obtain the same vesalk as iwn Problem &9

4 A, chis\'uﬂ‘(ow cowns (sts 5\7 e«m\ua\-\'noc) The cuvls dk E o\g\'a{vxec! in Pyoblem 4.10

ond showing that ey ave The same as The coYves};oy\A(v\? _xpvessions (oY "Ba

Jw

T

4 .15 . (o) Fyom Exo.m\o\e 3-3,The magv\eh'c quutx Jens'\’ry

_oX a.}:oin\‘ Pon € (¢ ginen by

B o 0T (cosd,~cosda) Ly
4O

Cwhidh Then %,wes .
o 349 __:a;_:‘/\
- 0 = - v

(b) We considex he Ylane suvface S bounded b\} c =

abbly e modtived Aompeve's civeuital law & C -

We Then hawve {IASw , and

£I<ﬂ IE 4“6 (So\td angle 1 subbended by s A )

4 Xt (solid le £u, suwbtended by S at

‘hreo( ore ange nees Ty > e Q’J}
subskcbuking s __ 3
upstitutin _’L—“'{'I_ ] a'n__ T[
5’ \ ,-———————’—’0\ +(’a+3) o T ,_A_______+&-b 5 X

n ) cJQ\
and rvwhm}'ﬁm\‘ T c I and 3_%7. -1, we ek
[Ia’)s - —T: { 3*’& ’}

NEC (}+c] }a +(3- d)L

whith atves e same vesuld for c% B .3l as in park (a).
[

416 - (a) From Problem 3,25, Re wagnetic Kux devssia\y due & Fe Suvjace cuvrent

3 ¥
distrivution is B = Mol { —7. - -—} O which goves
l o Jvieayr 13} S~ f )

4Y

éB-dL: /‘io_{ [——2——— - 2
e 7 2 Jrreys %)
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(b) CoV\S(AQ‘(\'Y\oa the Y’\"‘“e S\M()»o\te bounded b\‘} <, we kqva
[1‘_—\5 20, and
& R —
g 2T <\ \F‘T;’?’)} kﬂY C above The X\a \allme
SS' Ai -
) S

k4
;%r_eox_zﬂ ( e ﬁ‘)} fo¥ ¢ below Fe X}Haw

Supstik \L\—{m), these wn e WWAL(?‘&J Am\:Ue‘S civeuibal law and mo}iv\z}

2
=

That %% = -1, we DX,} e same vesult as in };m‘v (&) -

4.17. For patk C cutside The sphexe, we consider a bow! shaped suvface which
does Mot cuk any ffTRe SUYfac curvent ov Wae siohevieal surfate e Fov
botk € (nside Whe sphere, we comsider o plane sw¥fiee. Fov answers,
see \oou}o, 534 of Me text.

4.8. The phosition oy The \)o\‘rv* c\\oorzyu on The 3 axis at any Elmet (g b
Consideving the plame surpac S bounded by C, we Wowe fov a posiivon

7 of e poink chavoe , [_Ic'xs:o)avwl
$g-dl

0, A1 4T (2] v

1w

Za
¥
&&-AL:— M .é_ f o
e~ e T e JFF}) B e
= Mo®& __jf;_,____ dy _ M8 ,___f.‘:—————/
2 (a_+§v){"dt 2 (& +Voe) -

From S‘?"‘meh"é considevations %c B.dl = 2T By

S B o= Mo® Vo o

3
4T (g&-&- 'vb"- £*) f

.19, Consideving The plane surface s bounded by €, we have [T)e= 1, and

[IJ—JS S f@ g e, E. éi: S—k<€°hme5 We eleckvic é‘(&\a {feM)C duels & "-VUSS.”’? 5) )
s

LY

Fvom Sywmmekyy considevatians ,This elecryic fie\d 6/?.\”& (s —;—e« . Thug
0
\ -

(1= £ (8 <33 and §ordl -G

£.20. We considey The suvlphee S to be The \o\ame suvfnce boun de d b}} C excepk fov

o slugnt \L\(,wawd bw\%e aX poink chavet &, w avid the chargt . Then
. . d & voder g, 198 L L)
[Lﬂs-o, [Ifﬂs— ﬂ[€°<8’€o Zeoﬂ s dt * ’Ldkz— (I)+

=3 = 2
s:,ma ‘§c§d£- 8/«49I

56



4.21. We consider the suvfoce S & be the plave swv(jv\ce bounded b‘g C except

fov x slignt b\,q?,a avound &, o he Yight o &, - Then, [T =L, and

dt L g

KRR _‘i[Qx 2w (- r)+ %};LT‘~ Q3 2m (l*—‘)'}

Xy

- PN C‘Q CodR ~ - = AQ
=3 (CRIR T3 v R

s 2 (- () + 5 0 = 2 (07 )0 = oeent

%Egi = 1.oéoé/uo.
7 x &O/x_[ yrd _l:i,\ ¢
e L [T age e ot
Mol
4 v (34 a7 )

4—.7.7-.- <T xB
~ ~

1

W
|

Lvi, +(3+8) 8]

Mo T ‘ .
g0 vl +(3-d) Ly
e {vra (3—&7"'33(1 Y K

M(} C;Q\ . Mo JQ'L {
— —— |t t — —_— Lre
qr Ry N de/ TR AT Ry 4

/‘kg—' ﬂRl-& ———}:'. NRL—E /qoaa(:.
ot 41rR3‘ AT RY

"

1)}

4.23. To analuate T %B o & ],’o-\“\. o The ¥4y plane, we hant o st find v+ B,
~ ~

ak an avbebyary point (¥, 8,3 and then et 3 0. Generallying TRe
' .
Fesule dy Froblem 413, wehowe Blog3) = SO0 ) Ty
L NS EUAISY N
whith gines

Mo 8 Y, i (e 3) Gy 4 oYY (vt -3 ) 5?%
ATy (v« (vpt? 907

T
LY,“},] : MD 3vartt L MY L-YL+LVOLEL7

VB =
~ -~

1%

A "
4‘((‘ (\( '(’VL%L);/L Y 4T (‘(1--("'\1'07-{71‘}‘;/1. ~Y
; ? [ Q . ot
= o — e yi_ -kt ] - €o 2
a ot L aw («uvo«»m’/’—( Sv TR L) Mo=? 3¢
4,724, _ . : 2E
Y AB = B, pCosgy Sim WY };\3:/&060__5_.
ot
FN_:— Bof Cos@xa, cos wk
WM&
F yom VN)@E:_.B_E_ 7wehm ?——E\}:b—i’)x :Bawsin ﬁ’} cos wt .
~ 2t 2%y at
E = _ guw

cos g3, cos wk ,L;,\a-

Cow\\’o\vi\m} the Ywo axpressions éov g, we %ck B = wme :
7
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4.25. Wovk vequived = (J7-1)

‘7—[?‘{?6 - 7’+i +4) —Z;' (l+3+ __)

+ 4_“_&0(—.;:1 "L+4) P S +3)1_ 0ul4Y o

4.26- (a) Usin? The vesult (pv V from Problem 2.52 (), we hanve

We = o " N “r eo ke % ..
€7 e eb - CZHO Y - Y "?_a3>\f sin & dv de d¢
v=0 g=z0 =0 6€,Y
= E_f_fﬁ (zbg+}&5—g&3 bl) N -
15€,

(1) Using The vesulk kov V fvom Problerm 2.52(¥), we howe

\ o W T . d Ag
—{g‘(:ol:ola (e° (ﬂg_ne&(‘%a” ~-x3)| ¥ sin & oy €8 #

We

A3

- 'W?oq_&;

= I N-mMm .

1€

- N 2 . . S
4.27. Vevtkfca\‘fow cowsls"‘ ﬂ; em-a,\wa*w\z} gv lL €, E dn usw\fj'me ex}avessww

ko % obtaivied in Pyobolen 2.25 .

4i2y . FYom ExampPle 4-1, e borent tal enevoy assvciated WiTh each chavge (s

am R 0% | wenw, The potential enerqy asso ciated with the kwo syhevical
lgeo
i 8T ()otaq .
c\rwwoaes S —
15 €,
. )( . ‘/3
() Radiuvs fy the "nQVJC}\(LY%L dickyibwrion = 2 " &
7z ‘3 5 T g
Yokewtial enev oy = 4Ry (T aj = 3,75 4T 8
[ eo [gea
wo vk Yavueg . 4 Tmeiat/ise,

() charor density £l the mew chavat drstyibubion = 2z f,

a’ el
Porentral QY\QYW - 47 (2'(0) - )
. 15 €p 15 €p
wovk YUUL\‘.\(QA = X‘WFO"' as/i5€, -

4'2-q~ W = .\_e €.t _ s y
¢ g\zo\"“ o £E dv = SW\ 7 €o (Ewgg'(ti.urgﬂgv

- S\Io\("‘zeoe'\_-‘_ ieC’E'z}*eoE\'EL) d

4.30, (&) From Pyoblewm 2:93 (), V= &

a \ 1
e G SEnD I AR Z}e°<_;——£>é°Y“LY‘b/

and 0 fox ¥ >b . Hence,
T
2 Qevdv = Lt { {
k=
Y=o~ e=0 ¢:O
g*(b-a)

A
gmWE, &b

.

3

We Q 8(‘“0\) — ( t) vy sine drdedgp

n
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(b) From Peoblewn 2:26(e), E =0 for vea, Lov oY e<veb, omd 0 fov vob.

4TE,Y
. Yy T T 2
o = A K3 _ T b-a)
We = g z €o E dv = S g g & v¥sino dy JGAQS: —-————-& (b-a .
Yzp Bz0 pzo ls'I\"Le‘,Ly“- gTeé,ab

(e) Su\oshku’c{n% 5‘ = ___LQ_,_ Cv fov voa, 0 bov Y;&, apd

4-rreav7-

~r 4T ELNT

,Q,Y kov vob, 0for veb (n The expression for we ey
in Problem 4.29, we obtain the same vesult as in parts (&) and (b)-
450 () Us(vu} the cx}wess(ovx @w A obtaived v Problevn 3.46 (¢) and g,\m)ug&;w}
Hhe ‘W\hz%wx\ , we o\;’cog\'vx lhe yesuly ca,(NQm on ]oo\%z_ 535 of the text.
A can be obtained altevnat ively bx} us{nca'me method ovtlined in (k)
below .
) From av\a\oam Witk tre electvoskatic ro\'e-{\\(o\\ due to The Suvfree c\\m’%l-
o clev\s'v\'\? €z O boY v=o, The 'W\aobv\eﬂc vector pokertial due to fiie
Suvfce cuvvewt degbyibukion To= Ty S,} for Y=o Is gkvem by
A= {’AOU—SD“IV‘&};? &DY Y < ac
Fo Tsomln_‘%‘lk‘ly fov r>o
wheve v=r1, (s 1he Yeftvence swuvfrce [ov 3vo potantial. Using Thes
vesulk and c\nooscno}jr:b , we ohtain The wrechor ]nohzv\h'a\ wn Re ve,gion
Y 2o oy tRe «awen cuvrent dostribution as

g [ mon () i et (e e n]

vzo : vizv

YA N
—f_‘_fo(f(nf: - “‘*)c
'S E v 9 ~Y

mbskf%—u\'iw% s vesuld v The cv&eaw& oy W, we c;,l\’

Wyn = ;L'g& g“ S T, T { ficz_%(i*;a“%-‘ﬁg"’)}varagsa}
Yzo gzo 370

7 4
= WMO j-() 4 n E— + g——)
= Moo o ~

= 6
432 . (a) VUsing The expression for b from PBroblem 3.47 (a), we obtain
1 ! !
W= 7 X S (oo Ea)e (M6 Tso & Sn ) dxdy
2 Xz0

S (- Tso iy)' (- Mo TSan,b) dx d3
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(b) US‘L‘n? e ex};vgss(ov\ for lj\v fvo Problewm 3. 45 (d), we obtain

“mz 5 070G (s (#o "’“‘3 ”3 S ) drdadys Ko

'91’0- Xz0 3:0
4,33, Mdcz)wekx'c é\'ew fav The cuvvenk distyi bution g\; Problewn 4 ¢ 31 () s %m
W fvoblen 3.30 ().
Magnetic fe\d for the cwrvent deskribukvon 6 Problem 431 (b) obtaina
by us(vx% Aw\Yveve\s civewital law Cs opem \_7\?,

1
B = MoTo¥ ¢ kov Yo, M_._.—-"TOALC for a<reb, and 0 fov Y >b.
N\A%y\e\'\'c &\e_la 6‘” e cuyveny d{g{-vl}:\k\‘:""\ S} Problern &3 2 (a) s 3&/\!@\/\
v Problem 3.21 () .

Magwetic feld fuv e ewrvent distyibution 8 Problem &+32(b) {5 given
tvi Problewm 3.29(d).

ing M e esstoms fvr B and ewvnluating gl 8™ e gt The

Using Mese expr B T Ty !

sawe vesults as in Problevns 4.3 and 4.32.

4-34. W, = S 2p %'% dw = S ’?‘_—,jk,,(%l+EL7’[&|+ELj dn

vol Mo Vol
B~ B, .
S\lo\ ( ;_’;do * 'Z—No ~ > v

4.35. (a) By using gu},ev)oos%'ov\ n Covx‘jw\ch‘ow willk the “eCYY }oohm*\'a\ fo
e cuvvenk diskvibukion f pProblem 347 (h) and consideving 7=
as the Yefrvenwe suvface fox 2avo potental , we obtain tRe ruUu'Yeé
artckor },o\'ev\\\'ods ov The cuxvent Coo((‘-a{w% suvfaces as
’f‘v = /‘*0<1| kvx% +T, W %)k’, fov r=ocy, A, (T,¢T2) n S}; fov Y=b, and

0 for Y= cC. wWe tRen hont

Wm:)igz’r\‘ g‘(i\;w<pax‘(v\_&+/&a (v‘&b>5’y&&¢d}/

#
ST e L) b
p!

:T\'ﬁko(IIL ln—;—-_ +7_I|I]_\V\% 7‘\\'\—*)
() Bao por vea, fg XL v acreb, MolEit T
~ Y

v
. Bt
fvulumh'm} g T /%—o ci'\r, we %;& e same vesult as n part (a) .

6“” bevrae oéor Y>c.

(¢) S\A\)S-l'\'hkm?, B Mo Ty /%;é foy acvec , o olmerwise and
12

6Q



IL{OI?_
Y

B =
~y

,5¢ fov bevec, 0 elsewheve (n The €xpvession fov Wy,

grven v Broblem 4.34, we obtain The same Yesuld as iv pavts (a) and (b) -

o8 .
A.36. 2 - - Yy E = 508 cos (wh+ Co—lob B Sim (wb-F3Y ¢
A ) 5u v f P Ly
B = f_{f son [whk+ @’2‘),‘:0( + \f—O—ﬁ cos (wk- £73) ,\.) .
-~ w w ¥
Po= } %go [ 16,000 cos™ (wk-83) -2 500 sin® (wt-63)] ’L“"b
Np T
4,37, f\, = EN* g’— = __._O_—o-——— Sin 2,(}12, St 'Lu)t‘ ¢ .
Mo gyt n & ~y
[
Recv,u'ved poweyr = S Pods wheve S s the s\ulya,ce \;-ow\c){n%ﬂw_ wvoluwme
bY
v O . "R S .
= g S [i\ .[—YJYJ};S}I}-} +g S A .[vévéysﬁgs')
Yo ¢ ?:0 P20 Yoo ¢:O ¥
P.ds
+ ~
cyh‘v\ch'\'co\l ~
wwe«\ccs b
:0+_iﬁ,1.‘l_-§\‘n7.@}§(nzwfgéi+o
v Y
4_“\1_ . ﬂ[\’owo.v
v Vo1,
= %0 g 2 py sin 2w &
4 -
0 s s \ g
ISE.A}A 2 Yolo g 18y zg\/ﬁ
s wtz X 4 L
3
4.38,

Ah}:\\ai\n? Awmpeve's ceveuibal law ko The cuvvent distribution, we gt

T
B - Iu’oToY'L. ¢ Y <o and /"\03—0 a C
) —— Y > A -
~ 2 v & ! oy ~ for
Fov r<a’ 'E"x ;sv = E, };-,} X (koj—or v Mo EoTo ¥ )
2 ~ 2 ~Y
8 B .
§S,EJ7L_:’_'JE; gsd Exf-—o&fv.\_ E}x:'ai
po S\:v ices Mo cylindvical Mo
6 Sm’b—o.ce
¢ n E.T, "
o f (-2 &) (rdpdy L) =-TE V0L
3=0 g=0 z

The winug Sign wndieates thal the power k(vw te intp The volume . Mow, The

bower Q‘*}vevxéeé b; e

fe.zavr:0" 5" 7,
Y =0 g=o 3=0

wirieh 1s The

b«'e\d U COV\S-\-(M\-\‘V\s the L/Qow 8} cuvvewt (s
,Eﬁy' TOE«}\Y‘;(J}” ‘-'1"9 z TE, :roYLL

same as Thal obtainesd bj Suvﬁme 'W\\'Esvﬁ\'ov\ o}m Poyv\}ivxg oY

4.39. Metmod stmilay B That & Examble 4-13. Fov answer, see hage 535 o the text.
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4.40. (o) ASSu,w\(v\o)/ solution ofy he foym V=V, cos (Sook+ 8) and SUL\JSH'M«L‘Y\%,

inte the J(Myqv:v\h'at {vm{'fow oand solm‘m% fov Vi and 6, we 9&

o 71
V= ‘—é—cos(gool:—.lz
-
{v) 7_;<x()'h5 (J'S‘oo)v + YV = toe 23
LI
V: lg-e—-)rz" y N = o oS (500{’.'—2‘-11)-
1 =

4,41, solubion siwilar o that §fy Probleyn 4.40. Fovoanswey, see }m?e S35 USLW@@"C'

4.41. AL ]oo(n\’ A, B:- -~ cos wt ¢ I cos (wh+ 90°) AL,\)

1o ~9 2o

Iwm cos (wk + 1350) (.

?

"

J= T
The 6\1\3 s lineawl\? \’70\0\‘(\:5€A in We y diveckion.

I

At hoink B, B = i -t To ¢, ¢
\7 2 A~ 4_“_0\(~7( N‘?) + 4_\‘_&6 ~ X \8-)
1 T
Bx - - [ cos wt — cos ((wt & 900)-&,_ ™  cos (_wk:—-4—5'o)
4o zjiwa
T . _ )
By = I [~ cos wbt — cos (wt+ 90°)_X = ™ son(wh - 45 )
47 ama 2J3 To

Bx awnd é? ave .ecv,uxl tn 'YY\OL%\(\L{"V\AQ and dééfbe\r in Phase b‘? -1{

Hewce the 6—»’e\c\ s civc,\klow\\a }polmrt'becz-

. T . , T .
At pointc, B = (S - Z’\“’?)* o,
10 Wo- Lt TWao
B = Twm + ITwm o 0.5\ ¢ ° ‘1)
x < Cos w + cos (w‘c+30 ): T2 T, €05 (w + 787 4
lo W 2O ™
B - _ Tw v - 0.2 wt
9 = . CpS w = - 25 T COS .
SWo T

BX o d ‘3\3 ave uvxecvkml n ma.aynl{‘\&ae anc\ ALWY o )alrmge, \’é 78°4-l'.
The field ¢s elliptically bo\avcse& .
4&.43, MeWod similar Lo mal J‘k Exam\o\e 4 - 14 . For answers, see ]’)a_ZL 535 &) The texk.

