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A note to instructors using FIELD AND WAVE ELECTROMAGNETICS .

Dear Colleague:

As teachers of introductory electromagnetics, we are all aware
of two facts: that most students consider the subject matter
difficult, and that there are numerous books on the market
dealing with this subject. It is understandable that s%udents
find electromagnetics difficult. First of all, the subject
matter is built upon abstract models that demand a good math-
ematical background. Second, before the course on elec-
tromagnetics, students who have studied circuit theory normally
encounter functions of only one independent variable, na@ely,
time; whereas in electromagnetics they are suddenly requ1req tg
deal with functions of four variables (space and time). ?hls is
a big transition, and visualization problems associated with
solid geometry add to the difficulty. Finally, students are
often confused about the way the subject matter is developed,
even after they have completed the course, mainly because most
books do not provide a unified and comprehensible approach.

As I point out in the Preface of the book, the inductive ap-
proach of beginning with the various experimental laws tends to
be fragmented and lacks cohesiveness, whereas the practice of
writing the four general Maxwell's equations at the outset
without discussing their necessity and sufficiency presents a
major stumbling block for learning. Students are often puzzled
about the structure of the electromagnetic model. I sincerely
believe that the gradual axiomatic approach based on Helmholtz's
theorem used in this book provides unity in the gradational
development of the electromagnetic model from the very simple
model for electrostatics. Although a rigorous mathematical
proof of Helmholtz's theorem is relatively involved (not in-
cluded in the book), the physical concept of specifying both the
flow source and the vortex (circulation) source in order to
define a vector field is quite simple.

Many review questions are provided at the end of each chapter.
They are designed to review and reinforce the essential material
in the chapter without the need for a calculator. You may wish
to use them as a vehicle for discussion in class.

I have tried to make the problems in each chapter meaningful
and to avoid trivial number-plusging types. This solutions
manual gives the solutions and answers to all the problems in
the book. I hope it proves to be a useful aid in teaching
from the book. Answers to odd-numbered problems are included
in the back of the book.



Cﬁaefcr 2

- 5 t3,2-3, _
P2-1 (a) @, = _f—,- ;_7_:;’_;7%_’} = (4,+3,2-3,3)

() |A-8| =Ia,-¢z,4.z‘4|= m -/
() A-B = 0+2(-4)+(-3)= -1t
) q' cos '(,4-3/45) = Cos™ (—Il/nm)sjag s°®

-~

(c)Aa—A—-A'/-:-.(ﬂf'“z) 9
() AxC=-a,4-a,13-3/0
(9) A.(8:C)=(AxB)-C=-42
(h) (AxB)x & = B(A-O)-A(E-E)=8,2-B 40445
Ax(GxZ)= BA-CO)-CCAB) = 385+a44-7,11
222 Position vactors of the three corners:
o’ﬁ-i—az 67’:54--5'53.7=36452+5'5
Vc.cfor: s representing tha three sides of the triangle :
p‘%-OP‘-O -a 4- C:’Ppﬂq‘zodyfdt‘ PP:-a‘-a ~a'
(a) é—’;’;%’:o . JP,QP is a right friangle.
(b) Area of triangle = .‘;’.le xpp‘a 17.1
P2-3 B o_

\
Al
+

A

P2-4 From A-B=A-C , we have A-(B-C)=0. (1)

From AxB=AxC, we have Ax(B-C)=0. (2)

(1) implies ALcB-C) and (2) Implias ANCB-E). Since A /-

not a null vector, (/) and (2) cannot hold at the same fime
unless (B-C)is anull vector. 7770:, B-C =0 or B=C.

P2-5. E;'- ‘-1, - co:(«-'g)- cos o oo:} + :inqsinls,

1



Lt AN she Al
a.-',’ N o - -
Tl N Ey. Aeb=aZ
- \ - - = - -
--h._j.___._-_.x C x CxA=23aC
B BxC=Ax38
,'4~5¢.’qn;JuJo relations : LB sin e“ = CA $in €, BC sn 6,
Hunce —'—‘A‘—‘-— = '8 = <
k Sin O‘c Sin ou Sin OM
r'e-r , r'sr

(C-F)-(c-F)m (C+7F)-(T-F)
= Q.
(€-¥F)ilc-r).

(reosd) + B, (rsind)» 8, =33 -3 1 +a,

— ' — —
F+a,4-3,2, \6nl=y

2-1f (a) X =rcos¢d = 4 Cos (2n/f3)= -2

Y =Frsing = 4 sin{2nf3) =~ 2/3
Z=3

(b) R=(rt4 z;):/:._(41* 3‘)"‘ -5
6= t‘ﬁ-’(l'/Z)- tqn”(‘/’) =3 /®
¢ = 2n/3=120"

£le (a £ = a 25 =g .l_.
S v v LS

(_b) 0.."]—;—-3'(“&3 + 574 -a'f)’ a‘-ng-(a’z-a}z*iz)
6= 60:"(5.- 3.) - tos"(- 37’%)- 154°




— dy x #ayy +ayZ
P 2-13 a-a-t"z; 5in6 cosg 45] $in@ sing ta cos 0= 'ﬁ:l—

. 2 0 @py2-ag(r'ey')
d,=a, cosocos ¢ *a, cos05ind -8, 500 = (,.,ys,(, +ye1’)

- __w:!_.
a' -a,nnd-fayco:# :‘ -yt

Pz./4 j"E dl =/ (ydx#ldy)

I

(@) x =242, dx =4ydy; ] fJI:f(U'Jy")"")') =14
(B) x=Cy-4, dx 6dy; [ £ Jl-ffcydyf(éy-4)]">'"4'

E?uof Jine integrals dgngm specific paths do nof necessarily
/mply a conservative field. E /s a conservative £ield in this

Case because E = o(xy+cC).

L2-15 E, cosd sing | [e, cosd Jlnf] [’ 16‘4]
[Q]-[-n'u cosg [ LEy] |-siné cosp]|rcoss
E-&,r:m:’ + 5.rco:3¢ '

E-df = rsina¢dr + ricos2¢ d¢.
B3, 4,-1) =P (5,5315-1); K(4-3,-1)=E(5,-36.9%-().

Thcrc ‘s no Chan_’l. in r(=5) ﬁum B to Py

A -26.9°

j E-df =~ 5/ Cos2¢dp = -24.
$5.00
£.2:16 (a) TV =& (Feo Fafuin Fy)s &y (oin EaYFess Ty)
+ & (sin a)(oin Ty) &
(SV)=-(a, Z+af)e? =-(67aozu&‘zo.o43)-

®) p0=-3,-3,2-3,3; as—-ﬁ—:(a,,@“s,g).
. - = !
(V) Ay = e (X -2 ) 6 o4
- - /24
B2 §(a,34im0)(a, 5 sin0)dodg -f/,_,,,-,,:,“# =75n?

P_Z—-,i f; di = (/;’ l.n.., '-/ )A I .



TOf face (2-4).‘ A-= a,ri+ a; g, ds-aalds,

faca : face

Bottorm face (B8=0) : I-’-‘ap o, di:'azd‘-

jlnéﬁ;.q J‘ =0

Face

Walls (r=58): A=a,25 + 3,2z , ds=a_ds.
fmmﬁ'-d? = 254‘”«# = 25(2n5x4)=/000™.
- § A-di = 2001+ 0+ 1000 =/, 2007 .
- _ drs_
G-A=3arsz2, jv-,rdr=/'/j’v-md,4¢dz -4 200m,

-—

P2-20 P.-F = 7_-" (rF,)+ ﬁ" =k, , fF-F'dv‘-'Z‘iﬂéx.
Divergence theoram fails bacause F has a singularity at #=0,
P22 ) f5-di =4 (_"_"_2: ) R* sino dodp
ey
={.0/ {3’ -1) cos’p sinodedyg =-qr
) G- B = — (castg)/r?, [o.5dv f'j’/fa.s)g‘,;.omw
-7y

P 3-22 F = 2 ag(kz”“‘_ 3;[@}(@]:0

R;{R)“Cmﬁarn‘, C)--c.q /(R)-—'

N

£2-28 @) A-dE = 3x'yldx - xly'dy )
- = .& - -ﬂ - 3'
fA dE = 24+ 7 3 323
b TxA =-a, /zx‘ *
J 152k . 45 :_// CZ 122ty Cadudy) =325
c)Ng because VXA— ¥0,

) (/-
P25 VXA = m(q._cmosfn%-&._sinoxfnf)

_ -  piw™A
LG R-d5 <[ (o), s (as'snsdnigd= 45.

4



{AT '-_/ (A),. (def)=!223,b§df=45_

0-"/1

Cﬁagfcr 3
231 a) o= Tar” (43%) = Lan”( =i).

£y w1 L
b) d,"° , S --—-f:%w(t-s’-), = =105

2m -;’- 20
£.J-2 a) Max. vo/la.,c ‘{_. well make c/ =hf2 af Z2=w,

"'—2»' (’gﬁ(w) o Vou® M(M)

b) At the screen , (dy),. =D/2. /(cncc L mustbes L,

where n—L(w.‘. ¢wV )

c) Do ubla V ﬁ d DU‘/N”

v? ,or doub/ing the anode
act./.rnl-ln_, voltage.

/9
Pi-3 = = (gx/s0 ﬁm——”-’:—;"f-lf"o-'('v).
4"‘0“ 7 ) {5 2¢xfo ’ Attractive ferce .
P34 QP =-32-3 ; Qp=-513+5,-
= . Q _
£, 4»6,5/’)‘("2 “)) P2~ 4wc;{/,3'("-”‘y)

a) No x- component of g,

e
ey

- - =0 or ;-=-->
(fs‘)‘ o) 4/

Q
’ 3
8 No y- of E : - e __t
oy Co'-‘fomznf p (5),4- '//.o_),ﬂ o, or Q) i
P3s _
Af‘ Q’uf/flr/um, afectric -fg,a/; and
5 : et 9ravib6'~m/-ﬁ!rc¢ l;:, must add fo give
' A resvitant ""'1_9 tha thread.
R £
: ?'-t»s‘-o.ons.
s, ~ -
Y Fr=mg=g0x10 *(n
F.=

4”“0(1'02 37 g®)2 = 7:4-/-15’1Q’ (v). QA=340"



b4 416 4
— - 4
"= Trer/ 4
= . by _L -
2y 217605
Y
% I £
b h=3r5
h b
) x ,”f,‘ a x®

E atf the cenfer of triangla would ba xero iF all three
line Charges ware of the same cluu-,o Jc—o.u/y 7he
problem is a;ulvn/cnf fo that of a singla [ine d)argt.of

4"”"‘7 f /2. 8)» :rmmehy there will enly be a y-
Co'»pamnl-

= - - "‘( /2)41 h / fh" do’
£=a’[y«=a;f Jin 47‘ R'( ) ’"’%{’)’*l" A

- 3"1 bond ‘.
g inel = ay 11r¢ L
-8 UUse Gausss law - ffodi'l- Q/eo.
a) £ is normal fo the two faces at x = +0.08m), where
fat&; and a—n"*az rnpc:fiwb:.
Q=2¢€(s5r0/)=0.1€,=2.34x/0""Cc).

b) £ =a, (foox)cos - - @y (100x) 3in $ =3, (toor coty)-afoorsin'y).
$E- -a,ds -_/ (100%0.05 cas*¢)(0/x0.05 dg) = 0,015
Q = 0.07¢5¢€, = &.94 ~0™" (C),

2-9 Spherical J)rrmnrf o E=- App/y Gauu: law.
1) 0%R<b. 4nee --‘f (1-5)41»(‘4& - '4-'!‘ T '35)

f a
£M'—LR(3"'§T



- b, & mh
2) bER4R;. 47,(5“-:-:-:-{ (l—p)4wg'JA= 75 IS

- 300
£u /5¢,2"

Ve, <rReR,. &,=0

- 2 ! .
DR>R. bym i
P.3-10 Cyh’ndrical Symmaetry : £E= ack,. App’y Gausst law.
d) r<a, Er.oi a"<b; Er-afu/‘n"'
r>b, E’-(a}:.i bg‘)/cor.
b) 8/a=-p./2, .
P.3-t1 Refer fo £f (3-49 and £79.3-18. E will hovs no z-
Compenent #f 'é; Cos® =L sing, or 2cos’o= sin"0
6 =54.7° and /15.3°

P3-12
B PRed y=-2_[R , R _,)
v 47¢R (l, TR 2)

R} =g +(L)'- adeoss,

%-[{4{&)‘- Qicuo]'”
= Ioi(.,'o._‘_‘. dees'e-r

. 2R w2
R o, _d d* 3cos’s-t
P A S
. 'd/1)*
a-) .. V--}-rgri:/il("c““-’) , Ris> d’
- — -2 . {d, -
4%3:0}}0].

b) £7ua#ion for egupotntial surfocas:
R =C, (3cosre-1)"

E7uaﬁan for Streamlines:

dR _ Rde dR _ _ _Kde
£, & 3caste-1 Sin20
73 = 3d(in® _ de
R 2 sin® $in20
R =, (si0f{Ttaol)-.
(A/:o:ann'



12 A S:‘m/:lcr approach (not 4o the same degree of
approximation) is to considar the problem as a pair
of df,lacod dipoles, each with a moment ﬁ_- ’J/I .

Peres) Krom £, (3-4%8), potential

due to f is
PtTeR,
/)ohn/v'q,/ due fo - f 5
wo=- _24@_"_/ i:;‘:" ‘-
* V=V = 2(d/2)cas0 (__I__
v 4,
R = "(/ + ;"Ecao) k’"“‘k”(’" 38529
. dces®)’/2
a) .. y= Amen

F--5 44 (z = .
£=-9V= *1?,/% (a.zcu’ooa.;mzo)- )
) Eguation for eguipotential surfaces : R=C, (cos0)?
L‘?um‘im for streamlines: R =C. (.m.o)f"
-/3

(%3 -
13 ¥ _ Ppdx
a)y = 1] drea

PCo,y) - & 2 x
& e,y Vxtey?

= 3% f1o [fGToy - £ Hny)}-

b) From _Cou(om“ law:

E'ﬁ =2 7‘4" -a 22 L/a .
/ Y dnen " ings Junye

)L =-% V givas the same answer .

‘=14 Surface charge Jcmﬂy £ = _Q‘_

Use the nlu/ﬁ of problem P.3-13 for the Ceardinafa
s yslcm chosen in the Flgure on the naxt page. Replace

‘y fdy ﬂ-nJ]‘y\/y‘fz .

-‘. Io ‘Jx i

¢



¥
a) v =2. 3—% / {L.[/(f)‘or‘u"/%)]

A Ldy - Ln\/;;;-z-’} dy

- 8 Sy [fr £
’ meLtl2 S - &

L/1—=f (:.) “J}

/ -2 fan z z(‘)'

s g4
) E=-5v = wn.' z/z_(_zj'o_;_

P35 Assume the circolar fube sits onthe 2)'—f/¢r’¢ with
Jbs ax/is coinciding with the Zz-ayis. The surface
Clm.rga. on the fvibe wafl is 2 =Q /2mph, First dind
+he fa#cnlml a/onj the axss ._f Zz due fo a ¢/rcular—
(ire cl,‘nja af 41»5:1‘)’ fllfucfcdd-t z!

Lt n_pbdé . .
V= f 47¢, R j L E LA 514&.,')' bur:-z)

a) The expression above is the contribution dv dve o
a cireulor line charge of dewsify £,=2 dz’.

dv- .—.’L‘_J.’.__.

2¢ Y 2e(x-2)P
At a /’clf‘rf outside the tube :

2'uh
= dv = bf; x -I[[‘fx'
d s/‘=o v b @-R)+/p e (x-4)

-—a V-"___l_ _
3% J??"?T ]

b) Same expressions are obta/ned for V and E ot
a point /nside the $ube.




3-16 A,f/i‘d E causes a displacement .

R )
Force of separation: 3 E
A

Rastoring forca (attracdhan): 3£, .

£, ot J dua to :,Acrlra/ volume
of clcclrcn: of rad/us (A s (b

Gausu/aw) £'-—";—‘1— —‘-Iﬂ

- }i__ - INlel .
I#i s 4n2'

gL - A0 fwe b}
Aftfu//rﬁnum: £;=‘£,|=;l;;;—b-,, or 1, .W_T.:Tf

317 W"'?ff df"-?/(ydxrxdy).
a) Along the }barabc/o\ x=2yt; dx=4ydy
W= ‘i/ y'dy =-14g= 25 (uJ).
b)A/on_g the 51‘4*4—’["‘ /”.Q X=by-4; dx= 64)/
w '-7j“(/zy—4)dy m-tag=28 uT),

02
Fo =-9-F =-35,.

8@ =ciip, =3l . Q@ =Lp=3n1
fof‘alboundd)arjcna +Q,=0.

3-8 a) f,"-ﬁ. a = P L on al} six faces of the cuba.

19 Assume P=4,P. Surface charge danity f =p.a,

2

=(a P){a,)
The z- Component . B Peoso.
Of the efectric field
mhaml/ due fo a ring of
’, Centained in width R at & is

dE, = 4:' <2 & (208 1n0)(Rdé)cos0

- -3?.- cos Osmoda

At the camber
of the CQw\‘, : f.‘tfz'“;‘z% cos’o sinedo = ;é.



l_?;_’?_‘.’. ) Vb'f).d=’3350=/$0(kv)
b) V, = £y d= 20150 1,000 (kV)

) V, =, (d-d)+ t5,,4,= 3(#0+4210) =130 (k).

P3-21 44 +he 2=0 plane : f' =5.,2y—-3,31+'a;;_
£, (2=0)= E, (z0) =3, 2y- 2, 3% .
B, (2:0) = D, (s30)—> 2 E,[7-0)=3E,,(30)
— E (0)=d(5,5)-5,%
B (e0y=G,2y -G, 3% 18
D, (x=0) = (3,6y-ay9x ¢ a, 10)¢,,

p F . FuF { ¢
= i ; - P =P
P 3-22 ;:‘ =€ (¢ ”£.$ A oTh= T ke

7 "ni Cratme <, -1 €., -7
V=%
A ssuma £3' a, z;' v a, E,*

For Z'; , and Iunc:é , 7o be
paraliel fo the x-ax/s,

£2¢= ~E, = £,~3.

ar

B.c: ah‘D,-‘-‘ dn'bl—"'.fzj«

€,>5/3.

LI € = -Sﬁ‘c“yf{,.

Assume @ on plate af y-d. E--E,-;'--

yd
= - Fodf = Qd(nf(/c, ,
v {o £df = == (ﬂ_{g,)l

= _Q_ = _._1” (€ .'__‘.2 .
v d (/)

Qﬁi a) C n""“.k - #‘,o"x (‘.’7.,0‘)= 7'0",0,‘(,)‘
‘ Qo
b) E‘ = J x fO0" = -——!“r:’ﬂi . Q'-“.-..' /_35",0'0 (C).

';y""%‘-c—‘
Y S(fyay,

i1



P 3-27 A}Jumc Cl)ar$¢ Q on Canduch'n_g Jplvcrt—.

