1 realize that, no matter how careful I have endeavored to be,
occasional errors may still exist. I should be grateful if
you would be kind enough to notify me as you discover them
either in the book or in this manual.

Sincerely,

David K. Cheng
@ Electrical and Computer Engineering

Department
Syracuse University

Syracuse, NY 13210

(For the use of instructors only.)
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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 sgudents
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.
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C}iaefcr 2

P2-1 a = “!+2122 a3
—e - (1) 6.4 r—-———-—-——-—"‘ FyTPyR m( + ]1 a’g)

(b)lz-§|='d,+a’6-q‘4l=m_5
B e O0+2(-4)¢(-3)=-711

(c)
= cos”'(4-B/aB) = co:"(-u/n/r)ar 135.5°

@ 6,
() A a—A-—-A-/—_-.(a §-a2)= »/"i

)-!5.

I;QL

(f) AxC=-a,4- a, r3-310

(9 A.(83C)=(AxB)-C =-42

(h) (AxB)x& = B(A-C)-A(C-B)=3,2-a, 40125
Ax(8xE)= B(R-C)-C(A-B) =435 +3,44 -3, 1

P22 Phsition vactors of the three corners:
0—5-5-52 ﬁ:a‘-a-a’.o—;ﬂchaz.fa's
Ve—cfors repnun#ln_y the three sides of the triangla:

A - 0‘5 -0p =3,4-3,, BP =2,2+3,+38,RF =-a6-3,-a

(a) PP, -BP, _70. " ABBP, is a cight friangle.

P2-3 — - - o -
I , = 8+A, D,-B-A
b -B, = (5+4)-(8-A)
= g.B-A-A=0

, LD,

A

P2-4 From A-B8=A-C,wahave A-(B-C)=0. (1)

From AxB=AxC, we have A % (B- c)=0. (2)

(r) impllu ALcB-C) and €2) Implias ANCB-C). Since A /-

not a null vector, (/) and (2) cannot hold at the same #ime
unless (B-C)is anrull vector. Thus, B-C = O or B=C.

P2-5 . 5;- Z‘ - “"("'f)" cos« co:} + xinqxinls,

www.wikipower.ir
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. & g . I
S = \\? A x ,{x«*:—(,‘t-:ﬂ,
N \ = — = =
--h._j.___._-_.x C x CrxA=3=xC
B BxC=Ax38

,'4~5¢.’qn;JuJo relations : LB sin e“ = CA $in €, BC 506,

.;{mrcc —'—‘A““‘- = -8 = <
sin a‘c Sin ou Sin 0“

N

~

OB = A, (rcosd) + B (rsing)s aym ¥ -al+a,

— — — — ' — —r
Pp=0R-0R=aF +a £ -3,2, |0A|=F

2-1f (a) x=rcos$ = 4 Cos(2mf3)=~2

Y=rsing = Fsin(2n/s)= 2/3
Z=3
(b) R=(rt4 zx)'/z_(‘,l., 3‘)"’ -5
8 = lan'(r/2)= tan™'(4/3) = 53.1°
¢= 2m/3=120"
(W) & =& i "y
(€,), = + (- 75) = 0. 212 _
B ay - (55 43,4-5,5), 8,=5 " FE2-5,143)
O = ces/(ay-a,) = tos"(- 37’%)- 154°
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- _ - a, x #8,y +432
P 2-13 a,=a_ sin6 cosd +a,sine sing ta,cos 0= 'ﬁ:‘—

. z + & 2-ag(x'ey')
d,=a, cosocos¢ ta, cos05ind -8, 500 ° (,;,y:,(, +ye1?)

- ___wxl-
a' -a,nnd-fayco:‘ :. -y

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

I

(@) x =241, dx -4ydy.] fJI=f(4¥"’y"7"’f) =14
() x=Cy-4, dx 6dy; { f I ..j [sydyf(éy-l)]"Y"4~

E?uol Jine integraks a/on_glwo specific paths do nof necessarily
""P’f a conservative field. E is a conservative field in this

Case because £ = 6(1)’ “C)-

L2718 rp Y [cosd sing e_] cosd I/n‘] r sin 4]
5¢] [-h‘n# cosd E, ~Sind cosp||rcosé
f-a’,run:¢ + E.rco_c;¢ '
E-df = rsin24dr + r*cosa¢ d¢-
B(3,4,-1) =P (5,5815-1); £(4,-3,-1)=FL(5,-36.95-()
Thcrc s no chan_gc in r(=5) fnm B to Py
h - -36.9°
f E-df = 5/ cos2¢dp =-24.
000
P2-16 (a) TV =[5’,l ({cn i’-x)(.r:h }y)fi,{nb'ln)({zu ry)
+ Ex (!l'n gl)(!fn ’Iy)]e-z-
(ov), = '(a} "E * 5,‘4)(’ "(570.01“3‘0.043) .

) PO" , 5;3; Eﬁ —-ﬁ(aqu—,zv-i"s).

-a, -
/
V), 8 = ja (¥ -2E)e?=00ass,
.’Lﬂz f(;‘.’tinO)-(a—‘sl"-no)doJ‘ 'f7;53'h‘8404*=757’:
p2-19 fA-di= (/, ,,“fj DA
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TOf faa (2-4)-' Z=5’r14;‘" ds‘a&',d;,

faca : face

Bottorm face (=0): A= a, rt, di= -a,ds.

jl’-#ﬁ;.q J‘ =0

Face

Walls (r=58): A=a,25 + 3,2z , ds=a_ds.
fumﬁ'-d? = 25'4‘”& = 25(2n5x4)=1000T.
- § A-di = 2001+ 0+ 1000 =4, 2007 .
- _ drs_
G-A=3r+2, fv-ldr=/va-Ardrd¢dz -4 2001,

-—

P2-20 P.-F = 7_-" (rF,)+ ﬁ" =k, , fF-F'dv‘-'Z‘!ﬂéx.
Divergence theoran fails bacause F has a singularity at #=0,
P22 A f5-di =4 (_"_"_2: ) R* sino dodp
sy
=%/'o/ {3’ -1) cos’p sinodedg =-pr.
) G- D = — (castg)/r?, [o.5dv mfa-ﬁg‘:,soduw
-7y

P 3-22 f = 2 ap_(i’:)=‘_ 3;[2}(0]:0

Q;[ﬂ)“‘-mﬁan‘f’ C)--c.q /(R)-—'

N

£2-24 @) A-dE = 3x'yldx - xly’dy /y
- = .& - -ﬂ - 3'
fA dE = 24+ 7 3 323
b)TxA =-a, /zx‘ *
J152k). 45 :_// CZ 122ty Cadudy) =225
c)Ng because VXA— ¥0,

] (/-
P25 VXA = m(d._cmosfn%-&‘_sinarfnf)

_ - dw WA
fs(vxi)-ds =/ [ (Ox2) (3 8'sinodedg) = 4b.

4
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{AT '-_/ (A),. (def)a'a/zzs,afdf=45_

0"'/:

Cﬁagfcr 3
23t @) o= tar” (452) = tan”(TE)

£y w1 L
) d,'zo , St --—-f:%w(t-i’-)' = =05

2m -;’- 20

P3-2 a) Max. vo/la.yc V. will make c/ =hf2 af Z2=w,

ey R

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

e ni(w* ch )

) Doubla V s b d ouﬁlmj

’ W‘ doublmgﬁn anode
o.ccc/crnlln_, voltage.

-/9)2
P33 f oo (oo (602~ Io- =9.2926"N)
41‘0# (7 ) {5 28x ” AffrZG'h'n Ferce.
P34 QP =-3,2-3,; éj:=-z;3+a,.
F o= Q _
£p, 27 ([f5) (‘ 2 -ay) P2 4"‘;{”_’. (-3.3 fa)

a) No x- componmoﬁg,. -;‘_‘)‘-;’_) =0 or
D ]

P
l:u

QTG
= [
8) Ao Yy —Component o E, : '-(—J%)—,-i- 7‘,/.-%‘)—,-0' or Tl: -—;.
P3s _
Af Q’u,’/,-‘,/um, d(&fr}g ﬁm}; and
5 : et 9ravibﬁ'-m/-ﬁ!rc¢ l;:, must add fo give
' A resultant along the thread.
: ?'-t»s‘-o.ons.
s, ~ -
T Fr=mg=90x10 *(h
Fo=

4”“0(1'02 3in g®)2 = Z4-Ix/5’¢q’ (v). QA=340"

www.wikipower.ir
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=__Ni(badd) _.
dfy 4"‘0 “ 304'
—_ _ - y/ v
3‘15,’— Q —4'A€‘ flnf#

=_a _’;L_. .
Y 2 'rréab
b4
,'_7 Y
L -
% s h=375 £
h b
”11 * f,_.’/l “ *

E atf the cenfer of triangla would ba xero iF all three
line charges ware of the same charge density. The
problem is aguivalent fo that of a singla [ine duu-?._o;

4‘-"5:47 f /2. 8), .Srmmrhy there will enly be a y-
Compancnf

= - "‘ * (f/2)de’( h Fo b d2
£—a)‘[=‘¥ Jin STERT ( ) / o Emg(h e )t

3 —
N 1, T
% Frer " 9y ¥ T
-8 UUse Gausss law - ff-dl“- Q/€o .
a) £ is normal fo the {wo faces at x = +0.05m), where
Eat&; and a—nu!a' I‘llfC(fl'V.l].
Q= 2€(sr01")=0./€,=8.34x/0""Cc).

( J00x) cos $ = &y (100x) 3:n $ =, (100r catd)-qloorsint¢).
'./ (/00"0 a5 cas*¢)(0/x0.05 d¢) = 0.0215T.
Q = 0.0785¢, = &. 94 ~0™" (C).

39 Sp’ur:ul J)and : E=&

) £ =
fs‘

App/y Gauu: law.
D 0eR<. Snitoed [ e irimie < S (B )

7 ¢ (37s55)
Eur™ —ff"z(i"?ﬁ'
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: b, & [ L.27
2) bER4R;. 47,(5“-:-:-:-{ (l—';?)4wg'JA= —'-/“‘ Iy

VY L
£u 15¢,2"

VR, <RSR,. &,=0

- 2 ! .
PR>R, £, ,_&L‘V,
P.3-10 Cy/l'ndrl'ta/ Symmaetry : £E= ack,. Appfy Gausst law.
d) r<a, Er-oi d<’<b, E,"af“/€.l';
r>b, E,~(ap +bR,)/¢r.
b) 8/a=-p./2, .
P4J-II Rcﬁ‘r fa Ef’ (,’—4¢ und nj’, ”I’_ E— wf///)m no Z-
Compenent 'I.'; Cosd =L sing, or 2cos’e= sin'0
6 =54.7° ond /15.5"

P3-12 R R
b i PCRo W =-2 /R _ 2 _,)
v £7¢R (4, * R, 2)

R’ =R'+(L)- adcoss.

% - [14{&)'- ;J_“‘.]-'A

*e
-2 = I'f%""‘;—dk': 3(‘;.._, '
? 2 ay-d d* Jcos*s-/
4‘ ! 22 ‘ll‘.i;—-‘._z____
. 2 d !l .
a) <o V= 4£.‘./; (3cee*o-1) , R >>d’!
- _ _ . §
£ "‘VV--a‘g_‘! _3‘%.‘%‘%/! 4, 3(3ces's-))
‘i’lc’n;g]_

b) £7uaﬁon for egupotntial surfocas:
R =C, (3cos'e-1)""

E7unh'0» for Stream/lines:

dR _ &de . dR__ _ _Kde
£, £ 3cess’e-/ Sin26
IR = 3d(in® _ de
R 2 sing Sin20
R=c¢, (u.”‘o//[f,,,.,).,
(A/to.fancr


www.mohandesyar.com
www.mohandesyar.com

12 A s:'m/:hr approach (not 1o the same degree of
approximation) is o consider tha problem as a pair
of c/f,/accd dipoles, each with a moment ;- ’J/g .

Peres) KFrom £y G-#%), potential

due tfo f is
V = z‘d/ycﬂle .
P tTeR,
Potential due to -f s
wo=- ‘24(%{ ::;T‘ ‘-
* Vv, vy - e (L -
v 47,
R = "(/ + ;‘%wo) k’"“‘k”("' 38529
. dcose)’/2
a) .. y= Anen

F--5 44 (z = .
£=-9V= %W,/% (a.zcu’ooa.;.nzo)- )
) Eguation for eguipotential surfaces : R=C, (cos 0)?
L‘?um‘i‘m for streamlines: R =C. (.m.o)f"
-/3

(%3 o
13 ¥ _ Py dx
a)y = 1] drea

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

= 3% 1o [fGToy - £ Hny}-
b) From _Cou(om“ law:

E'ﬁ =2 PY"" -a 22 L/a .
/ a - 41r¢,4' % twrey /1) eyt

)L =-p V givas the same answer .

‘=14 Surface charga Jcmﬂy £ = _Q‘_

Use the nlu/ﬁ of problem P.3-13 for the Ceardinate
xyslcm chosen in the Fgure on the naxt Page. Replace

‘y fdy ﬂ-nJ]‘y\/y‘fz .

-f Io ‘Jx 4!

g
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¥
a) v =2. 3—% / {L.[/(f)‘or‘u"/ﬂ]

a Ldy - Ln\/;;;-z_'}dy

o8 Sy [fBE 5
’ meLtl 2 S - &

L/1—wf (L) “J}

/ -2 fan z z[‘-)‘

) Fm-py = %-Z'. -,[’/3_((-:7)'7;_]

P35 Assume the circolar fube sits onthe 2)'—f/¢r’¢ with
Jbs ax/s coinciding with the Zz-ayis. The surface
C/td.rga. on the 4ube wall is }’ -Q/zwb], First dimd
+he fa#cnlml a/onj the axss ._f z 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&.,')' burx-z)

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

dv- .—.’L‘_J.’.'__.

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

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

z-q V-a.__'.[ -
3% A% ey ]

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

www.wikipower.ir
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3-1¢

Rastoring forca (attracdhan): 9£, .
é, at ¢ due to sphecical volume

of elacirens of radius 1 i3 (b

i-re Applied .‘.T; causes a displacement 1.
Force O‘f'.roparqﬁan: ’E‘;
A

Gauufl/a.w) £ =_P_r‘_=_§ﬁ‘_|”

e,

(4
= g =455

0y . A 4
/4{' tf“l’l"lum.‘ L; = 'E’l= —‘—-—i ) or l;- __Nq'_rfr

4w b
317 W"'?/E-'dz"-f/(ydxfxdy).
a) Along the Pnrnﬁo/«z x=2yt ; dx=4ydy
W=-g[ éy'dy =-1a3= 28 u7).
) Along the straight [ine X=by-4; dx= édy
w "?/1(/2y-4)dy -—I4;-1t9u.7‘)_
/

3-1¢ a) f,‘Q-ﬁ,an -[;3‘:- on al} six faces of the cube.

fr » - 6.; =—}P’.
5@ =citp, = Ll . a, =L'};-73gL’.
fm‘a/bo‘mddmrjc =Q,+Q,=0.

49 Assume P=E P Sucface charge denity £, = p-a,

=(a P)4{a,)

77)! z- C.Dlnpon(nf = Peosod.

Of the efectric fiald
m#um’l/ due fo a ring of

f" Cendained In width RSo ot @ is

I .
dEg = 4.,,2:"; (21 R 1/n0)(Rd8)cos 0

- 3—2’— cos’e sinodes.

At the center

_— - »
of tha cauily : f"zfz"‘;‘ze;. A ces’o sinode = }f_.

/o

3
‘f.
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R3-20 @) v, =£,,d=3x50=150 (k)
b) V5=£,fd 20150 = 1,000 (kV)

Q) v, =E (d- ’)+-_§-£‘ d’=J(4o*-‘~/a) =130 (kV).

P32 44 the 2=0 plane : E, =3, 2y-3,3x44,5.
£, (20)= E, E,(x0)=a 2y~ “73’"
Dm (z<0) = (;.o)—v)[ (2'0)=3f (3-0)
— [ (z-o)--l(a $)=a, 3
= é(z-o)-i,zy -a, 3%+ 4
D, (x=0) = (&,6y -3y 9x + a, fo)€,.

- - = { = !
P 3-22 }:‘ - ¢‘ (<, 'HE: N 4/ f; <, -1 £e= e.,,~l':t.
&0 - €.
=€ [u —‘—::7’,."":‘_37 3
vV, d V,
P.3-23 o = ) ‘:’5‘"‘ and V, =\.
P24 ¥ | Assume Ey= &£, 43,E,,
[ & - - -
P\Es Ac a"xf":anx[‘—o-f;#:-
r, - -
For £, ,and hence £, , 7o be
& o N parallel fo the x-ax/s,
x
0] /@ @ 52* -Ezr Ezr--;-

B.C_: d_”vb-,=qn-51—";=j(

€. = 5/3.
P15 & _€_.;£; = 5/3
A = yt<€,.

Assume G on plate af y=d. E--a L

;2
pAK] . y:(f-( y*
V= / Foof = dIn(e/c) q
S (€, -¢)

C = __ = _s_(_fl__‘.L .
v d in(g/¢)

23-2¢ a)(C = 44, R = .?l,,o % (6.37570%) = 7.08%10 4.

b)E"-J',o 4_3:,%5' Q...=135x10"°(c).

i1
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P 3-27 A;Jumc c/mrgc Q on caaducf:'ng J‘/J‘!crt.

-__{ .
beRL b, £I % 4me, (12X )2

R>bsd, E = . S

2 2 4neR’

v ""/ £-dE = 'f £,dr ,/ £,dR 4:«;{4':9{5“ b)
C = Q . 47 on\
v YT AS 3
P 3-28 Assume charge @ on innar shell  -Q on outer shell.

2 <ReR,, Brdy g

2;(2(5 E:;% ; b(‘(‘ [‘ ZEG
== E-dR = & _fe L L)
V: { dR jEdl! / £,dr~ 4"‘%““.
a) =g A 2 R:<RER . D=0,E=0 for Ach;

% R(x-15-m,) ° ¢ ‘and R3R, .
E=a - 5 E=a 4

- 7__ 7 - 5 T .
R A

—— - o - ——

L o= 2mele
4 ln Ch/a)

@) £l = ot
b) L‘f X"/a. f(&)-—l-’-"—” Q’L(:—)-O"-' lax={,
x-—sz 718.

