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CHAPTER 10
P.E.10.1 (a)
T=2 2 2T _ 3142 s,
o 2x10

A=uTl =3%x10*x31.42x10° = 9.425 m
k=p=2n/L= 0.6667 rad/m
(b) t,=T/8=3.927ns

(c)

H(t=1,)=0.1cos(2x10" z

108

—2x/3)a, =0.1cos(2x/3-7/4)a,

X
as sketched below.

014

P.E.10.2 Let x,=+//+(c/we)’, then

o =070 (X, —61/2 X,

ac  1/3x3x10° 1
or L/x —1= = =— —> x =9/8
’ o8 108 B ’

o
—=0.5154
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tan20, = 0.5154 E— 0,=1363°

E: xo+]: 77
a x, -1
17
(a P= OM/U:T: 1.374 rad/m
o
(by —=0.5154
oe
le 120n2/8
() Inl- == 7 = 17772
Jx, NEYE

n=17772£1363°Q

8
@ u=2-1% _7278410" ms
p 1314 ————
(e) a,=a,xa, ——> axa,=a, —> a,=a

0

=2 o sin10% - e —13.63")a, =2.817¢ " sin(10°1 — z—13.63")a, mA/m

177.5

P.E.10.3 (a) Along -zdirection

2n
(b) A :?:2n/2: 3.142m

o 10°
f=—=—= 1592 MHz
27 T

b= 0ke = 0ie ke, = (D,

8
or\/g=ﬂc/a)=%=6 E— g =36

() 0, =0n|=+ule=lu,le,\1le, = ]260n = 201

a =a,xa, —> -a .=axa, —> a,=a,
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H = %sin(a}t +pz)a, =795.8 sin(10°7 + 2z)a, mA/m
V4

P.E. 104 (a)

o
Il'lrgr -
s

— —
azaw % 1+l | |=2
2 2\ we 2c

T 2x3x10°

10°7
(2)(0.09) = 0.9425 Np/m

318

E =30e "% cos(10° 7t —20.96 y + 7/ 4)a

Att=2ns, y=1m,

\/2 2+0.5(0.09)°] = 20.965 rad/m

E =30e " cos(27—20.96 + 7/ 4)a_=2.844a, V/m

107
(b) By=10°=—— rad

180
or
w1 s
y=——=————=8.325mm
18 B 18x20.965

(c) 30(0.6) = 30 ™

] ]
= L In(1/06) = In— = 542

y= o m/06) =0 hsingg = 242mm

(d)

17|z 1”/8 997 _1g5110
[1+Z(O'09)2]
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20, =tan’009 _______, § =257I
a, =a,xa,=a,xa_=a,

30

H =me*’%y cos(10° 7t —20.96y + 7/ 4-2.571")a,

Aty =2m, t=2ns,

H =(0.1595)(0.1518) cos(-34.8963rad)a  =-22.83a, mA/m

P.E. 10.5
I = ijxsdydz =J, (O)J‘ dyje—zau)/,sdz _ M
00 5 0 1+

|1,|= M

2
P.E.10.6 (a)

-3
&:i:ﬁ ﬁfﬂgzﬂ\/ﬂxl(ﬁ x4z x107 x3.5x10" = 24.16
Rdc 25 2 2
(b)
-3

206 LY 2107 x4z 107 x3.5x107 =3417

dc
P. E. 10.7

E=Re[E,e"|=Re| E,¢””¢ /" a,+E,e "¢ a,]
=E, cos(wt - Bz)a, +E,cos(wt - fz—n/2)a,
=E cos(wt— fz)a, +E, sin(ot — ,Bz)ay

At z=0, E, =E,cosawt, E = E, sinwt
2 2
. E E,
cos’wt+sinwt=1 —— [ "J +(—)j =1

which describes a circle. Hence the polarization is circular.
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(a) Let fix,z)=x+y-1=0

a_ +a
an:i: il y’ dS:dsan
IVF| 2
1 a +a
P =|PdS=P.Sa, = —nH 'a ——
J 2" 72

1 2 2 _
=577 120002 (0. = 5331 mW

1
(b) dS =dydza,, P=[9.dS = JnNH,’S

1
P = (120x )(0.2)*1(0.05)% = 59.22 mW

P.E. 10.9 n=n, :1207[,772 :\/Z:n_zv
&

2 _
r=—22 _pyzp ot g5

_le“h n,+n,

Em:rEio:__
3

L= —%e"ﬁlzax V/m

where B, =0 /c=100n/3.

20
Eto = TEio = ?

E, = ?e_jﬂzzax V/m

where B, = 0.f¢, /c=2B,=200n/3.
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P.E. 10.10
2
a,=0, f=2Jue =2 =5— sw=5c/2=7.5x10°
C C
o, _ 0.1 — 1ox
D& 75%10° x4 x
367

o= 9\/3[\/1+ 144 - 1) = 6021
C

B, = %\/g[\/u 1447 + 1] - 7.826

60n
M|z ——————= 954451, = 120m.[¢,, = 754
n.| {1+ 1447> ! !

tan20, =121 —-0, =37.57°

N, =95445/37.57°

(a)
S Mamn, _ 99445.37.57°-754
T n,+1, 95445/37.57°+754

=0.8186£17108°

1=1+1=02295/33.56°

| _1+0818
T 1-08186 T ==

~
(o

(b)  E, =50sin(er ~5x)a, =Im(E,e™), where E, = 50¢"a, .

y

Em = FEio = 0'8]8661'171.08" (50) = 40.93ej171'080

_ j5x+j171.08°
E_ =40.93e a

y

E, =Im(E, ') = 40.93sin(wr +5x+171.1")a, V/m

a, =a,xa,=-a.xa,=-a,
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, —ea sin(ewt +5x+171.1")a, = -0.0543sin(ewt +5x+171.1")a, A/m

(c)
E, = 1E, = 0229¢"" (50) = 11475¢"**"

E, =11.475¢7/773% oq

E, =Im(E ") =11.475¢" sin(et —7.826x+33.56")a, V/m

a, =a,xa;=a . xa,=a,

H, _1LA95 eomne sin(wt —7.826x+33.56 —37.57)a,
95.445

=0.1202¢ %" sin(ewr —7.826x—4.01°)a, A/m

(d)
2 2
P E. Er 2 2 2
& =—=a +—"(-a)=——[50"a,—-40.93"a_]=0.5469a, W/m
2m, 27, 2(2407) e ]
2 2
P, = Ly g o .a, = ALATS" o 37.57°¢ %" =0.5469¢**'a, W/m’
2(m, | 2 2(95.445)
P.E. 10.11 (a)

k=-2a, +4a——>k=~2"+4> =20

@ = ke =3x1084/20 =1.342x10° rad/s ,

A=2rlk=1.405m

axE (2a,+4a,)

b)H = =
® n,  ~20(1207)

x(10a, +5a_)cos(wt —k.r)

=-29.66c0s(1.342x10°t + 2y —4z)a, mA/m
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2 —2a, +4a
c) 2, _IE| a, = 125 (24, +4a,) =—74.15a,+148.9a, mW/m’
27, 2(1207) 20 '

P.E. 10.12 (a)

0 ki

kr
tan0 Ky 2 0 =2656=0
n = =——> L= . =
a k[z 4 1 r
] H e, 1
sinf, = sinf, = —sin26.56° —— 0, = 12.92°
Hy8, 2 —_——

(b)n,=n,,n,=n,/2  Eis parallel to the plane of incidence. Since p,=p,=p,,

we may use the result of Prob. 10.42, i.e.

tan(6,-6,) tan(-13.64°)

= = = -0.2946
Y tan(®,+0,) tan(3948°)
2¢0s826.56° sin12.92°
Ty = = 5 —=0.06474
sin3948° cos(-13.64°) ——
() k,=-p;sinfa, - pcos6a. . Once k: isknown, E;is chosen such that

k. E =0or V.E =0. Let

E =+E, (—cos@a, +sinfa_)cos(wt+ B sinb.y+ f3 cos 6, z)

Only the positive sign will satisfy the boundary conditions. It is evident that
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E, =E, (cosba, +sinba_)cos(wi+2y—4z)
Since 6,=90,,

E, cosO, =1,E cosb,=10I, =-2946
E, sinb =T, E sinb,=5l,=-1473
B,sinf, = 2,8,cosb, =4

ie.
E =-(2946a,- 1473a )cos(ot+ 2y + 47)

E =E +E, =(10a, +5a_)cos(wr+2y—4z)+(=2.946a, +1.473a_)cos(wt +2y+4z)

V/m

(d) k, =—p,sinba,+ p,cosa.. Since k.o E =0, let
E, =E,(cosOa, +sinba_)cos(wr+ fB,ysinb, — 5,zcos0,)

o=0use, = BJ\/CZ 2420

N D 5 J9
SIno, = —SINv, = ——, cosbt, = ——
T2 T s 20

19
B,cosh, = 2420 29 = 8718

19
E, cos0,=1,E, cosO, = 06474125 20" 7055

1
E,sind, = 1,E, sinb, = 06474125,/ = 16185

Hence

E,=E, =(7.055a,+1.6185a_)cos(wt +2y—-8.718z) V/m

€
(d) tanf,, = /8—2 =2——0,, =6343°
] —_—
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P.E. 10.13

S < 1+0.4_ﬁ_2333
1-04 06 T
1402 12 _

T 1-02 08 —

Prob. 10.1 (a) Wave propagates along +aj.

(b)
_2_7z 2z
w 2rx10° =

(c) At =0, E, = 25sin(-6x)=-25sin6x

At (=T18, E, = 25sin(-r— — 6x) = 25sin(~- 6
=T/8, E_ = 25sin( TS x)= sm(4 X)
o 2n T .
At t=T/4, E =25 s1n(7z— 6x)=25sin(-6x+ 90°)= 25cos6x

2n T
At t=T72, E_= 25sin(7n5— 6x)=25sin(-6x+ 1) = 25sin6x

These are sketched below.
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20F

A
_20 i 1 I‘ 1 1

0 04 1] 15 2 25 3
ol : : : :

D o
ol ?$+UT!8
1 1 1 1
0 04 1 1 15 2 25 3

o . : .

or % +UTH
+u

-20p . b,

0 0.5 1 [ 15 3 28 3
af ' ' ' ' '
u/\/\
ol . . .?i+uw2 . .
0 04 1 15] 2 25 3
Prob. 10.2
8
@ == 50000 m
f 60 =
8
(b) /1:3x—106:150m
2x10° =——
3x10°
c)A=—-—=25
©) 120x10° =——
8
@ =2 _0125m
2.4x10
Prob. 10.3
(a) @=10" rad/s
o 10°
b =—= =0.333 rad/m
®) 5 ¢ 3x10®

(c) /1=2—7[=67r=18.85 m
p
(d) Along -ay
At y=I1, t=10ms,
(e) H=0.5cos(10°¢x10x10~° +%><3) =0.5cos(1+1)
=-0.1665 A/m
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Prob. 10.4
(a)
oE = —sin(x + wt) —sin(x — wt)
ox
2
0 f =—cos(x+wt)—cos(x—wt)=—FE
ox
23 =—wsin(x + ot) — osin(x — wt)
62E 2 2 2
v =—w cos(x+wt)—w cos(x—wt)=—w"E
2 2
0 f—uz 0 lf:—a)zE+u2E:0
ot ox
if ®” =u” and hence, eq. (10.1) is satisfied.
b)) u=w

Prob. 10.5 If

1> = jop(o + joe)= -0 ne + jops andy = a + jB, then

[121= V(@ - B2+ 40°p” = J(@” + ) =0’ + B’
ie

0’ +B’=opc’+0’E’) (1)

Re(y?)=a’-p*=-0’ue

B2-0’=0’pe (2)

Subtracting and adding (1) and (2) lead respectively to

=0 %{ 1+(0§5—8)2—1}
=0 %{ ]+(of_a)2+1}

(b) From eq. (10.25), E (z)=E,ea,.
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VXE:—ja)ILle - Hs:vaEs:L(_]/Eoe_;/Zay)
wp o)
o _E __n
But H (z)=H,e " a,, hence H,=—"=-""F,
N @H
_Jjop
n="
i

(¢) From (b),
_ Jjou Jjou
\/jcou(0+jws) 6+ joe \/
_Ji

Jule we)' o
T an2e, =] =%

Inl= — e
1+ | —
e

Prob. 10.6 (a)

o

From eq. (10.18),

. . 1/2
y= jwﬂ(0+jw8)=\/jwyja)g(1—£):jw ﬂg( _ﬁj
wE wE

. o . . O
Assuming that —1[ 1, we include up to the second power in — and
we e

neglect higher-order terms.

:E\/Z( 0-22 +]a)\/E( j a+jp
2 Ve e

Thus,

2
o
ﬂ:w\/ﬂg [14‘8601

Prob. 10.7
(a)
o 8x107?
s 07
D& 2 rx50x10° % 3.6x
(/4
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2.1><3.6[\/%_1] _541

2 6
v 2] (o) :2”><50X810\/
2 wE 3x10 2
8_ (o2 g |
B=w [ 1+(—j +1| =6.129
2 wE

v=a+ jp=541+ j6.129 /m

27
6.129

~

025

(b) A:ZB—“: = 1025m

27 x50%10°
6.129

u=

(c) =5.125x10" m/s

@
B

N = 10141/ 4144°Q

(e)

H =a,x

n n n

Prob. 10.8

-2
(a) tanf = g 10
e

10”°
6

27 x12x10° x10x

10

b) tand =
(b) tan 10

(Y4

27 x12x10° x 4%

=15

—=3.75x10"

6 6 _ _jatase -
L—a x—efa, =——e"a, =-59.16e7"* ¢"a, mA/m
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(c) tan@ = 4 =74.07

) I~ .V
27zx12x106><81x10
67

Prob. 10.9
(a)

2 9
a=w | 1+(£) 1]=2”X15X10 \/“29'6[ 149107 -1]

3x10°

I
(S
)
S
N
A
o0

7 N\
N | —
X
No)

X
(SN
=)

&
N—

Il
e
[
N
o)

Prob. 10.10

. O
If o=c&w, the loss tangentis — =1

EQ
2
a=o P 1+ 2| <1]=0 ﬁ[\/lﬂz—l}:a) £2-1]
2 s 2 2
P
o A,
8 -9
o = 2me |pE ﬁ—lzm\/lx4ﬂx107x4xlo (0.6436) = 47.66 Np/m
i\ 2 12x102 \2 367 -

2
f=w %E! 1+(ij +1]—% %8\/\/57%

&
. -9
:M\/lx47rx107x4xlo (1.5538)
12x102 V2 367
=115.06 rad/m
o 2mc  2xx3x10°

u=2-""_ i = 1.3652x10° m/s
B AL 12x1072x115.06

Prob. 10.11

For silver, the loss tangent is
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:
E—LO_Q=6.1><18><108 01

DE 2 rx10° %

67
Hence, silver is a good conductor
For rubber,

-15
o _ 10 — 18 0o
272x10°x3.1x ——
367

Hence, rubber is a poor conductor or a good insulator.