-__{ .
beRL b, £I % 4, (1+X )2

R>bsd, E = R S

2 2 4neR’

V"'/E“' “'f“‘“/ E‘mnc,mx)»ab’
cﬂ___s__lw{ ux),

5+d %
P 3-28 Assume charge @ on innar shell  -Q on outer shell.
Pag S __.
%.(Q(Ro.‘ D a, YTy 5
B <r<h, E=R i beren,, G- 3;.--
R-
=~ F.df =~ &[4 )
v f F-d8 fbsdk / £, dr~ 4,“4,“&
@) b4 zg'(IS-L._‘_—_T.._ s R;<RCR,.  D=0,E=0 for RcA;
;. lb }n. and ROR,.
— . -— - V
E=a — _/_ T—7,° &= O T .
CARGpaER) T P R )
b) c-28 Ewe, €,
—V— - —7——4—-—’———-.- ’ — T .
R; “25°an,
’2‘31 Let 4 “‘ lineal C‘argc c/cnnfy on the inser cond uctor.
£=a 705 zwtr ! /54" Ime ('Z
L = _.411'5_%_.
g4 ln Ch/a)
a) £@) =7, 7t
‘b) Let x.b/a_ f(x_)--‘f—! "i(x‘)-o._,z””a 1,
x‘—"l 7/¢8.
dc¢-= —,}.- —i——lh(‘/)-zne (F/m).
23 e/ S I/ -
£33 ) a,,-z-,"'-; £ "T&L{_F""<55€°°r’5,%727""‘4

A e T
C= .!a- e (F/m) -
<, b))

172



P3-31 From Gauus /aw f[) ds = f L
'E, - a.k, mrl (6, %, +€,€, )£r=5L,
- V/ ) Fe
£"— 1"'(.({"1()‘) iV .".[‘ Erdl"B "‘.(‘n*"‘) Ih(—:‘t .

L= Al | M6+l

v o (/)
I/

. P’ - P - .
P,Ji E = "r 2m<r a, 217%(1, I'.),- a, 4ﬂ£°(ro1)

= _ = - P, i 7 9
v= j,:£~dr=;,—,"?u(rn)/;--¢—,{-;.—l,.(.,
Jlﬁ'-fﬂ--/:oo€°=/3.zé 7;;),

C = _"A =
v in(9/7)

R>b; —=€—D.
é 2

/ / 2 6'

-+ (-g-f)4rrn'dg- 4’; <

A3-34 £ = 4_,,%;; (“_ 2¢cos0+ @ Jino)
_!(47(‘) / 4/40 / "_/[[4(0.}"04:/»'5)‘.1[..04/2

W = <j£a.,-

121".5'

£3-35 Two conductors at lpo/‘lnh'n(f V andy, Carrying C/)argox
+Q and -&: / /

(53 w, -zv"j’;;d, +2-\5[4,;,-‘,iq(¥-g)

L

=iV, vey-y.
P }—-J‘ d) D‘_’I.n , — dl l/(c#r:c reg/ on2 — a’r,
- [ A
£’=-.7 %’- » D --¢7€¢ ?t }; -re.(,”—f (t’o,p/ah)
- v,
b=-ayd B=-@4 s Lum e F Oopplat
w"- < x = - .._.L__- .
w,, L-Xx f v x €,+/
£3-37 & -@ From £gs (3-126) and (3-137), We = —-
b—x—d X _ I : E
--a- _..- 4""1 = -

forccon‘Q,’.'* * 3%,



€x +€,(1-x)
C d w,

£3-38 a) V = |, = constant. =
/ F .5 = Vlw
We=gcv!, F=0W =817 (4.

5) Q= co:ufanl=CV..

= 2 = = Qd a, (€-€)w

We = 3¢ - Fo=-vWe= =3 _L[:x“(.(bx}]’
e:.!;:d!(C-f.)_

C/)agfcr 4

Pe-t  Fv=O0 — Vy=cysc, E=-a,c,, Dy=-a,6¢c,
V“- C)y "(‘, —dzc-;’c’ R bd--;;‘pc,'

, . Vo, =V, at y:d;»

B¢ \4“.=0 at y=0 ; .
Vy~V, ot y=08d; D,= D, af y=ayd.

L/ » C=0 c.:——‘!—-v‘—--“ -ﬁ'_gt)_vl.

1 Y (og+0.2¢)d ¢ [va15¢,

So/ving.' P E——
1 (0g%026)d
5y, Fouxr 5% .
£y=-ay ey

a) vi= (4+4¢,)d’°
5€.Y -4¢,-1d Fme s —S€ch .
8 V= Garedd %o £,=-a, (4+<)d
- _ I L XR7
) §AN (Da),_‘ (4-'4,).d
$€,€, VY,

(‘Pr)yx-o = (Dd)y-o =- (@ €, )d
P43 Ay a point where V is a maximum (m:‘m‘mum) the second
pPartial derivafives of \/ with respect fo x, y and z would
all fe ncjcrh'vc (i positive); thair sum could not vanish, as
reguired 1’)’ Lap/ace T eguation.
I 2_1, .3_!) . A,
r Er

f'i“"— 6‘\/.“— A —— —
€r rorl’a

=-A
V=-grtctarqg c = Lts-a)-¥, )
{l{,'-é—a-l-c,z,,q_-fc! / in(b/a)
0--%—5 telnbd te c,= %L'5'3({:5"1)-‘ln¢) .
r4-7 . Fl =z _Q L ;_4 ad ‘
—— ._.: d —— £I’~-“,- 4"“.Jnno--a’ZWC(d'or')B"
r Fos a -€F = d ’
-a n Mf -a, "lly-o LI TS

4



P4-g a) On'g,-n.l}”h.f Cf’argc Q af y= d/3 and I'Majes
Q at )""'(/'*‘")d/_; , m=ts 22,

b) 0r:9ma/ /ine dmrgt P at 6 =30° and lmag‘ /tnc
charges P at 6= /,o‘and -90% -f,at & =90°% -300and-/50°

B
a
\
Y
-

P From fy.("‘o), V’j‘,’?ln =
'}
r=[x+ (x-f—)’]'/"
=[x+ (2 +f)']'/‘ -
For cfm‘pohn-h'al :urfacu

Eeli — *e[z-(GED1]) -

(k-/)’ '
2440 ' 4 Y/ dq
PR/ (3
W"'z_#}:t"c_l;‘ A *ch I"d

cdpdci#ancc per unif /¢n3//~;

4 £ 2mE,
=
¢ vew J A
d ' 2 q,q,
(]

Four ¢7uahom
=d.d a =d-d

YK 19,
b, d,+d;, =D,

dw,.

a,a.
-Ti:,di, and a,oa‘,dd-o

(1] u.
dd D
o e " Za, M. u, /(ln,o,-ﬁ-z_a, -1

- 2w € 2 €
¢ ln/.‘L(".‘- '&,;z Qe "‘ %j =1 “554[1 ¢: a‘ a)]

.4_‘_!1 b bl
A=-gQ, =g

N\ e Q; - Q ; b
Ly a) v 41r¢.('4_'3}7;)'
& —ol b -_g BY
‘ ) < "a‘ a=b
- _ Q(s-d
e Y (O

14
15 v



v,
"4:13 A4 the plane boundary X=0: | = Y and €55 =4 3{!

Two ¢7uahom, 3.__“_!. = .Ql&_a and Q+Q=0+q

[ t

— Q =Q = Sl g
! € +€,

7414 The solution Viny)=V, satisties T'v=0 and all
boundqry conditions, ——o Um'yuc Solution.

w_f’__"_,é V(X )') Zc’lﬂ [An Slh[o.n_!y f‘ “‘h_y]
1% nodd
At 7-0, V(%O)"V‘ - Z B $in __;_, ‘n.{”,, ’

0, neven,
At ymb, Ve b)=Y,= 5 sin G [a,sinh 5 48 cosh 22t ]

—— A ‘"‘h n"‘*‘ co’l.h" { ”,ﬂdJ
0, n even.

4
A” { nﬁ,,,,‘ﬂ.l.' (V CO"Y )
0, n even,

P g-12 7'/,¢ solution is the suparposition of fhof for
Eyanp/c 4-9 and that for F: _4-12 rotated 90° in
the clockwise diraction . (I,, both cases Y, should
be replaced by V,/) )

Inside: V(r,é)= _._!.Z -L(—J[Sm ne + sin 0(40")] reh

Outside: V(r,¢)= 2t n(.L)‘[ sinng + sinn($+3)], r>b.

A+ r=b, V(t ¢)"-"6&n( ’ZB b cos n¢g
— B-rb'; a =0 for n;u
Ou/mic;‘ta cylinder: V(r,¢)= -Qr(f - cu ¢,
f(r é)‘-vv-n ol)co:ffl't’.(;‘;-dﬁof.
'4:20 For ryb, V,(r, f)"[ "‘”f"):’ ri7cosng,
r¢b, V("¢)"SA r cnn‘
At rsb: V,(bé)=Vi(b,$) — -E,6+8,87=45; B 5=AS" nél.
- -:—?— A L —> £ rB b m-€, A N8 8 e nA b i

16



/] €.t
A=8 =0 for n#f.

74 (r¢)=-(,- :*:; f,)[rco:¢
V. (n#)= - ¢ [rca:f-

o 2§, Lt g
Solving : A ===, B —‘-"-;TAED-

F = o b
£. = al£‘ ‘ " )[ (a C“*‘*a, Slﬂ¢)
Z- = -‘—2,7 0,5- -'-——,—(a,cnd -a ysing) .
P4‘2‘ Jlarf:ny from [ (4-/34) and app/ymj #céoundary
condition V(b ’) =

V. = +(—g- -£ b)co:o-ZB,,b f;:(coso}, ﬂsz
-_— &'b% ; E,"fab'; 820 L5 n22
Vir,0)= Ly -c,[; -(2)]|rcose, R25.

E(r 0)=a, I(%‘!" +£, [/,g&é)’]cou}
-a, E.[/-(.i)']e sin@, R2b.

£ () .“fﬂL-s- € .ga. +3¢,£,¢050.
42 Vi(Ro)=S 4% (crt) | R
V.(Ro)= 3 (8,R°¢C, K™V (core) R 325
nso

For R>>b, V,(R,0)=-E 2 = L, Rcos8 —4=-£ ;B =C-0

. K{Q.G)‘-QRCO‘.fc,R.‘CO"‘ 'Fornf[_
: - — P . - 3£
8.C.: %’(‘6;0) V,(5,0) Ab l.bf(_"" } A,- ‘*2
<€ S = J — € Sef - 3
TR gy IR gy rA, = 6 -2k ¢, ol 42£6

. 3,
. V(l,‘)r--‘——l—-l coso , (2 ‘)“536019~g f;i'[(ow
R ‘)"VV = —’—:‘-(cho d‘lrn‘) =g .—’!L ,

oz 'y e, #2
-5V = 20¢.-1s’ - .-
Eaos-oV, =8 [1+ cc,u)ﬂ]’.“‘""t["f: IR j‘;"

17



Chaghr L3

R = Res/stanca par unit [angth of core = F% = r’_wa"

R, = Rasistanco per unit length of cooting m L

ofos,
Let b= Thicknass of coating.
S,=Mla+b)'-na' =mw(2ab+5’).

)R =R, ——= b=(frT-1)a =2.32a.

- = g - -L , - 1
b)Il L=1/2: 7, mat ' E’f# Ina‘e’

b § --L- - / -—‘—-‘
h=Fs " tona’ b=t = Twaie b1

t I =070, B, = 0.163(w); I=0/80(A) K + 0392 W)
I,70093 (W), £, = 0.261-(W);  1,0233(A), Ry=0.436 (W)
I 0967, P=2.178 (W),

S p_p ~(¥/O)L Q, f0”!
Sk ’( ,'-, Gn/3)8 = Tan/3)(e.)s ~ 2439 (c/ow)-
- _ (% -
Q) Reb, E=a FLRL oz BA oo
= ;‘ 7.5 210" e-?.uuo"t (Vm);

R>b, £,=3, 433,." 3, Lt (v/m).

b) R< b, f‘_-rf,.gﬁ‘ 7.;:/0'%{*“""!‘ (A/ms);

¢ a) glcfe)e Tfao.o: — = %%—aQu:fo’”a)
o =49y (ps).
b W = £ 2, . _ 2980 -a(rsede
W, 2 jv’ E . dv’ = 7‘—_9‘—- e ..(w)o [‘:('/cn]f

W ~(r/e)e ]2 En diser
= [e = 0.0/t m 1074, ergy dissipated
WD), [ J O as beat loss.

) Electrostatic enargy stored outsids the sphare
= et CH
W, =g f‘ & 4T R'IR = Freg =45 (k7). Conshant.
7 a) R= F"?= Y —0= -é"l/—=3.5371m’(5'/m)-
ST YIS B S
) P=VI=a{(w).

Il 4



a)
Ps-%

§S LA
)| C’- _‘d-' I~ d, !
C,I 3G, c=8l, G= aJs .
== A s
T b 1_G,G
T 3 L P=VG =% GG
_ I ./ ./
0,dy+0,d,
2na - _&neg
P'_‘.'_,. a) G =~ in(c/a) ’ G, tn(b?c)
GG . _ ANEGY ,
I=VG=Y G556, = Tialbl)+Ginlcla)
e amel rL[rz,.chwa,(m)J
b = <€ £ - € r.‘/' ,
) ’,}4 ! Ir.q a[,[l;’[n(ﬁ/c)"‘jln(‘/“)]
=-€ £ - LW 4
f:’l 3 llrb "L["ln(‘/t-)'ﬁ'ln(c/a.)]
b =—(¢£,-¢k - (64 -¢5)V ,
Sc ( = 6E,) rec CL["In(A‘/c)-fqln(C/A)]
ps =0 — 1 (r3)=0
V(r)=c lnr+¢,; Bc:VY@)=V;, Vb)=0.
Ve i
£ —_ JT =0 £ .
En=-a, 5 = Tty ‘Th £
= ¥ -~ == by - - me Ve .
o {‘T'd’ {‘T'("hr'd‘” 2{n(b/a)
R = M _ 2in(ba).
I moh
P5-11 Assume a Current I batwean the sphericalsurfacas
s _ - 1 _
J =4 = .
Lo - 2 Idr __ _1 /» dR
V=" E-dR=) Gmr'c T #mG L R
2 [
£ / ol)
R | 2y (1 ! R ! R %
4"%[ (7 -t S
\/ ! R, (R, + k)
- -——L = L
R Zz 47";/( l R, (2.4);)



ps-12 Assume 1. F) =a X

2
S(r) '/ _’/0. R sinedod¢ =2nR’ (1-cos6,).

Vo =

R 2MWER (l-cow)

I(R-R)
‘{ E)IR - 2R R, (I-coto)

’ R = -.VL - I l’
) I Am e RR, (1-ces§)

Ps-13 §.FT=V-(CE)=0F-E +(G0a)E =0
F-36, P-E=5si(en);

2 ’
= E, Erag

-

- — 0 _ - QA

- —_— = .
ve %% 22 2t
[ 3

’

R
V =—/"'£‘.dz=.- Lo mctn®
(] A 2 t-c..g'-

Ln (R, /A,)
.. R - _.VL - ln (k‘/‘lz .
I 27 G R (/- cos 6)
Ps-14 o) v, Assume charges +9 and
\A ’ b - ¢ #o concentrate at
-t(ZE U s the centers of spheres
d !/ and 2 n:pech’vcly.
d))b,, d>>bz‘ V, 4me (—-—_-
= Ine (d-R - '5;)
C - i 2 4re¢ - G.s_ = ..S... »

V% teg-an-a 0 R

- -b,

vl deg-ddw) = a3

20



Ps-Is

The current flow
patiern of the fower
half of Fl'9. (b) 1€ bo#,
~ the conductor and /i
image are fed with
the sama current is
¢xacfl)¢ the same as
@ ® that of Fig.(a). 4if

“undary conditions
are satisfied.
The streamlines are similar jo tha electric field Jines of

a Conductor and its l'ma_chbotb carrying a Charge +Q,
in the electrostatic case,

P5-16 ,4ccordv'n_9 fo Ps-1s, the current flow pattern

would be +the same as that of a whele J/:/;crz /n
unbounded earth medium. f{ence the current lines

are radial. Assume a current I.

~ _ 1 - _ 1
J =a, 2Rt TR 2mend’
b
Vo=-/ Fdr = _I_ (" de _ g1
‘ S —————
e 5’—""'.. R 2wad

2wes T Im (0 905n 107) =6.36x10°C0)
P5-11 The bounda./ conditions at y=0 qndy=b require
1’:1‘70!‘ Yiy) ~ C°‘(—"b—"y) ; the Loundary condfion af x=0
Indicates that X(x) ~ sinh ( %’-x) Thu:,
&0
a) Vixy)= 3 C, sinh (%’—'x) Cos(";,—?"y) :

=0

8¢C.at x=a: V(‘a,y)-l{, - Z C"Jinh{-%’-':a)cu(%zy)

. = :& Bn Co‘(%gy) :
Ll Jea(P)ay: 0=2 (2 )VM 8,=0 for n#
For neo, V=8 o = “sinhlnwa/p)

C
1 v,
Viy) = v, [HAGTL ()] = fox

21




b) TmeE=-eGv--7 %

PS-18  V(r ¢) = 2‘-’ (A,r" +B,r")(C cosng +D,5inné).

n=o
B8¢c: Vi,d)=V(r,-¢)— D =0.
r—oe, Vird)=-Lyrcos¢g — A =C=0bornpl.

Write Vind)= (Kre)cos ¢ k=Ac,, k=8,
K =-Jo
f s T
- — = == y
e S A e

Vs = -2 r s E)card.

. v
8.c. ¥

f--ﬁV--ﬂ'(a,el,' v.)
51 ? m I .
LIy (1- %) cos  -ay (I+ )s,ni
(a, ca.w &':mf) (a,.cucha‘,;mé)

=a,], - (a.,to:¢pa,5m¢) r>a.
J= o, r<b.
C/:qgfcr 6
z
pé-1 © 6.0 © 9. thy wu, @
.a.l. du -& (‘)0-!”‘5
@ ®© 6 0 0 gt = Im Yy =W, @
'N@ y C:mln'm’ng @and@'
U‘ 2 -
¥ lo @ o e gtt * % =0
Solution: U =A Cos Wyt +B8sinu)t.

At t=0, u=0—=A=0,
. U=l s,nwt

fub_tfihrfing u, in @: ur-—ACoxwat. z 4
At t=0, u=u,—=B="U,.

U, = u_ co y—u-!.finUf (t=0, y=0)

y = Uy Cos wpt — @, » ), Yy=0J -
u, "uo""’“bt —_— = -E!Coswf +C (t-o z-o-c---:%
"--'-{I-co:ut)

We obtain y\, (24 B (- Eg.of a shitead cirele.

22



R‘-z ?—g--_j:—'l(gfalz)

- at
a) E=3E , B=3,8,.
Uy _ o u =0
ot P £
;_':z = - %‘—B,U, —_— u,=(u.— -A-:)cox Wt + _B:
%1-—'—:‘1(5,-8,&1,) u‘a(-gf ~u,)sindyt ,
If +ha alectron is injected at W= J%'Bo

the 0rigin (x=y=2=0) at t=0,
wehave x =0, y= é::‘n%t + —::-t, z =-:—I(/-co.rwot)
Equation of motion: e mu-fe.
Y (y- & cp_le ) ¢ 8
y-‘.t)‘#(z-fq '(‘&:;')'
- N al= ‘u‘.
If £,/8=u, , u=u=0, U =t,; x=2=0, y=4

Y
b) £=-a.f,,6 B=-38,.
qu

Sox_ leigy =

at m BD"’ w’“’} Circvlar

duUy motion

at Woux (3,.’;‘-,) Helical motion vw"ﬂ)
dUy el € Constant accaleration
3T m Ee

lelE,/m in X direction.