4,44, E = - (1cos30°) /0% ¢ (1 cos30°) [T0° ¢ (Lcos30®) /180"~ (l<055°°)[_?~_7°°=\r6!_§i°-

E\3 o - (1 5in309) 0% — (15in30°) £99° + (1sin30%) [180°+ (1sin30?) (200 =2 [
Eyx (t) = B cos (wh + 135°) ot
E\g(t‘):\ﬁws (wta225°)=-J2 g(n(wl*+('5§°)_ X I
o\ >
€ 30 X
Sy (e ekt iy NGE s
~t=o

}vO\aYigeA 26 Shown n The k\'?u‘(e.
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4.45. (4) The phase angle s - 0. 04T (Y3 %x-29 +33) - Henee, suvfoces ) onstant
Phase ave plaves (3 x - Y -3y: comskant .
(b) sivce o\l ke \d c,owx}whevx\’s hone [hase d¢ ffryences J}y 0% sv ‘800, the freld (s
l\'wealeg polaviyed . A movmal vecloy bo e constant Phase surfaws s

3 Gom 2 by 3 0ye SOe (= hy =103 Gy + 13 5,0 - (53 £, 2y 738, 20,
The k\'e_\c\ ey s \Chemleg )oc\owi}ul in the \Q\O\V\es d'} con skant Yhase.

(¢) See }'z&%e 5355 f e text for the answer.

4.46. () V3 x + 3= constant .

- : o ~30.05 T(¥3 x +3)
(v € = ("?-f:l‘%-k)?_bx}) e

wheve ,\;;7,) = -3 Lt {—i 2.}- Stvier. E has two cow\‘nowevﬁs

\mv\vmdccw\o\v % each olher and ‘/\W\}‘Cmrg Q‘UM‘L W(L%{h&qg but cic"[féevin?,

in phase b\a, IR SV C(YC\A\AY‘.\? }’)o\owl}u] . Novmal ~elror i the consrant
7 ¥

Phase Suvfaces s @:{’zx*/{{'}' Stne ('-J'!.};x—z_ll +3J03 ’g}).(ﬁix-l-g.)'):o,

s
e feld veckor s civeulavly bolavigd in We polaves &y constant bhase.
0T e . 2} 0005 T (3
’(C)% T(ikx_dlk‘}—ﬁ}vsye.) (F3x+3) 5
Eo= tstmwt (-2 coswk 'L;\}-ﬁ Sin wk ,L:,.,y
Bos L (remwk §,vasinwt Ly 55 cor b §y) [Slas 2

Pz SorB 02T (Feowagy.
~% ~7% X
Mo Mo

The «gx'e\A A oy LS Y\'ﬁ\'\\' civcu\u\y },o\mi-bea .

v 4.47. MelRod Siwilar to that fy Problew 4-4¢ Uy we note WRal”

:—%1"' ~Joeo2W (JB X +3y113)

rmi
it

27 (3 L, vL)e
(3 B3 e gy TR

() F3x + 34+17y = Comskant

(») & avd E, are \oerpenatzulav to each ofhier, ctvml in vnuamchaQ, and
Boer o phase by Lo Eyond

£ E_ave also bev}:eV\ACC\A\QY to ﬁ};x*”i»a**i}'
Hane the 6\'2\3 s civcu.\odly lvo\mi},cc\ in fhe planes & consrank }a\mxse.

() See }:a?e 535 QSTWQ text 60\( answer.,

27l
i

4.43.

19 . €, .38 . E, .30 . E, 19 ]
E. e < :(..."C + o ;3 ( o Y. . E, J€.
oo b= (T e 1o (e e &)
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4.49.

Thus alinearly }wlmgsec) weloy canbe exhressed as The S\L\p“}w“kaw 0y

fwo v L\A\a(\\/ polav(?)ec\ aclors 1{6, aq}u& w\wa,“(_hge and opposite sewses &

YokaXNon .

! ~X 1 ~Yy
~ - ' i
=} .
= Eueje—jﬁle”‘ . . B e’ je, e .
-_— k,x‘*'.) JRESISEES Se e }Q
2 2 ¥
9 e e o .. 38
+ Elfj +) E'Le ¢L' . Ele')e{-)E?_e )
RS L £y)
T 7

= (Rl v)R e )+ (B g -)8hy)

Thus an Q\\\\o\'\m\\)/ Y:o\o&vi-bga e cYoY can be cx\;vessea as the Su};ey\vbsi‘\io‘/\

D'k kwo Cb(cw\ox\y }00\0»‘((73,?.3 aeectoys 6\5 uv\e(v,\.od_ mawihées and
O\;\:osi\'c senses €\ vokbakon .

<We? = €, E-E¥
LB e (535 )y B ) ISIURICISEAEY
x\:(‘ﬁ #33) Exr (\+')*5L~) 5\3 SLE 53}e5°‘°11(6x+3%+1§)
=2 €,
4.50. (&) <We” = %r GO—S'E*: 4-"€o<(05£h‘“x e_jlfe—')ﬁ“‘é/i j.(\osivmx ebg'e)ﬁw‘hi»

= 1S GDS\'V\LT\'X

o ST BTy

(b)gz,—beE:- ‘ﬁ St X ¢ LC N
J £ %108 ~x

. Tr .
v 0T sx e YT Q-N’s ™y
é'n’)(log ~Y
- -9
Wy =7 — ’g ,%* - \0 (1§+50 S‘.V“I_“X) .
4o (44T

5 .t .
——— SinTX L

gy3 T ~y
:-X:qm(,'i%x—é*> 5

= - —— S'm 2TX gx .
48T
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CHAPTER 5§

5.4, 'Dev\o’r(v\o} e e,avxoi ond o};\aosch’_ arelocibves tobe £ Vo i, befove e &}a}‘,\tca&\'oV\

dy the freld By oy we obbain e velveihes afker the ayp\cc&con o} the [eld as

—_—

y\ = (Vo’ IE\:OE)

Lo e "51.:"("'_0*

rel fot b) ¢ - The kinetic enevgies ave
. -

*m'\fol— le\ Epb (zv‘,— le] ED!:)

m

t
-;:YY\’\J'.L - — m‘\foz‘-k el Byt ('L’Vb + lel €, )
z ™

Thus The ayxth in Rimehe enevoy b\g e acce\era_l—im} electyon (s ﬁvea.\’ev Thawn

tre \oss in kinekic enevay \7\3 The de ce\evakivxg eleckrom.

Cll\"j’-a.;.m’}{d:eEoCoSwE
-z - E

t

5.2. (CQ ™

-t
- TeEo ’:) tan w7
vy=eE o, Nyr ————— ¢

Al J 1+ w=X*

which %\'Ncs The YQAULLYQA solution kov Vs

jwm v

i3

A +

g Mem ~ 14 ]
(b) /“e = "’T‘ =0.0b500 W\"/vo\'\'-seﬁ. N = e - a3.7x0 Sec
N, lel

e lel

13
The Yav;,tvea kvetvm\«\cy (s o()u/w.vx b\) ton T - ",‘:1 , oY, £=0.433%10 " hHy.
The dvifk velocity W\m}y\(‘cucle ot This [reqpency (s T lel Eo | gence ,The

AN

mo\oi\cka ok s BYQ(U_LQY\CY s "r—_‘__\el - Stma the mobilihy ab yre freqpency
™7

s 't_'_\m_C_' , he veq}L{Yec\ vakio ts —.}_: .

5.3. E=-3YN :—Y/(Sox\g,):—so\g i‘,’x_gox&“}.

Fox x=0,4>0, E,= CE")x:o =-50y = -50€0Yy

Fox xzzo;x§ov E, = EED]‘Q:O:—jox , ?5 = 50 €4%

. . 2‘(7(\3) —\ - & Z’lilx_‘.xq—i\g’
~Y - [ -

\?,,(7“}7\ XYz Tx %+ a4
—Sigwn Sina % ofnrs woywmal \;o{y\kma nte the Ye,a,;oy\ velhwton the conduchTrs -

Foy Y= 2

~
P
1t

. We howeary choose

. ’ - - 506 4 N

Then,  Eq =[E}x\jﬂ_ La = gxg xA4ta ,and b= _:om
4

Ak 'jo (9 Gy *35L,) . For the tokal feld inside The conductor To be 3ev0,

Z'WGO (\27-+ }'L) \? }

65



From s\gmmeh\? considevakions, we then howe
o
2T e [yt x (3+29)")

The total field iy The vegion -5>—A (s Then glaen by

(861, = -

[y g+ (3+29) &3]

€ Coly & +3%3) N +(3+13)£53
[~—33)>—A = E.* EA}"“ = = - -
awey ((yl+ 3™) 7—“66[‘9“\*(}“3)3
£, 4
[ z - Lo ¢ e - €od
~33z-4 ~ e, [ Byl T =
3 Weo(.‘a'l—'*-at) } J s 0[ 3 b:_é TT(L"L.‘_A") /

The \Zhé&uceé suwto.ce C\r\owz}e \QQY unik lewaﬁ? olwxoa the x diveckion S

o+ Also, e second teym in The exbression kov

Sw g\fséjéx:—el_

y=-0  x=0
[%1}>-A ¢s the sawne as e fyskterm wilk 3 veplaced Yoy (32d) and
wit a V\e%a)ﬁ?\){ sion Hence, kU5 the freld due tr & line charae WAM*S
the oacdual \Line c\r\a\\(ogb buk }mss'mcé Mrough 3-_-13 and \,\D\M{v\?m uni form
devsiby same as The megakne of The achual line chavae- Thus the keld
oukside The cownduckor s IKe Same as the field due f the actual Wne chave
aling the x axis and an tmage line chavge sf unifoem density - €5 Sl

Sthated pavallel to the actwal line chavgt and bassing through (0,0,-23) -

5.5. WMeWod of soluton giwmilay to That 8\5 Problewn G, 4.,

e
5.6. (8 E;=- 2 ( ___.e“ (. =0
1e, > e, VY
¢ R S T '
(’s\:(’h= —_5_0 Ei?o T
z EE . S I N eSZ

() E“:(— EE.X‘%—E_‘_"E +esu+esu7(_ -0
1€, €, 26y 2€0/™27 T1111 '[
¢ e + + A 4+ 4 4+ ?5”
S R AT, RN
2€, e, 2€, 1€o!~? T € =
A N PR PO ?SL\ =0 PER l!] 0
G VS
S
—(JS\\ -8 - esm_*’esu =0 % "

So\'\/\:V\%T\-\egQ ecvml'(ons , we oael' QS_L\: FS” R 6515 _(’S(l.

Then ustng €y v € s &, and Coo eS'z_L =8, o we obkain

S - )
su = ooy = ’li<()5\+€sl) and QSH_:—eSn: 7 (esfesz)'

5.7. Fyiva The s~3w\me&~r~3 associated willh The chavae dechyibution, TRe eleckvie

freld ~must be radvally divecked. Then choosing Gaussian Suvfaces which
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5

(o)

ave cylinders kw‘ma‘t’ﬁe same axts {(v=0) as The connductors anmd o levxam U,

we%ek

LTyl Ey 20 gw Y<a  Stvniee theve (5 mo cl«a»(% emclosed ],\3 we,
Gausstan suvkate. Thus Eyz0 for r=a . Now, Simee the freld inscde The

comducYor aavred s wro, Theve canwot be any chavge on the Suvface
r=ao. AW o’k tRe c\/\&\r% asStlaked with Wwe viney conductor Yesides own the

surfe@ Y= b. Thug C(’S 3(-a:0’ awnd ren _Q_E.‘_

2T b

iyl E, - _'e. 0, L v bavee, ov
6

vabh © <l

Pvo cee&\‘mg fusxTher | we W onre
Ci .
L

E Ly fox beveo, which ’Co?LW\e‘( wilth Me foct that he
2TWELY

6«‘4\6 tnstde tRe conducley cered (s 3o glnes

- - - eL_\
(es‘\‘f:g: GO[E’}Y:t (- ,vv—x - - e C/W\'L‘) and
ty Ly s {en - 06, urc} S () e/t

MeThod ol solulown ts stwitlay ko thak (E Pyoblem 5.7

=0, Lf N L A ey s Rt e
Lo Vyea ) [5\\,:‘,— prmees [;?AY:C_— o L S]Y:A ppmpTs

5.2. (&) CoV\S\'Aev(v\«z & Yec\-an%ut\m' bath abcda, we howe

i‘.
L & Eal = B (e + (B (<d)

bes 0 aked o

Thus  Ep, (ab) - Eg, (cd)z0 or Egy = B
Const Aen‘wa a Yeck‘aw}vb\m box a\\;c_&e{l%y\ , wehave,

as the sude suvrfnces (ss) tewnd o atro,

f;:o @ B+ dS = E, (abed) ~ Evylefgh)

Lo § Pdw o= 0 (aved)

SS—= 0  \olume

o box

Thus  E,, (abcd) - By, (efgh) = le-o(’; (abcd) ,ov E

10, (&) Cowngy Ae\*\'v\% a Y<Cf0w\azu,\a'( box asiwn onblem 5.9(b),w€ hoawe,

as the stde suvfeces (ss) tend o zevo,
{Lv §>
Sg‘:\o %’A,S\, = By\l(‘l\’cé)‘gwl(t{:‘jhv
Suvface
o box

Thus B, (_m\acé) - 8 Le‘""ah>: 0 oy 8 _
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{v) Covxscde.vtv\%cx YQCHW%LQY path abe do as in Problem §.3(a) ,we howe

»(;:v_\w Bodl = By (ab) - 8¢, (cd)

be-a 0 abedon

FARY :)v' a s = 7 (ab) s and Lom ( f .ds } =6
ad -3 Yea ad >0 avea,

be=10  aped be =0 abed

Thus By, (ab) - B gy (ed)z 4,7 (aB) or  Be =BT Pos

'I\'Oq?,'e,,:_‘"’b_(YLEv)‘f ! (E Sin @) =0
YSin b 36

A9
~

T”’( (vEg) - ae] 20
(¥) [Ee‘SY: o ° [—- E (I— Sm@]r- =0

o[E]r:a'};Y =€ [E )y = 3C0Fpcos O

v x
~

1\'11

1

(o) [es’)\(:m

(&) ;k = [E’-\A:O = E,cos © ;LY - E, Stm 6 Le = E, }v}.
{:Esl‘(ﬂk: 'Em = -5 CDSQ}VY“‘ Ep Smb Ly

3 oo . .
= _,_an (2co58 L +Sine L),

[E«s]\(w&: [%X‘r?of ~ 0 v?

(e [E _a. =~ Epcose C, tE,smB Ly
[ESXv:ow :'LEoc,oge'g\(-k-EoSmebe

Thus Yre © COW\\()DV\QV\\'S ave u‘)m’l omd the rcomkowev\\—s ave
{

3 E, Cos & Whieh s etv_kaﬂto - 0.

dCSCoV\\\'v\vLo\LS b‘é Co

5.17. C\f\awcag n The eleckyon clowd o We (s ge.

4TWE, 0> -9 -30 -5
d= ° E, = awx O »c_l__mxsxmé:o-g';quo m
(s} 36T 64 %10
15
0.7 X 10 -
-do—\: = ———-———_—‘;“' = 0.8 X110 5-,

to

5.13. Lebt ke Ang,)acemewﬁ be d. Wuth vefvena % e vivtakion §); F(%we 5.9 oftRe

Lext, The clectvic freld aX the wucleus duets TRe electyon clowd s atwven b‘}

d w 0 YL s dy d d

1 &w SY:O ge:o Sqf;o fLn) ne dveede C
£, 7~ N ~Y
~r € 4 d
Fov Svnall cl’

T

RO (pao (T RIOR.

~L § ~ - .
€o 4T d- v 3e, 70

63




5.14.
5.5
5.16 .

Fov azvxili\;v{\xw\ d¢ s},\a\cew\eV\h we have

RE ., 4 Q €(o) d (., =0 oY d= _ 36°E0= iif’_Eg
a4 3e, O ° ey lete
. E
EQ:QA"L}: BEOQ 0 r(i’ QV\A oLe: 360&, .
et 7 ol
3
Fov MY\'\&Q'(W\\\} C\r\onrcgu;x c\ouc]) lelo): 40\ -, e = 4 WE, N .
3T

The electvic freld Ep = Eo Ly exevks eqpal and
opyposite (;o\(ces ow the poschve and W%m’ﬁ'\"\’t
chavges conshhihing tre dipole. Thus
T= (Q EOS\‘V\G) d = P E, Sin ®

ox T = bhx E},, + The bonv;q_ (s xo oy

r~

two OYlZQV\{‘a};(o\ns Q— the di\pv\e,ovxe_ Q.\DV\% e —'QEO l’-v}
fre\d and the offier opposite B the field. Wowewty, Yy The dipolets Euymed
aboul Urs  cenbter (wn ettaer divection , the vesulbing tovque acks to fu i3

furtRey away n Te lattey case wheveas "k Fewndg ko \ovivx% * back ®

eqpilibytumi in The fovwer Case: Thus (Re tovape bends® align the dipole
Witk e |fied .

Mehod similay b that of Exavn\q\e s-4.

Devivking e Chavar dewnse be P(¥'), we write The eleckvic feld
9 ¥ )

CV\\’EV\Si\'\a, ok o boiv\k P due s e Arrtame d‘”% distribution in The

shhevicol amlume v db— Yadius oo as
("

e | e o
v 4TE Irn-r)
Then £,s o e(gyav e o [ FED (onhuvide
Ewad TV _‘;;Tr,,ﬁ v oyt aTe, Ly~

e [, e
4 wa® v ?
3
Bul the c{)mw’ci{:») inside Thre bvackebs s TRe eleckrie éL‘zlé Cy&ev\sih} ok
QYN due B a chavgt distribubion v the sk\«evfcaﬂ«fr@me with unifoym

devxsté\;) 5 cfm> - From Gauss' law, This can be obtatned as — ¢ Thus

3€
! \ ' ' ¢
E - ———— e(eYy viode! o L e,
~ N Y ~ a
4T A€, V! 4T €, Q
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5147, (a) €, = &

L.+ Hewe ;TRe dewnst e twduced dihole vnovnewvts
awe vt v ) T b b

(s inatysely hvepov Eional vt Stnw the surfuce avea of a spheve s
propovtioval to ¥*, the bositine C\\auraaﬂ. ossociated with Me dipoles tn one
syhevvcal shell of nfrmitescmal Thickness ¢s The Same as tre ry\e%a.'\\'m
hovar assotaled wilih Me dilpoles im MRe oxoLjacevx\" shhevceal shell-
Hena | the polavizakon wbume chavge denstdy Us 2200 .

