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CHAPTER 10
P.E.101 (3)
T=2_ 2% _ 314 s
o 2x10

A=UT =3x10°x31.42x10° = 9.425 m

k=p=2n/k = 0.6667 rad/m

(b) =

()

H(t=t)=0.1cos(2x10°
8x

T/8 =3.927 ns

T
108

—2x/3)a, =0.1cos(2x/3—x/4)a,

as sketched below.

014

P.E.10.2 Let x,=+/1+(c/0¢)?, then

\/u
a=0

16
0280 urgr(xo_l) :% ?‘\lxo_l

8
or m: aC 1/3x3x10 1 I X, = 9/8

81
X2=—

° 6

/8 B 10°/8 :ﬁ

2 05154

=1+ (o /0e)®
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tan20, = 05154 — 0, = 13.63°

1
P_ %t 7
a X, =1
V17
@ Pp=a~v1l7 = 3 - 1.374 rad/m

(b) ——-0.5154
®

t

ule ~ 120n+2/8

c = = = 17772
©) Inl= "= 52
n=17772/1363°Q2
o 10° ;
d u=—= =7.278x10" m/s
p 1314 ——

(e) a,=a,xa — a,xa, =a, ——> a,=4a,

0.5
177.5

e sin(10°t - Bz -13.63°)a, = 2.817e *"*sin(10°t — Sz -13.63°)a, MA/m

P.E.10.3 (a) Along -z direction

2
(b) % :F’Izznlzz 3.142m

L YT
2 2n T

B=0yie =0 ugoln e, = %\/(1)%

8
or\/Zzﬂc/ap%:a — ¢ =36

1207

(€) 0,=0nl=nle=Ju,le /¢, = = 207

a =acxa, —» -a,=axa; ——> a,=a
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H =%sin(a)t +B7)a, =795.8sin(10°t + 2z)a, mMA/m
T

10°z

XX

P.E.10.4 (a)
-2
o_ 10 Lo =0.09
@ 10 x4x
367
el (oY e —o
B 2 2\ we 2 VT e
fzw ’u—g_1+1 <z 2+1_ _10z \/2[2+
a 2 2\ we 3x10°

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

Att=2ns, y=1m,

0.5(0.09)] = 20.965 rad/m

E =30e **** cos(27 —20.96+ 7 /4)a, = 2.844a, VIm

, 10m
(b) By=10°= 180 rad

or

y=ZLl_ 7 _g35mm
18 4 18x20.965

(c) 30(0.6) = 30 e

1
0.0425 Mo - 242mm

1
y=-—"In(1/06)=

(d)

le
1z —YE

607 185110

1+—
[ 4
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20, =tan"009 0, ,=2571"
ay =8, xag =a,xa, =a,

30

= me‘o.%ﬁy COS(109 nt—20.96y+7/4— 2.5710)ax

Aty =2m, t=2ns,

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

P.E.105
= [ 9.0y = 3, @[ dy[er oz = Lo OW0
00 0 0 1+ J
|| |_ JXS(O)WS
2
P.E.10.6 (a)
Eac gzz or %\/ﬂxm?xmxlo x35x107 = 24.16
dc
(b)
3
Eac L0 10° x4z X107 x35x107 =341.7
dc
P.E. 10.7

E =Re[Ee"]= Re[Eoej“"e‘j%\X + Eoe‘j”’zej“"e‘mzay]
= E, cos(wt - Bz)a, +E, cos(wt - fz—n12)a,
= E, cos(wt - fz)a, +E, sin(at - f7)a,
At z=0, E =E, cosat, E, = E sinwt
2 2
cos’ wt+sinwt=1 —— (EJ J{Ej =1
E E,
which describes a circle. Hence the polarization is circular.

0
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(@) Let f(x,2)=x+y-1=0

vi a +a,

a =——= y dS:dsan
Vil 2
1 a +a
P=|P.dS=PSa = =nH %a, =L
t J‘ n 277 0 X \/E

1 2 2 _
=, 75 (1207)(02)" (01 = 5331 mW

1
(b) dS =dydza,, P=[%.dS = S1H.’S

1
P = 5(120“)(0'2)2“0'05)2 = 59.22 mW

P.E.10.9 n, =7,=1207,7, :\/Zzﬂ
&

2
2 _
_ P :2/3,F=M:_1/3
Nt My N+ 1My
E =TE = E
ro io — 3
10

rs

E,.= —?e"ﬂ“aX V/m

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

20
Eto = rEio = ?

E —?e‘”’zzaX Vv/m

ts

where B, = 0./e, /c= 28, = 2007 /3.
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P. E. 10.10
0 =0, B=2Jme =22 5 50=5c/2=75x10°
C C

Ty _ 0.1 107

-9
7.5%10° x 4x
367

e,

o, = %\/g[\m 14477 - 1] = 6.021

B, = %\/g[\/u 14472 + 1] _7.826

60
S - 95445,1, = 1207.c,, = 754

N,z 77—
2 41+ 1441

tan20, =121r—-0, =3757°

n, = 95.445/37.57°

(@)
_m,-n, 95445/3757°-754

- - - 0.8186£171.08°
n,+n, 95445/3757°+754

1=1+ 7 =0.2295/33.56°

. 1+ 1+0.8186 1002
C1-|I| 1-08186 ——

o

(b) Ei = 5OSin(a)t—5X)ay = |m(EiSej0ff), Where Eis — soe—jSXay .
Ero = FEio = 0.818681.171'080 (50) = 40.93€j171-08°
Er — 40_93ej5x+j171.08°a

y

E, = Im(E,.e'") = 40.93sin(wt +5x +171.1%)a, Vim

a, =a xag =-a,xa, =-a,
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40.93

) N sin(wt +5x+171.1%)a, =-0.0543sin(wt +5x+171.1°)a, A/m

(c)
E, = 1E,, = 0.229¢%%" (50) = 11.475¢1%5’

E, =11.475¢ /135 g g

E, = Im(Ee’) =11.475¢ % sin(wt — 7.826x + 33.56°)a, V/m

a, =a xa; =a,xa, =4a,

~11.495

= g -6021x sin(wt —7.826x + 33.56° —37.570)3.2
95.445

=0.1202¢ *%*sin(wt — 7.826x - 4.01°)a, A/m

(d)
E. . E.

R =5 -8+ (-a,) = [50%a, —40.93%a, ] =0.5469a, W/m?
2n, 2n, 2(2407) _—

2 2
e = ——2—€7°" c0s 0 a, _ (LA7) 37.57°¢2%%q =0.5469¢ ***a, W/m®

2|n,| " 2(95.445)

P. E. 10.11 (a)

k=-2a,+4a, —>k =22 +4? =20

@ = ke = 3x108/20 =1.342x10° rad/s,

A =2x1k =1.405m

a xE (-2a,+4a,)

R = = Jao(200)

x(10a, +5a,) cos(wt —k.r)

= —29.6605(1.342x10°t + 2y —4z)a, MA/m
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|E, | 125 (-2a,+4a,)
_ a =

c) 9. = = =-74.15a, +148.9a, mW/m?
( ) ave 2770 k 2(120”_) \/% y z
P.E. 10.12 (a)
Y A
\ki\
0. ke
—rf
Br >/
/ Z
kr
tane—ﬁ—z 0. =2656=20
i_kiz_4—_>i_ Y = Uy
. M€y 1. . o
sinf, = sinf, = -sin26.56° —— 0, = 12.92
o€, 2 —_——

() n,=n,m,=n,/2 Eisparallel to the plane of incidence. Since p,=p,=p,,

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

) tan(, - 6,) _ tan(-13.64°) 02946

7 tan(e, +0,)  tan(39.48°) '
2€0s26.56° sin12.92°

V7 5in39.48° cos(- 1364°)

=06474

() k,=-psinda, —pcosfa,. Once k isknown, E;is chosen such that

k,.E, =0or V.E, =0. Let
E, =tE, (-cosf,a, +sing.a,)cos(at + B, sin 6,y + B, €0s 6, z)

Only the positive sign will satisfy the boundary conditions. It is evident that
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E; =E,(cosfa, +sinda,)cos(wt +2y —4z)
Since 6,=0,,

E, cosb, = I E, cosd, = 107}, = -2.946
E, sinb, = I,E;sinb, = 57, = -1473
p,sinB, =2,p,cosb, =4

i.e.
E, = -(2946a, - 1473a,)cos(ot + 2y + 42)

E,=E; +E, =(10a, +5a,)cos(wt + 2y —4z) +(-2.946a, +1.473a,) cos(wt + 2y + 42)

Vim

(d) k,=-p,sinda, +p,cosfa,. Since k, o E =0, let

E, = E,(cosfa, +sinfa,)cos(wt + B,ysing, — B,2¢0s6,)

Po=0use, = Bm/;: 2420

1 9
sinf, = —sme cosh, = ——
t 2f V20

B,cosh, = 24/20 5 - 8718

19
E,, c050, = 1,,E, €080, = 06474+/125, 7 =7.055

1
E, sinb, = 1, E, sinf, = 064744125 20" 16185

Hence

E, = E, = (7.055a, +1.6185a,) cos(wt + 2y ~8.7182) V/m

(d) tand,, = i—z S2— 50, = 6343°
Ve, Uy = 0945
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P.E. 10.13

s-—1+0'4—£—2333

'"1-04 06 =

S _1+o.2_£_1

°71-02 08 =

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

(b)
2 27
T=—"n= =1us
w 27rx10° L
izz—ﬂzz—ﬂzl.047m
p 6
6
:%:2’”10 —1.047x10°m/s

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

. 2n T . T
At t=T/8, E, = 25sin( T8 6x) = 255|n(4 -6Xx)
o 2n T .
At t=T/4, E, = 255|n(?z— 6x) = 25sin(-6x+ 90°) = 25c0s6 x

o 2n T . .
At t=T/2, E, = ZSSm(TE_ 6x) = 25sin(-6x+ 1) = 25siN6X

These are sketched below.
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af

i

A
ot . s . .

0 04 1] 15 2 25 3
ok ' ' ' '
D_\/\

ol : , ?$+qu8I ,

0 04 1 1 15 2 25 3
0F ' : ' '

D_

ol , ?;+u'|l'ff1 . .

0 0.5 1 [ 15 2 25 3
af ' ' ' ' '
u/\/\

ol . . .?i+uw2 . .

0 04 1 15] 2 25 3

Prob. 10.2
8
@ 4=2=3230 500 m
f 60 =
8
(b) A= 3X106 ~150 m
2x10° =—
8
©)a=20 _o5m
120x10° =——
8
@ 1= _g125m
2.4x10
Prob. 10.3
(@) ©=10° rad/s
o 10°
b =—=——=0.333rad/m
( ) P c 3x10® =

(c) A= 277[ =67=18.85m
(d) Along -ay
At y=1, t=10ms,
(e) H =0.5c0s(10%t x10x10°° +%><3) =0.5cos(1+1)
=-0.1665 A/m
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Prob. 10.4
(a)
a—E=—sin(x+a)t)—sin(x—a)t)
OX
2
axlzi =—C0S(X + wt) —cos(x —wt) =—E
— =—wSin(X+ ot) — wsin(x — wt)
aZE 2 2 2
pve =—w" COS(X+ wt) —@° cos(Xx —wt) = —-w°E
2 2
0 E—uz 0 IZE =—w’E+U’E=0
ot OX
if @’ =u” and hence, eq. (10.1) is satisfied.
(b) u=w
Prob. 105 If

v2= jop(o+ joe)=-0’ue+ jopoc andy =a + jp, then

[121= V(0” - B2 + 40 ’p? = (a® +p?)* = a®+ B’
i.e

a?+pi=0py(c’+0%?) 1)

Re(y*)=a”-p*=-0’ue

BP-a’=0’ne (2)

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

oo 2 (2] 0
s

(b) Fromeq. (10.25), E (z)=E, e a,.
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VXE:_ja)/'le EEEE— HS:LVX ES:L(_]/EOe—;/Zay)
wu U
But H,(z)=H,e"a,, hence H,=—"= _J_YEO
N op

_ jou

T] - =
Y

(c) From (b),

i, - jop _ | o
Viop(e + joe) Vo + joe \/1_ A
0e

Prob. 10.6 (a)

From eg. (10.18),
H - 1/2
y=v jou(o + joe) Z\/ja),uja)e(l—J—o-) = jo ue (1_J_Gj
we WE

Assuming that T 1, we include up to the second power in 7 and
& &

neglect higher-order terms.

2 2
¥ :z\/Z 1- O; + jonf ue 1+% =a+|p
2 V¢ e 8we

Thus,
2

O
ﬂ:w\/ﬂg (1+8T

&
Prob. 10.7
(a)
o 8x107? _3
o _ -
WE o o BOX10° x3.6% 0

67
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2 6
oo K hi[ 9] 1| = 2Ex50x10 \/2.1x3.6[ﬁ_1]:5.41
3x10 2

2
f=ao | 1+[ij +1| =6.129

B 27 x50%10°

=5.125%x10" m/s
6.129 —_—

SRS

d) Inl= = = 1014

tan26n =

n=10141/4144°Q

E 6 _ 6 _ 1440
() H,=a x—=ax—e’"a,=——e""a, =-59.16e”"“*e7?a mA/m

n n n

Prob. 10.8

-2
@ tang=-2 = 10 =15

9 g
we 27 x12x10°% x10x 10
67

—4
(b) tanéd= 10 —=3.75x10"

27 x12x10° ><4><1O
67
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(c) tan@ = 4 =74.0

9 r=yvr
27 x12x10° x81x 10
67

\I

3x10° 2

2 9
oo ys{ 1+(ij 1]=27Z'X15><10 \/1><9.6[ 1+9x10° _q

II
&*\
Il
o
H
N
o
X
(6]
X
[N
o
&
Il
o
\‘
w
X
H
o
&
Z
©

Prob. 10.10

If o=c¢w, the loss tangent is 7
g

‘o %{ B _1]a,\/f[m_qw w2 ]

we

.