Prob. 10.12

- 9000551
we 27nx10°x80x107 /367

5
a=p= /a)’;lo- :\/2”;10 x47x107 x4 =0.4x

5
@ u=w/p=2 500 mis
047 ——

® h=2n/pecs
- n B_0.47t_=m

1
0796 m

:I = =
()9 /o 04rn =——

(d) n=n£6,.0, =45

|7]=

2 E O
o
41+( j
&

n=0.4443.245° Q

Prob. 10.13 (a)

H
\/; . ,ua)e_\/47rx10_7x27z><105

4

=0.4443
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2
T=]/f:2n/m:nx1n08=20 ns
2
(b) Let x= 1+(ij
me
a )C—] 1/2
E_()H]j
But oc=9 He, x-1
c 2
8
1= % _0D3XI07 e 1.0046
w\/ﬂ,«s‘, wx10°V2
2
B—(x”jm _(2.0046]”20]_2088
T \x-1 "L 0.0046 ST
b= 2m /B =3
=2n /b= gg = 3m
©) I Jule 377 188.1
C = = = .
W=7 T 2J10046

2
x= 1+(ij _ 10046
(OX

= 0096 = tan20, —— 0, = 274"
(OF

n=1881/274° Q
E =nH, =12x188.1=2257.2
a,xa, =a,——a,xa, =a,——a,=a,

E =2.257¢"" sin(zx10°t —2.088y +2.74")a, kV/m
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(d) The phase difference is 2.74°.

Prob. 10.14

This is a lossy medium in which p=,.

o 2
Let x:(—j
wE

_jou j2rx10° x4x
14 100+ ;200
E =0.05x35.31=1.765

a,=a,xa, =—a,

=35.31£26.57

Thus, we obtain
E =-1.765cos 2z x10’t —200x +26.57°)a. V/m

8
2 1/3) :£:100x3x10 :E

) 27 %x10° T
g, % =4.776 —— ¢ =14.32
c 4 Y
tan20,7 == 0,7 =26.57
ws 3
377
N+x 573

E ,=n|H,=77.175x50x10" =3.858
a,=—(a,xa,)=—(a,xa)=-a,

E =-3.858¢"" cos(2zx10°t —200x +26.57")a. V/m
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Prob. 10.15

o 1

we

-9
27r><109><4><10
T

2
a=ow [ 1+(i] -1
2 we

9
=27z><109\/477[x107 ><4><9><;(; [\/1+4.52 —1}

T

=2074/2[~/21.25 1] =168.8 Np/m

2
B=w “7‘9[ 1+(ij +1]—20m/2[\/21.25 +1] =210.5 rad/m
weE -

tan 26), _1:4.5 —— 6§, =38.73

/8 12071\/9/

In|= =263.38
/ J1+4.5°
4 1+
coe

n=263.38438.73" Q
o 27x10°

=2.985x107 m/s
A 2105

Prob. 10.16

@  p=65=wus, =2

o= fc=6.5x3x10° =1.95x10° rad/s
_2% 2% ).9666 m
B 65 ——

(b) For z=0, E,=0.2coswt

For z=A/2, E_=0.2cos(wt —%g) =—0.2cos wt

The two waves are sketched below

Elements of Electromagnetics 7th edition Sadiku Solutions Manual


https://ravanbooks.com/books/9780190698614-solutions

305

300 ‘
A —z=0
.......... Z = 7\‘ /2
200+ 7
100+ ,.-’; ':""-. i

Amplitude (mV / m)
o

~300 3 2 E 0 1 2 3

Time t (ns)

(¢) H=H,cos(wt—6.5z)a,
B, _02 _5305x10°

n, 377
a,xa,=a, ——> axa,=a_ —> a,=a

H =0.53OSCos(a)t—6.5z)ay mA/m

o

y

Prob. 10.17

Je, = A 04 5086 S £ =5.224
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Prob. 10.18 (a) Along -x direction.

(b) f=6, w=2x10°,

p= u)\/u_s: %W/urs,

8
NERY 6231(380 9 ¢ =8l

0—9
367z

x81=7.162x107"" F/m

() n=Nule=\uleJule, :%:41.89 Q

E, =H,5=25x10"x41.88=1.047
ap.xXa, =a, —>aE><ay =—ax—>aE :az

E =1.047sin(2x10°t +6x)a, V/m

-6
Prob. 10.19 (a) -Z = 10 - =36x10" <<1

D& %10 ><5><10
6r

Thus, the material is lossless at this frequency.

b) B=awfue = 2’”10 \/5 750 =12.83 rad/m

(c ) Phase difference = /= 25.66 rad

() n=+ule =120z |* =120z /75ﬂ = 4.62 kQ
gr
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Prob. 10.20
(a)
o 107 =«
=@\l =—=——"—"="=1.0472 rad/m
P H c 3x10° 3 =
(b)

E=0 —> sin(lngzto - pBx,)=0=sin(nr),n=1,23,...
10°7zt, — Bx, =7

1087r><5><10_3—§x0 =7 ——> x,05x10°m

(c)
H =H sin(10°zt - fx)a,
E, 50x10~

H, =—=———=132.63 uA/m
n 1207

a,=a,xa,=a.xa =-a,

H =-132.63sin(10° 7t -1 0472x)a, pA/m

Prob. 10.21
This is a lossless material.

\f 377 \/’7 1)

~7.6x10 2)
60\/#5 Jﬂ, g,

From(l),

K 105 o7gs ()a

e 371
From (2),

7
I _76x100 1533 2)a

VHE, ~ 310
Multiplying (1)a by (2)a,

1 =0.2785x0.2533=0.07054 —— ¢, =14.175
< —_—

r

Dividing (1)a by (2)a,

1 202785 ) o0
02533 ——

(91
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Prob. 10.22
a, a, a,
OE
VXE = 9 9 9.__ yax+aE"a,
(a) Ox Oy 0z 0z oz
E (z,1) E(z1) O

=—6fcos(wt - Bz)a, +8Bsin(wt - Bz)a,

But Vsz—,uaﬂ — Hz—lJ‘VxEdt
ot y7,

84

H = %sin(a)t - p2a, +——cos(wt - fz)a,
y770)

6
(b) f=afue =L 4 =%\/4.5 ~1.777 rad/m
C X -

1= - %" _353m
5 1777

u 120z
= B2 91100
T=\¢ ™ Ja5 ——
8
! ¢ 30 4142%10° ms

Prob. 10.23
(a) E =Re[E ™ ]=(5a,+12a,)e™* cos(wt —3.4z)
At z=dm, 1= T8, o= 2L

AR A

E =(5a,+12a,)e™*" cos(z /4—13.6)
| E|=13¢%% | cos(z/4—13.6) |=5.662 V/m

(b) loss =adz=02(3)=06 Np. Since 1 Np=28.686dB,

loss =0.6 x 8.686 = 5.212 dB
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(c) Let x-= 1+(i)
me

o (x-1\" 1
— - -02/34=—
B (x+ 1) / 17

x-1

x+ 1/

=1/289 ———>  x=100694

@ =0 2Vx= 1= e, 12Va= ]

8
&, ac__ 0.2x3x10 =72 —— & =103.68

2 wdx—1 10°40.00694

H, 1

&, AJe, 1207
Vis = =36.896
Jx J103.68x1.00694

@n20, = —=+x’~1=0118 —-> 0, =3365
(O
n=36.896/3365" Q

Prob. 10.24

2 2
a=p= 2T, o2 21273648
2 ou  2rx10°x4rx10 E—

n=ln£6,= [ £450
O

6 =7
Inl=,/%=\/2m10 xA2x00 o465
- 36.48

E = n|H, =0.4652x20x10" =9.305x10"
ap=ayxa, =a, X(—az) =—a,
E =E e “sin(wt+ fz)a,

=-9.305¢ "** sin(27r x10°t +12z +45°)a, mV/m
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Prob. 10.25 For a good conductor, o >> 1, say ° > 100
0e 0e

)
@ Z= 10 =15 —— lossy
.

-9
27 x8x10° x15x 10
36rx

No, not conducting.

b L= 0.025 =315 —— lossy
@& D rx8x10°x16x
67
No, not conducting.
(c) 9 - 25 07 =6944 ——  conducting
@& 2 ax8x10°x81x
367
Yes, conducting.
Prob. 10.26
1
a = = —
o o

But u :%:éa):o.02x10‘3><27z><100><106 — 47 x10° =1.256x10* m/s

Prob. 10.27 (a)

Rdc=L= 12= ; 600 ———=2.287
oS orma” 5.8x10"xzx(1.2)"x10

@

(b) R, = s At 100 MHz, §=6.6x10" mm =6.6x10° m mm for copper
c2na

(see Table 10.2).

600
R, = 7 3 6
5.8x10" x27xx(1.2x107)x6.6x10

=207.61 Q

-3
() &:izl SN 5:a/2:M

R, 26 Jr
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J7 - 66.1x2x107  66.1x2
1.2

~
Il
p—
—_
(98]
Q
~
an
N

Prob. 10.28

(a) Copper is a good conductor.

a=rfuc =~rx10°x4zx107 x5.8x10" =27 x10°y/5.8
a =1513x10° Np/m
1 1 S
(b) S=—=———=6.609x10" m
a 1513x10° ——————
I+ I+ . -3
c = = =26.09(1+ j)x107 Q
© o8  5.8x10" x6.609x107’ d+J
Prob. 10.29
1 1
o= > f==
7 f uo o muoc
1
= =1.038 kHz
/ 4x10° x T x 47 %107 x6.1x10" =
Prob. 10.30
o ! ! ! =8.531 mm

CJifu  \[rx58x10 (60)dnx10"  27y/5.8(60)
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Prob. 10.31

This is a good conductor.

n= ‘/%445”
o

6 -7 2
24.6:\/272'x12><10 % 47 x10 :\/167r (0.6)

O O

2
azwzo.lswsm

11
f=a=—=——=28.333rad/m

5 012 =————
A=2% C27(0.12)= 0754 m

B

u=2 = 5 =27rx12x10°x0.12 =9.05x10° m/s

Prob. 10.32
LA 0.12 = 0.1623
D& 2 rx2.42x10° x5.5x

6

This is a lossy material.

2
a=aw |2 1+(ij -1
2 e

— 27X 2.42x109\/477rx107 x5.5x

10”°
367

[ 1+0.1623 —q

=15.21(10°)(107*)4/0.01308

=17.39
1
O0=—=57.5mm
a
Prob. 10.33
5 5 -6
t=5 =2.94%x10" m

5: =
Jrfuo  \rx12x10° x4z x107 x6.1x107
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Prob. 10.34
2 - 4 =15
W& 2 rx2x10° x 24 x

36z

10”°

2 47 x107 x 24 x
_ | ue o B 9 3677[ 2 }
a=o =2 1+] ==| —1|=22x2x10 1/1+ 1.5)° -1

2{ (wej ] 2 ( )

=130.01 Np/m

10°E,=E e ™
Taking the log of both sides gives

5In10 _ 5In10

Shnl0=-ad —— d-= =
a 130.01

=0.0886 m

Prob. 10.35

(a) Linearly polarized along a,
(b) w=27f=27xx100 —— f=10"=10MHz

p=aii = o\[iz 5 =2 E,

(c) g
ﬁ:ﬁzﬂzmsz —— & =205.18
w 27x10 ——
Let H =H_ sin(wt-3y)a,
H =L g Aol 10T o6
n e Je, 1432
d) H, =—2_—0456
26.33
a, =a,xa,=a ,xa,=a,
H =0.456sin(27 x10"t —3y)a, A/m
Prob. 10.36

E =(2a,-5a_)sin(wt — fx)

The ratio E /E_ remains the same as t changes. Hence the wave is linearly polarized
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Prob. 10.37

(a)

E =E, cos(wt+py), E, =E, sin(ot+pfy)

E (0,1)=E, cosot ——> cosot= E0.0D
E (0,1

E (0,1)=E,sinct ——> sinwt=

o

E 2 E 2
cos’wt +sin‘wr=1 ——> [ x} +[—yJ =1

E E

o o

Hence, we have circular polarization.

(b)

E, =E,cos(ot—py), E,=-3E,sin(ot-fy)
In the y=0 plane,

E (0,1
E (0,t)=E cosot —> cosmt= E.0.n)
. . —E (0,1)
E (0,H)=E sinot —> sinot=—1—-
' 3E,
2 2
E
cos?wrsin‘or=1 — |Ex| 4l E2] og
E ) 9lE

Hence, we have elliptical polarization.

Prob. 10.38

(a) We can write
E =Re(E.e™) = (40a_ + 60a, ) cos(wt —102)

Since E /E  does not change with time, the wave is linearly polarized.

(b) This is elliptically polarized.
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Prob. 10.39
(a) The wave is elliptically polarized.
(b)

Let E=E +E,,

where E, =40cos(wt— fiz)a,, E, =60sin(wt - f2)a,

H, =H  cos(wt- f2)a,,

H, :ﬂ:ﬂ:O.l%
n, 1207

a, =a,xa,=a_xa =a,

H, =0.106cos(wt - fz)a,

H,=H,,sin(ot - Bz)a,,

H, =6—0=ﬂ=0.1592
n, 1207

a,,=a,xa;,=a xa, =-a,

H, =-0.1592sin(wt - fz)a,
H=H +H,=-159.2sin(wt — fz)a, +106cos(wt — fz)a, mA/m

Prob. 10.40
We can write E; as

E =E (2)+E,(2)

where
1 . 82
E()=E, (@~ ja)e "
E()=—E a)e "
Q(Z)_E ,a, + ja e

We recognize that E, and E, are circularly polarized waves. The problem is therefore proyed.

Prob. 10.41
(a)
When ¢=0,

E(y,t)=(E,a +E_ a_)cos(wt—fBy)
The two components are in phase and the wave is linearly polarized.

(b)
When ¢=r/2,

E =FE ,cos(wt—py+n/2)=-E,sin(wt— By)

We can combine E_ and E, to show that the wave is elliptically polarized.
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(c)
When ¢ =,

E(y,t)=E,  cos(wt—-pBy)a, +E, cos(wt—py+ma,
=(E, a,—E, a )cos(wt—fy)

Thus, the wave is linearly polarized.

Prob. 10.42
Let E =E +jE, and H =H, + jH,

E =Re(E,e’")=E, coswt — E, sinwt
Similarly,

H =H _ coswt—H, sin ot

=ExH=E, xH, cos’ ot +E,x H,sin’ a)t—%(ErxHi +E,xH,)sin 20t

:%(Er xH +E,xH,) =%Re[(Er +JE)x(H, - jH,)]

ave

9 =% Re(E,xH )

as required.

