Appendix E

Answers to Odd-Numbered Problems

Chapter 1
1.1 Proof.

1.3 Proof.

1.5 They satisfy Maxwell’s equations.

I H0<l ) i
= (- jB) e,
P joeo Jp \ p? ‘

20
1.9 Hy=—j
w

o

1.7 E

[ky sin(kyx) sin(kyy)ay + ky cos(kyx) cos(kyy)ay].

1.11  (a) cos(wt — 2z)a, — sin(wt — 27)a,
(b) —10sinx sin wta, — Scos(wt — 2z + 45°)a,

(c) 2cos2x cos(wt — 3x — 90°) + 3* cos(wt — 4x).
1.13 Proof.

1.15 (a) elliptic, (b) elliptic, (c) hyperbolic, (d) parabolic.

Chapter 2

2.1 If a and d are functions of x only; c and e are functions of y only; b = 0; and
f is the sum of a function x only and a function of y only.

o0
23 (@ V=) Aysin (?) sinh [%(y - a)], where
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2 4y,
pm [T,
nw
nsinh(——) o ¢ a

a

TX Ty
cos — cosh —

(b) V= Vo—ba.
cosh —
a

sin ¢

25 () ®(p,9) =

(®) ®(p,2) =—

f: Io(nmtp/L) sin(nmz/L)
M lIop(nwa/L) n

© D(p.d.1) = Z Jo(pxp/a) c0s 2 exp [—x,%kt/az],

— 'n J3(xn)
where J>(x,) = O.

27 Vip,2) = i A, sin (@) I (?) 10.2639V,.

L
n=1
I 3n P —3n
. - [0
9 Vip.¢) = Z - =T sin 3n¢.
n=1,3,5 - N e
()
2.11 Proof.
2.13 Proof.
2 2
2.15 ¢ a-r

(pz +a2)3/2’ (pz +a2)5/2'

2.17 0, (b 2 !
17 @0.0) 5, O3

2
219 (@) » +Zz( ?t_ll))Pl(O)(r/a)"Pn(cosm

7a3 3ad
(b) _§r_2P1 (cosf) — Er—4P3(C059).

221 Forr <a,0<6 <m/2,

v=22 |:—z £ EDC 2 b cos 9)}
n=0

2¢ (n12m)2
ap D"+ o
Forr>a,V=Z|: > (n F D] (r/a) P, (cosb) |.
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2.23 Proof.

3
225 V(r,0) =2(r/a)*>P>(cos ) + —rPl (cos ) + 2Py(cos ).
a

227 Forr <a,V(r,0)=— ° cos®
€ +2
a*(e — 1)
Forr >a,V(r,0) = —E,rcos6 + E, 2—0056.
r=(e, +2)

1
2.29 3 908 2¢ P (cos ).

D 3) 3 PRSI
m—Lnet p—1 (m?>+1)Q2n—-1H2p—1)
sinmx sin(2n — )y sin(2p — )z
C[m?2+@2n— 12+ 2p — 1)?]
®) __mzl ; 2. 2m —3)(3m2 — 1)(2n —D@2p-1)
sin(2m — 1)x sm(2n —Dysin(2p — 1)z
Cem—1D2+Q2n—1)2+@Qp—1?]°

2.3

—

2p, cosmm(cosnm — 1) .
233 V(x,y) = Z Z ImnelGnoja) + (/b)) sin(mmx/a) sin(nwy/b).

2.35
o
Zsin Bxlay, sinh By 4+ b, coshfBy], 0<y<c
V = kO:ol
chsinﬁxsinhﬂy, c<y<b
k=1

where 8 = %,n =2k —1.

237 P) =05, P) = —1.250, P} = 1.29904, P} = 2.25, P} = —0.4375, P] =
0.32476, P} = 5.625, P; = 9.74279, etc.

2.39 Derivation/Proof.

2.41 Proof.

2.43 Proof.

247 See Fig. E.1.

249 See Fig. E.2.
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Relative heating potential

Figure E.1

------- along x axis
—-— along y axis
along z axis

20 16 12 8 4 0 4 8 12 16 20

Distance along axis (mm)

For Problem 2.47.

