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@A =5A4=-23A=-1.0A, =1,4,=0,4 = 1.(c) V35.

(a) v =E35.36 + N35.36 km/h. (b) 84 h 51 min. (c) 4,242.64 km.

. (a) 82°.49' from north. (b) 220.48 m/s. (c) 22,678 s (6h, 13 m).
. (2)5.916. (b) X2+ y8 —23. () X8 —y2 +Z. (d) —X8+y2 —Z. () (—X8 +§2 —Z)//69.

()X +§2+78, —X +y6+24,%5 - 52, %7 —y4+422, —X +y6+74, X +y6+7.

. (a) E 16,000 km/h (before), E 15,000 km/h (after). (b) k = 0.9375 m/s.

(a) v = (X150 4+ y25 — 250),/160.08 m/s. (b) 160.08 m/s.

. (—X3—-y4—171)/V26.

. () 102°51". (b) vig = —X2 + ¥ 1,va, = —X2 + ¥ 3. (c) 105°31".

. (@) (—X —y —2)/V/3. (b) X0.784 — y0.588 +20.196. (¢) (Xa +yb —7)/\Va® +b* + 1.
. (R9+y3—23)/11r.

. (a) 57.688°. (b) X — ¥ 3.

. (a) 15/V17N.

. (a) 27.04.

CIx =Ty — 7z =0.

. (a) 3.13. (b) 0.911. (c) 0.738.

. (b) (1,2) and (0,2).

. (a) P1(V2, 45°, 1), P2(v/2, 45°,0), P5(1, 90°, 1), P1(\/3, 54.736°, 45°), Po(v/2, 90°, 45°), P3(\/2, 45°,90°). (b) y = 1.

(c) rsingg = 1. (d) Rsin(@)sin(¢p) = 1.

(a) 2+ y2 + 22 =d (b) P4 2 =d ©R=a.

(a) P (asinfcosg, sinfsing, acosh). (b) P(a, 0, ¢).

A =—-R4.276 —04.229 + ¢ 1.1094.

(a) A=x(3cos?¢p+2+/rsing) +y (Bcospsing —2\/rcosph) +zre. (b) Ag = 3cosgsing + r¢pcosd, Ag = 3cospcost —
rgpsing, Ay = —2./r.

@r =%Xa+yb+ic.b)r=xd +yb +ic. (©OR=x%(d —a)+y (b —b)+7( —c).

(@r =23, r,=xX15+y1.54+23v2/2.(b)x1.5+y1.5+2(3v/2-6)/2.

(AB. — A.By)x + (A.B, — AB.)y + (AB, — A;B))z = 0.

Chapter 2

1.
3.
4.

(a) tan"'(b/a). (b) tan"" (b/a).
(a) 12. (b) 12.

.
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15.

16.
17.

18.
19.
20.
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24.

25.
26.
27.
28.
30.
31
33.
34.
36.
39.
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Answers

. 7212 - (/3 = 2).

3

2
3ra

. (@) Tra’*d/6+nd>a*12. (b) 4.984°.

. (1007h/9)(600a° + 600ba* + a’hi + 600a°b> + 3a’bhi + 600a°b> + 6ahib® + 600ab* + 10h3H> + 600b°).
10.
. X50/34+y75/2m/s.
12.
13.

14.

(a)28/3. (b) X 16 + § 8 +232/3.

x10/3 +y 10.
Zero.

(a) |VP| = 2\/(x P (=2 e+ DL VP = (R(x=2)+§ (v —2) +2(z+1)/|VP|. 1) 2G + D). () V2
(4 y-4).

(a) Fcos’p+ (—2rcosgsing +zcosp)/r+ising. (b) & (x* + 2002 —xyz) /(2 +12) > +§ (—2y +222) /(2 + )/
+zy/(x? —|—y2)l/2. (¢) R (cos?psinf + cossing) + 0 (cos’pcosd — sinBsing)— ¢ (2cos’psing — cos cosgh/ sind).

(a) X5/v/35 + ¥3/V35 +71//35. (b) X4/v/26 — y3/v/26 +71/v/26. (¢c) (ka+yb—i1)/V/a® + b* + 1.
(a)i3y—|—§'(3x—|—z)+i(y—|—l) ® X1 —y2y—1272z Xx+yy+zz

. (C .
\/9y2+(3x+z)2+(y+1)2 VI+42r 42 2y 2
(@) 2x. (b) 22%/r. (¢) x/ VX2 + 22 4+ y/ /% + y2.
4.

4.

3.6.

(a) 3. (b) 3.

(@) —%2y. (b) ¢ (4z +6r) +210. () §z/Va2 + 22 +2x/ /x> +)2.
(a) Zero.

(a) X 150x sin (wf + 50z) + Z 3 cos (wt + 50z).

(@) —X2(x+ 1)y +yz*> + Z (2yz — 2y). (b) —Z6singh.

(a) 2z. (b) —Z 5. (¢) —207.

+(ba + ca + bc)/2.

@) 2y = 2%z + 1)? + 2(x = 2% + 1)* + 2(x = 2)*(y = 2)* (b) 12z.
(@) VA =22. (b) V’A =1 (6/r) cosp.

(@) X4x 4 y 1. (b) 10x* + 4y. (c) 4. (d) V>R = 0. (e) Xz — y 4z + Z (4xy — x).
(a) 3. (b) 1 and 5.

Chapter 3

[
g

11.
12.
13.
15.
16.

PN NRBWDN R

(a) 8.615 x 10" C.

2.3 x 102 N.

(a) 0.0957 m. (b) 0.1354 m.
15.4 mm.

(a) 1.168 x 107" C.

(a) a, = —X4qQx/nme, (4x* + dz)S/z, Apay OCCUTS at X = +d /21/2.
(a) to x = 0.414d [m] from Q;.
(b) 0.1 m to the right of negative charge.

q 2R R—d/2 R+d/2
dzeo \ R |R—d/2 |R+d/2)?
(a) cc. (b) E = 2Q/12xepa® [N/C]. (c) zero.
(a) 0.303 m.

(a) 0.303 m.
3.82+ 107" C/h/m’.
(a) 0.289L or 0.125L from centers of sides of the triangle and at infinity.

(a)E =

_ 3pd (o ) <
) IN/CL () E = =2 (R c0s 26 — 6 sin ecose) [N/C].
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17. (a) 6.131 x 10'° N/C. (b) 3.066 x 10" N/C.

18. (a) 438.15 m/s.

19. (a) 9.81 x 10~ C. (b) 9.81 m/s*. (¢) 1.53 x 10" s.

20. E; =y V2p,/2ne0L, Er = Xp;(V/5 — 1) /2me0L\/5 + ¥ p;/meoLV/5, B3 = X p;/3meoL [N/C].
21. (a) E = pahl2eq(h* + a*)*? [N/C).

22. 1797 x 107 N.

23. 1.78 x 107 N (attraction).
0,0, In (a+Ly)(a+Ly)

24. F = N].
471'8L1L2 a(L1 +a +L2) [ ]
. poh 1
25. E = ———| [N/C].
7z _— 280 |]l /h2 +a_2 [ / ]
; Pot h|, a+Vh+a a
26. E = | - N/C].
28 n h A /h2 +a2 [ / ]
27. E = ip,/2e [N/C].
;P L? VI + a?
28. E=27 -+ + - [N/C].
2 an /L2 + 612 a

29. E, = 0,E, =ip,L(5— V17)/8e0, Es = ip,L(4 + V5 — \/37) /8o [N/C].

30. (a) E(R) = —R 1.44 x 10~°/R? [N/C]. (b) E(R) = —R 1.44 x 10~°/R? [N/C].

32. E = —Rpya*/20&,R? [N/C].

33. (a) 8.988 x 1077/d* [N], repulsion. (b) 1.11 x 107%/d* [N], repulsion.

34. (a) D = Rg/4zR* [C/m?]. (b) E = Rq/4reoR? [N/C] for R < d,/2 and R > d»/2, E = R q/4zeR? [N/C] for d,/2 <
R < dy2.(¢)®=¢qlC].(d) ®=q[C] (e) D =qlC]

Chapter 4
1. (a) p(x) = 3kex” [C/m’].
2. (a) 8.854 x 1072° C/m’.
4. () E = 7p,/2¢[N/Cl,z > 0,E = —ip,/2¢ [N/C],z < 0. (b)E = Zp,/2¢0 [N/C], z > 0,E = —7 p,/2¢ [N/C], z < 0.
5.E=—yp,a/e IN/Cl,y < -b.E=—y(p,+p,a)/e0 INIC],-b <y <—-a.E=yp,y|/eo IN[C],-a <y <0.E=y

p.y/eo INICL,0 <y <a.E=§(—p,+p,a)/e [N/ICl,a <y < b E=yp.a/e [N/Cl,b < y.
6. @QE, =Xp,/2¢; +¥p,/2¢1,Ey = —Xp,/2¢e0 + ¥ p,/2¢0,E3 = —Xp,/2e; — Y p,/2€2, B4 = Xp,/2¢3 — ¥ p,/2¢3 [N/C].
(b) F, = —Xgp,/2e0 + ¥ qp,/2€o [N] (in second quadrant).
7. (a) E = RR/6¢y [N/C]. (b) E = R4 x 107 /3&R? [N/C]. (¢) E = —R (—68 x 107 + R3) /3¢oR? [N/C]. (d) E =
—R 148 x 1077 /3¢,R> [N/C].
8. Zero.
9. E = xpyx?/2¢) [N/C], 0 < x < d/2, E = —Xpyx?/2¢y [N/C], =d/2 < x < 0, E = % pyd® /8¢ [N/C], x > d/2, E = —%
pod®/8ey [N/C], x < —d/2.
Py N Piz Ps N
2regr? + ) [2neo<y2 " zeJ NICL 2> 20 B =Y
[N/C], z > zo. (b) D(0,0,1) = Z (p, /27 % p,/2) [C/m?].

1. @E=0, 0<r<a E=f"% aPs

12. (a) Zero. (b) 4,493.87 N/C.

0

0 2 €0R2 + 477,'80R2
14. (a) p, = elyl [C/m’]. (b) E = ed’/8¢, [N/C].

15. (a) p, = 4eb [C/m’]. (b) E = Rb*/4 [V/m]. (¢) ® = eb*z [C).
16. 2.65 x 107 C/m>.

17. 8 V.

L pz  py
2rmen(y? + 22) 2rweo(y> +2%)  2¢

10. (a) E =

<

[N/C] a<r<b, E=r }p_v (a—b) [N/CL, r > b. (¢) p; = 27mp; (b —a) [C/m].

€0

0

“r 9 ) [N/CI,R > a. (b) p, = —W[C/mz].

13.(21)13:1%4 [N/Cl,R < a,E = R(
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18.
19.
20.

21.
22,

23.

24.
25.

26.
27.
28.
29.

30.
31.

32,

33.
34.
35.

36.

37.
38.
39.
40.
41.
42,
43.

44.

45.

46.
47. C
48.

(@)V=49815V,E=0.(b) V =481.18 V, E = 234.8 V/m.

(@) V(R) = —R?p,/6ey + QlaneoR + a’p,2ey [V, R < a.

(a) E = —xXp,/eo [V/m] between plates, E = 0 outside. (b) V = pd/ey [V] between plates. V = 0 to the left of the left
plate, V = pd/ey [V] to the right of the right plate.

(a) psp, = Veo/b In(bla) [C/m?]. (b) py, = Veola In(alb) [C/m?].

V= po(\/a2 Y- d) /2¢0 [V].

@) E = yp, /4570 [V/m]. (b) V = Lln( va-l ) [V].

4reg V10 -3
E = xp,/zeod [V/m], V = 0.
(@) E =xXp,x/e [V/m] for —a < x < a (the x = 0 plane is midway between the plates), E = Xp a/ey [V/m], x > a,
E = —xXp,a/e [V/m],x < —a. (b) V = /)V(a2 —X2e[V],-a<x<a V= pya(a — Ix)/eg [V], x < —a, x > a.
E = x50x [V/m].
(@) p, = —6¢ [C/m’]. (b) E = —R2R [V/m], R < b, E = —R2¢b*/&yR*> [V/m],R > b.
(@) E =x2 —y2+24 [V/m]. (b) Zero. (c) 4.9 V/m. (d) W = =20 x 107°1J.
(a) Vy/2b [V] (v is the distance from lower plate). (b) Vy/(2b —2¢) [V], 0 < y < d and Vd/(2b - 2¢c) + V(y—(d + 2¢))/
2b—-2¢) [V],d + 2¢c <y <2b.

V = QldneoR [V].

Pre = c2(1/ae; — l/bef/(—)i— 1/bey — 1/cer) Pa = (1 /ae, — 1/bez/(—)&— 1/bey — 1/cer) (C/m).

(@) In 4682 E= ~R =5 [V/m], V = —47301? +%a = 8% [V,0<R<a E=-R 4miR2 +R 50222 [V/ml,
V= —4E§OR+’;§—/§:[V]J <R<bhE= _Ii4ﬂerR2 ﬁé’;;i—liggg [V/m], V = _47301% ’;;i—’;;l;j
[V], R > b; in 4.68b: E=-R 4MQOR2 [V/im], V = 4;501% 4;501% 475061 — 4750]? [V, 0<R<a, E=0,
V= _475019 [VI,a <R < b,E:—ﬁ%ORZ[V/m],V:—ﬁ[V],R > b,

E = —Rgq/4zeoR} [V/m), V = —q/AneoR, [V).
P =tp,(e) — &) /2zmerr [C/m*], a < r < b, P =Fp,(e; — &)/ 2ner [C/M*], b < 1 < c.

(@) E = 120 kV/m. (b) P = 3.187 x 107° C/m>.
- Pix Ps A Py 2 A Pix Ps A Py 2
D=x|—2% 45 — Y c/m?, , D=x|—=1 5% — Y c/m?,
(@) X [27[()(2 +5?) + 2} ty 2r(x% +y?) (C/m, x> X [27[(x2 +3?) 2} ty 27 (2% + y2) [C/m]
R _ . 3px 3ps| |, 3pw 2
<1. (b D =%6.367 x 1077 C/m?. P=x|—10C 40 — P [C/m?, > 1,
x (b) £6.367 /m2. (c) X L;ﬂ(xz e ] iRl CLEE

- 3pix 3p; . 3py 2
P=x| P sl o TP e x < 1.
X {87[(){2 +y?) 8 y 8r(x? +y?) [/, x <
(a) E = 120 V/m in air. (b) V = 15,093.75 V.