Pé-3 .ffra,'_qufforward application of Ampb.rc.'f csrcuital law.
Pé-4

2 —————»jje-da’

FI'O-M E’lamplg 6-‘,[ (6-3‘
i’ d RN
Lad _A___. N Al
-—l‘-‘"‘ z ‘ 2[(:"‘)"&'}‘"‘ (L dl//
- - 8 2L J [(2-2)*+ ]
or, - /IONI l.-l x N
=5 [Tros ey ] o)1
Direction of 8 is determined by as L —-be.
the right-hand rulz.

P65 £q (6-22): A=Z( T 4 .
— 17 4"'[’ &Y

u From P 2-2¢
= XA w 20 O T , =
B=7xA 4,,/‘,'03(3.7)41\/=4d#/;’[é-vxf+[ﬁ‘4)-f7'-/'_

VxJ =0 because tha curl operation Vx >
respect fo unprimad coordinates ot tha
and F is a function of primed (soure

23



B My [ @I .
8 = 7# v’ R dv’ = 4n),. R
o = [=r4 ,
v-B= 42 vlv~[v(n)xf]dv
=L Ly~ (5L dv’, From
= T (v2%5) - (9g)- ,V"T Vi pa-2s,
4 v’ ( ]
= 0, 0, from [’, Q -133)

Usa Ey (6-39).

__A/ b !
b 8 { *X) *b‘] /3

! 5

‘?:
—

K3

+[(¥-x)x* b‘ }lz}.

N Ih )
a) A+ x=o0, gx- [(4/1;'0']’4

da 2(§+x) b1 _2(f-0
b) = _'&_{ 2 [(:-a nt)"b']’;; T [(£-x)+5"] }

/41‘ the midpoint, x=0, 3& =0,
c) I8, . JW[,{ ) s(4ex)
= [T T +x)'+b']’/z
-x)

*W "Iy w]’n

A 0, 98 _ _sNutb [ (d/s)sb' - 5(d/2)"
¥ O =" [(d72)"+6°]7"

which vanishes if b'-4(d/2)'=0, or b=d.

e I

- N
fet </ b Use fy. (6-35) for a wire of
g Jength 2L. AL .
"’ :/\A eng B - a* Il
ZIn this problam,
2n W P
T A LoIl) _ — NI
o 8 =a, N(Z""b) a5 tan i

_ll'T-t""“ =fon %r
When N isvery large, Tan 77'\'7 ~ _'z- R 3-.%%{,

which is the same as Eg (6-38) with z=0.
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- LN
p"" g, 2”,-

= /sd,= /'hd - LeNLh b
If B, nt ro- ‘“b is used, $'= &_ bm)

% error = -%1-1100/. -[?Z.Z-_(_‘:‘_'ﬂ)__ -1|{x100% .

ra)ln(b/a)

f-;z]l fﬂ-'dI =/u01
I there wera no hole,
215 B, = pyn7T

n 8, =-4#y,
3¢1=4L'J { *

Pé-q

=1 2
8,, +-—2d-x,.

For -J in the hole portion :
/“O';J- 8 -*é;‘_-yz
-&—x .
2 a

5 u/:wrposmg and 84, 8”
and noting Maf y,-y‘ and x,=x,+d, we have
B, =8,,+8,20 and B -%,,fa - Zely
Pé6-11 - Amd. R = A\~ %A
o€£r< K
f:r b, £g (6-10) gives B a’ %F
rzb - - AL
or ), [7, (6-11) gives ax q' 7'77 =

Integrating, j:-a:['g%'({-)‘f ¢,] 0€rsb
A=a, (421 v 6], r2b

At r=b, A'ﬂA-x __..c’.-'.:&"l. +4.71-1"6'c' ’

R I‘=Zz{.‘& in (_z’_,)',/]#c}) rxb.

P6-12 £g.(6-34) for one wira: .a ﬁﬁl-(,, Viisrt 4L

. . . erd-L
For two wires with egual and opponh Currcnlj'
a) A mg laly, [Mlenel Jifed-L n SR el
2 4v VIt =L Jit%erdseL ‘3 W )

25



b) For a very /Ong +wo-wrire dransmission line, L=09 :
-, 4L Lal (f+y)ent
A= g n(3) =5 ¢ =

c) B=GxA -ax%l 5’%;5‘1

az [ **‘y _ *—y ]
am (},_y)a,‘a (f—,_y)’fx’
= M1 -
72"[74”4;‘ (T-y)qn:] T'[w %a'a
Pé-14 App ’7 divargaence theorem fo (FxC):
f @ (Fx&)dv = § (Fré)-oF.
Now G- (FxC)=C-(GxF)-F-(5xC)= C-(OxF)

(FxC) ds = ~(Fxds)-C.
C-[(xPydv=-C - Frdi

—_— xF)dve ~¢ F xds because € is anarbitrar
j (vxF) f £ Constant vector. 4

Thus,

- - lacreh: fim
Pé-1s a) rca: I; :"1 }E,(‘-u) :a< b g ;,nl
= :/uonl
M‘-{:H-E(—o-l)nll h-ﬂ"o
b) jm’.v-"iﬁ-oi j ~Mxa, '(ax'ar)(/" -‘)”1.54(/#‘.—’)"1'
P6-17 z - ds-a, I
2 V. 41r & "ah,
ds.a e =(cosv)pdpd¢
Ty
Jz .ot
4-,[_'/ '+ p)h ,’.}m pdyp dé
“0-m)
F e = 18
B a5,

which is the same as [7, (6-38).
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P 6-18 a) J=VxM=0.
J—;M-M. 'an - zz Mo o i—(&;xia’)""_& 2)
- (-3, +30)-3, /0y
= E‘ M,sin@.
{ or, J,,, =(a,cos -a,sin6)M,x @,
= z* A’.J‘ino ’:'
M=a_Mm, b)AfP’y £q9.(6-18) to a loop of
radius b3ine carrying acurrent
Jusbd®: (5 pde)bsins)
> d8-4, 53((5‘)-.7‘i
E-jds-n_x,"_li.g' I;n"d‘ -51/.‘_’51"1:/.-.",
?
- 1 -
-a’ s_/‘.Mo - i-/u.M.
P 619 a)a’- /j:n‘ - 4"'.:;:‘0:“0”‘ -/l 27x10% (H')

a = 2Mn0.08 - 0.003

-, x10* (H).
¢ Joeox(gwxto Y)rmwn.028* 6.7¢ )

b) =B =a, =L =G, 5.092s0" (D)

m=-tlR = Sogxro? =
Aby= 3,52 = 3y 405800 ()

! =T _4os5x0 _ -
e o B T 3550 =4 1.35 (A/m).

>
c) NI = I(d,’ﬂ,). I -/-VLI(“: fd,)-‘%%nuns:/o‘

= 0.0256 (A =256 (mA).
Pé-20 Majfulic circuit:

a, @%@ R, _.a:,

S$=/0"(m)
] /

A " towioyug? 75

Ncg/cclin_g /calta_ga

flux and assuming
I,-!./z Constant Flux dcn;,’(/

over s,
a24-~0. -
8= L (0002~ 24522 oot ),

® = A (o.uu.az

= ‘ -
1= 45\ $o00 o0./02 x 10°(H™') .
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NI 200x3 -4
- - -3, ),
§0 X, +d,/2  (160+2L2)x10" 3.63x10" (WB)

2= —%— =71.82x10* (ws).

- 8 3 - /-flllo—‘
4) HI /% Ay = S p, S (2951‘/0')-—;;&-"2(.9 (A/m)

8, / -4 .
Hlm 2t =% = (7957003632107 =28.9210* (a/m),
0), Fo /45T in air gap.

(H).~ (H,),/;ooo = §7.8 (A/m), in core.

621 a) Work required per unit e ntime dt:
5 9 P "‘5*"’ n e
Pdt=nld§.
Work per unit volume indt:

L
- - dw = ¢ ;;d:-nzdeenaa,
L Thor ¥ nan
(4
....-..%

b) Work done par unit volume
in changing from O fo Bfalopy
path ab /s W, which is re-
presented by areas I and X .

A/ong paf/) be, B is decreased, inducing a voHage

that tends Fo mainfain the current. Woarfk /s done

against the source. The work par unlt volume WG

is rapresented by -(areal). In gorng from ¢ fod, the
direction of Current is reversad and the work doneW, s
represenfed by area H. Same amount of work is dope
in changing B along the path fromd fo e and back

fo a as that rvcfu:'rcd l'u_gm'ng Lrom a fo b through
ctod

.. Work done per unitvolume inone cycle = 2 (w,+W, +W;)
=2xAreas[(X+B)-+1] = Area of the hysteresis loop.

&4 H=-%V,, , H=VV,
Aoundq,y Cond,»ﬁom . /u' H'" ./J‘ ’.I’" __,/“" _a_‘i"i = _)_!ﬂl.

on 2 9n
- — 9 Pl
Hlf. H“’J;” ‘3%‘"5%‘" /T

2%



P§-24 1’ . a) B,=a.05s- ay fo (m7)

Air = - -
,ﬁ... . ®/‘n" 8,~ a,,‘B" ta, 8,
0.5
y=o %, M Tooom,™Hin= A,
""-' @1ron — 8,,=2500 (mT).
' e 5000 x
B,y- 8,);- fo (m7)

lan d&’ %tm o, T 8z=a,2500-ayto 7).

= 5000 tan 005 & 250 — o, =£9.77°
b) If B=& 1043, 05 (m7),
H = _‘_'.&-[.[:‘___‘Ll

, &'=023
8=3a,8,+4a8,, .

/un - fo
>, ' — b Fn B = So06 =2
3,,- 3‘y=o.:. B8,= &, 0002 +a,0.¢ (m7).

- “t Bix 92.002 _ - *
oA, = fan 3:} = == 0.004(rad) = 0.23°

P 6-25 “Consider +wo situations: ) I and I; both inair; and

® 1 and -IL bothin magnetic medium with rejative
pearmeability Ay .
AY

7)) 1

My ]

Find Bay and H,, at P(ys0). Find B,y and H,, at P(y=0).

= 5l (1oL Jcasu m Lol s Z1 8- -G (1-1,)co1a= ﬁm&,

123
8, 3,"(1 1_):...4- "(Pm)41 Bx® Inv &0 13"""'779"0 ”
d 1 d
”Il ﬂ. 1'94441) o ". ,T‘;’ '(/‘") ’

< 8” - 3,’ and ’Iu- ”‘. (&cmdm)' Conditiens saliskied)
{d -~/
5) For ﬂ,.>)/, 1,"’-%'—1 & 1.

Refer to following Figure.
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- yed -
(‘“x'zi;""’r':—.)'
— Yed , = %
(-a, '2 +a’—,i—)~

-5 48,
- = x[ y-d__, y+d
4

e -d)*n' (y+d)sx’

= Al
Py By =T,
Ll
I; 2"‘3

-
h

)

g,z
w [ y- J)‘n: (y#d)'-ut‘}'

- N1
8 "“4 8,-3,-L500

”

-’CO’d

. = ,g.__/ /“’ Pdadp

- fPcosa

L 2] [ o
N3 "/‘»NI(’ -fi- ).
R s e (V)
If 1,>>b, 8, & -dzﬁ (constant) -
TwBsa L8 iyt LD

24
L-_”.-g_z N.".
X 27

- _ sy w(rt-»')

P&-27 For bgrg (b+d), 8 '%Bn"% 27‘11'[;- W(bed)'-mb"
(bed)'-r*

=dyfar (bedy-b’ ]

Magnetic ¢n¢r9y per unit Jength stored in the outer conductor
, bod
w,,- 2/4 5 2mrdr

,0,1‘ (5+d) d b'-3(b+d)’
/[( ln{” r) +

bed)-5']" [G+dy-+]
From E’J» (6-154) - (6~/558) on . 146 we Aave
L =% (w,,f, + WL+ ug,)

(bed)* b-3¢b+d)
- -ﬂr- ++nd T e 1 4[(544?157}

CH/m).




‘-/ (Bya + %;) dﬂ
d-a
-/ [ 2w zn(d-;)]d"
- Lok, (42)ading
I Y= Y
L mljsly =bosoind (W/m.

Pé-29

For a current I in thelong straight wire,
g - Abl
B=a, znr -

o
A,.'..{E-d; =2j8,%(r—d)dr —’—'7;—/ ( b)d
--%’%[—’-’-L-dt (1+ )]
L’_ —"'[z J"l"(“ 3)] (H).
pé-30 1= |

Assume a cyrrent I.

3 s a,Llel .
1 B at P(r,0) is a, 2”(d+r¢oso)

]/ rdrde 2ﬂrdr
dercose ,/75.—,.1'
o—d "/‘.I (d-fd°-3%) .
L= py(d-Jd7-F).

P63 Since h >>/7‘ the maanchc £flux due fo the /o"f /‘,o},
linking wrM the small loop can be approximated by that due
fo fwmﬁmu/y long wires carrying equa/ and aoposite

curronf X, “
1 / d ¢
/ (dox woda)dl 2 "(%L':o:;od'
- /“a (‘ﬁrdl(ﬂ! d)
L= 72 ln di{w,+wy+ d)
Eg Gh-140) - W= LL I 4L 2T, +3L,1}

a) W,= -‘-[L (3) fZL'(I‘)fL]

I
-—L(Ll t2L,, % +L‘)) x--—j:--

Pé-32

3



3 o 2
Mo B (axv21)m0, SH=1/L,>0

? 6-33 y I I,=1,=1=25(A)
prad S d=0./5 (m)
23 T e 3 [L1)3
J//},‘ \ | B=a, 28 cosso*=2,2 o) 2
4 N =g fedVi

/ \ x
¢ Y/ 2rd
d):_____(.?

Forca per unit /angth on wire 2:
d ! z iy
A=-3,18--3, 500

=-d, 11500 =~T, 144710 (M.
Forces on all three wires are of ¢704/majnﬂud¢
and tfoward the canfar of the friangle.

Pé&-34 tV Ehmcnfq/-”'ﬁ)) ‘/)!: d‘l-%d}"

4 Sl dL 1dy .
r b 4 (d”‘ 2mr Zﬂwlps4y:

w

e

x  Symmetry — }f has only a
F 1 4 7 y—compo{znf.

| D H @+ w:’rc)-a—yjd”.(_:l)
=a,, (" _ib___
)’2.0/ th‘/;;;)_,? Y
Fets i )
= FRDx () =G L5 tan(35) (W),

£635 B due I, in sfraight wire in 2 direction at an
elamental arc bde on the circular loop :

o = X . -
B=aq L . Vertical Component of dF
¢ 27 (d+bcoss) on bdo at e is cancalled by

that on bdo at-#
Ad - | e »
— ..F --a,.z/(z,ua)acm.
(4

on /oop
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”
= - /Ugl"llb/ cose do_
m’;;; R , dtbcose

{
= a,, /‘«(, I' Il [ﬁﬁ - ,] (Ro/zu/s/\w ﬁra)

P6-3¢ Resolye the circular loop into many small loops,
each with a magnefic dipole moment di =1, d5

- - - dY =dmxB

T=fdF =1, [dixB T Eams,
=-a,1,5ina [8ds =-8, M1 1, (d-[d75)sin«
in the diraction of aligning the direction of

the ¥lux by I, in the leop to that of B due
, Yo I, in the straight wire.
| _/ 8ds over the circular /oo/» has bean found in
problem £ €-30 as A,,. ;0
Pé-31 Magnatic flux dansity af the canter of the large
¢ircular furn of wire carrying current I, is

B: "5;3“—;'-%‘- . (.fof 2«0 "nfy.“'”))

nryuo on 1he small circular wive :
? - r.-n.,x E& = (Q—"I,Wp:i)x(a',i%é&)-(;ﬂxan) AL L,

25
—Magnitude = LULLNE ;o jn a direction o align
the magnetic f/uxu‘produccd by I, and Z,.

Pé6-38 =

B, 8,, (magnetined compass needls)
- %(izcuofé',sina)
- %,(5‘2 Cos9+3,5in6)
= -%‘i-x Io"'[i(z Cos9 +a,sing).
)
N = -, -
Se__-" B¢ (¢arfh)'-a./o‘('r).
Max. deflection when /B‘/g.[ is max. , or when
l&' = (l'g'li"“')lli" /s min
8, n10% coso )
Set & (1-dbsine)_, Sino=4s , or 9=36.14°
de Coso / n 7 2 A

At 6=3634°, /3,/3‘/-4471 and amfay . =55¢°
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(/Iﬁ the bar magnet is oriented such that 8,18,
then o= 44.8° < 55.8° )

]
Pé-39 p o & . (m1) . (NI) Mg
foS M 2_7? /ul =) (21 ..73_!'?

F = 100x9.8= 950 (N), § =o0.01(m), Ly =2x10" (m),
L; =23 (m, /J,.-4ooo

.So/vfng D mmf =NI= 1326110 CA-¢t)
Pé-40 W= -2L.//"'”":’v
Assume a virtual dr'splaccmcnf', ax, of the iron core.

Wo (x+a%) = W, (x)+ £ [ (u-p) H'dv
Sax

=W, (x)+-l-,u,(/u -f)nmIlsax
(Fx)x -’-3;—__’1’9“' ,)n’IJ‘ in the direction of

2 /necreasing X.

Chapter 7

P71 'V"za—g dF = - /~(vxl)ds=f—-dl

P7-2 cos(smwio% - Enx).107* (7)

. lb|

E d5 _/a 3 cos(sm10% - § )0 (T, 0.2 dx)
(]

-- '—: [ sin(sn10% - 0.4m) ~Sins ""’"]' o (W)

"zf--_d. B-di = 45 [co:(.rmo t-0.4m)-cos smro’t] (V)

[ = 3'% = 1.5 [cos(smso’t-0.4m)~ cos Swr07t |

=-33/n(sMi0’t -0.2M) sin (-0.277)
=1.76 sin(snfp"t-027) (A)

P7-3 B= 4, &."’"_ﬁ't .._/3 a5 ds=a, 22dr, z =9
a) ;_-\"L“““f/’"(, !.)dr Ll sinext L] Fb-dinf ")]

d=4., ¥ --3§ - JLLelwb [J . L1y (fi41)]cos ot

- l{" cos wt

. 34



Voo = F IVl = LoLIZ [ 15 40 (5541)]

= 0.0472 M Iwb (V)
b)) t* z-sF"[Z (Hf‘r) r]

J B dy AeZrit [}(hr)»-{]'.
’\ o-p

S ety e )

'

‘.-;-mﬂm & Voo 2 3 [l (5 sa8)-1|
[ =0.0449 4,1wb (V).

P7-4  From problem P 6-30- i;’/’ozc"i”“t){d"l at-pY)
2 oV m 1 wfos o) (4-L P

= V cos wt

e Vel Mo T (TR
7" VZ R
1 - YERx3x/07 3/ir10¢

HoW(d-[a=5F) ~ 4mi*(iwéo)n0.0381

) o -cox"(-g-:-% - 482°

=0234 (A).

P7-5  (t)=Bt)S(t) = (Scoswit)x 0.2 (a7-%)
= 0.35 coswt (1+ coswt) (mT),
im-h G - Losso(sinwts sinzat)
=- 1.75Wsinwt (1 +2¢oswt) (mA).