Figure E.2

Homogeneous

| | | | | 1 | 1 | | | | |

1
0 0.4 0.8 1.2 1.6 2.0 2.4 2.8
Frequency (GHz)

For Problem 2.49.
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Chapter 3

3.1
33

35
3.7
3.9
3.11
3.13

3.15

3.19
3.21
3.23
3.25
3.27
3.29
3.31

Proof.
(1—a®)[@G+1,j+D+dG—1,j — D] =2[®G j+ 1)+ PG j— 1)
—a?®(i+1,j) —a?®i—1, D]+PG—1,j+D)+PG—1,j—1) DG+
,j—H)—®@G—1,j—1)=0.

Proof.

V4 =61.46 = Vg, Vg =21.95 = Vp, Vo = 45.99V.

16.67V.

r<1/2.

(a) Proof, (b) Proof, (c) Euler: r < 1/4 for stability, Leapfrog: unstable,
Dufort-Frankel: unconditionally stable.

(a) After 5 iterations, V| = 73.79, V, = 79.54, V3 = 40.63, V4, = 45.31,
Vs = 61.33

(b) After 5 iterations, Vi = 19.93, Vo, = 19.96, V3 = 6.634, V4 = 6.649.
(a) 60.51 €2, (b) 50.44 Q.
k. = 4.443 (exact), k. = 3.5124 (exact).
Proof.
See Fig. E.3.
68.85,23.32, 6.4, 10.23, 10.34.

Proof.

oH d

Mo a:y +oyHy = "oy (Ezx + Ezy)
oH ad

Mo a:z + U;sz = 3_Z (ny + Eyz)

d 0
éogsz +o By = a (ny + Eyz)

3 d
€o5 Exy +0yEry = 3 (Hey + Exz) -
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X = idx—>

Figure E.3
For Problem 3.25.

3.33 Proof.

3.35 (a) 0.9047, (b) 0.05324.

3.37 1.218.

3.43 (a) 1.724, (b) 3.963, (c) 15.02.

1
Chapter 4
4.1 (a) 1.3333, (b) —4.667, (c) 157.08.

43 (@ y"=0,(b)1+ y/2 —yy" =0,
(¢) xy’cos(xy’) + sin(xy’) =0, (d) y”" +y =0,
() 2y — 10y =0, (f) 3u + 20" = 0.

4.5 Proof.
4.7 Proof.

49 p,=V-D.

411 1 lf WA L (Y s e (VY oy | a
. = — € -_— € —_— € —_— — V.
2 1 ox oy oz Po
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1
4.13 Ef [(y/)2 + y? — 2ysin rrx] dx

4.15 For exact, ® = 2.1667x — 0.1667x>,
for N =1, = 2.25x — 0.25x2

for N =2, 3, ® is the same as the exact solution.

417 (a) a1 = 10.33,ar = —1.46, a3 = 0.48
(b) a1 = 10.44, ay = —1.61, a3 = 0.67
©) a; = 10.21,ay = —1.32, a3 = 0.35
) a1 =10.21,ar = —1.32, a3 = 0.35

4.19 See table below.

Method a an

Collocation 0.9292  —-0.05115
Subdomain 0.9237  —0.05991
Galerkin 0.9334  —0.05433
Least squares  0.9327  —0.06813
Rayleigh-Ritz  0.09334 —0.05433

421 @ = (1 —x)(1 —0.2090x — 0.789x2 + 0.2090x>).

423 % =02, = 0.1969 (exact).

425 a/r. =0.2948.

Chapter 5

5.1 (a) Nonsingular, Fredholm IE of the 2nd kind,
(b) nonsingular, Volterra IE of the 2nd kind,
(c) nonsingular, Fredholm IE of the 2nd kind.