A

0

-9
Z”C /”‘9 _ 2x3x10° \/E 4r 107><4><:;0 (0.6436) = 47.66 Np/m

12x107°

2
f=w %g! 1+(ij +1]—% %8\/\/5+1

e
. D
_M\/Ex47rx107x4x10 (1.5538)
12x107 \2 36
o 2zC _ 27x3x10°

=1.3652x10° m/s

"B Ap 12x107x115.06

Prob. 10.11

For silver, the loss tangent is
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.
E—Llolo_ 6.1x18x10° (] 1
D& D ax10Px
67
Hence, silver is a good conductor
For rubber,
-15
o _ 10 109:1_81 100 1
we 27 x10°x3.1x '
¥4
Hence, rubber is a poor conductor or a good insulator.
Prob. 10.12
o 4

= — - = =9,000>>1
we 2rx10°x80x107 /367

5
azﬁzdauzlo- :\/272';10 x4rx107" x4 =0.47

27 x10°
0.4r

(@ u=wl/p= =5x10° m/s

(b) h=21/p=

() 3=1/a =5, —=07%m

(d) n=n£6,,0, =45°

|7l —— \f

n=0.4443/45" Q

Prob. 10.13 (a)

ﬁa)e \/47z><10_7 x 271 x10°
&

4

=0.4443



https://testbanks.ac/product/9780190698614-SOLUTIONS-5/

[CLI cK HERE TO ACCESS THE COMPLETE Sol uti ong

302

27
T=1/f:2n/m=nxlos=20 ns

¢

(b) Let x= 1+(—j2

(OF
a X—l 1/2
Ez (x+ 1]

O [p.E,
But o=— x-1
cV 2
8
x1=—2¢  _0D3A0 _q0675 x—-10046
. [Hée 7x10°/2
2
X+ 1) V2 (2.0046] v
b= (x— ) *=loooss) 01=20%
2n
h=2n/p= oo=3m
Jule 377
C = = = 188.1
©) == 5= 2 yto0%

2= 0096 = tan20, ——> 6, = 274°
n=1881/274° 0

E, =7/H, =12x188.1= 2257.2

a, xa, =a, ——>a, xa, =a, ——a; =4,

E =2.257e " 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=p,.

2
Let (ij
&

jou j2rx10°x4rx
T, T 100+ j200
E, =0.05x35.31=1.765

a; =a, xa, =-a
Thus, we obtain

E =-1.765c0s (27 x10°t —200x + 26.57°)a, V/m

8
= W3) :a'_02100><3><10 :E

=35.31£26.57

A

) 27 x10° pa
g % =476 —— & =1432
O 4 0
tan2 =—=— —— 6 =26.57
T we 3 7
377
Y1+x /573

E, =|n|H, =77.175x50x10"° = 3.858
aE = _(ak ><aH ) = _(ax ><ay) = _az
E =-3.858e'® cos(27 x10°t — 200x + 26.57°)a, V/m
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Prob. 10.15
O - 1 = =45
D& 2 rx10°xdx

T

i
= 27z><109\/477[><107 x 4x9x ]3'2 [\/l+ 4.5° —1}
=2074/2[\/21.25 1] =168.8 Np/m

2
b= ”78[ 1+(i) +1] = 20774/2[/21.25 +1] = 210.5 rad/m
weE -

tan26, = —4.5 —> 0,=3873

/8 12071\/9/

vis = 263.38
s 41+ 452
a)e

n=263.38/38.73° Q
o 27 x10°

=2.985%x10" m/s
B 2105

Prob. 10.16
(@  B=65=0Jus ="

o= 8¢ =6.5x3x10° =1.95x10° rad/s

_27% _27 _ 49666 m
5 65 —————

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

Forz=1/2, E, —OZCOS(a)t—ZTﬂ—)——O 2C0s wt

The two waves are sketched below.
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300~ ‘

= M2

N
|

=

o

o
!

Amplitude (mV / m)
A
o
o o
| 1

R

o

o
|

_300 | | | | | | |
-3 -2 -1 0 1 2 3

Time t (ns)

() H=H_,cos(ot—-6.52)a,
B _02 5305410+
o 7

ag xa, =4a, —> a xay =a4a, —> ay =4,

H =0.5305cos(wt —6.5z)a, mMA/m

0

Prob. 10.17

_2_7[_ 27

B wus

A

\/g=7°=;=2.286 — & =5224
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Prob. 10.18 (a) Along -x direction.

(b) =6, w=2x10°,
B:w\/u_:%,/u,sr

8
Jé = el 6;3;‘;:) =9 —» g =81

E=6,6, = x81=7.162x10"" F/m
ju —==cr=

) n=Jule=JuleJule, =%=41.89 Q

E, =H,7=25x10" x41.88 =1.047
ag xa, =a, —>a; xa, =-a,—a; = a,

E =1.047sin(2x10°t +6x)a, V/m

-6
Prob. 10.19 (a) 2 = 10 - =36x10" <<1

we 27 %10’ ><5><1

6z

Thus, the material is lossless at this frequency.

7
(b) B =wuz =%\/Sx750 —12.83 rad/m
. 12.83

(c) Phase difference = pl= 25.66 rad

) n=fule= 1zo;r\/‘Tr 1207 /75 _ 462 kO
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Prob. 10.20
()
o 1087 =«
s =—=—"_=22-1.0472 rad/m
OVHE =TT 5007 3 ——a
(b)

E=0 —— sin(l0®zt,—pBx,)=0=sin(nz),n=12,3,...
10°7t, — Bx, =7

1087z><5><10‘3—%xo=7r — >  x,05x10°m

(c)
H = H, sin(10°zt — #x)a,
-3
H, =0 = 2007 135 63 uam
n 1207

ay = xag =aq,xa, =-4a,
H =—132.63sin(10° 7t —1.0472x)a, uA/m

Prob. 10.21
This is a lossless material.

\f 377 \/’T 105 @)

=7.6x10’ (2)
R
From (1),

M _ 105
& 377

r

From (2),

1 7.6x10
Jue, — 3x10°
Multiplying (1)a by (2)a,

i:O.2785><O.2533:0.07054 —> ¢,=14.175

=0.2785 Ma

= 0.2533 (2)a

Dividing (1)a by (2)a,
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Prob. 10.22
a, a, a,
oE
VxE = ﬁ i iz__yax+£ay
(@) OX oy 0z 0z oz
E.(zt) E/(zt) O

= —63cos(at — fz)a, +8sin(at - fz)a,

But V><E=—yﬂ — H=—£IVxEdt

ot 7,
H =%sin(a)t - pr)a, + 86
a

——cos(awt - fz)a,
HO

6
©) f=w ﬂg=£«/4_ =M‘/4'5:1'777 rad/m
c 3x10 I
L2 2T apas
g L1777
u 1207
= [—=—+==177.72 Q)
g & 45
1 c  3x10°

=1.4142x10° m/s

Prob. 10.23
(a) E=Re[E.e""]=(5a,+12a,)e** cos(wt—3.42)

oo |

At z=4m, t=T8, ot- = _T
A JF- R

E =(5a, +12a,)e™* cos(z / 4—13.6)

| E |=13e*®|cos(z/4-13.6)|=5.662 V/m

(b) loss =ad4z=0.2(3)=06 Np. Since 1 Np=238.686 dB,

loss = 0.6 x8.686 = 5.212 dB
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2
()

L =./1 (—)
(c) Let x e
a X_l)l/Z 1
ﬁ_(x+1 02/34'17
x-1
—=1/289 ——> X = 1.00694
X+1

o= pe/24x-1= %\/erZ\/X—l

8
go__ac 0230 o, ., _10368
2 oJx-1 10°/0.00694

Ho 1
&, \/8_r B 120~

_ _ —36.896
7] NN J103.68x1.00694

tn20, = = {x'-1-0118 —> 0, =3365°
7 =36.896./3.365° Q

Prob. 10.24

2 2
oy 10)1e 0220: _ 26><12 =364
2 ou  27x10° x4z %107 =

| O pco
77:|77|40” = ?445

6 -7
e f%:\/erxlO x4 x10 04652
o 36.48

E, =7|H, =0.4652x20x10"° =9.305x10"°
ag =a, xa, =a,x(-a,)=-a,
E =E,e “sin(wt+ fz)a,
=-9.305e " sin(27 x10°t +12z + 45°)a, mV/m

oo
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o ()
Prob. 10.25 For a good conductor, E» 1, say E> 100

-2
@) 7 _ 10 =15 — lossy
w

9
27 x8x10° x15x L0
or

No, not conducting.

(b) 9 - 0.025 10° =3515 ——>  lossy
D¢ 27 x8x10° x16x
67
No, not conducting.
(c) 9 - 25 107 =6944 ———  conducting
we 27 x8x10° x81x
367
Yes, conducting.
Prob. 10.26
1
a = = —
d 0

But u :%:&o: 0.02x10° x 27 x100x10° = 47 x10° =1.256x10* m/s

Prob. 10.27 (a)

L 600

= == - - =2.287Q
oS ora® 5.8x10"x7x(1.2)°x10

(b) R, = oras At 100 MHz, 6=6.6x10" mm =6.6x10° m mm for copper
04T

(see Table 10.2).

R - 600
*  5.8x10"x27x(1.2x107°)x6.6x10°

=207.610

-3
) Re_2_ 5_ ) 86:1x10

R. 20 Jf
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\/T 3 66.1x2x10°° _ 66.1x2
a 1.2

f =12.137 kHz

Prob. 10.28

(@) Copper is a good conductor.
a = Jrt uo = rx10° x4z x107 x5.8x10" = 27x10°/5.8
a =1.513x10° Np/m

1 1

(b) =—=———= 6.609x107" m
a 1513x10° —————————
©) p=ifl_ 1) - =26.09(1+ j)x10”° O
oo 5.8x10" x6.609%x10
Prob. 10.29
o= ! — f=— !
Jrtuo o muoc
f = — 1 — —=1.038 kHz
4x10"° x x4 x107" x6.1x10" =——7—
Prob. 10.30
s 1 1 1

Jrtuo  [rx58x107(60)4rx107  27./5.8(60)

=8.531 mm
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Prob. 10.31

This is a good conductor.

n= ‘/%4450
o

6 -7 2
24.6:\/27Z'X12><10 x 477 %10 :\/167r (0.6)

O O

2

o =w = 0.1566 S/m
2462 2 ———

f=a=2=—1 _8333rad/m

5 012 =———
422 _22(012)=0.754 m

B

U=2 = 05 =27x12x10°x0.12 = 9.05x10° m/s

Prob. 10.32
o _ 0.12 5 =01623
D& 9rx2.42x10° x5.5x

6

This is a lossy material.

2
a=w ﬁ{ 1+(ij —1]
2 e

-9
_ 2nx2.42x109\/47”x107 %5.5x [\/1+ 0.1623° —1J

6r

=15.21(10°)(10°)+/0.01308

=17.39
1
o0=—=57.5mm
o
Prob. 10.33
5 5 5
t=506= =2.94%x10"° m

Jrtuo  Jzx12x10° x4z x107 x6.1x10°
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Prob. 10.34
g - 4 =15
P8 rx2x10°x 24x——
367
-9
. oV 47rx10‘7><24><£ .
a=w = 1+(—j ~1| =27 x2x10° 367 [ 1+(L5) —1}
2 we 2
=130.01 Np/m
10°E, =E e ™™
Taking the log of both sides gives
Sin0=—ad — d=1110_5IN10_ 4 0ee6 m
a 13001 =———

Prob. 10.35

(a) Linearly polarized along a;,
(b) w=27xf=27x100 —— f=10"=10 MHz

(c) g
Jo 2P 303, —205.8
o 27x10 =
Let H =H,sin(ot-3y)a,
n e Je 1432
(d) Ho:i=0-456
26.33

a, =@, xag =a,xa, =34,
H =0.456sin(27 x10"t —3y)a, A/m

Prob. 10.36

E =(2a, —5a,)sin(at — Bx)
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(at+pBy), E, =E;sin(at+Ay)
E (0t)=E,cosot —— coswt _EOY
) _ E,(O1)
E,(0t)=E,sinot —— sinot=
2 2
E
cos’ wt+sinot=1 —— E + 2L =1
EO EO
Hence, we have circular polarization.

(b)

E,=E,cos(wt—pBy), E,=-3E,sin(at-AYy)
In the y=0 plane,

Ex(oat):EOCOSG)t _ COSa)t:EX(O’t)
; . -E,(0,1)

E,(0,t)=E;sinot —— sinot=—7"—-—
3E,

2 2

E

cos?ot+sinfat=1 — |B| [ E] 4

E, 9 E,

Hence, we have elliptical polarization.

Prob. 10.38

(a) We can write
E =Re(E.e") = (40a, +60a,) cos(wt —10z)

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 - fz)a,, E, =60sin(at - B2)a,

H, = H, cos(at - pz)a,,

H,, :ﬂ:ﬂ:OiOG
n, 1207

Ay =q Xag =a,xa, =4,

H, =0.106 cos(at — fz)a,

H, =H,,sin(at - pz)a,,

H,, =@=ﬂ=0.1592
n, 1207

ay, =a xag =a,xa, =-a,

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

Prob. 10.40
We can write Eg as

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

1 o

El(z) =EEo(ax - Jay)e v

E,()=1E ja,)e
2(2)_5 o(ax+ Jay)e

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

Prob. 10.41
(a)
When ¢ =0,

E (y,t) = (Eolax + E02az) COS(a)t - ﬂy)
The two components are in phase and the wave is linearly polarized.

(b)
When ¢=1x1/2,

E, =E,,cos(wt - By +7r/2)=-E_,sin(wt - £Y)
We can combine E, and E, to show that the wave is elliptically polarized.
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(c)
When ¢ =1,

E(y,t) = E,, cos(at - fy)a, + E,, cos(wt — y +7)a
= (Eol a, — E02ay) COS(a)t _ﬂy)
Thus, the wave is linearly polarized.

pA

Prob. 10.42
Let E,=E,+]JE and H,=H, + jH,

E =Re(E.e'") = E, cos ot — E; sin et
Similarly,
H =H, cosat — H, sin ot

P=ExH=E, xH, cos’ ot + E, x Hisinza)t—%(Er xH, +E, xH,)sin 2wt

T

T T T
Foe =1Ifl’dt=lfcosz wdt(ErxHr)+1jsin2wdt(EixHi)—ijsin 200t(E, x H, + E,
Ty T T 2T 3
1 1 . .
= (E,xH, + EjxH) = ZRel(E, + JE)x(H, - H)]

‘(J?ave :% Re(ES X HS*)

as required.