(@) p, = 26.55 x 10° C/m*. (b) V =3 x 10° [V].
0 = 1397 x 10" C.
(@) V=4.577 x 10° V. (b) 5.024 x 10° V.
D, = X5¢) + ¥ 6¢ [C/m?].
(@) E; = —xX¢goE/e1, E3 = 0, E4 = —X¢oE/¢e;, Es = —XE [V/m]. (b) V = 2¢oEd/e; [V].
(a) E =21.76 V/m. (b) E = 50 V/m.
@ E, = —yEsin6 — X (eo /€ )E cosb, E; = —yEsing —x (e0/€2)E cos0, E, =E, = —yE;sin6 — X E,cos6 [V/m].
(b) V = Eaeqcos0((e, + €1)/e1&5) [V].
(@) Py/(e1 —€0) = Pal(er—€0), €1P1,/(e1 — €0) = &2P2,/(€2— &) for p; = 0, Py/(e) — £9) = Pad(e2—€p), €1P 1,/ (€1 — €0) —
£:P2,/(€; — £9) = p for pg # 0. (b) P1/P2; = (1 — €0)/(€2 — €0), P1,/P2, = €2(€1 — €0)/€1(€2 — £0).
Ciotal = 60£¢/(20d, + 3d,) [F].
2rey
= intasb) T/
C =73.43 pF.
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49. (a) x = 0.02 m. (b) x = 0.0385 m.
50. C = 4re erbcal(e1a(c — b)+eyc(b — a)) [F.
0° 2 1 2
51 W=—|=——— 2| ]
dreg la a+b b ]
52. (a) W;, = 27p, a’/45¢e0 [11. (b) Wy, = 4np,>a’/18e0 [J]. (€) Wiypry = 47p, a’/15¢0 [J].

53.
54.

55.
56.

57.
58.
59.
60.
61.
62.
63.

W = 2zeqaV? [J).
(@) AW = eV2a/2d(d — a). (b) AW = £Va/200d(d — a) [J].
Q* e —1)[1 1
AW =="_"1___I[].
8repe, |la b U]
(@) w = ¢*/327%¢R*, 0 < R < a, w = (q + 4na’po)*/32n%eoR*, a < R < b, w = (q + 4na’po — 4nb’po)*/327°eR",

(q —|—477:a2p0)2 1 1 I
8meg {E a B} LIl
AW = gVZb*(1 — £,)/2d [J].
W = p/? In(b/a)/4re [J/m].
p = eV?/d* [Pal.
V = (d/b)\/2P/e [V].
F = —eye,V>b/2d [N] in the direction opposite the displacement.
F = V3b(e — &y)/2d [N].
(@) P = p§/2eo [Pal. (b) p, = 42 x 107> C/m>. (¢) P = 4.427 x 10° Pa.

R >b [J/m3. b)) W =

Chapter 5

10.

11.
12.

13.

14.

15.

16.

@ NS ;AW

k = -0.2yz.

V (x) = 2,500x [V].

V (x) = —pox*2eq + (Vold + pod/2e0)x [V].

V (x) = -9,411.94x* + 37.64777x> + (50,000 — 7.52955 x 107)x [V].
(@) V () = —23.083 In r — 127.45 V. (b) E = £23.083/r [V].

V (x, y) = —(2Vy/x) tan (y/x) + V [V].

. (@) V (R) = 25.25/R — 5,000 V. (b) E = R25.25/R* [V/m].
. (@) p, = -1.99 x 107" C/m*. (b) p, = -1.424 x 107'° C/m?.

4a 2a
(2 +y2+ 4a2)3/2 (2 +y2 + a?)
@) ps = —ph/a(x* + %) [C/m?].
E = —yp,/e0[V], between sheet and conductor. E = 0 elsewhere.

q

b)E=1z
() z4n’80

[V/m].

3/2

4d* + (y +d)* 4d 1 1
P L aap _
(@) V(2d,y) = 2men In Y [V]. (b) E(2d,y) = X 2ne0 \a 5 (P A 4y d) [V/m].

_iqﬁ b—a b+a b+a b—a

b=+ ' P (wrarra-0?) " (el ern)?)

()" (P +(et0)) "
[C/mz], where b = 0.3827d, a = 0.9239d.
q 12 (=1 (x — acos (15° 4 (i — 1)30°))

E= % —
@ ¥ drey Laivt

32
[(x —acos (15° + (i — 1)30°))> + (y — asin (15° + (i — 1)300))2}

g 12 (=)' (y — asin (15° + (i — 1)30°))
y 477.'6‘0

RET [V/m].

i=1 [(x — acos (15° + (i — 1)30°))> + (y — asin (15° + (i — 1)30°)) }
(b) V (d/2, 0) = 2.2112g/4reod [V].
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N
q 1
17. (a) V(x,y) = > -
Ameo _y $57, . \/(x —(i—1)d/2 —=3d/4)* +y>  i=2,6,10,14,... \/(x —id[2 —d/#) +y?
N
1

N 1
> + ) [V].

3,7,11, 15, ... \/(x + (i —3)d/2+3d/4* +)?)  i=4,8,12,16,.. \/(x (i —2)d/2 +d/4)? +y?
22. E(0,0) = x16.178 V/m (down).
23 E — 5 P! (x—2r) 3 (x—r/2) . (x+r/2)  (x+2n) )
((x —2r)? +y2) ((x —r/2)* + y2> ((x +7r/2)* + y2) ((x+ 2r)? +y?

N 1

49 hi 1 B 1 1 1 _ 1 [V/m]
2meo \ (v —2r) +32 ((—r/2) +5 ((x /2% + y2) ((x+2r)* +2 '
24. (a) E(a,0,0) = —x7q/8reoa*[V/m]. (b) zero.
q —a* = 2ar

dreor (rz +(a+r) =2r(a+r) c059>

a® + 2ar

25. (b) Ex(r,0) = 77 [V/ml.

(©) p,(r0) :—4i C/m?].

[
w <r2 +(@+r)=2r(a+r) 0056’)3 ’
26. (b) E = RaV,/R? [V/m],R > a.

q (a® + 2ar)

27. (b)) E(r0) = R ‘;ﬁ— P o | Vml.
0 0 <r2 +(a+r)=2r(a+r) c0s9)
4V X1 .
29. V@) =2 3 —sin P py),
T m b
m=1,3,5, ...
30. (@) V (ry) = V0 i L sin m”xSinh(Ty) V]
. X)) = — —sin —
7 m=1,3,5, -'m a slnhm—jrb
a
_ N i (X
3LV (@) = —— smh(a) sm( ) V]
sinh —
a
4 00 1 may sinh (@) 00 | may sinh <m7z(a; x)>
. b .
32. V(xy) = |V, Ssin M Ab Ty, ~sin 2 [V].
”[ m:§5,4..m b sinh(?) m:l,;s,mm b sinh<@>
T

. (n
16Vy & - s (7) . MAX m?>  n? . mnaz . m?  n?
33. V(xyz) = g Z Z mnsinh(;r \/m) sm7smh 7z ?—l—a—z +sm7$mh X a_2+2 [V].

2V0 0 1 /r\k . 2V0 O 1 a k .
M. @ V(r¢) =— —(=) sink¢ [V],r < a,V(r,¢) =— —(=) sink¢ [V], r > a.
4 k—l,ES,:S,,.‘k(a) a k—1,23;5,“.k(")
(b)E = _% l(f> ! [f'sin k¢ — (i)cos k(ﬂ [V/m], r < a,
k:1,3,i,“k a
E = % Z %(g)k_l [Fsink¢ — deoskg| [V/m], r > a.

k=1,3,5,...
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35.

W v = S gm0+ 5)] w1 r<a v p= S

k=1,3,5, ... k=1,3,5, ...
. . n 4%x10° S 1\, .
x{ sink¢) + smk<¢ + 5)} [V], »>a. (b) E=— o k_l;s,“;(ﬁ [r sink¢g + ¢ cosk(¢p + ﬂ/2)] [V/m],
4x10° & lyayk1. | )
r<aBE=-— p k_I;S’N;(;) [r sink¢p — ¢ cosk((j) + Jr/2] [V/m], r > a.

Chapter 6

1.

NJE-CREN QRN

@V, =0,Vo=3V,V3=6V,V,=9V,Vs=12V.(b)V, =0,V =15V, V3=3V,V, =45V, Vs=6V,
Ve=75V,V; =9V, Vg =105V, Vo =12 V. (¢) V (x) = 12x [V].

L@V, =0,V,=23.09375V, Vs = 6.125 V, V, = 9.09375 V.

b)V (x) = 14118 x 10°(x —x3) [V], E = —1.4118 x 10*(1 — 2x) [V/m].

. 1.343 t0 5.59 pF.

. 3.54 pF (8 patches), 3.99 pF (16 patches).
. (a) 2.5116 pF. (b) 1.5547 pF.

10.
. (a) 4913 x 107" F. (b) 4.395 x 107" F.
12.
13.
14.
15.
17.
18.

(a) ~ 3 pF.

(a) 2.1943 pF (2 x 2 subdomains on each plate). (b) Vp = 0V, Ep =y 1.574 — 21.574 [V/m]. (¢) 1,024 subdomains.
(@) Ny = (x2 = 0)/(x2 = x1), No = (x = x1)/(x2 — x1). (b) p(x) = (x2 — 0)p1/(x2 — x1) + (x = x1)ho/(x2 — x1).

(©) V (x) = —pox*/12¢ + pox’dl6e + 10x/d — poxd>/12¢ [V].

(©) E = —x(—pox*/e + 10/d + pyd/2¢) [V/m].

(a) 1.425 V. (b) 3.914 pm.

(a) 3,240 V. (b) 1,480 V.

Chapter 7

p—
N =

o
®

14.
15.

16.

17.
18.
19.

RN R W=

. (a) 360,000 C. (b) 8,470 km>.
. (a) 10.294 x 10° A. (b) 205.88 x 10° A.

0.33 x 10~ m/s.

. (a) 5.584 x 1072 V/m. (b) 2.487 x 10~* m/s.

. Inside beam: E = —£7.19 x 1077 [V/m], outside beam: E = —¢ 17.97/r [V/m].

. (a) 1,667 S/m. (b) 3.125 x 10*! carriers.

. @) E = —¢V/rin(b/a) [V/m]. (b) J = —F 6V /rin(b/a) [A/m]. (¢) I = 2zLcV/ In(b/a) [A]. (d) R = In(b/a)/2xLo [Q].
. 7.368 x 10° S/m.

. (a) 5.1473 x 107 Q. (b) —-0.198%.

. (a) 1.7243 x 107 Q. (b) 1.5936 x 107> Q.

. Roin = 17.98 Q, R0 = 29.3 Q.

. (@) 6 = 1.273 x 10°/V [S/m].

(0> —a®) (L —p) +pb’
opb* — (L — p)(b* — a?)
(@) Vs = 2.944V/(omaR + 2.944) [V].

V = IlJo % + llbJoynry® + Ils/osnrs® [V].

R =2#tan‘1 <\/zd> [l |V == ! tan ! (\/zd) [VI].
b”\/aoy 00 b”\/aoy 00

(a) Vg = 2.944Jalc [V].
15.92 Q.
6 = I(a + b)2zabV [S/m].

2 _ 2
szo(b a?)

s [S/m].
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20.

21.
22,
23.
24,
25.
26.
27.
28.
29.

(a) 1.628 mm for series connection, 7.28 mm for parallel connection. (b) 33.30 kg for series connection, 666 kg for
parallel connection.

(a) 2.76 x 107° Q. (b) 8.354 x 10" W.

(@) Jiron = Vola [A/m*], Jeopper = SVola [A/m?]. (b) Piron = VZobcla [W], Peopper = V>56bcla [W].

(@) AR = 0.0357 Q. (b) AR = 2.589 x 107* Q.

(a) R = 0.02076 Q. (b) R = 8.275 x 107* Q.

(a) 16 A.

(b) I = 1.2¢71%% Cs.

0, = —&\Voorb’/(d0> + droy) [C, O = Vab*(e105 — €201)/(d02 + dboy) [C, Q3 = &Vo2b°/(dy62+daoy) [Cl.
(@) Ecopper = 0.0223 V/m, Equminum = 0.03536 V/m. (b) Weopper = 28,440 W/m®, Wajuminum = 45,030 W/m®.

(@) V =6.324mV, I = 24834 A. (b) 1.754 x 10’ W/m®.

Chapter 8
1. B = 9upl/2xa [T], (into the page).
2. (a)B =12 x 10771L [T], (out of page). (b) zero.
3. H = p,w(b — a)/2 [A/m], (out of page).
oul (1 .oyl
4. B =-y_——=—-1) [T],B,=—-y —[TI].
1 y27m<\/§ )[] 2 y47rd[]
23/ 2p0la*
5.8= Ho 73 [T]. (up).
n(4h* + a?) (2h* + a?)
N 22
la“i
6. B = Ho 75 [T1, (up).
=T 2N? (h2 + iz(a/N)2)
. Molz ol . pol o pol o Holz o pol
. B= —y—|[T B=x—"——-y—|[T .B=— -y — [T], —~ .
8- B=X @ Yo h0<z<aB=xs =y atthz>a X2 Y agaTha<2<0
. Hol » Mo
B= -y —I[TL:z<
2 |Z’ 2 [T, 2 “
2 Jb*(y —d b* Ja*(x —d
9. B =3z pola'z - Holb™(y — d) Ly polb™x i Hola™(x )2 Tl
2(22 +(x—d) ) 22+ (y - d)) 2(x2+ (v — d) ) 2<x2+ (x — d) )

10.

11.
12.

13.

14.

15.

16.
17.

(a)B:x—( 1 _ 1 )—i—f’—( X—a _ xX+a )[T].

27 \(x—a)+1* (x+a)?+n r\(x—a)?+p (x+a)l+r

(b)B=—y587 x 10°°T.

(b) —x3.0186 x 107* 4+ §3.0186 x 107* T.

B = —yu,NI/2 [T],x < 0.B =yu,NI/2 [T],x < 0.

(@B =0,0<r<r.B=qJuy(zr? —1?)2zr [Tl r) < r < 12.B = @Jug(ar3 — ar?) 22r [T],r > r2. (D) B = ¢
pol 271 [T, 0 < r < ri. B=dbuo(I + (wr® — 2r})J)/2zr [T], 1y < 1 < ra. B=bpo(l + (w3 — wr2)J) /22r [T],
r>r. (©  B=—qul/2zr [T, 0<r<r. B=¢u((w?—w})i—10)/2zr [Tl, r<r<r.
B = u((nr3 — m3)J —1)/2zr [T], 1 > rs.