RP7-¢ = --—--5-3?.[8 ds --Rdf (Bhwc“wt)

- 2—%’:& $in Ut

f’ =y - -(-M sin‘wt (Powcr d::nfm‘cdmﬁ)
On the ofbcr hand, kr.nd. r-2: F =a chg, i --%-—-—Smut
Yor Side 4-3: f.-& 1[,5 dz&—-s/nm

Mechanical power P
Fequired fo rorate coit P =(Fy Gy £ - )= (Ulhwl) %

is -



7-7 Tak; the divargence of[y. (7-37a).
G- (GxE)=-35(5-B)= 0 FromEy (-137)

— V-B= = f(x,y,2) which is fo hold
at all fimes everywhere whether B exists or
not ; hence fx,y, 2) must vanish and V-8=0.

J/'milarly, tfake the divergence of £9.(7-37b):

G- (GxH)= ©-T +3%(5-5) =0
= -3 + 3 (v-5), Fromby (73D
——— 6.5 -f
) _ 5.5 s uc2YVm0
7% £g.(7-46): V-A +pe 5 '

A=if Lav IR

B{LLoG) 43414 Yoo 0

w T(D)=457+70(H)=7 5}

"J' 6 i. i)
A’:o, (%) = - 75 +J’ v (—) Gir)
Substitubing Gis)in(hi), . (.i) L5 ) v
Su whi V) / -f == ,
bstituting (iv) in (1), 4’ -Rl(v J’*—L dv’ "/v,V-(‘I-.)dv
Let R — 0o, J"——u F-ds =0, =§ L.

5 R
J’ + —-=0 (‘E’ ofamhnwfy)
’7-9 £g.(7-37b): UxA=JF +3F — vr(ﬂ‘-)'J*fs?
From Egs. (7-39) and (7-41): &= v‘xl E--pv-Y4.
pTx (7 OxB) =pT -pue 2R - pue (%)
Use gauge condition for potentials in an inhomogerneous
medium:; v ((A‘).;./_/(’ AP
— Wave ¢9uahonkr vector potential :
AT (55 FxR) e O Lx -(c 2)] pek ey
From 57 (- 37¢), Vpmp —o V «vv) ,ﬁp (GA)--I’.
Wave equation for scalar pofential: .‘(. G-(evv)-puedE=-F,

3é



P7-12 As shown in problem P 7-7
a) [7 (7-37d) can be d¢r1v¢d from f} (7-37a). /{encz
the boundary cond frons for the normal componant:
of B, which ara obtained from T-8=0, are not
"ndcp‘nd‘"f of the bOUndary Condrtions for the

tangential components of £, which are obtained

frOrn 6X£- =‘—:‘i_L-

b) 5/'mi/ar/)/, the boundary conditions for the normal
Components of D are not indapandent of thosa

for the fangential components of H in the +ime-
Varyfnj case.

P7-13 Medium 1 : Frea space ; medium2: pty—00.
H must be zero so that B, is not infinite .

By * HI- N an
an:"(i,’é)'gi E‘,"E“.

B11s £,(3,6)=a, 003 5in 10" (s- £)ua Re fo.03 A1)

E,(3,t) =, 0.04 cos [1m (¢ - 1)-1 ] =Re[o.04 ‘-J"/J‘:‘M"a-x/c)]'
Phasors: £ = f, +E, =a, [0.03 €™ 4004 i3]

= a.[-j003¢(a02-jo02/3)]
=a (aoé, )/27)=a £ ¢)0

fo = 0.068, 6=-127rad or-71.8°
P7-16 Gv-pelh =-L wih V(g,t)=z;7/!%Mdyf
{ v /4 v
VV"&T FIL Y

We need © (AL)'E vip "'fa‘(g'l')'z(ﬁf)‘ﬁ(RL)'
.':Formu/a : PIF9)=V- U5 9) =g ¥ +55% +250)(79)
Let S=t-focr=t-R/u, P(Q)=Plt-R/c)

v f“"'??}'&%%{'» P (L) =-4mder).
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- /
) (5= S0 t) - ot -

Subsh#ufmg b‘“k- 6‘(.‘.’.) =_1_dr -4mpd(r).

7“/-:5;2 x,/,-RZ_JVI-f—/[_—%Sz‘.‘”fJ(g)JV
v
Vv

512 __/_ { d’p L dry, .
V- 4w¢/[u'p.d; -4npSQ)- dg‘]‘l"
= L Q.E.D
- - - = of
P11 GeE=-p2 @ Vr=T+€e55 O
\7-E=-§ O] 5-I7=o ®
Crx@: UxOxE = -/-',t(i*i
oy
v(0-E)-VE -ﬂat1+,uc3;
,—-
Wave eguation for E: G'E quatl =,u +te VP

Tx@: VxUxH=VxT+€>(FxE),

G(5-H)-0'H = v.f-,uc :‘t’,’

Wave equation for H: P'H ‘f“;’g ==-Fx¥.

For sinusoidal time dependence: -!-—*‘ja _a?' )
Helmholse's equations: G F + w e = = jwuT + I0p
( for phasors) -
V'H + w/uey- -Ux7

P1-13 [ = E), o.{sin(fonx) co:(‘w!o’t-/az) (V/m)

Use phasors:

= — V'E=-_
I Jup,| x 3y 3
o £, o

[ ,)o I/A sin(fonx) +a 0. l(mn)cos(/amv) "“@

E=3_£J-¢‘6'ﬁ a_ ;llf [(/07’) *'6 ].S'm{/o;yz)e”z @



Phasor form for given E : .
E =&, 0.1 sin(fomz) €% ®
£quating @ and @: (107)" + p* = Wi, ¢, = 400 nt
. p=Vieo m =fol3m = $4.4 (rad/m).
From ®’ i-l-(x,z,-t) Rc(H ¢j"'t)
=-a,2.30x10™ sin(fomx)cos(ento 't-54.41)
-agzl.33x/0 Cos(lo”z):m(énlo t-5442)
(a/m)
P7-19 H(x,2;t)= ayz co:(lswx):m(érr/o't Az) (A/m).
Phasor: H -'a 2cos (lswx)e’l‘z
A+ (/511)‘ = w/u,c =(6m10%) m—;
B'=qgo00mi-225* =175
B =132 =41.6 Crad/m).
Fet S5 . =__1 — dHy
E—;wt 12 ¥7] ;wf’( a, az '“'!04'.)
- 6[-4,,)'2,0 cos (1smx)-a, 30m Sin (fswx)]c'
= [-a 1sencas(isma)+ G, j190msin (15w x)] €.
Exz;)= Im (E )
=a, 496 cos(/smx)sin(6n/0’t - 41.62)
+ & 565 sin(1smx) cas (bm10% -41.62)  (V/m).

% ocu(wt %R). 0

P1-20 £=
VX qu. 2 (‘_E.)aa‘-é'—.ﬂnos'm(kd -%kR)
28 — = / 7f:l(.-i-.nrws'm(mt tR)d¢

==/ 3¢

>F _ E, 705'-/‘5-&-5,',;0 cos(wt-RR). @

Ao FxR-S3g = 3= PRk i (ak
(omparing ®and O, £=a ‘0/‘.{2 5in@ S/n(wWe-4R) dt
£ =g, '.&‘—mw»w-w ®

From @, ﬁ.a,%‘/;; 5ino cos w(t —Jﬁ{k).
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17-21 Maxwells curl equations: §x€= ")“’/“'_’_7
VxH= jweE

From V-E =0, define A, such that E =VxA,
From ©, H= J/‘T OxE "L VxTxA,
[ v(7A)-VA,]. ©
From @, VX(H~)0£A‘)-O, let H-jweA=-0\,. ®
Subtracting ® from @: wWeEA= —[V(f A)-P4 - j0V,.
Choose v. Z,- Juu\V,. ®
a) £7.© becomes H = jweA,+ # V(G-A)-

b ’A + W (I-O abom 8N e0US
8) £g.© becomes s Ihlmlo‘;{d eg.

@@@

praz A= jueOxT, ®
OrE = jupl= e, Orf,
Ve (E-4'7)=0 —> Let E-4'T,=DV, ®
Va H-)wb-}w(c £+P)-‘;w¢ (E-' I—) @
-S‘uéu’h*uhng ® and @ in ®:

FweUxUx T =jwe, (47, + TV, *ﬁ)

=Jwe, (GF.7,- v’rr) @®
Choose V- Te=v,. £g9. @ becomes
5 A AT A (7-95)

a) [9,@ becomes
= 1= == =
£ - “ 1"‘ + 0 V"”.
= k) 5+ (V7,4 U2 0sT,). ®
Combination of £9s.(7-95) and ® gives
E=Vx0x ﬁ,-g -

P7-23 l Displocement currant | _ W€  _ (271100210")xyi5710"
) Conduction current a S Jox o7 =9. 75~Io

b) UxH=¢E, VxE=-jumi
VxOxlf= O(F0-R)-FH=0VxE.
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But 6’7’0

P’H+0VxE =0,
or ¥ ﬁ-)‘w/.urﬁ-o
Chapter 8

P8-2 Harmonic fime dependence : &t F—jw

P8
Let pha:or: Em= f ¢"E"t
7 H=H, c’l‘ x|
where £o and I-I are cons/anf vectors.
Maxwell’s ¢7uahon: VxE= 7(.1[ ‘)xf --)w/ul-{
VrH=V (¢4“)x,44- JweE
V-E=vky.E=0
V-H=F@*y.f=-o0.
S0k -7k
But V(€)= G (ERD) =[50 xrhyek3)]
=-5(a, 4 +a,ky 3, A‘)(ifi.._j[‘—jl:.x
Machl/s ¢9uahom become : kxE-w/AH kxH=-weE
S k-E=o0 k-HA=0

-5,
&ﬁ-s H =3 4x107 cos {/o’tt -lgy* L) afm).
At t =327070s), we require
10’1 (30107) -y + F-=tnm+ L, n=gys...
y = i-’pn—ls m) .
But '\=3‘:~-60 (m), .. y=22.52nr/2 (m).
b)) £ = n ﬁxiy 5;5‘1503 x10" cos(10™me ~Ey+ -4—7-’) (73
-4 Lo} x=wt-kx , E-E,‘E,,.rr'n« + E’E”.ﬁn(afyr)

== = Sin o
Esp

Ut

= S$in(d+Y) = Sine cos ¥+ Cosa siny

£ 3
TE VI (Ef sy

¢/



A/ﬂ Lot

(.fz - o 0‘- (I -—E:) sin'y

£' .Iimr) (E,,Jlnv') [E :‘:‘:’* ! ©

which is the eguation of an ellipse.

In order to find the parameters of the ellipse,
rotate the coordinate axes x-y Counterclockwise
by an ang/c 6 fo x-y’ Assume the equation of

y the ellipse in ferms of the

hew coordinates o be

) &+ (-1 @

x where
E. =F coso+ E),Jl'no ®
Ej=-£ sine +£,cs0.@

Substituting @ and @ in @ and rearranging:

£; (c;flb* :'"")*E (.rm‘b*c_oﬂ_l_ fo_‘moa,‘ ;‘.-.L)

Comparing @ and ®, we obrain

cos'o + sin'e - /

a‘ “ £~l ".n 2 w
Sinte + -Cos e _ /

a b Bl sin'y

@@@@;

sin0cosofL-L)m S5¥ .
" b a El;.:mgk

E7_r. ®, @ard® can be so/ved for three unknowns:
= _L ta -I(ZEME.. cos Z)

2 .
a /f.(louczo)f—:([-ucz‘) Siny
iy

b= / (1-5“20)4 .(hnczo)

In particular, if £ = £, : 6=45"

=L, a~fEcu¥, b-fEsin¥-
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L 8-5 Let an elliptically polarized plane wave be re-
presaented bl the phasor (with propagatson
Ffactor e7** omitted):

- _ .‘
a) £ =azta e’
where E ,E,,6and a are arbifrary constants .
R:;th-/m»d circularly polarized wave : £ =k, (a.- Ja,).
Left-hand circularly polarized wave: 4" E:,‘ (a,+) Ey).
If £, =7(£ ¢ jE &)
Ep= T (£, 7 jE ),
f/)cn E_ = Er¢ -+ ;; .
b) Let a right-hand Circu/arly polarized wave be
£ .=E(a-ya,)
- (5f-4590£(04035)
L e,
where £,, and £,. are right-hand and left-hand
elliptically polarized waves respectivel y.

Sr'rm‘/ar/y, aleft-hand circularly polarized
wave can be written as

§<-£(£“4jiy)
(843,04 E(5 4 )
= £¢l- M 6—:0 )
Ps-¢ For Conduch'ng media,
2 X 3 .
ki=wpe = wpue(r- ;L)
kca:/g—)'q, A"=/g‘- q‘-z}'-(/B.
p- = Re (L) = wine ©
Al = K= wpe fy o T @
f,om @ and @ we obtain (“’f

(o S
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$-7 All are good conducitors, (_a_?% ’>> 1.
d=fifur, Sk, pa(rajE.
a) f =60 (Hz)
7, () | & Mo = (8| & (m)
Coppar|2.02(145)un’| 0.417 4| 1.02 x 10" |8.532 10™

Silver 1.08(“;')1”‘ o.92sm00' |1.08 xr0? 8.29x407
Brass |2.060063)196% 0.06129’|0.53 2107 |16.3 2107

b) f =1 (MHzx)

D, (D) | (Mph) | ot (dB/m) | & (m)
Copper |2.¢1(1e5)20" 1.57%10% | 1. 312705 | 6.6/x10"%
Sitvar |2.52(1e59296M L.s8n10* | 1.35 270%| 6.32x10

" Brass |49e0+i)20 0992104 0.6921| 12.6200*

S f = [ (GHy)

N, (0) | o (Mpho] o ()| 8 L)
Copper | 2.35(1+j)as?{4.99x10° | 4.16270%| 2.09x70°¢

Sitvar | &1 (1¢§ 1P| R 93 10% | 4. 29%10%| 2.03 2107
Brass lyc. 9 (104)n112.50x105] 2. 1gx9h) 3. 99x 107

g*f\ f=3x10" (Hz), € =2.5, l‘anJ’=-g;—-lo
8 e [T ] ol gty

=0.497 (Np/m).

e ™

-4 — x=Lin2 =395 (m).
7. "J%/%.(/'iz_:.) =238 (1+50.005) (Q)
,8 =wfuc [1+ F(E)]=31.6m (radsm)

- ﬁ—-o 063 (m)

toym T =1.829973x10% (m/5)

Ug= 735"/?;'[“ 3 (W)]' 78975 x10% (m/s).

b)
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)‘/% (‘/vuf.

<) A+ x=0, £= o’
H

. —O,'E a’auocafy-anuw)

,N

a,0.210 €% sin (6w 0% -31. enx+Z-aoossn).
(Ak)

9 I[

P8-9 a) S =o0r18

/2
o= WL [ (55 1] = 34 (vpim)
‘Uﬁi[’,*iﬁ‘ I]‘/‘- 3oox (rad/m)
- 720%m flea"(0/i00) - jaozgsn
F VEl1+(&7% ¢ 41.38°°" @)
u’- 7--33 3 x10¢ (m/s)
- .?.-6 67x10" (m)
d = T =119 x10" (m),
b)) €Vt y-;{-z,,/o-zzufo"tm).
) At y=osm,
Heye)y=a,o0fe** %’ sin(10"mt -300mx0.6 - )
= a,85.75%/6"sin (10"nt- §) (A/m)

E(y0=Im[n Hiyp»a ]o""- a,2.41230 5 (10"%e-Foo.0197)
(V/m).

Ps-10 a) JI= Ti—
_?'/TJT 0.99 x10° (S/m).
b) A+ f- 10' (M), K =fmfpuc =/ 9ex10* (Np/m)
20 log e ** = -30 (d8)

- 1 - ~
z -“—55—‘— 175 x 10" (m).

£ &) by, e By 43P
R O o D

gm0y oA (52 3) - vy~ 282
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) p- = _'E_l: - -2 3
' §-12 @;v 27 10 (W/cm)

[J
a) |El= Joozy, =2.75 (V/em) =275 (V/m)
Wl= FIEl = 7200007 (Afem) = 0728 (A/m).

H p,- _3"7" - 1.3%10° (W/em?)

€l -9‘7'0 (V/em) = 990210% (V/m)
IHl=2.63 (A/em)= 263 (A/m).

'5-13 Assume that a circularly polarized plane wave be
represenfed by

E(Z t)=a, [co:(ut-£z¢¢)+ay £ sin(wt-kz+$)
Ha,0)=a %‘cos(wt -kz+d)- d,-,)’.rm(wt kzs ).
The Po)mhn_q vector is
P=ExH= az-t-‘[cas (d-kzof)*lon'(&)!'kxo’)]

-5' f?‘ , a constant mdcpcndcnf of tandzx.

-—axg = —(a,[ -a E,)

G, = 70 (exﬂ')-a,,7(lc Felel).  (Wm)
P3-15 From Gausss faw, [ =g 2:‘ , where P is the
[ine charge dcn.uly on the inner conductor.

% == ‘E-dF = 3ye In(—)

(3
. v,
—_— .
L E=a, r in(d/a)
Fram/qmp!n: circuital law, l;=&., 2‘;’_ .