< -_3V€ '
e- —';." Iy ~ 2 (F/m).

X f . = ’ o ’
Lr® bed gy bramegr kbl

V--j £-dF = -—l—[-‘-ln(—f;)f-z‘;b({‘)]r

<
C'z“" L) &G (5/m) .

d

y I Creh; vhercr,

172

www.wikipower.ir
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P3-31 From Gauus law, $5.-d5 =fL-
'E, - a.k, mrl (6, %, +€,€, )£r=51.,
- V/ . Fe
£" T T (.({',1()‘) v .-[‘ Erd"n 71¢.(¢n,,€") ln (—::‘)

L= Al | me(ate)L

5

- f' - 4 o D .
P 3-32 L =a, 7 a, m a, 47€,(re2)

= S 7 L/ 9
v——jr' £ r=-;—1"?l,,(rf2)/’-.‘_#;;[,,(7,-
Anlse ~s00€, =13.26 (uF),

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

R>b; —=€—D.
é 2

/ / 2 6'

- (-g-f)4rrn'dg- el <

R3-34 £ = _L4"€ 2! (5 2cos9+ a Jin‘)
4(4‘"‘()‘/ '/d'/ é[‘(of’c%:ﬁv'ﬂ)‘l‘lfnodl

W = <j£d.,-

121".5'
£3-35 Two conductors at lpo/‘lnh'n[f V andy Carrying C/)argox
+Q and -&: / /

_‘4.

L

=jecv', vey
a.;r
Yo D --‘7‘¢ ?l f’ -te.(r—dv' (t’o,p/u(l)

-a Vv,

ayd Bmrd e g Sum g toppla
Wu_ € x _ - L .
Wwe, L-x / v x €,+/

From Egs. (3-116) and (3-137), We=-"

£3-36 a) Bc,,... ! — didlectric ; regian2 —

£3-37 & -8
o x—d Iy —
Force on+Q, £ "‘a-,:—:‘";-z,%?--F-

/3
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£3-38 ) V=V, = Constant. ¢ = EX250ND,,,
- - - -
We=Fcv?, Fv=vw,,ca~"1-"i(e-c,).

‘Jd
b) Q= Co;ufanl = v,

Q

= = - 3 a, (€-€)w
We=3¢ @ Ru-pw= 4L el %

2 [ex+g(L-x)
=gq —';‘:—;—-" (6-q),

C/!alfcr 4

Pé-~f G’Vu 0o — VJ = C,y .c, ‘él’-:fc' R Baz-a),(,(,c‘,

Va™ ¢y *¢,, E¢=';,‘1 , B,=-a, ¢c

y €03
B¢ V,=o a.f,v‘_=01- Vo, =V, at y=d;

\{,’-' V, of y=08d; D,= b, af y=agd.
So/w‘n_g.' c’-(—a?‘-/&—z-;:)-:l » ¢,~0, c'=(0.-7€:—gz}§:l'$.%%:'

- _3YY% F oo 7-.2".:___.
a) v, = Gascya’ La™ % Taicra
vﬂ

S€, Y - , - = - tE Ve .
b) Y ~4CE,-1)d E-.-_ —_—Cr e

4

(a+€,)d > » y (4+¢,)d
- s5e, ¢,V
) (f),.q (D), , =5 atce

= __5¢¢V,
Bpa ™ =55

Fa3 At a point where V is a maximum (mfm'mum) the second

pPartial derivafives of \/ with respect fo x, y and z would
all be negative (positive); thair sum could not vanish, as
reguired by Laplace eguation.

&i 6‘\/ B - A —— _I-_?—_ /r_a_! —

A €r rorlar/=-&r
V=--€—»,fc;l,,r4¢‘ c = ‘(‘-‘).V‘ .
{V,'““Q-a-/-c lna+ / Ln(b/a)

' =% _
Om-Lbrclnd+q ¢,= %'-6*3({:7:)-5:.«;).
y b/a :
Lé-7 a Fl=-5_Q Ising=-g. 0d )
—— ¢ s — yeo Y 4mER y Inclds )t
wa -€F = .. d ’
n W DBy el - et

b) _{nﬁ.zwrdr =-Q,

4


www.mohandesyar.com
www.mohandesyar.com

P4' a) Ongmalpolnf d’argc Q atf y:d/; and /majeJ
Q at y=({+6n)dfz , M=/, 22,
“Q at y=(5s+6n)df3 » N=0, 21,22,

b) Original /ine charge P at 6 =30° and /mage /ine
charges f at o= uo‘and -90%; -£ at 0 =90} -30 and-150°

h -]
a

L}
-
-

P From fy,(4-40), Vaz—'lzl,, 7’~
r= [zl* (x_%)l]l/z
,‘;,[’3* (z"f),]‘/‘ )

For cyw',aahnl/al :urfaca

Eeli — 2o [z-(ED1] -

(k /)' '
P4-fo

5 a By 4
Ve-gmelna » Y™ ang 3,

Capqci#ancc per unst /cngl”
5 o 2T
= V-y‘ Z"M

4 al al

4 d,

Four c’tlahons
=d.d a =d-d

LY B g 19,

d;“:. ~D, dy+d;,=D.

. 1 a
i dis and @'+ a; +dd,+d,d =D

44 . 0

a,a, za,a,’u, u, /(za,o,'ﬁ":—a, -/
;vre

m:h"[“

a,q a, a,)]

3

©
<

K=b
= Q(s-d
T Snb(3*+d%-

14
15 v
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AV, Y
"4:13 A4 the plane boundary X=0: | = Y and €55 =45k

Two equations: 3.__@4 _.gl&—a and Q+Q=0 +q

[ t

— Q =Q = S g
4 € +€,

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

n4-16 Vix Y= Z 3“" [An sinh .ﬂ_!y +8 cosh —-y]

|7
{—:.nodd

At y=0, Vix0)=V, =3 B sin vy — gn.{

0, neven,
At ymb, Ve, b)=Y,= 5 sin B[4, sinh 5 48 corh 22t ]

— A_sinh T2 ”"‘ +8 cosh 2T "" { w”"“
0, n even.

A, = { _nT:',,T!TL!'(V Y cosh2 )

0, n even.

P 4-42 Tf;e solution is the superposition of h‘wf for
Eyanp/c 4-9 and that for F: 4-12 rotated 90° in
the clockwise diraction . (In both cases V, should
be replaced by V,/) )

Inside: V(r,é)= —--?-Z -L(—J[Sm ne + sin n(44")] reh

Outside: V(r,4)= 2t n(.L)"[ sinng + sinn(¢+3)], r>b.

419 Vs, $)=-E rcosd 'S E,r” cosng. \/::.:>; Ere 4)
- - { 1]

At r=b, V(5 4‘)"'6&”4 ’Z 8. b"ces ng
— B~pp,; a =0 for n;u
Outsids the cylinder: V(r,¢)= -&r(1-5 co: ¢,
r>b [y
£(' $)=-FV=a L ol)co:f#l'[.(;y,y.}.
'4:20 for ryb, V,(r,$)=-£,rcosg +5 8,r"cosns,
L)
rgh, V(PO)-S A r"cosné.
At rsb: V,(bé)=Vi(b,$) — -E,6+8,87=45; B 5=AS nél.
1 R - A PP YL Y WY Ny SV W

or h‘ rdr

16
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/] €,
A=8 =0 for n#f.

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

o 2§, ey
Soling: A== B=irbE

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 */)dboandary
condition V(b ’) =

V. = +(—g- -£ b)co:o-ZB,,b g(tose}, RzB
-_— &'b% ; E,"fab'; 820 £ n22
V(r,0)= 2y ~6,[1-(2)]Rcose, R:25.

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

£ () .“fﬂL-s- € .ga. +3¢,£,¢c056.
p4-22 \('(12,0)".5'4,&"&(“!0) , R&h.
V(R o)= 3 (8,R°4C, K™V (corg) R 328
nso

For R>>b, V,(R,0)=-Ez = £ RCos8 —4=-£,; B=C,=0

K(Q.C)'-['R.co:ovcia"ago, for ngl.
8c.: %(‘,”'K“,”'—’A,b"[.bo»(_"b" ,4/_- ‘352
i %%- e :R P “A =5 -zc,[‘} T 425 s
V(I,,O)r-."__’.fl_lcou V("‘)“ER“’O-{f———f—-.;b:[cow
(,0)=-GVy = ;’%(alauo -2,5/00) a,:._"{:;,
R = I

17
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Chaghr L3

R = Res/stanca par unit [angth of core = F{-"- = rl_wa"

R, = Rasistanco per unit length of cooting m L

ofoSs,
Let b= Thicknass of coating.
S,=Mla+b)'-na' =mw(2ab+5’).
)R =R, ——= b=(ffT-1)a =2.32a.
. £ E/ P 4
b) I=T=1/2:F = dwat ' E{’ Tl rrirt
I z p/ I .
h=Ts " rona’ b=t = swaie "E1

t I =070, B, = 0.163(w); I =0/80(A) K + 0392 W)
Z,=0093 (W), £, = 0.26/-(W);  I,~0233(A), Ry=0.436 (W)
I~0967 ), P y=2.178 (W),

Q fo”!
, A= a_.—-,-";,» = 7ty = %239 (c/m)-

F =g BUWRL _ — KR ot
G.)R(b, £'. A‘W-‘R—J’?—c

=a, 7.5x10"R e Pt (V/m);

R>b, £,=3, 433,." 3, Lt (v/m).

B)R<h, FmCF. o@ 7.5x10"R € " (4 /ms);

s P=&€-("/¢)t

¢ a) glefe)e Tfao.o: —r = %%—aQn.fo’”a)
o =49y (ps).
b W = £ 2, . _ 2900 -a(rsede
W, 2 jv’ E . dv’ = 7‘—_9‘—- e ..(m)o [c-(ﬂ'cn]_’

W ~(r/e)e ]2 En diser
= [e = 0.0/t m 1074, ergy diss/pated
w0, [ J O as beat loss.

) Electrostatic enargy stored outsids the sphare
= “e? CH
W, =g f‘ & AT R'IR = Freg =45 (k7). Conshant.
7 a) R= ;'!Js= Y —0= -éf,—=3.nnm’(.r/m)-
ST IV B S
) P=VI={(w).

Il 4
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a) &S oS .
ps-g 1 Cp- d, ’ r d,

G, =605 .
'r“u '}]:; G g dx A

L e p=m=¢-g%

a0,
"’V" 0,d,+0,d, -
Ime - _2ne
P59 a) G = in (c/a) » & tn(bjc)
GG . _ 2UE GV :
I=VG=7¥ghe 0, tn(b/c)* Gln(c/a)
F =7 = z - IS
VTR I L T rL [ h b 84 tnlela)]
b) = <€ E ‘l rj..”.
- € 17
rb

T BL[€ln (b))t 1n(c/a))’

I

5 =7% f;l

- (ﬁ - €9% )V
CL[rln(L/c)u;ln(c/a)]
F (- $)=0.

V(r)=c lnr+ ¢, 8.c.. V@)=V, V(b)=0.

Verym v Ln€8/e)

% n(b/a)
E(r).--a i!_

g:-/o alv =0 —»

2’ N
= mohV, .
= j I -{ 7@ hrdg) = 2(n(b/a)
R = T\l/g_ 2in(b/a) .

mwah
Ps-1/

Assume a Current I between the .l‘ph(rl'(a/.rurfacu
g - 1
J =a, T =adF.
“ _IdR__ 1 (5 _dr
V= .‘/ E- -4 dnR'o  4ne, 2, R (1+k/r)
3

. R +k)
N | /‘L(' .L—-l R /R k)
4ng . k \R g‘l‘ dr = angk” R
v, ) R, (R, + k)
- R = ‘
R Zz 4ne kl g(g;},)

79
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ps12 Assume I.  F(o) =, L

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

Vo =

” 2MWER (I-coxo)

‘[ ERIIR = 2R R, (I—ato)

' v R -4
R = - IneRR, (1-cas)

Ps-13 §.F=PV-(CE)=0C-E +(G0a)-£E =0

E=a £, V-E=gsa(RF); Pr -G, 52 =3, E.
Rk, Eei g
Vo‘“,{‘f— Ji='-_/"—;—d =clg
!
- by Erawnag

/. |
3y .‘ v, .

‘,/,,/ (‘%&)[un('n,/n,)}“""’d“"f

= 2T RV, (1-costy)

ln (R, /a,)

: V lh (k./ﬂ,
Rate o _nR/a)
R=7 2m6,R (/- cos6,)

PS-14 v, Assume charges +9and
7 (¢,0) s - ¢ #o concentrate at
" U " the centers of spheres
d / and 2 respectively.
d>>b,, d>sb v, (- b‘)
AR ( - )
i 2 4" - C,-s— =£__,
C vy '{' + 'k - f - ‘_ . R
o t.4.2
R 4"({7*{:'3—5 a5) = awel b 4 §)
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The current flow
/Da.Hc-rn of the fower
half of F:9 (b)if bo#;
~ the conductor and /i
image are fed with
the sama current is
exactly the same as

that of Fig.(a). Alf
hUndary condidions

are safisfied.

The streamlines are similar $o the electric field Iines of

a Conductor and rts ima_qc)bofb carrying a charge +Q,
in the electrostatic case,

P5-16 ,4¢c<>rdv'n_g fo Ps-1s, the current f/owlmlhrn
would ba the same as that of a whele Jflnrz /n
unbounded earth medium. f{ence the current lines
are radial. Assume a current I.

Ps-Is

(a) (b)

=~ _ 1 ~
J = %@ Zm » £"e 2mweRt
b
Vo=-/ Fdr = _I_(* de 1
e 2me i\, R 2w eh
I 2meb 2 00")(2;- 701 =6.36 ulo‘(ﬂ)

P5-11 The bounday Conditions at y= (0] andy=b require
f.hal‘ Y¢ y) ~ ¢°‘('L—"y) ; the Loundary cond/fion at x=0
indicates that X ()~ sinh(54Ex). Thus,

QD V=3 C s (523 cos(BZy).

=0 o
8,5.4‘)‘ X=aQ: V(a'y)-[‘ - goc"linh{%a)Cos -’-’Ezy)
5 =n Bn Co‘(%!y)'
Ll Jeor(Py)dy: 0= (2)—~ B0 for ns

- == — -— .
For neo A 8 C Sinh{nma/b)

z v,
Vix,y)= %[ﬂ%“’(yy)]’w= X

21
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b) FmeE=-eGv--7, .

PS-18  V(r, ¢) = f (A,r"+8,r")(C cosng +D,sinnd).
n=o
B¢c: Vi,d)=V(r,-¢)— D =0.
r—oe, Virnd)=-Lyrcos¢g — A =C=0lornpl.

Weite o= (s Byees d. ong,, Kot

k--v’
o . % e
k:zb ’a_U_L,

. v
8.c. 2

rsb

Vo tye B et
J’--ﬁv--r(a,g‘—,’ W)
B(1-E)eos¢-a, g, (: + E)sing
(a ca.w &':mﬁ (a, cos$ +aysing)

=a,J, - (a. Co:¢fa,'5m¢) r>a.
J= 0, r<b

p6-t © @ 06 0 dw . by v, ®
‘.-.‘. du -u! wﬂ-lﬂg
a ® 6 06 0 7{"" oy uy--w.uy @
'G o y Co;n‘infng @and@'
©

Solution: w0 =4 tu(daf +B8sinuw)t.
At t=0, U=0—=A=0,
N Y, -B ‘l'nUt

fub:f/fuﬁng u, in @: U,“B“‘Ugt- z 4
At t=0, u=u,—=B="14,.

. = ﬂ—l&."; Uf ((-o )

'y o Cos eyt — ¥ @, 7" Y% ), Yy=0) -
u, --uo.n'n %t —_— 2= —'flc“wt +C (f-o z-o—c---‘_‘f)
-— (I- cosuyt) ..

We obtain y'+e(z+ 5).'(‘—'-).'--57 of a shifted circle.

22
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P -2 -:—-?—--—-‘:‘-—I(E#alz)

—

a) E=a_ E , B=4,8,.

%0 _
u, = w =0
ot £ £,
U, lel afu - 2f wt+ —2
"?! ="',;'—B' e -_— u, (u. A‘)‘“ o 8,
du 1 £, .
a_t!"“m"(fo'ao"r) “z"("éf _“0)"”“’0t ’
_ el
I +he alectron /s injected at w,= %8

the 0rigin (x=y=2=0) at t=0,

. £,
wehave x=0, y= ‘%‘I:n%t v ir, z =-“-%(/-co.rw‘t)
£?ualion of motion: ¢ =y, g‘ )
- £ L) (). .
(y 3:¢)‘+(z+q)’ (%)
If £, /3.-u. , YmU=0, U Uy ; Xx=2=0, ¥ =Y,t.
b) £=-a.f,,6 B=-38,.
qu

Sx_ leigy =

at m gﬂ"’ w'“’} Circvlar

duy moti

at WoUx (3,.’:2-,) Helical motion with
au,  lel € : Constanmt accaleration
¥ il T

‘Cl‘,/ﬂ i X direction.
Pé-3 _ffra,'glpfforward application of Ampb.rc.'f csrcuital law.

Ré-4 . S | Fro'm Examplc 6",£9, (6-3%
== oA
or -
' a-GT /(L-Lz»-z+ ] — Al
Direction of 8 is determined by as L—=.

the right-hand rula.
P65 Eq(é-22): A=Zl [ T 4.
Lo X 41r./v-, & Y

/‘1 Ffomﬂz-z‘

5’" 6X~a Nan N Ox/L7F , - - -

A _4"—/‘,'0‘{‘])11\/=4d#/v.’[-‘!-v‘1-f(6£).114./_
VxT =0 because tha curl operation Vx h

respect fo unprimad coordinates ot tha
and J /s a function of/on'nud (soure

23
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—_ ﬂ "E"T ’
B_T#V, R d _4rrv,R
. = [=/1 ,
8= & V,V'["(R)"f]""’
¥y
= Lof [F.(ax94)-(FH-FxT]dv 77,
v’ \._.\,._o “—r"
= 0, a,frm[’,(l-l.”)