B =zZuywbp, [T, r <b.B=0,r> b.

- (uoyOJ(bz @)yl ) L (uoxof(b2 —@’) ol —d)e )) -

203 +33)  2((x0—d)? +2) 2(x§ +¥3) 72((x0—d)2+y3

(@) B = —§puol, /277 [T]. (0) B = dpug (2 (2 — 12)J1 — 1) [2ar [T].
@B=0,0<r<r.B=—-zpupnl[Tl,ri <r<rB=0,r>r(b)B=—-22umnl [T],0 <r <r.B=—-Zuynl
[T, <r<rB=0,r>r.
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18.
19.

20.

21.
22,
23.
24.
25.

J (b? c?
H_§<E_a—d) [A/m].

H = —XJ/2+7J/2[A/m] (above upper plate), H = —xJ /2 — ZJ /2 [A/m] (between plates), H = XJ /2 — ZJ /2 [A/m]
below lower plate.

@Ar)=12 ui]ln% [Wb/m]. (b) cc.
2 a

(a) B./B; = n/4\2. (b) Zero.

(@) @ = pola(n 3)/2z [Wb]. (b) ® = pola(ln 3)/2z [Wb].
(a) Zero. (b) ® = ppla [Wh].

wns = 7.958 x 10° A.

H = 1,000 A/m, (down).

Chapter 9

2 L2 _
.@m=zna’l[A-m7].(c)B o

ﬂom3 (liZcosH + 0 sin 9) [T], m = za®l [A + m?] for circular loop, m = &I [A - m?

for square loop.

2. (a) @ = polra’b*12h> [Wb]. (b) @ = uolra’b*/4h> [Wh.
3. 1 = Min[Al
4. H =M [A/m].
6. B, = Xy Hcosay — ¥ p,Hsina; [T], Bs = X Hcosa; — ¥ usHsina; [T].
7. 89°40' to the surface.
8. B,, = 0.00866 T, By, = 1.0T, 0, = 89°30/. B3, = 0.00866 T, B3, = 0.25T, 05 = 88°, B, = 0.00866 T, B, = 0.005 T,
0, = 30°.
2
9. (a) Ly = mN Clnc—l [H]. (b) Ly, = yonzﬂaz [H/m)].

10.

11.
12.
13.
14.
15.
16.
17.

18.

19.

20.
21.

22,

23.

24,

2 b
(a) L1, = uN,\>?/2(a + ¢) [H], Ly, = uN,>c*/2(a + ¢) [H], Lsz = uN3>c*/2(a + ¢) [H].

(b) Loy = Ly» = uN\Noc*/2(a + ¢) [H], Ly, = Li3 = uNiN3c*/2(a + ¢) [H], Ly, = Loy = uN-N3c*/2(a + ¢) [H].
L, = ,uonzﬂbzﬂzlnzﬂ:(az — bz) [H/m)].

Ly, = por(b* — a®) [H/ml].

Li» = Ly = ponzb® [H].

(a) Ly, = 27a’uoN [H]. (b) L1> = 27a°uoN [HI.

(@) L1y = Loy = pora’b*/2h° [H]. (b) L1, = Loy = pora’b*/4h* [H].

(a) 3L [H]. (b) L/3 [H]. (¢) 1.5L [H].

Ly, = po In(a/b)/2x [H/m].

2 2 2 2 2
(a) uo/87 [H/m]. (b) ;‘—Z (C—> S - #o ( ¢ ) +Ho (C j;) [H/m]. (¢) o Ina/b)/2z [H/m].

cz—a? 8 \ 2

2 2 2 2 2
Ho Mo, @ Ho c c c 1(c“+a
HL=04 -4 20 In-— (—— ) +-= H/m).
@ 8ﬂ+2ﬂ nb+27r <c2—a2> "2 <62—a2> +4(cz—a2> [H/m]
po, (2a—d)’ Ho | (4a —d)(4a +d)
2012 = [H/m]. (b) 22In————""""/ [H/m].
@ i Wiml- ) i G ) (6a —a) /M
(a) 1.271 pH/m. (b) 1.371 pH/m. (¢) 3.39 nH.
AW = uonNra*I* [J].
N2%¢ r
AW = (4 = p) =5 —In> [11.
T I
AW — /llNzlz(rz — rl)C |: 1 - Ho :| [J]
2 n(ra+r)  per(ra +r1) + L(py — po)
N3¢ (12 I3 I
@) Wioa = % <4‘ + T 5+ 172 + I3+ 1213> [71. () Winin = 0, Leg = 0. (€) Winax = 4uN,’c’Fl(a + ¢) [I].

Loy = 8uN,*c*/(a + ¢) [HI.
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25. w = poM?/2 [J/m?3].
26. AW = n’Prb*(uo — p)/2 [J/m)].
27. AW = —uoNa*IPld 7).

upole(d —b)
28. (a) @ = ulc In(d/b)/27x [WDb]. (b) ® = Wh].
(a) ulc In(d/b)/2zx [WD]. (b) ﬂoﬂ(d+h)+1g(ﬂ—/to)[ ]
2N 2N
30. L, = — " HHo ~ TR,
(27[1’0 — lg)ﬂo +lop  2mropy + lgp
3L 0 1o [N11y + Nalo] [Afml].

* Hoald +a = 2b] + pouy [d + a — 2b] + il
3. B — 2pop NI [T].
Holm(r1 +12) — 4d|(ps + py) + 8pypad

(N1Ty + Nala)*popt pabe
2[uo(d +a—2b — 1) (u, + py) + 201 ol
_ /,lObC(Nlll — N2[2)2 [J]

2(61 =+ 62) '

35. L, = 0.8377 mH.
36. F,, = 0.0005 N (perpendicular to B).

. moladyc b—a __Ayolgllc b—a
37. @ F=r o= ( = > [N]. ) F = —r o= o [N].
38. (¢) F = 0.883 N/m.
39. () F = 437 x 107 N.
40. (a) 241.2741 [N/A]. (b) I = 6.375 A.

2 B 2
4l F — _ HoH CdL : NIy — Nalp } N].
0

3. (a W=

[J] (b) 12 = —Nlll/N2 [A]

34. W

2 a+3b—2g)+2ug
42. Zero.
43. (a) Zero. (b) T = ZBola*/8 [N - m].
. 2nlda*b? ~ porlla*b*\/2
44. (a) Zero. (b) Zero. (©) T = ”"f;’hS“ [N-m]. @ T=—¢ W [N - m].

45. (b) T = y pold.na*/2xd* [N - m]. (¢) T = —§ uoNI I wa* /4nd® [N - m]. (d) T = —y uoN*I I wa* /4nd® [N - m].

Chapter 10
3 (Vz + V])B()d
1. (@) = 3.056 x 107 A. (b) I(r) = 5P~ (2 o) [A].
2. (a) v = V/Bod [m/s]. (¢) D = V/2Ir [m].
3. (@ F=—x wd3B% cos (wt) sin (wt) /R [N]. (b) Zero.
4. |lemf| = voupJr,*/2r [V].
5. Vg = Bovd\2 cos(wt)/2 [V].
6. V = 207zrBd sin(20z7) [V].
7. emf,,,a/emfyy, 0 = 7.
8. 1 = 157,080 A.
9. emf = 2xfBcd sin(2zft) [V].
10. (a) emf = wBy/*/2 [V]. (b) emf = wBo(1 — (I + 1)e™)) [V].
11. (a) V = —wd’uy10° cos(wr)/8 [V].
12. emf,pz = —0.1x sin(800x¢) [V].
13. emf = —2fNuoSdly/(d* + h*) [V (rms)]
14. T= 0.1N-m.
15. @) V=11V, =13.64 A. (b) I = 1.364 A. (¢) Z, = 80.7 Q, Z, = 0.807 Q, Z,/Z, = 100.
16. V = 1.0053 x 10 %sinwt [V].
17. (a) Ni/N, =0.024, I, = 40,000 A, I, = 960 A. (b) N;/N, = 0.024. (¢) I, = 950.4 A, @ = 0.25 Wb.
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18.
19.
20.

21.

22,

23.
24.
25.

(a) 17.68 turns. (b) 5.3 turns.

(@) V, = 4.11sin(314¢) [V], V5 = 0.41sin(3147) [V]. (b) V5 = 49.32sin(3147) [V].

(a) emf; = 2,000zcos(2z x 10°7) [V], emf, = 200zcos(2z x 10%) [V]. (b) emf; = 1,990zcos(2z x 10°7) [V],
emf, = 100zcos(2z x 10%) [V].

uowcly . a+b

emf = — In—— coswt [V].
T a
Nugycl b
emf = — Mlni coswt [V].
2 a
(a) 156 turns. (b) 19.23 W.

(a) 50,661 turns. (b) 25 turns.
@V=40V.(b)R =0.02Q.(c) P =20 kW.

Chapter 11

e
S W

[y
<

oy
o oo

[\
=]

21.

22,
23.
24,
25.
26.
27.
28.
29.

30.
31.

32.
33.

34.

O XU W

. Ju = x(0.5/u)( cos 100¢) sin 5z [A/m?].
. I; = dregabwVcoswt/(b — a) [A].

(a) J; = Fwe &gV coswt/rin(b/a) [A/m?]. (b) 1; = 2re,e0wLVcoswt/In(bla) [Al.
f=7.992 GHz.

. |J('(md |/|‘Idissip| = 6/0)8'
.t = 35416 x 107 s.

. [ =49.43 [mA rms]

. A=0.3185, 4 = 0.0419.

. (@) E = y1.997 x 10%/(19'1972) [y/m]. () D = y0.159¢/(111072) [C/m?], H = £0.159 x 107&/(10'+1072) [ A/m].
. H(z) = y 1250 cos (10°t — 50z) [A/m], B(f) = §5 x 10~*z cos (10° — 50z) [T].
k sz — pe azJe = uc aJe
¢ or ot
. Vi = 0.

. (@) -VA + V(V-A) = uJ. ) E = — 0A/dt. (¢) VA = —u].

2

0?F 0 0
. (@) H = - Vi [A/m]. (b) —V*F + V(V*F) = e~ e,uE(Vy/). () V-F= —ﬂa(w)z.

2
(b) V°F = puJ + pe %
Jamar = 0.885 A/m?.
E = o’uen + V(V - ) [V/m], H = joeV x m [A/m].
V?n,, + w’uen,, = 0, gauge: V * 1, = — ¢, ¢ is the magnetic scalar potential.
IE,l =5 V/m, ID,| = 10&o C/m?, IE,| = 3.81 V/m, ID,| = 11.456¢, C/m>.
B, =4z x 1077(%24 +y5 —710) [T].
Hy, = H, = 0.
(@) J = —x10°/8z + §10°/16z [A/m]. (b) B, = Z0.1 T.
(@) Hi=H, =x10°+§2x10° +210* A/m. (b) H; =% (10° + 100v/2) +¥ (2 x 10° — 100v2) +Z 10* A/m,
H, =X (10° — 100v2) 4§ (2 x 10° + 100v/2) + 2 10* A/m.
(a) Hp = X (10° — 100v2) +y (2 x 10° + 100/v/2) +210* A/m.
@A-A=d"-b*+2a-b.b)A-A*=a’ + b* . (¢c)A-B=(a-c—b-d) +jb-c+a-d).(dA-B*=(a-c+
b:d) + j(b-c—a-d). () A X A=0.) A x A* =—2(a x b).(g27A xB=(a xc-b xd)+jb x c+a xd).
(WA xB*=(@xc+bxd) +jbxc—axd).
H(z,t) = y5cos (wt — fz) [A/m].
H(x,y,z) = Hysin % cos % [cos (kz) — jsin (kz)] [A/m], H(x,y,z) = Hy sin % cos ? £ — kz [A/m], H(x,y,z)

m ikz
= Hysin M cos %e"’“ [A/m].
a

E(z) = E 2 (—kz + y) + E» 2 (kz + ) [V/m], E(z) = E;&/ ) 1 E,/ %) [V/m].
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35.
36.
37.

38.

39.

E(x, z, 1) = Eo cos(wt — Polxsing; + zcosb; ) [V/m].
(@) Ex(2) = Ege? P (b) E (2) = jwEge?* .
(a) H= —x1250cos (106t — 502) + y 1250 cos (106t — 502) [A/m]. (b) H = —x 1250 7% 4 ¥ 1250e % [A/m].

(@) H(x,y,z,t) = (Xhy + Y hy + Z2h.) cos (ot + fz + ¢) — ()2 g +yeg + igz) sin (wt + fz + ¢) [A/m]. (b) H(x,y,z2)

= [&he +Yhy +ih|2(Bz+ @) + kg, + Vg, +ig.| S+ ¢+a/2 [Aml.

(@ E(t) =x[20cos (wr + 0.37z) — 20sin (@t + 0.37z)] + ¥ [10 cos (wt 4 0.37z) + 20sin (wt + 0.37z)]  [V/m],
E, (1) = X[—20cos (wf + 0.37z) — 105sin (wt 4 0.372z)] + ¥ [20 cos (wt + 0.37z) — 20 sin (wt + 0.37z)] [V/m]. (b) E,
+E; = Xj30¢/*37 4 y30e037 [V/m], E(t) = E(f) + Ey(f) = —x30 sin (o + 0.32z) + §20cos (wt + 0.37z) [V/m].
(¢) E=E; —E;=x(40+;10)e3" —y (10+j40)e/®*" [V/m], E(t)=E(t) —E,(t) =%x[40cos (wt+0.37z) — 10sin
(wt+0.372)]-y [10cos (ot +0.372) — 40sin (wt +0.37z)] [V/m]. (d) E; x Ey =2300e/7+7/2) [V?/m?], E, () x E(t)
= 2300cos (2wt +0.67z+7/2) [V*/m?]. (e) E; - E; = 400/ %™ ~ 72 [V*/m?], E, () + E5(f) = 400 coswt + 0.67z
— 7/2) [V*/m’].

Chapter 12
2
1. (a) V2E — v(’;’) —ﬂ% — 0. (b) V2E — eu%—tf —0.
) ’B
2. VB — ﬂSW =0
3. VA +0’ueA = 0.
4. V°D + o’ueD = 0.
5. VB + o’ueB = 0.
6. (a) E = w’uell, — VV. (b) VI +w’uell, = 0, Gauge: V - II, = V.
7. E(20) = z5cos (10°zt — 2007/3) [V/m].
8. (b) v, =3 x 10* m/s,f = 10.5 GHz.
9. E = —zHonye” + xHinye™ [V/m].
10. 663.13 W.
11. (a) 68 min, 37 s. (b) 34 min, 18 s. (¢) 9.15 cents.

i e
w N

NN DD b= e e e
N =S 000 Ul &

23.
24,
25.
26.
27.
28.
29.
30.
31.