Prob. 10.43
(@

8
Jo, =P B30y,
@

10°
(b) 77=\/E= M 13T 15710
£ &, \/Z 2.4

9
) u =%=%=1.25x108 m/s

(d)
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Let H =H_cos(10°t+8x)a,
E 150

H, =—2=—"2"-0.955
n 157.1

a, =a, xa. =—a,xa, =a,
H =0.955c0s(10°t +8x)a, A/m
(e)
2 = E x H = -150(0.955)cos? (10°t + 8X)a,
=-143.25c0s”(10°t +8x)a, W/m?

Prob. 10.44

2

E
= ExH =—2cos’(wt-102)a,

n
T 2
"7a)ve =1J.‘77dt =5a‘2
T 0 2n
2 2
P:J- P ods - E-S _ (40)? x 7(1.5)° (60) _15W
< 2n 2x120x 240 =——
Prob. 10.45
(a)

Let Hszisiné?e‘j“aH
r
E, 10 1

0

° "y, 1207 12z
Ay = X3 =a,xa, =4,

H, :ismﬁe Jsra A/m
10

12xr
(b)
1 .,
2. =—Re(E,xH )——zsm Oa,
2 2x127r

o = [ £.00S,  dS =r?sinododga,

ave
S

n 7l6
avez% I rZSin3 6do =§—i—0007145

7T 50620 r=2 8
=7.145 mW
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Prob. 10.46
2
(@ P ave-lRe(EsH;)zl IESI): 8 oz
2 2 Inl” 2|7
8_ 2]
a=w fad 1+(ij -1
2 [
8_ o 2 ]
ﬂ=a) ’U— 1+(—j +1
2 e
o 2
Let x= 1+(_j
&
g=\/ﬁ—01/03 1/3
B Jx+1
x-1_ 1 5
X+ 9
2
> 1*[2] — s T _3/4
4 we WE
“ -
g 12078l o7 4e57

Vis
T
a)g

e % = 0.8541e %2 W/m?

2(37 4657)

(b) 20dB=10log~ —— F_100
P, P,
& = e_O.ZZ :i - eO,ZZ :100
P 100

z=5log100 =23 m
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Prob. 10.47
fc 2x3x10° o
@ u=w/ —> w=uf= = =2.828x10° rad/s
g d V4.5 V4.5 -
1207
M= = 17770
45
H=akxE=ix4—Osin(a)t—22)ap: ' Ssin(a)t—Zz)a¢ A/m
n n p

(b) P=ExH :%sinz(a)t—ZZ)aZ W/m?
P

€) 2. =%ap s = pdgdpa,

3mm 2r
Pre=[ P edS =45 | 9o [ dg = 45In(3/2)(27) = 11.46 W
0

2mm

Prob. 10.48

2

P=ExH= E"Z sin®@sin’ w(t-r/c)a,
r

2

.
ES .
P..= le‘fl’ dt =—2_sin’ fa,
0

2nr

Prob. 10.49
B=2 —  w=pc=403x10°)=12x10° rad/s

- 12x10" rag/s
E =1ij Hdt

&

9 9 9

VxH =|0ox oy 0z

0 10sin(wt—40x) —20sin(wt—40X)
=800 cos(awt —40x)a, —400cos(wt —40x)a,
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E= lex Hdt :—@sin(a)t —40x)a, —ﬂmsin(wt —40x)a,
& & e

800 : 400 .
=——————sin(wt - 40x)a, ————————-sin(wt - 40X)a,

12x10° x —— 12x10° x ——
67 367

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

0 E, E,
P=ExH=

o 1 n|"EH-EH

z

=[20(7.537)sin’ (wt — 40x) +37.7sin* (wt - 40x) |a 10°

Poe = %[20(7.537) + 37.7]aX103 =94.23a KW/m?

Prob. 10.50

2
P-—>  — El-27,P=2(120m)10x10° ~ 7539
T,

E, =2.746 V/Im
Prob. 10.51
Let T=ot-pz.
0 0 0
B _yE|lXx & a
a cosT sinT 0

—y%_l = pcosTa, + psinTa,

H= —é_"[cosTaX +sinTay]dt = —isinTaX +£C03Tay
7]

HUD U@
cosT sinT 0 5
Z=ExH-= . =2 (cos’T +sin’T)a
* ~ L ginT LocosT 0 ,ua)( )2,
y770; U®
L= |fa
o JZ

which is constant everywhere.
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Prob. 10.52
2
poro
21,
2 3\2 —4
P_ps_ E.S _ (2.4x10%)° x450%10 _3438 W
21, 2x 377
Prob. 10.53

VI .
20 sin®(at — B2)a,

P=ExH=—J0°
27zp°In(b/a)
AR A 1
sin“(wt - fz)dta, =——=2>2>———a
I (@t=p2) 2707 In(b/a) 2

.
@ L ljf —ee
Ts 27p° In(b/a)T

AR
47zp In(b/a)
(b)
P = [#.0S, dS=pdpdga,
S
A wh YA
— oo =— 2o _(27)In(b/a
47rln(b/a)¢j0pja PP ainora) MO
:Evolo
2
Prob. 10.54
E.’ E, 2 E,2
(a) i,ave = ° Prave = N ! P ave = °
27]1 2n, ' 2n,
2
R - F)r,c'alve_ Emz_ z_(n?_ mj
I:)i,ave Eio2 nZ + T‘ll
/ /uo ,
{ Hobq1 — “oazj
\/H081+\/H082

e

Since Ny =Cyles = Cyflioes, My = Cyflioes,
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2
n +n,
T= Pt,ave 771 Et02 :ﬂz_Z :ﬂ(1+1“)2 — 4nln2 -
Rae M E, 1 1, (n+n,)
(b) If Prave = Pt,ave % RP| ave = TPI ave R = T
ie. (n,-n)*=4nn, —— n’-6nn,+n? =0

2
or (ij —6(&j+1=0, S0
I"|2 n2

h=3s J8-5828 or 01716

2
(Note that these values are mutual reciprocals, reflecting the inherent symmetry of the
problem.)

Prob. 10.55

0 770 0 770
16¢,
-1

2 770/4 770/2 _1, = 1—*+1_§

771+772 A, 12 3

E, = _5(60)sin(a)t +102)a, —%(BO)sin(a)t +10z+ 7 /6)a,

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

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

= 40sin(wt -102)a, + 20sin(wt —10z + 7z /6)a, V/m
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Prob. 10.56
m =n, =1207, N Lo e W T Y
&g 9¢,

1—«:772_771:770/3_770:_1, 1sr=t

mt+n n,13+n, 2 2
E =TE,=-E, /2, E =zE ,=E, /2

_|EF_El
lave 2771 2770

1,

o _IEF_ 4> _E3

2n, 2n,13) 27,4
Ptave §: 75
Piave 4 I
Prob. 10.57
(a) Ni1=Mo

E, = E, sin(wt —5x)a;
E, =H,,n, =1207 x4 = 4807
dg Xay = ——>ag Xa, =a, ——>a =4,
E, =480z sin(wt —5x)a,

4, 1207

= 60
7, 4c, \/Z 4

_Mp,-1M; 60n-1207
n,+1n, 60n+120n

r =-1/3, 1=1+7=2/3

E,=TE, =(-1/3)(-480x) =160~z
E, =160z sin(wt +5X)a,

E, =E, + E, =-1.508sin(wt —5x)a, +0.503sin(wt +5x)a, kV/m
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(b) E, =1E, = (2/3)(4801) = 320n

g_Eo , _(3207)
2n, ©  2(607x)
|| 14173

S = = =
1-||” 1-1/3

Prob. 10.58 1, = /%=no/2, =,
1

r="M g9 i1 -4/3

N+t My

a, =2.68a, kW/m’

(©)

1N

E,=IE,=@1/3)(5)=5/3, E,=rE, =20/3

p=2 [ue _ 10 aoars
Al = 3510°

C

(@ E, :g(:os(lo*3t—2y/3)aZ

E, =E, + E, =5c0s(10°t +§ y)a, +§cos(108t —% y)a, V/Im

E 2 E ? 25 1
b P =—° (—g)+—" (+a,)=——(1—=)(-a,) =-0.0589a, W/m?*
( ) avel 2771 ( y) 2771 ( y) 2(6072')( 9)( y) y
E ° 400

(C ) ‘(’:vez = i(_ay)

—a, ) =-0.0589a, W/m?
2772 ( y) y

" 9(2)(1207)
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Prob. 10.59

9
o= ot = oz = 216 =22~ 300(4) ~1200
X
9
ofis -0 oo

3x10°
\/7 / /”ﬂ T _ 307, n, =n, =120z
“Th _ Tl 770/4 3 2'=1+1“:§
772+771 N+, 14 5 5
L =ExH
602 (60X§)2
P=P+F=——cos’ (ot - fz)a, +——2—cos* (ot + B,2)a,
U h
3
2 2 (60)(—)2
00" _ 60" _ 35197, — 5 -1375
m 307 Ui
2 =38.197 cos® (wt — B,2)a, +13.75¢c0s’ (wt + B,z)a, W/m?, where S, =1200
(60><§)2
2 =F=—3—cos’ (et - f2)a,
8
(60x—-)° 2
5 - % _ 5446
n. 1207

= 24.46cos’ (ot — B,2)a, W/m?, where £, =300

Prob. 10.60
@) Inair, p, =LA, =2n/p,=21=6.283 m

o = f,c =3x10° rad/s

In the dielectric medium, « is the same.

=3x108 rad/s

R N
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2 2
xZ:B—":—’;:s.smm
2
10
() H, == 150 = 0026
o T

H, =-26.5cos(wt — z)a, mA/m

€) m=n, m=n,13

Mo~ 1M, (1/\/5)_1
I = - -_0268, t=1+T =
n,+n, (L/43)+1 ———

o
N
w
N

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

ro

E, =E; + E, =10cos(at - z)a, —2.68cos(at + 2)a, V/m

E,=E, =7.32cos(awt-2)a, V/Im

P :i(az)[Eio2 ~E = #(az)(loz —2.68%) =0.1231a, W/m?
2m, 2(1207)
2
P = By (a,)= V3 (7.32)%(a,) = 0.1231a, W/m?
2n, 2x1207
Prob. 10.61
n, =n,=1207

For seawater (lossy medium),

. - 8
"= o, _ J27x10" x4 =104+ [9.333
OTIOE 4t j27rx10° x81x -

67

r="2""h _00461,177.16
n,+mn

IT?=0.8952, 1-|T'|=0.1084
R _10.84%,
o =1084%

B _g951%,
R
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roL=h _ 7.924 /43.975-377
n,+n, 1.924/43.975+377
The fraction of the incident power reflected is

=0.9702.178.2°

% | T"[/=0.97022 = 0.9413

The transmitted fraction is

L —1-|T P=1-0.9702° = 0.0587

-o|o

Prob. 10.62

(@)
1207 u, 1207
= |[= =——=188.5, = /— =——==210.75
Th A Ja U é, 32
ro= _ 210.75-188.5 _ 00557, 7= 2, _2x21075
n,+mn, 210.75+188.5 n,+mn, 210.75+188.5

E, =TE, =(0.0557)(12) =0.6684 E, =E, =1.0557(12) =12.668

8
Bi=w /ﬂlgl :%\/Z — s w= B.c = 407(3x107) =67 x10° rad/s

2 2
(b)
9
B, = ofle, =232 = I0NIZ 1154
c 3x10

E, =E,, cos(wt +407x)a, = 0.6684cos(6x x10°t + 407x)a, V/m

E, = E,, cos(wt — 3,x)a, =12.668cos(67 x10°t —112.4x)a, V/m

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

(b) A=2x1p=27213=2.094 m

©) T=— 4 _y-p.288
we 9Ix10°x80x10" /367 —_

tan20, = —=6288 —— 0, =4047°
e

Ju,le, 3771480

In,l= =
? o. )2 A1+4n?
414| —2
oe,

=1671

1.0557
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n,=167124047° Q

=0.935/179.7°

(d T= n,—n, _16.712/40.47° -377
n,+n, 16.71£40.47° + 377

E, =TE, =9.35/179.7°

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

2 8
o, =2 |Hatra| fy [ 02 | 4| 910 ﬂ[\/umz —1}:43.94 Np/m
c 2 e, 3x10° V 2

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

27, 2x16.71240.47°

r= = 5 =0.0857 £38.89°
n,+n, 16.71240.47° +377

E,, =E, =0.857./38.89°

E, =0.857e**sin(9x10°t +51.48z +38.89°)a, V/m

Induced Currents on the surface
/ o=
T Zero fields

Prob. 10.64

o = 0 Standing waves of H

—» z

CurveOisatt=0;curvelisat t=T/8;curve 2isatt=T/4; curve 3is att=3T/8, etc.
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Prob. 10.65 Since p, =

sinf —8
i

t1 = 8
sing,, =sing, /

Prob. 10.66

Li=Ho,s

-03333 —o 0, =1947°

OOII—‘

04714 —— ,=28.13

E_ Zo(ejkxx _e—ijX) (ejkyy +e—jkyy) .
S J2 2 z

__ j5[ej<kxx+kyy) etk gmiloxkyy)  omilkockyy) } a

z

which consists of four plane waves.

S S

o, O,

VxE, =-jou,H —> H =LV><E - (&E _cE ayJ

H, =320 sin(k,sin(k, y)a, +K, cos(k,x)cos(k, )a, ]
ou,

Prob. 10.67
m=n,=317Q
For 7,,

o, 4

= 107 =12
wé, 27rx1.2x10° x50 x ——
67

tan26, = % _12

—> 0, =250
e, ?

ule  1207+1/50

|772 |: =
2 14122
o)
we,

71, = 42.658.£25.1°
o= _42.658£25.° ~377

=0.8146.£174.4°
n,+n, 42.658,25.1° +377

=42.658
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Prob. 10.68
(a)
P=@-ITP)PR
I L N |r|=s__1
1-|T| s+1

ﬂ_l_(s—lT _4s
P s+1)  (s+1)?

2
® r-pen — o B[S
PR

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

Vx(PA)=VOxA+DP(VxA)=VDx A

since VxA=0.