PO)'I)/‘”’)’ VOC’of 5‘5”’7‘%‘3‘;',:—;17;—(—‘7;3
Power transmitted of cross- ncﬁonal area :

=_{J.d3 mff .)rdrd4v WVI.
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P8-16 ( .en f -£ (a,- ).&- )e i
a) Assume the reflected elactric fiald intfensity fobe
Ew=(a £ +a a k,, P,
Botmdary condition at 2=0:
[Ew+Em)],

L. £ (z) = f (—a +) a c’/ a left-hand Clrcu/crly
Polarlud wave in -3

direchon.

b) a.—,ux (ﬁ-l:-l-ll)- i‘ — -3.:[}?(0)4[7 0] =
A=y axEm = Gasg)  HAre g
A=t a)E@=-f2(;a,+a)

”O 7. 4

H (o) = H.(0) + H.(0) = l&(j&ﬂ')
T --a,!r H (0) = -‘-l-(«,lr ~)¢,)
€) £ (20 =R [E )L, a)]c""
=R £,[(G,- 53, €% (-3, +5a,) %]
= Re £ [ 2) (a, }d)tohﬁ!](’“
= 26, Sm,cl(azs-na-a cos wt).
p"’7 GI'V"' Zi(’,z)- Zy 10 e-j{‘x' £x) (V/ﬁ’)
CLLD kw6, k=% —= k=B =VEFR = 10 (rad/m)
A= %—--—--062' (m)
f==478x10" (M) ; W=2mf=kc=3%10?(rad/s)
b é"' (x, z.t)-b‘,lo cos(3x10% - 6x-83) (V/m)
ll(x,z)-” a, x£ E--%—-thi,a:
7205 (5 (a,ocm ag)r 3, 10 3063470
(_ ISW + q’ )(6:4 2)
H;(ezit)= (-a, ”_" a ”w)co:(.v-to't -6x-93) (A/m).
c) cose =a, a={% )-a,-(i,aua,ag)-i, =079
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(onk . 8§22

6; = cos”' 0.8 = 36.9" :
d) E (x,0)+E(z,00=0 — £, (x3)=-a, 10637 (w1
;7'(,‘,,)-;"-5".5;(,,,) Q= 2,0.6 48,08,
o o -
-- (&5 -a, ',—,’7 762D (afm).
e) E (x,2)=x,3) 9L (22) =3, 10 (7% 9%) ¢ V4"
=-a,jo eSrsings  (V/m)-
H (x2) = f{ (%2) +H (z2) ) )
"(5,7%,MI8—F’7°Z§-SMIS)¢?“ (Afm).
578 Given E':.(y,z)-S(i', 45,/3)""(5’”3) v/m) :
a) k=65, ky=¢ — k= 2lek =12 (rad/m),
A-ik’-'- .--%L --“'1 = 0.528 (m),
) % -5.73%10% (H2); W=2nf =ke =3.6x10°(radp).
b) L-';.(y,z; t)= 5(@ +a,J5) cos (3.6xr0°t + Cﬁy-Gz) (v/m).
A n = BunE = il 08 F 0 8 s amE
= 3 (/8 ”)
) a, (-,-zl-,;)c’ e
Hi(3,2;8) = @, (- =) cos(3.4x10% + 65y~ 63) (A/m).
C) cos O‘- = 5,,‘ . a’ - 2—’- — 0‘. -Co:"(f)".‘o..
d) a.xE@2)=0 and E(y,0)+£,,(5,0)=0 lead fo:
E (v2)= 5(-«?,4&5):“””” (v/m),

H, (y.Z)-,l—'i,.,xf,(y,z)

- i (- & )es -3y am)e s
- (- 7':’?) 6By (A/m).
©) £,)=Et,1)+E0.9
= (&, (-10}) 5in 62 + &, 10/5 cos 63) €7 Y.
H ty,» = H:ty,2) + F ty,2)
=5,(-é)co: 6z-2%Y  (Afm).
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Ps-19 a) From [7;. (8-920a) and ($-808):
£ (x,2;¢) = 3y 2£;,5in (p 3 cos 8) sin(ut -px 578)
H(x2;t) =4, [2 %’t)tno,- cos(,3 case;) cos(wt -4 x5in@;)
+a (z %'.t;!)::h 8- 5in %z cos8;) $in (wt -A x5in 6;).
>3 ~ 263 -2
b) av - ELQ‘ (ExF*) =&, f:fno,.:m (/’z cos9;).

PR 8-20 a) From Egs. (¢-86a) and (8-865):
Exz;t)e- th[l,wq. Sin(Azcos@;)cas(wt - B x 5in8;)
+Qg5/né; cas(/,z cos@;)sin(wt -A x :/nal.)] ,
ﬁ (xz;t)= *a, 2£y Cd:(/'z cos ;) S/n (wt- 4, x s/né;)- ’
K/
B B, iR (FrA%=a, 2Eksi

7 $in®; Cos ’(f, £cos6,).
’

Iry ¢ 1
ltl=Irl —> <o —= 1,-n.=2y

P 8-2/ 1+I=1,

— =3 — Ir]=L
S = 1+)rl

i =3, Sa=20bg3 =9.54 (48).

Q-Z_Z a) In the /otxy medium (m:diumi’) 3
.‘.T =3 £, ¢ ViR,

where  wn B f1- (2 4] AP ]

In air, /6,- 6 (rad/m), w-/dc= 1.2x 10" (radfs)

tnd "oe s =05 — o -uo(wm) A=9.7% (o
- /:on

j133°
r - ~2.7e% 9.763
.= a, £~¢ e/
T} E _—  £4 comr®-132_-derez
H, x 5:. a, —"—us e e e .
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We also have fome 10 562
”‘ a! r20m e

rd 13 — -
Let  E=&E &% . Fa-a el
Boundary conditions ¥or E and K af z O:
{ fo+E. =€,
19 = £ = £, 7, (14 tad) €

- ir5y° “3112°
£,=2.77"", £,=753e”""

263

E,(z,t) =a, 277 cos(1.9:00% + 6z +157°)  (V/m)
H, (s, 0--&}0 073 Cos (1.8x10% +62+157°)  (A/m)

£ (1) = a, 7.83 €2 cos (182107t -9.76x~172°) (V/m)

H (s,t)= a}oo.uc 2008 o5 (1. Ex10% -9.762 +175°) (Alm).

a. -
b) (o.v) 3 2 ‘,20” 2‘112”)-0 0./22 (W/m’),
(B.),=a, 2::;5.(6« /3.3%)e ¥
=a, 0122 *4* (W/m).

P8-23 From £gs. (§-702a), (9-1028). (#-10%a),(s-10%5), (%, ©oga)
and (9 10954) we have

E, =a, (f;. ¢ lﬂ’qf'.q’ﬁ') » —' '&; ;’l. ( ‘..Q.j,"-["c’.’oz)
(I, R (o)
. -7 y
[ “a. £, e Hc'“y"lL E“e’/*‘_

Aoundqr/ Condlitions ot 2=0 ; E (OJ-f ), /"(0) ”(0)
at z=d: F )= Ed), H(d)=H,d)

Four eyum‘wm fo so/ve four unknowns Ex
and £y, in ferms of £, :
a) g au — 2 B-q)Gnpd
re Ve 7 t5(73¢7Y) GanAd 'Y
E t 7 (7.' 7J Q}AJ
2 % T,CuApr("bvsmAJ u .

'Oi

s0



PR, N chd
2 Ao pd e o) sinphd
27, q,”oJ E
. . £“ 7 ” CD"’J ‘) {, 4?')5055&
where rl... /u,/ 74-.-/2011 R 7}.//4"';‘7“‘ .
o= @/e, A= W,
;.,'g
b) If d=A/a , f,d-‘n/z , [,.--—%9;—;;,'?5‘.0.
- -%.;TZ;_ # 0 unless 2=
a,' [=0 when d.n;,/z’n-/,z'g’....';

)

P3-24 A From Example 8-10: 0)=[pn —= € =/¢, <, =2.
Wave/sngth of red light in dialectric coating:
A, =075 —ﬂ- 32.5:. TZZ--orzog;m)
d=X/s =0/33 (/um)

L) For violet fcsl)f , Aa - :’,;‘2- 0.297 (/U"")

:‘{;, - 0.447 — Ad= 0.£94m.
From [ _(g-116) and ucfng l'm/ocdanca.t normalized
with fﬂtfccf fo 7 7
./
lanpd _ }- *;gtm} Jd
z (0) = ’I’ ’) an

- OS5 -10247 .
7 -502¢7

Fe Bl oy

Percentage of incidant reflected =|r I x100%
= (0.3/6)'x100% = (0%,

P g-25 I = z;{°,°”: R Z(o’_7 1!]__1’ LA._’ ﬁ” < .

° Z,(o)”[‘ 2 71 *j’?,tanf,d
= - - _?‘, = /- ’7‘ .
1 M+, ) 11,

s/



r = nh-n s b /-0
u Ty 7 T

[ - Arifitenbd - 3 (F +itenpd)

o l") t"’f,d *—L 7 f-)ﬁn’d)
- r*n—zt" tenfud - —‘3;&( £ 2 taopd)
143 Ior' t"'ﬁ"";_:r‘" ;.r "}'t‘"/‘-d)

- (5 “I:_,) +2(7,- ’EL Ad .
(57,50 75 (T ) tonhd

Pg-26 £_‘ - 5 (E ¢")./t‘_'£.¢ifl')
o (e £,07F)
(€2 %+ 7 03AT)
A

’ )'

A= B (e - h).

At £=d, E =m0 — £ =-£'7I.
E - a E [¢ - d‘/,(:-zd) ]

ﬁ‘ [, A% 4 ¢:/.(l ) ].

Boundary Cohdrhom- 5(0)'§(0)—"£;.'E" [ (1- ¢')1/,J)
at 2=0: H(o)-H‘(g)—o-[. -£ ..t;f_a.(,,.ﬁ/,d).
¢ . 260 !

N TRT e w0 A

- [ Te-iUlan fud \
£ (3 ':‘7.‘50/4)5”'
@) £ (s,t)=a, F, cosfw(e - -£)ee]. O-v-zt.;‘(it..,;a)
b) E (pt)=a,E, {mu(t- u’)u:u[o(t )u]}

2 o
9 £ ai=-a, V] R P Py ‘{ o fu(e- -%')u']
- “s@(( + 3—)- f’r]}
YI - t“ =/ (’ln 'I;-)" n3gd 1
W10+ 1) AT
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d) (é;)' -%m.(z';.i;;')-o.
e) (8.,),=0.
f) Let E=Ey— tanf,d-o—" d=nAr,/2,n=012"

P8:21 k= p-ivy = (1-5)F + A=A=F~[TimG.
"= (,,i)!l <<, af JO (M)
a) From prob"'ﬂ §-23,

%9 gAd;
A M ")(!’.) Stn(f‘-)d,)d ‘
¢'.J. AVE,
b =T H; - ’(‘7'9 Sinth-Jo)d

-F - 2 ¢’A"[ﬁ .
<) Eu E« % Hn x-) (q. Sin (B,~juy)d

d) £,=- L
re 1-5 -3'- cot (A -j4)d

(1 gt

(B.), =3[ (6,2 B~ (& A2)]

where 1 +2%nAd tanheyd
tanAd-)'fanb'l,d

(@ ) 3infA,d cospd + sin haqyd coshaed
oV ‘c (::nAd coshu,d)'s (cos A d s/nhtyd)*

- A+,8.

- — - 4‘:‘. .
(‘u); T2 7, / £/ ) i’ (ﬁ (sinfd coshw,d)’+(cospd sinh,d)"

@ _ o (& f .
(A.), T \0) sinpacospdes sinkud cashurd
@)= L [;

(d‘..).

ZP.. ” (—9 (-'mﬁdutbql}%(cuﬁd:m/.q_d)' ’
At =10 (W) , ¢ =520210" (hn), %= py=0.705110% ==t
& /4
(o) 1.839x%x70",

$3



£8-28 kl" ’ k : - "; - w‘/"oix 'J.w/uo’; U]
Conh'nwl)a conditions at 2=0 for all x andy reguirs:
k™ kyy = wfipe sin®; = p=2.09110" @
kyy=p i, . Q@
Combining @, @and@ we can solve oy and A interms
of w » Mo, €, and/, But, since
/x' << w/JO 2’
we have 0‘,-05,518” s L-i/”f G =03974 (m™').

a) ¢ - tan"x;_ = tay” 229 x10* % 5.26 %107 (rad)
2%

a3974 =0.03°
) 279, cos0; o )
b = A - —2(1+i)m
) ,; 7:‘”‘&‘7."‘.3 7; g, (1+3) 0.0993(1"}).

- 2x0.0993(175)
0.0993(145)+377cos 88°

& 0.07s1 (1j) = o214 &7

C) (@v)c' = ‘Té;‘: :

Cos §;=Cos0.03°% 1.

" rl. A
(€.), 4« -3
L | - -3 _-a79532
o), ,,..‘, e | los4xfo e "

d) 20 [o,~ ¢"‘" - -30.

5“32[.-2'- , Huz 2: _..(’) 25 W, -u':..

. e
Z - % log ® =8.69 (m).

£8-29 a) Snells Jaw :
Sonol _L'
5in0;

= 3::1"(— Jma)
8) cosg,=[1-[Lema)-

- - Sinl _ d $in6;
4,=8c =Actans~ dcou ™ - $inte,

c) /‘x" 8D = Ac sin(s;- Q)= = <o .. (SihO'COIG‘OC“O s'nq)

= dsine; [1 - poflli].
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P.s-30 a) Sind‘-/g —~ sine, _'/'_:'.,,-n,; >t for 0>
cos .' --). {%’L)‘;”l."-,
From £}:. (¢-/135a) and (6-7358):
F xa) = A, £, € eI,
['lu,z) a, L'“c e

i Ep,— . e’
H‘(':’)- -'i:(a')“ +Q /{Slﬂ‘)‘ I‘h
where /gz--ﬂ‘;”’- F.s;no-.
af,/ —'-.m‘o- ’

E = 27, cos L S— *)(rom
¢o (A “Q')ZJ zz).fm'o -/
8 (&,), -~ E"Qg, (6‘,’”“,) -0,

P23l a) @=sin~fe,7c, = Sin"J1/3] =6.38°
b) 9=20°>6,. sino,-'/{i':;..o,,-z.o:

o3 =-, /(_::.),,-,,l.',-{ -—}'2.91

’., - \/(',, Cos@; - Cos O, ‘- ‘jn'
Jt,, Ces®; + cos 6,

c) T = 2 /<€, €03 8;
4 J‘-‘" Cos 8.4 Cos 8,

[, (2-139°

- ‘:’0:“

=189 &' =1129%"

d) The #ransmitted wave in air varies as

eA*,
where «, -/" /({:_ sin'e.-{ = -%\%(2.91).

Attenuation in ar’r ﬁor each wavelength
-2010’ e % = /59 (d8).

£.832 When theincident light first strikes the hypo-
tenuse surface, 6, = 6,=0, T = 2T .

’ n+"
(7 )u Ty o2 4 L
v, - 0% . :
"% T ey

$5



Total reflections occur inside the prism at
both slanting surfaces because

9" = 46° D O‘ = Sin"(f-)-’o‘.
2 .
N,+7

(00\:)0 i : 4 .

@), 3 "(v.fzf W)

(¢.). _ 4Je. ),
@), (v.*v.)’] [ ("_/?,)'] *79.

P 8-33 a) For pcrpendicu/ar po/ar.lza;‘ion and/u',!,ai :

Sin@, = f"‘"'

Uinder condition of no reflection:
2 {
w8 T
A

-S:’n‘u —— 9‘*0“-11/2.

On ex/t from the prism, t,=

b) For paralle] polarization and € ¢ €, :
$in @,

-—_—t .
s - [';‘;?3;“‘)
—
cos 6, = I—i‘z:in%'fﬁ?{.—')’

“SinGy — 840,=1/2,
4

P s - €, - . o -
P g-34 a) SmO F ; Sin - m{’:)'

S$in @, = fan 6y, (0.)9”)

b) Let t/e,-x

/2 : '
.
| @ =sin o
A l




Pe-35 a) for Pcrp&ndfcu[ar po/arizah'on:

- JC,con0; - Ccos O,
’: 7‘7: CM.‘#%COSO‘

. ,3 . , AP
Slnot- ?:Jln.‘., Cosg = /-(-z.:.fm.,w

[7 .
JE coror [i- cina

29, cos &’
4 7:“" 0. 47, cosd,

Ces 6;

- .
,' €,
=0 Cos®. + - e,
<, G 1 <€,, 4

For para/fc/ polarization:
Yeinte: = Co3 0;

T &)1 (Esine 4 cos;

z. = 2 /38 cos e, .
’ \/%/I-(‘—‘:')sm'o..fwﬂ.-

Y €, /6, =225, [ Je, mt5 —>Gmsin[En st

20

1.2
10

a2

Ps-36 ’ (E,& £,, Ces®; E N, Cos8 - o0
d) = I = -—"——-‘-EI. cos 8, - ?‘: - '; - 0, Cosg, 41, cor6,
%

1.'.- (l‘)u - fnCOJ&_t
’ (6;)¢an

Cos 8\, 27,c080, .
£y Coso; l(cu 0,)

7, o847 casd;

Wc have ’ ’
1+ =1 .
whieh Compares with Eq (3-151):

I"I;-‘t'.

$1



Chapter 9

P9-1 a, &, &
VaH= ,—3;%-» -@jwc[,-—*%‘q

H o o

a, a, a,
x| & | s — 2o

0 £, 0

P9-2 a) Ox (i[,fi,fy)a--}'w/t(i.ﬂ,va),ily)
BE, =-wuH, @
_—"'{ﬁf." wuK, @

2£y  2n ®
ax ¥y

v x (a.[.{' fd,") = }'WC (d-f’ + a,[,)

AHy = wek, ®
——’{ ﬁ”l- .“[y 0

TR
From @© and ®: ﬁ-%-t- @
. &
From ® or @: T’;--/% =1 ®
From @ or @: _&_-.fd‘_ﬁ--q ®
. _' 'L
b From ®: J3-= 5+ @ .
¢, y ?
From ®, ®, and O@: ‘:ﬁx-'TyL :j--dxf;
. a
Comblnmg ® and ®, we have ':‘—:1‘ + %’;’:" =0.

S‘ I."I'/ a‘” i& -
‘m Y -3;;‘ + ". 0,

P9-3 Fo (9-20): 2,= L [&4 .
a) Z,= 5 [tc= /% — d'=fid.
d d .
5 2,=5 u'W\/‘?' - w'ﬂ"""
) zo'iw"’" '%/g — W=2w,

'
o — Yga=W/fi for case a.
P A u;:- u;/J! for case b.

Upe = Uy for case c.

ss






L3171 ¥ = }“’/_ (/’j ;;,T)”z(l .t-!c -
= 5 wiie [1-5 50 + (BN 7w ]
- ’zwc*?’(jc').*)‘z:'zr]'“‘}'/‘
J;-\/: *i)[; Iu‘ 'l.—-c
-u/_/,*ta' i)]
ZO'/CI (1- ’au.)%(’ wc).%
=[5 [15 5+ $ (TN e+ G ]-4n
— 4nflr s ()
i
"- \77.7[' T -'5‘)‘]
Pa-s -f(/zf;wu(m,uc) = /R (1+ B (1- 229)". 4,58
[uL(!!-.-Q_.)'] A2 e (}_ ?)
Zom it = P8 (105 S5 =0y 0ix
—Rafli ¢ [('f‘r*'z!%”(‘:‘)']f
PY. T

P9 Y}
£9-9 z,-/é;j'a‘- S (2,)=0 — f—-%-i 0
From Egs. (9-49a), (9-498),and (9-51a): o =R[% @
Givc’): z. - ‘04j.° m) p :(JJL—E @
o = 0.0f (d8/m)=0.00/15 (Np/m) -
P = 0.87 (rad/m) ket Z, E ®' .
7 = 10° (M) Z »
R=a2,=00576 (&/m), L= f-j; @20 (uH/m)
8 ST

P9-10 a) For two-wire tropsmission line. -

2, R e (B~ 0 e ) - 0.
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-220-. 21.27 —— D=256§x 107 (m).

b) For coax/al fransmissian line :
2"F l"(‘) ln(—g)’75

b=6.$z — bm397xr0" (m)

ot =- - o - z‘.
311 (A) = (R), = fO[v.I]] V=22 %
’vl’ Rl» I' - V;
cn oR:)'e O+ XY ¢ T T, eZ;
To maximize (P“v)‘ , Set J(P‘:’ =0
(P ), R; =Ry, X;=-X
and --—f!—! or z“,z:.
Max. (P,.,) Vf (}"")

—* Max. powcr-framfcr efficiency = $07, .
P3-12  V(z)= V,’e™ + Yo
Ia)= I' €™ + I &*
At 2=0; V(©@)=V.= V' +V, ", I@=I=I'+]1 =L (v -v,)
| — Wefverz), y=Ley- 1,z.),
a) V() =L(+1,2,)¢"" + (v -1,2)"
Ia) =z'f (v.+1.2,) ¢ 2—'—(%-1,-2,)(".
b) V)=V.coshrx -1, Z sinh 72
I(z)= 1‘. coshyz - 7.— Sinhx.