Usa fy (6-39).

1

= A/ NI !

‘l’ A { T#X) +5']"?

Ry
N 1h

@) At x=0, 4= [cf/uzrw”'

da l(f"z) 3 l_}”)
b) = _’&—[ 2 [(§+x)'+6']2 tT [(‘-Jt)'-'lt’?’E

At the midpoint, x=0, a& =0,
c) d8, g8, . JN,u,xb{ ) -"(* o)
d» [(74;):'#11/: [(‘% +x)'45']"x
-x)

3
¢! -"x)"'fb'r" ¢ =) +s'1”*

 Arxo, 98 _ _sNuab [ (d/a)eb' - s(df)
YO =5 [(d72)+ 67177

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

o
o
]
L

|

K3

e I

Pé6- A )
= </ b Use fy. (6-35) for a wire of
e Jength 2L. z_ = __AoIL
\::QA ol 8= aézm-’y, re
ZIn this problam,
2n _m P
A=IN"N' ® MoIL\  —
2 = ANI, 7
v 8 =a, N(z" ) A, 3w tan -

!I%-ta”“ =lan %r
; n ”w A
When N is very large, Tan w e 3—.an_225.,

which is the same as 59_ (6-32) with z=0,

24
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- Mo VT .
p"" g, 2”,-

= /sd,., /'hd - L, 2
If B, nf o= a'b /s used, &= &_(boa

D) - _lj_x/oa/ =[_20b-a) .
% error F ® 7| (6ra) tn(bla) f|xt00%.

y

Pé-9 f-zzj' fB_'dI =Mo1
I£ there were no hole,

¥ 2w B, = py 0T

g 8 _-&ly'

=1 2
Byl 4-7&1/'

For -J in the hole portion :
--/_2_ 8 = +’—‘-Ié¢—y‘
{8 _&_; .
.fu/:wrposmg 8,,and 8, S
and noting Maf Y=y, and x,=x,+d, we have
B, =8, +8,=0 and B=R, +8, =~ d

P 611 -P Bmd,gumd, [ _ 341)._7 %
"L B-UxA , B=38=3,(57 - 57)=-5,5
For 0£r<b, £g. (6-10) gives 3"0’?1"—&7
For r2b, £Eq (6-11) gives 8 = a 4‘5 L.

In*c_’raffﬂ‘g; 4 =q [‘" (6)‘*"] o£r&b
-a [-—élnr -'C . r>b

At rab, A=A, —-.c,--%-w“"zb 3

. Z‘ x{..‘_.. 1,,(_._ . }; rxb.

P6-12 £, (6-34 ; VLisrt 4L
£e-/2 £y ) for one wira: -az'-“-"l’i’l- in For’i—-? .

For two wires with egual and opposite currents:

a) A=a P2 ey’ ;‘:";" r Jifer ¢ L
z 4”‘ VISt -L JIterdsL ‘!&_ -L Lor‘lol.]

Bh

25
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b) For a very /Ong +wo-wire fransmission line, L=00 :
- AI =G, Lt (f+y)ext
A 0 in (—J-) a In (f-y)ox‘

c) B=TxA -ax..:i;ll " 22

az [ **‘y _ —y ]
an (?,_y)a,‘a (f—y)'ox’
= Myl _
72"[7')9 et (T-y) n] T'[ﬂ “oa‘rf'
Pé-14 App’y divargaence theorem fo (FxT):
[ @ (Fx&)dv = § (Fré)-oF.
Now G- (FxE)=C-(FAxF)-F-(¥xC)=C+(GxF)

(FxC) ds = ~(Fxds)-C.
C-[[(GrFydvm-C-f Fudi

(pxF)dve ~§ F xds becausse C is anarbitrar
j f Constant vector. 4

Thus,

- - la<reb: fm
Pé-1s a) rca: I; : nl }E,(t-u) :a< cb.g :,nl
=a,,u.n1
M"-{:H-l(—ool)nll A-O'O
b) J=OxMi=0; J ~Kixd,=(ax3)(% )01 =G, (% -))nL.
4
P 6-17 '] - d‘ a, I
2) V. 41r -E‘—‘l rrELe
d5. a =(cosw)pdpde
Tl
Jz opt.
4-,17 (z ,’.)m pdp dé
- .i-(’- ’xl )
] OV =maga I
B B= Va3, 58 - 3, 5

which is the same as [7, (6-38).

26
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Pé-18

=N xa,=a,M xb(a x*d,)’“\l)
_2-‘1( ,)wa X)-a, Jx+y

= a, M, $iné.
! -
"Ori f =(a co;-z'rfn‘a)M‘xa‘
d* M“lno :
8)Apply £q.(6-35) to a loop of
radius b3ine carrying acurrent

JusbdO: d0)(bsin
=T diea ’“'05;‘( 312' of
E-fdi "—"-‘—" sinte do -8, A sin's.
4 3 /“o ',47“.
P é-~1 = - Ixso’ - ¢ (H)
£6-19 a)d’ /U.I 4dnefo’amwvaoas? farxio

d = 2Mn0.08 - 0.003

-4, x10* (H™).
¢ Joeon(gwxto"Y)rmwxo.028t 6.7¢ )

5 8_9 Bc a, "'r:.':”'__ -3, s.09xr0" (T
7, /%.; ’_-*;’2'1._’;% -3y 4.05x10° (Afm)
il- oS x/o

A /,/_, E d,'—%-m——-a' 1.35 (A/m).
) NI=F(d @), I=k T +a)= Srtrrr5nrot

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

SIOOLS

= 107" (m?)
I /
As (Cmo"')xlp' B

Ncg/u:hn_g /aalta_ga

flux and assuming
1,-1./2 Constant Flux dcn;,’(/
‘ over s,
&=z (aw - S est) =r.60x10* (™),

- 1 _[0-2442va2 - &y 4p-!
d: ,u‘:( S$o000 0./02 x 1o°(H™) .

27
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NI 200x3 -4
- - =3, 5),
2," G, dz 60+ 8eyarcp = 363510 ( ws)

§,= —f’- =1.82x107* (ws).

8 -4
DH- o " /«3&",: = (295210%) 5557 = 28.9 (Afm)
(H,),'—/%:- -/;‘ﬁ.- , = (2. 952 70%)x 3.63x10 * =28.9210* (4/m),

in air gap.

(H,)c" (H,),/sooo = £7.8 (A/m), /n core,

621 a) Work reguired per umt /e ntime dt:
; 9 P ngth in
Pdt =nldg.
Work per unit volume indt:
dw = I.l—l:dt =nIdB=Hds,

8
Thus’ w’ -j ,HdB.
(]

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

A/ong ,aaf/r be, B is decreased, inducing a voHage

that +tends o marintain the current. Work /s done

a_ﬁal'n.tf the source. The work par unlf volume W,
is rapresented by -(areal). In going from ¢ fod, the

direction of Current is reversed and +he work doneW, s

represented by area H. Same amount of work /s dope

in changing’B along the path fromd o e and back

fo a as that r~¢’m‘r¢J in_go:'ng Lrom a fo b through
c tod

.. Work done per unifvolume inone cycle = 2 (W,+W, +W;)
=2xAreas[(X+X)-A+I] = Area of the lpy:hruis loop.

ﬂ }7:"6‘{-: P ﬁ

1--7 Vna .

Boundary Conditionss s Hup = iy Wy — it S0 =gt
Hu_.Hn’J;n ,?’tg '-:—;‘-"L'Z-,,.

2y
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Pé-24 P a) B,~a,0.5-a,10 (m)

Air o - -
e o ®/‘:-" 8,~a.8,, +a,8,
- A — == .__.Il_‘ - - 0.5
y=o 7 g, Hy. Sooo 4, Hix %,
:v"‘ @1ren — = 8,,=2500 (m7).
e gr 5000

Bzy- B,y- -fo (m7)
land = 2% tan ". B,=a,2500-3y,10 [mT)
2 ,u.' /]
= 500otan 005 %250 — o, =£9.77°
b) If B=3 1043, 05 (m7),
H_= _‘_'.a- /.g -__‘Li.
X

, &/'=0.23
8=3a8,+4a8,, .

/un - fo
>, V! — b Fn B = So06 =2
3,,- 3ly=o.‘5. B8,= &, 0002 +a,0.¢ (m7).

- “t Bix 92.002 _ - i
oA, = fan 3, B s =0004(ad)=0.23"

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

® 1 and -IL bothin magnetic medium with rejative
permeability ply.
AY

7)) 1

My

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

= £l (1oL Jcasu m Lol s Z1 8- -G (1-1,)co1a= %

anl
8, 3,,,(1 1)"""'9:,,,,41 8™ Ins £ 0- JJ"""'TW' o0 r‘
d 1 d
Hix= /4‘ 1'94441) rol ". ,ﬁ '(/‘") '

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

Refer to following Figure.
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Pevy) s = 2w,

yed )
4 217 (-d)‘u tysa]

1 x
+a, Gy- J)‘nc‘ (ﬂd)‘u‘]’

8 -n¢8¢-a¢ 2wr

v —o -,cosd
e« /?\ z/j"' Pdadp
/ “y

! cos«

N3 -/sw(' -/7"7)
L= By (- [,
If r,>>b, 8,3 .zﬁz{;r_ (constant) -
Tups 500 ot LTEL

75
- ”5 N8
L x AN

- 2 2
P&-27 For bgrg (b+d), B "avﬂn"%%T - 78 (*'d)‘f’)'b'
= X [ (bed)*- r']

o AT (bed)-b' J’

Magnchc Mcrgy per unit Jength stored in the outer conductor
’ ‘ d
w,, - ,/, "8, 2mrdr
ﬂ.x‘ (Lfd)' Infs AP b*-3(b+d)’
47 | [(b+d)-4]? 57 aledy- ]

From £7.:, (6-154) - (6~/55b) on . 146 we have

L = i. (W,:, + W+ W)

(bed)* b2-3084d)
- -& *Ina [Ged)™ 6']'1"{' F”m}

(H/m).
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d-
z, -/ (8,4 8,)dx
@ d-a oL 14X
'Z [2m¢ ’zn(d-;)]""
- b (yating
I P Y

L mljsly =bosb1nd (Wm.

Pé-29

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

dogb .
A,.'..{E-d; =2j5",%(r-d)4r -—’—"‘%l (—cr—b')dr
- 45X [Fs-ain(1+ FD)
L= -3 -Fal 0] 0.

ps-30 1=

Assume a cyrrent I.

- . - o L .
i B at P(r,0) is % 2n(d+rcose)

A= /’oljy” rdrde _ Ml b amrdr
n AN, ) dercose Im, fdi,t

. = fad (d-fTF) .
Lla-luo(d‘Jd'-b’).

P63/ Since ‘I' >>/5 , the magnetrc £flux due fo the /°"3 loop
linking with the small loop can be approximated by that due
fo fwl'nﬁbiuly long wires carrying equa/ and aoposite
current I,

A 4 [ - i) o= B (- 2552)
L =2 - Grtn Gpedilazel
BE32 £ Gh-140) - W= £L I 4L 2T, 15L, 1)
@) W= 2[1 (1) r24(3)+1,]

]
--'—ZIL(L'I‘sz"x “L‘)) x--‘%:-.

3
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dw, 1’ w12 >o0.
__8-..51..(u'x¢2[,“)-o, ’Tx%* IL>

]
2

5) (W)m;..." {‘(4;'{”)-2 0 —= L, syL,u,.

(]

x _%l_:- —ti’- -f;r minimum “’3
p 3
2

) pead.S d = 0.15 (m)

\

/ - - (M2 )3
4/ \ | B=a,28 cosso*=2,2 g 2
/ N =g LIV

/ \
& ¥/ x 2n7d
d):____‘_(.?

Forca per unit /angth on wire 2:
3 -—g - — Itﬁ
h=-a,18 “y’ﬁz'v_r?—

=-d, 11500 = -3, 144710 (Wf).
Forces on all three wires are of ¢704/majnﬂud¢
and toward the canfar of +the #riangle.

Pé-
6-34 ty Ehmcnfq/.sfn), d),: dl"&,‘dy;

1 Zwr T Imwfpiegs

w

e

x  Symmetry — }f has only a
F ‘ 4 7 y—compo%znl.

k— b H @+ wire) =3, JSdn-(2)

- 5),2 [ z—#;———-s;;)_ﬁdy
F=Ixd =3y s tan”(35):
= S Dx (D) =5 Lty (F) (W),

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

B— = q Ll . Vertical Component of dF
¢ 27 (d+bcoss) on bdo at e /s cancalled by

A\ _ ” that on bdo at-0
x - F -'ax,l/(fjﬂdd)ﬂtwo.
°

on /oop

32
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AT, T 5/ cose do .
F=-a, Ll d + bcose

On/oop
= d, /‘40 I' Il [F‘T‘ﬁﬁ - '] (R‘Fu/ﬂ'vc {oru)

P6-36 Resolye the circular loop info many small loops,
each with a ma_gnchc drpole moment diy =1, d5

d7 =dm
F=/fd7 =1, [di«B T =dfxg,
=-a,1,sine f[8ds =-a@, M1 1, (d-[d-F)sins

in the diraction of aligning the direction of
the £lux by I, in +he /00/: fo that of 8 due
Yo I, in the J#mvyhf wire.
jB ds over //u crreular /OOf has bean found in
problem P 6-30 as /1,,
P6-31 Magnatic Flux donsi af the cenfer of the large
¢ircular furn of wire carrying cCurrent 1, is

-— — I . -
B2 -andz‘;: . (.fof Z=0 mfy.(‘ 19)

Tor7uo on 7he small cireular wire :

= —_— - _ -— b 4 - = LLmr!
T =i B, & (3, Imn)x (@, 0550 =@, 3, ) A
* Majh;fudc - &M;’". , /n a direction 4o align
the magnetic -f/uxu produced by I, and I,

3,, (magnetired compass needls)
- %(&2 Cos9+4d,5in6)
o ($1r2/97)n2

4w (o.15)

/ 16 -4
{ ,/ =35 x/0 (8 2¢050 *a,smo))

S’ B (¢arfh)'-a.lo (r).

a,2co50a,5/n0
(A

Max. dcflgchon when /8./8,1 is max. , or when
l&' $in@~1)r19*

%10°%cose

Set - Iy Sine omlb - .
7‘ —;ﬁ; =0 —= S/n0 7 » Or §=36.34"
At 0=3634°, /8, /5,/ =471 and ambay . =554°

/s min.
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(/Iﬁ the bar magnet is oriented such that B,L8,,
then o= 44.8° < 55.8° )

]
P6-39 r . & _ (N1 o —(NDWS
fos M LI? /01 =) (21 _.713;_!’?

F = 100x9 g= 950 (N), S =001(m), 1 =2x10 (m)
L;=3(m, /J,-4ooo

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

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

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

2 /necreasing X.

Chapter 7

P71 ""‘JTE dF = - /~(vx1)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 ""’,']' G

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

[ = 3'% = 1.5 [cos(sms0’t-0.4m)~ cos Swr07t |

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

£L7-3 B= 4, &."’"_ﬁ't .._/3 a5 | ds=a, 22dr, z =9
a) ;_-\"L“““f/’"(, !.)dr Ll sinet L] Fb-dinf- ")]

d=4., ¥ --3§ - JLLelwb [F . L1 (f541)]cos ot

- l{" cos wt

. 34
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5)

P74

a)

)

P95

P7-6

On the ol‘/nr hand, ﬁ;r.mk 1-2:; F-a L, (h g,

M¢<6amc¢/ wer

Voo = F V] = LELIZ [ 15 40 (5 41)]
= 0.0472 M, Twb (V)

A ==af[4005)-0]
I: W) (I*’
f[»df- 2 [}(hf)u{]t
,\ O+fp
v _ﬂﬁlm 244t (W_) 1!4
:—_}(“A"‘”ﬁ v”f rml 3 %:/{"ﬁ)’n )-f
‘——_g% =0.0469 g Twh (V).

From problem P 6-30- .é;z’ /J.I(w'nut)(d-,/d'- b))
V=-& a - p1 wos wt) (d-/aF)

= V Cosl-ut

e Wl Mo T (d-/TTR)
ZRTT 7z R

I = YZRx3xj07* 3/5x10°¢
S@E-JaF) A née)rooin

& = cos (o—,- - 482°

=0234 (4).

$(t)=Bt)S(t) = (Scoswt)x 0.2 (2 7-%)
= 0.35 coswt (1+ coswt) (m7),
= 'R'L g% - ‘k—'- 0.35‘0(3/1: wt+ Jl'nlut)
=-1.75Wsinwt (/+2¢ciswt) (mA).

1 = .-
ry "E‘;‘; 8-ds "it'&dc' (Bchwca:wt)

= —w—-‘f:— $in Ut

ﬁ =4 - _(.M sin'wt (Pawar dm:fahdm &)

u '-%-Jlnut
” 2
for Side4-3: f’--a 1/, u"-dl%‘!-’n'nm

rtyu:ud/oroluhcozl f - -(‘;a Yatle, 4,). —(Uﬂ‘hwl') = fd'

is .
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7-7 Tak; the divargence of[y. (7-37a).
G- (GxE)=-55(5-B)= 0 FromEy (-137)

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

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

G- (GxH)=T-T+&(v.5)=0
=38 + 3 (v-5), Fromby (73D
—— F5 =P,
,-9 £ (7_“) 6-; + € .a_‘f-O
7-8 7 /J at

Fallf Ly, -t ,
A=gl, w9 417&/ RLdV'

B{LLoG) 43414 Jeo. @

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

"J' 6 i. Gir)
A’:o, (%) = - 7 +J’ v (—) Gir)
Substitubing Gis)in(hi), . (.i) L5 ) v
1Y) whi V) (i / -f == P
Substitubing (iv) in(l), _4' ‘Rl(v J'-f—L dv’ -/v'v-(‘-z-.)dv
Let R — 0o, J'—-D' F-ds =0, =§ L.