VX E = (é’iax +§ay +§az) X Eoej(kxX+kyy+kzZ—cot) — J(kxax + kyay + kzaz)ej(kor—a)t) % EO
X y 7

— jkx Eoej(kor—a)t) — jkx E
Also, —%= jouH . Hence VxE :—% becomes kxE =wuH

From this, a, xag =a,
Prob. 10.70
k = k |= /1242 +124% + 263° =316.1

A :2%:19.88 mm

8
kK=o =220 f X SO0 5503 61y
C 2r 2r

kea, =kcosg, —— cosé?xzﬁ — 6,=669"=6
316.1 y

0, =cos™ 263 _ 33600
361.1

Thus,
0 = ey:66.9°, 6, =33.69°
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Prob. 10.71
k=-3.4a, +4.2a,
KE=0 —— 0=-34E, +4.2
E, _42 4 o35
34 ==
k= k= B =(-3.4)* +(4.2)% =5.403
_2T_ 2% _q96p
B 5.403
8
2340 58 MHz
A 1162
Hszikxgs:kaEs
U@ ke
B 1 34 42 0
 47x107 x5.403x3x10°| E, 1 3+ j4

where Ao — e—j3.4x+4.2y
H, =4.91A, 10| 4.2(3+ j4)a, +3.4(3+ j4)a, +(-3.4—-4.2E,)a, |
=0.491[ (12.6 + j16.8)a, +(10.2+ j13.6)a, —8.59%, |e 1***** mA/m

Prob.10.72
VeE = (iax +iay +iaz) i Eoej(kXHkywkZPwt) = j(kxax + kyay + kzaz)ej(k'r”"t) [ E0
OX oy oz
= jkeEe'®™™ ™ = jkeE=0 ——> KkeE=0
Similarly,

VeH=jkeH=0 —— keH=0

It has been shown in the previous problem that

B

VxE=- > kxE =awuH
ot

Similarly,

VxH:aD » kxH=-coE
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From kxE =ouH, a, xag =a, and
From kxH =-swE, a,xa, =-a;
Prob. 10.73
If po=py=pg M= m, =
0 1 20 1 \/;’ 2 £,
1 1
——C0s0, - ——=c0sb;
‘\lgrz t 8r1
I\ = 1 1
——C0s0, + ——=c0s0;
‘\ISrZ t ‘\lgrl
. i €, SING,
Ve, SinG, = e, sinb, —-> =
€, SINO,

sing;
cosh, - ——+cosb, . i
r * sing, ' sinf,cosh, - sinf, coso,
W= sind, ~ sin@, cosf, + sin, cos,
cosf, + — 0s0; t t ' '
sin®,

_sin26,—-sin20, sin(6,—6,)cos(6, +6,) tan(6, - 6,)
sin26, +sin26,  cos(6, —-6,)sin(6,+6,) tan(6,+6,)

Similarly,

2
——C0S0,

€y 2cosh,

sin®
in

1 1 -
——=C0s0, + ——=co0s0. cosf, +
‘V8r2 t ‘\lgrl I t S

Ty =

0. cosb;

2c0s0,; sinb,

sin®, cosd  (sin® 0, + cos® 8;) + sind, cosh; (sin® 0, + cos’ 0, )
2co0s0; sinf,

(sin6, cos@, + sin 6, cos 0,)(cosH; cosb, + sin 6;sin 6,)

_ 2c0s9; sinb,
" sin(0, +6,)cos(d, - 0,)
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1 1 sino,
cost; - cosd, cosh, - — -cosb,
r oo Nt € ~ sinf, _sin(6,-0;)
o1 1 - sing. = _
cosf, + cosf, cosh; + . cosh, sin(9, +0;)
€ €1 sinf,
——2C0s0, _
Era 2c0sb, 2cosb, sino;
T 1 ) sing, " s
——co0s6, + ——cosh, cos6, + —.——cosh, sin®, + )
\Ver2 NE- sinf,
Prob. 10.74

@ n =1 n,=cJue, =c\6.4s, x p, =~/6.4=25298

sin g, = gin 6, =
n, 2.5298

=120, n, =120r, /i =47.43x
6.4

E, o cos6, —n, cos@,  47.437cos4.714° —1207 cos12°

sin12° =0.082185 —— ¢, =4.714°

Eio 1, COS 6, +17, COS 6,  47.437c0s4.714° +1207 c0S12°
_ 47.27-117.38 04258
47.27+117.38
& L 217, C0S 6, _ 2x47.43c0s12 _ 92.787 05635
E, n,c086,+n,cos6  47.27+117.33 164.65 —
Prob. 10.75

(@ ki =4a,+3a,
k.ea, =k cos§ —— cos@=4/5 —— 6 =36.87°

(b)
I:)ave:1 Re( Ests ): EO ak:(\/m) ( y z)
2 2 2x1207 5

=106.1a, +79.58a, mwW/m?

(c) 0,=0,=3687°. Let

E, =(E,a, +E,a,)sin(wt -k, er)
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A
VA
ki
Eﬁ
k. E,
er et .
o y

T

From the figure, k, =k,a, -k a,. But k =k =5

r 1

k, =k sinb, =5(3/5)=3, k, =k cosd =5(4/5)=4,

Hence, k, =-4a, +3a,

sinf —&sine —C—“ulalsin(a —£—03

6,=17.46, cos6, =0.9539, 7, =n, =1207,57, =1, /2 =607

Mo
E ?(09539) -1, (08)
[ =—r
1

_ 17,0086, —1,C086, _
Ei, 17,0086, +7,C086 "o (g 9539) 417 (0.8)
2 [o]

=-0.253

E, = I,E, = -0.253(10) = - 253

But (E.a +E.a )=Em(siné’ray+c056’,az)=—2.53(§ay+%az)

ry=y rz=z

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

Similarly, let

E, =(E,a, +E,a,)sin(wt -k, or)

27z
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kt = BZZ (D\/MZSZ = (0\/4}1080

But Kk =p,=0H.8,

kt

=2 o ke=2k=10

k, =k cos0, =9539, k,=ksinb, =3,
k, =9.539%, + 3a,
Note that k, =k, =k, =3

2n, coso, ~ n,(0.8)

] e 9 = 0.6265
n, CosSv, + n, COSY; T]70(0.9539) +1,(08)

E, =7, E, =6.265
But

(E,a, +E,a,) =E,(sinfa, —cosfa,) =6.256(0.3a, —0.9539%a,)
Hence,

= (1.879a, —5.968a, ) sin(wt —9.539y —3z) V/m

Prob. 10.76
(a)
tan6 LSS - 0,=0,=1947°
i~ iz—\/g i~ VYr— :

1 (o]

sinB, = sinb, :5(3):1 —  0,=90
r2

(b) B = &g = ><3 10=k+1+8=3k —— k=3.333

(c) A=2n/B, A,=2n/p,=2n/10=06283m

B,=wlc=10/3, A, =27!p,=27x3/10=1.885m
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@ E; =nH, xa, =407(0.2) cos(wt -k er)a, x@
= (23.6954a, —8.3776a,) cos(10°t —kx — k\/§z) V/m
© 2cos0; sinf, 2c0s19.47°sin90°

7 5in®, + 0,)cos(8, - 0.)  sin19.47°cos19.47°

cot19.47°

Let E,=-E,(coséa, —sinda,)cos(10’t— B,xsiné, — B,zcosb,)
where
E, =-E, (cosfa, —singa,)cos(10°t — B xsin g, — B,2¢cos E,)
sin6, =1, cosb, =0, P,sinB,=10/3
E, sind, = t,E, = 6(247)(3)(1) = 1357.2

Hence,

E, =1357cos(10°t —3.333x)a, V/m

Since I'=-1, 6,=6,

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

(f) tand,, = /z—2= /988" -1/3 —>  §,,=1843°
1 o] -

Prob. 10.77
(@) E;, =5cos(wt-0.57x-0.866717)a,

E, =(4a,—3a,)cos(wt—0.57x—0.86672)

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

tan g = sin g, =§
cosg, 4

6, =36.87°
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Prob. 10.78

& E &
tang, = /—1= Sor _ g
B 82 80 r

g, =tan’ g, = tan’ 68 = 6.126

Prob. 10.79

Prob.10.80

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
(@) In terms of the S-parameters, the T-parameters are given by

T11 = USp1, Ti2=-S22/S21, To1 = S11/S21, Ta2 = S12 - S11 S22/Sn
(b) Tu=1/04=25 Ti,=-02/0.4

T21=0.2/04, T, =04 - 0.2x0.2/0.4=0.3
Hence,

25 -05
T=
05 03

Prob. 10.82
Since 2, = Z,, T' =0.
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;= 811 =0.33 - -|0.15
[y =(Zy-Zo)l (Zg + Zo) = (2-1)I(2 + 1) = 1/3
F0=Sy + S155,4T g /(1-311 r g )

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

= 0.5571 -j0.6266

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
1 =cff = 3x10 :
8.4x10

=35.71 mm
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CHAPTER 12

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

J1-(f. /)7 =1-(3/15)* =096, B, =w/u, = 4xf Ic

9
ﬂ:ﬂ,/og :%\/0.96 =615.6 rad/m
c x E—

9
u= @ 2mxA5x10° ) oot 108 mis
B 6156

'—\/2—60 _60—1!_1924[2
n= e T, N1 = 096 :

(b)For TMyy, f.= 3725 GHz, 1- (f / f)* =0.8426

9
B 4r f (0.8426) = 47 x15x10 20.8426)
c 3x10

=529.4 rad/m

9
_ @ _2mxI5A0 4 26 90° mis
5 5294 @ ———

Ny = 607 (0.8426) = 158.80
P.E.12.2 (a) Since E, # 0, thisisa TM mode
E,. = E,sin(mzx/a)sin(nzy /b)e

m n
E, =20, —%=40r —> m=2 -—~-50f —> n=1

b
i.e. TMp; mode.

' 8
(b) f, =u§\/(m/a)2 +(n/b)* = 310" /407 +507 =1.5¢41 GHz

2
9
B =aJue1-(f, 1 ) =%,/f2— f2 =2§X1102 J225-92.25 = 241.3 rad/m.
X
(c)

E

= hjzﬂ (407)20c0s 4077 xsin 507 ye 72
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P L (507)205in 40 507ye”
.= Vs X c0s50rye

EY

T - 125tan40nxcot50ny

P.E. 12.3 If TEj3 mode is assumed, f.and g remain the same.

fc =28.57 GHz, § =1718.81rad/m, y = j§

37712

J1- (2857 /50)?
For m=1, n=3, the field components are:

=229.69 O

Mte1z =

EZ: 0

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

E, =- ﬁ—f( 3b ) H, cos(zx / a)sin(3ry / b) sin(wt - fz)
E, = ﬁf( )H sin(zx/a)cos(3zy/b)sin(at — fz)

H, = hﬁz ( )H sin(zx / a) cos(3zy / b) sin(wt - fz)
H, = hﬂz (3 j H, cos(zx / a)sin(3zy / b) sin(wt - fz)
Giventhat H,, =2= hﬂz (z la)H,,

4
H, = -1 5 (37 /b)H, = 6a/b = 6(15) /8= 1125

2h’a  —2x14.517% x10* x1.5x107

H,=H,=- = =-7.96
pr 1718.81xr
U 2oy
Eoy = h ( )H = ﬂ = 277TE = -4594
3a
Eoo = —Eoy b = 459.4(45/08) = 2584.1

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

E, =—459.4sin(xx/a)cos(3zy/b)sin(wt — fz) Vim,
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H, = 1125cos(zx / a)sin(3zy / b)sin(wt - fz) A/m,
H, = -7.96cos(zx / a) cos(3zy / b) cos(wt - fz) A/m

P. E.124

u' 11 3x10°x10°
o2Va? P

2#\/1/8.6362 +1/4.318° =3.883 GHz

u - 3x108
" 1-(3.883/4)

=12.5x10% m/s,

16
u, = 9107 _ 7.2x10" m/s

Y 12.5x10°

P.E. 12,5 The dominant mode becomes TEy mode

C
fan = 5 = 375 GHz, 71;¢ = 40670

From Example 12.2,

E, = -E,sin(3zy /b)sin(wt - fz), where E_ = QTﬂbHO.
Pave = .[:zo j.ybzo%dxdy = %ﬂab
Hence E,=63.77 V/m as in Example 12.5.

7E, 7x63.77 6334 mAm

H, = = 10 =7 2 T 29.9%
b 27x107 x4 %107 x4x10
P.E. 12.6 (a) Form=1, n=0, f. =u’/(2a)

o 107 107

= = <<1
we 27x9x10°%x2.6x107°/(367) 1.3

Hence,
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3x108
u's =c/.J26, f = =2.2149 GHz
«/u 2x2.4x107%4/2.6

. on' _ 1075x377//2.6
2J1-(f, 1 £)2  241-(2.2149/9)*

=1.205x107** Np/m

Forn=0, m=1,

2R,

—+—(f_/f)?
a. = bﬂm[ (c )]

23267 x9x10° x1.1x10” x 47 x10°"
377x1.5x102 x1.1x107 /1 (2.2149/9)?

[0.5+(2.4/1.5)(2.2148/9)*] = 2x102 Np/m

(b)Since a, >>a,,a =a, +a, = a, =2x107

loss = al =2x107%x0.4=0.8x10" Np =0.06945 dB

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

H,. =H_cos(zx/a)cos(zy/b)e”

E, :Jh_‘z"(ﬁ/b)Ho cos(x/a)sin(zry /b)e "

E, = —‘E"—j‘(yz/a)Ho sin(zx/a)cos(zy/b)e
H, = :-]—f(;z fa)H,sin(zx/a)cos(zy/b)e ™"

H, = :]_f(ﬂ IbYH, cos(zx/a)sin(zy/b)e "
E_ -0

zs

For the electric field lines,

dy
dx

E_ = (a/b)tan(zx / a) cot(zy / b)

For the magnetic field lines
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d_y_i_ (a/b)cot(zx/a)tan(ry / b)
dx  H, g i

X

Notice that Sy 1
otice tha (E)(H)_—

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
L

R
¢ 1.5x10"
TE101 = \/—

1
Qretor = E’ where

st 1 ~1.5x10°°

\/” fiotto, \/7[X1.936><109 x 47 x107" x5.8x10’

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

10°
= =10,929
QTElOl 61X15 _

P.E. 129

(@) By Snell’slaw, n;sin 1= nysin §,. Thus

6, =90° y Sinf,=1

sin@,=nyn;, 61=sin"tn,/n; = sin11.465/1.48 =81.83°

(b) NA= \/n?-n,? = 1482 - 1465 = 0.21
P.E.12.10
a | =10 log P(0)/P(I) = 0.2 X 10 =2
P(0)/P(l) = 10%2, i.e. P(I) = P(0) 10°? = 0.631 P(0)

ie. 63.1%
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Prob. 12.1

u' 3x10°®
a) For TE. mode, f =—=—""_—=2.
@ 10 ° 2a 2x6x107?