Prob. 10.43

(a)
= ofue = oJue, &, = e,
C
J;ZEZM

=24
377
b fad / 157.1Q
() 77= \/; J_ 24
9
©) u=%=%=1.25x108 m/s

(d)

T T T T
g -1 [oar _1 [cos® wdt(E, < H,) L [sin’ wdt(E, < H,) _ L [sin 20dt(E, x H, + E,
T T T 2T

Elements of Electromagnetics 7th edition Sadiku Solutions Manual

H))


https://ravanbooks.com/books/9780190698614-solutions

317

Let H=H cos(109t+8x)aH

H =fo_ 150 955
n  157.1

a, =a, xXa,=-a . xa, =a,
H =0.955c0s(10°7 +8x)a, A/m
(e)
= E xH =-150(0.955)cos*(10°¢ + 8x)a,
=-143.25c0s*(10°t +8x)a, W/m’

Prob. 10.44
2
&P =E xH =—%cos*(wt — 10z)a,
n
T 2
7=t Pdi=""a,
T 2n
E2 2 ) 2 2
e i as S BP0 (O
) 2 2x1207 240 ——
Prob. 10.45
(a)
Let H, = A, a,
-
E,_ 10 1
° n, 1200 12z
a,=a,xa,=a,xa,=a,
H = sinfe”'a, A/m
127r
(b)
7., = lRe(ES xH ) =Lzsin2 Oa,
2 2x12xr
=[2.1as,  dS=r’sin0d0dga,
N
T 7l6
mzﬂj [ r*sin® 0a0 =§—i—0007145
247 201 r=2 8
=7.145 mW
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Prob. 10.46

(a) P

ave

) E 2
= lRe(EsHs )= lRe(M) — 8 o022
2 2 nl” 20|

¢ Nl 017032173
B Jx+1
x__l=l —> x=5/4
x+1 9
2
S_ 1+[£j 9 a4
4 we we
H i
In|= £ :1207r/ 81=37.4657
2 5
41+(O-j —
e 4
64

e % =0.8541¢ "> W/m’

Pave =
2(37.4657)

(b) 20dB =1010g£ - £=100
P, P,
& = e—0.21 = L 3 eO.Zz — 100
A 100

z=5logl00=23 m
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Prob. 10.47
fc 2x3x10° g
(@ u=w/f — owo=uf= = =2.828x10° rad/s
V4.5 \4.5 -
1207
n= =1777Q
4.5
H=a,x E = a—zxﬂsin(a)t -27)a, = 0.225 sin(@t —2z)a, A/m
n-n p

(b) P=ExH :%sinz(a)t—Zz)aZ W/m?
Y2,

c) &.= %az, dS = pd¢dpa,

ave

3mm 2
P,.=[P,. edS =45 | d—pj dg = 4.5In(3/2)(27) = 11.46 W
0

2mm

Prob. 10.48

2

E . .
P=ExH =—sin’0sin’ o(t—r/c)a,

nr

1 El .
P, = —Jfl’ dt =—"=sin’ fa,
T 2nr

Prob. 10.49

=2 —  w=pc=403x10")=12x10° rad/s
c

E:leder
E
0 0 K
VxH =|0x Oy 0z

0 10sin(ewt—40x) -20sin(wt—40x)
=—800cos(wr —40x)a, —400cos(wr —40x)a.
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E=L [V xHdt = - 809 ineor — 400, 22 sin(er 40,
& & &

- &_9 sin(wr —40x)a, — % sin(wt —40x)a,

12x10° x 12x10° x
6r 367

=—7.539sin(wt —40x)a , —3.77sin(wt —40x)a, kV/m

0 E, .

P=ExH =
0 H H,

=(E,H ~EH )a
- [20(7.537) sin’ (@t —40x) +37.7 sin’ (ot — 40x)]ax 10°

P, = %[20(7.537) +37.7]a 10° =94.23a kW/m’

Prob. 10.50

2
p= f — > E>=25,P=2(01207)10x10" =7.539
m,

E =2.746 V/m
Prob. 10.51
Let T =owt-pz.
. R
——=VxE=| ox oy 0z
ot

cosT sinT O

oH .
—p——=pPcosTa, + fsinTa,

o
H = —ﬁj[cosTax +sinTay }dt = —isin Ta, +£cosTay
H HO HO
cosT sinT 0
P=ExH=| 3 . yij :£(0052T+sin2T)a
—+—sinT ‘—cosT O uw )

y77%; UD

By F
M@ u

which is constant everywhere.
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Prob. 10.52
E2
P=—
2n,
2 3\2 4
b pg_ E2S _ (24x10°)7x450x10" o
21, 2x377
Prob. 10.53
VI .
&# =ExH =—""——sin" (ot - f2)a,
27p" In(b/ a) '
T T
(a) ‘Zive = lj‘?dt = #lISinz(aﬁ —ﬁz)dtaz = #laz
Ty 27p°In(b/a) T 5, 270 In(b/a) 2
V.1,
=——"——a
4rzp’In(b/a) *
(b)

ave

P, =[2,dS, dS=pdpdga,
S

2r b
Vol, | J%pdpa%:L@ﬁ)ln(b/a)

Tarinbla) ), 2, 4xIn(b/a)
-V,
2
Prob. 10.54
E ? E ? E?
(a) Buve = N 2 R‘ave = n 2 Ruve = -
2n, ’ 2, 2n,
2
R= Prave - Eroj — 1—v2 _ (nZ_n]j
P, E, n,+mn,

R=

2
Ho Mo 5

Ve, Ve, _[\/uosl—\/ugszj
h+ Hﬁo “081+\/u082
€ &

Since n]:c\/u]alzc\/uoal, N, = Cyll,E5,
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2
T = I)t,ave :1_Et02 :ifz :i(1+r)2 :—4’7«1”2 2
})i,ave 772 Eio n2 n2 (nl +n’2)
(b) If Prave - Pt,ave — RPz ave = TPtave — R=T
ie. (n,-n,)’ =4nn, —-> n’-6nn,+n’° =0

2
or (ij —6(ﬂj+1=0, S0
n, n,

—L-3+/8=588 or 0.1716

n,
(Note that these values are mutual reciprocals, reflecting the inherent symmetry of the
problem.)

Prob. 10.55

2% 770 M, 770
l6g,
-7

2 770/4 770/2 _l 7= 1—‘+1—§

771+772 77/4+77 /2 3’

E = —5(60) sin(wt +102)a, —%(30) sin(wt +10z+7/6)a,

= —20sin(et +10z)a, —10sin(wr +10z+ 7/ 6)a, V/m

E = %(60) sin(wt —10z)a + %(30) sin(wt =10z + 7/ 6)a,,

=40sin(wr —10z)a, +20sin(wr —10z+7/6)a, V/m
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Prob. 10.56
n =n, =120, ,72=\/Z: Ho o _ 4o,
g 9¢, 3
ro=m _n/3-m, _ Ly r—lir=1
m+m n,/3+n, 2 2
E =TE,=-E, /2, E=1E =E, /2
|E, [ _E;
ave 2771 2770

2
EF 45 B3
fave 2772 2(770/ 3) 2770 4

e 23 o3
Pzave 4 -
Prob. 10.57
(a) n] = no

E,=FE, sin(wt—5x)a,
E, =H,n, =120rx4=480x
a,xa, =a,——a,xa,=a,——>a, =-a,
E, =480z sin(wt —5x)a,

n, = u, 120
2 4, \/Z

~M,-M,; 60n-120n
T M,+m, 607+ 120m

607

:—]/3’ t=1+I=2/3

r

E, =TE, =(~1/3)(-4807) =1607

E, =160z sin(wt +5x)a,

E =E +E =-1.508sin(wt-5x)a, +0.503sin(ewt +5x)a, kV/m
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(b) E, =1E, = (2/3)(480n) = 320z

2 2
E,  _(320m)

o to

a, =2.68a kW/m’

T, Y 2(607)
© _1+|F|_I+1/3_2
T -3

Prob. 10.58 1, - /%=n0/2, N, =,
1

r=2"N s i =473
N,*tN,

E, =TE,=(1/3)(5=5/3, E, =tE,=20/3

® 108
ﬂ «[,Urgr =m\/z=2/3
X

C

(a) E, = %cos(lOSt —2y/3)a,

E =E.+E, =5cos(108t+§y)aZ +§cos(108t—§y)az V/m

2 2
(b) ﬂ’ave1=Ef0 (—ay)+E"’ (+a,) = 2 (1—1)(—ay)=—o.0589ay W/m?
2n, 2n, 2(607) 9
E’ 400
©) Py ="2(-a,)=————(-a,)=-0.0589a, W/m’
2n, 9(2)(1207)
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Prob. 10.59

9
—oJuz =odue Jue, =216 =220 55604y~ 1200
ﬂl 11 0“0 r1®rl i_)\/r 9O3X103
9
. ,—_90x10 1300

/ / /”" ’70 =307, 1, =7, =1207
~no_n,-n

= L4 3 r=1+I"= §
772 +7n, 77 +77 /475
=ExH
60° (6O><§)2
=P+P =—-cos’(wt—fz)a, +—50052(a’f +p2a,
Th Th
(60% 2
2 2 =
ﬂ: 60 =38.197, 5 1375
m 30z T
P =38.197 cos’(wt — f,z)a, +13.75cos’ (ot + Bz)a, W/m*, where S, =1200
(6O><§)2
P== S cos*(wt—fBz)a,

8.2
(60X§) _ 962
n, 1207
=24.46c08’ (ot — B,z)a, W/m*, where f3, =300

=24.46

Prob. 10.60
(@ Inair, B,=LA,=2n/p,=2n=6.283 m

= Bc=3x10° rad/s

In the dielectric medium, ® is the same .

@ =3x10% rad/s

By o =By =3
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2n 21
hy=——="—==36276 m
b, 3
b) H _E 10 265
° oy, 120m
a,=a,xa,=a,xa,=-a

H, =-26.5cos(wt — z)a, mA/m

) m=n, m=n,I3

Cm,mm, IN3)-1T

T = = =
n,+n, (/341

-0.268, 1=1+1=0732

(d) E,=tE, =732, E,=IE,=-268

ro

E =E +E, =10cos(wr—z)a, —2.68cos(wt +z)a, V/m

E,=E, =7.32cos(wt—z)a, V/m

Tl =2L(az)[E,»02 ~E,’] (a,)(10° -2.68%) =0.1231a, W/m®
Ui

~2(1207)
2
Py = E, (a.)= V3 (7.32)*(a.)=0.1231a, W/m®
2n, 7 2x1207 ' :
Prob. 10.61
77] = 770 = 1207[
For seawater (lossy medium),
. . 8
Ry L j2x10" x4 o5 =104+ 9.333
o+ Jjws 4+ j27x10° x81x
6
r="2""" _.9461,177.16
m,+1,
|IT[=0.8952, 1-|T'|=0.1084
L 89.51%, L 10.84%,
F F
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r='h=m _ 7.924/43.975-377
n,+n, 7.924,43.975+377

The fraction of the incident power reflected is

=0.9702£178.2°

% oI P=0.9702* =0.9413

The transmitted fraction is

%:1— |T P=1-0.9702* = 0.0587
Prob. 10.62
(2)
K, 1207 u, 120z
= [FL =22 —188.5, = 2 =—"1=210.75
"N T TN, T2
pomm 2107571885 (oo 2, 2x21075 oo
n,+mn, 210.75+188.5 n,+n, 210.75+188.5

E_ =TE, =(0.0557)(12)=0.6684 E_ =tE =1.0557(12)=12.668

8
B = /lulgl P2 a):ﬂlc _ 407 (3x10 ):67r><109 rad/s
c

2 2
(b)
9
B, = oJme, =232 =032 _yyp 4
c 3x10

E, =E, cos(wt+407x)a, =0.6684cos(67x10’t +407x)a. V/m

E,=E, cos(ot— f,x)a, =12.668cos(67 x10°t —112.4x)a, V/m

Prob. 10.63 (a) @ = fc=3x3x10° =9x10° rad/s

(b) A=2x/p=27/3=2.094m

) Tt _yr-688
we 9Ix10°x80x107 /367 —

an20, = ——=6288 —o 0, =4047°
0e

Vi /e, 377/4/80

T] = =
n:| o )V Wi+’
41+ —2
0E,

=1671
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n,=1671.4047° Q

F_M=n _16.7124047° 377

m+n, 167124047 +377

=0.935£179.7°

(d)

E, =TE, =935179.7°

E =9.35sin(wt -3z+179.7)a, V/im

2 8
a, _O [Hpbn| 1| %2 | = 9X1OS &[\/1+4ﬂ2 —1} =43.94 Np/m
c 2 WE, 3x10° V 2

8
B, 2*188 %[\/1+4ﬂ2 +1} ~51.48 rad/m
X

. 2n,  2x16.71£40.47 —0.0857./38.89°

Tt 1671240477 +377

E, =7E, =0.857.£38.89°

E, =0.857¢""*sin(9x10°¢ +51.487+38.89")a, V/m

Induced Currents on the surface

T
T Zero fields

Prob. 10.64

o = 0 Standing waves of H

—» 7z

Curve Ois att=0; curve 1 is at t =T/8; curve 2 is at t = T/4; curve 3 is at t = 3T/8, etc.
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Prob. 10.65 Since p, =pu,=u,,
inf S, _ S 3333 0 =1947°
sin - = N = ]9.
= 8 \/_ t1
sin@, =sin 6, \/7 % —=04714 —— 6,=28.13"
£ - ——
Prob. 10.66
Jhex = jkex Jjkyy —Jkyy
E - 20(e e’ ) (e +e )a

s j2

. j(k x+k,y) (k. x—k,y) —jkx—kyy) —Jj(kx+kyy)
=—]5[e] Y @R QT TR g TSR Y }a

2 Z

Z

which consists of four plane waves.

VXE =—jouH,

N

—> H =

ou,\ Oy

H = _J_zo[ky sin(k,x)sin(k, y)a, +k, cos(k,x)cos(k, y)a, |
O,

Prob. 10.67
771 = 770 = 377Q
For n,,
%2 _ 4 =12
D& 2ax1.2x10° x50
367
tan26, = 2 =12 — 0, =25.1°
2 a)gz 2
Jul J
I, = ule :1207z 1/50 42658
o ¥ 14122
414 —2
e,
n, =42.65825.1°
Lo 4265822510377 i o o
n,+n,  42.658/25.1° +377

J (%} -
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Prob. 10.68

(a)

P =(-|TP)P

S:1+|F| |F|=S_1
1-|T| s+1

2
b P=P+P — 521_52(8_—1]
PP

Prob. 10.69
If A is a uniform vector and @ (r) is a scalar,

VXx(PA)=VDOxA+D(VxA)=VDxA

since VxA=0.