Lek Y-e)”sw el 7 (JY’W cThen (s Tyog = -~ Chso L

&L

1

E_= _ e"’” E_ L {50\' acredh , 0 ofherwese
~$ - v ~Y

€, Y

& Cpso ¥™ 1\ :
E - E, - - T ]y éw aevyeh, E otherwtse
~ +Eg = @ vt Y ~a
4T E, Y €
Q o) ¢

i:eoxmg = Feo 4.'“'r7" .r_‘;;—),‘;y

: & _¢ > Y Yz &
Cps = Frla® e (;%T‘b"_ e}«;so) fox v=b and - 7%, ( et S AL o

Thus g, = Yoo (

we obtaiv the N ex pressions Loy the \(>0\°~Yib“¥“°“ surfrue thargt

ZETOL - e\om) . So\m‘wg this eq/.uxkccm kv ()Y’SO )

densites.

(b) E is same as Em (gw r<o and vy>b - For acr<h w\,skhkno& fov

?\,,'50 , we obkain  E - & [
Y ave (Mt Xego) T
&) For & 20 and bs o, E = ._.___E——-—’ Sy fox oevecos-
T AT, (Lt Keo) YT

Since

Yoo >4, Mis E\'Z\A Cs swalley than e freld due & the \po‘wd- cko«%
i the cmedcuwn wtve [vee sypace. A poviiow &l We boint chovge ts

w\eu&mk(}d bj the \{70\“(}&%0“ C\-\owcaes.
&

' Em Ly r This applied feld tvduces

4e v?

°
Ai\vo\e womenks iv e dieleckyre as shown wn
The frgure, vesulhimg in o bolaviyakon suvface \ /
C\r\ow% N the gw(&mg 3= - d.As lov\aa as theg
\”°\O‘V‘:"ba¥‘ovx S\AYSMQ (_\nk‘v’l}y_ \wo duces a Secovmlavy /
g\'t\é in the dieledtvic whnieh has the same

A\e ec—\‘(\c

shatval dejendence as the opplied freld, The

CO

&»o\aw('bo.\w'ov\ aolume c\r\awo&,t Jev‘sﬂ'\é inside he
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dielectyic s 2evo. We will asswme s t6 be Evue oavid laker show trak e
assuwmption Us consCstent Wik e vesulbs. Thug let

k& . ke
Egs - oS e R (

Yebyt3L,y)  foY 3 <-4
4T ELVE 4WQO(YC'L+-§‘L73/L ¢

Then  fvown Svywwme %Y\g corn idevakions,
g s - R it Gl ey
~ ameg (v + (3+2 )t}
WY\‘%(V\% The, -Q)(‘)YCSSCOYIS 60\( The L_O\_a\- é\'a\AS on \70“’\ S\iaes ﬂs }:‘A ond
Wwakmo, ¢ bound dit beain ¢ ke
ervalwaky e boundavy cond(Evon , we obtain 2
my Fps b ! ) T o

Bub (’ks = oL = [ea’xe%'xs:—é—. ’L:"b . 74200\1’(\—}17;\1/
4T (x> +dY)

. Ervw.‘f inoy

e bwo expressions fov By and mlua-\*‘n? R, weopt k = Xeo  weeh
2.+ ¥ eo

ofves The veqpuived expression for fys * Stma R Cs a comstawy, e secomdary,
Fe\d Was the Same spahak debendenw as the o\},\{,\\'ecl kreld tnside We
dicteckvie. Wener | the polavizakon avbime Chomes. densidy W imdeed yoxu -
Pvoceeding further , we opk

2/ (r+ Yeo) . by
L ~ 3 <
AT € vr Y e
QYety *3 Ly [*eo®/(24¥%e0)} L¥e by + (3128)53)) fov3>-4d
qm e, (vl 5‘)3”’ aw ey [vla (’a“‘”tlm

as veguived tobe shown by The problem .
L2 AN R
v (rEe) + T be(sw‘G Ey) =0 60‘( Yol Ep and E .

¢ 2 v bEr b
2T (e - S z0 o Btk Epand B

(¥) see ]oa%e 5385 & e text for answers .

£ * eo
(0 [bele:a‘“ z [EGS—)Y:Q—: . EyStmo .
€0

(d) [?VS]\’;&

1

' 3%,
€o % [EYS—BY:A*— - LEBvs)yin- % = 2 €oE, o5
Bf“xeo

e - 3E€p X
()E’Eo"e05~ o Xeo

= —— (Eyco50 L, - E,5imo ¢
o 1%
~ L 3. xeo ~Y 0 Ne)

. 3%
LT - [g]\,: g,z ——2 €,€E o506,
3+ %e,

T1



5.21.

We dimtde e slab wl a sevies df slabs 6

Cv\b\'ﬁ(c\‘egtmm\ Mickness dy 5o TRat e

. = =
§u$ce}a\‘€\7i\i\'\? within eatwn slab caw be consvdeved (-i >

t be comstank. I we Mow Cows {devy Fwo suewn

slabs cewkeved at 3 avd 3+ d’b’ ond o\wq\\j e

Yesulks & Examble 5-5 % eoch ) These slabs,

we c}g)( },o\w(CboO(\'OY\ S\,L‘({)'ace CL\O\WyL dewns ches

€, Xe ()
r 2 S E, and «_LM T €02 E, omo(*‘eo}__f_A}Eo,
% (3 b+ %, (3e43) 4 +

ves\,ec)ﬂ‘,\;e\y. These ave Wowewer ot };o\ah}a‘\\‘ov\ surface Ckawz};z,
dewnsthes Q,(Ceb\— at the guY{)-aces 3=\ and 3= 2. Eov l«3¢2, Yhe uY\QAVML
\{,ogg\x‘ﬂ;{ omd q\e%o\\w'm ‘Fo\m(vjo\\w'ov\ chavopr asse ciated witk ad»do\cew\-

stabs ave e./v.u'N'D\lCV\\’ 1 o \no\ouri-bu-\w‘oy\ 'VO‘QMYne (_kargy.- The \PD\QY{-}O\)HOY\

d !
vobame thavar c\ev\schg s (EO%EO, eo’bi- ? Eo) ;; oy — 6025_ Thus

N e_g?EO oY 1e3c 2 and G}:s“ef:f" oY 3=1 and E_‘i_i_" fpraz=a.
The botal %ol«Yf‘)o\Hoy\ ol me c_\«ouaae {s e_zULa,Q'tB 1ev o,

The Se_co‘nclana [5\1\& (s the k\‘e\é byoduced \ov he ]wo\&ffbw*"o“ Q’*”\’fgﬂ

diskyibuttonn + This (s ?{ch; \a\g, ~E$ = - B

22 rf.;}éw l<3<z)wﬂg 0 othevwise.
The botal eleckvee é(g\g e W\en%&/\f‘“ b‘?’

g = E, (l— %3 ’\i’} ‘;V:Y <3¢z and E, l:,} otRevwise .

Foy Eo= E, cos wt 5}( s &v&m&x‘vxg the ethod 6} Exam}ale 56 ond
Caking into account The polavization aoluwe ckowaaL tn addibon tp The
Polaviyakion suvface chavgr, we gk Po €o¥wBo ot C_}.

4

Let the bwo Cov\cluc“\'vvg, plakes be in e planes 3= awnd 3= . Fov each

Case, wWe [md E and Then Use V= go =

e+ dL
3=4
(Q’) E - - P;O C 6. d
~ —e——o "‘} 6°Y043<d) V= So
€
)
- ¢ .
(b)&"%zok36ufo<'b<d, v = eSo‘J
4 €
) €= _ b0 ¢ ¢ 0< ¢ . . ¢
~ — 3<t 4 -_2s0 v E<yed 3y V= S50 (d4t)
e b and 5o Ly v Beyed s Vs e (
€50 e d
N E - o Cfsod e
() ~ €, "'(€1,‘€'7}/d L} ‘;wa(b“l Y €.- € " €,
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5:22. For each case, we Asswme The Surface chavge densthies tobe X €50 ond fimd v

as 'n Pvoblem 5.2V, and aq)ka\'e 5 \, % obbtain QSO

(&) eovo (b) 4.60\[0 (C) 4—&0\/0 CA) (eL—él)VO i
4 d d+t d n €le,

5:23. (&) Stvice The dielectvic slab (s a plane slab and sinu The )vevme"VH‘? ts e

funchon € 2 ov\\\{, Reve (s mo SlacowAm\? éfe\a sukside e dielectyve.

Hena, D, =€ E = ¢,E, }“5'

054

(b) Stnwe Theve are vo true C\"awﬂes i Re dreleckvie, YT Lo

(3 ? = \.—e",%\.
(e) Q\,S = Py = Y-g*]'g:o"(‘k"ﬂ =0, ted 4.53 for 3=d.

Fov answers bo (3, (3), (&), and (£), see bage 536 fy The Fexk.

5.24. Sinte E fov aev<h s w\de};evxdev\\' AL, 0 and ¢, The P?,Ymi%%\ﬁvi\’\g, £ e

dieleckric must be a 6umcl-'on f v only . Rence
() 8 = & Ly fov ok y E= % {, b7 acveb which vhon covnparison
4™ ATEYY

1.
with Re c?\‘f\){’,vx kﬁe\é %2\43 €=6€, E;L.

a \

v . p-€.E = (L Lo o
() 8= 06l = (T )by

. 1
?}’g.—. ?«'}:/V\: iw(-‘—\;L—:L fox y=a, otvf‘(‘;b
(c)ey,:~v.\7 - &
~" L T b

5.15. AY;\’\\y‘vxg Far&&y's law % The ovbital bR, we have

LY © = —._A_ - dB
@ 3t (11’0\.""3}7 oY E¢ > - g;':‘—d—k—b"

The f[ovce exerted on e eleckvon (s thew %A‘/Nm\»a,

’E:—\Q\EF, /\L;ﬁ or \n'\og.é—"‘—’ [ \_e__l_fk i@%’é . \‘\C‘nuJJw:_\f_\ A‘B-}.
dt v 2 Jdi ~ 2w
For The applicaton & aveagnelic freld B = Boly , 3528, and dw= g -
Thus W-W, = \—f*l By (Y"" orbik in The Y)OSL'JHNC ¢ diveckon |, and
2w
- W= (-Wo) = l__ﬂ P’O oY W—-Wy = = l,S_l B, %1)\'0‘(\;&{- v The %E(g@\¥\'r\f( Q/>
2 27

diveckon. Com\ocv\m% The tweo cases | we %L% w-wy = & ‘f‘,"’o which ts The

™

Savwmne a5 The vesuld WV\ \:\.3 Eq. (5-98) %Wg Yexk.
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5.26. The kovape obout he oviain atkivg on fRe loo
s ) 9

(s ?L"I\)CY\ b\a,

¥
To=1 § 0 x(aUxe)

1

11

! §’C. (¢ g Dd' -1 & ¢4y

4

l - ~ ey
Bul éc\'t"é&v:é(_‘é(%'*?;\,* }z),o

x
Also | frorn E‘l' (3-23) O e text,

(£ g1 8L = 4 B x (40 « 3 4 [CBurx ) 2]
Thas To = T § 4 Box(dUvx) + 5T 6,4 (B xDE']
=8 [1§, (avn] =[5 6 (' pd)]x B, = m R B
The torauke oboul an owb{h'ow\g \»oi\f\\’ de{s\'mec\ \o\? the y:osC\\'DV\ sy ¥ is
Ter§ (xhpe (R
I RTOUS ML SR AN A
C
=1 §C‘ L‘ * (.AL‘X}“\) - T le( éc‘ dt‘>x'}}w‘ - Iﬁc'\g‘){ (A'l'.“‘* E"‘“\:W\*EM.

5.27. Cowstdeving We bostheve 3 divecked cuvvent fivst,
we howe

1 .
g c Mob L
~

X 3,><CY
v/, ~Y
BT %l'\(&ws‘?‘) -

The arolume {v‘\‘u)va\ 8 wa\— pex untk 19\«5“? a\ovx%

The 3 divedhon s

1 .
T. ¢ ds
B odw s MoT &, - ¢ }
S vt 27T ~Y * Ss (\(’L_‘_ é;_‘(a COS¢) L

wheve S5 fhe cvossseckonal avea §The cylm dn’m\w‘eMme . The cUmvx%‘ha,
tnsvde The brackels co the eleckyic 6\'e_\c\ \ZV\\'€V\§H~y }’\’°3UC€"L al (-‘—i: ) 0) 0) }"3«
a ~vbme C,\nokv%t_ 8y dev\sc%} LTrE, C/m3 in the u?(&-havcm\ afume . Fesy

: . T .
Gauss' law, This cam be obtained as "l;‘i ¢, So That SV 8 L dvE - M, -fi— Sy
S\'Yf\"-\ﬂ\y, cav\g(c\ev(vxﬁ‘mc 'v\e%a\-x‘rw. 3 Atvec\-eDL cavrent , we ?d—

Id . .
S\/E" dar = - /U:—OT '&"3 F\nm\\y,
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5.28. DCV\O’(‘\'V\ﬂ he CuYYewnt dewsi’f\g to be T(YY), ke maogneRe b’QMx densi’n? at a
potnt P (v) due Fo e wolume cuvvent distribution ¢n The sphevicol aplume v*
of; vadius oo <5 r?u\»zm \:\3

8(xy = § MoZlxTx (L-x') g0

v

4 \.:—r‘\
1

1 M, -
Then ’thr - , SVE(\;) dv = S e 'J‘(rl)x[—gv_x__l'_ﬁdv] dv'

4 wo
3

The nvkavﬂ-\'-}y iviside The bvacketls ¢s the eleckyic freld intenstty ok & (L‘)
duets & chorae dustribukon inthe sphevieal wobame ‘L.:\:Ph umni fovm density

ATTE, Clwm? " Ew\ua}fwo‘)”ﬂ\\‘s b\a using Gauss' law and subs}{l—ukng, we %d-

8, = L¢ [lgv.f'xf(:')év‘} Po

1wad | 2 2ma3

5-19. (&) Bm: Mo L C¢ . hence | The density of The induced J\‘.}yole woments (s

inversely ‘wo)oofkcov:a( to v. Sinee e civcumfevena th a civele Cs
Y,Yo\wf\*t'ov\al ¥, me me%c\)n'/v(’. 3 dcyected cuvvewnt DLSSOCCaJ‘eci wilk
he di‘po\es  eme c)'l\‘mdvccal shelt f ivx&fm&eséma\ theckness (s
the Some as The josithme 3 divecled. cuxvent assoctated wilh the di)ooles

o the ou;l)'acevd' cylindvicak chell -+ Hena , The ma.czme_‘ci‘éo.kov\ avlume

. . ; . .
cuvvent densihy (s avo. Leb [}’:m;_],,:m= Tmso’%' Then [’?’—m;]v:b— Tmsob“t'}

. a . .
Es = ,Aoj-ynso v t?‘ (Sm' a<v<b , 0 olherwtse.

li = §a+ 65 - ( PoX + Mo Tmso %> ’L‘?S 6—0\( a<v<h, %A otRevywise

1LTY
. v % Kyn T
2z 2T (5 et
Iy X My L+ %o Y v
Ymg ( I R
—T (== + 7 ¢ .
= M x ¢ - I+ Xmo 2T & “"”) ~Y fov v=a
T .= Co=
~ms ~ ~N x
wo T a\) ‘
- -, * 73 — )k =
|+xm0<urb mso o/ %y Y Y b
Thus T T ms ( Lo Solving Thts eqpaton for T
= —_ . Solvin < on kY
M0 Xmp TR "‘SO) 9 Pe vnso ?

we obtain The otaen exlpressions for the vna%ﬂe\—iv‘)a-kon suvface curvent

densihes .

(b) .P(DVSO\V“Q as ‘,5.,“ k“’f Y<a ond y>b. Fovr acreb, subsln'—\u)ﬁncy for

Tonso »we obF&in E: /*o(""xma)-f— L;z{
2Ty
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. B =

F - T .
() Fora—=o and b eo, iév - HO(H‘ymo)i\'\'b?’ 6"""( o0eve 00+ The line
Curvent (s aided or \mv\w‘a\\Y ry\{u&(al\':sea \7\3 The W&%’ﬂekbakoy‘

curvent debe\r\d(v\(} upont whehey Xmo s posthwe ov y\e?txl‘fr\)&-

Mo T
2T (4" +3Y)

~ o ('72 ﬁ;\a + \é ,‘;,'5) . Thig a\a})\iea

freld {nduces dipole woments (nThe maﬁ“e)ﬁc

wokeviak a5 Shown wn TRe b‘czuve . \’egu”\'n% n

&macaqu)r(vaahow surface euvvent oVnTVV\e,Swg-abe’ N
3= - d. As lingas tais mmr\e}iba%‘ov\ suvface XL 4
cuy vent }wo&uces a Secovxz:\av? 6’"2\‘3 {n [he

wokevial which has fhe Same spatial dependence as e applied feld , The
W\&%v\ehsa’ﬁ'o“ yolume cuvvent densihy cnside The wnaYerval (s apo. We will
assumne This to be Evue and laker show Thal” e assumbrion ts con sishent

With e vesulbs. Thus leb

B, = R e (- vy tyk,) oY y<-d
zTY(\a"‘-&’a‘)

Then (onm $\1W\W\€.¥Y\é/ considevakions
T . .
B = k_________f_k._",._————/ [-(3x2d) ,[2-3’*‘9.53‘3 fov 3 5-4
~S LT
2w \3"+(>+Lé) 3

w\rmh% Wie expressions foy The total ftelds o both sides & 3 =-d and

. rR1d .
QN‘Dk\\La\'\'y\% ;’:ms from \’D““A‘”} C"V’\AL'HOV\) we obkain I = ——— .L)‘r'vx'
T (yr+d
But T =Myl _ = __f,'l‘l f‘l < . Ko T(+R)S
s ~on v+ Xmo Mo ~y T4 4T ~ X
3=__3 1+ %wo LT\'(% +
Lo
E(UA&‘\\'V\% e two expresstons fov Tvas and em\ua‘\fn%k,we :?Ur k= L+¥mo?

which gines e Ych).\‘.Y'ZA expression fov o+ Sine R (s a constant y Hre
SQLO‘(\AAY\? kie\d has the Ssame shakal dependence as'the apblied freld
inside The waterial . Weww The W\wgme\’ibakon olume cuxvent density

(s tndeed zavo. Proceeding fuvther, we gek

MoT (T +2%wmo)/ (24X mo) . .
/{24 %mo (’},':\g'\'b}v’)) fov 3 <-d

LWy + )

P~
U

ot (kg +3in) | [imopot[ammol Gy 8) oy,
2T (Y 2t [yte (3+29)")

as Yeqpived to Ye shown by The bvoblew .
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\ ?
5.31. (ay U3 = -~ > (rB)s —— T (stme B bolh B oand B. -
()% ~ Yt dy ") Ysing 00 o] =0 fov belh L, ome 20

~ ~L

vxB - ,é.¢ __a” B _b_E—\’ =0 YbO“t\B O.Y\tlg"
~ T[a‘(( 9) DB-X &0 0

(b) See page 536 of the text fov answeys -

2 Yo
(€) [Bysdyops = LBYsd oo ® B, Cos 6
[ Ys’yza+ Yz & 3+ Kymo v
N ’ 3Xm° 30 N
() [ Tsg] = - 8 ST Byod - 22 <ine
(759 o0 Mo [ esl\r:cwk L Bos Y:“" 3+ Lmo Mo
. B R .
{e) ™ = _¥wmo B 3%mo Pv (cos® Ly -Sin€ L)

l+ Ymo Mo 34+ %mo Mo

3 % mo By Sin & .