5 R
J’ + —-=0 (f, oI'Conhnudy)
'7-9 Lg.(7-37b): VUxH=JF +3f — v'(,,‘-)'J"‘S?
From Egs. (7-39) and (7-41): [-Fx[ E=-Fy- 2%. .
pTx (7 OxB) =pT -pue 2R -pue 0(3%)
Use gauge condition for potentials in an inhomogerneous
medium:  F-(eX)+p€? IF =0
— Wave ¢9uahonkr vector potential :
-HTx (55 TE) +pe B[ L. A)] e S mpF.
From Eg (~-37¢), G-b=p —+ v (cTV)+§ V- (eA)=-P.
Wave eguation for scalar potential:  ©-(e7v)-pue€Sh=-F.

3é
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P7-12 As shown in problem P7-7:

a) [7. (7-37d) can be derived from £g. (7-37a).Hence
the boundary condstions for the normal componant:
of B, which ara obtained from a'g"o, are not
independent of the boundary Cond:tions for the
tangential components of £, which ara obtainaed

frOm 6“5 ='—:‘£L'

b) Similarly, the boundar)y condtions +or the normal
Components of D are not indapendent of thosa
Jor the f‘Anjcnﬁa/ components of H in the +ime-
Varyinj case.
P7-13 Medium 4 : Frea space; medium2: p4y—oo
E must be zero so that B; s not infinite .
a’uxﬂl-o i B,=8B,
%y % (5~ B) =L &ymEy-

PI-14

/‘::, (2,t)=a, 003 s/n 10" (¢- 2)ud Re [0'03 ¢—;'tr.(:limﬁr(t-x/e) ]
E‘ (x,t) =4, 0.04 cos [Io’vr(t - {)-}].& l;,.“ ;J"/J‘)‘M'w(l-xlc)]_
Phasors: £ = f’ ‘E—z -a, [0.03 €™ 4004 ¢—.in/;]
~a.[-joo3+(as2 -J'_o.ozﬁ)]
= E, (0063 "51.27) = a; E, ¢j‘0
.. E =o0.068,

o
Pr-t6 Gy-pella-L winh V(n,t)=;-‘-!,’—‘/'!(—2’2—/“)dv,'
L v
€

6 =-127 rad. or -72.8°

=2 g v
vv u® ot

We need T'(£)=7z 7p +p5{(L)+o(vp)-5(L). |
formula: 7'(£9)=0- U5 g)=g¥'f +£0% +2(5p(9g)
Let S=t-fucrR=t-RAu, P(§)=p(t-R/u)

- 3 -
Vi a Gk - gt V(L) -ansa).
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(F9)(54)= 2L2(-1) - ;;’;r %,L

Substituting batk- gL f) ,g dg L -anpdin).
- ! = P | t d’
'v { ’ d'
200 7 47,{ T

- ’ ! dP _Ldry, .
.. V‘v -E(—J—K 4"‘/[“.&@-471‘?;(‘) wR d;‘]dv
a-.!g). . Q.E.D.

P 7-17 6:5=-,u;'t' ® VriH=T+e38 ©
V-E= -‘l [0) v-H=o0 ®
— = = 3 2E
7 @®: Vxsz--/-‘ﬁ(i*ﬁ,*)
55 F 2'E.
v(0.£)-vf -/uat1+,uc3—t;
Wave eguation for E: §'F /ucat‘ =,u ';:" ve.

vxQ: VxVxH=Vr,7+£ (fo)
v(v-H)-0* H=0x7r -/ut at"
Wave equation for H: U'H -,ue‘“l == Fx¥.
For sinusoidal time dependence: )-%—‘Jw‘s,{: —_ )
Helmbolre's equations:  G'E + wiue E=)‘u/ujf- + LGy
(for phasors) P We fim - O 7.

P E=ay 0.0 sin(10m%) co:(‘w!O’t-/cz) (V/m)
U.nphann a, a, a
A=-jmGxE=--L_| 2 £
%% Jup,| X 3y 3
0 EY ]
-—L -y

3¢
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Phasor form for given E : .
E= a, 0./ $in (ronx) €**. ®
£7uah'n9 @and ®: (tom)’ 4,6' - w}u,co =4oomnt
. p=Vieo m =fol3m = $4.4 (rad/m).
From @, H(x,x;)=Re(H ¢j”')
=-a,2.30x10™ sin(fomx)cos(en1o "t-54.41)
~-agl.33x/0 cu(lo”z):m(énlo t-5442)
(a/m)
P7-19 H(x,2;t)= ayz co:(lsrrx)sm(énlo't Az) (A/m).
Phasor: H -'a 2cos (Iswx)eil‘z
A+ (/511)‘ = w/u,c =(6mr0%)’ (,,——,?-)7
B'=go00mi-225* =175
B =132 =41.6 Crad/m).
F ! =5 = ! — dHy
£ =}—;; "¢ ¥V =}———w€0 ( ax 31 +axax)
-J 6[-4,,)'2/0 cos (1smx)-a, 30M Sin (fswx)]c'
= [-a 1sencas(sma)+ G, j180msin (15w x)] €.
E_(t,z;f)- Im (E_c"‘“)
= a, 496 cos(smx)Sin(6n/0"t - 41.6%)
+ & 565 sin(1smx) cas (bm10% -41.62)  (V/m).

%! ocu(wt %R). 0)

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

=Moot

-a, aﬂﬁ%smo cos(wt-RR). @
A/;o VXH.S'a—tg-—"' gf--—’-ﬁlrl-"a-.-éi-(ﬂl#)
) E=a 5in@ 3/n(we-4R) dt
C ¥ nd ©, WAy
omparing Do _éa_"ﬁ,. sin (wt-

From @, ﬁ.a,%‘/;' 5/no cos w(t —Jﬁ{k).

39
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17-21 Maxwells curl equations: ?" f-_: = "J‘"/“'f_7
VxH= jweE

From V-E =0, define A, such that E =VxA,
From ©, H= ‘1/75": "}"V'V‘Ic
[V A)-7A4,]. ©
From ®, Vx(H-jweA)=0, let H-jweA=-0V,. ®
Subtracting ® from @: wcA,-‘;“-[Wﬁ A)- 0'[]—;6&(’9.
Choose - A~ JwM V- .
a) £7.@ becomes H = ‘jwc;. “&; V(G-A)-

24, + w'us A,=0, a homogeneous
b) £ g- ® becomes VA, M Helmboltns eg.

@@@

£r22 H=jweOxil, ©
UxF z-}'w/u.n-w’/‘f.Vrﬁc
Ve (E-47)=0 —>Let E-4'T,=TV,
Vx H=jwb=jw(e, [-op)-;w( (E+ .Z)
Suhrhluhn_q @ and @ in O:
Fwe UxUx Ty = jwe, (4} 11,+VV.+£)
=jwe, (G 7-7,- 017, @®
Choose V- -Te=v,. £9. @ becomes
5) 4 A £ Ty = -z’-’.; (7-95)

J
a) £9 @ becomes
E=4m+00.7,
= k) To + (V' 7, +02027,). ®
Combination of £gs (7-95) and ® gives
E=V=x0x ﬁ,-g

© ®

P . bis, current we (zmoouo')-m
22223 @) | Conductincurrent | = T S 70% 107 e g.75015"

b) UxH=0E, VxE=-juuj
VxOxlf= O(0-R)-5*'H=0VrE.

40
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But 6’7’ 0.
P'H+0UxE =0,
or ¥ ii-jw/ua'ii-o

Chapter 8

P 8-2 Harmonic fime dependence : &t F—jw

Pt
Let phasors E= E e k-2
'X g ‘)k i

where Eo and I-I are cons/anf vecfors.
Maxwells equatbions: VxE= 7(41; ‘)xf --)w/ul{
FxH=V (¢-'“)Hg" JWEE
V-E=v7*8).E=0
_ V-H=7@*y. g -o.
But V(@Y= e G ER) = TR Gt yek )]
=-5(a, 4 +a,ky 3, /g‘)¢-iii.._}-[¢—jl:.1
. Maxwelli equations become : klE-w/AH kxH=-weE
e k-E=0 k-H=0

-5,
&ﬁ-s H =3 4x107¢ cos //o’tt -lgy* L) afm).
At t =32107G), we require
10’ (30107) -y + - =tnm+ L, n=gys..
y = i-’ph—ls m).
But »\=-3‘:'—-6o (m), .. Ym22.52nr/2 (m).
b)) £ = n, Hxa, =-a, 4508 x10'cos(10’me - Ly + -47—') vk
-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

£ d
= ch“""*/’_/é)""'?o

¢/
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A/ﬂ Lot

(_fz - o 0‘- (I -—£-:) sin'y

el (g 5 s,

which is the eguation of an c//:/sc.

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

y the ellipse in terms of the

hew coordinates #o be

£ * (—f‘;-)‘+(—f£-)‘-l, @

x where
/@( E)=E,cos0+Esine ®
£y’--—£xsino +chw0-©

Substituting @ and @ in @ and rearranging :

£, (c;:"b* St )+E (‘"’l'-f Ces' -2£,£ 3ingcoss ;;-L)ED/_
Comparing @ and @, we obtain

cos*e sin'e _ __ 1
a® A S ;;n'w @

Srn" e + Cos’e -
a* T Ersiny @
; d 1), ({1 4

$iné Cose( yx a') ELsiny ®

Ef‘- ®, Dand ® can be so/ved for three unknowns:
= ,L ta "(2£m£|¢ cos z)

2 .
a J :'("3"20)* —:(l-:uu) ""l’
iy

b= /5-(/-50620)'0 (luoczo)

In particular, if £ = Eb: O=45°

=¢,, a-ﬁz,u;% , b-,/;s,sinf-
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L 8-5 Let an elliptically polarized plane wave be re-
presented bl the phasor (with propagatson
Ffactor e7** omitted):

- _ .
a) £=ata£e’
where E, ,E,,6and a are arbifrary constants .
plybf-band circularly polarized wave : £ =k, (a.- Ja,).
Left-hand circularly polarized wave: £ =E, (a,+5a )
If £, =7(£ ¢ jE )
£ (£, 3 E ),
f/)cn E_ = Er‘ -+ gg .
b) Let a right-hand Cf’rcu/arly polarized wave be
£.=E(a-ya,)
- é(@-é-"jzj-ft'(a';z'—fayj)
T h.vE,
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)
(843,00 E(5 4 )
= £¢l- + 6—:0 .
Ps-¢ For Conduch'ng media,
2 X 3 .
k= wipe = e (s- ;-2
kc‘ﬁ‘)"“. L"=/3‘- q‘-z}'-(/é.
p- = Re (L) = wine ©
Al = K= e fy o T @
f,om @ and @ we obtain (we

G A W
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$-7 All are good conductors, (—a—f’-;

2
>> 1.

- A .y o
X=Npe, S, =003 F
a) f =60 (Hz)
7, () | & (mpi)| % (48| & ()
Coppar|2.02(1+5)h| 0.417:4| 1.02 x 10" | 8.53% 10
Silver 1.08(“;')1”‘ o.92x00'|1.08 x 10! 8.29x407
Brass |3.060007)2954 0. 061220{0.53 2107|163 2107
b) f =1 (MHz)
D, () | & (Mph) | ot (dB/m) | & (m)
Copper |2.41(1e5)nps"} 1.57%10% | 1312105 | 6.6/x107%
Silvar |2.52(1e5)2569 1. 58 %10* )| 1.35 2/0%| 6.32x10"%
" Brass F(1+3) 0.99x10%0.69x105| 12-6 210*
) f =( (GHy)
. () | o« Wphw| o (81| S tm)
Copper | 2.35(1+j)as?{4.99x10° | 4.16270%| 2.09x107¢
Sitvar | o1 (1e5)esF| K 93105 | 4.28%10%| 2.03 x107¢
Brass |y5. 9 (1rj)as| 2.5(x10%] 2.18290] 3.992107*
/f‘ﬂ\ f=3x10" (Hz), € =2.5, tnnJ=!—-lD.

wé

d-wf—[/’_‘(_:"] aw‘/_”(w‘)
=0.497 (Np/m).

e ™

-f — x=Lin2 =139 (m).
7@-%/{:’(,,12_:") =238 (1+50.005) (Q)
,8 =i [1+ F(E)]=31.6m (radsm)

- ﬁ—-o 063 (m)

toym T =1.829973x10% (m/s)

Ug= 735"/?;'[“ 3 (W)]' 18975 x10% (m/s).

b)

44


www.mohandesyar.com
www.mohandesyar.com

)‘/% (‘/vuf.

<) A+ x=0, £= o’
H

. —O,'E a’ auo‘:({'—-anuw)

¢ &N

a,0.210 €% sin (6w 10" -31. enx+ZT-aoossn).
(Afw)

9 I[

P8-9 a) S =o0r18

/1
o= WL [ (55 1] = 14 (vpim)
‘Uﬁi[ ’,-}L—H‘ f]‘/‘- 3oox (rad/m)
- 720%m i:(‘."(,/.o_ jaozgsn
F El1+(&7% ¢ 41.30°°7" @)
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)=a,o0.f€** %’ sin (10"mt -300mx0.6 - )
= a,5.75%/6%sin (10"nt- §) (A/m)

E¢y0=Im[n Hiyp»a ]0""- 2412505 (10"%e-Fe0.0197)
(V/m).

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

- 1 - ~
z -“—55—‘— 175 x 10" (m).

£ &) by, 4 By 43P
R O o D

s""f*/’('ﬁ" d )"“ "‘%ui

45
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) p- =—|§-|:- -2 3
e-12 P 77 107 (W/em*)

av
[

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

oV
€l -9900 (V/em) = 990210% (V/m)
IHl=2.63 (A/em)= 263 (A/m).

H p - _2"7" = £.3x10" (W/em®)

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

Ecz,t)= E,t; cos(wt-kz + )+ Eyf‘ sin(wt-kz + @)
Ha,e=a %. co,(m-&zw-a,é,;u.»(m-ézqs).
The Poynting vector is
P=ExH= az-f'-[ca: (d-kz4f)*3m'(wl-kxo§)]
=a, —f?- ), @ constant independent of t and z.

2814 E~3a,E,+0,E,
'.7- #E'E“—(Q¢[ aE*)
v =3 m(zru*)-a,,7(tcl‘+l D). (W)

Pg-15 From Gausss law, f-a’ 2’ , where P is the
wer
[ine charge dunzly on the inner conductor.

G f B = mrin(2)
- Ve
£ =a rin(bla)

From Amp!rc.’r circuital law, H= &.* 2‘:"_ .

y ..l' c 7] - -——__..__',.I .
/DO)m/‘mg vecter B=ExH a, FL Ty
Power transmitted of cross-sectional area :

2% b
P =‘{f-d_; =—#'—Hv1(‘/ ‘4 [ ‘I%)I’drd¢ -V,I.
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’i’-" (-7 ~en E [ (a-, ).a )C. '/l
a) Assume the reflected elactric fiald infensity fobe
Ew=(3,E +3 £, )"
Bmmdary condrition at 2=0:
[Em+Em)],

" [ (z) = E (—a +) a C’, a /eft-hand arcularly
Polarlud wave in -3

dsrection.
b) a—.,ux (ﬂ_,-l-.l;)-]-‘ — -5.:[[;(0)4[7(9)]
Gt fGas)  Aeo nail

H (o= ,’—" 3 E@d = .% (Ga,+a,)
ﬁro)-ﬂ(onﬁto)- iﬁ(j&ﬁ)
-, -—a ¥ H(o) - 3—L(¢,-;¢,)
) E (20 =R [E)+E, (z)]c""
SR £,[(a,-13,) €74 (-3, +53,) PP
= R £ [-25(a,-;a)sinpz]e’t
= 2£,sinp3(a, sinat -3 cv:ot)
P211  Given E (xz)=a,0¢? " (v/m).
&:Lj/a{) ky=6 6 k=8 — k =5 =&k} = 10 (rad/m)
A=F =2 noirg (m)

f= ';‘:'4. 78x10" (Hz) ; W=2mf mkc =3xf0? (rad/s)
b £'" (x,z; t)-b‘,lo cos(3=10% - 6x-82) (V/m)
Hﬁ,z)-,’ a,xE E--{--Foui,a:
'mu (a.ocw 0.8): @, 1o €5162+7D

- y(6x+ $3)
=(-a Im ot “x «?

H (ez;t)= (-3 -/.rn uw)co:(:-m'g -6x-83) (A/m).

c) coso =3, a={£ )-a,-(a,o.e +3,09)-3,=0.8.
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t. 5.2+ .
Lo 0; = cos”' 0.8 = 3¢.9°
d) E (2‘ o) JE-'(.’O) -0 ——r Er(x) ’) . _a" ,o"'J("",) (Vh)_

’7,0,:)-;'!-&,,-5;(;,:) a, = a,06+a,08,

_ ..(d; 7:? _ ;’ ')_0’7 762D (afm).
e) Etx,)=En,3)4E (x2)= a, fo (e7*% %) ¢
= -4, jo ersings  (v/m).
Ho2) = f2)+H (x2) )
= (3, Ancoss — &, st sinsx) € (A/m).

-’-_L‘ Given E.;'(y,!)- 5(&', 45,5)“-“,"';}""3) (v/m) :
a) k=653, ky=¢ — k=tlsk =12 (rad/m).
A=t 27 7 0.5:4- (m),

kT2 "%
fr s =573x10% (H); W=2nf =ke =3.6n10%(radp).

b) E':.(y,z; )= .f(E), 4&"/3‘) cos(3.6xr0t + Gli'y-Gz) (V/m).
- - - o - = j688y-
= &, (-55) 2,
1-7.-(»85 t)=a,(- ,z'—,,) cos(3.64x10% +6/iy-6z) (A/m).
¢) Cos @ =a,-a = 3" — & -u:"(;'—)-.‘o'.
d) a,xE@zr=0 and E;,(Y,O)*E,’(y,o)-o lead fo:
£ (3,2) = §(-a,+3) e’ (v/m),
ﬁ, (y,2) = 7—' a, xE (y2
0 .
! (-5,?—-5,{-)15(-4,'5,6)3‘“’")
- (- 7';'?) 6By (A/m).

/20w

e) f, (y, ) -t";.ly,z) +£.(y,
= (&, (-10}) sin 62 +&, 10/5 cos 63) €7V .

ﬁ’ (,} )= i(_,- (Y, z) + "Tr (ylz)
= 5‘ (- ‘—',;)cos 6z.e? 8y (Afm) .