5 a 5 j (k. x+k,y+k.z—o . (kor—a
VXE:(é’—ax-i-é)—ay-i-é)—az)anej(kx kyy+k, t)=](kxax+kyay+kzaz)ej(k t)XE
X y Z

= jkxE """ = jkxE

Also, —é,—B= jouH . Hence VxE =_&_B becomes kxE =wouH
ot ot

From this, a, xa,=a,

Prob. 10.70

k =k |= 1247 +124° + 263> =316.1

/1:27”=19.88mm

8
k=ofue =L po ke 3160 5005 gy
c 2r 2r -
124 )
kea =kcosd, ——> cosf =—— —— 0, =669"=0,
316.1 y
0. =cos™ 263 _33.60°
' 361.1
Thus,

0,=0,=66.9°, 0, =33.69"
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Prob. 10.71
k=-3.4a_ + 4.2ay

KE=0 —— 0=-34E, +42

E =%2_135
34 ==
k=k|=B=1(-3.4)"+(4.2)* =5.403
A= 2_72- = 2_7[ =1.162
B 5403
8
=30 ose Mg
A 1162
1
H =—FkxE =—kXxE,
HO 7%
_ 1 34 42 0
47 x107 x5.403x3x10° | E, 1 3+ j4 "
Where Ao — e—j3.4x+4.2y
H, =4914,x107"[4203+ j4a, +343+ j4)a, +(-3.4-4.2E )a_]
=0.491[ (12.6+ j16.8)a, +(10.2+ j13.6)a, —8.5%, |e /**"***" mA/m
Prob.10.72

VeE = (;ax +§ay +aiaZ o E ¢/l _ i g 4 ka, +ka)e' " oE,
X y Z

=jkeE e’ = jkeE=0 ——> keE=0
Similarly,
VeH=jkeH=0 —— keH=0

It has been shown in the previous problem that

VxE:—aB > kxE =ouH
ot

Similarly,

VxH:aD > kxH=-¢coF
ot
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From kxE =ouH , a, xa,=a, and
From kxH =-¢soE, a, xa,=-a,

Prob. 10.73
n (e} T] [

8r] ’nz i V8r2
1 1
——=cos0, - cosf,
VE,» €

1

Tcos@ +
r2

If p,=p,=u,, n,=

F\\:

e
\/:—cosei
rl

€ sinf,
. . 2
Je,, sinf, = /e ,sinh, —— == —
sin@
Erl t
sin,
cosh, - ———cosh, . .
r sinf, sin@, cosf, - sinb, cosh,
o =

sin0, sinf cos0  + sinf. cosh .
- COSG~ t t i i
sinf, ’

_sin26, —sin26,  sin(6, —0,)cos(6, +6,)  tan(d, - 0,)
sin26, +sin26, cos(6. —6,)sin(6, +6,) tan(b, +0.)

cosf, +

Similarly,
——=cosf,
€, 2cosb,
T = = "
N 1 1 sinf,;
——=cosf, + ——=cosh, cosf,+ . —"cosb,
€ r2 € rl sin 9 t

2cosb, sinf,

sinf, cosf, (sin’ 0, + cos’0,) + sinf, cosh, (sin’ 0, + cos’0,)
2cos0,sinb,
(sinB, cosB, + sin 0, cos 0,)(cosb, cosh, + sin 6,sin 0,)

2cosh,; sinf,
sin(6, +6,)cos(6,-6,)
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! cosb, - icose () sinb, 0
Foo At Ve, o o8y sin@, co8Y _ sin(6, -0,)
S 1 - inf, s
cosB, + —=cosf, cosh, + s‘m ~cosf, sin(®, +9,)
€,, €, sinf,
——cosb, )
€,, 2cos0, 2cosb,; sinb,
LT 1 ) ino, i
——=cosf, + ——=cosf, cosh, + s?n ~cosf, sin(®, +9,)
N N sinf,
Prob. 10.74

@ m=1, n=cme, =c6.4e,xu, =6.4=25298

sing, = ™ in 0, =
n, 2.5298

n, =120, n, =120r, /é =4743r

E, r.m cost) —n,cos,  47.43mwcos4.714° —1207 cos12’

sin12° =0.082185 —— 6 =4.714°

E, 1, cos0 +1,cos6, 47437 cos4.714° +1207 cos12
_47.27-117.38 _ 04258
47.27+117.38
E, _ e 21, cos 6. _ 2x47.43c0s12° 92787 _ 0.5635
E, n,cos@, +n,cosd,  47.27+117.33 164.65 —
Prob. 10.75

(@ k,=4a,+3a,

k,ea =k cos§ ——> cosd =4/5 ——> 0 =36.87

(b)
' : V8% +67)* (4a, +3
P :%Re(EstS ):Eo ak:( 8°+6°)" (4a,+3a)

* 2n 2x1207 5
(c) 6,=0,=3687". Let

=106.1a, +79.58a, mW/m’

E =(E. a +FE_a )sin(wt—k, or)

ryx 27z
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A
zZ
k
Er
k E,
T e[ o,
K y
T
From the figure, k, =k_a —ka . But k =k =5

k,=ksin®, =53/5=3, k,=kcosh, =54/5)=4,

Hence, k, = —4ay +3a,

2

N 315
sinf, = —*sin, = i

n
sinf. =—=023
n, CJH €, l \/Z

6 =17.46, cosf =0.9539, n =n, =120x,n,=n,/2=60r

120(0.9539) ~77,(0.8)

=-0.253

E, _1,c086,~7,cosf
F/, == = =

E, 1,0080,+11,¢050, 1l 0 95394 (0.8)
2 o

io

E,=T,E, = -0253(10) = -2.53

ro

But (Ea +E.a)=E, (sinfa +cosba,)= —2.53(§ay +§az)

ey

E, =-(1.518a,+2.024a_)sin(wt +4y—-3z) V/m

Similarly, let

E =(Ea, +E.a_)sin(wt—k, or)

127z
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kt = BZ = (0\/“282 = 0‘)\/4“'080

BUt ki:BIZ(,OVHOSO

k

AT k =2k =10
kl _> t 1

k, =k, cosb, =9539, k_=k sinb, =3,

kl

= 9.539ay +3a,

Note that &k, =k, =k, =3

E, 21n, cosb, n,(0.8)
WEE T 0 0 - = 06265
io T]ZCOS t+n]COS i &(09539)+n (08)
5 ©. , (0.
E, =t,E, 6 =6.265
But

(Eja,+E.a)=E,(sinda, —cosfa_)=6.256(0.3a,—0.953%)

1277z

Hence,
E, =(1.879a,—-5.968a_)sin(wr —9.539y —3z) V/m
Prob. 10.76
(a)
k., 1
tanf, = =—= —->  0,=0,=1947°
k;, 8
. . Sr] ] o
sin@, = sinb, ==3=1 — 0,=90
€, 3

(b)

(c)

9
ﬂlzﬁ /grlz%x3=1()=k«/l+8=3k —  k=3.333
I X

A=2n/p, A, =2n/p,=2n/10=06283m

B,=wlc=10/3, A, =2x/p,=27x3/10=1.885m
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E,=nH, xa, =407(0.2)cos(wt —k or)a, x @ +8a,)
) 3
= (23.6954a, —8.3776a_)cos(10°1 — kx —k+/82) V/m
© ~ 2cosb, sinf, _ 2c081947°sin90" 6
T Sin(0, + 0 )cos(8, —0,)  sin/947° cos1947°
~ cot1947° ~
" cot1947°

Let E,=-E,(cosba,—sinfa_)cos(10’t - B,xsinf — B,zcos b))
where
E,=-E,(cosba,—sinfa_)cos(10’t — B xsin 6, — Bz cos b))
sin@, =1, cosb, =0, P,sinb,=10/3
E sin®, =1,E, =6(24n)(3)()= 13572
Hence,

E, =1357cos(10°t—3.333x)a, V/m

Since I'=-1, 06 =6

r i

E, = (213.3a,+75.4a_)cos(10°1 —kx+k~/8z) V/m

€ €, o
(f) tan0,, = /i: /980=1/3 ——  0,,=1843

Prob. 10.77
(@) E, =5cos(wrt—0.57x-0.86672)a,

E. =(4a, -3a )cos(wt —0.57x—0.86677)

(b) Comparing E, with eq. (10.115a),
4a —-3a, =(cos@a, —sinba )E,

wng =S _3 g 3687
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Prob. 10.78

/3 £,
tang, = [+ = [—= = /¢,
82 80

£ =tan’ @, =tan’ 68 =6.126

Prob. 10.79

@) n=<=ne =+2.1x1=145
u —_—

(b) n=Jue, =+1x81 =

(c) n=\l&, =2.7=1.64

Prob.10.80

5 o

Microwave is used:

(1) For surveying land with a piece of equipment called the tellurometer. This radar
system can precisely measure the distance between two points.

(2) For guidance. The guidance of missiles, the launching and homing guidance of
space vehicles, and the control of ships are performed with the aid of microwaves.

(3) In semiconductor devices. A large number of new microwave semiconductor
devices have been developed for the purpose of microwave oscillator,
amplification, mixing/detection, frequency multiplication, and switching.
Without such achievement, the majority of today’s microwave systems could not
exist.

Prob.10.81
(a) In terms of the S-parameters, the T-parameters are given by

Ti1=1/S21, Ti2=-S2/S21, Ta1r =S11/S21, Taz =S12 - Si1 S22/S21
(b)) T1=1/04=25, Ti;,=-02/04,

T =0.2/04, T»n,=04 - 0.2x0.2/04=0.3
Hence,

25 05
T=
{0.5 0.3}

Prob. 10.82
Since Z; = Z,, I'L =0.
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Ii=S,,=033-j0.15
Ty =(Zg-Zo) (Ze +Zo) =2 -1I2+1)=1/3
Fo=Sy +SpSul, /(1-S;y Ty )

= 0.44 — j0.62 + 0.56x0.56 x(1/3)/[1 — (0.11 — j0.05)]

=0.5571 -10.6266

Prob. 10.83 The microwave wavelengths are of the same magnitude as the circuit
components. The wavelength in air at a microwave frequency of 300 GHz, for example,
is 1 mm. The physical dimension of the lumped element must be in this range to avoid
interference. Also, the leads connecting the lumped element probably have much more
inductance and capacitance than is needed.

Prob. 10.84

8
2=t =21 3571 mm
8.4x10
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CHAPTER 12

P.E.12.1 (a) For TE,y, f.=3 GHz,

JI- (L f =y 1-(31157 =096, B, =0 /u, = 4zf /¢

9
=21 [o96 =%\/0.96 =615.6 rad/m
y 61>.6

C

9
w= @ 20T e 0 s

B 6156

'—\/2—60 _ 0% _ 19040
T=\g =% M= Jpog ==

(b)For TM;, f.= 33725 GHz, \/1- (f./ f)* =0.8426

47 x15%10°(0.8426)
3x108

p=2"1 0.8426) = 5294 rad/m
C —_

9
L@ 20X I5X107 _ 2g 0% s

B 5294

Ny = 601 (0.8426) = 158.802

P.E.12.2 (a) Since E_# 0, thisis a TM mode

E, = E,sin(mzax/ a)sin(nzy / b)e

B, =20, % _40r —> m=2, F_500 —>  n=I

a
i.e. TM,; mode.

' 8
®) f. 2%\/(m/a)2 +(n/b)* = 3X210 J40? +50% =1.5v/41 GHz

9
B =aoJus1-(f.1 f)? =ﬂ«/f2—fcz = 23”?1)(8) J225-92.25 =241.3 rad/m.
C X
(©

E, = _}{—f (4077)20cos 4077 xsin 5077 ye /¥
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E._ = _hjzﬁ (507)20sin 407x cos 50rye

ys

E,
E—’ = ]1.25tan40nxcot 50my

X

P.E. 123 If TE;3 mode is assumed, f; and S remain the same.

f. =28.57 GHz, f = 1718.81 rad/m, y = jp

37772 229.69 Q
]7 = = .
1= (2857/50)° -

For m=1, n=3, the field components are:

E=0

H_ = H, cos(zx/a)cos(3ry/b)cos(wt - fz)

w
E =-"%

3
= (—”) H, cos(zx / a)sin(3ry / b) sin(at - fz)

b

E, = %(%) H, sin(zx/ a)cos(37y/b)sin(et — fz)

H, =- }’%(g) H, sin(zx / a)cos(3ry / b) sin(wt - fz)

b (?ﬂfj . .
H, = — | H, cos(zx / a)sin(3ry / b) sin(wt - fz)

WY

Giventhat H_=2= —hﬁz(ﬁ/a)Hu,

ox

H, = —;%(372 /b)H, = 6alb=6(15)/8=1125

2h’a  —2x14.517% x10* x1.5x107

H =H, =- =-7.96
' pr 1718.817z
oulr 20u
E, = h_z(;) H, = "5 20y = 4594
3a
E,=-E, 5 - 459.4(45/708) = 2584.1

E = 2584.1cos(rx/a)sin(3ry / b)sin(wt - fz) V/m,

E, =-459.4sin(zwx/a)cos(3zy/b)sin(wt — fz) V/m,
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H, = 1125cos(zx / a)sin(3xy / b)sin(wt - fz) A/m,

H_=-796cos(nx/a)cos(3ry/b)cos(wt - fz) A/m

P. E. 124
' 8 2
fuu=t L2+bi2:MJ1/8.6362+1/4.3182:3.883 GH
a
8
u =10 _125x10° mss,
J1-(3.883/47 —
16
BRI
712,510

P.E. 12.5 The dominant mode becomes TE; mode

Foor = 2—Cb - 375 GHz, 5, = 40670

From Example 12.2,

oub

E.=-E_ sin(3ry/b)sin(wt - fz), where E,=——H,.
p/s
2 2
Q@ _ “ b |Exs| _ Eo ab
Pave = Ix=o -[y=0—277 dxdy = —477
Hence E,=63.77 V/m as in Example 12.5.
7E, Tx63.77 6334 0

H,= = 10 7 2
oub  27x107 x4 x107" x4x107 ——
P.E. 12.6 (a) For m=1, n=0, f. =u’/(2a)

o 10" 107"

= = <<1
ws  27x9%x10°x2.6x107° /(367) 1.3

Hence,
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1 3x10°

u'= =c/ 26, f = =2.2149 GHz
UE 2x2.4x1074/2.6

" on' 107" %x377/~/2.6

= = =1.205x10"" Np/m
Coai-(n ) 2J1-(2.2149/9)

For n =0, m=1,

2R 1 b

S

a, = [o+—(f. /)]
bp'1-(f. 1 f)? 2 a

2372607 x9%10° x1.1x10” x 47 %10~
377x1.5x107 x1.1x1074/1-(2.2149/9)?

[0.5+(2.4/1.5)(2.2148/9)*]=2x10"> Np/m

: _ ~ _ -2
(b)Since a, >>a,,a=a, +a, =a. =2x10

loss = al =2x107°x0.4=0.8x107 Np =0.06945 dB

P.E.12.7 ForTE;; ,m=1=n,

H_ =H, cos(rx/a)cos(zwy/b)e’*

E_ = 2—?(7z/b)H0 cos(zx/ a)sin(zy/b)e ™"

__Jjou
s h2
H = ;f (rla)H sin(rx/a)cos(wry/b)e "

(m/a)H  sin(wx/a)cos(zy/b)e

H, = i—f(ﬂ' /b)H cos(mx/a)sin(wry/b)e "
E. =0

zs

For the electric field lines,

dy E,
—=—==(a/b)tan(zx/ a)cot(xy /b)
dx E

X

For the magnetic field lines
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dy _H,
dx H,

= —(a/b)cot(nx/a)tan(ry /D)

Notice th 5l 1
t that = -
otice tha (E —)

X X

showing that the electric and magnetic field lines are mutually orthogonal. The field

lines are as shown in Fig. 12.14.