53 (a) y:x—/x(x—t)ydt
0
(b) y:l—i—x—cosx—/x(x—t)y(t)dt
0

5.5 Proof.
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5.7

mnx | mmwy . mrx | mmy

sin sin sin sin

4 0 AR
Glx,y;x',y)=——e" % “ b . ’
(x, y:x7,y) b€ ZZ 1 + (mm/a)? + (n7/b)?

m=1n=1

5.11 Proof.

5.13 Proof.

5.15 (a)62.71 2, (b) 26.75 .

5.21 (a) Proof, (b) See Fig. E.4(a), (c) See Fig. E.4(b).

5.23 (a) See Fig. E.5(a), (b) See Fig. E.5(b).

5.25 The distribution of normalized field, |E,|/|E|, is shown in Fig. E.6.

5.27 See table below.

Cell E,

64 0.1342
65 0.3966
66 0.4292
67 0.1749
74 0.0965
75 0.3925
76 0.4173
77 0.1393
84 0.1342
85 0.3966
86 0.4293
87 0.1749

Chapter 6

[ 0.5909 —0.1364 —0.4545
6.1 (a) | —0.1364 0.4545 —0.3182
| —0.4545 —0.3182 0.7727

[ 0.6667 —0.6667 0
(b) | —0.6667 1.042 —0.375
0 —0375 0375
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i(z)

(a)

Figure E.4
(a) For Problem 5.21.

i(z)
5 -
003 0 05
-5F
(b)
Figure E.4
(b) For Problem 5.21.

1 1 1
63 o) = E[4x +3y —24], 0 = ﬁ[—Sx +2y +30], a3 = g[x — Sy + 17].

B hyVi  hyWV T
2h,  2h,
6.5 16[‘,1 Vs Vil Vi Vg(h§+h§)_v3hx
2 2h, 2h.hy 2h,
thZ hxv3
~ 2h, ' 2h,

© 2001 by CRCPRESSLLC



I(mA)
20
18
|1
Ir
10 -
0 L L z/L
0.2 0.4 0.5
Ti
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()
Figure E.5
(a) For Problem 5.23.
I(mA)
z/L
Figure E.5
(b) For Problem 5.23.
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0.0159(0.0161)0.0155| 0.21

0.011 | 0.112 | 0.108 |0.0155

0.0115|0.0116(0.0112| 0.016

0.0112]0.0114] 0.011 {0.0158

0.0112]0.0114 0.011 |0.0158

0.0112]0.0114] 0.011 {0.0158

0.0112]0.0114 0.011 |0.0158

0.01120.0114]| 0.011 {0.0158

0.0112]0.0114 0.011 |0.0158

0.0115]0.0116(0.0112]0.0155

0.0110{0.0112]0.0108 {0.0155

0.015910.0161{0.0155]0.0211

Figure E.6
For Problem 5.25.