- Tm CL o=
‘?:S-S‘(:tx" Y"‘-BY:%X"V'r 34 % o Mo

32, We divide the slab into aseries &y slabs 8l 3o

infinitesimal Thickness dy so That The %1
:ﬁ:,_.____._ 3--r3+4
susceptibilihy wilhin eachslab con be j,,)s*r ¥

=

. '5:\
consideved to be constant. T we vow consider yl‘
. b3

bwo such slabs cenFeved ot 3 and 3% 3y end ~daids

apkly The cesults & Example 5-1 t each {—_—__:,__._——————_)_ s
— e g

of Rese slabs, we ok 'Y\r\cxcay\e\'ibo\‘\\'ovx

. Y (y+d3) .
Suv face cuxvent densthves X ’f:“_(_-_ﬂ %, ¢, and mLd Boy °F
Mo Mo
r A By L, and ¥ 3% 4y B, gv\? res\,ec\—\'rve\y' These ave howenty st
Apo 07 v '

mo\‘gwe3«\'3a‘n’ow surface conrent  densies except at the Suvfoces G=1
and 3= 1 For 1¢3< yThe \LV‘\UUA&D' posthme y divected and Megmkm
vy divected mmgma\~i"am\x'ow cuvvewks associated with adjacent slabs

ave eqpinalent to magretiyakion wolwme cuvrent « The mogmetizaiion

R . 4 . 8, -
aolume cuvrent densidy is (- ool + 3x Sy L) = or =2 L, Thus
by s ( aho 7Y Tap, ) 4 A

By .
P ° k,v) 6“ l<yc2 and ;Iw‘s: E.". < foy 321 omd—_B_".g\} fov 3= 2 -

A Mo 4 M ™ M

The kotal mao{wehémkoy‘ curyent cyessing a Y= constant plave is ervwi*’i
32¥0 . The Second axy field Us The fe\d };Yoo]ucecl \x;; e wa@mehéakov\
cuvvent distribukon. Thes s oyimn by B = ng :‘x fov 1<z<2 and 0 othevwise.

The botal mo\obwnel'\'c. é\'zu s [hewn %"’(M \"3.

B = Bo(\+ ;Z‘,)Xx fov l<y<z and By 'C"} ofhevwise .
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5:3%. Leb Te conducking lafes be OnThe 320 and 3=d planes omd lef fhe
curvent [lowbe in the x diveckon. Fov cach Case, we fmd B oamd. TRem wse

\P:SE-JZ = Sd B‘gds.

320
(@) B = Mo Tso Ly k¥ bcy<d , w = MTgd
(2 B = 4P Tso }N} fov 0c3<d, ¥ =4 My Tsp 0
() B = 2 p, T5 ’Q*‘,} fov 032t and 4 M, Tso g‘} ko t<5<d, \{/:/LD:rso(oea—zU

{4y B = [pox (M- 3—} Tso g\} , ¥ o= f_'(_‘l;.—_'lib T d -
5.34. For each case, we assume he suvface curvent densities tobe +73 <
find ¥ as tn Prodlem 533, and equate ko ¥, & obtavn Ty,
(o) Yo/ m,d (¥) V’O/q,uod &) l{’v//"‘o("ed—lt') (d) z‘Po/(r*r*HﬂJ )
5.35. (o) Since The wagnelc wnotevial ts a plane slab and sinu the permeability is
o funchon ok 3 only, There s wo secondary freld outside btre magneXc

wovevial. Hena , B, = = B = LI

~0 7*0 ~0 H‘? ,\,\3'

(b) Stno theve ave vo true cnvvents in the Magmetic wakevial , B2 R,z 2 ¢

() By = p Ry

(O m = 2o
Mo

(e) ?:\ms: tﬁx'sh: [&}}:ox('&;}) éﬁYb:o'[rﬁ"}}:an} @Y}:A_
() gm:' Yv*%
Foy answevs ts (O, (J);(e),““d(‘(’)’ See ‘Ja‘?e— 53¢ ofy the Eext.

5.36. Sinee B for acreh (S dee‘oev\éz“\' &y © and § 5 he permeaby Wy ohThe

Mm‘?wa\'\‘c moterial wmust be & %\Anc«\ioy\ 6% v OV\\y - Hewce

(o H o= X ﬁ,é fov a\lvr, B-= L L¢ fov acre b whith wpm tombarison
WY 2T "

with The ofivtn tfe\d \3€¢\As Pz My %’-

8 .
Py M= o~ - B o= I r_Lye .
QIR T = (% 1) by

1 \ .
IIMS: fV\\,‘A'\;“:Oth_&, 'L('&‘—L)Ly &vYY:b
(A
© To.o=9rm s Lo gL
‘L“’os(N’a
5.37. ¢ Fa %ﬁ- B /thH'L‘ kH;P{_Y="" aB ;_‘-NORZHQH:zkH;
Fo Mo WMo - Mo ad Ao a ¥

K= Myt = RH-V Mz Xy Bz (RB-D Y.



5.38. See deviwakions ok tie ands B Sechons 4¢3 and 4.5 @ tre text.

§-39. tel e Cor\dwc\ﬁ'\n% sheets be in The 320 omd =3 planes . Then

o= -fse ,%—., ke 0<3<d -
- fso ¢ _1p.E: = 0, w e O d
(&)E_ - —é: }'V} s We 7~ o~ 2€, 50 1 e 1€, o
1 \ D!
b - 050 y -;LD.E:-I—? W, = — FSO .
(M Ez - Ry M TR 5, T T sk

§.40. Le¥ tRe comduching sheels be (n We 320 and 323 planes and let e
wnifoYm eleckvic freld be - By E,)) kov 0<3<d.

€0 Bl , W= + €, d.
(b) Q2 -4 € oLy s Ve =328 = 2€0Ey , We = 2 €0 Ep -

5.4\, Lebt The cov\c\uc\'\'\r\a}, sheeks be inThe 320 ond 324. b\awes' wilh The cuvrent
densiRes gloen by g O amd =T L, vesheckingly Then
b= T by borocsed.

(2) B = M,Tg0 kt} y W ®

"

= /s 1 T
‘:\v'g-l "i/uoj—so s W ’L/UL"TSO d

N

(0B o Tsod

(Y]

4Ty hy o WmT 38 2 Mo Tio s Wi
s.42. Leb e covxéuch'ma Sheets be inThe 3=0 and 3=4d planes and let tRe

uniform wagwnehc kield be B L, fov 0<3< 4.

- ?,0 L =L . = 3 B - BOL&
(“\'{L— fll?ﬂx’W‘m—L&lE '.L——/&oaww\"‘ o
T
(b)*jv::?.g bx’wmz—‘ia’.i:léé_o ’WYT\:‘S?O_‘L_A
o Mo Mo
B, by \ 3
543, W, = go w48 = T ap,kurdn = X 8y
0 Mok
5.44. A\;P\yiw? Favaday's law to & cyculay paths 8y Youdius Y,
we hone
2TY EP = - beP\H‘) cos wt . “(YY?—] foy ocvca l
oy E:_E ‘%_[/AHOCo;wt} };¢ ?

P Ye.q = [BExu ) = S 8gces wt -j—t(/\k\—\ocos\uk) Sy

ISR - d .
Ss Lrdy = 556:0 g:} (23v.a krladgdy = it Y.I pH Costwt -rar)

which (s e Same as the tiwme vale §; change " energy stoved {n The

wagneke freld per lcvnaﬁ"\ L of the wmatevial .
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5.45, AM;\\/{V\ﬁ The va\’e%-ra\\ fovm QS Maxwell's cux\ Wa’cioh

for B %o civewlar pati ff vadius ¥, we hawe

2Ty Hy = 0+ Z“Lt(é €, coswk ~Wrr] kovocvea

ov B“:%f‘kEGEDCOSWES Ly
ng‘(:(}‘.: (E K}ix‘(:o\:— %’_Eocoswt‘i(é‘:—aws wt) 'l:"Y
4
Pads . (5T P S~ dgda = 4 [
SSN - §¢:D ;:o( JY:‘L Lo e - Ig{'ieebi’wsl""b - word’)

which s Me sawme as the biwme vave & thange 0 enevgy shored in the

eleckyic sfe\d in the vnakevial.

5:46. (EpuV., = [Egy Dyuq =

t
laal

ob}'hg :’Eo Stne

[Egdvaa = [Epy), ., = E

1t

0 ‘:;,—5' ‘;5‘ = 6
[,D\"'L]Y:a' = [DYl—SY:Q_ = 26, E, E”a'};' —_7.€DEDCDSQ

‘« EYL—X Y=Q&

i

L Dyl = L Ey¢ o .
GLE Yly.p 2 I} oS

5.47.

5.49. (o) VUsing I

pZ=}

—

=% %‘;:V oand " o=

, we obtain the expressions fov

ke

Wy and B, aivtn on bage 536 ) The text.

(b) From Combnuity £y e banca,w\\‘\'a\ CO\m}vo\nen\' (ﬂj E , we howe
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5.

50.

[Exllgzo‘- [EXL—]}ZG ov  E tE,= By
The ttl“/\ﬂev\k\‘o&\. com\;ovyev& f B s also conRvusus heve because

There (5 vio Evue Suvface cuxvent ak the Eouv\davy. Thus

[H\?O—b:o: [H\at_'}}:o oy Eg;-EB, z1E.

m
(23]
o

Y

and

wirs

!

'So\\rimj The Ewo e%a\—\'ms, we obtain —'—3

m
-
m
<.

Considering am imfymitesimal vectangular box ‘abedefgh symmetvically
Sthnated aboutthe bouv\dow\? beluweewn {ZWO'W,\QA\.'A} e km, s e

side swvﬁaces tend & 20v0,

§> EcdL = £, 4L fvom The boundavy condifon fov the tangential
obedo efahe

1
Y {
cm]nvv\ey\% ol E. Bulb from Fava doys law,

R R S A (ORI S

Medivm 4

§ Edbe-2f 5,45 = - 5 L8 (eF ]

Me dlum 2
L inelame)] (abed =

’ = b owith tome,
oY, L.- (E‘—Qz}_ Constant w

Buk fov the particular case o5 siwusoidal steady shate |

: ju e - bed) =0
fgi[kh-(ft',@,g] (ach)‘i —-)Dwfm (2‘ Ez)‘\(“ cd)

in - (B1=By)=0 fov all Rme .

~

Cov\ciégv‘m% o (m(j{mk\'eg{ma\ vec\’av\%u\av box &bc_&eF?\n S\}mmekvica\\y

sitwated abouwt the ‘oo\LY\c]o\Yta beluren Fwo wmedia, we hawt | as the

side surfaces tend to Vo,

é \;\«\' at, - (§ ‘;\VLA}& = (§ Zs':&vx"‘\}vz "g (SS',?:S}AS

aveda - erghe abcda abed

- (Y,; T (abcd) 6"0""‘ The bowv\dox)/ condition fox tre {'am?mt\'ajl

combment of H. Buk from the inteqval fovm o} Maxwell's curl e.cva.a%on

fov X,
§ w.-dL = g,-clnitg g,.32=[g,-5‘ +i(5ﬂ.g\ﬂ(mbcﬂ
abeda abcd abed



~L ~ ~

§  Bedts (meds w40 g ds[ LT v S (G2 ] (efgn)
efahe cfon dt g qn |
" {ﬁh- (3-3) « &1 ,é“-uz«\zlﬂ} (abed) = -(¥s - 3s) (abed) .

puk, fvom The boundary conditon é?Y e movmal compoment ¢ T,

<‘ A B
[;&V\' (3! - E-\ﬂl(“\“ﬂ = - (% - Tg) (adbed) ~ it e Lbcd)l

a4 L (D =D abed) — €. (abed) -z 0
L0 Lo (272D lobed) = & |

. ‘ . Fav with Xme.
oy, ,EV\'(?V\'Bzw - (’S = constan

Bux, o the ]%M%‘cvdow case of civusoidal steady stoke,

ait{ [ e (20720 (abcd) - (a\,cm} ~ Jwl[ $,o(Re=p)-¢ (aved) =0

~

in (2,-20) -0y = 0 for el tme

~

ov L (W=D oy =0
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CHAPTER 6

6.1. Method of. solution is similar to Thal off Example 6-3. For answers, see

}"““‘99 536 of the kext.

6.1. The equation oly motion ok The eleckvon s %\:/\MY\ ‘g\?

N L S

3

«—"Nx“eﬁﬁgx ov Mé,_?i:eg_ixéi

d & dt} DX dt
But 9Ex - g.e = £ wheve € s the chavge density bebweenThe plates.

3% -~ €o
2 T,
Thwgméji:e_(’_\r(x):,e.To ov c‘x:e____".
e €o €

° 4’ €,

IV‘\'CQY&HY\% thvee Yimes ang ema\ua¥€w¢9 e av\;{\—vm\; con skarits an,

. dx 7
wnsin X =0 ~Z 20, and dx-@ vy £tz0, we -
lﬁ * dt b d——-——-tb— 6“ V4 ?‘L
3
x= &% & and v = €% E5
e, meo T

Fyom [elvz 2

;m'\r"’, we Then Obtain

4
v e lelTres  lel T [ émeox‘l /3
Swmel 8 v 6,0 L lel(-T0)

1

S[JE B e e [ ()7 el

whith agrees wilk Egu.alﬂ'on ¢-22 ok the text.

)

p.|x

6.3. Vevificakon comsists & solvima the one- dimensional Laplace's egpations
G obtain The %eneva\ solubions and tren S\LBS—HMFY\% e boundar\y
conditions % obruin The parkeulay solubions .

6:4. Method similar to that &y Example 6-4.

\Io € e/, — ez ln C/v‘

—for aceve C
€L ¢ - €, In/a
V=
e, \n Y/y

] for cevceh
0
€, n C/b - &, £ C/a_

e In A
P L S

€, \n Sy — €, nw </
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6.5. Sinte € (s a fonchon o x, Lalky\ace‘s evah‘ow s given by

< . - . -

~ GY,V",VV\J Ee + € 2-?‘/\1_0
dv Ry}

ov (_ﬂ)(éﬁ_)),e TV,
dx * dx®

For ¢: €, « (el—egi , we have

[ Ty
l’,—-——‘- -:L_:J_ + (ex"‘ CGL‘EQL A——- =0
d dx d 7 4 x*
4 Y AN 3
dx L ¥ €1d + (ep-e)x dX
dv _

A<Z§§ - - —__,__e_l:_i‘,———« d x
dv. €4 + (€,-€107
dx

50\'\!‘5\/\? for ¥ usivxg The bﬂbtﬂclaw? conditong V=0 fov x=0 and V= Vo
th X:A, we obtain

Vo " €,4 +(€,.-€) x

VY=
t.V‘\ée_L E(d
\
(€.-€0
E—_E\i ‘:X:_ Vo _____,_:._.-————— ’(‘.’x
~ % n & €y d + (e -€D %
€

ort 2= bov ocx<d, and (W,-7, TLWT MOA oy x= 0 and 0 v x= 4,
Hewce, the avialogous clhavge destyibukion U5
€z em, pov ocxcd, and £ = —eMyd for x=0 ond 0 for x=4d-
The electvic fleld tntens iy due to this thavge diskrivukon Us
E = My(x-d) ¢, b pcxecd and 0 olevuwise.
Thus B o= M (x-4) (o oY 0% x<d and 0 otherwise

Bz Mo(H+Mm) =0 evevywheve .

6.7. (&) Tom =0 and (1, -M) sl = (0-Mp by )ehy 7= Mo coso for Yza.
Hente, The analogous chavge diskyibubion €5
¢ =0 oawnd ?5 z €M, cos e foy Y=o
() The answer to pavt (d) ofy Problem 611 giwes the =lectvic freld inl’en;i#»
due 1 a suvface chavge of density 3¢,€, cos6 on fhe surface Y=o . Hence,
the vequived field s as givew on page 537 ofthe text .
(¢) See page 537 &) Mhe text.
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6.3. The omly agnerol solukow that ollows The subskdution &y he glwtn boundary,

6.9.

conditions (s thab covves}mvxdiw% Yo odz0 n Eq.(6-38), That (s,
Ve (Agx+ B Cox +d). Su\os‘\\"}u)&vx%ﬁe gloen bouwdow\g condifions

we -obtaivn V= 50 X‘g whieh Then %Aifves

M

= -IN = -50y L, —50% g%

Y‘€5j><:o, Y >0 = EeOEX}x:o,\QNJ =-50€0%

= ~50€,x

[eS] \azo) x>0 = [60 E\a]?:c)x7o

1)

. R N “ﬁ‘z‘/x"*,‘:’/?
[es—)x?=?_ [E]X?:L.[kh—xx\aslz[(’so‘j,‘;x-FDﬁ”\a3 ( ‘/—:,LTy—L J

743=Z
= 20 Jx*+a .
X
This },m\)\em {s stmilay to Exaum}a\e 6-b exceb¥- ~60Y Re \wuw&o\v\} tondcEion
fov x=a, oay<ch. Following The wethod of Example 6-6, we Hhevefove hawe,

v Vo=, sin T ay, son 2TY v x=a,0cych,
b

b
LT 2Ty b4 \ L MM 0 NTY ocuch
Vi Stn _,_?’ 4 Vg St - = Z- An Stnh - Siwa ——g @“Y "}
b Nz,
. . N \J
whieh ?wes ;\l‘: A B , AB‘: z , and An‘:o é\wa\l otThey n
St e 3T
b S(V\\'\ ——

Yesu\-\fv\g in The soluhon fov V %}vew ow er%e 5237 Qs'ﬁxe texk .

S\'\m'\\a‘(ly ; bQY vz v, §\'V\3 Ty ()'OY xza, 0¢y <b, The answeyr %&"N{v\ own
b

page 537 fyMe tex® con be odbtrained b? Yecv%nivainoa that

sn? T% = 2 sin ™% U L ogin 3%,

b 4 b 4 b
The bo\m&a\'\& conditions ave
V=0 [gowr x:O,_oo<\3<oc

Nz 0 koY X=a, = 00%Y<oo

<
)

= Vo for Yy=0, O0<x<o
Stnce V (s vequived tobe aavo fov two valves 8 x inthe Yange - 00« < o2y
The only tz,w\e\(a\ solukon we meed Yo considey (s that cowes\ooné'mob'%

o F0 in Eq. (6-3¢8) . Usiv\% The 6«'*(5\* two bouvxéav\—é, condikons , we then obtain

oo nw Ty
N(x,9)= T (cwe & +Dre & )S(vwﬂl‘
“31)115,--' a
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We mow vnoRe use 0‘&’ on addckiownal (\U\S]vec(tfecl) condihowv Mokt V=0
alt \3 = * s 4 seb Cpzo 6"\' Y >0 and D=0 tw 4 < 0- Fiv\a\ly, mak(pg use

oly he th trd bouv\éav)/ condihom , we %qk he Ymvu'vez_\ soluton as

oo Wt
AN I\
i- -2 e a .oMnTtXx
S —_— Y 0
wzl,3,5, 0 nT wn o 6’0 ‘37
N = -
n
<Z“° 4 Yo e T‘} nIwx fov y <0
’ Sipy ——
el 3,5, AT o
: _r iyl
For lcuzae walves 5}; W, The "most S(?v\{%ﬂuy\\j Fevm s e & . Wence, for
J _ Tyl
\A\’o)yf\r&lues {}7\27 N 4-oe R 7T X

" —
™ o

e.v. (O Us(v\% the vnethods 817 Examples 6-7 and 6-8 and veco%ming Hhal

Vv wust be an odd funckon b (x- %"), we it the answers e ON
y;aée 5§37 &) the texk.