P.E.12.8
e 1 c

R

Freto] = J1/25+0+1/100 =1.936 GHz

(

1
Orpio1 = %’ where

! = ! =1.5x10"°

\/”fwl,UU Jx1.936x10° x47x10" x5.8x107

10°
61x1.5

Orpior = =10,929

P.E. 12.9

(a) By Snell’s law, n;sin = nysin 6§, . Thus
92:900 — > sin92:1

sin @1=ny/n;, 6O,=sin 'no/n; = sin ' 1.465/1.48 = 81.83°

(b) NA = \/n,> - n,* = V1487 - 1465> = 021
P.E. 12.10
a1 =101log P(OYP() = 02X 10 =2

P(0)/P(l) = 10°2, i.e. P(1) =P(0) 10°* =0.631 P(0)

S

ie. 63.1
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Prob. 12.1

u' 3x10°
a) For TE, mode, ==
(a) 10 Je 20 2x6x107

S
W
Q
o
N

() f =3f.=7.5 GHz

u' |lm* n? 3x10* x10? m ? n ?
fcmn:_ _2+_2 = _ +| —
2 \Na b 2 6 4

] (5] o

Foro :15x%:5 GHz

f.w=375GHz,  f,,=75GHz
fa=25GHz,  f, =50GHz
f =625GHz,  f., =7.5GHz

1Y (2Y

f, =15 (Ej J{Z] —-791 GHz
1Y (1Y

£, =15 (g) J{Zj —4.507 GHz

The following modes are transmitted
TE,.TE,,.TE,. TE, TE,, TE, TE,,

01° 02° 10° 11° 20°

TM11’TM21
i.e. 7 TE modes and 2 TM modes

Prob.12.2

u' u' /1 I u' =
=—, = — —+—:_ 2
fclO 2(1 fcll 2 a2 a2 2a

Since the guide can only propagate TE , mode,

foo<f<fa — ;—<f<;—\/§ - u'<2af<u'\/§
a a

u7<2a<u—\/§ - /1<2a</1x/§
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Prob. 12.3
1/2
- ) ) )
“ 2\la b 242251072 | 2.28 1.01
1/2
15 m : n :
= + GHz
Jz.zs{(z.zsj (1.01)}

Using this formula, we obtain the cutoff frequencies for the given modes as shown below.

For TE,; mode,

_w
T2

For TE,, mode,

_”_
52

2
a

Mode f . (GHz)
TEo 9.901
TE o 4.386
TE, 10.829
TEq; 19.802
TEx» 21.658
™M, 10.829
T™ 20.282
TM;, 13.228
Prob. 12.4
(a)
For TE,, mode,
2 8
r=2 L A0 605 GHy
2 2 x24x107 —————
For TEO1 mode,
' 2 8
- (lj :L()Qzlz.s GHz
2 \\b 2x1.2x10 EE—

2
j =2x6.25=12.5 GHz

=2x12.5=25 GHz

(b)Since f=12 GHz, only TE,, mode will propagate.

Elements of Electromagnetics 7th edition Sadiku Solutions Manual



https://ravanbooks.com/books/9780190698614-solutions

409

Prob.125 ab =3 _____, a=3b

u g u' 3x10
2a > 2f, 2x18x10°

A design could be a=9mm, b =3mm

Jero = m = 0.833cm

Prob. 12.6 For the dominant mode,

8
f=l oY 895 MHZ
2a  2x8
(a) It will not pass the AM signal, (b) it will pass the FM signal.
Prob. 12.7 (a) For TEio mode, f, = ZL
a
' 8
Oor =t _ 3x10 _=3em
2f. 2x5x100 =——
ul
For TE de, = —
or TEg; mode, f, b
' 8
- 3x10 =1.25cm

b: =
Or = 2f 2x12x10’

(b) Since a> b, 1/a < 1/b, the next higher modes are calculated as shown below.

Mode f. (GHz)
TE 5

*TE; 10

TE3g 15

TE4 20

*TEo, 12

TEq, 24

*TEq, 13

TE;; 15.62

The next three higher modes are starred ones, i.e. TE>y_TEq; _TE;;

() u'= L _

C
Jue 225

For TE;; modes,

=2x10° m/s
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3x10° 1,1
= ~8.67 GH
I 2x10°225 V3 125 ==
Prob. 12.8
’ 25
LetF, = [1- @ = 1—(—) =0.7806
40
8
A== 3X109—0.0075m:7.5><10-3m
f 40x10
' -3
,quzi Tox107m _ g 084107 m
F, 07806 ———
' 8
u, == 30 5 043 10° mis
F, 07806 —————
fo= = 2 65395 rad/m
A, 9.608x10° ————
7' 1207

Prob. 12.9

u' |(m : n :
==l =] T
=55 +(5)

For TE,, mode, m=I, n=0,

| 8
f— _c_ 3x10 30 ey,

2a 2><5><10’2

9 2
a)\/,ub"‘/ =< —27z><12 5x109\/47zx10_7x;(; 1- (125) 7854(0 9708)

=254.15 rad/m

27 %x12.5%x10°

:%:T'lszfﬂ.owm8 m/s
o= 1207 30
Sy 09708

f
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Prob. 12.10

f _u _c _ 3x10®
2a 2a 2><4><102

2
_ 27 x24x 10° 3 75 _ 4807
= 0| ue C 0.9877
H 3x10° \/ 24 ( )

= 3 75 GHz

=496.48 rad/m
_2T_ 2% 00127m
T B 49648 =———
Prob. 12.11
' 8
u=2- “ _ 310 —6.975x10° m/s

B Ji—rrp 1-65172)

16
u, =220 _12903x10° mis
u
u,  12903x10° ===
Prob. 12.12

¥ _u ¢ _ 3x108
© 2a 2a 2x24x107
f=125f =7.813 GHz

n 377 377

n= =2 628320
FET T
1-| Le - ——

L] i3

Prob. 12.13
( )fclO

=6.25 GHz

l/t

2a\/7
_ 3x10°
2x1.067x107°/6.8
30

=——+— GHz
2x1.067/6.8
=5.391 GHz
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=0.439
u' c 3x10°
u =—= = :2.62X108 m/s
7 F Fe 0439x68 =
(c)
' u' 8
ﬂ_i_ f_ c 3x10
F F  fFJse 0439%x6x10°x/6.8
107
=————— =0.04368 m = 4.368 cm
2x0.4396.8 -
Prob.12.14

In evanescent mode,

2 2
a b

2 2
ﬂ:o’ 7/:“:\/(%) +(%j _k2 :\/47[2ﬂ8fc2_a)2/,l€

a

a=Jue\J4r* f2 —4n* f* =2z Jus f. /1—(%)

Prob. 12.15
E_# 0. This must be TMj; mode (m=2, n=3). Since a=2b,

5 10”
3V 436 -15.81 GH, f=2&= ;
T T

fo=—m? +an® = = 1592 GHz
4b

C 4x3x107

e =3774/1-(15.81/159.2)* =375.1Q

2 2
EFHET
21y

ave Z
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2 2
=2€Z4E” [(27[/61)2cos2(27zx/a)sin2(37zy/b)+(37r/b)2 sin2(27rx/a)cosz(37ry/b)]aZ
M
a b
})ave :I‘q;ve‘ds = I J. gz,ivemx‘iyaz

x=0 y=0

B PPE’ ab {47[2 N 97’ } B BPE ab

_2h477TM 4] a vl 8111y

But
12
ﬂ:%h_(fc/f)z = 31:)108 J1-(15.81/159.2)* =3.317x10’
2 2 2

=2 07 10Ty 975100

a b b

_(3.317)"x10° x5* x18x10”" _15mW

“ 8x(1.098x10°)x375.1

Prob. 12.16 (a) Since m=2 and n=1, we have TE,; mode

®) p=p'VI-(f./ ) =0ue,I- (@ /0)
Be= 0l-02 - (DCZ= ,0)2—[3262

2.2 16
f :;)_C:\/fz— : - :\/36><1018—1442¢ =5.973 GHz
T T 72

0 ) 377
JI- (L1 F? \1-(597316)

(€) My = - 39780

(d)For TE mode,

E = (Z—l;(mn la)H, sin(mnx/a)cos(nny/b)sin(ot - pz)

X

H = ;—E(mn /a)H, sin(mnx/a)cos(nny/b)sin(ot - Bz)

=12, m=2,n=1

Elements of Electromagnetics 7th edition Sadiku Solutions Manual



https://ravanbooks.com/books/9780190698614-solutions

414

L) _L
= (mn/a)H,, H, >(mn/a)H,

oy
E__%_ 27r><6><109><47r><10 N

oy

H B 12

o0x

=47*%x100

Mg =

E
=2 = > =1.267 mA/m

Hox 2
My 4m”x100

H_ =-1267sin(mnx/a)cos(nny/b)sin(ot-pz) mA/m

Prob. 12.17 (a) Since m=2, n=3, the mode is TE3.

2
® b= = gy

But

3x10°

=—\/(m/a) +(n/b)* = \/(2/2 86)° +(3/1.016)* =46.19 GHz, f=50 GHz

27 %x50%10°

T J1-(46.19/50)° =400.68 rad/m
X

p=

v = jB = j4007 /m

n' 377
(c) n = = = 98530
JI-(f 1 F)? \1-(46.19150)°
Prob. 12.18 In free space,
8
Mo fczizﬂ:3 GHz

2a 2x5x107

VG

377

771:41—(3/8)2

VI S
= =—,u'=—F—
R N2as T J_

=406.7Q2
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8
- 310 _2 GHz, 5, =—%__ _250570
2x5x1074/2.25

T Ji=2/8)

r="""h __02208
m+m,

Prob. 12.19 Substituting E_ = R®Z into the wave equation,

o7 d RZ ,
——(R)+—5@'"+ROZ"+k’ROZ =0
p dp p

Dividing by ROZ,

1 d Q" A
(170 Ty S

ie. Z'-k:Z=0

1 d Q"

——(R")+ +(K*+k%)=0
dep(P ) @pz ( )

p d 2 2.2 Q" 2
LR+ (K +k )pP=-—=k
de(p )+ (k" + k. )p o K
or

'+kSD =0

iR' k20’ -k?)R=0, where k> =k*+k°. H
Pdp(P )+ (k,"p" - k,")R=0, where k= k" + k. Hence

sz"+pR'+(kp2p2 - k¢2)R =0

Prob. 12.20

The MATLAB code and the plot of the phase and group velocities are presented below.
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o\

Plot U_p and U_g versus frequency f (10<£<100) in GHz

c=3*10"8;
for k=1:91
f(k)=9+k

fac = sqgqrt( 1 - (8/f(k))"2 );
up (k) = c/fac;

g(k) = c*fac;
end
plot (f,up, 'r', £, ug, 'k")
xlabel ('frequency f')
ylabel ('phase vel (red) & group vel (black)"')

8
55 x10 T T T T T T T T

(6]
T
1

.
()]
1

N
T
1

w
o
T
1

w
T

phase vel (red) & group vel (black)
\]
o

1.5 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90 100

frequency f
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Prob. 12.21

(a)
For TE,, mode,
u' 3x10°

fc :—:—72: 2083 GHZ
2a 2x7.2x10

2 2
Let F= h-|de] = 1—(@j ~0.942
I 6.2

B =wJucF = [0) 27%6.2x10° x0.942
H c 3x10°

=122.32 rad/m

< _ 3x10°

F 0942

u, =u'F =3x10%(0.942) =2.826x10° m/s
" 371

=0 o 2T 400210
F 0942 ——

=3.185x10° m/s

1 ¢ 3x10°
Jus e, 225

f_u_'_ 2x10°

© 2a 2x72x107

2 2
Let F=|1-|Zc| = 1—[@j =0.9746
f 6.2

=2x108

=1.389 GHz

oF J&,  27x62x10°x0.9746x1.5

=\ uskF =
p=aju 3x10°

=189.83 rad/m

o 27x62x10°
"7 BT 189.83
u, =u'F =2x10°(0.9746) = 1.949x10° m/s
n' 377

ST _hs7880
T S T 5x0.9746  Sme===

u =2.052x10° m/s
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Prob. 12.22
1
u' Jue 3x10®
foo=—7= =1.315 GHz
2a 2a 2a\/— 2x7.214x107°2.5

Let F= I - " 1315 =0.9444

a)wleF
P =w\JucF = .
c

P 3x10°
] Ff 0.9444x~/2.5

cF 3x10°x0.9444

=2.009x10° m/s

u,=u'F = = =1.792x10° m/s
e T gy L0 e
Prob. 12.23
o ol A P
MPZE:E —> a):ﬂup:ﬂC?: 472_2 s (}L:27z/ﬂ)
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Prob. 12.24

Dividing (1) by (2),

Wl
P

2

(7]

fi

(£
5

Assuming f, is in GHz,

2 2
e 0.5625 _0.5625f"
44

=0.5625=

1 f}=9844 > f =9.9216 GHz

From (1),
0.25¢

Prob. 12.25

P

2a

=+0.208 f =2.0523 GHz
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[ 8
LI 3x10 —4.927 cm
2W2.2%2.053%x10° ——
Prob. 12.26
Let F=4I-(f./f) =I-(16/24) = 07453
8 '
w=—rm—=00 0108, w =L u =u'F =2x10°x0.7453=1.491x10°
Jue 225 F —
m/s
CrF=—7 33700
Mo = V0 = 507453 - =L
Prob. 12.27

For the TE,, mode,

rx\ _;
H, =H, cos(—)e "z
’ a

E =-JYH H, sin(ﬂ e 7

. 0O E,Z O . .
ExH =| , =E Ha —-E H a
H,6 O H . ?
. 2
- JeHa H cos ﬂxjsm(ﬂxjax+w’u’€a H’ sinz(ﬂjaZ
r a a 7 a

2
(Z”e:lRe[EsXH:]:%Hfsinz 22 \a,
2 2 a

Prob. 12.28

E 2+ E 2 2. 2 2
:| | . |E, | a. =(§'Z2:4 Ho2 sin’ 7y /ba,
n U

where 7= 17,

P.=[ P ds—‘”‘”

ave 2h4

H’ j i sin® 77y / bdxdy

x=0 y=0
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2.2_2

® U m 2
ave 2nb2h4 Ho ab/z

Tf2
But 4’= (mn/a)’+ (nn/b)’ = b—z,
(sz,zab3H02
Pave = —2
4nn
Prob. 12.29
9 -7
R = L f =\/7r><12><10 ><477r><10 5 858x107
o 5.8x10
u' 3x108
Jfao=7—= =4.651 GHz
24 2J2.6x2x107
I g ] 112
u
fo = E{a_z-l- b—2] =104 GHz
Ty LA ﬂ— 233810
"Ne T 26