£9-13 a) '%'Rl , -Gy
d;",-aev
%'-f,--k&l

B) V)=V, e 4 y- o=
I(z)= I: c* 4 I P y w=/Re

."z,'--_V._-R /E
1] 1 i
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We have Vezy= £(v:+1.R) ‘-""z‘ (v:-1R) et

R A T 2

WI\_cr¢

. y .
Kl ey L A T
L M ¢ Mol
¢) For an infinite line, R, =R, :
5 a3 V, -d3
Vi =gz %e , 9= %, 4%, ©

d) For a finite l'ne of /cnjlb A ferminoted l}nQL:

= RI + R, lanh wf .
B‘ k’ R, +R, tanh 4t

‘ /—mtﬂ Distortionless line: AQ‘-‘/—éT = S0 (.ﬂ.), R=o05 (Jl/m)
\_,// tan (z,“;‘) -tan (u'% -O.VOOII

— e . /o"' ay drgits necessary fo
e = 179999210 (many digih nacemiary o
ﬂuug shifé in part &)
{L = 5000, (/79999 x70) = 45.24 = 7_‘—

L= -G_jé— =0.7105 (H/m), C= RL.,=4,42/_ (pF/m)
o - %— = 0.0/ (NM/m), A=wfic =S.5555643 (rodfe)
7 .
? vid- 4’: o:; Ak 95'0)'3 Pael X
L(z)= V(z)/So
V(z,¢) = 5.27 € *¥* sin (S000wt-5.5556432-0./0247)

w)
I(2,t)=0.705 €%°% 5.0 (5000t -£.5556432-01024%) ()

b) At z=6x10*(m), we obtain V(seto*t) and I(ser0l¢),

c) (an )L = z’ ' N [;2 1:] —_— V"X very small.

(/Vo*u The given [ine length S0 (km) l'n//m})robla.,
/s a misprint. It should have been SO (m),

which would make 7he numbers more
mcanin_gaz/. ‘.

4
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P9-15 a) From Eq. (9-91): Z;=Z,tanh P % VL.
From Egs. (9-37) and (9-41): 7 -[va[.)(eo)wc)

= / Re+,wl
: Z, G+ wc
Z,=(RejwL)L.

b)From £g. (9-96): Z;, = 2, cothIt & =2 _u' [:.‘g(;é;].
P 9-7¢ AL = znil _4”

&nlu t;m4to° -1.732.

.- 2 Z, +32, tan - 5o (40+3130)+) $0(1.732)

* Z, t) 2 tan /‘L 50+,(40+330)€1.732)
=26.3-59387 ().
P9-17 Given: Z‘-ot Z. coth L -250&. )
Zi= 2, tanp YL =360(20° (R).
@) Z,~/Z 2. =300/-15"=29.8-j77.6 ().

tanh YL = /% =12 (352 = 0.983 45488 =Tanh (uf+ A1)
L =4(m) —> o= 0139 (ﬂ)/m)
A= 0.235+ %’.’ (rad/m) .
5 - (n=0 inorderto ensure+R, L Gt C)
tjw
z,- "G—:f;;; s v = JlRejal)Gr7w0)

— Rrjwl=Y2; G*juc= %-

-ﬁc = 0215&’3:/0’:0705 r70% (rad/m).
R=586C0), L =022 y.«}l/m)
G = 0.246 (mShy), C=12.4 (pF/m).

P9-% a) For a lossless quarter-wave / rne sechan:
Ry REX
. - -~ e——t o —-’,—‘r ‘+‘L“-
zl z‘ k‘ "j-x oX ’x‘ ! )x
/- 2' l‘ ¢ &’XL
Ri= gbxr @ X=- o ©

We obtain

( ecxnlamek, and capacitive reactanceX;
fn series.)
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Input impedance Z; can also be expressed in
4erms of a resistance R; and a Capacrfive reactance

X, in_parallal:

Zx R, R; %} . R roe »
Z; = R:*jX, = & v XxF *2 R4 X} =R, +5%. . ®

Comb:mry E?‘ O,d,and @, we find

3
_e-‘— and x‘_--‘%'ﬁ

.

both of which are nmim‘:ccnf of £g.(9-94).

b) From E’ (9"00), V(i)--l‘.(z‘.(‘-‘,l'*k,-ﬂ.ﬂf.z’).
At the input, z'= Ma, /z'- n/2, wehave
V; = vire)= I.R,.

‘m 0, ’3'- 0, and V= Vioy=1,2, .

[
IZJva‘

A

_ S-1 - -1 - (r-f o
£9-19 a) |P|= XY l%”' (ne1)+m
where 4 -R./z, ond x,=X/z,.

e [t

r-(55)

When S =3, X, = tﬁor‘ -3n%-3)/3 .
b) §$=3 and q-lso/uzz — x‘-_t/"'/_,,
X, =x%2 =19682(Q).
C) From [9_ (9"'4).' Q‘).XL'%%'W‘Q'% and

(4
(1+0's l.')sm t=tanpL.,.

o]
m zr

-Jor- for L=z and x}=5/3.
- (I-r )i} [rr iy 2ot
A/:o, ,‘ 'T’:.—'- ¢ 1""ﬁl.r ,’ (’_r’)’_4‘l’l]

or/" ——.[ =0.2098N o vema
Use l = 0.2098A fo ablain W.., nearest to the load af :::nu

At the IOAJ,
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£9-20 a) [r)t .| R-2)5x%, /'- (R-2,)'+ X

(R +z)e5x 1 (R+2)+x}
rl :
2Z, =0 Zy =JR X}

If Z = 40+530 @), Z,=50 ().

B Mjn. /I"/"/ ;,’:‘ ‘/ So-40 3L

Min, § =
/
rn s+t .
¢) From 59 (9-114): o+ )'*"' 7 vant -0.8+306.
—— ¢ = s )3 Seeprosles,
¢ 2"*"[" w) &) (1-r3)- 45l ~]. ﬁ9{/9 iy
Ar voltage minimum, 7, = 3!.. - 'iL .

t =1 (Use negative s:',n.)
Tan BL = Tan(2mh, /2)=1 —> £, =

2
5
. Voltage minimum pearest fo the load /s (3-%)
or 3A/8 from the load.

£9-21 a) From £gs.(3-100a) and (9-ro1) :

V(z)= %‘—(2 'z,)e" [l slrl€*Fe ],
where

r=2%ecirie™,  $=4-3pe

Max. I V(:‘JI - /{‘(-'-..'Z.) "dI[ t+)r] c-za“, for ¢ =0,
min. [Veor|= [REo2)i|[1- 1F1€*%] Sor $mwr.

-2a5° [Thereisa slight \
5(21)- M“. ’v‘d - f+irie - | amb;, ; re, !
min. 'Vll)l ) -Irie L “ Mu’h:”os;:r&b:-:f :

\ wWhen atis small. e
1+)r)e ™= e?
/= Irf €T TeT* %

B Lrom £ (9-032): 7.4

At a vo/fage max., ¢ =0, Z-(Z') s .“(2')2, .

9] Af«vo/fage min., $=9, Z (z)= 5(89'
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922z = n’_&_‘}_‘;l_ -g'._z_’lfz__

—_ o R +jZt R -5zt
With Z; = 50 (0) and Z, = 40+jio (), wehave
40710-& ,0- ¢ {4og€4$oot-soF
Jsot 10 R, - 2000t =-R.' ¢
LR =38.73 (Q).
t =tan pf = 0.7746 — L =0./049 2.

)9-23 a -3 2= .
> Irl S+t 2910 3

From 593.(9'/000.) and (9-/01):
V(x) = 34(2,+2) e[ 1+ |r] %],

redleo e, $eo-zpr
V(x) 1s aminimum when ¢ =4 T —s 0,.-2(%\'—')-&3»71
{ ,a2w =027,
r-:—‘ R

) 2, =2, (45) = 46645206 (9).
) Terminah’n_g resisfance l,.--& 32” =/50 (R),
L= é -z - (05-0.3)0 = 0.2 .

£9:24 £g (9-114): R; +jX, -I,%

Let r-& X - f—. r-% » and t =tas flu.

r. v;:.-....n_.}_’ it L(text)=r
[) e "j’n‘ t"o’.r..) -,‘,

We have
.= z_'r_‘ [("'i""i“)t/(lf';-'o:f)’-‘ ,—"].
t .}-'iz{.["‘q.";’Jt/[l-ﬂ:-.f,‘.)],«f4‘: }'

A
Y=

tnn.‘t'
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P9-2s  Z = z,-’,—fT’:—

= II'I'”' ., Irl= %—7‘—"— , O,-?z_’.tn.
PR RLLL  datainaind
0 (54 1)¢ (S-1) PN

~SOwl/a) POV
-y (St1)E -(5-1)
2 (5+1)STOTAI, (5 1) OV

o« 7 JoiSlan(ivsila)
s § = tan (2w3./2)

8_‘7_1‘_ a) Given: V,-O.IL°_° w), z,-z,-:a m), R =25
=057
z

i v
V. = Z,+2; Y% . L=z%

uy 053,052 tanpl _ , {4328anfl
where Z.=2, 2, +50.62,tanpl zZ, EXFTWT)

SRR LY 1YY RV AT Y1 W

S TN T RS T v
e _2vitanpt 2 [ 20 itamll
% Sizl.ol—-'&—jh,’,) Ve T( 1 ¢ tan gL (mA).

Setting 2422, and ;=0 in Ege.(9-120a) and (9-120b),

- ‘wl) = 2 .i"' ’ 'e‘:h"
we have Y =Vix-0 —’-—'-,“z,c (141) ~”=n‘oz,

=55 e W) .
L=1(x-0)= r"g-z-’ M ()-r)u L P (mA),

- Aol
B §= Uy

) (B,) = 4R (1) = F (&) ($1107)=2.22000" (w)
] 20,0222 (mW).
If R- sz'o (), V= e, I‘.I_Vi.w;a
v -
| — Mmr(’.,)‘ = ?é; = 2.50x10 (W),
- Z,-% = ,
u };ﬂo’ r-z"‘.--f‘*—'--}' .z-l.z' A.Q/ZE
L =Ny, @5 o g IAOg-X) o g I (AP fipr
From £ps.(9+120a) and (9-1204):

a) v()=-; {1 EP5 (145 €3%) o o5 (Y- %) (v)
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I(%)=-} 'zyz'; P15 P%) = 1.1 (P05 E7%)  (A),

5) v (z,t)=Im [viz) c"‘"] -S$s/ Sin(Wt -p3')-cos (uh/tﬂ (v)
() t) = =41 [sin(wt Y. LA cu(au,z')] (A).
c) At the foad, 2'=0,
(¢) = v(o,e)i(o¢t)
= 60.5 (cos*wt-3in*wt) = 60.5 Cos(20t) (W),

V= RU-5), I=-gk (1),
{ 2 .
P ~7R(y1)= ;Y;:A(:,)- 0.

RIA f = 25108 (Hs), Amf-=150m)

a) O’ocn- circuited line, £ =1 (m), L/x=00667.

Smith chart: Start frem B, on the extreme right, rotate
clockwise oas complate revelutien (as’= A/1) and
Continue on for an add/éienal 0.16TA 1o C.41TA on
the "wavelength teward generater “scale . Read
Xe-j0.575 — = 2, =7Sx(-7as7S)=-j43.1 (2).
Draw a shraight line from the (0-50.575) point threvgh
the canter and infersect @t (0+51.74) on +he opposite
Side of the chart. — ): - .’_% " (51.74)-50.02}: ().

b) Short-crrcuited line, £ = 0.8 (m), /2= 0538,

Starl from the axirems (et point p, , retate clockwise
one complete revelution and centinue on for an additienal
0.033A 7o read x -jo,g,_.z‘_ 752,020 = /5.8 (D).
Draw a Sﬁll:ﬂf line £rom the ('Oj"")f.id “I‘.U’b
the center and intersect at (§-34.75) on the opposite
Side of the chart — Y u st s(jar4)=-jo.063 (),

z‘-;,%(un,'m) =06+502

@) 1. Locate 2=06+)02 en
Smith chart (Point p).
2. Weth center at O draw a Irt-

circle theough P, intersacts
Ol at177. = S g gy
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- J ®
8) = LIEL &Ml 02571

c) I Draw /ine OF,, infersecting the periphery af R’
Read 0.04¢ on "wavelengths foward gensrator “scale,
2. Move clockwice by 0.101A #o 0.147 (Point K.
3. Join O and &', l'nhrtc:h'n’lln Irf-circ/e at 2.
4.Read 3:=1+j 059 at P, '
Z =503 =50429.5 (R)
d) Extend lina B8040 P,. Read y.=0.75-50.4.
Y= 45 v, =0.015-jo.009 (5,
¢) There is no voltage minimum on the line, but Yev..
e 2 =L (30-500)=0.6-jo.2
@) Locate 2,2 0.6-50.2 on Smith
chart (Point P). W:rh
cenler at 0 draw a [/)circle
through R, intersacting line
OR . at 177 — S =177,
8) P =o0.23e%Me
c) 1. Draw Jine oR, c'nhrndin’ the p'crlphcry aé };f

Read 0.45¢ on “wavelengths towoard generator”
Scale .

2.Move clockwise by 0.701 A fo o.ass (Point B)),
3.Join O and ’i’ » l.nhrncffnj the IPleircla at ’i .
4.Read 2, =06/+5023 d’i )

Z;=50z;m30.5¢,11.5 (),
d) £xtend line K'RO 1o B . Read y ~142-50.5¢.
Y= sk 5= 0.0284-50.0/08 (),
O There is a voltage minimum at z/=0.046
£9-31 X/2226, =50 (cm)
First voltuga

minimoum oceurs ar 2;- -S_% =0 I .
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d) 1. Start from and rotate
uunfcrc/ookwcu 0./0A
toward the lead to P’.

2. Draw the [r|-circle, intarsect-
ing line 0p_at 2 (5=2).

3. Join 0B’, intersecting the Irk
crele at R

¢ Read z,=0675-;047s.

Z, =502,~33.75-323.75 (),

5) = z I ‘0,__1_.;:5:5'

¢) If Z"‘ 0, +he first voltage minimum would be at
Z/ = /3 = 25 (cm) from the short-c/reuit.

P 9-32 0.303x @) z,= ;L (40-5200)
= 040-52.80.

| Enter 2; on Smith chart
(Point P ).

2.Join 0 and P, and exiend
te P!

3. Read on ‘wavelengths foward
generaterscals: 0.303.

/u..o.toar , 1-/._5(..)—.,-“49 (rad/m)

oP / /
oF " 0.915 — d= 3 lngos = 0.0297 (Np/m).

e

iy ”‘;f’_\ b) 1 Enter 2 =asejos onSmith
- chart (Point P).
2. Drawline frem O through
P, fo c' ‘cadu ‘:analu,ll,

foward generator”scale :
0.080,
3. Move clockwise by a. 2032
asey : to 4391 (Point P°).
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4. Join OP’ intersecting the [rl- circle through b,
at p’
S. Mark point P on line 08 such that $& = o915,
€. Read at P : 3,=0626-j059 —= Z;=25-j59.0 (X
€) 1. Move clockwise from B, on "wavelangths foward
generator®scale fo 0./5, say P’
2.Join OP’
3. Mark point P on Iine op’such that
OP = €2 X &5 = 0.957 0P’
4. Raad at P: 3;=0.065+5138 —Z;=6.5+5138(R).
&9_:13- f =2xfof (”,), Am I.S'(Q’ —_— - '2- =0.37s (m).
Z, = 73x100 = 148 (Q),
For #wo-wire $ransmission line : Z =/20 cosh™ (3.:)
D=2 (cm) — a =054 (cm)

“"" ~m 0 -~'.'§4 .
P9-34 A E‘“"“"‘" Z,=0s+j05 R
\ ~

= 1-j 7

a) See construction. ¢ ¢

" P : I mos )08
P gmljl= g —dguo
p’ e y,. ’ 0’.'
~—>d,=0./63) +(as-0.115)A
g . =e.324a,
W e b hmit—tCossane
»8) . ) -0.375A
5 Buojl —epuferrs-arsin

- e.r15x

8) For z;-n-/.sz, , )"- 0.667Y,.
The required normalizsed stub admittances are 5;.-“'_ ‘_%"_ -5

(B = (T | (Z)yy=15(Z ), |

L ~0sejos | d=o,  fe0375A [ Ym0, g =04sir

Vo= 1-41 dym 01244, w0 r15n | d)=0.3242, ] =a0pnr
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£ 9-1s 3,=05%)058
Use Smith chart as an impedance chart. Same consiructron
as that in problem P 9-34 except P, would be on the
exireme Jaft (marked By a x),and g=/circle bacomes raf circhs,
P: z=o05+508; B:%,=10j1 with d,-(o.)u-aonh
= 0074,
P: Zy=1-j1 with d,=(0.338-0018) A= 0260,
To achieve a matchwith a series stub having R)= -}fﬂ.,
we need a normalized stub Susceplance -}'{% =-)1.43
for solution corresponding to B . From Smith chart we
obtain the required stubangth f,=0.347 .
Similarly for solutisn corresponding fo £, a stub
with a normalized Suscepiance +,1.43 is needed,
which ra,uirc: a stub length A,=0./53
L 9-36

I =0.33+5033
’:: y,= 1.50 -)'I-fb(d”‘a\d{)

Y, = 1.50-j1.80 (as042ra1h,)
Y= 1.50-50.04 (0.2692 o/ )

“:
Byl Yym100051.60 (01791 0t f))
&

Yy 1-000)040(a144ratf)

(3
Q) Shers-circuited |b) Open-circuited
séubs Shubs

(Yo = Yo=Y, =-joso | £, 02038 | £, =0 453x

iad= Yar= 3, = 136 | Ly=0.3992 ] L,,= 07492

(Ysa)= “jt.60 Ly=o.08a| g,=0a3I9n

(Yep), = -d040 £,,=0129X | g = 0.439X
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P 9-37

moving from P‘_

_ _300
Y. ™ Toos%0

FPoint ’:_ on Smith chart.
(o0.2s0x at F’)

= 2_4-j’.2

Since the rotated g=/c
circle is fangent to the

_g=2.0 cirele , an addec

Iine length d it needec
fo convert s, (24)%0 2.0,

aleng the |rl-circle to B, (ot show-

on the 9=2.0 circle (029/x o ’i;) Note that £,

/s differant from & , the point of fangency betwean
the 9=20and rotetad g=1.0 circles.

a) Min. d = 0.291x-02900x=0.01Ix

b P, :

Ya=2-51 (0287 at B)),

Py : w=1+j1 (0162% ot p)).