. Pdiss. = 102/27[R2(7 [W/m]

127 7272

.@QH=9¢ —Re*ﬂ”R sin@ [A/m]. (b) P,y =R o sin 20 [W/m?]. (¢) P,ug = 15.79 W.
n n

. (@) E = 1,027 V/m, H = 2.72 A/m. (b) E = 275 V/m, H = 0.73 A/m.

.24 x 10777,

. (b)n(100 Hz) = 9.934 x 107 + j9.934 x 107 Q,n(100 MHz) = 9.934 + j9.934 Q,n(10 GHz) = 74.47 + j10.92 Q.
.E(x=1m) = —23.2x 107 1% 73 [V/m], H(x = Im) = §2.3 x 1077 7*203[A/m].

. (@) Po = 2,097.1W. (b) P, = 0.012W.

. (b) P(t) = y2(E}/n)e @ cos*(wt — fy) [W/m’]. (c) HI = 0.057 A/m.

. (a) 0.266 W.

.(@) Py =10x 107 W, P, =1.026 x 10°'"" W. (b) v,; = 2268 x 10° m/s, 1, = 604.75 nm, 7, = 284.98 Q,

Vo = 1.896 x 10% m/s, 1, = 506 nm, 1, = 238.4 Q. (¢) ¢ — p; = 2.04 x 10'° rad.

(@n =3679Q, =2.146 rad/m,v, = 2.928 x 10%m/s, —2.4%. (b) o = 377 Q, fo = 2.094rad/m,v,p = 3 x 10® my/s.
a=121x10"° Np/m.

(@) =263 x 107 4+ j2.63 x 10° Q. (b) 5 = 2.63 x 107 4 j2.63 x 10° Q.

E; = 1.035 x 107 V/m.

(@) 21/z2 = 107, (b) v, /v = 107,

o =3.36 x 10’ S/m, a = 230.26 Np/m.

(a) 2.198 m. (b) 695.295 m.

(a) 8., = 6.61 x 107" m. (b) 5, = 5.03 x 10°m.

(a) In copper: neon, = 2.04 x 107 + 2.04 x 107° Q, 1060, = 2.63 x 1072 + j2.63 x 1072 Q.
In iron: fgom, = 1.54 x 107 + j1.54 x 107 Q, 1061, = 0.198 + j0.198 Q.
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34.
35.
36.
37.
38.

0.0987 m.
5=298 x 10° m.

(a) f < 8.88 x 10% Hz. (b) f > 8.88 x 10° Hz.
J = 62 pA/m>.

(a) 790 A. (b) 2,317 A. (c) 12,566 A.

39. (@) d,., = 29123 x 10*m,d,; = 3.665 x 10" m, d,, = 3.1 x 10°m,d,, = 90.676 m. (b) cost: aluminum. weight:
mumetal. volume: mumetal.
1 pp—
40. b)v, = ———o—— [m/s], v, = ——< [m/s]. (¢) v, = 00, v, = 0.
( ) P \//E\/T%/a)z [ ] 8 a)\//E [ ] ( ) 4 I
w*ue — n?/a ®
41. (b) v, = Vrpe —wfa [m/s], vy ———— [m/s].
wpe Vwrue —n?/a
43. (b) v,(f = 100) = 0.316 m/s, v,(f = 10*) = 316.23 m/s, v, (f = 100) = 0.632 m/s, v, (f = 10%) = 632.45 m/s.
44. (a) v, = 1.498 x 10° m/s. (b) v, = 1.503 x 10° m/s. (¢) v, = 1.4979 x 10° m/s.
1
45. (a) v, = Y [m/s].
O\ U/E
Ve 8ew?
Chapter 13
1. E, (z) = —X0.789E;¢™>%% E,(z) = X0.211E;e222x10"2=17.77z [y /m],
2. (2) Ejpar = 11.716 V/m. (b) H e = 0.031 A/m.
3 Emax _ 1+ |(’72 - ’70)/(’72 + ’70)|
Epin 1= |(ny —n9)/(m2 + 1)
4. (A) Peomertea = 343.24 W/m?, eff = 24.5%. (b) Pppyerrea = 350 W/m?, eff = 25%.
5. (@) Egiass = 7414 V/m, H sy = 0.0264 A/m, (b) Py = 7.686 x 107" W.
7. 731.89 W.
8. P=849W, W =5094W -h.
9. (a) 3.25 1. (b) 192.8 V/m.

o
—

p—
N

e
W

15.
16.

18.

19.
20.
21.
22,

23.

. E/H = —jn tan pz.

. (@) J, = —¥2E;/n, [A/m].
1 1
.@E;,=Ey ,H,-Hy=1J,. 01y, =(1+)—[Q], 5 = —— [m].
(a) 1t 2t 1z 2t R ( )’72 ( +J)5202 [ ] 2 \/W [m]
.o < 450,
. (a) H; = 0.265(ycosa — Zsina)e /2094 40sinatzcosq) [A/m]. (b) E, = —X 100e 209440sina—zcosa) [y/m] H, = 0.265

(Ycosa + zsina)e 200440sinatzcosa)[ Ay, (¢) J, = x0.530cosae 244 sine [A/m].

(@) Ey, = Ey, Hyy — Hy = J.

(@) E; = 37,700(—y cosa + Zsina)e 209440sinatzcosa) [V /m]. (b) E, = 37,700(y cosa + Zsina)e /200+40sina—zcosa) [ym],
H, = X 100¢ /209440sina=zc0sa) [A/m]. (¢) J; = —§ 200 A /m.

() Ei(x,y,2) = ¥,j9794.46sin (173.22)e /% [V/m], H;(x,y,z) = x30c0s173.22¢ /1% [A/m]. (b) Eper = £9,794.46
V/matz = na/346.4m,n = 1,3,57, ..., Hyp = £30 A/m at z = na/173.2,n = 0, 1, 2,3, 4, .. ..

(€) Pav(x,z) =y 84,825¢c0s2(173.2z).

(a) v, = c/sind;. (b) v,, = 3 x 10° m/s.
(a) J = y0.0459A/m. (b) J = X0.053 A/m.
E7, cos 6; E7, sin 6; ELTS .
@) Po =¥ % (1+ I 4,2 cos (2,7 cos 6;)) + 2 % (1=12) [W/m?]. (b) Py = # (2 cos O+
0 0 2

ysing,) [W/m?].

(@) 0, = 63°26', 0, = 46°55. (¢) I'y = 0.11, Ty = 0.726. (d) E,, = 5.93, E,, = 5.55 V/m, E,, = —1.1, E,, = 0.55 V/m.
WKy
214 [ = cos8; cosb
9 0 1 t
(a) ¢y, = tan~! - Mo COSYy .(b) ¢, = tan~! o 2;72 —
2 —Zgj cos0; + nycosb; o 01 = g cos™0,
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cosd — 2.1 — sin2@ V2.1 — sin20 — 2.1 cos6

I = .
cosd+v21 —sin20 ' V2.1 — sin20 — 2.1 cosd
26. I'y = (n2 —n)/(12 + 10, Ty = 2n2/(n2 + 11), 0; = 0, Iy = 1, Ty = 0, 6; = 90°.

27. d = (d,/2d,)4/0.0016 + 3d3 m.

28. (a) 0, = 78°28". (b) 6, = 63°26'. (¢) 6, = 56°18.
29. &, = 3.537e,.

30. (a) 0. = 11°47". (b) 6, = 41°25'. (c) 0, = 41°49.
31. & = 2.894.

32. (a) Iy = —0.12388, T; = 2.2478. (b) 0. = 30°.
33. (@) e, = 2. (b) 6, = 70°32". (¢) O, = 45°.

35.(a) g, =13 =377 Q, 1, =188.5 Q

25-FJ_:

] —1 —j80xrd/3 )
(b) El = E,‘o <6J20”Z/3 + 39_+ee_we/20nz/3 [V/m], z < 0,

Eio [ o3 —1 + ¢/80md/3 2072/3
H, = 7 (e j20m2/3 | 3 5 eijOnd/3_e] [A/m], z< 0

6671.40”2/3 + 2€7j80”d/3€j40”z/3
E, = i0< pEpTE [V/m], 0 <z<d,

Eo [ 6e740m/3 L 9p-i80md/3 pj40mz/3

Hy= 188.5 9 _ o—/80nd/3 [A/m],0<z<d
Qe —/20md/3 20 E. Qe —/207d/3 ]
=Eo| o——=gmaz ¢ """ _ B0 % —j20mz/3
E; =Ej <9 — o—/80nd/3 e’ [V/m]|, z>d, H;= 377 | 5 o505 e/ (A/m], z>d

(¢©) Ei(z=0)=0.8581 —j0.255 [V/m], H,(z = 0) = 3.03 x 10~ +j6.76 x 10~* [A/m],
E>(z = 0.005m) = 0.866 — j0.368 [V/m],
H(z = 0.005m) = 2.68 x 107> —j2.85 x 10~* [A/m],

(

E3(z = 0.01m) = 0.914 — j0.281 [V/m], H3(z = 0.01m) = 2.42 x 107> — j7.46 x 10~* [A/m]

36. (a)d = 0.0757 [m],n =0,1,2....

37. d = tan " ((no/ny)e 7" Jw\/hizes [m].

38. d = 7.5 mm.

39. d = 31.4 mm.

40. (a) n, = 3 = 377 Q, i, = 188.37 - j0.42 Q.

41. @) E; = x[le 7™ 4 (—0.46693 — j0.12261)e/™] [V/m],z < 0,H; = ¥ [l e 7™ + (0.46693 + j0.12261)e™] /377 [A/m],
z < 0,E, = X [(0.75552 — j0.020435)e /157 — (0.22246 + j0.10218)¢/'5%] [V/m], 0 < z < 0.1 m, H, = y [(0.75552
—j0.020435)e /157 1 (0.22246 + j0.10218)e/!5%]/251.34 [A/m], 0 < z < 0.1 m, E; = X[(0.65441 + j0.055284)
e — (0.16564 + j0.14313)e”] [V/m], 0.1 m < z < 0.2 m, H; = y [(0.65441 + j0.055284)e 2" — (0.16564 +
j0.14313)¢?%]/188.5 [A/m], 0.1 m < z < 0.2 m, E; = X[(0.74918 +j0.45302)e "] [V/m],z > 02 m, Hy =§
[(0.74918 — j0.45302)e 7] /377 [A/m], z > 0.2 m. (b) [,y = —0.46693 — j0.12261, Ty, = 0.74918 — j0.45302.

42. P,, =493 W/m>.

43. (a) Iy, = —0.9226 + j0.3858. (b) d = 0.07452,n =0, 1, 2,....
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Chapter 14
1. C; = 80.26 pF/m, L, = 0.1386 pH/m, C, = 722.34 pF/m, L, = 0.1386 pH/m.
2. (b)C =56 x 10" F/m,L =198 x 10°H/m. (¢) L = 0.2634 pH/m, C = 42.24 pF/m.
3. C = 66.67 pF/m, L = 0.375 pH/m.
4. (@) Zp = 4159 Q, v, = 1 x 10" m/s. (b) 9.97 ns.
5. (@) v, =c.(b)Zy =377 Q.
6. (a) 299.79 m. (b) L = 0.497 pH, C = 22.388 pF, 300 sections (other solutions are possible).
7. (a) 14 mm (or 1.05 mm). (b) Zy =~ 21.4 Q (or Zy =~ 176.65 Q), a = 0.00376 Np/m. (¢) 307.8 m.
8. (a)d = 0.0117 m. (b) Zy ~ 44.1 Q, a = 3.77 x 10~ Np/m. (¢) d = 2,289 m.
9. (a)y = 4.86 x 107 + j4.86 x 107.(b) Zy = 8.85 + j8.85 Q, y = 4.86 x 10~ + j4.86 x 107°.

k)
A WN =0

15.
16.
17.

18.

19.

20.
21.
22.
23.
25.
26.

27.
28.
29.
30.
33.
34.

35.
36.

37.

38.

39.

41.
42,
43.
44.
45.

. (@) Z, = Zo = 635.68 —j19.9 Q. (b) P = 0.0104 W.

. (@) C =16.67 x 107" F/m, L = 1.499 x 10°° H/m, R = 0.0628 Q/m. (b) y = 1.047 x 10~* + j3.14 x 107

. (@) E = £ (24.15/r)e " [A/m], H = ¢ (0.127/r)e " [A/m]. (b) P = 24 W.

. (a) P = 282 kW. (b) P = 902 kW. (¢) H,pur = 0.796 A/m, E,,p = 300 V/m.

(@ VT =11.197 £ 13.84° V, V- = 15382 ~ — 69.81° V. (b) I' = 0.112 ~ 13.84° A, I = 0.154 ~ — 69.81°.

(€) Z, =90 £ 108° Q.

(@) V; = 50 V (rms), I; = 0.2 A (rms). (b) 12 W.

(@) d =ni2,n=0,1,2,....(b) Same.

d = /4.

Zo(1+ e ) — 7y (1 — [pe 1)

Zo(1 + Fpe2hd) + 7, (1 — pe—72had)
(0:0105+/20.96)r () 598 —(0.0105+/20.96)r

r,— o2

Zin(r) = 18.84 {00105 72096) — () 508~ (00105172096 |<2I-

45.23 + j14.69 [Q].

(b) Z;,1 = 92y/10.

Zin = 50 4 j153.9 Q.

Zi, =200 Q, Z;, = 12.5 Q.

(a) zero. (b) I = 0.24 A. (c¢) Time averaged power: zero, reactive power: 2.88 VAR.

(a)d =0.1762 + 0.5n,n =0,1,2,....[m]. (b)d = 0.8976 + 0.5n,n =0, 1,2, ....[m]. (c) d = 0.8238 + 0.5n, for
(@) and d = 0.1024 + 0.5n for (b),n =0, 1,2, ... . [m].

d= Vpo/4(fz - fv-

(b) dpax = vpo(2f1 = f2)/4f 1 fo-

(@) Zo =100 Q, & = 1.02 x 10 Np/m, # = 5.88 x 107> rad/m. (b) 0.435 W.

(a) 83.69 Q. (b) Z,,,;, = 31.25 Q, Z,,.. = 80 Q. Minima at: z = 0, 4/2, A, 1.54, ..., Maxima at: z = /4, 34/4, 5/4, .. ..
(a) Z; = 10 Q. (b) 300 V and —200 V. (¢) 6 A and 4 A.