N
Ul
@
I
N

(b) f =3f =7.5GHz

ut [m* n? 3x10°x102 |(m ¥ (n )
fcmn=_ _2+_2 =5 — | | =
2Va" b 2 6 4
2 2
:15\/[%) +(n?] GHz

s :15><%=5 GHz

f.01 =3.75 GHz, f.0, =7.5 GHz
f.0 = 2.5 GHz, f.0 =5.0 GHz
f.,, =6.25 GHz, f.30 =7.5 GHz

2 2
f, =15 (lj +(3] =7.91 GHz
6) (4
2 2
f, =15 (Ej +(1j = 4.507 GHz
6) |4

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

™, TM,,
i.e. 7 TE modes and 2 TM modes

Prob.12.2

u' u' /1 1 u'
fao=r— fu =[5+ =2
cl0 23. cll 2 a2 az 2a

Since the guide can only propagate TE,, mode,

u' u'
fo<f<f 5> —<f<—2 S u'<2af <u'\2
cl0 cll 2a 23.

UT<2a<u?\/§ - /1<2a</1\/§

A
—<a<—=

2 2
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Prob. 12.3

/
) () A ) )
° 2\W\a b 24/2.25x107% |\ 2.28 1.01
1/2
15 m 2 n 2
= + GHz
J2.25 {(2.28) (1.01) }

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

Mode f . (GHz)
TEo1 9.901
TE1o 4.386
TEwu 10.829
TEo 19.802
TE» 21.658
TMyq 10.829
TMy, 20.282
TMyy 13.228
Prob. 12.4

(a)
For TE,, mode,

! 2 8
f =2 (1] - 30 625GHz
2 \\a 2x24x10° =
For TE,, mode,
! 2 8
=L (ij 30 _1r56H:
2 \\b 2x1.2x10° =
For TE,, mode,

, 2
f =L (Ej = 2x6.25=12.5 GHz
2\\a ==

2 2
B) =2x12.5=25GHz

(b)Since f=12 GHz, only TE,, mode will propagate.
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Prob.125 ab =3 _____, a=3b

o L 3x10°
0" 2a > 2f,, 2x18x10°

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

m = 0.833cm

Prob. 12.6  For the dominant mode,

8
i =0 3101875 Mz
2a 2x8

(@) It will not pass the AM signal, (b) it will pass the FM signal.

ul
Prob. 12.7 (a) For TE;p mode, f, = 2
u' 3x10°
2f  2x5x10°

c

Or a= =3cC

3

uI
For TEp; mode, f =—

po U _ 3x10°
Or 2f 2x12x10°

c

=1.25¢cm

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

Mode f. (GHz)
TE1o 5
*TEpo 10
TEso 15
TE40 20
*TEo 12
TEo2 24
*TEy 13
TE2 15.62
The next three higher modes are starred ones, i.e. TEy_TEg1, TE1;
: 1 C 8
(©) u \/E T2 2x10° m/s

For TE;;1 modes,
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8
=0 Ll _g676H:
2x10%42.25 V3 125 —
Prob. 12.8
LetF, = /1 °12 / § —0.7806
8
2 =830 50075 m=75x10"m
f~ 40x10°
-3
fy= 2 S TAOTM g 608,109
F, 07806 —o——
8
Uy, _ U310 5 843x10° mis
F, 07806 ————
B _2r :2—”73 =653.95 rad/m
2, 9.608x10° ———
n' 120z
o — 482.950)
e = 70,7806
Prob. 12.9

For TE,, mode, m=1, n=0,
_u'_c 3x10°

f, = —3GHz
2a 2a 2x5x10
9 10°
= o\ ue, 1 — —27z><12 5x10°, |47 =10 ><36
=254.15 rad/m
9
UZQZ—Z”Xlz'Sxm —3.09%10% m/s
B 254.15 _—
e == 2% 38830

£ )2 09708
au

2
1- ( ) 7854(o 9708)
125
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Prob. 12.10
_u ¢ 3x108

—375GHZ
£ 2a 2a 2><4><102

2
/ _ 27x24x10° / 3, 75 4807r
J 0.9877
SOV T 3x10° 24 (0.9877)
=496.48 rad/m

272' 27
,B ~ 496.48

=0.0127 m

Prob. 12.11

1 8
u=2_ u __ 3810 —6.975x10° m/s

B \1-(f,1f)? 1-(65/7.2)

B 9 ><1016
B u

=1.2903x10° m/s

u, 1.2903x10° ——

ol

1S

Prob. 12.12
1 8
=t 3O _go56H,
2a 2a 2x2.4x10 E—

f =1.25f =7.813 GHz

n___ 37 _31 _eog300
06 —=t==

Prob. 12.13

(a) fc10 = U_ = :
2a 2afs,
3 3x108
 2x1.067x102/6.8
30

=——  GHz
2x1.067/6.8
=5.391 GHz
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()
F - 1_(L]
:

2
_ 1_[5.391)
6

—0.439
u' C 3x108
7 F Fe 0439xV68 —————
(c)
"
ﬁ—i—ﬁ— c 3x10°
FF  fFJs 0439x6x10°x+/6.8
__ 107 004368 m= 4368 cm
2x0439/68 -
Prob.12.14

In evanescent mode,

2 2
k? = @ ue < (%j +(n—7[j
a b

2 2
£ =0, 7=a=\/(Mj +(%Tj —k? =\/47r2,ugf02—a)2u£

a

2
o= \/E\/47r2 f2—4r*f? = 272'\/Efc 1—(%]

Prob. 12.15
E, # 0. This mustbe TMy; mode (m=2, n=3). Since a= 2b,

C 3x10° o 10%
f =—Jm?+4n> =——""— . /4+36=15.81 GHz, f=—= =159.2 GHz
° 4b " 4x3x107 27 2n

T = 377/1-(15.81/159.2)? =375.1 Q)

2 2
IEFHIELF,
217y

ave z
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2 2
= Zﬂh“Eo [ (2713’ cos®(2zx/ a)sin’ 3y /b) + (37 / b)’ sin’ (2zx/ a) cos’ 3y /b) |a,
Thm

P = [Rads= | | 2. tkya,

x=0 y=0

_BES ab {4;;2 N 971_ BE ab
2h'yy 4| @° b 8h° 77y
But
12
ﬂ:%/l—(fcl f)? = 310108 J1-(15.81/159.2)* =3.317x10°
X
477 97% 107x°
= a2 + b2 = b2

h? =1.097x10°

 (3.317)*x10° x5 x18x10™*
8x (1.098x10°)x375.1

=15m

=

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

(b) B = ﬁl\ll_(fc/f)z = 0O4HoE, \Il_ ((")c/("))2
Be=Jol-02 _ 2= /wz_Bzcz

2.2 16
f :&:\/fz_ﬂc :\/36x1018—“41%:5. 73 GHz
- 2202

0 i 377 .
Ji-(f./ )2 |J1-(5973/6)

(C) Ne= 39780

(d)For TE mode,
E, = T]—l:(mn [a)H, sin(mrx/a)cos(nrny /b)sin(ot- pz)

H, = ;—E(mn [a)H, sin(mnx/a)cos(nty/b)sin(ot - fz)

p=12, m=2,n=1
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p

op
E, = h—z(mn/a)Ho, H, = h—z(mn/a)Ho

0 0ox

E_%_ 27 x6x10° x 477 x1077
H, /£ 12

e = =47% %100

E, 5
Hy=—%=— =1.267 mA/m
e 4r°x100

H, = -1.267 sin(mnx/a)cos(nny /b)sin(ot-fz) mA/m

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

2nf
() B=p1- (1)) == 1= (f/ )

But
u' 2 D) 3><108 2 2 -
f, =?/(m/a) +/b) = J(2/2.86)? +(3/1.016)? = 46.19 GHz, f=50 GHz
X
9
ﬂ:%ﬁ-me.lg/soy ~ 400,68 rad/m
X

v = jB = j4007 /m

©) n - . 317 - 98530
" Ji-(f./ )2 \1- (46.19/50)2 '
Prob. 12.18 In free space,
Mo c 3X108
- f=—=—"""" __3GHz
T J1-(f 1 1)? 2a  2x5x107
377
= —406.7Q
b 1-(3/8)?
nY 1207 u' c

nz:\/l_(fc/f)z'n:\/Z.ZSZ T 2a £,
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3x10° 807
_ —2GHz, 5, =— _ _25957Q
2x5x102+/2.25 " J1-(2/8)?
r=1""h _ 02008
M, +11,
L IT1 1 5667
-r| ——

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

9Z d
% —(pR")+ —cD"+RcDZ"+k ROZ =0

Dividing by R®Z ,

1d AT A

ie. Z"-k/°Z=0

1 d Q"

R i (pR)+ch2+(k2+k) 0
ﬂi ' 2 2 2__@_“_ 2
de(PR)+(k +K, )p” = o =k,
or

"k, 0 =0

d
p—(pR")+ (k. >p?-k,>)R=0, where k > = k? + k.. Hence
dp p ¢ p z

pZR”+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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% Plot U p and U_g versus frequency T (10<f<100) in GHz

c=3*10"8;
for k=1:91
f(k)=9+k
fac = sqrt( 1 - (B/F(kK))™2 );
up(k) = c/fac;
ug(k) = c*fac;
end
plot(f,up, "r", f, ug, "k")
xlabel (" frequency %)

ylabel ("phase vel (red) & group vel (black)"®)

%108

5.5 T T T T T

ol
T

A
o

N
T

w
T

phase vel (red) & group vel (black)
N w
(&) (&)

1.5 1 1 1 1 1
10 20 30 40 50 60

frequency f

70

80

90

100
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Prob. 12.21
@
For TE,, mode,
_u_'_ 3x10°®
¢ 2a 2x7.2x107%

2 2
Let F= 1—(%) = 1—(@j =0.942

=2.083 GHz

6.2
9
e ofiaE :27rx6.2><108x0.942:122.32 i
c 3x10 e
8
u =2 _ 310" 5195108 mis
"~ B F 0942
U, =u'F =3x10°(0.942) = 2.826x10° m/s
n' 377
2 400210
e T Tooa  ——===
(b)
1 ¢ 3x10°
u'= = = = 2x10°
Jus Je, 225
1 8
u 210" _) 389 GHz

¢ :2_61: 2x7.2x1072

2 2
Let F=,/1- T = 1—[@j =0.9746
f 6.2

oF J&,  27x6.2x10° x0.9746x1.5

- F=
p=oyue 3x10°

=189.83 rad/m

U _o_ 27 x6.2x10°
B 189.83
U, =u'F =2x10°(0.9746) =1.949x10° m/s
n' 377

- ST _a57880
e 15%0.90746 —=——==

=2.052x10° m/s
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Prob. 12.22

1 8
f, :”— VAS _ 310 ~1.315 GHz
2a 2a 2a\/— 2x7.214x107%/2.5

Let F= ’1 ‘/ 1315 =0.9444

F
f=w yeF=w\/:—r

u=2_ c 3x10°
" B FJs 09444x.25

cF 3><1O8 x0.9444

=2.009x10° m/s

U, =u'F = =1.792x10° m/s
s
Prob. 12.23
o ol 12 0/102,33
Up:E:E —> w:ﬂup—ﬂclz 4”2 y (/1:27Z'/ﬂ)
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Prob. 12.24
1 £
U, ==c=u 1—[—°j @)
fl
2
1 , f.
u,=-c=u 1—(—} (2)
2
Dividing (1) by (2),
2 2
- m <[5
174 _ = — —0.5625=—12
1/3 2 f
R 1-| =
f f,
f
[ j 05625[ ( ]]
f2
Assuming f. is in GHz,
2 2
. =O.5625—% — f?=9844 — f =9.9216 GHz
From (1),
U= 0.25¢ _ 0.25¢ _ 0.4444c
A \/1_(9.9216j
f, 12
1 c
But u'= =—
Jie e
2
c 1
—=0.4444c gr{ j =5.0625
Jer 0.4444 ) =——
Prob. 12.25
f =
2a
2
2 2 2
u 8
TPRETEN (T L. N L0 U o L8107 _ 0208
’ f u' 3x10

=+/0.208f =2.0523 GHz
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' 8
a=— = 3x10 = 4.927 cm
2f, 242.2x2053x10° ————
Prob. 12.26
Let F=.1-(f./f)?=/1-(16/24)% = 07453
8
u'
=t =319 o100 u=, U, =u'F = 2x10°x0.7453 = 1.491x10°
Jue ~J2.25 F —
m/s
= '/F—37—7—3372!2
e = 0T = 1 5x07453 - ==
Prob. 12.27
For the TE,, mode,
H,=H cos( )e 7
a
H.,. _Jpa Hosin(”—xjemZ
z a
E,, e Hosin(”—X e
r a
Exs=0=Ezs=Hys
0 E, 0 . \
ESXHS = * ! * =E5stax_Est5az
HXS O HZS g ’
- Ja"uaH cos ﬁx)5|n(ﬂxjax+wﬂ’6; HZsin (”Xjaz
T a a r a

T

2
7~ RE[ExHI] = 228 zsint 2,
2 2 )

Prob. 12.28

_ | Exs |2 +| Eys |2 a = a)2,u27r2

P =
2n * 2nb*h?

ave

H,’sin? zy/ba,

where 7= gy -

=I p,.ds =2 H J. J. sin? zy / bdxdy

x=0 y=0

277b
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(JJZIJ.ZTCZ
P = H %ab/2
ave 21,] b2h4 o] a
TCZ
But h?=(mn/a)*+ (nn/b)= b
o _ o ’p?ab®H
ave 41'[2T'|
Prob. 12.29
9 -7
R = [ =\/”X12X10 47107 _ 5 858102
o, 5.8x10
' 8
fo= = 2104651 GHz
2a 242.6x2x10"

ol 1 1 12
f= E a—2+ — =104 GHz

(a) For TEyp mode, eq.(12.57) gives

a, + B, = \/—a)z,ug+ k,”+k,*+ jouo,

2
T .
= \/—0)2/U2+¥+ Jouo

92 2
=\/{%J (2_6)+(21[W+j27z><12><109><47r><10‘7><10_4
X X

=0.012682 +j373.57

o4 = 0012682 Np/m

2R, [1+b(fc)2]
o, = —+—(=
by'y1- (. /f)2[2 a f
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2x2.858x10° [1 1,4.651

= = —(—)} 0.0153 Np/m
10‘2(233.81)\/1—(4.651 /12?12 2 -

(b) For TE;; mode,

g+ By =02/ u*+1/a’+1/b%+ jopo,

2

= \/— 139556.21+ —— + ]9.4748 = 0.02344 + j202.14

(10 %)
a4 = 002344 Np/m
2R, (b/a)’+1| 2x2.858x107 (1/8)+1
Ge 2| la)?+1| 192 2
bn'y1- (f,/ )7 [(b/a)*+ 1] 102(233.81)/1— (10.4/12)7 | (1/4) +1

o.=00441 Np/m

o

Prob.12.30 ¢, =¢'-je''=¢- ja

Comparing this with

c

g, =16¢,(1- j10*) =16z, — j16¢, x10™

e =16s,, L =16¢,x10"
w
For TM,; mode,

u' m2 n2 1/2
fc :E|:—2+b—2j| =2.0963 GHZ, f :1.1fc =2.3059 GHz
a

-9

& =166,0x10™ =16x 27 x 2.3059x10° x 20— %10 = 2.0525x10°*

6r
&

on' 4.1x10* x 307z
a, = =
21-(f. /1) 2J1-1/1.12

=0.0231 Np/m

Ee“’-08E, ——  2--1In(L/0.8)=9.66m

ay
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Prob. 12.31
For TM,; mode,

2R,
o =
©bny1- (f,/ f)?