(b) Using the -metkods § Examples 6-7 and (-8 and Yecognizing Rat

V must be an oww funckon £ (x- 2) 5, We opk IRe answers ginkm o
page 537 & We text.
(c) We use su\;er\acsikov\ kox This case by cons ideving two differenk sets 8}

bwvx&o:r\Q conditons as follows ¢

Vp= 6 for y=0,0ex< Vg =0 for 4z 0,0ex<
V=0 fov x=0, 0“}<b VE:O fov x=0, 0cYy<h
Vp = Yy fov x:a,ooaz.b V]I -0 oY x;a,ocpc\:
Np =0 for y=b, 0cxeca Vg = Va gov g =b,0eX <X

—

The soluton [y v s glven in Example 6-71 and The solukon fov
Vg caw be wrilttew by inspeckon. The Yeqpived solukiom Us [Ren
oinen by V= Vg +Vq Sine ‘vlfvﬂ sats fres The glven boundary
condikrons ond alse v*V= grvy+vtvg = 0 . For answers, See
page 537 4y the texb.

6.12. 1.5, 42.9, and 41.9 wolts.

¢.13. Let us \,os&—u\a\'e an ‘mkﬁmi*ely long (mage line chavge 8y uniform
dvmi\'\@ ?L'O of a dustance 4! fyom The %vo\mdea conduchr and

diveckly beveath e achual line cho\rae . Then The expression for
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the botewlval ab }vo{Y\*' P on he conduchr surfuce

. f Clo
s pmen by 4
v " KR
(o Jyt+dr o W | F

ve - n L AT A =T

2T €y 4 2T €, a' o =
se{'E\’n%'ﬂm‘s avx@y\%{»h? e_c()/.o&’cb W0, We obrain b eL,o
eon .. eL . 0\\/\3 A\: J. '\‘key\,'me IY\AULCQA Sus(é-qce (_L«\Aygg AQWSH’y ‘s (Z‘ZN(Y) bg/
?5 = 0. Cy\ = - fuo 2 whith ?CN'QS - Pl oy e Cnduced sux&o\ce

™ (yr+ v

chavge e wnit levigth parallel % Te line chavge.

G4 . (&) -8 ok (OL;’\?,) ) Q ok (—a’) )’): and - ak C_a"—b> :

- L
2WE, [(x—o.)1’+\o1'+}’-}3[7' [(x+a)'l-+b +3 -_] 2
E =
) e x N S—
- /——1‘———‘3/;— 2 b+ L’J3/L X :
2T € | [a¥+ (y-b)"+ 3] Lo+ (y+ >
Qb v : 2 fov y=0s*7°
— —_ - 3/
, 2w % [(x+a)1’+\o1’+}ﬂw" [ (x-ar™+ 0¥ 3"
e =
S A Y %X=0,420
1 [ S X 4
O G S o
e | (ol (yapyreyr)?lt [ (=275

Total induced chawge

S NAN

X=0 };_(,o ‘9'0’)”0

) TR A B T AL

X=0,470
S ?
() =R at (-a,{30), & at (-2a,0),~Rat (-&,-Pa), at (a,-73a),

and —Q ak (2a,0).

.15, The }ov\'ev\*\“d at point P due & the achua)

oand The tmage line chow(aes (s

¢ ¢ v,
Ve o 2 o O r =2 = -
1TE€, d-a 2m€, - %
which %wes '
4 Y.
Ez ~YV= -v(_/"—?— tn —E)
~ ~ ~ 'I,T\”éo y
T ‘/1,
--v b \ Ceve (@) - v % cos$ ]
= — i
" aTe,

[vva 4T - av d cosqf}'h’
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6.16.

6177 .

6.18 .

Eualualﬁ'm? [ E]Y:a and using (’s =€, [EY_BY-Q,’ we obbain

L T
es="-eii i - omAS €

awe gtia*_2 0d cosg =0

s ad g =-0 5 -

Let us assume The {mage tharge % be o
point c\’\a‘(?e c’k Q' cowlombs s<hwoted as

shown in the gs%w(e . Then

8 Q' )
(V 0 = + = 0
Lo4me (d-a)  aTrE,(a-b)
Q_‘
W s ——— Tt Treean
v oame,(dta) AT Ep(at

solving These two 2 quakons , we otk {'=-8 0_3_ and b= 3_7“. The
(nduced chavge on The cond ucdoy suvface wusk be cwa&’% the vmage CkaY%L
W\uelﬁ""\\' s, - % cowlombs Since the [reld lines which would end ow
The image thavge n The aksence ff The conduchy would end on The
conduchr. This yesuly can be also be deduced 'Y‘r\ov\‘kemo\kcg\uy by [g\'nd‘m%,
The suvince C\\Q.Y?L dqy\s{}v& on the Cow duchr suwé—cu:e ond e~ulu aJ'\’mg 123

infegral gver The surface.
(&) E:z-9Y ; see p29e 537 df The Yexb fov answer.

o ' € EE"'—\x:o'};x fov x=0
(v) Cs= Bk = ]
" el[é]x:a'('k)ﬂ fox x=4d

See page 537 € he Fext fox answer-

(e} <= chavqe per untt avea A 51 owich can be
Vo Vo €,b+ € (d-F)

wyitten as ginen in The broblem.

(&) USCV\% The vesuld for E ‘arx}vtv\\’m Pyoblem 6.5, we obtain
Cer- €1V,

R’:GE:.— L
d n €2/¢,

~(eym€0) Vo /dln B2 for x=0
\
b= 00l g ,
- - o] 1 € Y Xz
{ (e, -8V Vo / din —é-"‘ o
c = ;';‘3—3 - "E-,._—é\
Vo d ln €2
€

1)



4!
(L) F\'Y\A\:Y\%, We = i D E awnd em\ua’m'w? W = S g— S We dx d; A?a, "
X=0 9—0 5:0
we oyvain The electyic stoved enevogy per unit area of e };\o\{‘es as
Lo (8- €D

wht ch «B,C,ves the sawne expvession foxy C as in (o) -
d n €2/¢,

(¢) Fov a slab s nfimites tmal heckness dy and located of o distomen .

€, + (-6, =
x fvom x=0, de o o d We Then hoane
dx
v { n
—E - g T g = lV\ .e.}.'.
de a
X=zo x=o Evt(&y ~&.3,— €, -6 !

6.19 . Let us choose The 3 axis to be The axis J‘k the conducloy sxas{-um ond \et

e yotenlvals be v=0 and V=V, onThe surfaces r=a and vz b, respeckvely.
Then, from Table 6.1, he solubon for lhe bolenhal behveen he condutders
Cs gtmm by Y = Vp (tn %\/(\n %‘) . E«mlual-\'mg E=-9V and using
Co= DL, we ok
e = {’GVO/M“% for Y=o
b -

€EVo [/ ain 2 fro¥ b

The Suvface c\nqroae_ pev unit lengin b e surface (s Then il by

SLW 8 xdg fov vzoo and SL“— ?S bdg gor y=b. E«\mlwa-km} HRese

Pzo p=0
and diaiding e magnirude by Yy 5 we ok g = 7“:; frore whieh
the exbvessions fov & amd & follow frown Eq,s~(6";’a7 and (6-96),
veshechwely .
6+10. Lg (Th'ng The locatkons & Line c,\«ww?es &y
eqpak omd ohbos i e unmifoym dews Ches
% be as shown in The k\'zaqve, we hawe '9m ot

L
ld
at=z cs and bl: (c-\-d)(s-{-d)' 4‘. S—’"\

So\nimg These two evm\ﬁ‘ons ,we obtain

(Y- ab-ar) + | (vteat- dB)V - g ot d”

z4d
(Wloalogt) = o (br-ot- v - aala™
_ _—_______’____f/___________,_-
¢ =
24
The \{)O\’{V\‘\-\'Dx\l dclyfrvence belweenthe kwo conduckoys (s
Np = fro tn S+d+b._. - __e_._Lo 1w -
LTWE b - ¢~ b LWE o -C
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Subshh\x‘m% fov s and ¢ and stmplifying , we oblain
¢

Lo 2 b T
Vo = = ——— (n§“+b~3 /(a"'+\o"—é7‘>7‘_ \ }
21 E + ———
% zab 1&\)
4 Tty
- - Lo oty oF bt -2
tweE 24%
Thus _ twE } LW T
\g - T R - 4.1 \b "i: /:k" CDSL\-.\ a-__+b _3-
Cospm! At N8 Cognt Axp - aw raw
2%

120%

U Al Vi
For d=—30, cosh ' % +o-dT { O*L+\°L+ K"JW\O’L )L—! k: %N %

20) 1a% 2ak

which veduces the ex)pvessions fov &, ¢y ,and %t Those ﬂ,. F{zuve 6.15 (b).

G.21. MeTRod (s similar feo Thal Q)— Exam)le ‘6—13.\

Tov™ : K °
\?,{,: ,44.3: Ly o dy, = M T el dr ,N= _‘f_3’NAw‘::M,

Ia a dak
o - |
Ve = S N&‘PC = /U"TO\OCL , .i(;: .__\PC z M z —/‘i* ¢
Y=o 18 LT zwT,atl/y 2T

‘ o (5 | S 1 Lo A

N\‘evna\-\{ve\)/ s Wit = S g y /‘..t_j‘i_v4~(é‘(é¢&} . M T ,
Y=o g=0 320 1ga™ 54

:(i'-' EWwl B

—

I+ {2

C\'\oosih% he 790.1\'5 to be He oaxis ‘Qf the boroid a\,Vch uSim} Am‘:evc‘s

civeutkal law, we %gk B - M NI

£¢ (nside The Fovoid . Then

¥ o= S M dv da = /(LO..NIC\Y\w
Y:A*hr S ~b
T 20
L= 2maN ¥ = 2mpmatnNTe n vath
I 2a-%

6-23. Choosing The 3axis tobe The axts §ly e solenoid , we howe
E = M N I }.,-5 insi de he Soleviotd « Then

Y= By WA S wat NI and L= N% = Tatm NT.

co (ome ave)

6.24. Let us Consider two wivx&(wgs Nanine
N, and N buvns and wilh cuvrents
T, and T, ves}aec)n‘nx\y. Then, Yy B,
"“‘\‘;‘EI ave The \mo\?v\ekc 5\‘2\35 oA

At omd Ao ave the vechr porenhals due

ththe Ny-kurn winding and The Ny~ turn
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w':V\AvL\Y\%, ) YeS};ec\\‘,ve,\)/ ; we ha(\)—ﬁ

?17': S‘S' %'1-‘&3‘ = S fzz"f‘z'af,u = §C A dL
I S

H

éKsz*IL % ag,,l,c“ - /LNLIZ_%’ % T
L St L=
C, 4T c, R c

. af Cy Riz

Somilacly, g, = AN T % c %c el
2z \

4T R

Thus M L W

Yo

i oY N|\_P£' = Ny — oY L‘L:L'I.)'
Ny Ta Ny I I I,

6.25. The 'mzubneh'c &wa \m«oéuceel &7\3"\’\?‘9_ $g\emi& 017 yadius bowwl [\-“k;“} one
Ewrn of The solenoid oy Yadius o (s /ULNLIL(-H-QQ, Hewce |

=
Lipsn ANeT2aemrpan N,

Ta
AlternaXivel, the Mmagmeiic HRux produced by the solenoid of radius a and
h‘vﬁaim& ovie fuvn 8y The solenoid of radius b (s N, I (Ta¥) +0 [-rr(\;"..-o})]

+
ov /kN11|Ta.l whith oves L, =Ny MM Ta - pTAE NNy = Llige

6.26. (&) From S\ammehg ComsiéeYa}\'ov\S,’Ev:.E_bl:;_b.
s e .
1+ 304 55%] =0,

Ea wust be df the fovm £, (14 ——Z—). To find

Then (YYO'W\ E-;J:: 2.[

. d . .
By ,wewrite —v, = éfoeo(” EViye 93y

Thus we obkain

2 vV Ty ¢ e e Then Ganes
E:——_E(\-\-j)}q}wu %A

3 d
3
- - 2 TVo g DzeBz- 2% (i 2)g
Teopso st poegso 390( D
(\9) P5=R N“:—%e°:° &uv’b:o oor\a-%’ €oVo 6«0‘(};a
(N ez9v.p = -8 €Yo
AT
- €,\p EEUR
LA)g_g-eog__L_%_(w_-)g}
s = L6, = LEe¥e for o and - TV povgnd
?\,,:-V.F: 2€0Vo
~ o~ AL

(&) From sywwmebyy considevakions, He= Hgo £¢, Applying Ampere'’s

Ci‘(C\:\‘l)\'&\ \Q\A) ﬂ o LQVC\A\&V bmﬁ,‘\ Q}, YO.A\;ULS v o< avou“a the 2S5 (ﬂs-
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Y

fhe s\q\:)we Thewn howe 2T Y H;m‘,:—z'gfﬂ—\/—"(wv’-? oy
d
[« Y
H. = _ L %Y%Y ¢ _ To Vo ¥ -
~ L 3, d ~}2§ and E('MB«L:' Z—_/’i_____“ Z © ,&9}

(#) The current I dyawn from The baH’evv? wiust be equall & The total enrvent

Hiowiv\% inside tre vnatevial evmm 3= d % 3=0. Thus

1- % 0'°\I°T0L'L,o\v‘13 W :__LL __\U‘o\loa_v‘.
3y Ty ~0 ~p Ty [ ST
2TTY 3 vd ~F
1t G,Vo [ o
o 3 LT Y/ Ay Y 3:0
() F5 7 Enx (Bo-8i) = ) e
oo,y /& ~ -
 fe (% -v) L fer e
B.
(L\)M: _"'_“—.H.:(&_Q :___'__O'OVOTC
Mo ~ L o ~L 3 ~p
. . L GV Y _ Vg VY
Zms s N*Ea T 3 odo Ly fvv=o, -3 a‘;wir for 3=d, and
L GgNo® ¢
3 o‘i N%gor Y= 6
T - _ 2 OuV . ‘
R A R S v
() by =Zoe= £ %% (e X
~ 9 dq_ d
?A~S\’a‘*""=z‘-wmmr—°—-\—l—° a,v\a G:_—P—i:%’“—&%
3 d Vo 3
) We = L D.E = 8 e, Yo AL
O € 3~ E g “ I’ (H‘ :)
We = Swe dar b4 ar €0V 4nd c:= 'I__‘i\/_e = 28 wa"-__éa'
LS 4 Voz i d
N . F Tyt
(R) Wyt © = HeeB, 5 Mo T Np Y
AL
Tyt :
Wy = SW'N dur Mo~ Vo and L= 7'_"!_"’"; _/:",0,_‘.1.
18 d i* 4T
W), - (81« [n L Tt
~ - - '~ T - - ___(L—- ¥ .
Yza ~iyza L 3\(:0\. 5 T (et ) Sy

(‘L_X_b:o vaé—a.c_es and hence do mo'

conkyibute bothe bvw?x b&ow {nto Hae material . Thus

a -
( . T N
._‘. '{ ls’ —-‘ 7 TWa 0/0 o .

an 4 [E’—)’a:a aye Eky\ge_v\\‘\'al to e

3y

Pine § )

=0 gﬁ:o d

E%—edﬂ'rvc avea of aly %m‘p =T (0798 + 0,05) = 2.259 et

3xi0” %

=S

)
yr T e s Ryt B st el et o

Mo

axi0”?
P e
a4

B, ey density tn The makevial = = 1.5 Whlwmr -

z %10
Evom The B -H curnd fov avviealed sheek stee, R = 1000 amb-turnsim -
Thus N T = 1000 K20 x 10" L+ 01057 xi0 g0 xio” "= 1257 amp - turns .

92




6-28%8.

From W\Ok?vxe*\'c civeutt cows(&evo}\‘oy\s, Bl e Hyl, aNT o ab B,=1500.
Fvown  symmekvy Considevations , W, =2Wy or B A, = 2By A3 ar By = 128,
These two ZLZjLQ.X‘l.O'I’\S howe % be ol d fov B, - Sinee We B wveysus W
yelaronship s owailaple in e fovm 0 & graph, we howe 15 use a bycak

and evver me¥rod . This zbgms B, = (-471 wh/m?

w3 . w o .
6.129. P = g(gﬂix.aizg { CE*N}:O‘ANM}‘S ( [exn] dedy o

6.30.

6.3,

6.21.

Y=0 x=o v:o vz0 -éal.
= [EX‘B3=O [Hj—Byo(WJ) - EE’J}:L [H‘;’)}'L (wd)

. . - -~ [E 3 = VU:) ..
But undev The I:U.Aas'\SAra)\c a&,\»rowm&}“c‘f\, [Exj}m“ xJgal F o7

Also, a\o\l\‘j(ng the (vx\'-l%ﬂx\ fovm £ Maxwell's e/Um)ﬂ'on fov the cuxl &y v
% the Ye L\'wngm\(kv \Pmﬁ’« S\M’Youv\allﬂ% he cvossseckion Eqs fre Structure n The

x = Constant plane, we o))z):'
W{EH?T;:o—[H‘?]}:Ls E &%{Dx (w)l
ov [H‘Q’)a):o"[““‘(}’)}:t: dé—t_{e,}k.

d '
Thus Pz VY 4 rev 1. wd =v el S (gevy)
" ) dt[dL] " gt&a ] de v * )
d W ) .
e §rgxuy-dg = S (Exu) 9% & Lb:[m}—.o[“‘ﬂ;:o( d) .
X=0 \9:0

Bul uwndey e cv{asish'kc a\;\,wx(ma)ﬁ'o“ ’ {H‘g}b;o = E—&? . Als")‘*}'\’\‘/\.n?’
Favac\ay‘s law & Me rec\—avx%u\ow [ZUN Su_yrouy\cl{n:j'me, Crosssechon Q)’(Re.

Struckure (w The 3= constant plave ; we oik
d - d gt
d = = d = <\ -
EE’J}:o “[B\) Le] o (_‘:-x33:0 dt{ = ]

Thus P = T_L\?.i[r%}}.wazzi f*_‘il :] =JJE<%LIL>'

Solukon (s CD‘N\}y\QH\g o\y\a\(,?ovts {?O That Exo‘w\}ﬂe 6-1b. See also )’)ag,z, 537

ofy e text.