Yia= Yo~ Yo = (2-51)-(2-51.38)= 5035 —> £, =0304.
Yigm =gl ——" f,=0.12§ A,

P9-38 Laet "ﬁ%"*‘-}d.-

p’"“i" s '_E',t;','fz (Analyﬁc solution?)
d, ) 9
r/16 22.5° £ 6.93
r/s 4s° € 2.0
x/4 90° €40
Ir/s 138° £ 2.0
7216 157.8° < 6.83

'See D.4. Cheng and C.H. Liang,"Computer Solution
of Double-Stub Impcdanc e-Matching Problems,”

LEEE Transactions on Education,vol. £-25, pp-120-123,

November 1982,

73



Chapter 10

210-1¢ From alf--jwpn From alf_"}“’i
FY 4 . 4 :
-;;'t"-f)f:n)w/‘,”; %‘:f')H;-)m[o
o
Vi ey ow- P g
)‘r 35’ 3(’ 3”'
,—,ip S35 = IwpHy 'r_ayr")‘ Fag " JweE/
Com&‘ning: °
/ FY . ?
e (3R i)
- L 2t
£¢ » (-y"* Jur )
H:--_.(.’DI' W _‘_EL)

ri¢
'Hf"—(‘)r—ﬁ sjac 3K, hre e wipe

£ = [‘¢7“ where £’ satisfies the followfng /nmojuum
Helmholtzs eguation: Gy £ +h*El=0, or

2, ;’7555-,«1,7‘-; +HE =0
Sl'm:'/ar// for Hy= H; 'T'
210-2 PxE = -Jﬂ/u—ﬂ 0)
VeH = )‘wcz @
From O, (0 +a, M) (E+a,k )a-ch.l(i] *aH,)
—— vx(ax[)*}f Xﬁ -JQ/JH'
%6 %3, +VE x3,= jupH, ©
() G (RE)=TExE,
jl'n'n'/ar/y "(I‘OM @ we obtain
67“:‘51*7'71“3‘-7.“"& ®
Combining @and @, we have

wWipel =y [0, £,6q,+7 E_xa,]xa, ~Jwu G H xa

— = fOTE -G, japxTH), Ay i
Similarly, ﬁ7- - ;f-. (YT Hy» & jwe x G E,),

74



b)
AA/k, or u/usy

0 1 75

————
-
-

e — G — - —

Y ey - — e~

From f . (0-33):

(& - (5=

From fy (10-37):

@)+ (&)1,
Both are equations of a
unit crirele.

From £gq. (10-33):

2 /
------- (£) =157

From [’ (/0‘3‘):
\\\ - _._L__. .
( )’ (#+/£)

me Ey. (10-34):
(_J:,_)'_ (#/4.)
(f/fo)l" 1
) At f/f§ =125:

u’,/u = 1.67

Ry /u = 060

p/k = d.éo
Rg/a= 1.67.

Prto-4 a) for paralle] -plate waveguides:

W

“

) //
T

o

wps == (57
@ = w
(Y] Eﬁ

W= F‘J-.!-_.—
Wes™ oJ/T |
a) Constipubive poramefers

€ and Y affect both

W, and the :lo,u of the
(0-, curves; b dff’clt W,

but not the slope aiﬁyln-fn,ucocm 8) Yes.



P10-S  Field expressions for T, modes, #rom E"- (10-54 0,489

[:(y) =A sin(nwy/p)
HE )= 2224, cos (nwy/b)
f; G)= -—Z— A, cos (nny/p) .
Surface charge densities:
$,= @B =<0 =-3n,
£.=anD |~--c£ (8)= (- )"—h—
Surface current densipies;

'T:J'En'nly =a,xH()=-a, -

1——4
j’;“- E""-‘I’ —dy'”(‘).d (.,)“&‘ {J,‘ for m 0dd

uﬁr » sven.
P10-6 Field expressions for TE, modes, from Egs (r-6s4 5.“)

H'¢y) = B, cos (nwy/p)
fs, (y)- X 8 .ﬁn(nwy/b)
2 3= 28 s (omy
=a, x H(o) = G, 8,
=-a xHb)= & -1)""'8, = { s for n odd
-’u 6" neven,

Ty
3.

P10-7 a)Set n=2 inthe field cn’rucion: in problem P. 10-S.

: Electric field lines
x i i % * Magnectic field I'nes
e H .
[’uohon for electric fiald

lines: casp = HlTBR.

b) Set n =2 in thefield expressians /n problem P 10-6.

y : cax = o Llectric fiald Iines
L_.. W : 5 Magnetic fiald |ines
x0—3 . Eguation for magnetic £idd
£ Iines: (“,‘ ﬁ% .
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p1o-3 Given: O =5.80x/0"(s/m), €=2.25, Mr=1
¢ =70 (S/m), b= S»10" (m), f=10" (Hz)

a)TEM mode
P = wipe =314.2 (rad/m)
ofx. 2/_--{zg'7v-m'(flp/m)
o -—/ =2.07¢ 210" (Np/m)
u,-u -y -F- 2.’0. ('"/8)

A== 7 -2:10 2 (m).

b) TM, moede — (f, m‘=ﬁ'7‘_;- 2210% (H) < £.

E- "-(fclfr =0.9798.

Jpe -F, = 307.8 (rad/m)
o= -5_';"3- =1.203 210°% (Np/m)

"c"i,%r'" :F lf—-cznr!o (Np/m)

w= u/F, = 2041+ 108 (m/e)
u,-'u F =1.960x10° (m/s)
g™ A/F = 2.08¢ x10"t (m).

¢) TM, mode FIr,= -7—-4::10’ (He) < §.
F, =J1=G.Js; =0.9165.
) ﬁ- ‘F = 207.9 (rad/m)

o= -—} - 4 3712107 (N /m)
o= 3 ___ / = 4.530 210" (Np/m)

uy= u/;; - z,nz 210® (m/s)
u,- U-F,=1.833 x10° (m/s)
Ag= N/F, =2.132 %1072 (m).

g_f_?_-_?_ d) TE‘ mode —— (fc)]‘ - (f¢)7~ =2x/0' (”l)‘f
All rc’mr.d quantities are the same as those for
the 7™M, mode in problem P.0-8 (8), excapt o, Using
E 9. (10-83), we /)a.vc

~3F /__ ("")‘ 1695 x 16 (Mp/m),
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b) TE, mods F e = (fodyug = #210% (HD) < f.

All required Quantities are the same as #hose for
the TM, mode in problem P 10-8 (¢), excapt o .

z%ﬁ—zi.‘_(ﬁ'- 7.249x10™* (Np/m).

Po-10 For TM,, modes i/n a parallel-plate waveguide,

d

-2 /w !
© WV & JirIe)1- 1 /5]

-2 [RlSy ,
pb % F(x)

where Fx)= x-x! x=£/f.

@) To find minimum d, , set
Jf(t)

ay- 3:-0——"1-"f"

. ;-5;‘.
b) A+ £/f =1//3 ., JF-%-“!&,

and . 3.22 (w—'
min. d‘- —# —%& .
€} For 6 =5.80x10" ($/m), b=5x10"(m), put2on(n),
and /u.- 4naxto’? (Il/n)

(fc m, ﬁ = 3ng0? (Hx)
min. o = 2.444 10" (Np/m).
Pro-11 Parallcl-p/alc waveguide: 5=0.03(m) f= ,o"(”x)'
a) TEM mode
From Egs. (9-1a) and (9-1b):
{f" =£,
H=- 52
(A

bu = 3£ Ay = S8

Dielectric strength of air: Max.E, =3xs0é (V/m)

M. (f2) = -T)-(am‘)' - 358210" (W) =358 (Mibe)
(4
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b) T™, mode

From [7, (10-545) and (10-S¢e):

{£ (0 =, Cos(_sl)

Koy = = 5 cos (21)

W 1-t1s47
’ - ’
£ 2bfue, 5x107 ()

wb &}
473’ (f-/f;
(]
Moax. %:__ b(3x10%)

—;mf =2.072/0% (W/m) =207 (Mw/m)
o

P -—-/ - £ 5Kty dy =

¢) TE, mode

From f,:. (10-6%8b) and (10-68%¢):

{['ly) = £ .f:'n(lzz)
HyoN= 3/1-(h G ()

av / E (y),&(])dy --—7£l 1-C£,/5)
(]
Max . ( -“) “’ 2 )/I ~(£./§) =1.55 %105 (Wim) =155 (MW/m)

P1o-12 f-_.., f -

w
c A

»\
Rz -rf 5 Ji-Glag

! 1 i
—— — et m—
T = s -—r.
A’ A A.c

P10-13 £7 wations (10-94a) fhmﬁ/) (f0-94-d) for TM,, mode:

Eltxy)= 4’ X)e, cos(22)sin (L)
£ '(l,y) (-”—)f sin (1’.)(” (.31.)
f'(!,y) [ Sln("’):ln(.l!)

HY (“Y)”&(T)f Sln(-'-'l)cos(jl)
H. (xy)= ; )£ co.r(-"—"—):m(~—-"-)
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a) Surface current densities:
J, (y=0)=a, /i l,_,"' a, x [a, H (x,0)+a,Hy(x,0)]
= - & K (x,00 = - &, £2(D)E, sin( ) A
= J, (y=b),
T (xm0) = Gox Ai|_=&,x[a,H’(0,y)+ 3, H, (0]
=&, Hoy) = - 3 2R (E)E e ()M

r 2
-’J-;(x.-d-).
Yy

@ 1
] ¢ -
—% —\
& ‘J—v V]

0 - 2 ¢ 1
J;df y-b f‘af X=O0.

210-14

/ T I\ 1
(f,)m' }77,? ({*)*(-5) - WF("'.”).
a) a=2b, F(mn)=/m'sen’ : b) a=b, F(mn)=Jmwent.

Modes | F(m,m | Modes | Fim.n)

l

TE,, ! ‘ i TE,, TE,, /

TE,,, TE,, 2 : TE, T™, | N2

75:1: ™, «l? | T[“ ’ TE“ 2
1

TE,, 4 | ™, '3

TM,; VT : T™,, 23

™, /20 '

(015 £ m 3% 10" (Hz), x=c/f =01 (m).

7ot
Let a=kb A I<ke2, (/c)m‘ 32:0 /mtekin

a) ({),= i%'_—'-g for the dominant TE, mode .
For £21204),°
The next highcr-ordcr mode /s Tan werh (f‘)”.iibiﬂ',

For < 0.8(f)y: b< 0.04 (m).
We choose a = 6.5 (cm) and b = 3.5 (cm).

ad 0.06 (m).

£



b - < = 4.70 % 10° (m/s)
) Yp J1-Cvhay 7 *

A - -\,——?—%—_7;;'0.!$7Cm)=/$.7 (cm)
F = ——- = 404 (rad/m)

( zr:)o I-(A/,u)‘- §90 ().

P10-16 Given: a=2.5%10" (m), b=r$» 10°2(m), § =75 x 10% (H2)

a) A= 7--—2-’51.{-',1-;‘--0.04 (m)

£ = 1-(rf2a) =060
A,- A/F = 00667 (m) =6.67 (cm)
B =27/ry=94.2 (rad/m)
w,= c/F =S 108 (m/s)
Y=cf = 1.8 x 10% (m/s)
@, 0= N/F =200m =628 (D).
b) X= —;‘- -é‘.- =0.0293 (m)
I-; sm =0.92¢
Ay = A/, =0.0343 (m) =343 (cm)

’A' = 211'/»\,’ = 183.2 (rad/m)
ui=u/r, -2.57210% (m/s)
u,'- u-f =178 x708 (m/s)

(Z,),= #'323 ().

Rto17 Given: a=20x6"(m), b=3.40110"tm), § = 33107 (Hz)
a) A =24 = /440510 (m)

f » -— =2 og:[o'(”,)

b)) A« -;- =01 (m), ‘//-(rx) =0.720

"’ 77:?7-“,7(” [0 2(5)] ,
<) 2 -,/3;5 -/ 429 nfo’ (B)— (-‘e),, oYY ). -2 zs-lo"(u;

d) €V af — 2=Lln2=307 (m).
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D10-18 Given: a=2.25x10"(m), b=100%10"(m), § = 40" (Hs).
a) A = -;'- = 3x102(m), A,=2a =4.502/0"(m)

J1-G5 768 =J1-(A/2) = 0745

£g. (10-119): (%) = # /;z[—:mw/’»—.} [ 1 %{ﬁlj

=1295x 10" (Np/m).

b) From [9;. (10-104 q), (10-1045), and (10-103):
£y = E sin(2

H' --F '//?';.-n(.u)

(A) 2 cor(22)
- %[’ (~f, H®)dx dy = %“!/,-(ﬁ _

For P. o 10’ (W) at the Joad (antenna), assuming

under mafched conditions:

JE’] = £, = 94,800 (VAw), IR =187.4 (4/w), [H] = 167.6 (A4)
The waveguide is 1(m) long.—— The £ield intensities are
higher at the sending end by a factor of «*ess

Moayx. |Egl=10,788 (V/m)
Max. [H = 213.3  (A/m)
Max. |KI=19°-T Al

O F(xe0) = By (3, H] +3,K)|_=-& moy)--.,,(f)
| T (x=0)| = JH]| = 167.6 (A/m)

Fy0) =3, x (@ H +aHy)| =-a Hix0)+a, H'tx,0)

T = (23 PGOTE L1 lr-2( 39y

whichismawimum of x=

ﬂi;ﬁf ng end : Max /5[ = —',// (% 01138 =213.3 (A/m).

d) Tofq/ amouynt of average power dnnpafu/m 1 (m)
ofwavc_gu«'dc
P, = {000 (e¥-D= =1000(¢""" - 1) = 24.2 (W)
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P10-19 From Problcm P /o /2, we have

fau ™ 4')./’ (B - i-(3) =ores

. 6y -8
. Max. P, = (310 );'(:.zzg;lo ) x0.745 =10 (W)
= 1 (MW),

P10-20 [ ef A--,-]:E-/ and x= ‘ m£7 (10-119).

W ite 1+ _..x“ ‘
e wr («, )” AFx), where Finy= \/7(7:;)
For min. (x), dEe _ o

) 3
——**-i =/Z [t1+ &) -1 ) "J”

P10-2] Freld expressions for TM, mode from Egs. (/0-92) and
(10-94):

£ (x,y) -— 28- —-)E cos/” ):m(——-z)
)f ("'7)-" g T) £, 3'"({)“’ {_‘Er)

£y ()= E, sin (%E)Ilh (1'3!)

H; (1y)= Eh‘-;s{z’f)fo sin (Z2) cos(%l)

H; (xy)=- 2,%:—‘ {-)t‘, COS(—E-! sin {165!) .

P
Caleulate LA from 59‘ (10-77): o = _2_4.’?(_;:_))

bra 1
Pt2)=t [ [ [6°H° £ 4! ] dudy = — 2352
R e A (e
From problam P. 10-13:
7 (Y'O) ‘r"'b)-"“, h' (b )[ SIN{E)C‘VM
J', ("-")" T, (x=a)=~ G a, 25" Pr (“)E0 sin —’!-"')c’/‘w .
P (z)= Z[P(z)] Jt2ea]
(1)]2’03 z—f l] (x‘g)/k dy.— _(_‘l%‘“; :)'f;‘b
[p)] yo 2 _/ /7 ty=0) 'R, dx = ﬁ‘.‘;{{__ %7.)}’
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P ()= 2‘;_,,5‘;(%] [(Z)'s+(Z)a]

(d ) b/‘ 'd/b.
¢ 7":' ﬂab -5, /5) (1/4‘41/5)

21022 From Egs. (10-128) and (10-126):
Inside the slab : /ﬂ" wpyeg-k < o'pc,
Outfside the slab: B'= Wp¢y+at > wlu,e,
w/,a,c, <Sp< Wfpgey
d F’ su;=%y
an A‘. f- ;‘ ﬁ“
210-23 From £gs. (10-121a) and (10-130):

ad kyd
F—)‘ (4% = (49f (4 ) @
& () - ()l
Let X = /:,d/:, Y =adfa, A=<%/e,, andkaég—/ -
£7;, ® and 0) become { X + Y' ‘
Y=AXfenX. . @
a) f=2x10" (Hz) , A =c/f = 1.5 (m).
k,d/2 =nd/x= 00209, A=< /¢=0308 R=003/4.
- Graphical solution:
X,%003/4, Y,%3.038x10"*

% A =2Y/d=0.061 (Np/m)
X'+y’ap® ky-zx./d-‘.zt ("ad/m)

From £ (t0-124): pm [ ekt =419 (radhe)

b) f msxs0¥(Hz), A=c/f = 0.60(m), kyd/2=0.0524
A=0.308, R=o0.078S
x-oons' Y,= 1901 10"

btas o = 0380 (Np/m)
We o ? ,4 = 10.49 (rad/m) .

Yoo
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P10-24 From £9. (1o-135) :
“d) & [hgd), ., [hd
(z,' <, z)“'—?') ©
USl'ng the notations in problem P 10-23 ,we obtain fwo
eguations from © in P10-23 and @ above:

{ X'+yY'=p! ®
Y=-AX cotX ®
a) £ 2 2x10% (Hs), A=1.S(m)| b) f=§x10"(Hz), A =0.60(m)
A=030¢9 | A =0 308
R=00314 l R =0.075

I

Thare are nointersections for curves representing
qu. ® and ®@; hence ¢ven TM modes do not exist at

the given frc,ucnc:’cs.

P 10-25 Use 57;. (10-234) and (f0-23a):
o .—ZA ’—E:. N H'- L"i.‘ .’—fl.
b =% 3 k=G oy

E¢y, xt)= a‘[fo‘y) @ fet-p3)]
Hiy,zit) = au [Fi%y) e? @40
Iyl $d/a: '
E:‘)')"E? Cos ",)’ — Ely,3;t)= £, cosk,y cos(wt -pz)
5; (y)= f;f. sinkyy — £, (y2:t)=- f;[, sink,ysin(wt-p3)
Hty)=- %‘f‘hhk,y — H (y3it)= ﬁ’;;—ﬂ.’, SinkyySin (wt-p2)
Y2dsa:
£ Jy)=E cos(258)ér H — £ z;00=F, cos %) Peor (wt-p2)
E;ry)=-?£,m(-'{-')¢"‘"¥ ) — £, (nz;t)= B £, cos( e Bsin(ut-p2)
Hy '%c "’(‘?)" §-9) >l (y,2;t)=- %—‘it;ca(i'z!! Pl pﬂ‘n(ut-/z

Y<-dia:
E;(y)-f.to:(%d)c"""’ —-—-!,(y,*;t)-E.tu(%djc'{"f’cu(ut-pz)

5; (y)= # E,cos (%c“"f’ £ (yxit)= -f&.m(%—")«"”’":io (wt-pz,
Kitps=- e cos ()T — 1 5,000 40 cor (5 Brinfut

§s



P10-26 a) from Table f0-2 on p. 495 it is sean that £ 0
for TE, mode , which is the dominant mode.

From Eg. (10-142):

f‘an -’5-" /u , for kyd<<1.

Nag/cdl'ng the o« fOrrn in 57. (/0-/2‘).
B W 6= 4t &0 — AW [a1E,=k,.
From Eg.(10-124): k= wip ey~ p" = ki -k,
o 2 vg/'j—(k:, -k}). ‘
b) d=sa107m), €, =3¢€,, pg=p,, F =3x10" (Hz), ky=2m.
L 1iCe,~1)=0197 (Np/m).
0036y, aly-¢)=1. '
— (y-4) =506 (m.