@ SWR =44.(b) V0 = 100V, V,;, = 2273V .(¢) Vuratz = nd/2,n = 0,1,2,...,V, i,atz = 2n + 1)A/4,n = 0,
1,2,....

(@)2.0.(b) V,;y = 100V, V,0. =200V. () Vyinatz = ni2,n =0,1,2,...,V,ueatz = 2n + DA/4,n=0,1,2,....
—1 + tan (207z)
1 + tan (207z)
1 + tan (207z) .
— tan (207z)

@) Z(z) = j50 (]

(@) Z(z) = j50

2.50% + 10" + |2.50% + j5 x 1070
2.50% + 10" — |2.50% + j5 x 107 0|
2.50% + 10" + |10 + j5 x 10%0|
2.502 410" — [107 +j5 x 10%0]’

(@) I'(z) = 0.2997¢ 704271261 (1) 1.856. (¢) z = 105.45 m. (d) SWR =

(@) I'(z) = 0.3033¢70042:41.263) (h) 1 87 (¢) z = 109.93 m. (d) SWR =

(a) V. = 9.982111.55° V. (b) 0.003 W.

d = 0.04131.

(b) f = 100, 200, 300, 400 MHz.

(b) f = 78.75 MHz. (¢) f = 171, 328.75 MHz.

(a) f = 200 MHz. (b) f = 113.6, 129.2, 153.4 MHz.
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Chapter 15

1.
2.

F N

10.
11.
12.
13.

14.
15.
16.

17.

18.
19.

(a) I’ = 0.598£21.8°. (b) I = 0.598 2 — 98.2°. (¢) 3.98. (d) 42 — j77 Q. (e) V.., at 0.034, V,,;,, at 0.281.

@) Ve = 80.5 V. (b) V,.;, = 30.7 V. (¢) Minima: 0.0881 + n(0.51), n =0, 1, 2,..., maxima: 0.3381 + n(0.51),
n=20,1,2,....

. Z =48 + j44 Q.

. (@) Z;,, = 210 - 648 Q. (b) SWR = 9. (¢) P;,, = 17.5W.

. (@) Z, =71 —;21 Q. (b) Maxima: 0.454, 0.954, 1.454, 1.954, 2.454, 2.954, 3.454, 3.954, 4.454, 4.954, 5.451, 5.954,

6.454, 6.954, 7.454, 7.954, and 8.45A. Minima: 0.24, 0.74, 1.24, 1.74, 2.24, 2,74, 3.24, 3.7, 4.2, 4.7, 5.24, 5.74, 6.22,
6.74,7.24,7.74, and 8.24. (¢) ', = 0.244 2 — 36°, SWR = 1.75.

. (@) =0.0581, R = 125 Q.
.(@)Z, =975-718 Q. (b) I' = 04312 -50°.

@ SWR VAZ3 + (Xu + 2y tan (1)) + X, + Z1 tan (,)]

VAZ2 + (X0 + 2, tan (B1d))? — X, + Z tan (B,d)|
(diy = 0.4624, dp, = 0.1022) or (dy, = 0.12A, d>;, = 0.3971).
Position: 0.2241 (1.12 m), length: 0.1534 (0.765 m) or: position 0.4221 (2.11 m), length: 0.3474 (1.735 m).
di, = 0.0294, d,, = 0.1054 or: dy;, = 0.1884, d», = 0.3964.
(a) I' = 1/3£ - 180°. (b) 2.0. (¢) location: 0.4034 (0.959 m), length: 0.1534 (0.364 m) or: location: 0.0981 (0.233 m),
length: 0.3474 (0.826 m). (d) I'; = 0.22 «58 or I';, = 0.14 £110°.
dr; = 0.3754, dy; = 0.1774 or: drr, = 0.1254, di» = 0.0944.
dip = 0.1994, d»; = 0.0814 or: dj» = 0.3464, d», = 0.3844.

7, = VZiZ5 9.

d = 24,7 = Zo\ (L= i)/ (14 |TL]) 191, 71 < Zo, Ze = Zoy /(1 4+ Tu)) /(1= 1)) 1916 2, > 2,
d=016114,7 = 114Qor: d = 041114, Z = 4385 Q.

@) dyiy = 2.754. (b) Z, = 36742 Q. (¢) 1.5 and 1.0.

. (b) d = (A2x) tan (=X, /Z)).

Chapter 16
3. (a) Zero. (b) > 3 ps.
6. (a) 9.26 V. (b) 10 V.
8. (a) 33.34 V. (b) 0.667 A. (¢) 0.1 ms. (d) 0.2 ms.
9. (a) V (10ps) = -0.02232 V, I(10ps) = —50 pA.

10.
11.

12.

13.
14.

17.
18.
19.
20.

V (10.5 ps) = —3.3807 V, 1(10.5 ps) = —0.0676 A.
@ V=711V, V,=6912V,V,. =7373V, Vo, =74V, V, = 7465V, V,, = 7465 V. (b) V, = 7.1424 V,
V., =6912V,V, =7.1424V,V,, = 7.1424 V,V, =7.189 V, V,, = 7.1885 V.

Ve=5952V, V, =0V, V,_=5952 V, V,, =5952 V, V,_ = 1.3824 V, V,,, = 1.659 V. I, = 0.08064 A,
I, = 0.1536 A, I, = 0.08064 A, I, = 0.05376 A, I,_ = 0.11008 A, I,,, = 0.16589 A.

(@) vi(r) = 100(1 - e—(f—“’"")/”““’ﬁ) [V, £ > At, i (1) = 2~ (=107)/50x107 [A) 4 > Ay,
@) vi.(1) = 100e~(107)S0/1A0C [\ S A (1) = 2(1 —e*('*w"‘)”/mo’(‘) [AL £ > 10 5. (b) V(1) = 100

67(171074)50/1“0—6 (V1 1(1) = 2(1 _ 67(1710—4)50/1X10—6) [A].

(a) 3,000 m.
(a) 1,500 m. (b) Z = 16.7 Q.
(a) 3,000 m. (b) Z = 150 Q.
(a) 1,500 m.
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Chapter 17

1.

S AN

(@) v, = 543 x 10° m/s, A, = 0.003 m, Zpy; = 2084 Q. (b) E(x,z) = %1.1134 cos (1000zx) e 72994 151,67
sin (10007zx)e 2944 [V/m]. (¢) H(x,z) = y0.0053 cos (1000zx)e72%*4 [A/m]. (d) P = z0.0059 cos?(10007x)
e~ /4188:82 _ % 70.0088 sin (10007zx) cos (10007zx)e /#1488 [W/m?].

. (a) 160 GHz. (b) 160 GHz. (¢) Zrz = 232.7 Q, Zrpy = 174.5 Q, Zygns = 201.5 Q.

(@) 31.84 x 1072 W. (b) 31.84 x 1072 W. (¢) Py, = 106 x 1072 W.
3.75 GHz.

(@I =-0.268, T = 0.732. (b) SWR = 1.732 (left), SWR = 1 (right).
. E = —X(nA/4.)2Hocos(nx/a) cos(wt) sin(2zz/A,)+ Z(nd/A.)2Hosin(zx/a) sin(wt) sin(2zz/4,) [V/m], H =y2H,

cos(zx/a) sin(wt) cos(2xz/4;) [A/m].

7. (a) TM;. (b) 619.06 x 10~ m.
8. E(z) = y Ege /*VA® [V/m], H(z) = —% (Eo/ny)e VA [A/m)].
9. E(x,z) = y/Eo sin(max/d)E7>/%¢ [V/m], H(x,z) = — Xj(Eo/no) (1] ;) sin(mmx/d)e >"1% — Z (Eo/ng) (A Aom)

10.

11.
12.
13.
14.
15.

16.

17.

18.
19.
20.
26.
27.
28.
29.
30.

cos(max/d)e27/%8 [A/m].
E = XHony(4/4,) cos(mux/d)e 7%+ g jHong(A/Aem) sin(mmx/d)e7>/%  [V/m], H =y Hocos (mnx/d)e >"/*
[A/m].
(@b =15m.(b)8.
(a) 2.0793 GHz. (b) 1.1865 GHz.
TE,, (5.263 GHz), TE, (11.886 GHz), TE,, = TM,, (12.999 GHz), TE,, (10.526 GHz).
(@) E = 2.48 x 10° V/m, H = 4318.13 A/m.
(a) > 30 MHz. (b) 30 MHz.
fz() fcl

1 2 1 2 , 2 . 2
@) f=c <2a> +(2b> [Hzl. (b) t = d | /g0 1—<f> + e 1—(f) ] [s].

(@) E,(x,y,z) = —j20,040sin (66.1x)e 7%, E, =0 [V/m] (b) H,(x,y,z) = j37.265sin (66.1x)e /"% [A/m],
H.(x,y,z) = 37.265sin (66.1x)e /7% [A/m].

(@) TE o (15 GHz). (b) P = 0.0149 W. (¢) P = 0.00995 W.

P, = 1.163 x 10° W.

(b) 5.3 x 10" Hz (infared). (c) 8.12 x 107* W.

(@) agre,, = 0.0179Np/m. (b) 3%.

(a) 2.98 mW/m. (b) a,, = 0.00943 Np/m.

(a) @ = 0.0266 Np/m. (b) 5.78 mW/m.

(a) 4.5 GHz. (b) TEo;; (5.59 GHz), TE»; (7.9 GHz), TE 03 (8.38 GHz).

TE o (2.1 GHz), TE (0, (2.164 GHz), TE o3 (2.266 GHz), TE 04 (2.4 GHz), TE 05 (2.564 GHz), TE s (2.75 GHz),
TE 7 (2.955 GHz), TE g (3.175 GHz), TE o (3.408 GHz), TE, ¢ 10 (3.65 GHz).

31. (a) d = 0.0204 m. (b) TEo, (8 GHz).
32. f=n/2d /uje1 [Hz],n=1,2,3 ....

Chapter 18

2.

= Y N

(@) E ~ R (1.53/jR?) cosf + 0 (0.763/jR?) sin @ [V/m], H ~ ¢ (6.37 x 1073 /R?) sin@[A/m]. (b)E = 0 (j7.54/R) sin

Ge= ™R [V/m], H = ¢ (j0.02/R) sin e 7R [A/m]. (¢) R,qq = 0.316 Q, P,y = 0.632 W. (d) 27.5 km.

. (@) Poy = R (V3/270R?) sin 20 [W/m?]. (b) P,y = 47Vo*/310 [W].

(@) Prog = 5.12mW. (b) P,y = 44.92 mW.

. (a) 0.03184.

. (@) Prog = 250° 17 P 1a’1y* /35 [W]. (b) R,aq = 500> a3y [Q].

. (@) E = 0(jpyloL/8xR)sin@e"F [V/m], H = ¢ (jBloL/8zR)sinfe PR [A/m], P, = R (FnIiL?/1282°R?)sin20
[W/m2]. (b) R,uq = 2022(L/2)? [Q).

. Pa = 1.54 x 107" W/m?,
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9. (a) R,y = 73.08 Q, eff = 99.43%. (b) eff = 99.86%.
10. (b) eff = 96.8%.
11. P,y = 20.773 W.
12. (a) P,y = 1.464 x 107 W/m>. (b) G = 1.618.
13. (a) SWR = 1.4615. (b) SWR = 1.4857. (¢) SWR = 159.
14. (a) I(z) = I, cos(zZ'/L) [A]. (b) I(z) = I, sin(2zlZ|/L) [A]. (¢) I(z) = -, cos(3xZ//L) [Al.
(d) I(z) = I, cos(z/4 — 3xlZ'|[2L) [A]. (e) I(z) = —I sin(4xlZ|/L) [A]. (f) I(z) = —I, sin(z/4 — 57lZ'|/2L) [A].
15. (@) |f.(0)| = |(cos ((37/4) cosd) + 1/v/2) / sin6|. (b) If.(O) = I(cos((z)cosd) + 1)/sind.
(©) If.(0)] = Icos((3z/2)cos0)/sindl. (d) If.(0)] = I(cos((2x)cost) — 1)/sindl. (e) If.(O)] = Icos((57/2)cosO)/sindl.
16. R,.u = 105.48 Q, D(@) = 1.1376(cos((1.57)c0s6))*, Prga = 2.1 W.
17. (@) Ry = 111 Q. (b) R,y = 108.162 Q. (¢) D(0) ~ 1.08(cos((1.257)cos 8 + 0.707))%, D(@) = 1.1094(cos((1.257)
cos 0 + 0.707))%.
18. (a) 1.5 m. (b) R,uq = 99.54 Q. (¢) 49.7713 [W]. (d) D = 2.41.
19. (a) I = 2.433 A. (b) 23.2 km.
20. (b) 99.46% and 99.94%. (c) 0.995.
21. (a) 0.00439 Q. (b) 0.002195/,> [W]. (¢) d = 1.5.
22. (a) 0.75 m. (b) 36.54 Q. (c) 18.2711,* [W]. (d) 1.642.

23. @)E=0 % sinfsin (ﬂhsmé’cos ¢) [V/m], H = ¢

(b) [f(8, ¢)| = |sin@ sin(Bhsinfcos)|, 0 < 0 < 7/2,0 < ¢ < 27r

24. (a) |[f.(0)| = |(cos(2zcosh) — 1)/sind)|. (b) 64.9 W. (¢) |f.(0)| = |(cos(3ncosh) + 1)/sind|, 73.9 W.