Witk Ye{ykvencefb F\'%\LYE 6.13(a) and The noxakon uced in EXD‘MMe 6-1t,

we howt Ef— = g_? ¢ Then “b}»’i“? % E = § = o'—g and Yvﬁ—éﬁ/: —ijS

~

chcessim\y, and Mluoﬂinﬁ the avbi.{“rowy constants of Cvﬁegvo\\%o“ from

e Comditions that [;ha'] [ ;\;)3:\ = vi. =20 sine e cunvent

’é:L -
()'Q.vw{v\? on The pevfect comductor surfaces of 3=l mush be 3v0, and
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-\
320 =(: Ey l'5=b e+ 20 sine the condikon that ke W\}'a?}; ot

320 wust be &cvxal t the Souvee '\m\\'w}t Cs SAkS{S\'eJ \9? —é;’; alone, we cyﬁ

By = - g GOm0

_él - w g Vo Y (._3_—_._& )L Ll]

x WH T -2 B

-1 v ®

A .. O’L ’\ﬁ] (3—[,) L -1

9 S [ 6 2 G )}

E) s cwrarat o [ (0P (0T “4]
J 14 4 24

Ry = wturod e [ey TrG0Y s (50
4 120 'z 4

and $0 on . The Foral mazane¥'c @\'elcl ot 326 U then %A:A)‘éh b?

“\\ﬂ}:o: l H?]v T (TA‘ZH)}:O“L [—H‘;‘];:o+ )

0

- E_o_ (\-j\F Eanh : wpma
3 ,E_ i an i(“*")) _%L]

The phasor cuvvent dvawn from The Avvltage souvce is

T o_ % - T . YW =) ] .. Jwpo
10. {1—3}:0 = (H\Q]_S:OW __o_g,. _J—? i:/k &av\}\[(\-\-)) __g__ (.] .

Now , for [FET Lty tann [ ) JBET (] (0ed) JEET ol
2% 2z >

fo = N, GTL =V, G . Thus the Skructure behawts ak s L“}"‘d' as o single

ves(stor hv the condikon WHT L & A. For copper o= 5.8 %16 L mMN6S [y
2

this condihon veduces Yo £ & 0.00437 /(2 - For L=tew, £ & 43.7 By,
To exavaine the input belavior §the Struchure fov k*lvlkevxu‘es s\igh¥ly
beyond the quasistnkic Approximahion ; we comsider ove move tevm in The
exbansion for tanh [( 1+3) J—_‘—_”’,LF L] and 6““3 Thal The tnput behasroy s
ew(m\ey\\— 4o The sevies combinaton §l- a vesishy -LG oand e wductor _"5 L
wheve Lz /'Lé‘; . Fovy kvequencies fpov which £ 3 1?;}7“
tan® | (1)) ﬁ_ﬁf L'X =1 and The (nbuk behandor (s equivalent & the
sevies combinakon of avesishy cf()(f\m\ue @ _'57 amd an wduckor 8
value \/,_,E: CHY

anfo w

6.3%. U DU 2 0.4775 x10° &
el Jpe T 2w () peCo ¥

() f=150Hy & . Pence e chvuchive behavts lcke o«gcm?le
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.35 .

induclor oy value L= pal o po (o)D) | X167 b as \wewed
b (6-5)

by tRe cuvvent Souvee . The w\hx?g_ Aeo\x\o}m& atvoss MRe cuyvewt

Souver LS L d,% - —hkgo WY x 10 Stn 300 TE .
d

() £ =150 MRy (g wwb«»xab\e ko

- Yenwe , we Wonre o use

v
2w L e
Eq. (6-151) + Thus, sinee wfiLc = w{/me L :w’# =T, V=zo.

Recognizing Tat € = By (¥, 3,8) L, and
W= Hy (r,3,%) AL,¢ and su};54-{+u\\'n% in The

Ewo Moaxwell’s cuxl e(wa)n"oyw , we tgﬁ\’

9E
a———E—Y:—/&aH’” awnd A(YH¢)=O’EY+6__Y~

13 )
But fvow V(%nﬁ'):S Ev (v3,6) and sin F_YoL_LY frovn Grauss law ,

Y=o aw
we hoe Ev (vi3,6) = __V__(.ll—il . Also, from I('%E):g \'\¢("»3xﬂ vdg,
v ln 2 g=0
m .
we honrt {»\¢ (V,'S,t) = (3,8 B S\A\os-\\'v}ukv\? Mese tnto e di{ﬂ}'e"ev‘)“\"‘\
2Ty

eaU.,\a.\\'ans and S(m\,\(k\?\'n?} we %L\:

vV g_{ » “g)x] .2 (2.
'3‘}' At Ry 8 at

1 2T’ 0 ‘a LW € . “_é_ .
%;“(r;‘g)“‘sz(wf SR ARETARAY

b w )
P(},E): S gl v (3.8 ¢ L(3,8) .
¥

JRS ————'—‘b’“ :-’ riedg = v(3,t) - I(})k) .
e ¢:0 \’lv\é— Y ‘,)

Civeuit (&) kollows fyom

Lk { a%y _ A%
Lom v(ﬂbx-—{,t)—-\/(v,— ’i’t)__ Ltwn K\szl(} —,t)+ sz(y‘%,e)}_

Z L
A"h—ﬁo A} B A%“o at * bk:
&% - I g
e 10T -0 50 yGe- g V6
4330 SN ot

Civewtt (V)  follows from

AY I(3,¢)
L<wn V(3+%’e)‘v(3—’f'k>:~i b——————*(}
a3 0 ot

83 -
T dIV(3+ ;){7)
P S REC TN B SCTS SUM s
4‘5—90 &y
IV(3-4% ,t)
e T30 - 10200 L [- Ev(- 0 - V(-2 1
A\‘«‘—')O = 6330 z r ot

~ | 6§




~ 0
2 - 3 (3H
T(v . .#) ~gT+ R = (2 x2) = ~me £ R
~(H ,.,\) vTR ot /DL St 3“_)
T
Stace 9K = = V.8 =20, follows thok v’-H=}xeaﬁ.
~ o~ /‘*.4 ~ ~ 3&.1-

6.371. ASS\AYY\‘:Y\% EXC"B;E): 2‘(‘57-1’(5) awnd swh 5\\-\-\,\,\.\\,\?‘ in The di{;f)lvev\“al
X a l\ ~ i v 1t @
eqpakion and sepmyvaking anvinbles, we g T = e 2" and Tz 7T Thus

i _DLZ _dk
%:Aei Né}'a{-ge Ne}mnAT: Ce(’(“:.‘—\)ecL awnd

L(E-JHE D)
Ex (3/%)= 2 1= A\ebLLt*’JFE})—fB‘e ¢ #

ol et (b IRE }7+D\e"i(&-~fﬂ~_€ 3)

Scnce ol Can &ssume seveval values ~his solutown shows fhat Ex(3,%)

can be a su\ow}msi)ﬁ'on 8 ow‘ioC‘cYaY\g funckions &y (E+ Jpe ) and

-({;_,[/ue 3. waevvxm)ﬁwl\g,b? dekg\"n'w'wa v = 3‘/’/\12 , we tan write

the Ai%uanko& Ju{)ml-\‘ov\ as

2 2 2 0 3 2 ) . )
_A__Ex_B__Ej =0 or (3:‘, 5‘7)(3¢+B€) Ex =0  which giwes
Pl die ok
PEx L VEy ov £, (3,%) = Af(E-T)rBg (kT A S (ke ) + By (k4 /EEd)
3y ot

6:38. (@) (b) (o)

6:39. («) By a\oWCCa)n’on e Gauss' law & as\(ﬂnen‘cal surfyace concentric

Witk The b“““’“) we ‘?xk A '\)‘a./QML O'Evyv(o 60‘( tRe \5\'2[& ad"ao'\w\’s
Q ¢, ko pounts oubside Mhe balloow «

{viside the balloonn and .
r ~

4TE,

Thus Te values 6y E n the dg%uev& vegrons ave as SAMAICAN

poge 538 e text.

(b) Siwu E does ok wavy with time, fheve g ™o wowt ’on‘ya%a%‘ov‘.

6.40. Since The welocity JB- bropabaton s 3x1wdm/sec, afyeld (ntensity
whith extsts aX a wnlue f »y ok £:o wust exist ok 3z 200wm
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ot t= (3-200) /300 msec. Also,The

CRﬂ}:zoOm
mognele freld s iw The vy divechom and -t '_1;":/‘*5“
bs walue 05 - Ex Lppug e ok The

371

-0.4 aynb/m
Yeguived bime wertakion f; {H?_)}—zomm

Aas shown in The &f%\ue.

b-4\. See }wuzz 5338 §y IRe text fov answers.,

642 (@) S\ B = o-oqw(ﬁgx—zg\}—‘bg,ﬂ,me divechon £) propegation (s
along the unit weckor L (B L, -28, -3 6y
(v) B = o.o4v\ﬁg7‘—1}‘v‘}- 35'4}\ = 0. 16 TC
Nz LT[R 2 12.9m
(c) Stnue The medcuwn Us free space, V= b \ogm/ sec , and

f= vpln =2 MHye

(M)\x: ? = 728-87w, )MQ: al
%

N L agwm, Aaz N L Em
AR =
@\) @-b ;)
W .
VY”( = g—x =6.929 x\oam/sec’ 'U'),\az —é%:éxlogm/sec,‘\f‘,—é'— %}34)“03‘”"/5“—‘

(e) Lineavly polaviyed alovxcb the diveckowm & (- Lx’z'ﬁi\y*ﬁ i’/'s)-

($) » = L E -~ - N, ~jor0aT( B x ~2y -3
) ¥ wjkgxﬂ 601(ﬁbx+ L) e Y 37.

6.43. (o) Since @ Eo =0 fovy The ?&,\m« ~ector, Ve Ye};vesen\-s e electric
vVoow

eld atcrey ff & unifoym plane wone.

(b) S<e ka%/v 538 6y The text fov answers. To deteymive the Sevise &

polaviyaton, we note Hral

tt

® = T
. . jwk . 0. ’ T
EO i(h 3\&%*’&"3) er + (T %x" %x}*ﬁ,‘;'é)ej Ler 1

= ("ﬁ\;—v%-f};\a) cos wt 4 (;7_‘;74* ‘L-z g\a-ﬁk}.b) sin wh .

By mokng fhe oviewtakons fy Eo fov wt=o and wb = T velative

f e diveckon € probagahion ; we kind That The polarizakion

¢s el civealar,

b.44. (&) Fovy The o&,\}w ’% aw\é—\}' y

m

0":\«0:0’6'50=07“Y\AE',\:\0:0'

Wenu , The ofmtm feld wedoxs vebresent o unifovm plane wont.
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(b) Diveckon § probagakon s abng the umit vechor % Ceth Gy
Fvom P z=0.05T [ {3y + £ 641201 e obkain A= 7—%— 20w .
To Knd The w\oci\\? ¥ })YDB’JO\%&}‘\'OV’I , we firskfind e kvuv;ev\cy
b? uSCY\? E\O = ;)‘}L ,@d%—go v Thuws
fiva%o = 0.4 ( gx’jlﬁ,u} —Jggﬂ

'F: _ = T MH}.

Then W= Af= 1.6 % 10 v /sec
" By moking Hal goz 5 Chx m T3 hy) - 2 by s we Lind thatThe
wone ts el vewlaxly polmri}ul. Furthexmove,
Eo = ( Ly~ d3Lq) s wk - 2 coswt ":"‘3' so TRat
[E"}M':o: —Zf;} and [onwt:l\; = L, - E’}’ Stwce The
diveckon § propagation s alony B Lx+g ly, The polavizoiom &y

The wowe (s Then n‘sh\— ceveunlar.

60450 ’L“ = _k_a = ____L:.._ui—f——" hag the \LY\{,\'S (k me\‘eYS/S‘ec .
Jxe e (o) (wC)
(i = [T = Jerr /e s Te units f ohms.
6.46. The Yeanét(ow coefvonent at The );ev[;cc\- conduckor suvface 0s -1 fov By

oangd +\ fov Ry - The velocihy o’lr\wo\m%akov\ is 3><108m/ Sec oY

300 W[ pmsec - The inkvinsic twmpedance ofy the wmediwm (s 317 Ohws .

USW\%‘\'\?\\‘S informakion ond s\’{el—c\«iv\.% fRe L¥) and (=) wave ke\ds
vevsus 3 and adding Them wp , we ot The tobal flelds aevsus 3

fox he s\:e_cig\‘eé Eimes as follows:

£, psec %‘?__,Ex,\/okks'/m 1500 by , ambs/m 3m
% 4375 24375 315 <3S
t
la -(y +75) ~(3+75) —21543¢ 78
5422 § 2 4+225 2295 <}<—7§
3/4' < 0
-2 150 ~15<%
' 0 2(3+15°) -150 43 <0
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E) psec —'—S—i—: By y VOIS i 1500 H\a,ah\}aslm 3,,m
l é_(3+zzg) (3+1215) ~228§¢3 <=5
(A
2% 150 -75<3< 0
) %‘(5*‘450) (3+450) ~450 < 3<-300
(}‘\-lg") —-(}»{-\‘;0) ._300<'a<—-l§0
S(Ym.\a“(\)’) E)( and H\? aersus bt (v The HQY\Q }:-\SOW\ ave 7."\1*(?\ \ay
15 .4 0c¢c ke 0.5
lexd = 754 (1-F) 6-5¢k<t.s
5:-\50
75'4‘(t—7’) 1.5 <& b< 2
o2t 0 ¢ck<o.§
K A 0.2 (V-¢) 0. cect et
Ryl =
4 32 -150 0.2 (E-1) | «btel,s
0.2 (2-Y) .St ez

wheve By Usin volts/m 5 Hy Csin ambs]

ma ks in /Asec,cmni 'éis in m.

6.47- 3\3 (XY%\AW\GY\\'S strailay Eo those tv Examble - 20 using The bounce

d\‘ac}\'o\m \TQC\’\Y\CvLQ , we obtain he answers %NW\ ™ }:mgx 538 ﬂ;

The Yexk.
—aﬁ
6.49. (&) V 'R%I+:V+ T-"--‘—-\—J—-r "
% ? To R
)
solving hese two akowns  we gt vz 22 ¥ N
9 = } 9% Rg'l'%o‘} ki 0
which gives fov £ 7o,
2
V+('§)E) = e \l%_(_(:-— %) awnd I*'(’S,E): \‘g(k— }‘-\-r)
Rat o Ra+Zp
3 3 .-
IV T
-
(b) V++V‘:RL(I+.—§I’) >
A V+1V— L
to g
- R.-% 3=t
So\«vimg These Wavee xzfvm)n'ows. we cyt\~ v M0yt
RL*'%O
whtch %«‘m{s b t> YA
- z
T -l VA T S S P I N S )
Ratto v Rgt0
1 - ! _ 2l Y
(»,t) = - ‘ Pp Vo (E- 5 + 27
R%‘\'IO
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I S S

- ey ytavoav—t
(0) V%—K%(I*»c: +1 =vtav 4y E_——?__———————-

R
? 4+ gyt
+ - - ~+ oy~ VEevTEY
1t ¥ e Y 1T 2 I ":?{Lr
To Zo 2, s

3=o
SO\'\/\W? Rese four c:vwdﬂows usxv\g We yesuly v VT fyom (o), we caz_‘r

v v Rt %e ik ginres [0 t:, ,

fl$+:l.o
T 2l _ ¥
V(3,0 —2 Taly Vg (e- = z)
R%"'%O
! it b
L7V (y k) s — PRP,}V? Lk-_&_,‘;)

Rg’\' %0

—-+—(’5)t)’ <+ and 1—*"(}1(7): ]

(d) WY\'HY\% expressions fo¥ v
and mohng Tal e sready stote W\WO’L omd. cuvrent are The
s\«\»_eg\aosikows ff Re volloaes and cuvvents, vespeckiatly,

assowared witih the Evansient woars , we obtain We sevies

expressions fpv Vg (3,6) and Ty (318) glvemm The problem.

(&) (1) Vg5 (3,%) = {z (P Ty)" mki: (f';ug) 1

R‘a’\‘%o nso
e

= \10 —

Vero 1+ Tg

. m——

V\aa—\'?-o 1- T Ty Rt R?,
s (3,6) {Z’ (M) "~ T T (raTy" ]
gﬂso n=o
VD \‘PK - Vo

R%ﬁ-%o l-PRV? R\_"‘R%

2, cos[wlt-2/4) - A+ F'P\cos[w(é:-y} —_,.) -d)

Y Ves (3)8) =V,
Rg-\-?:o ’ i_l-t-(ﬂgl"?)—?.f’\" cos w._')
3ty
N, cos [w(k~- 2) -4 ~ D cos[wlb+ =) - o)
Iss (3)(.’): PR
R?+'io [_(+(n&n?)—znnp?c°sw ]

Pe Oy Sin w &
where 4 = kan~! R 2 v

A
l-—F‘K\"% cos w_\_r
RETS A - d ¥ R N _
WYL%\“% VTaN =L A—E(I + T )7 1—:1
R 1t Y,+ oand 17 = - X: we ovtain A
') =0’ o’ N
- - T Y
L d:—\-l— + Vv ==Y, or V' = -\IO+AE’, L
To A%
* - - *
\y R :[_\L - ¥ =0 ov \1-3— :\/-] -y
But [ 1 ——\—t:o-&- Zo 2o Ik =04 L =0+ [ bapp- 0
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- z
Thus we obkain A =12V, and V'~ = Tt

6.56. N =zls+V , T = = ¥I . = I
3 1 4
- N -\ 04T L
Thus  avT = 50 (g vIT) 1 -
—_—
Subshitukng I ==Y - Y and solwn v v~
(} ) %O 5o ?6’0 2

we oblain Voo —5.3 ov 5.3 wolts . The secomd answer Us vuled oul
sima tie veldicted bower cannotbe greater fhan The nddent powey
W atew O} The bassive wakuve of the nownlinear element - Thus
VTz ~5.3 aplts.

6.51. See page 538 () the text foxanswers.

6.52. For linve shovt- civeniYed ok v emd omd o\aev\—cl\(cui\'eé or the olRer end,
fu :; (ent ) Vplal s M=thzd, 000000, wheve Vi, (s the vhase axlocldy-
No\vaop s\(wvxol;.‘m9 wowe hatherns ave hall sinusoids Wik 2avos ax the
Shovy - civauited end omd maxima ok e o};&v\—d‘(cwi’rea evd. Curvent
S‘rawxob:mo() WONE \,o&\'ew\s ave »\QJ\B- g\‘v\\iSm'ols unHR maxima ak he
Shov¥y - ety et WAl emd. oo wvos at e Opew - civeuted ewmd -

Fov line U\mn—o:vcu(\‘eé oF bots emds, f, = “_1’{}9 S M1, 2y, e, 0o
4

Vol\'w}z, S}wv\ol(n% WA ra\'\evvxs ave ha’%‘ sonusords wilh maxima

ak both emds amd cuvvent SYOMding wowe patterns ave holf sinusolds

un TR 2v0S ot bolr ks .