9 -7
R - 1 _ ﬂfﬂ:\/ﬂ'xz.3059><10 >7<47r><10 —0.0246 O
o0 o, 1.5x10

2x0.0246

a, = - =0.0314 Np/m
47 x10°x307x0.4166
Ee %) =0.7E, e In(1/0.7) = 6.5445 m
a,. +0!d
Prob. 12.32
1 8
f,= o 30 _556h
2a 2x6x10
' 377
e = 7 == == 483 Q)
7]
f 4
From Example 12.5,
2 2 6 —4
 _ E;ab _ (2.2)°x10° x6x3x10 —9.0196 mW
2n 2x483 e
Prob. 12.33
For TEyp mode,
1 8
oy 3x10 —2.151 GHz
2a  24/2.11x4.8x10?
(a) loss tangent = 2 d
we
» 9 107 »
o=0ws=3x10"x27x4x10° x2.11x 5 =1.4086x10
T

=259.53 Q

. 1207
77 =

V211
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_ 1.4067 x107* x 259.53

2\/1 (f /£)? 2\/1-(2.151/ 4)?

9 7
(b) R = uftr =\/7r><4><10 ><477le0 _1.9625x102 O
o, 4.1x10

=2.165x107* Np/m

a

2R, [1 b b (£ 1 )2} ~3.925x107%(0.5+0.5x0.2892)
2.4x107 x 259.53x0.8431

Ty i(f/f) L2 a

=4.818x107° Np/m

Prob.12.34
wfu

: 2 |—— 2
2R, 1 b(f, o, 1 1( f,
acz— _-|-_ —_ [ R
£ 212 alf f 2 2 f
T
f
24 =10 x;z\/—x— { [szl
0.5x107 x (1207 / /2.25)+/5.8x10’ f

2 f
30 (5.8/2.25)\/1—(];"]

The MATLAB code is shown below

k=10"(-5)/(30*sqrt(5.8/2.25));
fc=10"10;
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



https://testbanks.ac/product/9780190698614-SOLUTIONS-5/

[CLI cK HERE TO ACCESS THE COMPLETE Sol uti ong

425

The plot of attenuation versus frequency is shown below.

wy/dN) uonenuane

frequency (GHz)

Prob. 12.35

=]
)
N
o
e
s

N
]
c I
-mG
o O
T
o ©
<
— |l
S |5
=1k~
c | X
g X|g
T o
L <
Y—
-
(v

©
g =8
o

The surface resistance is

23.91x10° Q

7x8.4%10° x 47 x1077

5.8x10’

J

ntu
For TEo mode,
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-3
o, = 2239110 [o.5+—1'016 (0.781)2}
1.016x1072x377+/1-0.7812 2.286

_ 47.82x107°(0.5+0.2711)
3.83x0.6245
=15.42x107°x8.686 dB/m = 0.1339 dB/m

=15.42x10"° Np/m

Prob. 12.36

u' 3x10°
a f,o=—=—"
@ fao 2a 2x3.8x107

2
U, =Uu’ 1—[%] =3x10°%/1—(0.3947)% = 2.756 x10° m/s

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

10 -7
R - ﬂf,u:\/ﬂxlo ><47r7><10 _2609%1020
o, 5.8x10
2
a-— 2 o502 L
% al f
bn', [1-| =%
L)

-2
_ 2x2.609x10 2 {0.5+g(0_3947)1 _5.218x0.5656
1.6x102(377),/1-(0.3947) 554.23

=5.325x10" Np/m
a,(dB) =8.686x5.325x10° = 0.04626 dB/m

=3.947 GHz

Prob.12.37

u' c 3x108

f = —= =
“ 2a 2afeu 2x25x10742.26

=3.991 GHz

2 2
- L) 1_(%j ~0.8467
f 7.5

27 x7.5x10°/2.26
3x108

B=p'F= 0.8467 =199.94 rad/m
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on' on, _  107(377)

a, = = =
" 2F 2Fs 2x0.8467+2.26

2
B || N P16 A
]2 al f

=1.481x10"* Np/m

f
by [1-| ==
A
9 -7
R = nfu :\/zrx7.5><10 xélzz'xlo 00519 O
o, 1.1x10
2
2x0.0519 o.5+1'5(3'991j
250 7.5 0.1038x0.6698
%= 377 "7 31848
1.5%x107% x x 0.8467 '
\/2.66
=0.02183 Np/m
u' c 3x10° 8
u =—-= = =2.357x10° m/s
" F Fs 084674226
8
o, =u'F = 2x10 <0897, 659,.10° ms
\2.26 -
1 8
4= ¢ 310 =0.05 m =5 cm(= 2a, as expected)

©f. f.fe, 3.991x10°/2.26

r

Prob. 12.38 (a) For TEjo mode,

, C

ul
f=—, U=
°~ 2a V211

- 3x108
© J2.11(2x2.25x107?)

=4.589 GHz

2R 1
s {—+B(fclf)2}
bn'y1-(f,/f)? L2 a

9 -7
R = nfu :\/zrx5><10 ><4ﬂ7><10 _3796x102 O
o, 1.37x10

=T 250540

2.11

(0)  0regp =
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2><3.796x10‘2[0.5+£(4.589/5)2]
o, = 2.25
1.5x107(259.54)/1— (4.589/5)°

Prob. 12.39 For TE;g mode,

=0.05217 Np/m

%R [1+9L2]
" by 1-(f /)22 af

08

1 f
But a=b, Ry=—¢= ala
G0 c

c

iy 1 f,
2 {1 f } kﬁ{z”f)}

o, 1 fel_
YT 1= (F 1) 2+ (%) 1= (F.1 1)

where Kk is a constant.

L 291/2 E -1/2 § 2.¢ 512 K E 12 2¢-3/2 2¢-3 L 21-1/2
G KL= COPTL 77 = DR DL 7 A2 @7 )L ()]
df 1- (f, /)2

da

: =0. Thisleadsto f=2.962f..

C

For minimum value,

Prob. 12.40 For the TE mode to z,
E,. =0,H, = H, cos(mrx/a)cos(nty/b)sin(prnz/c)

Y 0B, jopdH,  jou : :
5Ty + 7 ax - (mn /a)H, sin(mrx/a)cos(nny/b)sin(prz/c)

as required.

y 0B, Jjop 0H,  jop

E -_
*h* ox h* oy h?

(nm /b)H, cos(mnx/a)sin(nny/b)sin(prz/c)

From Maxwell’s equation,
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o 4 2
_Ja)luHS :Vx ES = 5)( ﬁy 52
E« Es O
1 0E 1 .
H,= m > - —h—z(mn la)(pn /c)H, sin(max/a)cos(nty /b)cos(pnz/c)

Prob. 12.41 Maxwell’s equation can be written as
_ Jog 0B,y 0H,

*" h?2 gy h? ox
For a rectangular cavity,

h? = k2 +k,? = (mn/a)’+ (nm /b)?
For TM mode, H =0 and
E,. = E,sin(mnx/a)sin(nny/b)cos(prz/c)
Thus
_Joe FE,  jwe

* h? gy h?
as required.

(nz /b)E, sin(mzx/a)cos(nzy/b)cos(prz/c)

__Joe 0By v oMy
*~ " h* 9x h* oy
= - 257 (s 12)E, cos(mex /a)sin(nzy /b) cos(prz/

From Maxwell’s equation,

g 94 4
joeE,=VxH_ =|0x 2y 01
H, H 0

Xs ys

E - 1 oH,
¥ joe 0z

= h—lz (nz /b)(pz/c)E, sin(mzx/a)cos(nzy/b)cos(prz/c)
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Prob. 12.42
ul
fr:EWKm/aY+(n/m2+(p/Q2
where for TM modetoz, m=1,2,3,..., n=1,2,3,...., p=0,1,2,....
and for TEmodetoz,m=0,1, 2, 3,..., n=0,1,2,3,...., p=1,2,3,..., (m+n)=0.
@ If a<b<c, 1/a>1/b>1/c,
. . u 1 1
The lowest TM mode is TMyqo with f, = Va2 bt
The lowest TE mode is TEq1; with f, = LS i2+i2 < LE i2+i2
2\b® ¢ 2Va" b
Hence the dominant mode is  TEo:;.
(b) If a>b>c, l/a<l/b<l1lc,
. . u 1 1
The lowest TM mode is TM1qo with f, = Va2 bt
The lowest TE mode is TEjo; with f, = LS %Jri2 > LE i2+i2
2Va® ¢© 2\Va® b
Hence the dominant mode is  TMjso,
(c)If a=c>b, l/a=1/c<1/b,
u 1 1
The lowest TM mode is TM1qo with f, = £ ¥+ of

u
The lowest TE mode is TEjo; with f, = 13

| =
+
ON| =
VAN
N e
mN| -
+
|+

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

3x10°

1 ¢
Jus e, V46

u, m 2 n 2 2
[ EE

2 \\a b c
For the dominant mode, m =1, n=0, p=1
' 2 2 8 10
f=m (lj +(1J 310 - —+ L = 310" ) 37267) = 2.606 GHz
a c 2+/4.6 V9x10 36x10 2(2.1447) e

B (a® +c?)abc
5[ 2b(a* +c*) +ac(a’ +¢’) |

1 1

J7 F o0ty 7 x2.606x10° x1.57x107 x4z x10~

(9+36)(72) 1072 32.42
Q= = - = 4727.
5[8(27+216)+18(9+36)] 2.49x10°(2754) ———

(@ u

6= —2.49%x10° m

\'

Prob. 12.44

(@)
' 2 2 2
S
2 a b c
1V (1Y
f g0 =1.5%10% (Ej +(Zj =1.5x10'"°/0.1736 = 6.25 GHz

frreon =1.5x10%, /$+% —1.5x10°+/0.2225 = 7.075 GHz

L =1-5><101°,/%+6—125 —1.5x10"+/0.2711 = 7.81 GHz
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Prob. 12.45

1 c  3x10°

iz J25 25

u' (mjz (njz (pjz 1.897 x10° x10° (sz (n]z (pjz

fo=—Jl = +|=| +|—| = — | +] =] +| =
2 a b c 2 1 2 3
=94

485,/m? +0.25n? +0.111p> GHz

u'= =1.897x10°

fo, =9485/1+0+0.111 =10 GHz

fou =9.485/0+0.25+0.111 = 5.701 GHz
fop =9.485J0+0.25+0.444 =7.906 GHz
fous =9.485/0+0.25+0.999 =10.61 GHz
fo =9485/0+1+0.111 =10 GHz

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

7.906 GHz (TE,,,)

10 GHz (TE,y, and TE,)
10.61 GHz (TE013 or TMllo)
11.07 GHz (TE,, or TM,,,)

Prob. 12.46
(a® +c?)abc
Q = 3 3 2 2
6[2b(a +c’)+ac(a“+c )]
When a=b=c,
2a’a’ 2a° a
Q= 3 2 2] 1 5
5[2a><2a +a x2a] 6oa 2
Prob. 12.47

(@) Since a>b <c, the dominant mode is TElOl

8 2
rloru? iz Ciz 3X10 <10 / 1 _16.77 GHz
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B (a®+c?)abc
(b) QTElOl - 5[2b(a3 +C3) N ac(a2 +CZ):|

_ (400+100)20x8x10x10°® 3.279x10°°
S[16(8000 +1000) + 200(400 +100)] S
—4
But 5 = 1 = 1 — 10 m
S Taotte  \J716.77x10° x 47107 x6.1x107  200.961
Qrez0 =3-279 x107° 20%261 =6589.51

Prob. 12.48

C
f = 2_a“/m2 +n°+ p’

The lowest possible modes are  TEig;, TEp11, and TMy10, Hence

c 8
f, = —2 a ¢ 3x10 =7.071 cm

2a - frﬁ:\/ix3x10g

a=h =c=7.071cm

Prob. 12.49
@ a=b=c

u
f =—.m*+n’+ p?