25. (a) [f.(0, ¢, )| = |cos((m/2)cosb)/sind)|. (b) |f.(0, ¢, p)| = |cos((z/2)cosO) cos((n/2)sinfcosp)/sind)|. (¢) |[f.(0, ¢, ¢)| =
| — cos((#/2)cosO)sin((n/2)sinfcos)/sind)|. (d) |0, ¢, @)| = | cos((z/2)cosh) cos((x/2)sinfcos¢ + 7/4)/sind)|.
©) [f.(0, ¢, )| = | cos((m/2)cos) cos((n/2)sinfcosgp) + #/8)/sind|. (F) |f.(0, ¢, p)| = | cos((m/2)cosd) cos(zsinfcosg)/

ﬂlode IR

sindsin ([)'h sin60052¢) [A/m].

sind)|. (g) |f.(0, ¢, @)| = | — cos((w/2)cos) sin((zsinbcosg)/sinb|. (h) |f,(0, ¢, ¢)| = | cos((#/2)cos) cos(zsinfcosd +
#/4)/sinf). () |f.(0, ¢, p)| = | cos((m/2)cos) cos(zsindcosg + #/8)/sind|. (§) |[f.(0, ¢, @)| = | cos((x/2)cosb) cos((37/2)
sinfcosg)/sinb|. (K) |[f.(0, ¢, @)| = | — cos((#/2)cos) sin((3x/2)sinbcos)/sind|. (1) |f,(0, ¢, @)| = | cos((m/2)cos)
cos((3n/2)sinfcosgp + n/4)/sind|. (m) |f,(0, ¢, p)| = | cos((z/2)cosO) cos((3x/2)sinfcosp + #/8)/sind)|.
26. (a) |f,(0,0,0)| = %W cos (10z sin @ cos ¢)|.
) |f,(0,0,9)| = W cos (10nsin9cos¢ + )‘
—j2.084R . . 2.084R . .
27. @) E :%mw«nnm +$5581) [V/m], H= 00167e 00167 7 T i 0(60.03 — $0.148)  [A/m].
—j2.084R —j2.084R
(b)E = %me(émm —$5581) [V/m], H= %sine(émm +¢0.148) [A/m].
; . cos | (7/2)cos
29. @) (0.0, 9)| _ 1) sin(3zsinfcos ¢) ( . > ‘
6/sin ((ﬂ/Z)sin Ocos d)) sin &

cos ((ﬂ/2)cos (9)

sin @

2
b [f, (6,4, )| = | LS Gmsinfeos d) (©) 6 = 90°.
6/sin ((n/Z)sin fcos gb)
(d) ¢ =60°, ¢ =90°, ¢ =120°, ¢p = 240°, ¢ =270° and ¢ = 300°.
30. (a) V 0.4, | cos( 7/2) cose) sin(37r( sind cos¢p — 1)/2) ‘

sind sin(0.6zz(sinfcosgp — 1)/2)|
1 COS((IZ/Z) cosd)|| sin(6z(0.6sinfcosgp — 1)/2)
®) |76, 0)] = 6 sind sin (7(0.6sinfcosgp — 1) /2) |
1 | cos ((x/2) cosd)|| sin(10z(0.7sind cos¢p — 0.75)/2)
© Ifo(6.4,0)| = 10 sinf sin(7(0.7sinfcosgp — 0.75) /2) |
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S e =
]
32 @ [1,(0.0)] = [0 o (RO |
e

(b)E =6 %eﬂﬂ%i("—nu/z) sind coss COS((’;/I?‘)QCOS@ SsTn( (((’1;//22));1;“99;?5)) v/,

jlo —//JR ](n 1)(7/2) sinf cos¢h COS((]T/Z) COSQ) SIH((n”/z) SIHQCOS¢)

H=d7 % 27R¢ sind sin((z/2) sinf cos¢) [A/m], 0< 6 < /2.
34. @ E=¢ %’Tgme—fﬁ’? sineej(”_l)’”/Z% [V/m],
H= —é%ﬂeﬂ/ﬂe sinee"(”‘l)"’/z% [A/m], w = 0.08 zsinfcosp + ¢
) F.(0,6.0) = S;;(&?IZS?LH;CCOZ%)’ /280 0)| = n S:I;(?O(?Iijsi;n;cco()s%)
35. @E=0 % cos ((:i/HZ‘;cosﬂ) e_:R (1 4+ 2cos (2mcosf) + 2 cos (4m cosh)) [V/m],
= (I) JIO cos((r/2) cost) e ™ (1 4+ 2cos (2mcosf) + 2 cos (4 cosh)) [A/m].

sind R

. ql2 [ cos((n/2) cosh)\ > 2 5
(b) P,y = iRe{E x H'} =R o 2;)?2 < oy ) [1 4 2cos (27 cosB) + 2 cos (4x cos)]” [W/m"].

inlo iR cos((x/2)cosh)
R

J
36. E= 0
@) sinf

[1 + 2cos(2zcosB) + 2cos(4rcosh)] [V/m],

Jlo o—iPR cos((/2) cos)
2 R sinf

2
(b) Puv = Rﬁ8’720 5—[siné(cos (zsinfsing) — cos (wsinfcosp))]* [W/m?].

2
37. P =R 217;)2;2 e ((sjlrr{f; cosf) (2+ cos (zsin@cos’p) — cos ((/2) sinOcos’p) — cos ((37/2) sin90082¢))2 [W/m?].

38. At 520 kHz: A, = 39,726.7 sin® 0, at 1.6 MHz: A, = 4,196.5 sin” 0.

33 P
39. (@) Peceivedimax = 3C2PI327°FR* [W]. (b) [peak = ————
(a) I 7 fR” [W]. (b) pear 8 Ran? 27”10[ .

40. (a) I = 4.969 x 107 A. (b) I = 1.633 x 107 A.
41. (a) 125.66. (b) 10 m>.
42. (a) 12.8 pA. (b) 32.44 pA (antennas are tilted 45° to the left of the normal).

H=¢p— [1 + 2cos(27 cosf) + 2cos(4x cosd)] [A/m],

43. 7,955 m.

44. o = 198.44 m>.
PyoG

45. P, =720 1wy,

47R*G,



Appendix: Summary of Vector Relations
and Physical Constants

Gradient, divergence, curl, and the Laplacian in various coordinates:

Cartesian coordinates:
ou ou ou
VU=X—+Y—~—+Z——,
Y T

0A, DA, 0A.
VA= 0x +5—y 0z’

. [oA. 0A,\  _[0A. 0A.\ . [0A, 0A,
VXA=X{Zr -5 | Y E‘E)“(W‘a_y)’

Cylindrical coordinates:
ou  .10U oU

VU=F =+ p-net+7 =
U=r ar+¢r8¢+z 3.

_1004) 104, oA,

v.A_r or ro0¢p 0z’
. [10A. 04, ~ [ 0A, O0A, 1[0(rAy) 0A,
VxXA=r oo o |t afm)“?( a9 )

02U 10U 10*U 0*U
2 _ ¥ I -y i
VU= or? +r or +r2 a¢2+ 022
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Spherical coordinates:

vU:ﬁg_gjLé%aa—gjtélﬁg—g,
VA= %a% (R*Ag) +I@%(Aesin9) +Rsingaa—/3;»
veask L <5<Agj“9> aa_) vol (—%—¢ a<§,‘34’>) +ég (%

The divergence theorem:

/V(v “A)dy = iA'ds

Stokes’s theorem:

/(VxA)’ds:ng'dl
K L
Some useful vector identities:
V x (VU) =0,
V- (VxA)=0,
VA=V (V-A) -V x(V xA),
V(UQ) =U(VQ) +0(VU),
V- (UA)=UV-A)+ (VU) A,
V:(AxB)=-A*(VxB)+(V xA)"B,
V x (UA) =U(V xA)+ (VU) x A,
V- VU = VU,

Some physical constants:

Charge of the electron (gq,)
Rest mass of the electron (m1,)
Speed of light in vacuum (c)
Permittivity of free space (&g)
Permeability of free space (1)
Planck’s constant (%)

Intrinsic impedance in free space (79)

—1.602129 x 107" C
9.1093897 x 10! kg
2.997992 x 108 m/s
8.854187 x 107 2F/m
4z x 1077 H/m
6.62620 x 10734 J-s
376.7304 Q

o
00

)
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A
Airless sprayer, 490491
alternator, 528
Ampere, Andre Marie, 86, 341, 383
Ampere’s force law, 485-488
Ampere’s law, 396, 400, 408, 417, 421, 422, 515, 617
ampere [A], unit of current, 341
experimental definition of, 488
amplitude modulation (AM), 641, 642
anechoic chamber, 713
angle of incidence, 666, 687, 688, 714
anodic reaction, 369
antenna, 935-992
aperture, 996
beamwidth, 951-952
dipole (see dipole antenna)
down cables, 741-742
gain, 954-955, 999
high gain, 994
horn, 937, 996
linear, of arbitrary length, 962-971, 999
loop, 960
monopole, 961, 962, 1000
parabolic, 712
patch, 996
properties of, 946-955, 1000
quasi-static solution, 942
radome, 711-712
receiving, 986-987, 1004
reflector, 996
resistance of, 947, 960, 988, 1003
antenna arrays, 973-985, 1004-1005
adaptive, 975
broadside, 978, 983
end-fire, 984
large baseline, 975
n-element, 982-985
phased, 974
two-element, 975-982
antenna radiation pattern, 949-952, 977
absolute field pattern, 949
in the E-plane, 950
of element antenna, 978
of receiving antenna, 987
H-plane, 950
main lobe, 982, 984
planar (rectangular), 949-951
power, 950, 982
relative (normalized) pattern
of arbitrarily long antenna, 1002
of electric dipole antenna, 959
of full wavelength antenna, 967

N. Ida, Engineering Electromagnetics, DOI 10.1007/978-3-319-07806-9,
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of half wavelength antenna, 965

of magnetic dipole antenna, 959

of quarter wavelength monopole antenna, 972
relative (normalized) field pattern, 949-951, 977

E-field of magnetic dipole, 959

electric dipole antenna, 949, 959

H-field of magnetic dipole, 959

of 1.5 A wavelength antenna, 965

of arbitrarily long antenna, 999

of full wavelength antenna, 967

of half wavelength antenna, 965

of magnetic dipole antenna, 959-961

of quarter wavelength dipole antenna, 967

of quarter wavelength monopole antenna, 971-973

side lobe, 982, 984
index, 984
three-dimensional, 951
array factor, normalized, 977, 983, 1000
attenuation
below cutoff, 912-915, 929
in lossy dielectrics, 633-636, 652
in rectangular waveguide, 910-912, 933
in the atmosphere, 659
in waveguide, 910-915
attenuation constant, 630, 634, 655, 671, 679, 729, 737,
739, 778
due to wall losses in waveguide, 910-912, 929
for evanescent waves, 875
in conductors, 636-637
in low-loss dielectrics, 633—634
low-loss, TE, 878
low-loss, TEM, 878
low-loss, TM, 878
TE propagation, 874, 875
azimuthal angle, 28, 977

B
B(H) curve (see magnetization curve)
BAC-CAB rule, 19
back emf, 520
bandwidth (in waveguide), 906
battery, 363, 373-374
beamwidth, 951, 999
Bell, Alexander Graham, 370
binomial expansion, 110, 165, 430, 634
Biot, Jean-Baptiste, 386
Biot—Savart law, 386-395, 406, 417421, 484, 939
boundary conditions, 233, 324-325
boundary value problems
analytic methods, 231-278
numerical methods, 289-337

1033



1034

Brewster’s angle, 701-703, 715, 721
parallel polarization, 701-702, 715
perpendicular polarization, 702-703, 715

C
Cable
coaxial, 742
television (CATYV), 742
capacitance, 186-203, 216
calculation of, 266
in CMOS devices, 310-311
of cables, 191-192
of electrode, 307-309
of infinite structures, 190-192
of overhead line, 266267
of the globe, 189—190
of two conducting strips, 310

per unit length, 191, 226, 266, 731-732, 741, 841

shunt, 728
capacitive
fuel gauge, 195-196
loading on transmission lines, 854-859, 864
capacitor(s), 186
charging, 213
high voltage, 190
in parallel, 192
in series, 192
multilayer, 196197
parallel plate, 188—189, 226, 300-301, 332
spherical, 226
two layer, 197
carrier frequency, 642
cathode ray tube, 126
cathodic protection, 369
cathodic reaction, 369
cavity resonator, 915-921, 928, 933
critically coupled, 924
detection of materials, 924
parallel plate, 934
characteristic impedance, 737, 740, 753, 766, 805
in parallel plate waveguide, 887
in transmission line, 737, 740-741, 805
charge, 96-98
bound, 170
distributions, 111-122
generation of, 128
induced, 167
induction of, 128
line distribution, 111
of electron, 96, 130, 1032
on electrode, 307-309
point, 96
surface distribution, 115-119
volume distribution, 119-122
charge density, 96-98, 217, 344
at surface of conductor, 167-168
in capacitor, 280
line, 96-97
nonuniform, 97, 98, 280, 291
surface, 97, 179, 577
time-dependent, 356
uniform, 97, 280
volume, 97, 173
charged layer, 147
charging

by friction, 128, 214
of conductors, 129
of nonconductors, 129
circulation, 47
of vector field, 48-49, 76-82
total, 82
clamping ampere meter, 540
coercive field intensity, 446, 495
communication
in fiber optic cables, 659
in seawater, 660, 661
in the atmosphere, 658
underwater, 660
with satellites, 636, 712
with spacecraft, 650
with submarines, 638—639
complex permittivity, 628
complex plane, 584
computer programs, 290
conductance
per unit length, 728, 732-735
shunt, 728
conduction
current density, 345-347
microphone, 370, 372
conductivity, 166, 345, 376-379
measurement of, 377
of insulators, 345
of metals, 373, 551
of semiconductors, 346
tables of, 346
conductor(s), 166—170, 222, 340-347
bimetal, 380
perfect, 166, 215, 368, 451
poor, 368
conservation of charge, 340, 355, 381,
566, 567, 937
constitutive relations, 572
for current density, 345-347, 574
for electric flux density, 570
for magnetic flux density, 385, 571
contact potential, 363
continuity equation, 355-359, 374, 571, 591
contour integral, closed, 47, 48
convergence of solution, 298
coordinates system, 2, 4, 23-40, 43
Cartesian, 4, 24-27
cylindrical, 27-32
orthogonal, 24
rectangular, 3
right-handed, 4, 24
spherical, 32-34
coordinates transformation
Cartesian to cylindrical, 28, 29, 63, 72
Cartesian to spherical, 34, 66, 72
cylindrical to Cartesian, 28
cylindrical to spherical, 34-38, 72
spherical to Cartesian, 32
spherical to cylindrical, 34
core memory, 457-458
corona, 127
cosine formula, 12-13
Coulomb
force, 385
gauge, 575, 576
torsional balance, 124
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Coulomb, Charles Augustine de, 96, 98
coulomb [C], unit of charge, 96, 99
Coulomb-Lorentz force equation, 480
Coulomb’s gauge, 575
Coulomb’s law, 95-137, 129, 207-208
coupled charge device (CCD), 334
coupling coefficient, 538
critical angle, 703, 705
critically coupled cavity, 924
cross product (see vector product)
Curie temperature, 447, 494, 497
curl, 76, 92
associative property, 80
definition of, 77
distributive property, 80
in Cartesian coordinates, 79
in cylindrical coordinates, 80
in spherical coordinates, 80
of a vector field, 76-82
of the electric field intensity, 141
current, 333
conduction, 339, 345-347, 374-376, 590
convection, 340-344, 374, 375
definition of, 355
induced, 523, 542, 544-545, 551
in photovoltaic tube, 343-344
sources of, 362-363
steady, 339, 356
surface, 3653, 451, 729
transformer, 540-541
transient, 358
current density, 339, 341, 374, 397
as a field, 360-364
at surface of perfect conductor, 452
conduction, 345-347
convection, 340-344
equivalent, 441
in a fuse, 349-351
surface, 365, 449452, 579, 593, 729
time-dependent, 356
current wave
backward propagating, 738, 752, 855
forward propagating, 737, 752, 855
cutoff frequency
in parallel plate waveguide, 884
in rectangular waveguide, 899, 906
lossless, TE, 878
TE propagation, 874
TEM, 878
TEM propagation in parallel plate waveguide, 894
TM propagation, 878
cutoff wavelength
in parallel plate waveguide, 884
TE propagation, 874
TM in rectangular waveguide, 899
cutoff wave number, 874, 917
in parallel plate waveguide, 885
TE propagation, 874
TM in rectangular waveguide, 899