4
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P8-19 a) From £gs. (8-90a) and (8-808):

[' (x, z;¢)= a‘,?f},:in (/‘v’ cos ot.).s'in(ut -Ax $/ne)
i-i' (x,2;t) =4, (-z %’l)tna,. cwgg,x casg;)cos(we -A x5iné;)
i

+ 4, (2 -5-1;!):;'0 0 ::’: %z os6;) $in (wé -A x5in 6;).
b) évs '}Qg(f:ﬁ") -ax %Slnof t;n'[/l’l €0t 9;).

PR 8-20 a) From Egs. (¢-86a) and (8-865):
E n2;0)=-2£, [& coso sin(hzcose)casft - g sing)
+ a’ sin 6; caj(,'l mo,.)sin(»t —Az J‘I‘nﬂl.)‘],
ﬁ (xz;t)=+aq 2L cu(/zcuo‘)szb(ut-,l,xn'no,-} ‘
y %, .
! @ (FxA*)=a 2La
b) év-fa‘(E'H )-ax

$in ®; Cos ’(f, 2cos6,).
(/

P 8-2/ 1+ =, |r| &/

ltl=Irl —> '<co —= 1 -n.=29
— =3 — Ir]=L
S = 1+)rl

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

Q-Z_Z a) In the /otxy medium (Inu/iumz) 2
.‘.T =3 £, ¢ Wi AR,

where  w e B f12 (2 1] AP D]

In air, /6,- 6 (rad/m), w-/Cc= 1.2xr0° (radfs)

tnd "oe s =05 > & =230 (Bn) f=9.%(us
- flom

j119°
25 ¢
G. ‘q(/ tm’{)‘ =225
-- -2.703% ),_7‘,
. ax}_‘“c e
T} E - £4 comr®-132_-derez
H, x 5:. a, —"—22‘ e e e .
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We also have - 0 J“
”‘ a) r20m e

rd >6 — -
Let  E=&E &% . Fa-a e
Boundary Condstions ¥or E and H at z O:
{ fo+E..=€,
19 = b= £l (1 tartd) €5

263

£, =277, £,=7.53 Pelich

,(z t)=a, 277 cos(1.9:00% 462 +757°)  (V/m)

H, (3,6) ==a,0.073 cos (1.8 x10% +62+757°)  (A/m)

E‘ (1) =a 783 €X' cos (182107 -9.76x~1727) (V/m)
H (s)=a 0033¢ 2305 cos (1 8x10% -9.762 +/75°) (Afm).

b) (2.,) =a, z,’fz == 2f‘,::,,)-5,o./22 (W/m?),
()5, 232 (cas 3 370 *"
=a 0122 %9 (W/mi).

P8-23 From £gs. (§-702a), (9-1028). (#-108a),(s-10%4), (%, ©oga)
and (9 10954) we have

E, =a, (f;_.‘ ’A"of'.e’ﬁ'), ;7'-';.71.( ¢Jﬁ-’_£"¢:;.z)
3 (TR, B L (g W)
x _ 7 B
[ =a. £, Ko Hc'“y‘)L E“e’/*‘,

Aoundqr/ Conditions ot 2=0 E (0)-£ ), /"(0) ”(0)
at z=d: F )= Ed), H(d)=H,d)

Four €7ua/wn: fo so/ve four unknowns Ex E,
and £y, in ferms of £, : o
a) g e — 2 B-f)Gnpd
re Ve 72 *5(73 ¢ 7Y GanAd (1
E Y A (7, 7.) Q}AJ
2 % T,CuAJfa("bvsmAJ u .

s0
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£- n, (1, - 7,) €A
4 ”,“l’,d‘)(”‘d':)hnﬁd <o
27, e :’.J
v . Efo 9, N cospd 45 {7.4?'):mfd
where r'.a /u,/ 7¢.-120ﬂ R 7,"//117 €, .
o= @/e A= WS
ﬁ 7.’

b)If d=A3/‘ ’ ,jd-"/zn £r. ‘4"2£
# 0 unless 7=

1’!‘7!
:’ /"-0 WA¢” d.”Al/zp"-,’z','..../’

1
P 8-24 &) From Examflc g-fo: 9= 7.0, — 6, =fc, <, =2.
Wave/length of redli _9h+ in dialectric coating:
A, =075 -# _ezg. 7%-'0”09"")
d =X/ =01/33 (/UM)
b) For violet !lglsf s )‘a - -E =0299 (/um).

d .
L = 0.447 — Ad=0.894n.
x 4 A ”

From [9_ (2-116) and Ueing l'm/ocdancu normalized
with respact fo 2= - , '
. . t!/ d
(0)=n Dtihfanpd _ ¢ 3 "’-’5'
ZZ vl v,fJ”’bnAd % }}z &’/"

- 0-5-Jo247
71 -502e2

r= --‘—-———-g ((:;‘; =0.216 717"

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

Pe-2s o Lllh | gy Butm AL

° Lo, 2 9 7intanfd
= . %
- ’71 *7 "x 1+ I',"
s/

www.wikipower.ir
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= L% R T L1
1 T+, 1, 147

e {+ R tonbd -2 +j1‘anj,d)
o gk tca/.d*—LE, *J'“"/‘)
) ;*:ﬁru/d @L( A +stanpd)
14555 Tor-tanpd + 7 (4 o Il itenpd)
- (G.‘f.',)*}(ﬂa fltan fpd
(14,0 3 (1-[ 1) tan A d
P3-26 [ =& (€ e +f eP)
- o (6, M £y
E =& (£} «h*+E A7)
A= Bl o g )

A z = d. £ -0 ——> [; - _E;O")'l/ad.

F-a g [ i ]
ﬁ [¢ AL, ¢:/.(l 2d) ]

Boundary Cohdrhom- 5(0)'§(0)'—’£;.'E" [ (1- ¢')1/,J)
at Z=0: H(o)-H‘(g)—o-[. -£ -L;'?‘(H‘”AJ)
¢ 2060 !

+ "y, w0 A

- fNe-inlan fod \
£ (3 'iv.m/d)t“"
@) £ (2,t)=&, F, cosfw(e - -£)ee]. O-rr-zt.;‘(llt..,;a)

b) E (at)=a,E, {mw(t-%ﬂa:[o{t-u’)fo]}
: o
C) £ (l ‘) a’Jz[ﬁ"f,‘(’ ?"“"A‘{ “[9(“' "i’f.']
-a:[u(u-’-)- f‘r]}

- (’ln 0)3n3pd 7
Y’ tan [(",7)..(" -1, )anAJj

s52
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d) (é;)' -%a.(é;.h;')-o.
o) (B,) -0
f) Let £ =-E,—~ fanf,d-a-—’ d=nAr,/2,n=012"

PE21 k= f-iy = (1-3)F + 4= A=F ~/TfAG.
", = (u;)!n <<, af JO(MH)
a) Fram Pro&hm 5-23, .

A H‘ ')(l’.) Sln(f‘-Jd,)d '

- ¢sd.i/,d5 )
b =T Hy - ’(‘79 Sin(h-Ju)d

- - _—-’————Lz ¢,Ad£ <
<) En Efo % Hh x-) (q. Sin (,~juy)d

d) £ = - b
r 1-j -?- col(ll.-jd‘)d

7 t‘"ﬁ"}“'&d

(aiv)l si"a‘ [(Eu x }-I,:) (&> ﬁ':).]

where ! +ilnpd tanheyd

Tanfd-jtankegd ~ 2778
(@ ) 3infA,d cospd + Sinh qyd coshagd
ov. ') 'f (:mAJ coshe,d)*s (cos AJ sinhd,d)*
4E}, _

(ﬁ“)’ a .2—"): lE"I. -? (ﬁ (sinfpd coshw,d)*¢+(cospd sinb 4, d)’

@)« & ! ,

(01.), W\ $inp,dcospd+ sinhed cashayd

(’av)l - I:T. [:b .

C R AL ! .
?a‘..),- % (ﬁ (!"HAJWHJIJ‘-I(CHAJ sinhad)*
At f =107 (1) , T=$ g0x/00"(S/), -1,-,0.- 4.72esx10% d-J-,,iz
-1.939xr0"

(’w){

$3
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Pe-28 kg sky =k =i,

€ -J wp,d; . )
COn‘fnurf)' condrfions at 2=0 f,,- a// x qndy rcyu,‘,-‘:
k= Ky = G sin; = pm209210" @
L”-/au’-i%r @
Combining @, @and@ we can solve oy and g interms
of w » Mo, €, and/, But, since
/Ax << WS, .
we have ¢ =e, %8 3 L =mfp,e = 03974 (m).

a) 6 - tan—’«;'- £ tan” --—ixlo‘ % 5 262107 (rad)
2%

a3gre =0.03°
= ) 29, Cos ¥, L. ) .
» r; D,ces8,+,cos8; 7& 3 (1+;)=00993(1+}).
2x0.0993(/r )

Cos o= Cos0.03"°% 1.
0.0993(145) 4377 cos 33°

& 0.01s1 (1j) = o214 &7

c) (Qv)c' = —:%L :

2€, v, -4z
5“32['...;1., H = <&, 7 —.(f) 2...11_4¢ :

to , [ 4
(€.), 4« -3 ’ s
Nava __L¢ -’054"’0 ¢‘7't
[ T |
d -z - /.8
) 20 log, e 30. z

2 (]

a) Snells Jaw :

So'nol __l_’
$in 6;

() -:In"'(— Jmo)

8) cosg= 1 [Lema)-

- - £ d 3in6;
,t Ac = Ac tan - d _c:e"" n* - sin®e;

C) /lz" 8D = Ac sin(s;- Q) <o .. = (5in6; Cos §,-Cosé; SMQ)

- dune [1- A ].

4
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P8-30 a) Sind‘-/g — sine, -‘/-:t sne: >1 for 6>

cos 6, -.)‘ {é‘-)n‘n‘o; -/
From £}:. (¢-/135a) and (6-7358):

f,tn, 1) =ay,f, PR X/ |
H(x2)= ?'If-:.(a; P a-,/%"b 6)e ™ A
where /8"-’ $in@, = AF $iné;,
"A/ —‘- sin® ol ,

E = L3/ XL T 77— from
¢o A C“Q'JZJ ;z).fm'o -/

D (6)= 7 Be (£ He) =0

[, (£-139°

P s-31 a) Q= sin"fe, 7, = Sin" J173] =6.38°

b) 0‘..20’>9¢_ sinO‘-/gh'nDiSJ.O’
Co:‘i --). ’ (;‘:')Iin'q.-l -—}.‘2.9’
I = €, Cos0; -Cos 6, _ ‘;‘n'_ ¢’""“
f .

V<, Cose; + cos G,

c) T = 2/¢, cos 6;
4 V<, coso 4 cos 8,

=189 ¢"'=1129%

d) The #ransmitted wave in a/r varies as

e 3 A
where «, -/3’ /({:. sin‘e.-{ = 'AL’:{Z.W).

Attenuation in arr for each wave/ength
=20log & %% =159 (d8).

M WI"" the incident /1'3’# Lirst strikes the Aypo-
tenuse surfaca, 6. =6,=0, T = 2T .

X1
(m"’)fl - ". } | - 42.?. -

@y - N T e

(33
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Total reflections occur inside the prism at
both slanting surfaces because

6 =4c°> o= Sin"'({)s’g"
2 .
M3+

(00\')0 l 2 4 .

t), 3 "(7. !i‘v.?

(8.0 _ [_4%%_ 4Je, 1
@) (v.*v.)’ (w‘r] *79.

P 8-33 a) For pcrpendicular po/ar.lzc;ion and/u',!ﬂ; :

Sin@ = 7== '

Uinder condition of no reflection:
2 !
cos § = [1-2% sin'g =
r =/ ';:3 "= I+ fﬁ?):

= $in 6y — 0‘+0“-1r/2.

On ex/t from the prism, t,=

b) For parallel polarization and € ¢ <, :
$in @

- L.
(T f/‘,?Ig)
: !

cos @ = /-%;;n‘g-‘fﬁ?ﬁ

=S5in6y ———e 6,46, =1/2

P g-34 a) Sin Oc "/%‘-—' ; Sin 9..- ml?.?)r

1\/(;%\ I: T tanf,m 3
. .. :'.n 0‘ - t‘n “' . (0. ) 9”)

) Let € /¢,=x.

”/2

A
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Pe-35 a) for Pcrpmdfcular po/arizah'on:

o JC o0 - [&; CO03 0,
I: 7?,,7010.4%030

mO ’ i ImO‘. , Cosg = J/- -{.;-* Sin'6; -

co.n,- /-
A ,
T, = -
4 7:“" 0. 47, cosd,

For para/fc/ polarization:

2 /38 cos o,

U TEf1-CaJunre; reme:

b) "l "n -2-25 » J‘n/‘n =15 —*0‘-3"0'7{_:--413‘,

20

1.2
10

a2

Ps-36 ’ (Eph £,, Ces®; E N, Cos8 - o0
d) = | = -—"——-‘-E“c“‘ - ?‘:- ';- 0, Cosq, 41, cor6,
%

' (Eodae | o EcnCostg 1 (gﬂﬁ)- 27, cos 0, .

' (‘1’(.“ f,-. Cos ¥, A\ ces o, ,’:“"g‘%““:
WC I,CVC ’ .
, + ,.; - 1‘ N
whieh Compares with Eq (3-151):

I"I;-‘t'.

$1
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Chapter 9

p9-1 a, &, &
VaH= ,—’;%-» -a,jwcfy-—>':—';“=°

H o o

a, a, a,
it | &8 |y — 2o

0 £, 0

P9-2 a) Ox (i[,"d-,f‘,)a--jwft(i.l(,viyl-ly)
{}l,n-ayuﬂ. o

BE~ wuK, @
™ @
ax ay

Px (o + aK) = Fws (&L, + 4)E))
AHy=wef, @

——’{ ﬁ”l- '“‘y ()
- o

From © and ®: ﬁ-%-t- (/]
. &

From ® or @: TI;-.E-,’ ®

(]

e

From Qor @: -&;--fd‘z =--1

5) From ®: 4‘.2...".‘.‘:.

‘y ’y' [ I£ al
25 L] ’& &
From ®, ®, and @: X -'Tyz' Ix? Ixdy
Combining ® and ®, we have .Lf.l. + 33 =0,

S‘ I.’CI'/ a.” L‘& -
‘m Y -5;;‘ + ". 0,

P93 Fo (3-200: 2= L [2 .
a) Z =i'/7—'-%/¥ — d’=/Td.

(] w26
d d —_—w
b) Z,"W/“'?f‘g' w'ﬂ'rw'
) 2, HfE L /E — werw
d) w= e e Ug = U /] for case a.
P Jue u;‘-u;/,[! for case b.

Upe = Uy for case c.

ss
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P31y =jw/iE (”J'Z»T)m(’ iae)”
‘)‘”/_G[’ sz, :(4)/ m'u]
x [1- ;g..,c*r(jz)'*)'z:!zr]'“‘i/‘
- E(E B a(t - 8]
'“"/_/""u' i)]
Z,=[E(1-52) (r-; wc)M
= [E [1-5 2+ H (AT N1 5+ (S ]-2n
— 4-/_[“-"::("5—)({-*?)]
o E (RS
"r"}"ﬁ?[' (-8
P93 > = farsar)(eryuc) =G (1+ ZL)" (1- 428)". o, 58
a1 (-], pr i (540
Zom [EHE - P34 (103 8T - ,0m
T A fE{1 e EIH Y-
Y T

P9-9 - [Asjui ) =) —w R.C.

B9 2,-f8d% . d.(z)-0 2-2-¢ 0
From Egs. (9-49a), (9-498),and (9-s70): o =R[% @
Given: Z,=5§0+50 (R) B =awfic Q

o = 0.0f (d8/m)=0.00115 (NpJm) 7 m

P = 0.8% (rad/m) ~/E ? :

7 = 10° (M) by
R= 42,200576 (R/m), L =HEt =020 (uH/m)
G=% Y- 23 S /m), C= -L, = 80 (pF/m).

P g-10 a) For fwo-wire Propsmission line -

2, FE = fE e (B)= 20 [ o] - e
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-220" 21.27 —— D=25.§x 107 (m).

b) For coax/al fransmissian line :
z"F z"(‘) ln(‘ab-)’75

b=6.$z — b= 3 9/xr0" M.

POt (P), = (B) = 8l 1] Rk XA
IV.’ R; I = —a
" (Rye k) Oy XY I A

a(h,)
To maximize (P ), , set SAE =0
m av’ls o . R.,.ﬂ" x‘_--x

and ’;P ke o or Z,aZ,
Max. (B,), = Vr = (B,
— Max, powor-framfcr efficiency = §0%.
P3-12  V(z)= V'™ + Yo"
Ia)= I'e™ + I &*

At z=m0; V()=V.= V' sV, , I@=L =1+ 1, =40y
. (J

— Wedtverz), ¥ =ty-12,)
a) V(2 =4(y +15,2,)¢" + T(v-13)e"
Ia) ‘2"2’ (v, +1;2,) €™ z'z (v-1.2,)¢”
b) V(@)=V.coshrz -1, Z sinh >z
I1(z)= I,- coshyz - -z Sinh .

dV dx

‘V..
d.z' Rev
%f—,-zez

B V)=V, e 4 y- o=
IN=I' e 4 I; ¢ , wa=fe

_";'--_V..-, [T
I I, G

61
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We have V(z)= f-(v‘.fl,.n.)c'"fil (v:-1R) e’

TO9m £o1)e -3(K-1) e

Wl\crc

: 7
- ! -
Vi T aer e Y LT,
¢) For an infinite line, R, =R, :
_5_ ~e3 Irz) —‘-/1-- e.“
V(2) k’,p"v,c , (=) = 2, 1R,

d) For a finite |'ne of (cnjﬂi A ferminoted fnﬂL:

= RI +R, lanh of .
B‘ k’ R, +R, tanh df

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

— e . /o"' ay drgits necessary fo
e = 179999210 (many digih naceiary o
/Vuug shifé in part &)
{L = 5000w (79999 270) = 45.24 = 7_‘—

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

w)
I(2,t)m=0.705 €%°% 5.0 (50007t -£.5556432-01024%) ()

b) At z=6x10"(m), we obtain V(setott) and I(se10l¢)

c) (an )L = z’ a2 [;2 1:] —_— V"X very small,

(No*u The given [ine length S0 (km) l'n//;e,})roblg,.,
/s a misprint. It should have been SO (m),

which would make the numbers more
mcanin_g.’z/. ‘.