(a) For TE;p mode, eq.(12.57) gives

a,+jB, = \/—a)z,ug+kx2 +k? + jouo,

2
2 2 n .
:\/—co lu”+—+ jouc,
a

9\2 2
:\/_(27r;<1?(;<810 j (2.6)+(2 71T0_2)2 +j27z><12><1()9><47f><10‘7 <107
x X
=0.012682 + j373.57

o, =0012682 Np/m

o -— 2R [£+2(£z]
b I-(f L2 af
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2x2.858x107° [1 1 4651

= —+—(——) }0.0153 Np/m
102(233.81)y/1-(4.651 /12)* L2 2 12 —

(b) For TE; mode,

W+ By =02/ +11a’ + 116 + joyo,

2

= \/—]39556.21+ (13——2)2+ 94748 = 002344 + j202.14

o, = 002344 Np/m

) 2R, [(b/af + 1} B 2%2.858x107 [ (1/8)+1 }
CI- (£ ) LT + 1] 102(233.81)\1-(10.4/12)* [ (1/4) +1
a,= 00441 Np/m
(6}

Prob. 1230 ¢ =c¢'-je''=¢- ja

Comparing this with

g =16g,(1- jl0*) =16¢, — jl6g, x10™

e =16e,, Z=16¢x10"
w
For TM»,; mode,

, ) ) 172
fi==| 2+ | =2.0963 GHz, f=1.1f.=2.3059 GHz
2la” b
-9

o =16£,0x10™" =16x 27 x2.3059x10’ 0 10+ = 2.0525x10™

367
7]'2\/223071'9
&

on' _4.1><104><307r

a, = = =0.0231 Np/m

Coafi—erpy 22—z T P

Ee® =08E, ——>  7=-1In(1/0.8)=9.66m
a, ——
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Prob. 12.31
For TM»,; mode,

2R

o, = - -
'\I=-(f.1f)

9 -7
P ﬂfﬂ:\/ﬂX2.3059><10 >7<47r><10 00246 O
o0 o, 1.5x10

a = ix 0.0246 ~0.0314 Np/m
47 %107 %307 x0.4166

Eae’("‘f*”“”Z =0.7E, —_— = In(1/0.7) =6.5445 m
c d
Prob. 12.32
u' 3x10°
=—=———=25GHz
Jer 20 2x6x107
p—— = 377 _=4830
1_ L 1_(25)
f 4
From Example 12.5,
2 2 6 4
 _ E’ ab _ (2.2)"x10°x6x3x10 ~ 90196 mW
27 2x 483 E—
Prob. 12.33
For TE; mode,
' 8
f=2 = 3x10 =2.151 GHz
2a  242.11x4.8x107
c
(a) loss tangent = —=4d
0e
i 9 107 -4
oc=dwe =3x10" x2rx4x10" x2.11x o =1.4086x10
T
1207
'= =259.53Q
V2.11
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L ___on' __14067x10"x259.53
Yooy 2i—@is1/4y

9 -7
(b) R = |47 =\/”X4XIO ATA0 1 9625%107 @
o, 4.1x10

2R, ~3.925x107(0.5+0.5x0.2892)

=2.165x10 Np/m

a = 5 [1+9<f /f)z}
b I=(f )P L2 a 2.4x107 x259.53x0.8431

=4.818x10~ Np/m

Prob.12.34
Tfu

2 i
ey
: /. a . (fj
bn' |1-| =< pn' 1= Le
§ [fj 7 f
2 47z><10’7><7z\/—><l 2
T
0.5x10 x (1207 //2.25) 5.8x107\/1—(]}6J

]

304/(5.8/2.25) \/I—(f“]
f

The MATLAB code is shown below

k=107(-5)/(30*sqrt(5.8/2.25));
fc=10710;
for n=1:1000
f(n)=fc*(n/100+1);
fn=f(n);
num=sqrt(fn)*(1 +(fc/fn)*2 );
den=sqrt(1- (fc/fn)*2 );
alpha(n) =k*num/den;
end
plot(f/1079,alpha)
xlabel('frequency (GHz)")
ylabel(‘attenuation')
grid
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The plot of attenuation versus frequency is shown below.

wy/dN) uonenuaye

frequency (GHz)

Prob. 12.35

The cutoff frequency of the dominant mode is

=6.56 GHz

3x10°
4.576x107>

u
2a
The surface resistance is

fclO

23.91x107° Q

5.8x10’

7x84x10° x47rx107

|

Tfu
O-C

—
[Jc_f
N——
NN
IT
)
o
| E— |
—
s SR
BN y
B 5l
m —
- -
= =
84| B
=
0 ]
[ 3

=371

n'=n,

0.56 =0.781,
8.4

Je _
f
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2x23.91x107 1.016

%= 1.016x107% x377/1— 07812[ >t (O 781) }
_ 47.82x107(0.5+0.2711)
- 3.83x0.6245
=15.42x107 x8.686 dB/m = 0.1339 dB/m

=15.42x107 Np/m

Prob. 12.36

u' 3x10°
o fo=t X0 3947GH
@ o= = 3 8x102 ‘

2
=u' / —[?) =3x10%/1-(0.3947)* =2.756x10° m/s

b a=¢,+a.

a, =0 since the guide is air-filled.

10 =7
R - 7zf,u \/7[><10 ><47r7><10 —1.609%1020
5.8x10

o os(1]]
oy a
by',1-| Le

7 [fj

-2

_ 2x2.609%10 {05+ 6(03947)} 5.218x0.5656

1.6x107(377)y/1-(0.3947)’ 8 554.23

=5.325%10" Np/m
a,(dB) =8.686x5.325x 10~ = 0.04626 dB/m
Prob.12.37

' 8
fro=m=—— = 3x10 =3.991 GHz
2a 2a\eu,  2x25x10742.26
P 27rff

/ ’ 3991 =0.8467

9
_ 2”735118 Y226 5467 - 199.94 raaim
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' -4
on.__ oM, __ 10 G 481410 Np/m

a, = = =
©2F 2F e, 2x0.846742.26

o - K o.5+2(£]
ch a\ f

bn' 1—[
f
9 -7
R - wfu :\/nx7.5><10 xétzz'xlo ~0.0519 O
o, 1.1x10
2
2x0.0519 0.5+1'5(3'991j
25075 0.1038x0.6698
%= 377 T 3.1848
1.5x1072x— x0.8467 )
J2.66
=0.02183 Np/m
u' C 3)(108 8
a =2 _ - =2.357x10° m/s
" F FJe  0.846742.26
8
u, =u'F =230 X087y 669,108 s
J2.26 —

P 3x10°
“ L fale 3.991x10°42.26

=0.05 m =5 cm(=2a, as expected)

Prob. 12.38 (a) For TE;;, mode,

u' c
fe=%0 YT a0
8
f. = A0 _ 4589 GHz
J2.11(2x225x107%) ————
b) 2R, [1+b<f/f>2}
g0 = —+—(f.
T 1= (£ f)P L2 a

9 -7
R = |FL£ :\/zrx5><10 X4”7XIO ~3.796x102 Q
o 137x10

n = 317 559540

v2.11

Elements of Electromagnetics 7th edition Sadiku Solutions Manual



https://ravanbooks.com/books/9780190698614-solutions

428

2><3.796><10’2[0.5+£(4.589/5)2]
o = 2.25
1.5%107(259.54)\/1— (4.589/5)>

Prob. 12.39 For TE;p mode,

=0.05217 Np/m

o - 2R [;2@]

S i-(frf L2 a s

But a=Db, sziz m
o (o

i 1 fe
o, F L)z}kﬁ{z”f)}
2 1= (.1 f)

o, = > (
an'\1-(f.1f) f

where Kk is a constant.

k1 Lzz/zi -1/2 z 2 p-52 Ei 12 2£-32909 £2 £73)[] Lz-z/z
do, =GO LS 0 G 1 L2 NS - ')

df 1= (f. 1 f)
9. . Thisleadsto f=2.962f..

For minimum value,

Prob. 12.40 For the TE mode to z,
E_ =0,H = H cos(mnx/a)cos(nny/b)sin(pnz/c)

£ v OE,  Jjou 0H, jwu( IV sin(max/a)cos(nny /B)sin(prz/ )
= -5 - - = - mmni/a Sim(mnx/ a)cos(nn sin( pn C
ys hZ ay h2 8x hZ 0 y p <

as required.

y 0E, jou 0H,
Exs =~ 72 - 2
h® Ox h® 0Oy

= ]]0;2“ (nn /b)H, cos(mnx/a)sin(nny/b)sin(pnz/c)

From Maxwell’s equation,
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g 4 2
—jouH =VxE =|0x Jdy 0z
E Eys 0
1 OE 1 .
H_ = (D_H 5, h—z(mn /a)(pn /c)H, sin(mnx/a)cos(nny/b)cos(pnz/c)
J Z

Prob. 12.41 Maxwell’s equation can be written as

_Joe 0E, v 0H
= p? 9y  h ox
For a rectangular cavity,

W=k’ + ky2 = (mn /a)’ + (nn /b)*

For TM mode, H,, =0 and

E_ = E, sin(mnx/a)sin(nny/b)cos(pnz/c)
Thus

_ joe OF

" Rhr Oy
as required.

H

- J;’;g (n1b)E, sin(mrx/ a)cos(nzy/bycos(prz/c)

_ JoeJE, y 0H
T p ox B 0y
joe

==z (mn /a)E, cos(mnx/a)sin(nny/b)cos(pnz/c)
From Maxwell’s equation,

o 4 2
joeE,=VxH_ =|0x Jdy 0z

H, H, 0

1 0H 1 .
E =— =— (nz/Ib)(pr/c)E, sin(mrx/a)cos(nzy!b)cos(prz/c)
joe 0z h

Elements of Electromagnetics 7th edition Sadiku Solutions Manual


https://ravanbooks.com/books/9780190698614-solutions

430

Prob. 12.42

7 :%\/(m/a)2+(n/b)2+(p/c)2
where for TM mode toz, m=1, 2, 3,..., n=1,2,3,...., p=0,1,2,....
and for TE mode to z, m=0,1, 2, 3,..., n=0,1,2,3,...., p=1,2,3,..., (m+n)#0.

(@) If a<b<c, I/a>1/b> 1/c,

The lowest TM mode is TM ;o with f, = bzt' ]2 + ]
The lowest TE mode is TEg;; with f, —%' b2 iz
Hence the dominant mode is TE;.
(b) If a>b>c, 1/a<l1l/b<l/c,
u' ] 1

The lowest TM mode is TM ;o with f, = —+—

u' u 1 1
The lowest TE mode is TE;y; with = / N
! /= 2\Va? c2 2 V Tt b’

Hence the dominant mode is TMj,
(c)If a=c>b, l/a=1/c<1/b,

u |1 ]
The lowest TM mode is TM o with f, = —,|— + —

The lowest TE mode is TE o with f, = —1/ 1/ pE +— bz

Hence the dominant mode is TE(;.
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Prob. 12.43

¢ 3x10®

@ W Tie

u m 2 n 2 D 2
=— =1+ =| +| =
: ZJ(J (3)+(2)
For the dominant mode, m =1, n=0, p=1
, 2 2 8 10
f=2L (lj +(1j _3x10 14+ ! a— 10 637267) = 2.606 GHz
2 \\a c 2J4.6 V9x10™  36x10 2(2.1447) —_—
(a* +c*)abc
5|:2b(a3 +c)+ac(a® +cz)]
3 1 3 1
Jfonot,  Nrx2.606x10°x1.57x107 x4z x 107

(9+36)(72)x102 32.42
5[8(27+216)+18(9+36)] 2.49x107°(2754)

b 0=

=2.49x10° m

0= = 47217

Prob. 12.44

(a)
l/l' m 2 n 2 p 2
=—. =+ =]+ =
R GEGED
2 2
forgior =1.5%10° Gj +Gj ~1.5x10"/0.1736 = 6.25 GHz

Forpor =1.5x10" /L L 1 5%10°02225 =7.075 GHz
625 16 —
frreno = 1.5><101°,/é+é —1.5x10"/0.2711 =7.81 GHz
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Prob. 12.45
1 c 3x108
u'= =TS — =1.897x10°

& (—J (] e )

—9.485,/m> +0.25n> +0.111p*> GHz
fuo =9.485J1+0+0.111 = 10 GHz
for  =9.48540+0.25+0.111 =5.701 GHz
fon  =9.485J0+0.25+0.444 =7.906 GHz
fos  =9.48540+0.25+0.999 = 10.61 GHz

fom  =9.485J0+1+0.111 = 10 GHz

Thus, the first five resonant frequencies are:
5.701 GHz(TE,,,)

7.906 GHz (TE,,,)

10 GHz (TE,,, and TE,,)

10.61 GHz (TE; or TM,,,)

11.07 GHz (TE,,, or TM,,,)

Prob. 12.46

(a* +c*)abc
5[2]9((13 +c)+ac(a® + c2)]
When a=b=c,

0=

24d°a’ 24’ a

Q=§[2ax2a3+a2x2a2] =65a4 _£

Prob. 12.47
(a) Since a> b < c, the dominant mode is TE1o1

8 2
,101—”3 L2 L2 5x10 x10 ,/ 11677 Hy
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(a* +c?)abc

®) O =

reol 5[2[9(513 +c)+ac(a® + cz)]

_ (400+100)20x8x10x107" _3.279x107

S[16(8000 +1000) + 200(400 +100)] )
4
But o= ! = ! = 10 m
ST Lot N71677x10° x4z x107 x6.1x107 200961
5200.961

Orpior =3.279%10 10" =6589.51

Prob. 12.48

c
= qumz +n’+ p’
The lowest possible modes are TEo;, TEo;;, and TM;;0. Hence

8
=i\/§ a c 3x10

= = =7.071 cm
" 2a £N2 2x3%10°

a=b =c=7071cm

Prob. 12.49
(a) a=b=c

u 2 2 2
f :—a\/m +n"+p

2
For the dominant mode TE,,,

frzu—\[1—|— =i\/§
2a 2a
B c\/z B 3><108\/§

a= =
2f  2x5.6x10°
a=b=c=3.788 cm

(b)

=0.03788 m

For ¢ =2.05, u’=L
Je,
V2 _ 003788

“Torde 205

a=b=c=2.646 cm
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Prob. 12.50

(a)

This is a TM mode to z. From Maxwell’s equations,

VXE =-jouH

1 A
H =—— VXESIL dx Oy oz :L(—a”a - a”
Jou CHlo 0 E.(xy) WU\ oY X
But
-2
E, =200sin307xsin30zy, —=— L 10
’ o 6x10" x4z x10 24r
j107 . .
H = o X 200><307r{sm 307xcos30zya, —cos30zxsin 307ryay}
7

H =Re (HS ejm)

H=25 {—sin 307xcos30zya, +cos30zxsin 3071yay} sin6x10° 2t A/m

(b)
E=Fa, H=Ha +Ha,
ECH =0
Prob. 12.51
8
(@ a=b=c —> ,101=ﬂ=12x109
a2
8
a:&:I.W cm
V2 x12x10°
®) O _a _ N aaHO
TE101 35 3
_L77x102 Yz x12x10° x 47 x10” x5.8x 10"
- 3