2a
For the dominant mode TE,,,

f, =u—\/1+ =£\/§
2a 2a

a:cﬁ: 3x10°/2
2f,  2x5.6x10°
a=b=c=3.788 cm
(b)
For ¢, =2.05, Uu'=——

=0.03788 m

o cv2  0.03788 002646

C2f.\Je, 2,05

a=b=c=2.646 cm
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Prob. 12.50

(a)

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

VxE, =-jouH,

|l 2 2 _
H,———t VxE,—d[ox oy @ L(ﬂﬁ]
Jou o 0 0 E.(xy) ou\ oy oX
But
1 1 107

E,. =200sin30zxsin30zy, — = - —=
ou  6x10° x47rx10 247

102
H, = J;f x 200 x 307r{sin 307xcos30xya, —cos30xxsin 307ryay}
V/a
H =Re (Hs e

H= 2.5{—sin 307xcos30xya, +cos30zxsin 307zyay} sin6x10° 2t A/m

(b)
E=Ea, H=Ha +Ha,
EMH=0
Prob. 12.51
8
@ a=b=c —— f, :%:uxmg
a
3x10°®
V2 x12x10°
(b) Q — i — a\] T frlOllLlO-
TE101 35 3

1.77x102Vz x12x10° x 47 x10”" x5.8x10’
3

=9767.61
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Prob. 12.52
AE A
f=—\l—1| +—| +|—
2\\a b C
8
foa=d0 | L 144186 MH:z
2 \(10.2° (3.6)
L 1 MHz-45.093 MHz

f., =150 |——
rout (8.7)%  (3.6)

fi1 =150 1 =+ L =+ L ~ MHz = 47.43 MHz
(10.2)>  (8.7)*> (3.6)

f =150 |2+ 1 MHz=22.66 MHz
(10.2)°  (8.7)

f =150 |— —+ 4 ~ MHz =84.62 MHz
(10.2)? " (3.6)

f 0 =150 4 -+ L ~ MHz =51 MHz
(10.2)° (3.6)
Thus, the resonant frequences below 50 MHz are

frllO’ frlOl, frOll’ and frlll

Prob. 12.53
3x108

n=cluy = = 1.4286
" 2ax100 T

Prob. 12.54

NA=/n? —n = 1512 ~1.45? =/0.1776 = 0.421

Prob. 12.55

(@ NA=n?-n= +/1622-1604° = 0.2271
(b) NA=sin 0,=0.2271 or 0, =sin *0.2271 =13.13°

7x50x107°x0.2271

= 27441
1300x10°°

©) Vza—dNA =

N = V?/2 6 modes
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Prob. 12.56
d x2x5x107°
V :—«/n2 —_nd =m0 E T (/1.48%-1.46% =5.86
AVt % 1300x107°
V2

N :7:17.17 or 17 modes

Prob. 12.57
(@ NA=sin 6,= n? -n,2 = {1532 - 1452 =0.4883
0. =sin 10.4883 =29.23°

() P(I)P(O) = 104710 = 1904510 = g 633
ie. 63.1%
Prob. 12.58

P(ﬁ) — P(o)lo—a/,/l() :lOX10—0.5x0.85/10 — 90678 mW

Prob. 12.59
As shown in Eq. (10.35), logip P1/P2 =0.434 In P4/P;,

1 Np=201logioe =8.686dB or 1 Np/km =8.686 dB/km,
or 1Np/m = 8686 dB/km. Thus,

a,, =8686a,,

Prob. 12.60

-3
—1'2X196 —30.792
1x10

al =10log,, :‘” =10log,,

out

7=04dBkm = 2% Npkm
3.686
30792 30.392 dB

/ -
a 0.4 dB/km

=76.98 km

Prob. 12.61
P(O) - P(I) 10a 1/10 - 02 X 10 0.4 x 30/10 mW = M

Prob. 12.62 See text.
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CHAPTER 2
P.E.21

(@) At P(1,3,5), x=1, y=3, z =5,

p=+x2+y? =410, z=5, g=tan'y/x=tan'3=71.6°
P(p,0,2) = P(y/10,tan™*3,5) = P(3.162,716°,5)

Spherical system:

= Jx?+y2+ 7% = /35 =5916
0=tan™\/x* + y? [z = tan"\/10/5 = tan 1 0.6325 = 32.31°
P(r,60,p) = P(5.916,32.31°,71.57%)

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

p=X°+y?*=42=3,p=tan'y/x=tan-4/0= 270°
T(p,0,2) = T(4,270° 3).

Spherical system:

r=x’+y*+2*=560=tan" p/z=tan"4/3=5313.

T(r,0,¢)=T(55313,270°).

At S(-3-4-10), X =-3, y=-4, z=-10;
p=+X+y> =54¢=tan™ (_—gj =233.1°

S(p,¢,2) = S(5,233.1-10).

Spherical system:
r=x?+y?+z2 =55 =11.18.
0 =tan" 1"7_tan‘li—153.43°;

S(r, 6, $)=5(11.18,153.43°,233.1°).

(b)  InCylindrical system, p=+X* +Vy’; yz=12psing,
Zpsin
Qs =t Q=0 Q - Zpsnd .

/p2+22’ /p2+22’

15
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Q, cosg sing 0| Q,
Q, |=|-sing cosg 0| O |;

Q, 0 0 1|Q,

P COS ¢ Q, =-Q,sing = —psing

N N

Hence,

Q =L(cos¢ap -singa , —zsinga,).

/pz_l_zz

In Spherical coordinates:

Q.= rSIrnezsin g;

Q, =—rsingsindrcosd 1 =—rsingcosdsin .
r

Q sindcos¢g sindsing cosé || Q,

Q, | = |cosfcosg cos@sing —sind || O |;

Q, —sing CoS¢ 0 Q,
Q,=Q,sinfcosg + Q, cos@ = sin* fcos g — rsin@cos’ sin .
Q,=Q, cos@dcosg — Q,sin@ = sinHcoscos ¢ + rsin® dcosOsin g.
Q,=—Q, sing = —singsing.

Q= sin@(sin @cos ¢—r cos’ Hsinqﬁ)ar + sin@cosO(cosg + rsingsing)a, —sindsinga, .

At T :

Q(xy,2) = %ax + %az =0.8a, +2.4a,;

Q(p.¢.2) :%(cos 270°a, —sin 270°a4 —3sin 270°a,

=0.8a,+2.4a,;
4 45 4 3 20 4
r,0,¢)=—(0-—(-1)a, +=(=)(0+—(-1))a,—=(-Da
Qr.0,9) = (0-—- (=1)a, + £ Q)0+ (=D)a, - (-1)a,
:ﬁar—ﬁaﬁiw = 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 | |cosg —sing O|| pzsing
A |=|sing cosg 0| 3pcosg
A 0 0 1|]|pcosgsing

A= (pzcosgsing—3pcosgsing)ax + (pzsin® g+3pc0s” g)a, + pcosgsinga, .

But p=1/X+Y?, tan¢_ , COS¢p= , Sing= y

X .
X +Y N
Substituting all this yields:

A= m[(xyz -3%y)a, +(zy° +3¢)a, +xya,].

B, | =|sinfdsing cosfsing cosg 0
B, cosé -siné@ 0 sing

BX] rnacosqﬁ cos@cosg —sing|| r?

2 2

: X
Since r=\/x2+y2+zz,tan9=—+y, tan¢=l;

z z
X2 +y°

. z

and sind=—2=A—~—-="_ c0S0=——m—r7-——:
X2+ yi+7? X +yi+7°

and sing= y CoS¢ = X ;
X2+y2 X2+y2

B, =r’sindcos¢ —singdsing = x-Y = 1(rzx—y).
ror

B, = r’sin@sing + sindcosg = ry+5 = l(r2y+x),
ror

B, =r°cosf = rz :l(rzz).
r

Hence,
B= ;[{x(xz +y?+2°)-yra, + {y(¢+y*+2°)+x}a,+z2(x’ +y* +2°)a,].
JXe+yi+7z°

17
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PE23 (a) At
(L7/3,0, H =(0,0.06767,1)

a,=cosga —singa, :%(ap —\/§a¢)
Hea = —0.0586.

(b)) At
L /3,0), as=cosfa,—sinda,

=—a;.

ap a¢ az
Hxa,=|0 006767 1|=
0 0 1

—0.06767 a,.

(©) (Hea,)a, = Oa,.

a, a, &
Hxa, = [0 006767 1| = 006767a,.
(d) o 0 1

|Hxa,| = 0.06767

P.E.24

(@)
AB = (3,2,-6) ¢(4,0,3) = -6.

6a, —33a, —8a,

3 2 -6
4 0 3|
Thus the magnitude of Ax B = 34.48.

‘AXB

(b)

()

At (1, 7/3, 5714), O=rl3,

a,= cosfar —sinfay = %a, —?ag.

(Aa,)a, = @ —Jéj[%a —?agj = -0.116a, +0.201a,
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Prob. 2.1
(@

p=+X+Yy> =+4+25=53852, ¢= tan?Y —tan12.5=68.2°
X
2 2
r=C+y?+22 =J4+25+41-5477, O=tan XY _ tanl@ — 79.48"°

VA
P(p,4,7) = P(5.3852,68.2°,1),  P(r,0,4) = P(5.477,79.48°,68.2°)

(b)
p=\x+y?=/9116=5 g=tan' Y= tan-1i3:360° ~53.123° = 306.88°
X

2 2
r=x*+y?+z° =5, 0=tan XY _tantoo—go°
z
Q(p, ¢, 2) = Q(5,306.88°,0),  P(r,d,4) = P(5,90°,306.88°)
(c)
p=X+y? =/36+4=6325 g=tan)= tan‘1§=18.43°
X

r=x*+y?+z° =+36+4+16 = 7.483,

X“+y? an-! 6.325
z —4

R(p,4,2) =R(6.325,18.43°,-4),  R(r,0,$) = R(7.483,122.31°,18.43°)

f=tan™* =180° -57.69° =122.31°

Prob. 2.2

(@)
X = pcos¢ = 2c0s30° = 1.732;

y = psing = 2sin30° =1;
z =5
R(x,y,z) = P (1.732,1,5).

(b) _
Xx=1c0s90°=0; y=1sin90°=1, z= -3.

P,(x,y,2) =R, (0,1, -3).

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

y=rsindsing = 10sin(xz/4)sin(z/3) =6.124;
z=rcosé = 10cos(rz/4) =7.0711
P,(X,y,2) = P,(3.535, 6.124,7.0711).

(d)

X =4sin30°co0s60° =1

y =4sin30°sin 60° =1.7321
z=rcosd =4cos30° =3.464
P,(x,y,2) = P,(1,1.7321,3.464).

Prob. 2.3

p=+X+y’ =+4+36 =6.324
(a) ¢=tan’ll:tan’1§:71.56°
X 2

Pis (6.324,71.56°,—4)

r=yx*+y*+z° =J4+36+16 =7.485

X“+y? tan-1 8324
z —4

Pis (7.483,122.3°,71.56°)

() O=tan™’ =90° + tan‘li =122.3°
6.324

Prob. 2.4

(@)
X = pCcos¢=5c0s120° =-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+z2 :\/,02+z2 =+/25+1=5.099

2 2
f=tan™* NXHY tan 2 = tan S_ 78.69°
z YA 1

¢ =120°
Hence Q =(5.099,78.69°,120°)

Prob. 2.5

T(r,0,) —— r=10,6=60°¢=30°
X =rsindcos ¢ =10sin60°cos30° =7.5

y =rsinédsing =10sin 60°sin 30° = 4.33
z=rcos#=10cos60° =5
T(x,y,2)=(7.5,4.33,5)
p=rsind=10sin60° =8.66

T(p,4,2) = (8.66,30°,5)

Prob. 2.6
(a)

X = pCoS¢, y = psing,
V = pzcos¢g- p°singcosg+ pzsing

(b)
U=x"+y* +2°+y°+27°
=r>+r’sin®@sin® ¢+ 2r>cos’ 6
=r?[1+sin® @sin® ¢+ 2cos” 0]

21
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Prob. 2.7
(@) i i
X
2 2
: P+
F, cosg sing O y
F,| =|-sing cosg O —
F 0 0 1||VP *?
4
R

1 - P
F =——=[pcos’ ¢+ psin’§] = ——;
P /p2+22 /p2+22
1
2

F, = \/7[—pcos¢sin¢+pcos¢sin¢] =0;

PP +1

F

— 4 -
z /p2+22 '
= 1
F=———(pa,+4a,)
/pz_l_zz

In Spherical:
_Z_
F sindcosg  sin@sing cosd | | '
F,| = |cosfcosg cosdsing —sind %
F, —sing CoS¢ 0 4
1]
r.., 5 r., ., 4 . 5 4
F =—sin“dcos” ¢ + —sin“@sin“ ¢ + —cosd = sin” @ + —cosé,
r r r r

F, =sin@cosfcos’® ¢ + sin HcosOsin® —ilsin0= sinecose—fsine;
0
r r

F, =—sindcosgsing + sindsingcos g = 0;

- F = (sin? 0+ cos 6)a, + sinf(cos e—ﬂ)ag
r r

22
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(b) ] ]
Xp’
. NP+
G, cosg sing O )
: yp
G,| =|-sing cosg O||—
¢
G, 0 0o 1||VeHT
7p°
R
G, =p—2[pC052¢+pSin2¢] = p—a;
,p2+22 p2+22
G, =0;
G - P .
z /p2+22
pz
G =ﬁ(pap+zaz)
p+z
Spherical :
P’ r’sin®@ s s
G="—(xa, +ya, +za,)= ra, =r-sin” da,
r _
Prob. 2.8

y
B=pa, +=a, +1za,

B, cosg sing 0| p
B, |=| —sing cosg O y/p
B, 0 0 1| z

y .
Bp:pcos¢+;sm¢

B, = —psin¢+lcos¢
Yo,

B,=z2

But y= psing

B, = pcosg+sin® ¢, B, =—psin g +sin gcos 4
Hence,

B = (pC0Ss ¢ +sin® g)a, +sing(cosg—p)a, + za,

23
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Prob. 2.9
A cosg —sing 0|2

A |=|sing cosg 0|3

A 0 0 1||4

At P, p=2 ¢=rl2, 1=-1

A, =2cos¢—3sing =2c0s90° —3sin90° = -3
A, =2sin ¢ +3cos¢ = 2sin90° +3¢0s90° =2
A =4

Hence, A=-3a, +2a, +43,

Prob. 2.10

(a)
A cosg —sing O psing
A |=|sing cosg 0| pcosg
A, 0 0 1| -2z

A = psingcosg— pcospsing =0

A, = psin® g+ pcos’ = p=/x* +y?
A =-22

Hence,

A=x*+y’a, —2za,

(b)
B, sindcos¢g cosfdcos¢g -—sing| |4rcosg
B, |= | sindsing cosdsing cosg r
B, cosé —-sing 0 0

B, = 4rsindcos’ ¢ +rcosdcosgé
B, =4rsingsingcosg +rcosdsing
B, =4rcosfdcos¢g—rsing