4
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P9-15 a) From E’ (9-971): Z;;=2,tanh 7L %)L .
From Egs. (9-37) and (9-41): 7 = J(R+jwLXG~+jwC)

= [/ Rtjwl
' 2=/ ¢t50c
Z,=(RejwL)L.

~ 2 —gwe
b)From £g. (9-96): Z; = 2Z,cothdL = ,i -[Ge';(’wc)'].

P9-16 pr= —2-%'L1 - t;r - 430°
&n/,! =tap 480°= 1,732,

] +3 <+ y (-
2, - 7, GsilleAl - so lzimu s
=26.3-5987 (f).
P9-17 Given: Z, = Z, cothI =250/£50" (Q)
Zi= 2, tan YL =360(20° (R).
) 2,~J2, 2, =300/[1s"=289.8-j77.6 (R).

tanh YL = /% «l2[35° = 0,923 +5688 =Tanh (L+582)
L =48(m) —> o= 0139 (Np/m)
A' 0.2385+ %’! (rad/m) .

b Ariol (" = O n order fo ensure+R L GLC)
+Jw ~
2= [ =~ Re3el)Gje0)

— Rtjwl=7Z , G*juC= %
We=fc=0235x3x/0"=0q 705 »10% (radjm).
We obtain g wsse),  L=o0ar2 guii
G = 0.246 (mShs), C=12.4 (pF/m).

M @) for a [ossless varfer-wave /ine sechon:
Z, =z - -'E:—"—l‘—"rklk 'j—f—-‘-—k’x =R 45X
) v . Q‘-fj_x‘ R‘ 0)(‘ RL ‘X: PP o

—_—a R A @; . R X,

¢ R'+x} Xi=- R} + X} ®

( fo:'dancc_ R’ and capacitive reactanceX;
m :cr:‘c:.)

63


www.mohandesyar.com
www.mohandesyar.com

Inpuf impedance Z; can also be expressed in
4erms of a resistance R; and a capacrfive reactance

X, in_parallel:

ZXR R; X%} . RX v »
Z = R; +3X; = Rex t RrexF TR %. ®

Comb:mry E?‘ O,d,and @, we find

3
_e-‘— and x‘.--‘il‘g'ﬁ

.

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

b) From E’ (9"00), V(i)-lL(ZLCOJ/z'*R,JInIdS').
At the input, z'= Ma, /z'- n/2, wehave
V; = vire)= I.R,.

‘'m0, ’3'- 0, and V= Vioy=1,2, .

Ml %
'ZJJ'XL

A

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

e [l

r-(55)

When S =3, X, = iﬁIOrL -3n%-3)/3 .
b) §=3 and q-lso/uzz — x‘-_t/}'/_,,
X, =x%2, =1968(Q).
C) From [9_ (9"'4).' 'L‘).&-—;—-;-:.’L"t‘,w.rﬁ'-% and

%)
(rn'sx®)2 /(,‘,‘u‘.‘c)l_"‘a t-t.n’[._

o]
m zr

'301'-— Yor r, -zandz-.f/.?
- H-r )t
Al‘o) ,L 'Trau—r [ 4 15"/{.'.r ,”('_,l)'_4‘lrl]
For r-JL. 3/ § —> 4 =0.1265A

or fIf —~ A = 0.2098X -
Use l = 0.2098A fo ablain W.., nearest to the load af :::nu

At the IOAJ,
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£9-20 a) [p|Fa [ R-2) 3% / e RoZ) e X
R, +2,)+)X, (R.+Z,)'+ X}

lrl?
2z,

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

B M. /I"/"/ ;,:‘ ‘/ So-42 _'3!‘

=0 Z, =JR+x}.

Min, § =
I
, fm?jt .
) From Eg. (9-114): reinm I L0400
- /S \
¢ -:"‘"[(, ‘m) 8/ (1-12)- 4}, ~] { ;.9{:;"‘":_;

Ar Vol#agco minimum, T, = A -z!.- s

m s
t =4 (Use negative .sr',n.)

tan ph, = tan(end /) =1 — £, = 3.

Voll-qgo minimum pearest fo the foad /s ( - %)
or 3A/8 from the load.

R9-21 a) From fy: (@-100a) and (9-rot) :
Y(z)= 2‘-(2 *2)e [l sIrl € 241 "]

where

ra=2c2 Pl irte, $=g-ype

Max. [Vezs] -/{‘(%'Zdt"][ 141r1€7%) for ¢ =0
min. [Vers |« [Po2)é|( 1 - IVIC'M] for $=w

v ool - rope i
- - v '] "l re,
min.lve) J=-Irie L ‘. whjch is s asignificant I'

\ When atrs small. 4
1+Ir)e™ et
f=Irl BT %

B Lrom £g (3-132): 2=

At a VO/-la’c max., f =0, z-(l')" .“(z')Z,

O Af a voltage min., $=", Z. ()= m

€S
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922z = n’_&_‘}_‘;l_ -g'._z_lfz_..
—_ 1.4 j Z,t R -5zt

With Z;= 50 (h) and Z, = 40+j10(R), wehave
40¢}Io - & So-,%t 40R,+So00t = 50R,
‘J‘“ 10 R, - 2000t =-R. ¢
R, =38.73 (Q).
t =z‘.u./u'-o.77u —— f =07/049 .

29-23 a) g1 _ 2~ L
Irl = :n E Y Il 2

From £gs(9-100a) and (@-101):
V(2) = 34(2,+2) [ 1+ |r| %],
Z,-Z o .
= Sl e
V(x) /s aminimum when ¢ =4 T — 0,.'2(2—,:')'03"‘”
’,,-3'_¢,'q2<.- =027,
) 2, =2, (425) = 46645206 (a).
c) Tcrmmahn_q resisfance l,.--&- -3—:4?- = /50 (R),

L, -é-z' - (05-0.3)0 =02 .

P9-24 £7 (9-114): R; +jX. -I,%&“—

Let r-& X = {-. r-%.andt ﬁu/l-
rn ¢t _'Ir(lox-t)- A

A. 'J'.- - -
] [ ‘)'n‘ ¢ ("’."’ ™ ,',

We have
';..' _'_' [(I*"-'I’)i/([*r-'ox')"-l r.‘],
t~ [1-(5'+% )J"/[I (riex )] +4x }

'ln- 'z'? tnn

(13
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P9-2s  Z = z,-’,—fT’:—

= II'I'”' ., Irl= %—7‘—"— . Ortfz;trr.
2= 3, L820-s-1  dathaind
0 (54 1)¢ (S-1) PN

-3 (560)ECTN_ (5- 1) AT
(5+1)STOTAI, (5 1) OV

o 7 JoiStanliwsita)
* § = tan (2w32/2)

8_".1‘.. a) Given: V,-O.lLo_. w, Z,-Z,-s'o ), R =25
=057
z

¢ v
Vi = Z,+2; v . L=z%

uy 053,052, tnpl _ , {4)2tanfl
where Z.=2, 2, +50.62,tanpl z, EXFTWT)

C Ym 14 F2 0l ALY,
- Yr St % e (T ) ¥
w_2vitanpl ., _ 2 ( 2+itan )l
% 33,07 %0 p1) Y T( Testangl) ™A

Setting Zy= 2, and [=0 in Egs.(9-120a) and (9-120b),

., VoZ, -5 K -2,
we have Y =Vix-o= -i:;-;;- «M@er) (= R,+2,"

=55 e W) .
I=I(x0)= 2.!1_:., M )r)e §- 7Pt (ma).

- Aol
B §= Uy

€) ()= 3ty L')=- ,L ( ;'7)( $2x107")=2.22010" (W)
. =0.0222 (mW).
If k‘: ;0 (n)) V‘ - .?,“)ﬂl , I‘.ﬂ_..,"‘
—— v -
» Max. ("v)‘_ = é: = 2 50x/10 '(w).
Pq- = N 702 M L ,
._q_g. }; o. r 2‘0‘. -f‘*—'--}‘ 1-4“'2, }.w/ZE
L =rg, @8 u g ifr/g-2) o ¢°)'("é-/f1...}'°:‘,n'
From 5’: (9<120a) and (9-/204):

a) v()=-; {1 EP5 (145 €3%) o o5 (Y- JE7%) (v
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I(x)=-} “zyz'; (15 P%) = 1.1 (P05 E7%)  (A),
5) v (z,t)=Im [vix) c"‘"] - 55/ Sin(wt -p3)-cos (utv/tﬂ (v)
((zyt) = =11 [sinCut-pz)+ cos(utrps)] (A).
€) At the load, 2'=0,

(¢) = v(o,¢)i(o¢t)
= 60.5 (cos*wt-3in*wt) = 60.5 Cos(20t) (W),

V= R0-5), I=-gk(14),
{ 2 .
P ~7R(y1)= ;Y;:A(:,)- 0.

RIA f = 25108 (Hs), Amf-=15Cm)

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 additional 0.16TA 1o C41TA on
the "wavelength teward generater “scale . Read
Xe-j0.575 — = Z, = )Sx(-5a575)=-J43.1 (Q).
Draw a shraight line from the (0-)0.575) point threvgh
the canter and infersect at (0+51.7¢4) on +he opposite
Side of the chart. — ); - .’_% " ‘)-,.,4).)'403" ().

b) Short-crrcuited line, £ =0.8(m), L/a=0.538.

Starl from the exirems (eft point p, , retate clockwise
one complete revelution and centinue on for an additienal
0.033A to read x -}‘43,_.2‘ 752,020 = /5.8 (D).
Draw a Sﬁll_’“f line £rom the ("j"”)f.id “I‘.U’b
the center and intersect at (§-34.75) on the opposite
Side of the chart — Y w st s(jar4)=-jo.063 (),

z‘-;,%(un;'m) =06+502

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

circle theough P, intersacts
Ol ot 177. = S g gy

6s
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- . ®
8) = LIEL &Ml 02571

€) 1, Draw line OP,, intersacting the periphery af £’
Read 0.04¢ on "wavelangths foward generator “scale,
2. Move clockwice by 0.101A #o 0.147 (Point B).
3. Join O and B, intersecting the [rf-circle at £
4.Read 3:=1+j 059 at P, '
Z =503 =504+;29.5 (R)
d) Extend Jine 'R0 0 ;. Read Y. =0.75-30.43.
Y;= 45 v, =0.015-jo.009 (5,
¢) JThere is no voltage minimum on the line, but Y.,
£e3e l,,-,—',(lo-jfo)-o.s-jo.z
@) Locafe 2,=206-50.2 on Smith
chart (Point B). With
cenler at 0 draw a [/)circle
MN””'D e ) l;'i}ul“cﬁ'h’ lrne
0L at 177 —= S =177,
8) P =o0.23e%Me
¢) 1. Draw line OF , intersecting the pariphery aé B’

Read 0.45¢ on “wavelengths toward generator”
Scale .

2.Move clockwise by 0.701 A to 0.as5 (Point B).
3. Join 0 and ’; R l.n’!r“C‘ffnj the |Plcircle at }: .
4.Read 2;=06145023 afp

Z;=50z%;=305¢,1/.5 (D),
d) £xtend line R'RO toh,. Read Y =l42-7o.5¢
/- ,—_'o- .= 0.028¢-50.0/08 (S).
O There is a vo/tage minimum at z'm=0.046
2931 X/2a226, XN=50 (cm)
Frrst voltuge minimum oceurs at 2'= -5

m S0 ~O-IN.

€9
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d) 1 Start from and rotate
counfcrc/ool‘wou 0./10A
Foward the load to 6’.

2. Draw the [r|-circle, intarsect-
ing line 0p, at 2 (S=2),

3. Join 0B’, intersecting the Irk
cirele at .

¢ Read z,=0675-;047s.

Z, =502,~33.75-23.75 (),

5) = z I ‘0,__1_.):::"

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

P 9-32 0.303x @) 2,= ;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
generaferscals: 0.303.

/u..o.toar , 1-/__5(..)—.}-“‘9 (rad/m)

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

e

. ”‘;f’_\ b) 1 Enter 2, =asejos onSmith
- chart (Point B).
2. Drawling frem O through
P, fo c' ‘cadu .ﬂMv‘IM,I‘.

foward generator”scale :
0080,
3. Move clockwise by a 2032
asey : to 4391 (Point P°).
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4. Join OP: intersacting the [rl- circle through

at p’
S. Mark point P on/ine 0P such that ~E— - 0915

€. Read at P : 3m0635-j0.59 —~ 2, -‘z s-}no @

€) I. Move clockwiss from P, on "wavelengths foward
generator®scale fo o. If, say P’

2.Join OP’
3. Mark point P on line op’such that

0—; - c"a'd;‘ = 0987 07'
4. Raad at P: 3;=0.065+5138 —=Z;=6.5+5132 ().

P9-33 fu2xfo'(He), A=LS(m)— L=3 =0175(m).

Z, = 732100 = 148 (9),

For #wo-wire $ransmission line : Z = 120 cosh™ ( )

D=2(cm) —= a =054 (cm),

) ~
P9-34 “;" m Rend

Y

>

L= 08+j058 ?

Ne=1- Ny
/(e

b &“Q(

a) See construction.
P : Zmo51 08
P Y- 1-51a );—od‘.o

.‘

L] Yy=te51

e d,=0.63A #(RS-0115)A
5 . =g, 324
«hy R b=~ aCossansa

. - 0.375A
’ . .
b : B=jl —=fu(er3s-02500
-eo.r15a .

(=373)

b) For Zym7salSZ, , Y, =0csrYy,.
The required normalizsed stub admittances are 4= 4= T;IT"J' ‘

Bl = (T | (Zo)yyy=t.5(Z )y, |
L eesejos | dwo,  £e0376A [ d)m0, g =04
Vo= 1-41 dyn 00244, 4 w0.r15n | dy=03242, £ =a09%r

"

www.wikipower.ir
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£ 9-i5 3, =05%305
Use Smith chart as an impedance chart. Same consiruction
as that in problem P 9-34 except P, would be on the
extreme Jaft (marked by a x),and g=/circle bacomes raf circhs,
P: z=o0.5+508;, B: %, =10j1 with d,-(o.m-aon)a.
= 0074
P: Zy=1-j1 with d,=(0.338-0088) A= 0260,
Jo achieve a match with a series s$ub 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 rc,uirc: a stub length A,=0./53
0 9-3¢

1, =0.31+5033
2 Y, ™ 1.50 - 31.50 (03067 ot )

!\ ~o

2 Yy=1t.50-j1.80 (a304rath)
2 Y, .50-jore (0.269x ot B))

P Ym100011.60 (01797 atf))

go v e

Yy t-000)040(a1440at B)

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

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

(iah= Yar= 3, = 136 | Ly=0.3992 ] 2,,= 07492

(Ysa)y= “jt.60 Ly=o.0fa| g,=a339N

(Yep), = -d040 £,,=0129X | g = 0.439X

72
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200
Y. ™ Toosjso

Point ’:_ on Smith chart.
(o.280x at R’)

=24-)12

Since the rotated g=/c
circle is fangent 4k the
_g=2.0 cirele, an addec

line ’cn,#h d‘_ it needec

o convert A (2.4)%0 2.0,
moving from F, along the |rl-circle 4o B, (ot shown
on the g=2.0 circle (02912 af fi;) Note that A,

/s differant from & , the peint of lan_fcncy between
the 9=20and rotetad g=1.0 circles.

a) Min. d =029ix-0.200x=0.011x

b p,: Ya=2-51 (02271 at P).
Py : w=1+j1 (0162% ot p)).
Ysa= Yp= Yy = (2-51)-(2-50.38)= 5035 —= f,=0304.
Ysgm gl ——" Ly=0.125 A .

P38 Laet ",BJo"%\!'-d.-

k"“”‘ g < T,ln_l_.' (A'W’yl"e solution?)
d, 6 9.
A/t 22.8° £ 6.23
r/g 4s° € 2.0
X/4 q90° 1.0
Ir/s 138° £ 2.0
7r/16 157.8° < 6.83

'See D.k. Cheng and C.H. Liang,"Computer Solution
of Double-Stub Impcdanc e-Maiching Problams.”

IEEE Transa.ctions on Education,vol £-26, pp-120~123,
November 1982.
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Chapter 10

210-¢ From Vl£--)w,un From OxHe= jweE
o

o .
‘-r—;t:-f)f’n)w/&”’ %‘:*)H;-)M[
-YE°- L€1=—jw/H' -YH - -2-'-‘:- ;uct‘,

AUrEy  aE: 2k an:
,—,ip T34 = I 2K 2 3§ "Wk

C ning:
ombining £’o__ L " ,J‘%%)
1.1
4'_—('7n¢ ’ /‘—J)
° . F Y4
Hr--_.(.’af B dad —"_’%)
'Hf"—(‘)r—:“; sjac 3K, hreiewpe

E~E &%, where E] satisties the following homogentous
Helmholtz's cyuah’on' f’ £’ +I;‘£‘..o or
Tf} + -;’-,- -%5:3- + 1, -‘—‘-f thE =0
Sz'm:'/ar// for H,= H a*
oz UxE = juuh ®
VeH= Jwek )
From @, (7. +a, ‘2) (E+a,k )=-j¢7~l(ﬂrii.ﬂ’)
" %X(ZE)+YE xa,= -J wuMH,
v E, x'a:‘ +YE ra - -ju/uﬁ' ®
U G (qE)=TE,xa, }
jl.fl')l'/af/y from @ we obtain
V, Hyxd, + 7 H %3, = ywsE, )
Combining @and @, we have
WpeE [ 8,58, 0 By x3, Judy - a5 e d,

—_— f.'a--l-(?if'—,}‘/-‘xzﬂ) e ¥ s uue
Similarly, H =-& (YT Hyr & jwexF,E).
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Pto-3 (a) From Eq. (o-33):
IS @ @

: From Eg. (t0- -37):
@'+ ($)-1.