D
Deep space network, 996
degenerate mode, 906, 908, 921
del (nabla) operator, 60

in Cartesian coordinates, 60

in cylindrical coordinates, 64
in spherical coordinates, 66
demagnetization, 446
demagnetizing field, 446
Descartes, Rene, 24
diamagnetic materials, 443444, 498
table of, 444
dielectric, 170, 173, 215, 340-347
coatings, 610-611
constant, 99
losses in waveguide, 910
lossy, 340-347, 368, 628-633
materials, 166, 170
perfect, 170, 368, 628
strength, 176-179, 215, 224
waveguide, 923
window, 711, 723
dielectric breakdown, 177-178
in air, 214
in microcircuits, 336
in printed circuits, 337
in semiconductors, 177-178
on power lines, 225
differential of length
in Cartesian coordinates, 24
in cylindrical coordinates, 28
in spherical coordinates, 32
differential of surface
in Cartesian coordinates, 24
in cylindrical coordinates, 28
in spherical coordinates, 32
differential of volume
in Cartesian coordinates, 24
in cylindrical coordinates, 28
in spherical coordinates, 32
dipole antenna, 937-946
full wavelength, 967
half wavelength, 965-966, 969, 978, 1002—-1003
Hertzian, 937, 943-944, 946, 949, 953, 961, 966,
989, 1001-1002
table of properties, 959
magnetic, 955-959, 1001
table of properties, 959
of arbitrary length, 962
short, 947-948
three halves wavelength, 967
directional derivative, 58, 59
directivity, 953-954, 989, 999
of arbitrarily long antenna, 964
of electric dipole antenna, 959
of half wavelength antenna, 966
of Hertzian dipole antenna, 953
of magnetic dipole antenna, 959
of quarter wavelength monopole antenna, 972
of receiving antenna, 990, 993
of transmitting antenna, 990, 993
Dirichlet boundary condition, 295, 324, 328
discontinuities in waveguides, 893-894
discretization, 321
dispersion, 641-645, 655, 662-663
anomalous, 643
in optical fibers, 924
in the atmosphere, 644
normal, 643
relation, 643
dispersive medium, 643
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displacement, 566, 599
current, 566, 568-569, 589-590
density, 566-568, 589-590
in a capacitor, 568-569, 592
divergence, 57, 67-73, 91
definition of, 68
in Cartesian coordinates, 69-71
in cylindrical coordinates, 7273
in spherical coordinates, 72—73
of a vector field, 67-73
of current density, 357, 567
of the electric field intensity, 140
of the magnetic flux density, 405
of the magnetic vector potential, 575

divergence theorem, 73-75, 92, 140, 172, 203, 356, 617

domain wall, 445

dominant mode, 906

dot convention, 537

dot product (see scalar product)
drift velocity, 345-347

E
Eddy currents, 542-563
levitation, 552
testing of materials, 549
Edison, Thomas Alva, 370
effective aperture, 987-992
of small loop antenna, 990-991
effective area, 988
effective length, 987
vector, 987
electric
charge, 96
field intensity, 103—105
field lines, 106—109
gun, 212
ignition, 178-179
motor, 493
electrical length, 738, 759
electrical welding, 370

electric dipole, 109-111, 165, 170, 431, 937-946

moment, 110, 170, 431, 938
electric energy
stored, 617, 618, 942
in cavity resonator, 922

electric energy density, stored, time-averaged, 626

electric field, 95-137
at surface of conductor, 167-170

due to line charge density, 113114, 134
due to surface charge density, 116-117, 135, 136, 147
due to volume charge density, 119, 136, 143, 150

inside conductor, 167

lines of, 106109, 360

normal component, 167

of point charges, 105-111, 132

of power lines, 145-147

superposition of, 105-106

tangential component, 164

time-dependent, 339, 516
electric field intensity, 103—-122, 130

calculation from potential, 160-162, 220

far field of antenna, 942-946
in capacitor, 168, 336
incident, 666, 669, 693

in coaxial line, 219, 281

in layered materials, 123-124
near field of antenna, 941-942
near field of loop antenna, 958
obtained from potential, 242
of antenna, 941

of arbitrarily long antenna, 962
of half wavelength dipole antenna, 965
of loop antenna, 957

of point charges, 104, 107
reflected, 666, 668, 677
time-dependent, 356
transmitted, 667, 668, 693
units of, 104

electric flux density, 122—-124, 130, 137, 143, 173-177

in layered materials, 123

units of, 122
electric length, 738
electric potential (see potential)
electric scalar potential, 232, 573
electric susceptibility, 174
electrocardiography (ECG), 372
electrokinetic momentum, 405
electromagnetic

field, 565-566

power density, 617-625

propulsion of ships and submarines, 550

radiation, 935-1009
exposure, 718
safety, 657, 935-936
shielding, 662
spectrum, 615-616, 935
wave equation, 600-610
wave propagation, 597-663
in free space, 607-615
in perfect dielectrics, 607-615
in water, 609-610
electrometer, 131

electromotive force, 363, 373, 475, 516, 551-552

induced in loop antenna, 990
motional, 519-524, 528, 554-555

transformer action, 516, 524-526, 528, 554-555

electron gun, 126
electron volt [e- V], unit of energy, 200
electrostatic
bed, 212
clamping, 212
cleaner, 125-126
deflection, 126
discharge (ESD), 177, 210
energy, 204, 213, 465
energy density, 204
energy stored in a capacitor, 200, 466
extrusion, 126—127
field, 95, 139-142, 216, 232, 515
field of antenna, 942
force, 102—-103, 125, 135, 385
gun, 125
headphones, 208
lens, 127
levitation, 133
pistol, 212
precipitator, 125, 276-278, 288
sandpaper production, 211-212
scrubber, 125
separator, 125
shield, 209
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speaker, 208-209
spinning, 126-127
spraying, 125
emf (see electromotive force)
energy, 465-475
density, 55, 227, 472473, 654
dissipated, 617
due to distributed charges, 201, 204-205
in a cloud, 202-203
in a gap, 488-491
in a system of point charges, 201-202, 205-206
in the electrostatic field, 197-209, 216, 228-229
relations in cavity resonator, 922
stored, 55, 320
in a capacitor, 200, 226
in an inductor, 466, 468, 553
in the magnetic field, 465475, 499
per unit length, 205, 226
equipotential surface, 240
error criterion, 299
evanescent wave, 875, 912
explicit method of solution, 295, 298

F
Farad [F], unit of capacitance, 99, 187
Faraday, Michael, 442, 515, 516
Faraday’s cage, 210
Faraday’s disk, 547
Faraday’s law, 515-563, 614
in differential form, 518
in integral form, 518
far field
of Hertzian dipole, 941-945
of magnetic dipole, 958-959
ferrimagnetic materials, 447
ferrites, 447, 495
ferromagnetic materials, 444447, 494, 498
table of, 444
field
conservative, 47, 85, 232
curl-free, 86
definition of, 21
divergence-free, 86
electrostatic, 197-209
irrotational, 86, 87, 360, 573
nonconservative, 47, 50, 85, 405
nonrestoring, 47
nonsolenoidal, 87
of force, 46, 384
restoring, 47
solenoidal, 87, 360, 405, 573
time-harmonic, 583
field point, 113, 386
finite difference
approximation, 291-294
backward difference formula, 292
central difference formula, 292
first-order derivatives, 292-293
forward difference formula, 292
grid, 295, 296
second-order derivatives, 292-294
finite difference method, 291-304, 330
for 1D Poisson’s equation, 300
for 2D Poisson’s equation, 294, 302-303
for 3D Laplace’s equation, 294, 295, 303-304

finite element, 317-320, 335-337
approximation, 317
compatibility condition, 317
mesh, 317, 321, 323
node, 317, 335
one-dimensional, 335
quadrilateral, 336
triangular, 317-318

finite element method, 316-331
calculation of electric field, 319
calculation of potential, 319
elemental matrix, 323
energy function, 321, 322

for Laplace’s equation, 321

for Poisson’s equation, 321
global matrix, 323
implementation, 320-330
minimization process, 321-323

flux, 52, 68, 409, 416
conservation of, 405
due to square loop, 411413
leakage, 479, 499, 537-538
lines, 401
linkage, 454, 466
through a loop, 402
through closed surface, 403

force, 98-99, 206-209, 510-512
between overhead transmission lines, 485486
centrifugal, 102
density, 482, 523
distribution, 46
due to point charges, 107
due to surface charge density, 118—-119
field, 46
gravitational, 130
in a magnetic circuit, 490491
in a uniform magnetic field, 492

in the electrostatic field, 102—-103, 106, 135, 206-209, 228

in the geomagnetic field, 484485
in the magnetic field, 480491
lines, 106
measurement of, 371
Foucault, Jean Bernard Leon, 542
Foucault currents, 542
Fourier, Baptist Joseph, 45
Fourier series, 271, 274
Franklin, Benjamin, 96, 231
Fraunhofer zone, 941
frequency
measurement in cavity resonator, 925
modulation (FM), 616, 641
Fresnel zone, 941
Friis transmission formula, 990, 994

G
Gain
of antenna, 954
of half wavelength antenna, 965
Galvani, Luigi Alosio, 153
Gauss, Johann Carl Friedrich, 139, 143
Gaussian elimination, 297, 325
Gaussian surface, 144, 159, 214, 732
Gauss—Seidel method, 297
Gauss’s law, 139-229, 731
superposition of solutions, 148, 217
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generator
AC, 525, 527, 531
acyclic (homopolar), 547, 559
DC, 519-524
linear, 522-523
geomagnetic (terrestrial) magnetic field, 384, 415,
494, 496
Gibbs, Josiah Willard, 1, 71
Gilbert, William, 428
Gradient, 57-67, 91, 163
definition of, 58
in Cartesian coordinates, 60
in cylindrical coordinates, 63—66
in spherical coordinates, 6667, 165
of electric potential, 240
of scalar field, 57-67
ground electrode, 379
group velocity, 641-642, 655, 662—-663
guided waves, 688, 880
guiding direction, 882

H
Hematite, 415, 427
Hamilton, William Rohan, 13
harmonic functions, 275
head-to-tail method, 7
Heaviside, Oliver, 1, 405, 566, 745
Helmholtz, Hermann Ludwig Ferdinand von, 87
Helmholtz equation, 605, 629, 873
for electric flux density, 856
for magnetic flux density, 856
for magnetic vector potential, 856
Helmholtz theorem, 85-88, 93-94, 360, 403, 405, 573
Henry, Joseph, 249, 442
henry [H], unit of inductance, 442, 454
Hertz, Heinrich Rudolph, 567, 602, 996
Hertz electric potential, 656
high-loss materials, 631
homogeneity, 177, 572
hysteresis curve (see magnetization curve)

I
Impedance
normalized, 794, 797
load, 809
on Smith chart, 797
impedance matching, 536, 793-831
/2 dielectric section, 708
/4 dielectric section, 708
conditions for, 821
conjugate, 754
double stub, 806, 811, 816
input, 756
in transmission lines, 755
network, 805
parallel stub, 807-809
quarter wavelength transformer, 821-825, 831
series stub, 809, 829
single stub, 806-811, 829
stub, 806
using the Smith chart, 805
implicit method of solution, 295
index of refraction, 182, 694, 924
induced
charge, 167
electromotive force (emf), 519, 527

inductance, 453—465, 498, 502-507

between wire and loop (mutual), 458

between wire and toroidal coil (mutual), 457458

external, 462-465, 499, 505

external per unit length, 464, 731

in multiple coils (mutual), 459-461

in multiple coils (self), 459-461

internal, 462-465, 499, 505

internal per unit length, 462, 731

mutual, 454, 460, 466, 498, 502, 536

of long solenoid (self), 461462

of toroidal coil (self), 456457

per unit length, 461-462, 731, 834

of coaxial cable, 462-463

self, 454, 466, 498, 502, 536

series, 729

series connection, 467, 469—470

total (per unit length), 464, 474475
induction, 515-563

heating, 544

of charge, 128

surface hardening, 544
inductive

zone, 941

loading on transmission line, 856-858, 864
inductor, 453-465
initial conditions on transmission lines, 859-862, 864
insulator, 166, 346

perfect, 628

interface conditions, 179-186, 225-226, 241, 364-368, 375,

448-453, 498, 577-583, 589, 592-594
between dielectric and conductor, 183, 185
between two dielectrics, 179-182
for current density, 364-368, 375, 394
for general electric field, 578-579, 582583
for general magnetic field, 579-583, 589
for static electric field, 179-186, 215, 364
for static magnetic field, 448-453, 498, 501,

582-583
for the electric field, 578-579
for the electric flux density, 180
for the electromagnetic field, 577-583, 589
for the polarization vector, 225-226
in layered dielectrics, 225
in poor conductors, 368
tables of, 183, 450, 577, 580

intrinsic impedance, 611, 614, 631, 653, 655, 667, 679, 873, 946

in free space, 611, 653
in good conductor, 636, 679
phase angle of, 636
ion
beam, 127
etching, 127
milling, 127
implantation, 127
lithography, 127
propulsion, 213
thruster, 213, 381
isotropic antenna (source), 651, 953
isotropy, 176, 572
iteration procedure, 299

J

Joule [J], unit of energy, 200

Joule’s law, 351-355, 370-372, 374, 379, 617, 622
in differential (point) form, 352
in integral form, 352