.53 () k—;_} fov 500 Wy - Hena, T = —‘—;'2‘— = 60+ The cwYyew!
4

dyawn é—vmmz SOWYeR (S 2ev0- \Io\\—m\de ol SouvtL amd Bl The \ve s

4?.1)10& % WMe Spuree rv-o\\'u.r;x' The S%’vw\o\kn'\za Woan }:o\H‘evn (g

N
th evelove gimwem by 1V ()= 10 sin T . Knowing Mat T g0 —=
AN “o

k]

we Then obtain The cuvvenh S\fM\aL‘vx%, waar pattern % be

- _ ‘(— E_A.
tz(d)] = : cos 1

(b) Lz 2 v 1000 Hy . Henor, Zon =0 The cuvvent dvawn o The
T
Source s sumply The souvee aoliigl Linidad by the internal
Yesistomce . thus Yhe maximum cvwvevxb i the c,wnfev& S’rp«wiivxg/

- \ . .
wowe patbern which oceurs at eilker end o’}T‘Ke\me (s ‘5;0 ,;.O
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This Ynres | T(d) :_L_L

- | <os I(,é } . Now, \vaw\’v\(é, That Vyax® Tmax oy

we obtain (4 = z.lg Sinm T_T_L&_

() Su\osa}{h*\‘v\? The olnn Aol wes fov d in The ex/:vessfom by V(4
avd |1(d) ovkarmed in pavts (@) apg (b) and no¥ing hat fhe
fms velue 8}5'\‘&1 Su);ey bosition d)5 tuwo wl}o?zs Ol U pRvant bul
havmonieally velated freqrencties (s ezvka&ﬁv e sqpave ool s
e Suw fi TRe Squares of the Yvrs values [\Y'W{Q individual
Components, e obtain fhe amswers guvem o page 539 of The text.

6.54. Equoting jwXU T 2y =2 tan gl =) (% tan w {Xg |, we hawe

ton Bl= gL - The fivst tiw valies & 8L gov which thus 2q paton {s

S(ﬂw’%b‘ec\ ave ay)avox(ma\;e\\g A 49 omd 7.7L. This 9&?\&5

£z 0715 %!’ amdf 229 ELE wheve Vy, ¢s the phase mlvcu.\;,

-3 - _ !
6.55. |V ()= 1¥*1 1 +T(are Jrbdy g+ [wlnmt%z\r*(o)\cos<e-z{sAJ1/L
)

wheve 6 = {5(07 . The devinahing §\ V(43 witi veshect d (s
{P(o)] 28 Sin (6-284d)
(1P +2 (Flo)l cos(o-28d) )"

(v

This Gvkav\\'\“\'\? aaries 6—1;1‘@{ meay Mre Mminima c‘&TVw_ S‘HNY\A'\Y\? Wone.
battern Than neavy The Maxima of e \;oxkevn . This (s because alirough
\Stn (8-2£d) ) vavies in The same Mmanner mear The yminima ande
maxima , he LUAMH\& [+ [P (o)™ + 2 |F(0)] cos (6-28d)] " has &
swolley value meay e minima Ehan veay e maxima- Hence, The

YW ten o JB the S\'woh'yx% wave paktern ave s\-;ark)e\/ Than the maxima.

§.56. At a wlh% maximum ¥ and T ave w phase amd Reiy wmagmitudes

ave (Fl= (V| 1+1T()]] and |T]= (l;-\ [-1F(o)]]) + Hence
[
2 =2, LRV 5 uswe).
(=)0 ()]

—

At . wollage mintmum, V and T ave in phase omd fheir magnitudes

ove 19l = Y\ =101 ] omd [T)= l_i/;' {l-r\ﬁ(o)]] . Henw
[
5 - 1T (o)
2= 2, ‘___‘f:@ = 2o/ (vswr) °
| + 10 ()]
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+57. MetRod (s The Same as fov Exawmple 6-23 - See bage 539 o The baxkl

for answey s - Frackon & incideny power tramsmitted W medcum 3
(s equal & (71— 1f05) = -

.58%. No shw\éiyx? WAARS Un wmedium 3. Evowm T :—Lg,\/swp. wm kpez

—_—

Cs .5. Sinwe The electvical lmﬁm fr wmedvum 2 s 32 | e s«‘—vwxéivr9
8
woae baltern gov I—E_x\ w That medium consisks 6‘& of & mintmuw

(5ay,1) ab e YUight end ff Remedium , a meximum of -5 ak
- -j4T .3
1.5 cm fvem Thal wmd amd veaches o aalue ok livThe x (:tvl’i‘a'

(=170
' g —-‘)‘_lg‘ Com}?u*’.‘“?

at he le(y%:zmoko’(y wedium 2. ﬁz = T, e‘b

We line {mpedame ok The lefh emd of line 2 amd us(ng'd“ to combute
—53 y we obtain ﬁ3 = 0.33‘79 [’1970‘7' whieh caxmes VSWR m medium L
b be 2-2675. Sing the )n\nas‘e am?&ﬂj Fq, is 201° ‘1‘,lgx\ ¢S
neilfey A Minimum movy a Yo ximum at TRe Yc3wr end a‘(; mediumw 1.
The fovst minimum of the stomding wane battevn for |Ex\ occuvs of
o dishomae ¢ & We left f tre imbevfac givmenby 2,4 =201" 9" -180°

. . - 1)
=29%9" or d= 01542 cm, amd ths walue (s 1275 2 = LS.

l|+\53\

onceeéiv\% 6\;:('“7\@(, we ovtain o value o 1415 x1.-2675 = 2.6 (on'W\?-
Maxtmum  ofs VEx | located 5 eom to The lekt of the minimum. The
cOvves\:méiv\% S\tow\éi\ng wowe patterns fov ]f—\\? \ ave as follows :

In meémmz, wox Cmum o 3/110 ak e vight end , minimum of 2/y,
at 2.6 om from That” end and veaching a aodug. of 2-55/n, ot e
lefe amd 5 In medium 3, a Maximum of 2+6/m, af 01542 em
krem The  right ende amd a Minimum oy 1415 /M ak Sem from The
max imum , and so ovn .,

Frackon 8 tnadimt powtr tramsmitted mbo medium 3 = (~ | 1%

2 1-0.3379% = 6.8454.

Wown tvn})ec\ow\u W medinm L ok a distone o 4 ewn oY %07\‘ (= ’?L;‘)

frem the in\'evﬁna belwien wme dia Land 2 (s az()kd w
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6.59.

; Qi
- _)1_?,_‘
ty T, e 5
3
’Y’o

: = ), (10062 +)0.8654) .
Y -iap X
l-—l"a e s

From m, = N TR obtaln We pevmit\'f/\ff%\? o’(ytﬁa ?/.,LA‘("EY WAL d(eiect_vic

Coah‘n% tobe 4€,- Now,6 sineThe waneleng® Cowes})mdcn?w‘s 1500 Mty

{n RS coa)—x‘y\? medium (s 10cm, Fe hickness wmust be 2.5 em

6.60. (a) From VSWR = 3.0, we aeb ()= 5 - Fom The ginen data,The

. = A
diskame behueen lood amd fryst 'VD\\’UL?L minimum s E‘—'O?\ = 3/3

so Hhal Lﬁgt—l—;- Thus l—"—ﬂ Zjlz O\V\(}\?ER:EOI—*‘PK ‘—(301-:)4-07—‘7—-

1-Tg
(¥) The qpartey wane sechion must be placed ok a '\ro\)’&%i intmum oy ol
o volkaor ok L o e 3\’WV\AA:KY\.9 wowe pakteyn . Tathis case, We
Kovsk W\\frwa,t AU L (5' ak 15 em o Tae load and sine A= 20 G,
fheve s a.w\\rwag maxtmum &b S om from The load . Henee ,The
aUA_oc(\’eY wane Seckon must be placd at e fom T load . Stvee

the line tmbedomie ok this locakon s 2, (VswR) = 150, TRe

Chavackevishe itmbedana of Me quavFer wanve ceckion wuwst be

J soxtso = 6.6 .

6:61. By kivsl‘ (5\‘m0LCV\g, F’CO) % be 7—,;- Q“jo'é_n— from tRe skow\c\iwg wone dara

6.62 -

ornd, ‘mq The mellkod Examble 6-25, we obtain The answeys
2 b ’
Fvtm on lpage §39 f the text.

Fyom The S\’\'NY‘A‘:Y\Q wanart do.)Ca., we %\, lﬁ((ﬂ\: 31

>
o —’L GV\A
A _ .90 A - ~10.42TF
[F) s -7 « £302 8T T gotpat o)z 005 e I
40 s
— -7 0.7 + 3§ Sin 0. 41T
Tren I (0)= :‘_ _o n(e) Z .00 ) )
z (o) To 1+ F(o) 1+2§ % ¢cos 0410

Il The tnput susceb¥ame §f fhe shub Us By The e lyhechat lbad admittamee

Witk e St comnected (s ?{ww by

—_1 0L X 0.9 . 002 S{V\ O'4LTr
Y (o) = ) [ + B] .
1425 4 COS 042 T (.15 + cos 0.4 T

Lek this be .C + j(D+B). Then

Fleoy = 2-2o Yo-Y'(0)  Yo-c-j(p+B)

2'(0) + ®o Y, + Y (o) Yo+C+j(D+B)
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=18 o)\

g —'(o) or0L % 075 _ ¢
=0 - Thu ¥ mintvum VSw X . e —— =
occurs fov D 4B =0 - Thus ko ) e coaan 00

For VYSWR = B be a wmintmum, 0(0) must be a winimum , which

ond F“(ﬂ - }_‘_ so thal” e vminimum VSWR izt cam be athieved (s 2.

6.63%. Method cawe as in E xaw\}o\e 6~16- See })a«yc 5398 e Yext fox onswevs -

6.64 - (&) Novma\\'vz;za load tmbedavice \>vesev3’e&

tonedivm 1 is MNold " 2 e locake 4
Nolz 2

this o\ The Swvnith chaxl ok }wmk A -~

<
amd dvaw the Cownstant VSwR civele g FK[

avd vead The VswWR walueat point B

£
% Ye 1.5 ” /
(b) Kwnowing The Mickness ofwedium 2 towards
e “ 5e\neva¥ov
¢ 02315, we goaround e

fonstant VSWR civele sk‘ao(ﬁv\% a¥ point A towards the %wem\'o\’
by 0:375 X th veach boint ¢ amd vead The mormalingd inpul impedance
o wedium 2 as 0.92 —)’ 0-38 .

() To sRebch the Slvo\m&i\r\% wovt pattern wm wed iun 7, Wewore that
we wawe stavted ok a minimum . €T (hoink A) amd hawve gone.
!’F\vouuzk a maximum  d) 1Ex) (point 8) belpve vecu‘.kiv\aa boint c.
Ik 1Exl Us assumed to be L ok the yight end b) medium , Thew
The maximum [Ex ] ¢cs V-5 aba distamu 8 2.5 cm and [Ex ot
e lelk w:{ﬂ’ medium (s D& = 1.275.

(8) The movmalined 10ad tmpedamce presented & mediuwm 1 s eqpal 1o

(0.92~-j0-38) Qo /qq 2 (0:46-50:19) + We locate Tis at poink E
2 [

omd dvew e constawnk VSwR civele. The VSwR ‘wn medium L (s

hew %&J\H’/ﬂb\) e value at hoink T . This ts 2.267.

(e) To skebch The Sl'ow\ol\'wg wowe batbevn tn wedium 1, we stavk

= M T e s
Al Twear BOGALS YRS AV bng YR L0

: : cn PR I !
granT ViwE YYle Towavgg

he ?Un&\’a{’ov. We [irst reath a wivimum ol [Ex! (point F) aka

distome of 0.0367 A oy 000367 X 20= 0.734 cm. The value of this
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wmentmium | Ex) (s 101475 %2267 = 2.6013. The fvst maximuyr

oceuy's af 0.734 + § oy 5:734 cvn.
(1) Howing de¥evymivied e s\'amatév\a}wowe \-,ak\afw fov 1 ¢\ , The

sbav\diw? wok f:aH‘evw foy [_\—_ha \ com be obtained b} knowfv\g ol
e hoints for ]\—4‘2 \ on The Smith chart ave located &caaowo\u%
opyosite toTRe hoints fov e covvespmding [Exl- The vesults
ave Yhe Same as glntn in The solukion &w Problem 6.58.

(4) [Pl in medium L - AR

= 0:39 which aines the. bvackon 6, incident

power Evavismitted crilh medium 3 as 1-0.397 = 0.8479.
(W) To fimd the wanve tmpedoamee v medium L av a distome fy 4 em
“oy 1\_5 fyom e Imtevfoce between wedia Land 2, we start ab
point E omd. Mt avound the comskant VswR civele towavds tre
%Lv\eva.\’or by _'A? % veack point T amd obtain tRe vequived wave
(wbedamu as (.08 +] 0:37) %,

6. 65. Melhed (5 same as in Ex‘ih\\ale 6-27 gwvice we locate We 'Yzovvnaltbcc] load

{wbe damee by following in vevtyse The proceduves Muskrared (v
Examble 6-26. Foy answevs, See answers Fo Pvoblew 6:61 on baae 539
oy We text.
6.66. (o) Dvaw tonstant USWR (=3.0) civele passino,
TRyough point A.
() Locate point b COYYesl’Dovxaina‘tE w\\-a?z Print mum -

() sto.vl:in% ak }ménk B, 20 avound Tie covistant VSWR

tivele towavds The lovad b:} 5-80 % = 0,145,
40

f locake \(yo‘u\k C co\(ves\vom\w%ﬁ the oymalized

load tmbedance.

(d) Locake point D covye s\ocv\clino{} thThe Movma\(v,ca load adwmitrance ,
c(\,‘mw\e\-vfca\\y obposife % }:vivx\— C.
(&) A stub covmected in }oaraﬂui with The load e(y(;&c\n‘rv{\y MEULS

\point O o\ln\«} e conskamt comduckamer civele }sts(mé thyough that
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boint. The minimuwm UsSWR (s then achiowd when point D (s

lhe chwely woved Lo hoint E. This minimum VswR value as vead

ot boink F s 2.0.

6.67. MeThod same as ivt Example 6-28- See bag 539 of the text fov answers.

6 -

£8.

We fevst wyile The expressions fov the inci dent, vellocked, and Eyansmitted

kie\d

E;c

HX(-

H

)}L

s. These ave as follows
Trneident %\'e\ész
2T
- LN
- . 7 . MITX J Nat
= -1 Eof,;\h(T)e 3
g A
=1y 22 s (mIX) e YT
Ny 7\9\ @
- o T
o B 2 cos (mmyy VT
Ny e *

Re\&tde), 6\'2\33 ;

A1

- — . T X 3= b 4
E‘aY:—z)EWSW\(——a—:)e 9!
Ui
_‘:\x‘( T - 2) Eov ZL\ gln('":%_x> e ?\9\
N A
_ g AT 5
" = 2 EoY *tocos &V_Y_‘Lx) e %?l
AN e o
A ¢
Tyansmitted 6C€\3?2
e
- CT e (mTixy TR
E\g\::—'l_) EO\: S\.Y\(.___;)e Mot
_ .oxr
W = 8 Eot P S(V\(@)e ) g
T
= AL
R = Eob Az cos (@) e J ?xg'&—}
'bk‘ - ':,)“ -—7-\'C -
7.

3 <0
My €

Now, using e \muy\c\avsé condikiong at 3= 0 oxlrv&vx \7\3,

™

which %cmc me Evyansmission

actombany tno gt'trwe .
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; +—E‘3Y:—é$t ) oW\A ﬁxL"‘T"xV:T'\xt»‘”e ?ek
x P
My 2 9 - 1
i L ] =
f
Nar X
N\’L —ig'z_ +"/]l -)%?—-: "‘(‘[gl-t-’flg\ *\9\,\’},3\ ' ‘V]%L,'\)’P.bq_
by 1
2 S g2 =
= = —— - —
Mo 8% g, 230 Mgt e T
A

line evxw\evx\' showh tn The



~

6.69. By starting with e expressions for I £ s By, oA B as %W by,

- e—)(@x oS + By Sne) .
2

~

r)
n
x

°

~j(Bxceso; + g3y sinel)

E¢ :‘/?é[HGSL'V\eL Ly - Wp w05 Og &"5—3 e
- — ) X cos 6, — Sin Bv¢)
Hy= Ho ¢ CF TRy Ea
~Y
- - ) . - . ; x - :
EV:,’/%[H; S‘V\ev}vx*‘Hf; cos Oy "L‘/’B]e‘)(g cos 6y Bbﬁw\ev7

and po ceedmoov n o aviney similar to he Eveat ment for TE wowss

in Seckon 6-12, we ovbain the vesulls gimen on page 539 ol the text .

6.776. ’q%l:‘q‘ ‘”(7"/7%\1‘;7_08-4-—"’—)”\?,_: ﬂzml:(‘”.‘béﬂ—

Fo Mae”Mav L 5097555,
RECRRUE

Frackion of twcident powey Evomsmitted in® walon 370 = 1- 1\
'/L .

= 0.9904g7. From Me; =, JIZ(312e) = g, gy e obbain

€42 0.2172 €, ov 3.083 €, - Rulin% out 6.9172 ¢, , we hawe

€,= 2.083 €, - Then nding Pq3 omd diniding by 4, weork e

veqpived lengltin s twe makching Section tr be 0.80875 emn -

W
6.71.  Fyom g, = —’\;;qa) we hanve

dv
4 W — W "7 Vb .
j—% = 7 dw and '\1‘,?3: dw -
dw o+ d@} 1- 2. A.ﬂl_”_’
O Vhy dw
672 - Usinoa f\f% = vy, m , we obtain The gv%mw} anlues
Mode TELo VEy o TE3 0
3
v‘?’)vW/Sec 14256 w108 11709 x10° 0:52% %10
e (o rem 2 T end 3 e O,
X L) (LAY Ly x[-jwe V)
Ot aw ZE () —jw T2 s jw s ) 5T I EJ ?
3 5 ) 3 J 53 ( JU)X)B}
ATV Lo IV vy -
oy oV _ L (Cfa ) v+ w BV -0
B—éL £ ( B‘)>(B}>
T L w28y —jwe L 2B (- VT e e 0]
03 Ty i Eleg
or é}__f__‘_v___)(aj>+w”x:1:
3}"— € VY ?
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(b) For L= 2, e %% and 5 = 508&%, e ewo):(ons be come

otV v - 3T T -
—b—-—j‘_ + OL.?—Y +wrLpB, ¥V =0 and  —— —KE—I + WLy &, T =0
3 33 03" 3%

kor wnich the solulions ave ob,{f\mv\ ot hbage 539 of e texk.
Real zx};omev&‘s i the solukons fov N oamd T wmean mo };ro]aouao&{m-

This occurs fov ab- ¢ w”xoz'go >0 omd hene tre eul ol 6‘“1)*9*“)’

a

4T X, B, \//—‘(_17_—) Yo
g tel) —
6.74 . The vecuxired axbves;(ow (s LNz zﬁ( ' ’ l
Ji+ (¥ wrer) !