> Both are equations of a
0 ! %S5 unit Clrclz

b)
M/, or U/uy From £gq. (10-33):

2 /
e ———— e (%) =1~ /%)
From [’ (r0-36):

{
o (—)‘ 75
From Ey. (fo-34):

(#/4.)
-------- - Gy -1

_______ ) At f/f =125:
up/u = 1.67

Ry /u = 060

pB/k = d.so
Ag/n = 167,

13

L) S akad

£/#.

Pto-4 a) For parallel -plate waveguides:

o 'w?«-r=(~"s"~
nw

o e
Z bipe ~
@, ﬁ-‘: @) Constitubive parametars
s . € and 1 affect both
] A @, and the J/o,u of the

w-/ Curves; b dff’ch @,

but not the slope at high Frequencies. §) Yes.
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£10-5  Field expressions for TM, modes, from Egs.(10-54 0,489
f:()’) -,4.” Sin (nwy/p)
H: )= L:’-‘-A" cos(nwy/b)
5;(’) - -—;'L- A, cos (nny/p) .
Surface charge densities:
- = 0 Y€
$y=3n'D ‘Y-o- (EI @ =- 574
fu= a,-b ‘y.; T RIAOL (-’)'JBS'An
Surface Lurunfﬁdcnn’h’u
Je = Enrﬁly =g xﬁ(o)- -a, -l—-‘“A
—ay.”“).d (_,"&A {J,‘ for m odd

uﬁr » even.
P1o-¢ Field exprassions for TE, modes, from Egs (10-634 5,c¢)

H'¢y)= B, cos(nwy/s)

%’ ‘])" X  Sin(nwy/s)

EL )= *;.-‘«‘&A,,m (ny/s)
I, - a, x H(o) = a, 8,

% ='4,’H(‘)‘ a (_l)nol‘ { {7} r.r n odd
-Tia for neven.

P10-7 a)Set n=2 in the field expressions in problem P. 10-5,

Electric £iald lines
LI Mﬂ_’h.‘ﬁ‘ ﬂcld II.QCS

[’uah'an for elactric field
lines: - _L!%” 2 .
e c“, o Cos(2wy/p)

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

s o Llectric fisld Iines
Magnetic fiald |ines
Eguation for magnetic £iud

l. . - M'
ines: cespe sin(awy/p)

76


www.mohandesyar.com
www.mohandesyar.com

p1o-3 Given: O =5.80x/0"(S/m), €=2.25, Mr=1
e =10 (S/m), b= s-/o’(m) £ = 10" (Hz)

a) TEM mode
P = wipe =314.2 (rad/m)
ofr. 2/_ = {zg7rlo'(ﬂ}/m)
ot = —/ =2.07¢ 210" (Np/m)
u,-u - -F- 2.’0. ('"/‘)

A= A= —f-— -2:!0 2 (m).

b) TM, mode — (f,),,= 3'7_’_: - 2x10" (Hx) < .

E- "-(f‘/,)l =0.9798.

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

"c"i,%r'" :F 11—-423::!0 (Np/m)

u= u/F, = 2041+ 108 (m/e)
u,-'u F =1.9¢0x/0° (m/s)
g= A/F =2, ouuo' (m).

¢) TM, mode Fru,= -7--4-10’ (He) < §.
F,=[1=G.Js¢ =0.9165.
) ﬁ- ‘F = 207.9 (rad/m)

= -—} - 4 371210 (N /m)
o= 3 ___ / = 4.530 210" (Np/m)

Uy u/;; -1_{,3:[0 (m/s)
u,- U-F,=1.833 x10° (m/s)
Ng= X/F, m2. 1322107 (m).

g_f_?_-_?_ d) TE‘ mode —— (fc)]‘ - (fc)'n. =2x/0" (Hl)<f
All rc’mr.d quantities are the same as those for
the TM, mode in problem P.[0-8 (§), except o, Using
E 9. (10-83), we /)a.vc

~3F /__ ("")‘ 1695 x 16 (Mp/m),
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b) TE, mods F g = (fodyug = #210% (HD) < f.
All required Quantities are the same as those for

the TM, mode in problem P.10-8 (c), except ol .

z!.;_;. /_zé_i_(-;s}'- 7.249 %10 (Np/m).

P10-10  For TM, modes in a parallel-plate waveguide,

M7 !
o = —
<= 98V & Janli- 447

-2 [TW&k )
LA F(x)

Wb.f‘ F(x_)- x-ﬁ' , x-fg/f'
@) To find minimum d, , set |

AF®) 2 R
. '-5—‘—='l Ix*=0 x ﬁ"
L f=Yf.

b) A+ £/ =1/03, m‘l.‘!l,

and min.d‘-%‘;—iﬁ—/ =

€) For 6, =5.80x10" (S/m), b=5x10"(m), nutzon(n),
and Mo #2107 (H/m),

-t
min. o = 2.444 210" (Np/m).
P10-11 Parallel-plate waveguide: 5=0.03(m) f-IO"(Hx),
a) TEM mode
From Egs. (9-1a) and (9-1b):
H =-
wb 1
av —jf”dy'—z—vjf‘.
Dielectric strength of air: Max.f.=3'lo‘ (V/m)

Max p =)= 2_"’)_ (3%10%)" = 358 10" (W/m) =358 (MW4.)
(J
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b) T™, mode

From [7, (10-548) and (10-S¢c):

{£ () = £, Cos(_sl)

Ho ) = = 5 cos (21)

’H ‘(I/}?
’ - .
Lo Sapae 5110 (H)

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

T =207 i) =20%0),
o

P -—-/ - £}ty dy =

¢) TE, mode

From f,:. (10-6%8b) and (10-68%¢):

{E'(y) = £ _,,',,(1'51)
Hyo= 3/1-( G ein(3)

av / E (y),&(])dy --—7£l 1- (5, /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/) (fo-94-d) for TM,, mode:

Eltxy)= 4’ X)e, cos(22)sin(2X)
£ '(l,y) (-”—)f sin (1’.)(” (.ZL)
f'(!,y) £ Iln("’):ln(.l!)

H ("Y)")i“(‘;)f Sm(-’-'l)co:{jl)
H. (xy)= ; )£ co.r(-"—"—).lm(—-’-)

79


www.mohandesyar.com
www.mohandesyar.com

a) Surface current densities:
I (y=0)= @, xH| _ =3, x[a,Hx0+3, Hycx0]
= - & W2 0x,00m -, 288 (T)g, sin( ) A
= J, (y=b),
T (x=0) = Gox Fi)_=a,x[a, H2e0,y)+ 3, K, (0y)]
= &, Hyoy) = - & 2t ()6 n(5IEH

2 A
-’J-;(x.-dr).
Yy
° A\
)t J
= = —\
0‘ fJ—;- ‘ VJ 1
5’;4* y-b f,af X=O0.

210-14

/ T I\ 1
(f,)m' }777 ({*)*(-5) - WF("'.").
a) a=2b, F(mn)=/m'sen’ : b) a=b, F(mn)=[ment.

Modes | F(m,m) | Modes | Fim.n)
|
TE,, ! | i TE,o, TE,, /
TEOIJ TE)O 2 : TE" » r“" ﬁ
7511: ™, ,I? | rEn ’ TE“ 2
1
TE,, 4 | ™, '3
TM,; VT : T™,, 23
T™,, /70 [

;/(_)-_/5‘ fm3x 10° (Hz), x=c/f =01 (m).
Let a=kb , 1<k<2. (f) = Jz‘;o'/"_'-"_k;'.
a) (f),= —"—-‘-.a-_ﬁg' for the dominant TE, mode .
For £>12(4),: @>0.06(m).
The next higher-order mode is TE,, wreh (j‘).,-l-%"_"'_

For $<0.5(f)y: b<oo4 (m).
We choose a = 6.5 (cm) and b = 3.5 (em),
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b PR = 4.90 x 10" (m/s)
ARl v .

A - -‘7-__?—?;___7;;-0,157('",):/5,7 (cm)
F = ——- = 404 (rad/m)

( zr:)o I-(A/,u)‘- §90 ().

P10-16 Given: a=2.5x10" (m), b =/ 5290°2m), =75 x 10%(Hz)

a) A= 7--—2-’51.{-',1-;‘--0.04 (m)

£ = 1-(r/2a) =060
A,- A/F = 00667 (m) =6.67 (cm)
B =27/ry=94.2 (rad/m)
= c/f =S5 108 (m/s)
Yy=c-f = 1.€ x 10% (m/s)
@, 0= N/F =200m =628 (D).
b X= —;‘- '73" =0.0283 (m)

I'; = Mp.(g’/z‘)’ =0.82¢

A" - A’/;; =0.0343 [m) =3.43 (cm)

’5' = zrr/,\,' = 183.2 (rad/m)
U= uff -2.57210% (m/s)
u"- u-f =178 x708 (m/s)

(Z,),™ #'323 ),
1

R10-17 Given: a= zzoxlo"(m). b =3.40210"my, § =3%10% (Hz)
Q) A =2a=/4.40%10"%(m)

Fem 5 = 2.08x10" ().

b)) A= -;- =04 (m), ‘//-(rx) =0.720

A =0.139 (m).
s= /7 T
c) ﬂ - ) <2 (p)— ﬁ u( )
= [T = e2g 10" (R)— (< her oy ’_(f”‘ =2.26x10 (wg

d) €V af — 2=Lln2=307 (m).

114
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D10-18 Given: a=2.25x10"(m), b=100%10"(m), § = 10" (H3).
a) A= -;'- = 3010 (m), A ,=2a =4.501/0" (m)

J1-t676 =J1-(A/2) = 0.745

£g. (10-119): (%) = 7:_"/‘2—[_'% [“ %b{';‘).]

=1.295x 10" (Np/m).

5) From [9: (Io—fua) (10-1048), and (10-103) :
- £, sm(

H ---'[,717:.-,,(1;)

=i 5 ()
- g.[[ (-f, H)dx dy = E;,"ié/,_.@'

For P = 10" (W) at the Joad (antenna),assuming

under mafched conditions:

JE,'| = E; = 94,800 (Vin), [KJ[ =187.4 (a/0), [H] = 167.6 (44)
The waveguide is /(m) long.— The £ield /ntensities are
hl_qlnr‘ at the sending end by a factor of € '=1 118

Moax. | Eyl= 10,788 (V/m)
Max. [Hil = 213.3  (A/m)
Max. /H’l- 190.7  (Afm)
) J(x=0)=ayx(a, H +a, H, )I -a H(o y)-_,”(})
| T (x=0)| = JH]| = 167.6 (A/m)

Fiyo) =B, x (@ HI+aHy)| = -“.H:"%")*s’f‘%o)

1700l = [H2)"* (L)' TS Lo f (B oo fsinipamyp

which ismanimum of x=a/z

/'l - {4 Y
ﬂ'.;d;‘n‘, end : Max [5[= 7{‘/!-(}) 51138 =213.3 (A/m).

d) JTotal amount of average power dissipated in { (m)

o{wnucjucdc
P, ~ {000 (* ‘—I)-N“(‘ 1) =262 (W)
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P10-19 From Problcm P /o /2, we have

fau ™ M.l’ (B) - Ji-(8) =eres

. - (3%10%)' % (2.252107%) _
. Ma"-Pav 4 */100 x07485 =/0(w)

= 1 (MW),
PIO-ZO Let A= -7—,7|/ and x= ‘ M£7 (/02/:?).
We write = ’+'&-xlA
(«, )n' AFx)y, where Fexy NETOES)
For min. (w), %-'___(x)=0.

X
—-—px,-.ii. /—[(,’-2—5- {,'ﬁ)l 24]/2

P 10-21 Field expressions for TM, modefrom &gs. (/0-92) and
( Io-94)

Etx,y) =~ l(——-)[ cos/” ),,,,(__.Z)
£ )=~ (F) £, sin(7E)cos (§)
[: (x,y)= E, sin (%)Ifn (—?)

H: )= 4’7‘,‘,—‘({)50 sin (Z5) “‘(%Z)

H; (xy)= -i;;",—‘ %)Eo Cot(% sin (—%Z) .

P
Calculate o, from 59. (10-77): o = EL’%)_)

=1 bra. 5, o 0,,0 wtl&[,"ab

Ptz) 2 // [é; ”y -£, Hx]d"d)" 3[(;3)’*(_3_)']'
From problem P. 10-13.

T (y=0)=1], (y-b)-—a, » { b )[ Sm(m!)c B2

Ty (x20) = T, (xea)=~ G a, 25 (a)E, sin (22) gIhF
P(Z)=Z[P(z)] J2ea]

(1)]¥’o= }—f /J’ (x-o)/ﬂ dy- %%:; :).f;‘b
[R)] = k2 _! /7 ty=0)) 'R, dx = L‘:‘_I):,L e
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o g leeh

(d ) ‘/‘ 'd/b.
¢ 7":' ﬂab 1-4./5) (I/a%l/b)

210-22 From 59;, (10- 724) and (10-126):

Inside the slab: A= wpyeq -k} < 'pyc,
Outside the slab: B'= Wy +at > wlu,e,

w/m, S <p< w/_;?‘
and //JT- )uf 7>\/-_‘

':’./0-23 From [7; (10-131a ) and (f0-130):

ad kyd
F—)‘ (_z.._)‘ (_.ci)' /“.‘.‘ @
od & d d
& () = ()t () ®
Let J(=k),d/2, Y mad/fa, A= o/‘; ‘"’dk'é‘,/ -1.
[7;_ ©® and Q) become { X'+Y'a
Y=AXfan X O]
a) f=2x10" (Hg) , A=c/f =15 (m).
k,d/2 =nd/x= 00209, A=< /e=0308, R=003/4
- Graphical solution:
X,x00314, Y,23.038x10"
% & =2 /dm 0.061 (Np/m)
X'eyiegt ky=2X,/d=6.28 (rad/m)

From g, (t0-124): p= [ e,k = 4.19(rodn)

b) fasxs0¥(Hz), Amc/f=o06o(m), kyod/z=00524
A=o0.308, R=0.078S
X, 0.0725, Yo=1901=10"

Wa obtarn ol =0.390 (Np/m)
p = 10.47 (radjm) .

Yoo
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P10-24 From £9. (fo-135) :
odY € [hyd),, [hed
(z)' <, z)“’"'ﬁ") ©
U.n'ng the notations in problem P 10-23 ,we obtain fwo
eguations from © in P10-23 and @ above:

{ X'+y'= g ®
Y=-AX cotX ®
4) f 22x10% (Hs), A=1.S0m| b) f=5x10"(Hz), A =0.60(m)
A =030¢ | A=030%
R=0.0314 l R =o.075

I

Thare are no intersections for curves representing
qu. @ and ®; hence ¢ven TM modes do not exist at

the given freguencies.

P 10-25 Use 57;. (10-234) and (fo-23a):
® —ZA -’—E;. » H.- j-_ld_(- .a_fl.
& A 3y = N ¥y
[(y,x jt) = as[f'ly) @it p1)]
Hiyz:t) = [H ty) JWipn)
Iyl ¢ d/2:
E D=L, cos k, Y —— Ely,2;t)= £, cosk ,y Cos(wt -41)
E (y)= 'ff s:né,y —_— f (y,z; t)--f[ Slnk,y.lm(wf -A3)
H'(Y)-‘L—‘f Slnk’y — H (yl,t)-%.—’[ Sink, y.’vn(wt }2)
Y2d/s2:
£ '(y)af cax(fl;‘- Pl f L srz;t) = cn{-’i‘-’)c""'f ’car(uf-/n)
é (y)c-’»![ () b (xm)-é[ cos(-lf) 7B sin (wt -p2)
H (y)-&f cor( )43 . (xz,t)x-—it;m(i'!ﬁ' o9, sin(wt-p2

Y<-dh:
[’(y)-f co:(éd) ) £ $(v.2it)=£ tu(%-") '("T’cu(ut -A2)

£’(y)-¥[ to:(-‘i!) ef) — £, (y,x.t)--ff m{%—“)g“"”s", (wt-pz,
Kty)=-234E, ¢ “(—'g)t“" Y [ O35¢)= Q&E;co:(ﬁ-)c“' Binfut Az
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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):

- d ﬂd 3
o ﬁ/,, ta,,%- = 557 ky | For kydect

Naglecting tha «* $ermin 57. (f0-126):
ﬂl_ w'}"“- “"“ 0 —» pgwjfT‘.ak"
From Eg.(10-124): k= wipey~p' = ki -k

o3 %(&;-In:).

b) d=s2107m), €, =3€,, py=p,, F =3x10" (Hz), ky=2m.
ca=duice,~1)m0197 (NpJm).
{"CV'i"’ao.uv, «(y--f—)-i.

— (y-4)=5.06c (m.

£10-27 Use Egs. (10-428)and (fo-42¢): o
. 8 N, o .
W =-28 3% K - rak
H(y,3;¢) = [ Ho%y) eIt pal]
E(y,5¢) =l [Erey) 34 AD]
lyl £ J_{_Z_ :
H ty)= Hycosk,y ——Hyly,2;¢t) -H::ngym (@t-p3)
V)= H sink,y ——H_(x3;t)=- ink y Sin(wt
Hz Y ‘2’5: ‘ yY y(%%; ) ‘LS»"S,an(. Az)
£, y)= sz. I‘.tmll,y _— g(x,x;l)-- % Il.l‘mk,y!m[dffx)
Y2 d/2:
H,ty)=H, us(ﬁ;!’)c-“r h__, &(y,z:t)-;‘m{-"‘g!}i""”m(ul-/x)
Hy ty)=- ffﬂ,w( !;!)"‘("f . H,G,250)= &I{,c.os(é;!)c‘("f’m (ot p3)
E2 )= - Erp cor(8)5* D £ (20 Lok cor (8 Pein b 42
y&-d/2:
Hz'(y)-ﬂ,cos(%!)c‘(”f) — Hlyz2;t)= Il‘co:(!id)c"‘"f)us(u&,a
Hy ()= Pren(’g)erd — “,‘n'5‘)"é”.“‘(£’ig)"(” Puin (ut a0
£ (y)-i'.:i‘t"n‘w(-‘{-')c“”ﬂ —= E i) LN o (5T iingut 09
x

'3


www.mohandesyar.com
www.mohandesyar.com

Satting y=d/z in £' (y) = L&H sink,y and
in 50‘,)--.&&;4 cos (kgd) e “o-
and @quating , we obtain
f(‘)-*—“ﬂ Hy sin (B = - 29504, cor(b)

-k—; =L COt(—kJ—J-)

P10-23 a) Odd TM and even TE modes ara #he propagat-
ing modes. lsing 2d for d in the formulas in
Table f0-2, p.48s, we have

£ = Rt for odd TM modes

-——n-f
jé‘ zdfﬂ“d_—,.ﬂ—.;’— ;o’ even r£ mod“-

8) For odd TM modes — From fy; (10-7127 b ande):
lyl<d/a. (y)--?‘E cosk,y
H (y)= &95 cosk,y .