P10-27 Use E,, (1o~ 426)and (fo-42¢):
H =-2A %’-)’,& El = lfff
Hy,3; f)=aa[ﬂ°(y) it pa)]
E(y2;¢) =l [Etyy e# o PD)]
Iyl € d/2:
H;(y)- H,cos k,y —Hly,3;8)=4, uxlsycos(af,z)
H; (y)= é& H'I:'nk’y H (x,x;¢)=- A sink y $in(wtA2)
£, ly)= }_“Z& Hsinkyy — g(l-,l,l)"-&‘”.!‘mk,yhn(dl -42)
Y2d/a:
H,ty)=H, us(ﬁr)c b /{(78,!)'}‘“!{%’) 76 e os (wt- -A3)
H, (y)--uﬂ ca(%!)c o) —= H,0,2;0)- e-llcus(é._)c ("f’xm(‘,g.,,)

£ S (b D £ 1) Lk cor (W i)
y<-d/z2:

H ) =Hyeos(bd)e "D —— B ty2;8)= Hcos(58) &0 Deasut g
;.[ (y)= ?&cn{—l‘-‘){("ﬂ —H (y,:,!)--ék cos(y)e" i (k- A2)
E! (y).tﬂ"n‘w{-!‘-')e“”ﬂ —= Eait)- L H e !:‘L’)c“"f’m(uﬂ,;
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Satting y=d/z in £' (y) = MH sink,y and
in £y - 2 , cos (Mgd) € “o-)
and @quating , we obtain
:f(‘)-‘*—“m Hy sin (S = - 22504, cor (52)

-k—; =L cot(—"li)

P1o-28 a) 0dd TM and even TE modes are the propagal-
ing modes. lsing 2d for d in the formulas in
Table 10-2, p.43s, we have

= n-t for 0odd TM modes
- ——n-% for even TE modes
jé" 2d v Hd€ad M€y o
6) For odd TM modes —-—fm,,, £7‘ (10-127bandc):
lyled/fa. £ (y)'-?éfco:&
H (y)= ¢-“-’£‘E cosk,y .

Surf. current da nsify:’n conductor J <a, * F |
T=-a Hw=-g B,
Seerd. clnu,c Jcanly on conductor f =a, D'
J AR N3 w)--iA-:
For even TE modes — From problcm P J0-27 :
lyéd. H Cy)'-“gé sink,y
E} ()= J—#‘H sink,y
H ()= H, cos k,y

ys0

T, -ny[ayﬂ,_lo)*%ﬂ:(oﬂ-&; H,
h=a, g E()=0.

£10-29 From Eg.(10-150): f....,‘z:./ (z'!).’(f‘)“(‘y '

f”n, - ,.5*/0'.F(m,”,f) , F(ﬂh,,). (_;9‘4. (a‘oég)‘.
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Lowest- order modes and resonant fnguwiu-‘

- Modes Flmnp) | (f),, inlk)
T™,, 0.20%3 3.125x /0"
TE o0 0.2153 3.53¢x /0"
TE,,, 0.2603 3.905 /0"
7E,, T™,, 0.2888 4.332x00'
™,,, 0.3005 4.507 x10
TE,qs 0.3202 4.902 210’
TMys0 0.3560 S.340 x/0"
TE,, ™, | 0-3609 5.414200"
TEqyy, 0.3387 | S 831210
TE,0, TMy,|  0-4083 6.126510"

P10-30 a) Since d>as>b, the lowest-order resenant

mode s Tf(o: meode .

Sr= ) Et = 450221007 (W),
8) From [ (fo0- I‘l)
M f 1o ligabd (a'+ d*) ' D= /—n[:,'e,' 5
Qlol R [2b(a’ d*)+ ad(a? *d')j “;Q, )
- JUn,'iujr abd(a’t d*)
2b(a’+dVD+ad(a+dY

=$(969 .
From £gs. (10-156a) and (10-156b):
W= 4 & 18 a’bd £ H) =0.07728 x10" (3)
Wiy = A2 abd(d,f 1)H} =0.07728210""2(7) = W, .

P fo- u !
 10-31 a.)(fm)“- /) ke L&~ —(fm)c. =3.037x10" (Hy).

b) ("M)q (; )'Ic (Qm) =S5462.

) (W,)" (W.)"- 0.07728510(J) =0.07728 (pJ)

= (Wa), -

44



P1o-32 @) Q = I uiflg abdia’+dy
101 256 (a’+ d’)iad(a‘-od')

For a=d=1.3b, f = zr“" Lok - 1.179 *10"Cf)
Qma 10.22feb .

b) For Q,=120Q,, , b'=110'b=144b.

P10-33 (I) From tha field configurations in the cavity we
sea that the TM,, mode with respect fo 2 is the

"o

:amc as the TE,,, mode with respect to y. Thus,

()., can be obtained from (@, ) in Eq.(10-161)
by changing btod and d to b.
or, (X) Q for the TM,,, mode can be derived from the
field expressions in Egs. (10-149a,d ande) by
selting manzi, and using £g. (10-15%).

we s S SE)esasl 4
,i =le/j./m‘d: =ff/l7,l’l‘ds
aﬂ! {{Y‘/%‘tﬂ)"dydz *[?‘IH;‘Y‘Q)I‘J:LJ:
+J ‘/'[/u,(uo;/a + [Hy (320l ] dxdy]
(ww £} {# {-a'— bd+#(.5'_ lﬂd*}tab}’
hx-(_g-)l+ %’- 2

- LW _mg.au(a ) .
Qus A R [2d(a* ')+ ab (a*+pY)] ’ k"l‘_hg'&‘

Pro-34 c..«aa,. £ra

d

Aih(L)
a) f= _.______'___,___
zw/z? majue /3, (2)

b) Aﬂm-wa%.
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Chapter 11

Pe1-1 Maxwells eguations for simple media:

9
VXl =-p a}t{ _ @
PxH=T + e-:—% ®
V-E=4 ®
V-H=0 @®
a) Tx@®: TxE f--/u—-(vx/-[)
at'
But OxoxE=0(v- 5) - F
- ?Gf—E‘E
Co‘mbfnin_q ®and ®,we obtarn
G IE a7
VIE-pes=E0P +u ST
b) Srm:/ar/y,wcﬁavc V'ﬂ-/ue Ttl’i =-0Ux7.
PI1-2 Eq (11-2): E=-BV-50A =3 E +3 L, + 3 E,.
E‘ = - —‘ -}wA The ¢xpr¢niom' of A‘,A..
E,=- R” -jwA, and Ay are given in £gs.

-_ OV _ (11-14a,6,and c).
L YT ?‘"A¢

! P gl Ko
T V== ame, [ 2

R, R -}fdlcosd
R% R 4-Ldlcou
L@ a-;{-, (de)' << R

iR (dtcosadt ~INdecors)s
Ve B [n e fenn e - fren ]

- _Te iR [2}”3 n(ﬂi‘ﬂ)#l{ﬂcuo)wx(ﬁ——‘g!)]

4we am'

x IcJ/l [ R(gamo),a“,,]

4me )up

-
- St (= 5p)e
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Using Ay, A, Ay, and V in £ £, and £y, we
obtain the same resulis as givan in Egs. (11-160,5,4¢).
P11-3

a) - .I } e.j‘,' -

L2 f € de’

A 4111 i R,.)"‘ "
- ﬁ’— ARl @ Y =
rr } &4

An /%"l R [('4- ,',g)} %{’

/ Y '#‘f‘“"]
5 ~ $dir=o.
dL df 4 d2 Jdr’
[T SRt
k,‘-—k'# r-2R.F

R =3, Rs3in0cosd +a,Rsin0sing +3a,R cosd

i'ax"* 521 ’ A-"—'"Q"’fnow.t‘#ké-!:inoﬁmf
a Ll . ,
2R [I IS ER‘E]- -&L([f -}:mousf-}:é.;,;,,.,;,w)

) . di’ _ o ) Py )
,é‘;_‘ e /‘(/':AR?[‘ -R—‘;-q.%ﬁ/‘(hm) 2 4,//. (1+ Fsinocospe Lsinvsing)dx

=3 4:.2'3' ¢";“(/q',u) i"(' Ly ?ll.ﬁnnin é)
In the same manner, we have

1 ;opk,, . i a v
AP L )l L e a L M 1jp0) L (1,- Skt sinosing)
B T TR

':: R, ‘-a:t ‘L—."R' ¢7/‘(/¢j,ck)lxly Sin 6singd

. d'r - i )
'?m.‘/ﬁ—é - a,‘é%%. (F(l*)fk)[.,t,h'na cosé
Let ma 1[,;‘,’ =I5

A= G

an

d »
i

e (1*58R)3in6 (-& sind+ a,cosd)
=8y Ge M ipsing.

] - L = a
C) /1 L VXA a, H‘ +a,H, £xpr¢nion: for )I" H',
5)5-7‘%’.6;,‘7: dyEy and £y same as those
5 ven'
_9/V¢n wm %‘- (//’1‘0'612‘).
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In the far zone , R >>1, l/fj/ak)' and ‘/(j,&k)’ ferms
can be neglected. We have the Following instantansous
expressions; a.:;uming ((t)mIcos wit.

A (Re;t)= -a' *g‘%’:mo $in (wt /g)

E (re;t)= -A::__p:mo cos (wt - pR)

H(R,0;¢) "'a‘ 4"’}1 ﬁ‘;.’no Cos (wt-pR),

P11-4 Far- zon¢ electric fiald of elemental electric dipole:
348
£ (R)'} ( < )7"3::;-0 —£(RY)=- —'-M'-!-(L)«""/"“/‘)

For the C/CMCMA’ magnetic d olc

4 "R
a)Thus, z'(lft) £g (R,¢)
’ T sin @ in® \}
( 3 ( 4R ) (L'-.!)
L ———£; ptic /’o/a rization.
8 Circular ,oo/arizaﬁon 1 L=2ns/A .
Pit-s a) £,~- $ing a/l (’ Itl ¢’f’““dz
-; 2” :m. -)/‘j ( 1- -)ar(/ztuo)dz
e MR
-1 b) s e Feo)
. , H -t -L—L— e )"
-A ‘R, =R-zcos0% t 7 (Bh)2mR £,
s F(0) = sinol1- a:(ﬂ.cou))
cct'o

In case ﬁ},((} CO!(/')CO‘.)‘ I-3 (/bcuo)", and
Fo)= £ )'m.o
£, = ?_9&': ‘J’l(!’h‘”,‘)_ 130 84 1,6 sine
Hy= 230 ¢ (4 phsing) = 2B 1 /PR sine.
) W, = —f_/ £ ”‘ R'sine ded¢ = z1[807!‘(-&'-)]

p=We/(430) = 207 (%)

c) R 47 /Emaxl - wt.§ — 10log D=1.7% (c'8).
P [ ! /f,lo)/'ﬁnodd#. [ sin'sde e
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Pl1-é¢  2h,(0)= sinoj";;n/o (h-131) eP*C% %y,
= I[C”@hcaro)-c“;b]

/:lno ;
~a) For half-wave dipole, h=2r/s, Ah=n/2.

2 ¥ cos0)
2;,‘(.).._0%%%_.

b) For maximom 2/.,‘“). Set a‘%/,.(o)-o — 9 =902
Max. 2h,(9) =2h,(90°0r270) = & & =(F)F=007(
P11-7 -f(; T’}‘“‘//Z' H R*sinedodp
o (1d2) o0
Fow AN gall-in iy e 1)
_/ sin’e de
& [3011‘(1‘)'] fame as [9_ (19-37)
9 Pl1-8 From [93. (11-27a) and (11-275):
ARy
[ - w(-iﬂ—-:-)ﬁ.hn ()
H--—/—"'-!'(‘:”)/asino

¢ 4m)
W, = Ld‘// (-£, I/‘)R'::‘nododf-{zl.'),w,,c(:\.g
- A (—1'/_5 320m* ()

a) Circular Ioo’ of radiusb: R =320 n‘{‘)f:zou‘{"’
. b) Rectangular /u, of side lﬁandl. R =320 774( )

Ll cas (AhCos0)-cos BA
Q’Z P11-9 F(o)=

3’'no

T @) 2has252 /r(q./ﬂleawﬂﬂ)l |6) 2hman, [p(.)’.l_&‘%!i_"“_’:!

W
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PiiI-10 a) £ =£ os-lfl-ij»u"“

-(1+ .;’d cos0)
= &;I_b_zf c’J”{"#“")f(q

where

F(8)= s5in @ cos (7%5' cos ).

0 ~ R b‘*/
™\ ~ e
N o2
l/ \
-~ N

Pi1-11

From Eg (11~198):
£ M_M e‘i/a.-d (nO)

¥ 4mR, 3in¥
o dTadlyf ;ipQRdend .
e n
ey % 4n if Sin¥.

E-E *E

)_llﬂ.% I "J.lmlfdtno).lmr
s} 2o (‘%)7 ﬁSmg‘JWO)/ /-Sm'*:m (]

. EV- a.[. *a, [¢4= —/T.__-_;.;L.—Tﬁ(a.cnO:mff a'mf)

a) In the xy-plane, 6= 90°, f;’ (o, 4)=0.

b) In the xz-plane, ¢=0°, Ey=-£ ,I&,(Oﬂ-lsin(/dcuo)l
c) In the yz-plane, ¢= 90; E,=-E,, [Fy L (0)]=[cose :ingcdcuo)l .
d) d=A/a, pd=J/2: 1

IE, =fsinlFessol] 1F, ol =Jcoso sin (Feosd]
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. . _ TEat, L e ¥, where
112 Figom Eg. Si-31). L~ “i‘"j*‘j AR R

. B e
in ¢he H-‘)Ianc ofF =2 t:':‘,x 2, &4, r(i'; Pimi.
A el
a)d-%.g.% : é)&-—;}:o };l-'r ';i
1£($)] = co:[-}(lnn‘ﬂ [fw)la{:::,{{(u:O*T

L11-13 a) Relative excitation ampitudes: 1:4:6:4:1.
b) Array factor: [A($)/ '/“’("}“’ ¢)l‘

¢) cos(Xcosd) =(z)"*
— ¢ =74.9¢"
Hai$-power beamwidsh
=2 (90" 74.%¢")
L A = 30.29°
For um'fo(rm ar;-o. , from fy,( 11-62) :
1 | sin(%%es 1 o
?/ Sin(Ecesy) Iy'iz"' = $=79.4
Half - power beamwidth for 5-element uniferm array
with NMa spacing = 2(90%79.6/°) =20,78°

Pr1-18 @) fremLg (11-62) for Nus2: |[aw]= 7%’ 'L_s:':(‘#/!:)': ’ '
HAwN
1

|
.|
L
|
|

¢
26q o~




b) Broadside Operation. Y = pdcos ?.
laop] = - | 30008 5 | SBX | Loy,
where x = NY/2.

AI ha”"POWC" POI'D*S.' l.&:’i’ - -!—- — X -,39/

(¥or both bmdudclcnd&rc operationy
FOI' broadside opcrd:on Hhe bnlf-ﬁowu' 5¢¢ummdﬂ,
S (248),,0.5%6 () (rad)
=$0.75 (_-) (deg)
For N=12, (2484),=4. 13( 2) (dey.)
Fro_m fy. (17-65): (24 f), 9.5% (—a'-\-) (deg)
&) Endfire Operation. ¥ =pd(cos¢-1)
(24}),,‘- 1. uz/;‘; (rad.) = fo7. :/ 2 (deg)
For N=12, (248),,=31.13/3 (deg)
From Eg (11-6¢): (249),= 46.78 /% (deg)
EI._I:!; sin(N¥ /2 sinX <N
1A = /T;-(_V'%;%/gl X I, where X .?\f
Assume broadside operation: ¥ =pdcos8.

47 AW maxl’
. / /ﬁy /.cmxly”d.d#
JAP) ] =1,
/ /’"”"""!7\1}7//_""'x ‘/X’Nlu(z' Nd

D= 3:d x 2'- » where L= array length.

Pre-16 Corufruch'on follows the steps outlinedon pp. §25-526.
i L . Bisaft§a-L.

Radius of ¢ircle is
palE T
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17 £ (11-43):
P11-17 From 601..'1. , cos(ces0) NA,N)A,(‘;»)I

Sin®

where A, Iﬂ_{ﬂ_l ,&-,%‘-’itino cosd;

x Sinl¥/2)
v
o3 (T ces0) "”("— )Sm )
IFad)l 3 NN e _” sin () sin( )
P11-18 From Eq.(11-77): P, =A@, . 0]

Consider an elamental elactric ( Hertzian)dipola of langth
dA in the field of an incident plane wave with an electric

Inf(nsi}y E‘.. ¢ __ITEc_L’ 0}

Maximum power /s absorbed 5’ the load if zZ=- Z: .
=L 1110 = L] (E;d0)
A =512 {-(75‘,—5: R = — 40— ®

Conbimng @ @ and @, we have
Ay = L et = 32 apt }
From E, (14-39): R ngow ( J")‘
From p.stt, D= G.(r") i-——c- g -z%-

P11-19 From fy_ (11-99): -;P:- - %F‘)‘G.,G” .‘

@) For half-wave dipoles: Go=G,y=1.64
F=3510° (Hs), Awmec/p =it (m), ret5x10%(m).
F= 757210 P = 7.57x/0"7 (W) = 0.757 (uw).

b) For Hertzian dipoles : G,,=Gp,=1.5
P=o04é13 ),

-3 22
A‘ lrr)“

Lir20 Lot P, = Power Intercepted by the target.

P AG P MGy . 4n ‘
@) Fmlhh PAE G R ARG
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B %
’. (enriy’ .
b) Incident power density at the target, B~ -35G,.

anr
Power scatterad by the target in the d"“"""

of the antenna, P, =F.A, G~ 0‘
S, = fe “‘!)\—?'Ar

(f' 3,3
‘ L S, GaA
From the result of part a): —5:-- _(:_,,‘)7;7
I(z)= I c’,’
a) fo gt [LLET

=41r R

In the -far Zone,
R & R-%cos8.

A(R 0)=a M/ ';/z(l-cua)dz

=3, Ll et

where F(p)= nn[’:_i':“: 2.

8) Ap=A, coso, A=-A, :mo,A,-o.

=L oxE wg A A
A 9ok 3, [ e taa) - 2]

In I-hafar-zonc,kig—’:loc L . ”"“47:%.:4(“)

Her,0)~3, -2&"1.% ¢RI LU-cosOf] L o 0

E®r o=z, 7, H(R.6).

¢

) Radiation pattern
o for L=Ar/2:
\ ~~—Plot of [F(e)sine]

&)
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P 11-22 From Eg. (11-97)):
F (e, ¢)=j/ f(l,y)c"""’(z‘“’"""”d 'd ,

a) In the xz-planc. $=0°:
F (‘) b./ f(x) ¢?/X ’lh’d

-nlz

= ij (l- —-x)tu(/ﬂx sin8)dx’

= aj L._C%.—(é_:‘l_h:l Let lﬁ-;‘;%«'n‘sge.ﬁnq
( 2 Smﬂ) :

ab intwa) 1
5‘2(.,._.[3_1_4)_}.

2 | " (wi2)
b) Set [sinwm ] o+ __ _ ¥ _
Wiy | =T 2 =loos.

Ha If -Powcr 6camw:'dfl, (2 a8),, -2::'»"(0.640 2—)
For A/a <<I, (246)y, 272802 (rad)
=73.3% (deg).
c) Set % = —@, = s:’n"(%) & 3;*; (rad)

= 17662 (deg).
d) /'-frsf'-:ldclobc level: L =-20 Io’ ( ) =26.9 (48).

Uniform Distr. | Triangular Distr.

Pattern SinW ab %L)‘
Functien ab V) 2

Half-power A N
beamwidth S0z (dsg) 73.3 5 (deg)
Locatien of A x

fiest null §7.3G (deg 114.6 7 (deg)
First-sided

lobe level 13.3 (ds) 26.9 (d8)

P”'ZJ Q) In the xz-p/nnc ¢a0
£ 0)=2b j Cos(XX) cos (/z':in Qdx’
- zaﬁ m/2)' cosy ]

m/2))-v?

an- 'i‘—.fin‘_
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