.75 . For £ =100 MHy , 0 wE amd fox £ = 1o kHy , 0 & we . See \vokae 540

¢s otarm by L=

o} he text 6‘” ONSWEYS.
6.16. Siva e slab s wiftmite depth, the Wmpub tmpedamea ofy The medium
s H ke mmbvinste m = : TEM
eqpol s imkbvi tmpedoamee M = (11 ) \/——;__t Thus
- M, _ (m "'no-)'\‘j.(‘ﬂ'{:,l&o/g’

33

[

" ? (N™fmola +7M0) +jm

writine The expression fov [TlTand using The condiXon —3——&09 1,

we ork e [vackon §f The tned dent powey veflicted =~ 1~ 4 { ﬁj_e"

ond The frackon %w\e tneidewnt powey Evamsmited mis The

conducdoy = |- 1TV = 4 Ej—_—e" . Fov copher at = 30 MmHy ,
These two quankiXes aqve 11— 15416 x10™% and (516 v«\o’e’, vespechnrly,

617 (o) See bage G40 of The texk,

= Ex _-27d _
' Ex) o T Ex © Aoy et 7O
(%) '%(A\—_—:f———— = M Ex’ - @ t+ Do) e
HZ(A) - Ex e—Z?a 1-1(0) e"*78
EX

(¢) sina the twpedanc seen just B e vight dyThe lossy conductoy
s ooy the Yeffochon coefficient Theve is equal B 1. Then e
veecron codkdperent akhe lefe amd ofs TRe lossy conductoy (s
1e”t A wheve 7, (s the brobagation constant im The lossy
conduckoy . Thus The Lwmpedamu \presemted B The wowe. W adent

from lgree spaw ombo The 1053*3 conduckor Cs
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1+1€"L7’c_€’ _

3 o _ = ™, cokh 7.t
Loy et et
Fov dbt &t , B.b s asop &l svmee B, =d
5 . e
3= e oy [TF
Lt o (\ﬂ)m £

1k

\ .
— N\O,TV\A\’ LS, G = —
¢ Mot

T8 subsibng Exo = T Fyo 2 2= (o) [TEE T

E:v;ok\‘\‘oWS (6-2874) and (4-278b) , we %,e_k-

C,QV\A

\

IS

st

, Theve will be mo vefleckon fy The wowes.

\'E',(\Z \/—@_ \_E,X_\ ‘W}’ oond la \ 1Tx\ ‘JT\"?I"“(}
o w AR
— 60 w X+ L — ~
(@) § L olEl™dv = o ¥ arim (EalM TRy
v 370 4=y x=x o wh
RS
2 obfw
_ badl x +\ T [TEMT %
() § L miRgdv = % w(e §ET T ! dxdydy,
v 3’/0 ‘95\3 X=X W
U T L] ,
z XL oW Vxl
6:79. See \Wa%e 540 ofs e bexk.
€.50. The Qeckric [ald ot a Rame ot which TRe magnelsc keld (s v enerywheve

nitd

ts ~1E, Sin - . Then , he

dales (YL (- stn TRE)T AL
d=0
the vesuly olnron by, Eqpakion (6-199).

\(uw(vea totall energy devsity from d

=0 %

€ F_o"( Whith Cs he same as

6.91. (&) wwhn%me exhressions fov fRe frelds mTRe Fwo vegrons, we howe

fov medium 2,

Exy = 1) Eyy Siw ?‘Lé Mediam
1

oy

Bov cos g, d

N
and fov wedium by

Ryp = 2

EX\ = 7—j EO\ Sin 6\(_c‘—\.)
T"‘g\ = 1 E‘L‘ CoS g‘(A—ﬂ d=t

M,
Now \AS\'Y\% e, bwv\dm\} conndikions

[’éx\]cl:t_tc[:exz)a:( and [ﬁ‘aad:l-k‘:[;{
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we obtain  ~ zj _Eo\ sin gt = ?,j —éb‘b Sin ﬁLU.’t)

1 Bov cos B,k = 2 E"} cos gLU—L—)
"’]\ N]L

Dwx'éiwg, sne eqpaton byThe glher and YeaxvYongimo , we aet Tne
\’&q)u'{eé ve sult .

(b) Fov e opven walues f§ t,l, e, amd e, Re equakon fy pork (a)

' L
gives  ton W n,€0 = =24 Fov aralues € frequemcies , see page 540

ol We kexk.
6£.82. Fov aYya h'cug\m’ mode pheyokion; That Cs ¢ fxedw, L= A
yox oh sperabion, ok 5, for fsed L= e
and g = __.‘f_ = ———!\——“ W‘FY\F( ol LI
2§ z-{lv‘J’Fe' ‘f’{v\

6-3%. (a) we 6\'.YS{" write ex\;vessiows 60‘( €] amd ) W ONe e‘:blag co‘weg}mv\dén%

to TEm,o wodes wm baro&m— }»\a\'e ?\uolg These are Wb\é_

E\{ = -2 € Stn (T‘Ef) eV Ry ¥
= Al £z -l
_ . -
Hye = 23 %\g }}_?;\w<mn><) e 7*"’“"‘""} —
T Tx
ﬁ;:zélcos(vﬂx)ejfi‘)%
'Y] 7‘5 1,1_\_ 3:0 /‘;6 3'—“]
E\{: -7 'E'o' Sw\(m“x) C') 7“3}
= (38 ] -
B e o1 Bo 2 sin(mEX) ) M? *7o
n Ay *
— . 2T
D o=z B0 2 coS("ﬂ) N
5 'Y] >\(, o~

To obtain he expressions fox complete Shlm&iw? WS we Now seb
Eol - - E, omd add the bwo Sets df exbressions - Thus , absovbing e

facox 4 wlto The conskamt , we obtain

— _ : 11T
2y - B sim L7 s (55 %)

W o= - % sen (02 eos (%)
") E . L
o= j Boocos ('ﬁl‘f)s\w(%%a)

N

E\’ has nodes af =0 ok ot InFevvals in % whith ave Im)ce%u mulkiples
ok %? . Menee , pevipeck conductys oceupying e plaves 3=0 omd y = d

Ssupport S}—wkum% wowes of LBMCAQ wonre lengtis Ngn = 7% slatud, e

swoskiuhng Agnz An/ L= (B ond simplifying, we gik
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(¥)

1 .
Aps which olwes £ = -

[Ca e S L
These ave called The TE . o rpdes Sinw the {T'e\cls hawvt v half -
sonussidall aavvakons wn e ¥ diveckon , vio vaviakions wn The
9 divechon omd L half sinusoidal wayCaNons i The 3 diveckon.
See paor 540 of The text for the lowest trvee vesenant frequamies
pnd The Lo\(‘(es\omolxm? vapde mumbers fov a = dz 4 em.

For TE, ., wode, m=1, A =24 ond 7\% =1d. Subs%{h*\'v\% These
™ The exhressions for Yae Eorad frelds found on \aow{‘ (a), we ok
the expressions @WW\ on pase 540 of The text.

To ind Re & & We Yesonaloy , we fovst 6fy\a fRe enevem Stoved im

he Yesonalor ey unit length im e y divechHon . Bpv tWe -re‘)o)‘ynoge,

his (S %&rwvv\ b?

) ‘ .
W= go § "iGEoLS(“L(T%) S{WL(?) dx dy :-8'; ad B
X=-& 320

we next fmd Me Powey dissipated W The walls 6} the resmalor

ber unit lm«ﬁm m tRe Yy deveebron. To do Thes , we ~ote fRat

- _ — . '€ 7\ )
- 2l z - b N K
[57 L R e
g ).y =~ W _yZc - E, A Sip X
L3030 = - TWdpags o) 22 2 o
T A E.» o >
[7937‘”’ = [ Moo =4 .EY‘P PTURY

[3—-‘9‘1 Xz~ = "{T“B—)x:—-&: () E? l Siv ¥

Covx;iAe\(iv\o&TV\e wall 3=9, The cuyrent b&y\u\vx% oo uidth dx

ok om mYbC’cvav\a ol e of{yx DS I? = [3‘\9')72 o
= -] Ey 2 Sin ¥ dx . The vesistama UWYQA  this cwrrent
) rd a
oy unit lemglin w The diveckon €5 R,z v . The
ow Yy 9 ! Y SN
powey dissipated in The wall pev unik lengti i, The divecim s

o, ! €,) X L N
U’(ﬂ _a = 2 (‘ 2 Sin A \E\
3=0 )§ . o §(dx) " 24 ) %o’g'v]LAL

A
z
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6.85. \/TY:‘\’C::

6:86. (&) A wane b prequency § wccdembt obliguely on Hig Conosiphere ak avn omafle

()

A'W'LY’(\EO

10z £ oS B, = § cos 30°

Simi\m’\y y finding, (.Pcﬂ}a} ) [Pa)x:o’ omd [?d—]X'—'&’ we

obtain e totalk pow ey dissipated per unit levxﬁﬁ\ w TRe

4 dcvechon g

= 2 T
Pd:\eoxx &&JCJ_J.
%O,SN]L it o

The § €l the vesonator (s Then %{Mb\a,

. =
gz avf ¥ oo o,we €ado8m™  avd

! At (% 3?)

put £

3y,
144t
Q- e 8 (tx—fé)‘

4 a®+d”

L L
S T
dzo d=o d=ov
W
&, = IR S _,l:.)_?.
Py 9y

q - e gl
e TyErL +ae EOL‘/_/T_Z—_E
ov —‘6—2 = _%_Ae + Z_TS‘ _ _‘a‘_‘_ _é_L
. [ (m)™> (coulowmb)™ }"L
(R9) (comlowb)®/(mewtom (meter)”

m

1 _ -1
s X"Y\o.w%o\'\ "~ — KW‘ (sec) L]\/L — (Sec ) .

(w) (Rrg)

T -38 w
- Leb™ X 1O xX36 = 30.6
4wEX 9.l x 10~ %1077

6, with Me movmal (s velficted from a levtd at which the Yplasmo
frequenty is e pal T £ cos 6, Henu tRe vequived value of 6,

(s ginm by o= 20 €05 6, or by §o0°.
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subskh\x‘w} inth e expression fov § , we opk

o £ = %’- z U, 547 MHy.

k

g L d T,
oy 1B dd = § ey £ sean 0 44 =Ty K (



L .
6.97. Fov $£:= 20 MUy and fyz It M“};/bt: (- %EL 20.%. If & (sThe
angle which e ham of TFe Wave wokes wilk the wextical mthe slab
Covoshhere , Then 0.8 STV € = Gim 30" 2 6.5 or 8 =38°41 . Then
The hoﬂ—bqy\’(a& Yamog o} he sate llite feom The vecelaky (s

100 Eam 30° + 400 tom 1§°41 £ 500 tam 30° = 6(6.678 kwn .

The true elevekion am%,f'k o‘é‘ﬂ%e sotellite ¢s tam™ 12°°  _ o( .2”.
666:618

6.98. Tiwe 6@\&)/ (,mdev%one \9\3 The saYellite s\'ozmoi (s gimen by
T
_P'l—

%:gfﬁzgsﬂﬁ_,zgsg L En
Aqr?r A c/)_f_NL a < 'L‘F?’

S T
;gsds+ __:ELAS

——

A C A zcf?

Abbarent Yamae o e Satellite (s grnem by

3 S r 2 s ’ s
Rl:C,Tc}:g ds + S N o ds :g 43 +4l_35 Nds .
A LS A i A
40,3 (° s '3
Thus the excess Yarmog g 202 g M ds . For S Nds =10 elec)rvovws/m‘—,
. £ A A
The excess Yow\%q, wodmgs ave 2.0656 Ry smd 1574 [1ad 140 MHz

amd 1600 MH3, vesheckwely.

6.89. (a) Ata point along e x axis, the freld due 1 dijole 4 (along e
X oxts) s jvo. The feld due to debole & (alomg e 3axcs)
has only & 3 comyanent .

(v) At a pointaloneg The 2 axls, TRe fi2ld due t dipole L has only
an % combonent . The feld duet dijpole 2 s ave.

(e} A% a point a&m\a e yoxis, the field due to dipole £ has only
an % component amd the keld duets dipole 2 hag oely
3 component . The two kelds ave e_cumﬁ w *W\M(Tnﬂm&e'

(4) AX &v}voin\‘ a\mg e line x=0, y=3  We keld due 5 dijole 1
(s i e divechon 8y - £, ond tre field due 4 dipolez s in
tre diveckon fk Ly = E (Ly-Ls) ak That point. The
mazmitude of We freld due'tp depolez & %7, bimes 1he
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YY\&.OXY\‘:\‘\LAC oy fhe 6—{@\% due 1% dibole L.

Fov Aescvi}q\—foy\s ‘Qf ba\av(éa-}\'w\ oy We he\d kov each (ase, see }m%

540 of the text .

¢.90. (a-) E Yowm $L3mvr\ekwy Coy\siAeY(x\'\‘oV\S, the 3
VECRY potemtial due o Yre (bo}, is
P v
. !
CV\\'(YQ\)' w e @ divection. Hewce, : .\'\:
i ! >
CoV\ch\Q\'CY\% & point P n e xy Ylane l\ o %
we hane X
™ X-x!
A= * MoT, a d@' cos w(t—-l:’_g) . .
~ \ v (~Stng L, +Cos g L,
¢:0 4T IV—Y"\ ~X ~%
. [x-y*l
10 1 d 1 —)w N,U-N . o
—Azgl Moly 0o e (’S““?Sl,i’x*-cossb rg?)
~ ¢:0 4T ‘,Y\-"Ll\
Y
But (v -vi\ = [(x-a cos¢ )+ (~asin g )t £ R
/xv(l~%56n9 cos g')  fovy Y D&
% 2 2 sino cos g')
and ~ AR (\-t—.;—GLV\ oS
tr-x'\ v
~
Y oW . {
~5w - “jwe S oSN cos B
[\4 = € [4
~-jw W a5inB Cos @' y Wa-= D\:'Z:nll 4
~ (‘_,,)_(\; in ?5) §° Y B ) &
Thug
_iwX T
R o MoTe . 10N S (1438 sine c_05¢')-<x+9‘\;scne coS;zS’)-
~ 4TY ¢‘:° v

(-stnp' Satcosg o) 48"

ket

(r+ j_‘f’ﬂ; 6 Simo cos B! +% sin 8 CDS;é‘)'
1

-0

v PoTn —Jwis
x e

# .

(~sin 525‘,5;( + cos §' ;‘v?) dg!

4TY

where we hont meﬁlec¥e3 The Fevwn j%_ &Y sonTe cost®¥ Stmee boR
Y

5’% omde % ave << L. Ewluo&\‘v\? the '\m\~e¢3v¢xls omd ""—f"“c“‘} :‘:,»} \9‘3-

59 £¢ , we obtain {{iY\o\Uy
jw(k—{;)

¢

g MoT, Tarsineg . w t
~ (Jt;‘r )e .
~g

aTY i
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(b) Ustvg B = L Ix& amdthem E = = Y xR ., w
PR Eesne 1R E L wegu
= - Y
Ro- Ipwat¢ w . . W ow . W
Zox =\ L —= - = :
~ P [ Y<J o \’) 059’8\(«-< v J‘U'Y L)smefggje
E

- -y ==

R ‘ Y
’V\D L,Ta*sin g w" ) ’)“)T,_
T anv v vy ) €

4Ty

(&) Thwe vadiabpon g\‘e\c\s ave the {ields covvesponding o v ecX o
D5k, Thus we obtain The expressions gram wn The k;vo\o\ew\.
NS Y

6.91.  (a) See }fm% 540 d&ﬁe text.

() A - ‘:Mwao cos w (b—{—}) - d\ MWEB, €05 w(t - %_- . aL-IC
~ £y

ATy AT Yo

Su\;s\‘i\’\'ﬂ\‘iv\% Y\ = Y- é’z_(: cos § QMA Y,I_f;:, Y+ i?,[' cos & ond cgy\giaev{v\or

e Limi® diso keeycn9 8,(d0) " constomt, we ek

A - ﬂwao(aL)Lcose{~ wosin w (£~ L) . c_oswU:—-‘:—r\] ;
ATTY ~y

s v
whicth caYves\ponAs e B W o ‘(m%(. 540 o’kme texk.
\ = A E. m .
(q Using K = P Y x A omd TRem E- j—w—egx B, we obkain The
expvessiong @m’ E omd, E/ %uwim on ]Da(y_ 540 o‘(y‘me kexk.
(d) See Yaogr G40 of the texk for exhressions’ fov he vod iakion frelds

which ave obtained b‘& using the condckiown _%_ >>—“: + To obtaiwn

c\(veck\y from tRe vad lakon frelds due b the osa\la)ﬁ-y\og o(()ov\e,

we wyive

m!

JBMwa, dl sine e—jﬁ\'\ JBMN w&, 4L Sinb e-J@'YL
P e

4wy, 4TY,

Ry - 1P way dlsing -IBYt 5Bw&, dLsine lic
4TV

AW Yy

Selting v, = V- S% s 6 omd v, ® Y+ éi\: cos & amol cowsidevlmg_
tve Wimit JL= o0 y keg\,tn% Q\O(M)L conshamt , we c}d— e expressions
boy The vadiakon krelds due % the osoi\\a-ky\f} (vu:dyu,}oole.

6.92. For 100 MHy, Km3=%OTYL(%)L:%o‘ﬂ""(’——\‘\?‘:o.oogﬂ—ﬂ— and

300
—-1
. - . 10
= = 00066 mm { R B P Y
@? ¥ Tohwic swa o6 2wyio? Se3xio'x0.0066 %0

= 0.0041g5g s . Foy 200 Mty , Rygd = 0007894 o, Rohmie = 0:007203 1,
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6.93.

€94,

() and (b) MeWod same as Thalt in Example 6-34.

() and (d) MeWod same as That used. fov the Hevtatan amd short
dipoles followivg Example 6-34. see page 540 v the text fov
answevy to ().

The vodvakon felds at point P due ® The avvay { e two short

di}m\cs ove %/\N/Y\ \:\3,

B JEML T, K sime, e 0" + Sr_e}_e_—igyj.
g1 v, \ e .
8T \g ALY

¢ Y . -
St ¥ > d, we can veplace 8,,6,, 7, omd Y, W The amplitude factors

\:«3 8 avd v. Fov Y, oma Y, w The hhase fackors | we wyite

Vo= {(7‘— 517—,31' +\?“+3‘]‘/Lz v [ - %Y Stno cos g |
_ . v '
Y, < [(x+_j:)t+?l+'bu'l lx \([14-5;&‘,,‘9 coSgﬁ]

Thus we obkain

Ee . JBML 1 sime e—)ﬁv.lcos(@a Sine cos g
gmy 2 )

= jJBL I, Siné -3 .
- Jé o Sim e JBY C 2 cos (Bd Sin o cog;é)
MY z

F\'v\A‘m% <P = ;f Re [ ExB*] avd then Vs <P a> viiy,

k= = T
weget U= ME LTILIT ., us’*(ﬁd S\'V\GCosd) o

32 T z
u, - Y d s¢
ns= — = Sinte . (057.(5 SLWS‘C"S¢>
Um&x 2
FOY A: l 9
z

Ua = Sin*o &:V ¢ - 1:
Un = sinte . cost (T sine) for gzo

Up = cos"(IL cos¢) fov &= .
2
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