6.9 Calculate E using
[ I <
E=-— ; PiVeiay — >~ ; QiVeiay
6.11 See Fig. E.7.
6.13 Aemn = g\/m,a —1.

6.17 B = 14. See the mesh in Fig. E.§, B = 4.

6.19 Proof.
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40

30+ ,//
9 exact
< 201 - — —-n,=400
> - - - n,=100
10f
0 1 1 1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8
X (m)
Figure E.7
For Problem 6.11.
16 12 8 4
OVEO1 Y40
15 3
® O
14 2
OIV40IY40
13 1
Figure E.8
For Problem 6.17.
6.21 ()32A (b) 4 ©0
. a) —, ——,(©)0.
180 45
6 00-1 4 -1
0 32 16 0 16 —4
A 0 16 32 —4 16 0
6.23 180|-10 —4 6 0 —1
—-416 16 0 32 0
-1-4 0 -10 6
6.25
111 001 000
DD =1000 DP =111 D® =1000
000 0 111
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311 —1-1-17
0204 2 0
ph_ 0020 2 4
0000 0 O
0000 0 O
0000 0 O
F0 0000 0]
420000
@_| 000000
D —11-131-1
002024
| 000000
[0 000 00]
0 00000
p®»_ |4 22000
0 00000
0 20420
| —-1-11-113
6.27 Proof.
2111
v 1211
6.29% 1121
1112
6.31 B—a—i-'k—i-l
. 1_8,0 J 20
B a+,k+1 1 1 92
h=—+jk+—— — — ——.
dp 2p  8p(l+ jkp)  2p(1 + jkp) d¢?
.|
Chapter 7
7.1 Proof.
7.3 Proof.

7.5 At/x =0.0501.
7.7 See Fig. E.9.
7.9 Proof.
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N=
Wi
T

£3

exact
x x x numerical

1 fll 1 1 1 1 1

Figure E.9
For Problem 7.7.

7.11 Proof.

7.13 !
. — ns.
6

7.15 See Table below.

1
0.02 0.03Z0.04 0.05 0.06 0.07 0.0

cutoff

|Z] Arg(Z)
Al/) TLM Exact TLM Exact
0.023 4.1981 6.1272 —0.2806 —0.0106
0.025 2.382  2.4898 1.2546 1.0610
0.027 0.3281 0.3252 —-0.7952 —0.8554
0.029 5.2724 5.1637 0.8459 0.8678
0.031 0.2963 0.3039 —1.1340 -—1.1610
0.033 1.8117 1.8038 1.3408 1.3385
0.035 0.8505 0.8529 —1.3820 —1.4025
0.037 0.4912 0.4838 1.3914 1.3932
0.039 5.3772 5.4883 —1.1022 —1.1155
0.041 0.2115 0.2179 —-1.2795 -—1.3174

7.17 Fore, =2, kca =1.303;

7.19 See Fig. E.10.
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f(GHz)
70F

—— air filled

—— dielectric filled
401

30F

201

10

0 1 1 1 1 1 B (mm—l)

Figure E.10
For Problem 7.19.

Chapter 8
8.3 (a) 16, 187,170,429, 836, 47, 950, 369, 456, 307
(b) 997,281, 13, 449, 277,721, 133, 209, 757, 761.

87 M =5,a=0,b=1. Generate the random variable as follows:

(1) Generate two uniformly distributed random variables U; and U, from
©, D).

(2) Checkif Uy < fx(Up)/M = U,.
(3) If the inequality holds, accept U,.
(4) Otherwise, reject Uy and U, and repeat (1) to (3).

8.9 (a) 3.14159 (exact), (b) 0.4597 (exact), (c) 1.71828 (exact), (d) 2.0.
8.11 0.4053 (exact).
8.13 2.5 (exact).

8.15 V(04,0.2) =1.1,V(0.35,0.2) = 1.005, vV (0.4, 0.15) = 1.05, V(0.45,0.2) =
1.15,v(0.4,0.25) = 1.15.

8.17 2.991V.
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8.19 1.2V.

821 V(2,10) = 65.85,V(5,10) = 23.32, V(8,10) = 6.4, V(5,2) = 10.23,
V(5, 18) = 10.34.

823 (a) 0.33,0.17,0.17,0.33,
(b) 0.455,0.045, 0.045, 0.455.

825 12.11V.

8.27 10.44 V.

829 25.0V.

8.31 See Table below.

Node Markov Exodus Finite
(p,z) chain method  difference

(5,18 1139 1144 1147
(5,100 27.47 27.82 27.87
6,2) 1231 12.18 12.13
(10,2) 2.448 2352 2.342
(15,2) 0.4684 0.3842 0.3965

Chapter 9
9.1 Proof.

93 T, = ﬁ oy (=05 =05
‘ N+1/2 N+05

. k—0.5
A = 2s8in T
N +0.5

9.9 Proof.
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