Surf. current dcnsi-ly’;’n conductor J =a, x i{'l
I, =-a H’(o)=-§i‘i-“£ .

Surf. charge deasity on conductor = a, DI
A= E w)--ll—-f

ys0

For even TE modes — From prob/cm P s0-27 :
ly 6¢d.  Hyo= 4 Horinky

E ()= J—,‘#ﬂl sink,y

H) ()= H, ml:

J, -ayx[a,}l,,¢o)fo,[l,’(oﬂ-a, H,
h=ay - E()=0.

P10-29 From Eg. (10-150): f...’g 2:\} (%)l’ {'bl)l'(y
Funp =15 x10"F(mn,p) , Fimnp)=/ (%)‘* (‘3"@)"
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Lowest- order modes and resonant fr¢9umcl'¢-s-'

- Modes Flmnp) | (f),, inlk)
T™,,, 0.2093 3.125x10*
TE o0 0.2353 3.538x 10"
TE,,, 0.2603 3.905 /0"
7E,,T™,, 0.2888 4.332x10"
™,,, 0.3005 4.507 x10
TE,s 0.3202 4.902 21’
TM™ 30 0.3560 S.340 x/0"
TE,, ™, | o0-3609 5.414200"
TEoy 0.388% S.821x10"
TE,0, TMy,|  0-4083 6.116510"

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

mode s Tf(o: meode .

Sr= 1/ 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’+dV+ad(a+dY

=(969 .

From £gs. (10-156a) and (10-156b):
W, = £ put a’bd £, H) =0.07728x10™" (1)
W= A2 abd(d,f 1)H} =0.07728210""2(7) = W, .

_ u !
P 10-31 a.)(fm)“- 3/ L&~ —(fm)c. =3.037x10" (Wy).

b) (ah')q (‘. )o/. (Q“,) =05462.
) (W,)" (W.)"- 0.07728510(J) =0.07728 (pJ)

= (W), -

44


www.mohandesyar.com
www.mohandesyar.com

P10-32 a) @ = J7Tnfle® abd(a’+d’)
101 256 (a’+ d’)iad(q'-od')

For a=d=1.3b, f = zr“ Lok - 1.179 x10"Cf)

Q,=1022[¢b.
b) For Q,=120Q,, , b'=r10'b=1445.

P1o-33 (L) From the field configurations in the cavity we
sea that the TM,, mods with respect fo 2 is the

"o

:amc as the 7E,,, mode with respect to y. Thus,

(Q,,)., can be obtained from (@, in Eg.(10-161)
by changing btod and d to b.
or, (X) Q for the TM,, mode can be derived from the
field expressions in E’_;, (t0-149a,d, ande) by
selting man=1, and using [9. (10-15%).

We2w,= 42 (LS)asa}  at f,,.
R=$41518ds =44 (718, ds
=& [ [ :/‘/fg,(z-o)l‘dy dx 0[ 'Z‘/u,(y.o)[‘d,dg
+ j‘j'[[n (z=0)f*+ [H (3-0)]‘]dxdy}
(u“ & {5 (F)sd+k (b)“* ab}
B =(@)+(3)

o YW W fugfMeabd (at+ht) &
Qe % R [2d(a%p')+ab(a’+s)] Ro=f Pluatie

Pro-34 (Ca .‘ai- £ra

d

»«‘-‘iln(%)
a) £ .
T D
B) am rrm = ma [Tagh).
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Chapter 11

Pl1-1 Maxwells eguations for simple media:

TaZ =l e
Gxﬁ=:71e-:—£t- ®
vV-E=4 ®
V-H=0 @®
a) Fx@: FxTxEm-pusy(OxA)
=P8 -pe 56

But OxVxE=V(v-£)-V*E
= Lop-DF
 LOp-P'E
Co‘mbfning ®and ®,we obtarn
G E-puedr=dopepdl

b) Sr'm:’/ar/y ,wehave T'H - € Ttl’i =-0x7.

Pi2 Eq(11-2): E =-TV-j WA =G,E, +4£,+3,E,.

E‘ = - _ -}w,q The expressions of Ay, A,
E=~ 2% - jwA, and Ay are given in £gs.

3.
R (17-14a,6,and ¢).

-V _
£' R.‘Iﬂ'” }“’A‘

! M
T V= ire e, [ 2

R 2R - }fdlcosd
R_= R 4-2Ldlcou
L a-;‘- (d‘).<(ﬂ‘

Jﬂ ( cos
v :vi.}w ry [(’“——m')", e _(‘-}1“")‘;[(0 .y.]

- _Teim [2}ﬂ3 n(#!’i‘ﬂ)#l(ﬂcuo)wx(ﬁ——‘ﬂ")]

4we€ am'

x IcJ/l [ R(L‘ﬁﬂ)}djcoﬂ]

4me¢ Jl‘dﬂ

R
- L (n: )
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Using A, , A, A, and V in £ E, and £,, wa
obtain the same resulis as givan in Egs. (11-16a,5,4¢)
P11-3

Q) _ I c'j". -,
A‘%f %, “

= Ak ginf o"‘“"’

Jal SR [(,,),‘)}.u
-ipR$ ot |
4 $ di'=o.
P Py o 7
: $LR-fAL gl

d_/
-/ PP -/ S
R MR’ fk'

,e"-k'o -2R.F
R=a R.u'nOCos#-oa R:;'no:in¢ +a,Rcosd

r=a x+ L, R-F -Qx:moco:‘#gé.ismo.hmf
1- & -L[/ * U]- ..L(/, -l-xmocufi --l.:mosmﬁ)
’&—CJ"‘(I')pR?/iI—‘--E &clﬂ(lq)u) -/ (H ltu’om'# -lsmouaﬂdx
-a"%c "‘(Iﬂ}/ﬂ)g (-¢

In the same manncr we have

CJ/ ‘(Iv}l)j
. /_'_

and

L33 .I‘mOJm ¢)

- q'&! ¢’/‘(hm) 2 (L- ::no.nn¢)
uﬂ(l‘}”’. s 8, = ax‘L’w J,“(/o}',gg)LxLy S0 sing
t‘ée'f‘av,wj ar '»;%T_c‘ (147ARL L, 5in6 cosg
Let ma .ZLxL’ -IS

A= Lo M (145000 5im0 (.4, sinf+ 3, cos )
= a,-ﬁf,'-r';—’; ¢""(ujlu):;n o
<) /7-/—:." A =Q,H,+a,H,.
6) £ =L

£ xpressions for N,
Jug TrH = a4k,

M, K,
and E Some as f/'une

_9!v¢n n Qx (1-26a 62‘)
9/
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In the far zone , R >>1, l/(j,u)‘ and '/(j,&k)’ ferms
can be neglected. We have the following instantansovs
expressions; assuming ((t)=Icos -

A (Re;t)= -a., *g‘%’:mo $in (wt /l)

E (ne;t)= _A!,r’__ Psind cos (wt-pR)

H(R,0;¢) "'a‘ 4"’}1 ﬁ‘;.’na Cos (wt-pR),

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

For the elemenial magnetic d/, pole :
f; )= (!__)'g.m,o “"4‘%”" _AM’LQ_#!I)“,(M }4)

A 4MR
a)Thus, £ (a,t) £4 (Rt)
! I in @ n® \}
( E 2 ) ( 4R ) (L'-.!)
- ———f Hiptic /’o/anzahon.
8 Circular po/arizaﬁon 1f L=2ns/A .
Pit-s a) £,~- $ing a}l (’ Itl ¢’/""“dz
-; 2” ;m. -J/‘/ ( /--)ar(,:tno)dz
e MR
-1 b) 2 e Fo)
. , H -t —2—-’.—. Q"‘
- (R =R-zcose * T (BRI2mR ke,
’ F(8) = Iln.[l Co:([hco:‘))
cct’o

In case ﬁh((} CO!(/')CO’.)‘ 1-3 (/hcuo)", and
Fo)= £ )'m.o
£, = ?_éﬂn ‘J’l(!’h‘”“)_ 130 84 1,6 sine
Hy= 230 ¢ (4 phsing) = 2B 1 iR sine.
) W, = —f_/ £ H‘ R'sine dod¢ = 21[30"1(_5_)]

p=We/(430) = 207 (4

c) R 4% /Emaxl B =1.5 — 10log D=1.7% 9),
b [ ! /E‘(o)/‘::n.doa_ L sin'sdo X

92
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s
P11-¢

ponis. A ST

2},¢(‘)- sino_/h:in/e (h-/zl)ca)uc”‘dz
=1

_ _2[cos(Bhcos)-cosph)
- fﬁ S$in® '

~a) For half-wave dipole, h=x/a, /h-rr/z_
2h(8)= 2cos(Fcose)
( 2

B sine

b) For maximum 2h,(0), Set 3“,1/,,0)-0 —= 8 =90°2;
Max. 2h,(0) =24 (90°er 270 = 2 a(B)E=00070
- 3 v ¥ ® a3 -
ﬁ!_’_Z W,-fG"J? = 1"&.‘/ [ [. H' Risinedode
= (1d2) 44, ‘., /L, ]
TFou A L8[ il g G )
-_/':in’o de
[
- }I_‘[“", (g&)‘] , Same as £g (11-37),
9 211-8 From £gs. (11-27a) and (11-27b):
W, ~JAR .
[,- -ﬁ’-’-’-’(-‘-ﬂ—;‘)}:’n o
3 .
H--.ﬁ’,&!’(.‘_‘__)/.nno

o 4'7.
- .!. ti fa 4 %y 2. - £ /S 1
w. 2 da_‘/“/(-[’”. )R'sinoded¢ (2)12071 (:\—,
. W, s\
.. ﬂ, - (—1‘/75 '32_01!’(x‘-) .
a) Circular loop of radiusb: R =320 n‘(%)f.zoy,l{_zf
; . L.l
. b) Rectangular loop of side L and L : R =320 7,4(7‘1),

ey
S

C 2 P 11- Flo)= Cas I,cu.‘)-cn A
Q'Z Al | ) Sen 8 cos(amcosd)-)
) 25-/.1;)._//-'(0)/-/91!‘_1%&:&9&2_@[ lb)lh-ﬂ.lfl”l'l Sin o
n l
“ﬂ
, 53.6 -
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PiiI-10 a) £ =£ os-lfl-ij»u”'

-(1+ .;’d cos0)
= L__. ‘;Ih zf ¢.J”{‘-#“‘.)f(’)'

where

F(#) = 3in @ cos (7%5' cos ).

d
e ~ (7

Pi1-11

From Eg (11~198):
£ = 250 AR dcor0)

v, amh "r
T di dces
“;'“L-‘—tlc"‘m‘ "lﬂ*
=L +E

’)‘ 27 ( ‘,,&)7 ﬁs”'g‘dw‘» l'Sln'*l’rﬂ (]
. fv- af,ta b, = '/ﬁ%ﬁ(“o‘”"’"” q casg)
a) In the xy-plane, 6= 90°, f;’ (o, 4)=0.
b) In the xz-plane, ¢=0°, Ey=-£y ,I&,(Oﬂ-lsin(/dcno)l
c) In the yz-plane, $=90° E"--EO‘[

: Fox (0)|=[cos8 sin(pdcoss)] .
d) d=A/a, pd=jp/2: .

IE, I=fsinlFeesol] 1F, ol =Jcoso sin (Fensd]
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. - Y TRl L s ¥y, where
BULL Fiom &g J3-515. if = S0t 21

]‘ 1.@. PR ffr.'go"g~ I '
In éhs H-plane oF 2 € %, voooess, FOE.9I%0
N -
a)d=g gaF P

1£(#)] = [cos [Fr+cos¢) f

-
D)

R11-13 a) Relative excitation ampitudes: 1:4:6:4:1.
b) Array facter: /A(H/-/cos{—z-c“»[

¢) cos(Lcosg) =~ (JE)"/‘
— P =74.9¢"
Haif-power beamwidh
=2 (90°-74.8¢")

)L X = 30.29°
For uml'o(rn: ar;u -ﬁ-om fy (11-62) :
! | $in Cos
/J/n Lcesy) f" —-$=79.41°
Half- power beamwidth for 5-elament uniferm array
with Na spacing = 2(§90%79.6/°) =20.78°

P11-18 ) From £y (11-62) for Nus2: [Aee]= nl s::'cfr/ﬂ"
1AW

I;“,’.L’“‘;.{-‘z'-’u: L &4 ';')l
o

|
.
L
|
|

¢
2aq.

%
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b) Broadside Operation. Y = pdcos ?.
laep] = - | 3008 . | SBX | fo ey
where x = NY/a.

Al ha”"POWC" POI'B*S.' I.SJMI - -!—- — X -,39/

(¥or both bmdudc Lendbire operationy
FOI' broadside opcrahon the bnlf—ﬁou/cr 5¢¢ummdﬂ,
'S (244),,=0.936 (35) (rad)
=50.75 (_-) (deg)
For N=12, (2484),=4. 13( 2) (dey.)
From £g.(17-45): (24 $),= 9.55(3) (deg)
) Endfire Operation. ¥ =pd(cos¢-1)
(2.1;),,‘- 1. uz/;‘; (rad.) = {o7. :/ 2 (degy)
For N=12, (248),,=31.13[3 (deg)
From Eg (11-66): (249),= 46.78 /% (deg)
Ri1-15 sin(N¥/2) $inX -N
Iaanl= S| o] = |55 where x=HE
Assume broadside operation: ¥ =pdcos8.

41[A(V)Ml
. / /ﬁy /.cmxlsin‘d.#
JAK) ] =1,
/ /’"”"""!7\7,7//_""'x JX’NIM{(: Nd

D = 2:d -2 2" , wl’gr. L= array I‘n""-

Pre-16 Corufruch'on follows the steps outlinedon pp. §25-526.
e 10 or—s—y B isat f=-T.

Radius of ¢ircle is
PRl S

9¢

www.wikipower.ir


www.mohandesyar.com
www.mohandesyar.com

Pi11-17 From[ (11-43):
oL cim[ellead) [aa, &)

where A, Iﬂ_{ﬂ_l ¥, = ,%‘-"—:in‘ cosg;

= Sinl¥/2)
s
° 30) :m(“"' )‘”’ )
[Flaol 7 NN c:‘g:.c.” sm(.}i):m(.,x)
P11-18 From Eq.(11-77): P, =A,B,. 0]

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

Intensity €, . ¢, - _l?Ea;IL: o)
Maximum power /s absorbed 5y the load if zZ=- Z: .
=Ly (E;de)
A=gl1r2= {'(z 2 73 ®

Conbimng @ @ and @, M/Mvc

Ay = et = 22 ganyt } .

A =2

From f, (11-39): kn'gg(“)‘ e~ gy -
From p.su, D=G(J.$)=} — g i&

P11-19 From fy_ (11-89): -;P:- - (TJ;_'?)‘G.,G,, .‘

@) For hal¢é-wave dipoles: Go=G,,=1.64
F=3510° (Hy), Awmc/p =it (m), ret85x10®(m).
P 257210'P = 7.57x10"" (W) = 0.757 (uw).

b) For Hertzian dipoles : G,,=Gp,=!.5
P=o04é13 ),

L1120 Lot P, = Power Intercepted by the target.

P AG P MGy . 4n .
@) F=Tan BT Awrr 6= 5 A= 356
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)(_.v_) A G
Pg (enry’ .
b)Y Incident power density at the target, (f - -Z—i-’-,-c..
Powcr Scatferad by the fﬂr’d n the d;rgchon
of the antenna, P =-.A, G~ q
SR IS 3)\—’,’4,
TG P S, Ga X
From the result of part a): —;5:-- _(;_,,')'E;T

I(z)=1, ")/" peg P’
Ly é%
Q) f= a’,ﬁ e

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

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

=3, Ll et

where F(o) = Sin [,L(:.-::.)]

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

N Sy 24
H=pvxa y izl S eap - 334] -

In the far-zone, Ai%oc  p— Hua’ﬁ%n(u)

Her,0)~3, -Z'L:.% ¢RI LU-cosOf] L o 0

ERO=~a,y 4 (20).

13

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

&)
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P 11-22 From Eg. (11-97b):
}'(9 ¢)=jj{(‘ )ci[smo(zcu¢4y:m¢)d ’d ,

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

-n/:

= ij (l- —-x)tu(/ﬂx sin8)dx’

= a& ’_“‘%’éﬂl Let lk";‘h'n.sgej‘fnﬂ,
( 2 .CmO) .

b[ sintw/a) 2
&z(.;.g.[_s_z_é)_}

2 | (W)
b) Set [sinw/))*_ 1 ¥
[(*/2) ‘fl— > 2 ={00S§.

Ha If -Powcr 6camw:'dfh (2 a8),, -2::'»"(0.640 2—)
For A/a <<!, (246)y, /2802 (rad)
=73.3% (deg).
c) Set % = — @, - s:’n"(%) & -zz*; (rad)

= 17663 (deg).
d) /'-frsf'-:ldclobc level: L =-20 Io’ ( ) =26.9 (48).

Uniform Distr. | Triangular Distr.

Pafhr.n ab !ﬂ) _14_ Sin ):
Function v 2 ¥!

Half-power A N
beamwidth S0z (dsg 73.3 5 (deg)
Locatisn of A R

fiest null §7.3G (deg 114.¢ 3 (deg)
First-sided

lobe level 13.3 (d8) 26.9 (d8)

P”'ZJ Q) In the xz-p/nnc ¢a0
£ 0)=2b j Cos(XX) cos (/z'.tin dx’

- zaL n/2)' cosy
(n/2)'-v*

an- 'i‘—.fin‘_

99
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