=9767.61
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T"—b'—*?f%ﬂ(ﬂr@

8
FRRELL = 44.186 MHz
(10 e 6)

> MHz =45.093 MHz

1 1 1

-+ -+ > MHz =47.43 MHz
(10.2)° (8.7)° (3.6)

(10.2)*  (8.7)°

1 4
(10 2)? (3.6)2

MHz =84.62 MHz

fr110=150\/ L1 MHz=22.66 MHZ

S =150 4 -+ ! >~ MHz =51 MHz
(10.2)" (3.6)

Thus, the resonant frequences below 50 MHz are

frllO’ frlOl,frOll’ a'nd\flll

Prob. 12.53

Prob. 12.54

NA = \Jn? —n? =J1.51> =1.45* = /0.1776 = 0.421

Prob. 12.55

(@) NA=n>-n’= +162%-1604> = 02271
(b) NA =sin 6,=0.2271 or 6, =sin ' 0.2271 =13.13°

d -6
(©) V= ra NA = 7 x50x10 xg.2271 _ 97441
A 1300x10

N = V%2 6 modes
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Prob. 12.56
md 5 7ax2x5x10° 2 2
V="\n"—n =——"—""—148 -1.46" =5.86
AV 7 1300107
VZ

N =7=17.17 or 17 modes

Prob. 12.57
(a) NA =sin 0,= Jn’ - n,> = 153> - 145> =0.4883
0, =sin ' 0.4883 =29.23°

(b) PY/PO0) = 107 % /10 _ 1 04x510 _ 631
ie. 63.1%

Prob. 12.58

P(0) = P(0)IO*""? =10x107"7*%"1Y =9,0678 mW

Prob. 12.59
As shown in Eq. (10.35), logio Pi/P, =0.4341n P,/P,,

1 Np=201logioe=8.686dB or 1 Np/km =8.686 dB/km,

or INp/m = 8686 dB/km. Thus,

a,, =8686¢,,
Prob. 12.60
P, 1.2x107°
al = 1010g10 a = 1010g]0 W = 30792
a=0.4dB/km = 04 Np/km
8.686
/ 30.792 _ 30.392 dB — 76.98 km
o 04dB/km ———
Prob. 12.61

P0) =P(1) 104 1% =0.2 x 10%4*31% mW = 3.1698 mW

Prob. 12.62 See text.
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CHAPTER 2
P.E.2.1

(a) At P(1,3,5), x=1, y=3, z =5,
p=+x2+y? =410, z=5, p=tan"' y/x=tan'3=71.6

P(p,0,2) = P({/10,tan”" 3,5) = P(3.162,716°,5)

Spherical system:

r=qx*+y2+ 22 = 4/35=5916
0= tan” \/x* + y* [z = tan"' V10/5= tan" 06325 = 32.31°

P(r,0,¢p)=P(5.916,32.31°,71.57°)

At T(0,-4,3), x=0 y =-4, z =3;

p=+x’+y =4z=3,p=tan' y/x=tan"'-4/0=270°
T(p,,2) = T(4,270° 3).

Spherical system:

r=Ax"+y’ +7°=56=tan"' p/z=tan"'4/3=5313°.

T(r,0,p)=T(55313°,270°).

At S(-3-4-10), x=-3, y=-4, z=-10;

p=+x"+y" =5¢=tan” (_—:j =233.1°

S(p,4,2) = 5(5,233.1-10).

Spherical system:
r=X+y +2> =55 =11.18.

5
_ —lp _ -1 — o.
6 = tan /Z—tan =T 153.43°;

S(r,0,¢)=S(11.18,153.43°,233.1°).

(b) In Cylindrical system, p=+/x> +y"; yz =zpsin g,
zpsin
0.=—+L—: o0-=0 o=-"£N%

/,02+Z2’ /,02+Z2’

15

Elements of Electromagnetics 7th edition Sadiku Solutions Manual



https://ravanbooks.com/books/9780190698614-solutions

16

o, cos¢g sing 0} Q,
Q; |=|-sing cosg O O |;
0, 0 0 1)0.

pcos g . —psing
Qp:QxCOS¢=—, Q¢:—stn]¢:—
\//02+Z2 o+

Hence,

Q:%(cosmp —sin¢a¢ —zsinga,).
o' +z

In Spherical coordinates:

Qx:

rsind .
=sin@;

1
Q. =—rsingsin@rcos — = —rsinfcos fsin g.
r

0 sinfcosg sinfsing cosf || O,

Q, | =|cosfOcosg cosfOsing —sinf|| O |;

0, —sin ¢ cos¢ 0 0,
Q.= Q,sinfcosg + Q. cosd = sin’ Ocos ¢ — rsinPcos’ Psin .
0,=0, cosfcos$ — Q. sin @ = sinOcos Hcos ¢ + rsin’ Ocos Psin .
Q,=—0, sing = —sinfsing.

0= sin@(sin Ocos ¢—rcos’ Hsinqﬁ)ar + sin@cos(cos @ + rsinfsinpla, —sinfsinga, .

At T :

0(x,y,2)= %ax + %az =0.8a, +2.4a_;

0(p,9, Z)=§(COS 270°a, —sin270°as —3sin 270,
=O.8a¢+2.4az;
4 45 4 3 20 4
r,0,0)=—(0——(1)a, +=(=)(0+—(-1)a,——=(-Da
Q(r,0,9) 5( 25( ) 5(5)( 5( )a, 5( )a

= ﬁar —ﬁae +ia¢ = 1.44a,-1.92a,+0.8a;
25 25 5

16
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Note, that the magnitude of vector Q = 2.53 in all 3 cases above.

P.E.2.2 (a)
A | |cos¢g —sing O|| pzsing
A |=|sing cosp 0| 3pcosg
A 0 0 1]|pcosgsing

A= (pzcosgsing—3pcosgsing)a. + (pzsin® ¢+3pcos’ Pa,+pcosgsinga..
But p=1x*+y", tan¢:z, oos¢:—x , sin¢:—y ;

X ’x2+y2 ’x2+y2
Substituting all this yields:

1
A —— [(oz—3x)a, +(zy° +3x° )a,+xya_].
X +y

sin@cosg cos@cos¢p —sing|| r°

B.X
B, |=|sinfsing cosfsing cosg 0
B, cosd —sind 0 sin &

2 2

: X+
Since r=«/x2+y2+zz,tan9=—y, tang="=;
z

Z
2 2
) X+ b4
and sm9=—y, COSQZ—;
[x2+y2+z2 ’x2+y2+z2
X

Y

and sing=————, COS ) =————
’x2+y2 ’x2+y2
. . . 1
B,=r’sinfcos¢ — sinfsing = -2 = —(FPx—y).
roor

1
B = r’sin@sing + sinfcos g = 7y+z = —(r’y+x).
ror

1
B, =r’cos@ = rz=—(r’z).
r

Hence,

1

—[{x(x2 + yz + 12)_ y}
Y+

B= a, + {y(x2+y2+z2)+x}ay+z(x2+y2+z2)az].

17
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P.E.23 (a) At
(1,7/3,0), H =(0,0.06767,1)

a,=cosga —singa, = %(ap —\/§a¢)

Hea = -0.0586.

(b) At:
(1, z/3,0), ao=cost9ap—sino9az =—a,.
ap as a
Hxa =0 0.06767 1|= —0.06767a,.
0 0 1

(C) (H.ap)ap = Oap.

a, a, a,
Hxa. = |0 006767 1| = 0.06767 a,.
d o 0 1

|H xa,| = 0.06767

PE.24
(a)
AB = (3,2,-6) ¢(4,0,3) = —6.

3 2 -6

AxB| = =|6a, -33a, —8a,|.
(b) 4 0 3

Thus the magnitude of Ax B = 34.48.
(c)
At (1, n/3, 5x14), O=xnl3,

a,= cosfa, —sinfay = —a, — ﬁag.
2 2

3 1 3
(Ala,)a, = (5 3 j [—a, —7a9] =-0.116a, +0.201a,

2

18
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Prob. 2.1
(a)
p=rJx2+y2 =4+25=53852, g=tan'L=tan"'2.5=68.2°

X

2 2
rex 4y 422 =41 2541 =5477, Gztanlx—ﬂ):tanlﬂzw.%”

Z
P(p,¢,z) = P(5.3852,68.2°,1), P(r,0,¢)=P(5.477,79.48",68.2")

(b)
pP=+X"+y =49+16=5 J=tan” Y —tan™! 4 =360° —53.123° =306.88"°
X _
2 2
r=x’+y 47" =5, Hztan‘lx—ﬂ):tan‘]oo:900
<
Q(p,9,2) =Q(5,306.88°,0),  P(r,0,¢) = P(5,90°,306.88")
(c)

p=Ax*+y =\36+4=6325, p=tan' L= tan‘1%=18.43”
X
r=yx*+y2+2° =36 +4+16 = 7.483,

2 2
XAy can”! 6.325
Z -4
R(p,9,z) =R(6.325,18.43°,-4), R(r,0,¢) =R(7.483,122.31°,18.43°)

0 =tan™' =180" -57.69” =122.31°

Prob. 2.2

(a)
x = pcos¢ = 2cos30° = 1.732;

y = psing = 2sin30° =1;
z =35
B(x,y,z) = B1.732,1,5).

(b)
x=1c0s90° =0; y=1sin90° =1; z= —3.

B(x’yvz) = 1)2(0’ 17 _3)

19
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()
x=rsin@cos¢ = 10sin(z/4)cos(x/3) = 3.535;

y=rsin@sing = 10sin(x/4)sin(x/3) =6.124;
z=rcosfd = 10cos(z/4) =7.0711
P(x,y,z) = P,(3.535, 6.124,7.0711).

(d
x=4sin30°cos 60° =1

y =4sin30°sin 60° =1.7321
z=rcos@ = 4cos30° =3.464
P(x,y,z) = P,(1,1.7321,3.464).

Prob. 2.3

p=JC+ v =J4+36=6.324
(a) ¢=tan"' Y —tan! S_ 71.56°
X 2

Pis (6.324,71.56%,-4)

r=yx 4y +22 =V4+36+16 =7.485

2 2
© O=tan' YT _gq1 0324

Z -4
Pis (7.483,122.3°,71.56")

=90° +tan”"

4 =122.3°
24

Prob. 2.4

(a)
x=pcosg=5cos120” =-2.5
y = psing =5sin120° =4.33
z=1
Hence Q =(-2.5,4.33,1)

20
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(b)

r:\/x2+y2+22 :\/p2+z2 =+/25+1=5.099

2 + 2
O=tan"' Y _tan ' 2 = tan! % =78.69°

Z Z
¢ =120°
Hence Q =(5.099,78.697,120°)

Prob. 2.5

T(r,0,¢) —— r=10,0=60°,¢=30"
x=rsinfcos @ =10sin 60’ cos30° =7.5

y =rsin@sin g =10sin 60’ sin 30° = 4.33
z=rcos@=10cos60’ =5
T(x,y,z)=(7.5,4.33,5)

p =rsin@ =10sin60” =8.66
T(p,¢,z)=(8.66,30",5)

Prob. 2.6
(a)

X = pcosg, y= psing,
V = pzcosg- p’singcosg+ pzsing

(b)
U=x’+y +7"+y* +27°
=r>+r°sin’ @sin’ ¢+ 2r’ cos’ 6

=r*[1+sin’ @sin’ ¢+ 2cos” O]

21
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Prob. 2.7
(@) i i
X
2 2
. p tz
F, cos¢p sing O
F, | =|—sing cosg O S
2+Z2
F. 0 0o 1||VP
4
RRES
F, :;[pcos2¢+psin2¢] = L;
/,02+Z2 /p2+22
1
F, = ——[—-pcos¢@sing+ pcosgsing] = 0;
¢ ,,02+Z2
Fo=—2
z ,,02+Z2 ’
= 1
F :T(pap+4az)
NP +2
In Spherical:
b
F sinfcos¢ sin@sing cosd | | T
F,| = |cos@cos¢ cosOsing —sinf %
Fy —sing cos @ 0 4
7]
r.» 2 r.» .2 4 ) 4
F. =—sin"@cos” ¢ + —sin” @sin” p + —cos = sin” 6 + —cos b,
r r r r

. . . 4 : 4 .
F, =sin@cos Ocos’ ¢ + sinOcos Psin”® ¢ — —sin@ = sinPcos@— —sin;
r r

F, =—sinfcos gsing + sinGsingpcos ¢ = 0,

o F = (sin® 9+ﬂcos &)a,+ sin O(cos 49—3a€
r r

22
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(b) ]
xp’ |
. NP+
G, cos¢g sing O ,
- yp
G,| =|-sing cos¢ 0| | ———=
¢
G. 0 0o 1|[VP T
zp’
NP+ ]
P’ you
G, =———=[pcos’ ¢+ psin’ ] = ———;
P [p2+22 p2+Z2
G¢ =0;
G __
z \/m’
2
GZp—(,Dap‘l‘Zaz)
[p2+z2
Spherical :
2 2 .2
G=p—(xax+yay+zaz)=ﬂra,=rzsin26’ar
r r _
Prob. 2.8
Y

B=pa +—a +za,

B, cosgp sing O p
B, |=|—sing cos¢ O y/p
B, 0 0 1 Z

y .
B, =pcos¢+;sm¢

B, =—psin¢+lcos¢
yo,

B =z

But y=psing

B, = pcosg+sin® ¢, B, = —psin g +sin g cos ¢
Hence,

B =(pcos¢+sin® g)a,, +sing(cosg— pa, + za,

23
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Prob. 2.9

A, cos¢p —sing O 2

A [=|sing cosg 0] 3

A 0 0 1|4

At P,p=2, ¢=n/2, z=-1

A, =2cos¢—3sing =2c0s90° —3sin90° = -3
A, =2sing+3cos¢=2sin90° +3c0s90° =2
A =4

Hence, A:—3¢1X+2ay+4aZ

Prob. 2.10

()
A cos¢p —sing O psing
A |=|sing cos¢g 0| pcosg
A 0 0 1| 2z

A = psingcosg— pcosgsing =0

t a2 2 2 2
A, =psin” g+ pcos g=p=q/x" +y
A =-27

z

Hence,
A:«/)chryzay—2zaZ

(b)
B, sinfdcos¢y cosfcosgp —sing| |4rcosg
B, |= | snfsing cosfsng cosg r
B cosf —siné 0 0

B, =4rsinfcos’ ¢+rcosfcosg
B, =4rsmf@singcosg+rcosdsng
B =4rcosfcosg—rsind
r

z
, cosf=

But r=+x>+y*+2%, snf= =
r

. Yy
Sing = ———,
VX +y°

cos¢

x
Jx© +y?

24
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2
B 7 2 X zx
B =4\x" +y° —

+
x 2
4yt 2 4y?

2 2 Xy cy
B =4\x"+y" —

+

4yt x4y

B :4ZL—\/x2 +y°
x> +y?