2 2

But r=+x*+y?+127%, sing=X Y cosp=2
r r

_ Yy

X2 +y?

sing = COS¢ =

X

24
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B= ;[x@x +2)a, +y(dx+2)a, +(dxz - x* -y’)a, |
VX2 +y°

Prob. 2.11

Method 1:

F, sinfcos¢ cos@cosg —sing || 4/r?
F, |=|sindsing cosdsing cosg 0
F, cosd —-siné 0 0

F :ri'zsin gcosg, F, :rizsin gsing, F, :rizcose

2 2
. NG z
r’=x’+y*+12%, sing=— Y Y

cosf =

Yy X
. 4 X2+ P X 4x

Xy A7 X +y +2% X +y? Ty )
E - 4 X+ y 4y
Oy 2 [y e Py (K Yy H2)T
B 4 z B 47

X4y +22 (P +y +7Y) (P +yr+20)¥?
Thus,

sing = CoS¢ =

F

X

= 23,2[xax+yay+zaz}
(X“+y“+29)

25
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Method 2:
4a, r 4ra
F = r
r2r o3
VI [xax +ya, + zaZ]
Prob. 2.12

r=2, 6=xl2, ¢=37/2
(@) B =2sin(z/2)a, —4cos(3z/2)a, = 2a,

(b)
B singdcos¢g cos@dcosg —sing || rsind
B, |=| cosfcosg cosdsing cosg 0
B cosd —siné 0 ||-r’cos¢
B, =rsin’@cosg—r’singcosg, B, =rsindcosdcosp—r’cos’ ¢
B, =rsindcosé
’ 2 2
But r=«/x2+y2+22,cos¢9:£,sin¢9:£=$
r r Jx®+y*+z?
X X y y
COSp=—=—F——, SiNg=—=
P Xe+y? P X +y?
2 2
B =X +y?+z2 1Y X (Cyiez y
» y Y17 Jeey (X" +y"+2%) Y
WX +y xy(xXC+y*+7°)
X2y +7° Xt +y?
’ 2
=Xt +y 427 = WX +y X (X+y2+7?) 2X -
X2 +y?+z \/ +y? X2 +y
3 Xz X (X2 +y*+12%)
JC+y 42 X" +y?
m NG +y 2\ X +y?
g Xt 4y’ +2° \/x2+y2+22
B=B,a,+B,a, +B,a,
Prob. 2.13

26
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X = pCoS¢

® B=pcosga,

X=rsin@cos¢
(b) B=rsindcosga,, B =0=B,,B,=rsingdcos¢

B, sindcos¢g sindsing  cosé 0
B, |=|cosdcos¢g cosdsing —sind 0
B, —sing CoS ¢ 0 rsin @cos ¢

B, =rsinédcosdcos¢ =0.5rsin(26) cos ¢
B, =-rsin®dcosg, B, =0

B =0.5rsin(260) cosga, —rsin’ &cos ga,

Prob. 2.14
(@

a, xa, =(cosga,—singa,)xa, = cos¢
a, xay =(cosga, —singay)xas; = —sing
a,xa, =(singa,+cosga,)xa, =sing

ayxay =(singa,+singa,)xa, = cos¢g

(b) and (c)

In spherical system:
a, =sindcosga, + cos@cosga, —singa,.
a, =singsinga, + cosdsinga, —cosga,.

a; = cosfa,—sinda,.

27
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Hence,
a,xar = singcos ¢;
a,xa, = C0s 6 Ccos ¢;
a, xar =singsin g;
ayxay = cosdsin ¢,
a:xar = CoS b,
ézXée = —Sin 0,
Prob. 2.15
(a) _ _
a, =cosga, +singa,, a, =—singa, +cosga,
cos sin .
a,xa,=| _ / ¢ =(cos’ g+sin*g)a, =a,
—sing cos¢g O
a xa 0 0 singa, +Ccosga, =a
X = B = — =+ =
77 lcosg sing O * o
—sing cos¢g O .
a,xa, = 0 0 1:cos¢ax+sm¢ay:ap
(b)

a, =singdcosga, +sindsinga, +cosda,
a, =cosdcosga, +cosdsinga, —sinba,
a, =—singa, +cosda,

singdcosg sindsing cosé
cos@dcosg cosdsing —sind

Th2 H 2 H 2 Th2

= (—sin” @sin g —cos” dsin g)a, + (cos” &cos ¢ +sin” dcosp)a,
+(sin @ cos @sin ¢ cos ¢ —sin & cos dsin gcosg)a,

=-singa, +cosga, =a,

a, xa, =



https://testbanks.ac/product/9780190698614-SOLUTIONS-5/

[CLI cK HERE TO ACCESS THE COMPLETE Sol uti ong

29

—sing cos ¢ 0
singdcos¢g sin@sing cosé
=c0sfcos¢ a, +cosdsinga, +(—sin dsin® g—sin dcos’ g)a,
=cosdcosga, +cosdsinga, —sinda, =a,

a,xa, =

cos@dcosg cosdsing —sind
—sing CoS ¢ 0
=singcos¢ a, +sindsin ga, +(cosHcos® ¢+ cosfsin’ g)a,

=sinfdcosga, +sindsinga, +cosda, =a,

aexa¢ =

Prob. 2.16
(a)

r=xt+y2+ 22 = \p*+ 2.

0= tan‘lg; b= ¢.

or

p= \/x"- +y?= \/rz sin® @cos” ¢+ r’sin” @sin® ¢.

= rsing,

Z = rcosé, g= 9.

(b) From the figures below,
cosba,
z A Z A
a, a,
a, a
-,
5 sinfda,, \9
cosfa, sinf(-a,)
p

29
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ar =sinfa, + cosfa,; ag =cosfa, —sinfa,; a, =ay

Hence,
& sind 0 coso]|?”
a| =|cosd 0 -sing a,
0 1 0
Q a

From the figures below,

a, = cosba, +sinfa;;a, =Ccosda, —sinda,;a, = a,.

1 sinfa, ? by a,
cosfa, sinf(-a,)
a I
4
cosfa,
a
a
0 a, 0
p p
ap sing cose 0]
as | = 0 0 1] |ae
cosd -singd 0
a'Z a'Z
Prob. 2.17

z -1
At P(2,0,-1), ¢=0, 6#=cos"'| ————|=cos™ (—j =116.56°
Xy +7? 5
(@) a,ea =cos¢g=
(b) a,
(c) a, e a,=cosd=-0.4472

®a, =C0s¢g=

30
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Prob. 2.18
If A and B are perpendicular to each other, ALlB =0
AB = p’sin’ ¢+ p* cos® ¢ -p°
=p*(sin® ¢ +cos’ ¢ )-p°
:pz —,02
=0
As expected.

Prob. 2.19

(a) A+B=8a,+2a,-7a,

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

3
c) AxB =
(c) Ax ‘5

(d) cosé _AB_ /! I
O AB J914+1425+64 +14+/89
=0.19831
0,, =78.56°
Prob. 2.20

G, cosg -—sing 0| G,

G, |=|sing cosg 0] G,

G, 0 0 1] G,

G,=G,cosg—G,sing=3pcosg— pcosgsin ¢
=3x—xsing =3(3) —(3)sin(306.87°) =11.4

G, =G,a,=114a,

31
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Prob. 2.21

G, cosg sing 0] yz
G, |=|-sing cos¢g 0| xz
G, 0 0 1 xy
G, =yzcosg+xzsing
X=pC0S¢p,y=pSing, YyZ=pzsSing,XZ= pzCOS¢p
G, = pzsingcosg+ pzcosgsing =2pzsingcosg = pzsin 2¢
G, =—yzsing+xzC0s¢ = pz(cos® ¢—sin’ ¢) = pz cos 2¢
G, =Xy = p° cosgsin g =0.5p°sin 2¢
G = pzsin 2ga, + pz cos 24a, +0.5p° sin 2¢a,

Prob. 2.22
A cosp -sing Of | A
A/| = |sing cos¢ O |A
A, 0 0 1| [ A

_ . ] y ;
\/x2+ y? \/x2+ y? A

_ y X 0
- \/X2+ yz \/X2+ yz A¢>
0 0 1 A

A, sindcos¢ cosfdcosg —sing| | A
A | =| singdsing cosdsing cosg || A,

A, cosd —-sing 0 A,
X Xz -y
\/x2+y2+z2 \/x2+y2\/x2+y2+z2 \/x2+y2 A
y yz X A

= \/x2+y2+zz \/x2+y2\/x2+y2+z2 \/x2+y2 A
z X2 +y? 0
Xy + 7 _«/x2+y2+zz
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Prob. 2.23 (a) Using the results in Prob.2.14,

A, = pzsing = r?singcosdsin ¢

A, = 3pcosg = 3rsindcos ¢

A, = pcosgsing = rsingdcosgsin ¢
Hence,
A sin@ 0 cosO | r?sind coso sing
Aj|=|cos6 O -sinf| 3rsindcos¢
A 0 1 0 rsind cos¢ sin¢

AT, 0,0)= rsin@[sin¢cos€(rsin0+ cosg)a, +sing(rcos’ 6 -sindcosg)a, +3cos

pa, ]

At (10,n/23n/4), r=100=n/2,0=3n/4

A=10(0a, +0.5a, —ia¢) =53, —-21.21a,

NG

(b) B, =r’=(p*+2z"), B,=0, B,=sin0=—F——=
B, sine cosd 0O} B,
B,|=| O 0 1| B,
B, cosb -sinb 0] B,

B(p,¢,Z)=«/p2+Zz[pap+ '02 a¢+zaZJ

PPtz

At (2,n/6,1), p=2,0=n/6,z=1

B =+5(2a, +0.4a, +a,) = 4.472a, +0.8944a, + 2.236a,

Prob. 2.24

(@) d=+(6-2)7+(-1-1)%+(2-5)*= /29 = 5385

d2=32+5 - 2(3)(5)cosz + (-1- 5)? = 100

b
® 4 o =10

33
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(c)
2 > o2 T 3r
d°=10"+5 2(10)(5)Coszcos€ - 2(10)(5)smzsm 5 cos(?— - —)
=125-100(0.7071)(0.866)—100(0.7071(0.5)(-0.2334)
=125-61.23+35.33=99.118
=+/99.118 =9.956.
Prob. 2.25

Using eq. (2.33),

d2:r12

+1] — 21,1, C0S 6, Cos &, — 2r,x, sin &, sin &, cos(¢, — 4,)

=16 +36 —2(4)(6) cos30° cos90° — 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

ap

a, |=

a

z

cosg sing O
—sm¢ cos¢ 0

a, _cos¢a +5|n¢a a ——sin¢ax+cos¢ay

At (0,

4,-1), $=90°

— 1 0 —
a, =sin90 a, =a,

¢

H 0
a,=-sin90"a, =-a,

Prob. 2.27
At (1,60°,-1), p=1¢=60°,z=-1,

@ A=

(—2-sin60°)a  +(4+2c0s60°)a, —3(1)(-D)a,
=-2.866a, +5a, +3a,

B =1cos60°a, +sin60°a, +a, = 0.5a, +0.866a, +a,
A'B = —1.433+4.33+3="5.897
AB =+/2.866% + 26 +9+/0.25+1+0.866% = 9.1885

C0SH,; =

AB 5897
AB  9.1885

~06419 —— 6, =50.07°

34
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Let D=A x B. At (1,90°,0), p=1¢=90°2z=0
(b) A=-sin90°a, +4a, =-a, +4a,

_ 0 H o _
B =1cos90°a, +sin90"a, +a, =a, +a,

a, a, a,
D=AxB=|-1 4 0|=4a,+a,-a,
o 1 1
D (4,1-1)
a,=—=———1-—--=0.9428a +0.2357a, —0.2357a
° D 16+1+1 £ 2 .
Prob.2.28

AtP(0,2,-5),  ¢=90°

B,] [cosg -sing 0][B,

B, | =|sing cosg O]||B,

B,] [ 0 0 1||8,
[0 -1 0][-5
=11 0 0|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°.
o)~ 14830

V420

AeB 52
c = Aeap = = - = —8.789.
() &3 B B 'ﬁ%

(b) cosé,, =

0, = COS”

Prob. 2.29

35
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Bea, =B,

B, cosg -—sing OB,
B, | =|sing cosg O] |B,
B, 0 0 1(|B

BX:Bpcos¢—B¢sin¢:pzsin¢cos¢—(z—1)cos¢sin¢
=16(0.5) - (-2)(0.5)=8+1=9

z

Prob. 2.30
G=cos’ga_ + Wéy+(l— cos’ g)a,
i

= cos? pax+2cotdsingay+sin’ ga,

G, sindcos¢g sin@dsing cosé cos® ¢

G, | = |cosfdcosg cosfsing —sind | | 2cotdsing
. H

G, —-sing Cos¢ 0 sin® ¢

G, =sindcos’ ¢ +2cosdsin’ ¢ +cosdsin’ ¢
=sindcos® ¢ +3cosfsin’ ¢
G, = cosdcos® ¢ +2cotfdcosdsin® ¢ —sindsin® ¢

G, =-singcos® ¢ +2cotlsingcosg
G =[sindcos® ¢ + 3cosPsin® gla,
+[cosfcos® ¢+ 2cotdcosdsin’ ¢ —sindsin’ gla,

+singcosg(2cotd —cosg)ay,

Prob. 2.31
@ An infinite line parallel to the z-axis.
(b) Point (2,-1,10).
(c) A circleofradius rsind=5 , 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.

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

36
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Prob. 2.32
(@ J,= ea,)a,.
At(2, =12, 3712), a,=coséa, —sinba, =-a,.
J, =—cos20singa, = —coszsin(3z/2)as =—a,.
(b)J, = tangln ras = tan%ln 2a, =In2a,=0.6931a,.
(€)J,=3-J3,=J-Jr=-ap+In2a4 = —a,+0.6931a,
(d) J.=(ea)a,

a, =sindcosga, +cosdcosga, —singa,=a,.

At (2, nl2, 37/2),
Jo=In2a,.

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

H, = p>cos’ ¢+ psin® ¢
AtP, p=2,$=60°z=-1
H, =4(1/4)+2(3/4)=1+15=25

Prob. 2.34
(@ 5=r-a, +r-a,=x+y a plane
o) 10:|rxaz|:‘é 3(: i‘=|yax—xay|=w/x2+y2=p

a cylinder of infinite length
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