B- ;[36(4“2)% +y(dx+ Da, +dxz— x> ~y)a, |
x® +y2

Prob. 2.11

Method 1:
F. sinfcos¢ cos@cosg —sing || 4/r’
F, |=|sinfsing cosfsing cosg 0
F cosd —sind 0 0

Z

4 4 . . 4
Fx:751n¢9003¢, F :?smé’sm¢, F, :70059

y

2 2
. X Z
r2:x2+y2+z2, 81n¢9:2—2yz, COSGZﬁ
X+ y +z X +y +2
y X

VX +y? 9= X+
r 4 i+’ X 4x

o Xy \/x2+y2+z2 \/)Cz+y2 - (X +y*+28)"
o 4 \/x2+y2 y B 4y
Xy \/xz+yz+z2 \/x2+y2 (x*+y*+28)"
B 4 z B 4z
X x2+y2+Z2 (x2+y2+Z2) (x2+y2+Z2)3/2
Thus,

sing =

= [xa + ya +za]
(x2+y2+z2)3/2 x y z
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Method 2:
4a, r 4ra,
F=—F—=—
rrr r

B 4
(x2 + y2 +z2)

F

5 [xa)C +ya, + zaz]

Prob. 2.12

r=2, 0O0=xl/2, ¢=37/2
@) B =2sin(r/2)a, —4cos(37z/2)a¢ =2a,

(b)
B, sinfdcos¢ cosf@cos¢ —sing|| rsiné
B, |=|cosfcos¢ cosfsing cosg 0
B, cos@ —sin @ 0 —r’cos¢
_ ) 2 . _ . 2 2
B, =rsin” @cosg—r singcosp, B =rsinfcosfcosg—r cos ¢
B, =rsinfcosd
2 2
. X+
But r= x2+y2+z2,cos¢9:£,s1n¢9:£:—y
r r 'x2+y2+z2
X X . y y
Cosp=—=———", singg="=——o
P X +y? P X+
2 2
+
B, ={xX’+y +7° 2x Zy > al —(x2+y2+zz)—2xy >
XY+ X +y
xyx*+y’ _xy(x2+y2+z2)
X +y +7° Xty
2 2 2
X+
B, = /x2+y2+zz Z2 2)’2 X 2y ) 2x i
X +y +z \/x2+y2 X +y
3 Xz _xz(x2+y2+zz)
\/x2+y2+z2 X+ y
B = x2+y2+22 z\/x2+y2 _ Z\/x2+y2
o T N
B=Ba ,+Ba +Ba.
Prob. 2.13
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X=ppcos¢
@ p = pcosga,

x=rsinfcos¢
(b) B=rsinfcosga,, B, =0=B,,B, = rsin @ cos ¢

B sinfdcos¢ sinfsing cosd 0
B, |=|cosfcos¢ cosfsing —sinf 0
B, —sin ¢ cos¢ 0 rsin@cos ¢

B =rsinf@cosfcos @ =0.5rsin(26)cos ¢
B, =-rsin’ Ocos ¢, B,=0
B =0.5rsin(260) cos ga, — rsin’ O cos ga,

Prob. 2.14
(a)

a, xa,=(cosga,—singa,)xa, = cos¢
a xa; =(cosga,—singas)xa, = —sing
a,xa,=(singa,+cosga,)xa, = sing

a,xayg =(singa,+singa,)xa, = cos ¢

(b) and (¢)

In spherical system :
a,=sindcosga, + cosfcospas—sinda,.
a,=sin@singa, + cosOsin ga, —cosda,.

a.=cosfa _—sinba,.
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Hence,
a xa, = sin 6 cos ¢;
a xa, = cos@cos g,
a xa,= sin @sin ¢;
a,xay = cos@sin g,

a.xa, = cosb,

a-xap = —siné;
Prob. 2.15
()
a,=cosga, +singa , a,=-singa, +cosga,
cos sing O
a,xa,=| | ¢ ¢ = (cos’ g+sin’ ga_ =a,
—sing cos¢g O
0 0 1 in da. +cos g
a xa, = =—sin cosga =a
© 7 cosg sing O ! o
—sing cos¢g O i
a,xa, = 0 0 : =cosga, +singa, =a,
(b)

a, =sinf@cosga, +sinfsinga, +cosba,
a, =cos@cosda, +cossinga, —sinba,
a,=-singa +cosga,

sinfcos¢ sinfsing cosl

arxagz . .
cos@cosgd cos@sing —sinf

= (—sin” @sin @ —cos’ sin P)a, + (cos’ & cos @ +sin” & cos Pa,
+(sin @ cos @sin ¢ cos ¢ —sin & cos Osin gcos Pla,

=-—singa, +cosga, =a,
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—sin g cos ¢ 0

a,xa, =\ . . .
sinfdcos¢ sindsing cosé

=cosfcos ¢ a, +cos@singa +(—sinfsin® ¢ —sin G cos® g)a,

=cosfcosga, +cosfsinga, —sinba_=a,

cos@cosgp cosfsing —sinf
—sin ¢ cos¢ 0

=sinfcos¢ a,+sinfsinga, +(cos 0 cos® ¢+ cosOsin’ p)a,

aexa¢:

=sinfcosga, +sinfsinga, +cosba_ =a,

Prob. 2.16
(2)
reyx 4yt = \/,02+z2.
6= tan’lﬁ; b= ¢.
Z
or
p= \/x2 +y° = \/rQ sin® @cos” ¢+ r” sin’ fsin’ @.
= rsind,
Z = rcoso, o= 9.
(b) From the figures below,
cosba,
z A Z A
a, a,
a, a,
-aZ
5 sinfa , \9
cosba , sinf(-a,)
p
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ar-=sinfa, + cosba:;

Hence,
ar snd 0 cosd ||
ag| =|cos@ 0 -snd a,
0 1 0
agy a;

Fom the figuresbelow,

ap =cosfa, —sinfa,;

a, =cosba, +snba-;a, =cosba,—sinba,a, =a,.

Lo

sinf(-ay)

cosfa

r

/

as = ay.

a

v

z
A
sinfa, ‘
cosba, /
a,
a,
0 a,
p
ar sind cos® 0] |Y
as | = 0 0 1 ao
cosd —sind 0O
aZ aZ
Prob. 2.17
At P(2,0,-1), ¢=0, a_cosl( <

(@) a,e ax:cos¢:1
(b) a,e ay=cos¢:1
(c) a,ea_=cosf=-0.4472

VX +y + 7

-1
=cos™ (—) =116.56°
J NG
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Prob. 2.18
If A and B are perpendicular to each other, AlB =0
AB = p*sin” ¢+ p”cos’ ¢ -p°
=p°(sin’ g+cos’ ¢ )-p°
=p2 —,02
=0
As expected.

Prob. 2.19

(a)A+B=8a,+2a,~Ta,

(b)AIB=15+0-8=7
2 1
0 -8
=-16a  +(5+24)a, —10a,
=-16a , +29a, —10a,

C AXB:
5

(d) cos@ _AB_ ! = /
Y UAB \J9+4+1J25+64 144/89
=0.19831
0,, =78.56’
Prob. 2.20

G, cos¢ —sing 0|l G,
G, |=|sing cosg 0] G,
G, 0 0 1| G

G,=G,cos9—G,sing=3pcosg— pcosgsing
=3x—xsin¢g =3(3)—(3)sin(306.87°) =11.4
G =Ga_ =114a,
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Prob. 2.21

G, cosg sing O] yz

G, |=|—sing cos¢g 0| xz

G, 0 0 1fx

G, = yzcosg+xzsing

X=pcosg,y=psing, yz=pzsing,xz=pzcos¢p

G, = pzsingcosp+ pzcosgsing =2pzsingcos g = pzsin 24
G, =—yzsin g+ xzcos ¢ = pz(cos’ ¢—sin’ ) = pzcos 2¢

G, =xy=p’cosgsing=0.5p"sin2¢

G = pzsin2ga  + pzcos2ga, +0.50% sin 2ga,

Prob. 2.22

A cos¢ -sing O | A

A | = |sing cosp O] |A,

A, 0 0 1| A

- y 0_

[x2 + yZ [x2 + y2 Ap
- | =2 = 0| |4,
JE+y Xy A
0 0 1 :

A, sinfcos¢g cosfcosg —sing||A
sindsing cosdsing cosg||A4,
A, cosé —siné 0 A

>
[

x Xz —y
\/x2 +y?+2° \/x2 +y2\/x2 +y?+2° \/x2+y2 A
y vz x Ar

= \/x2+y2+z2 \/x2+y2\/x2+y2+22 \/x2+y2 A
oz Ny 0
| JaP+y?+ 2 Ja? +y? + 22
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Prob. 2.23 (a) Using the results in Prob.2.14,

A, = pzsing = r* sin @cosfsin ¢
A, = 3pcosg=3rsinfcosg
A, = pcosgsing = rsinfcosgsing
Hence,
A | |sin@ 0 cosd ||’ sincosO sing
Ay|=|cos® O -sinb| 3rsinbcosf
A, 0 1 0 rsinf cos¢ sin¢

A(r,0,9)= rsin@[sin¢c 0sf(rsind+cosg)a, + si11¢(rc052 0—sin0cos¢)a9 +3cos éa(],]

At (I0,n/23n/4), r=100=n/2,0=3n/4

A =10(0a, +0.5a, —ia¢) =5a,—-212la,

NG

b B =r"=0p’+z7), B,=0, B, =sind=—F—=

B, sinf cosb 0| B,
B,|=| 0 0 1| B,
B, cost -sinb 0| B,

B(p,¢,z)=\/p2+z2[pap+ 2’0 2a¢+zaZJ

Ptz

At 2,n/60), p=2.0=n/6,z=1

B=+/5(2a,+0.4a,+a ) =4472a, +0.8944a,+2.236a.

Prob. 2.24

(@) d=+(6-2)"+(-1-1)>+(2-5) = /29 = 5385

d*>=3"+5 -203)(5)cosz+ (-1-5)* = 100

b
® 4 i = 10
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(©
d? =10*+5%-2(10)(5)co s%c 0 s% - 2(10)(5)sin% sin%c os(7

=125-100(0.7071(0.866)—-100(0.7071)(0.5)(-0.2334)
=125-61.23 +35.33 =99.118

d =+/99.118 =9.956.

Prob. 2.25

Using eq. (2.33),

d’ =r’ +r, —2rr,cos 6, cos 0, — 2r.r, sin 6, sin 8, cos(¢, — @)
=16+36—2(4)(6) cos30” cos 90 —2(4)(6) sin 30° sin 90’ cos(180”)
=16+36-0-48(0.5)(1)(-1)=52+24 =76
d=8.718

Prob. 2.26
a, cosg sing Olla,
a, |=|-sing cos¢ O|la,
a 0 0 1||a

a,=cosga +singa , a,=-singa +cosga,
At (0,4,-1), ¢=90°

— 1 o —
a, =sin90 a, _ﬂ

p— 1 o p—
a,=-sin90, =-a

X

Prob. 2.27
At (1,60°,-1), p=1,¢=60",z=-1,
(@) A=(-2-sin60")a,+(4+2cos60”)a, —3(D(-Da,
=—2.866a,+5a,+3a.

B =1cos 60°ap +sin 60"a¢ +a, = O.5a¢ +O.866a¢ +a,
AB =-1.433+433+3=5.897

AB =+/2.866% +26+9+0.25+1+0.866> =9.1885
ACB  5.897
AB  9.1885

cosl,, = =0.6419 —— 6,,=50.07°

E_S_”)
4 4
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Let D=A x B. At (1,90°,0), p=1,4=90",2=0
(b)A=-sin90%a, +4a,=-a, +4a,

_ 0 . o _
B =1c0s90 a, +sin90 a,+a =a,+a,

a, a, a,
D=AxB=|-1 4 O|=4a,+a,-a,
0O 1 1
D (4,1,-1

=0.9428a ,+0.2357a,—0.2357a,

a,=—=—F——
D J16+1+1

Prob.2.28
At P(0,2,-5), ¢ =90°%

B.| [cos¢ —sing O|[B,
B | =|sing cosg¢ O] ] B,
B | o o 1]|B
[0 -1 0][-5
=1 0 O 1
0 0 1]|3

B=-a -5a,-3a,

(a) A+ B =(2,4,10)+(-1,-5,-3)
=a—ay+a,.
AeB  -52

AB {4200

—52 ) = 143.36°.

V4200

(b) cosb,, =

0,5 =cos (

(c) Ay=Aeap = B =— = —8.789.

Prob. 2.29
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Bea =B,
B, cos¢ —sing O] |B,
B | =|sing cosg¢ O] | B,
B, 0 0 1||B

B, =B, cos¢—B,sing = p’singcosg—(z—1)cos @sin ¢
=16(0.5)—(=2)(0.5)=8+1=9

Prob. 2.30

2rcosfsing -

G =cos’ ga_+ a,+(1-cos @)a.

rsinf
=cos’ga.+2cotldsinga,+sin’ ga.
. sinfcos¢ sinfsing cosd cos’¢

= |cosfcosgp cosfOsing —sinf||2cotfsing
—sing cosg 0 sin® ¢

[

Q2D

b

G, =sinfcos’ ¢+2cosfsin’$+coshsin’ ¢
=sinfcos’g+3cosfsin® ¢

G,=cosfcos’$+2cotfcosfsin’®¢—sindsin’ ¢

G, =-singcos’ p+2cotdsingcosy

G =[sinfcos’p+3coshsin’gla,

+[cosfcos’g+2cotfcoshsin’® g -sindsin’ fla,

+singcos2cotfd—cosdlay

Prob. 2.31
(a) An infinite line parallel to the z-axis.
(b)  Point (2,-1,10).
(c) A circle of radius rsind=35 , i.e. the intersection of a cone and a sphere.
(d) An infinite line parallel to the z-axis.
(e) A semi-infinite line parallel to the x-y plane.

(f) A semi-circle of radius 5 in the y-z plane.
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Prob. 2.32

(@ J,=Jea,)a,.

At(2, nl2, 3n/2), a. =cosBa, —sinba, = —a,.
J.=—cos20singa, = —cos rsin(3r/2)as =—a,.

(b)J, = tangln ras = tan%ln 2a4=1In2a,=0.6931a,.

o, =J-J,=J-J =—as+In2ay; = -as+0.6931a,

d) Jp,=(Jea)a,
a,=sinfcosga, +cosfcosga, —singa,=a,.
At (2, #/2, 3x12),
Jy,=In2a,.

Prob. 2.33
Hla =H,
H.| [cosg —sing 0] p’cosg
H |=|sing cos¢g O —psing
H 0 0 1 0

Z

H_ = p’cos’ ¢+ psin® ¢
At P, p=2,¢4=60",z=-1
H =4(1/4)+23/4)=1+1.5=25

Prob. 2.34
(@ 5=r-a,+ra,=x+y a plane
Xy z 2 2
10 =|mxa | = = —xa, |[=+x"+y° =
) rxa, ‘0 o qYe.—xa N4yt = p

a cylinderofinfinite length
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