Index
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K magnetic
Kelvin, Lord, 239 bearing, 448
Kirchhoff’s brake, 545-547, 551
current law, 355-359 circuit, 475-480, 499, 507-510, 531
for magnetic circuits, 480 damper, 546
laws, 355-359, 365, 535, 735, 739 disks, 495
voltage law, 364, 465, 535 domain, 444
for magnetic circuits, 480 fluids, 448

force, 371, 385, 417, 480481, 483, 485, 490491, 554
density, 482, 523

L levitation, 554
Laplace, Pierre Simon, 233 moment, 955
Laplace operator (see Laplacian) monopole, 404
Laplace’s equation, 233, 268-278, 280, 414 needle, 494
2D, finite difference approximation, 292, 302 particle testing, 495-496
3D, finite difference approximation, 303 path, 476, 531, 538
direct integration of, 233, 280 pole, 404, 405, 425
in Cartesian coordinates, 268 properties of materials, 427, 434442
in cylindrical coordinates, 275 prospecting, 415
in three dimensions, 269 recording, 495, 498
solution to, 291 reluctance, 476, 479
Laplacian, 88 retarder, 546
2D, finite difference approximation, 293 saturation, 447
3D, finite difference approximation, 294 seals, 448
in Cartesian coordinates, 89 shielding, 496497
in cylindrical coordinates, 88 of MRI equipment, 496497
in spherical coordinates, 88 surveying, 415
vector, 89 susceptibility, 441
laser printer, 128 tapes, 448, 495
law of sines, 41 magnetic dipole, 429-432, 435, 500-501, 955-961
Lenz, Emil Khristianovich, 518 moment, 431, 432, 435, 436, 498
Lenz’s law, 518, 533, 545, 552-554 in atom, 432
L’Hospital rule, 983 of square loop, 432434
lightning, 177, 211 magnetic energy
on Jupiter, 212 stored, 465, 473474, 617, 618, 942
protection, 210, 398 in cavity resonator, 922
linearity, 176177, 572 in inductor, 466
line impedance, 755-758, 768, 779, 786 in magnetic field, 466
mismatch, 785, 865 magnetic energy density, stored, time-averaged,
input, 756, 821 626, 627
line integral, 46, 50 magnetic field
lodestone, 427 lines of, 385, 401
Lodge, Sir Oliver Joseph, 870 of distributed currents, 393
London relation, 651 of ground plane, 395
longitudinal component of overhead transmission line, 396
in cavity resonator, 921 static, 383-426
in parallel plate waveguide, 890 time-dependent, 515
TE in rectangular waveguide, 905 magnetic field intensity, 384-386
TM, in parallel plate waveguide, 891 due to infinite sheet, 398
TM in rectangular waveguide, 898 due to long, thick line, 397
loop integral (see line integral) due to loop, 389-391
Lorentz, Hendrik Antoon, 385 due to short wire, 388—389
Lorentz—Coulomb force, 385 due to thin wire, 396
Lorentz force, 385, 401, 587 far field of antenna, 942-943
force equation, 385, 481, 572 incident, 668, 693
Lorenz gauge (condition), 575, 591 in coaxial line, 423
losses in long solenoid, 400, 416, 423
in conductors, 542 in toroidal coil, 398-399
in dielectrics, 631, 633, 655 near field of antenna, 941-942
in rectangular waveguide, 910, 928, 932 near field of loop antenna, 958
loss tangent, 629 of antenna, 940

of arbitrarily long antenna, 962
of half wavelength antenna, 965
M of loop antenna, 956, 957
Magellan spacecraft, 995 reflected, 666, 668, 693
magnet (see permanent magnet) transmitted, 667, 668, 693
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magnetic flux, 401-403, 410, 418, 425, 450, 475
linkage, 518
time-dependent, 516
magnetic flux density, 384-386, 401403, 439-442, 450
due to conductors, 421
due to power lines, 421
in loop, 420, 544
of electromagnet, 384-386, 439-442
of long magnet, 438-439
magnetic materials, 427-500
hard, 447, 498
table of, 447
soft, 447, 498
table of, 447
magnetic permeability (see permeability)
magnetic resonance imaging (MRI), 416, 496497
magnetic scalar potential, 413—415, 425-426, 574, 576
of a magnet, 414415
magnetic susceptibility, 441
magnetic vector potential, 405410, 418, 471, 574-575, 591, 602, 938
due to short segment, 410411, 424
of loop, 424, 429
of loop antenna, 960-961
retarded, 939
magnetite, 415, 427, 496
magnetization, 434442, 444, 478, 494, 498, 500-501
surface current density, 437, 498
volume current density, 437, 498
magnetization curve, 445, 446, 495
initial, 445
magnetohydrodynamic (MHD)
channel, 551
generator, 551, 562-563
pump, 551
magnetometer, 415, 494
magnetomotive force, 475, 479
magneto-optic recording, 494
magnetostatic
energy in terms of fields, 470-475
field, 515
magnetostrictive
material, 651
material constant, 652
magnetotactic bacteria, 496
magnetron, 619, 711
maximum directivity, 953, 999
of electric dipole antenna, 959, 989
of half wavelength antenna, 965-966, 972, 989
of Hertzian dipole antenna, 954, 989
of magnetic dipole antenna, 959
of quarter wavelength monopole antenna, 972
material properties, 169
maximum effective aperture (area)
of half wavelength dipole, 989
of Hertzian dipole antenna, 989
of loop antenna, 990
Maxwell, James Clerk, 405, 725
Maxwell-Lorentz equations, 572
Maxwell’s equations, 565-589, 597
differential form, 567-570
integral form, 570-573
tables of, 572, 586, 587
time-dependent, source free form, 587, 604
time-harmonic form, 583-586, 594-595
time-harmonic, source free form, 587, 589
method of images, 233, 238-267, 279

Index

analogy, 239
calculation of capacitance, 266
charged line(s) over a plane, 249-251, 254
in curved geometries, 258-262, 285-286
in planar geometries, 239-258, 281-282
multiple planes and charges, 244-247, 255, 283-285
overhead transmission line, 239-242
point and line charges, 239-249
point charge inside conducting box, 257-258
point charge inside conducting hollow sphere,
262-264, 286
point charge outside conducting sphere, 261-262
underground cable, 264-266
method of moments, 304-316, 330, 334-335, 996
hand computation, 311-316
calculation of capacitance, 307, 310, 334
methods of solution
analytic, 231-288
for second-order PDEs, 233
numerical, 289-337
microstrip line, 782, 786
microwave
absorbing materials, 714
antennas for therapy, 997
applicators, 997
cooking, 683-684, 711, 714
freeze drying, 711
hyperthermia treatment, 997
mapping, 712
oven, 616, 619, 711
radiation exposure, 657-658
radiation of tumors, 997
reflector, 712
remote sensing, 712
testing of materials, 960-961
Millikan’s experiment, 134
mode
dominant, 894
index, 912
of propagation, 871, 885
separation (in waveguide), 906
TE, in parallel plane waveguide, 885
TM, in rectangular waveguide, 896-912
monopole antenna, 971-973, 1004
quarter wavelength, 972
motor
acyclic (homopolar), 547-548
effect, 520
linear, 523-524

N
Nabla operator, 60
near field, 941-942, 999
of Hertzian dipole, 941
of magnetic dipole, 958
neper, 630
Neumann boundary condition, 324, 328
newton [N], unit of force, 99
Newton’s third law, 100, 484
nondestructive testing, 369, 495, 542
eddy currents, 549-550
microwave method, 960-961
of materials (electrostatic), 211
null identities (see vector null identities)
numerical methods, 289-332
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(0}
Oersted, Hans Christian, 383, 417
Ohm, Georg Simon, 347
Ohm’s law, 340, 346-351, 732
optical
index of refraction, 182, 924
resonator, 924
waveguide, 705, 911, 923-925, 932
optical fiber, 704, 870, 924
connector, 670672
magnetometer, 651-652
multimode, graded index, 924
single-mode, 924

P
Parallelogram rule, 7
parallel polarization, 685, 715, 720
paramagnetic materials, 443, 498
table of, 444
permanent magnet, 383, 386, 404, 417, 427,
447, 478-479, 497
levitation, 554
permeability, 400, 442, 476
of free space, 386
relative, 442
tables of, 444
permittivity, 99, 130, 173-177
complex, 628
of free space, 99, 130, 1032
relative, 175, 215
table of, 175
units of, 99
perpendicular polarization, 685, 715, 720-721
phase constant, 630, 671, 679, 729, 737, 741, 778
guide, 912
in parallel plate waveguide, 885
in conductors, 634
in guide direction, 882
in low-loss dielectric, 634
in transverse direction, 882
lossless, TE, 873, 878
lossless, TEM, 878
lossless, TM, 878
low-loss, TE, 878
low-loss, TEM, 878
low-loss, TM, 878
TM, in parallel plate waveguide, 889-891
phased array, 974

phase velocity, 602, 608, 631, 653, 741-742, 834, 873

guide
in parallel plate waveguide, 885
TM in rectangular waveguide, 899

in conductor, 636

in free space, 609, 653

in guide direction, 882

in low-loss dielectrics, 634

in space, 939

in transverse direction, 882

TE propagation, 878

TEM propagation, 878

TM propagation, 878

phasors, 583-586, 589, 594-595, 607

exponential form, 584-585

polar form, 584-585

rectangular form, 584-585

photoconductor, 128

photon energy, 935

Pioneer 10, 565, 650, 996

Planck constant, 935

plane of incidence, 685, 714, 880, 889

plane wave, 606-607, 612, 633-634, 636-637, 656, 688, 873

in conductors, 636—-637
in low-loss dielectrics, 633—634
monochromatic, 641
uniform, 606-607, 653, 658
Pliny (Caius Plinius Secundus), 428
Poisson, Simeon Denis, 232
Poisson’s equation, 232, 278
direct integration of, 233-238, 279
for electrostatic field, 232
in Cartesian coordinates, 232
in cylindrical coordinates, 232
in spherical coordinates, 232
in three dimensions, 294
in two dimensions, 302
solution to, 300-304
two-dimensional, finite difference approximation,
294, 302
vector form, 407
polarization, 170-173, 215
circular, 645-650, 656
elliptical, 645-650, 656
linear, 646, 648, 656
losses, 629
of charges, 170, 171, 173, 224, 628
of plane waves, 645-650, 652, 655, 715
surface charge density, 172, 176
vector, 171, 174, 176, 215
in coaxial cable, 175-176
volume charge density, 172, 176
polarized materials, 170
polarizing angle, 702
position vector, 38—40, 4344
postulates, 139-142, 360, 403-405, 418, 515
for current density, 360-361
for electric and magnetic fields, 515
for the electrostatic field, 139-142, 214, 232
for the magnetostatic field, 403405, 418
potential (electric), 139-229, 240, 348
absolute, 153
difference, 153
distribution in coaxial line, 237-238, 281
drop method of nondestructive testing, 369

due to distributed charges, 157-163, 220-222, 332

due to point charges, 154-157, 220-222
in capacitor, 188, 197, 234-235, 281, 333, 336
in conducting box, 270-272
induced (see electromotive force)
in infinite channel, 333
in underground cable, 337
of a dipole, 164—165
potential energy, 48, 153, 198, 321, 489
potential function, 405-415, 573-576, 591-592
time-dependent, 573-576, 588
power, 351-355
dissipated in a fuse, 349-350
dissipated in lightning strike, 354-355
dissipation, 351-355, 379-381
flow, 618
flow into a conductor, 680
instantaneous, 620
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power (cont.)
lines, repair of, 210
loss, 910
on transmission line, 768-771, 781
reactive, 626
real, 626
received, 990
scattered, 993
time-averaged, 620, 625, 882
power density, 374, 617, 620, 626, 653
at receiving antenna, 987
dissipated, 352-353
electric, 617
in a fuse, 352-353
in cavity resonator, 922, 928
in far field of magnetic dipole antenna, 959
in parallel plate waveguide, 887
in semiconductors, 353-354
in sinusoidal fields, 625-633
instantaneous, 699
in the far field of antenna, 946
in waveguide, 906
magnetic, 617
of electric dipole antenna, 959
of half wavelength antenna, 965
of magnetic dipole antenna, 959
time-averaged, 620, 622625, 683, 887-891, 900, 922, 946,
949, 987
Poynting, John Henry, 618
Poynting theorem, 617-625, 653, 873, 881, 911
complex, 625-627
receiver case, 618, 626, 654
transmitter case, 619, 626, 654
Poynting vector, 617-625, 642-643, 653, 667, 749
complex, 625-627, 699
for transmitted wave, 680
instantaneous, 699
time-averaged, 620, 624, 643, 684, 881
for TE waves in parallel plate waveguide, 881
for TM waves in parallel plate waveguide, 891
of arbitrarily long antenna, 963
Priestley, Joseph, 98
propagation constant, 629, 634, 655, 667, 737, 778, 871
for general TE propagation, 873
in lossy medium, 636, 873
lossless, TE, 878
lossless, TEM, 878
lossless, TM, 878
low-loss, TE, 878
low-loss, TEM, 878
low-loss, TM, 878
TM, in parallel plate waveguide, 890
TM in rectangular waveguide, 898
propagation of plane waves
in conductors, 636-640, 660-662
in lossy dielectrics, 628633, 652, 658
in low-loss dielectrics, 633-636, 658
in water, 652
of narrow pulses on distortionless transmission
lines, 838-841
of narrow pulses on lossless transmission lines, 834—838, 865

Q

Quadrupole, 132

quality factor, 922-923, 928
quasi-static field equations, 587

Index

R
Radar, 616, 659, 992-996, 1009
absorbing materials, 713
a-static, 993
automobile, 997
autonomous landing, 997
bi-static, 993
collision avoidance, 997
Doppler, 995, 997
ground-penetrating, 995
look down, 995
sensing of the environment, 673-675
space-born, 995
synthetic aperture (SAR), 995
radar cross section, 993, 994
reduced, 995
radar equation, 994
radiated power, 946
of arbitrarily long antenna, 964
of electric dipole antenna, 916, 959
of half wavelength antenna, 965
of magnetic dipole antenna, 959-961
of quarter wavelength monopole antenna, 972
radiation, 935
ionizing, 936
non-ionizing, 936
quantum of, 935
radiation efficiency, 954-955, 999
of electric dipole antenna, 959
of magnetic dipole antenna, 959-961
radiation field, 942
radiation intensity, 953, 999
average, 953, 999
of electric dipole antenna, 959
of magnetic dipole antenna, 959-961
of electric dipole antenna, 959
of magnetic dipole antenna, 959-961
radiation pattern (see antenna radiation pattern)
radiation resistance, 947-948
of arbitrarily long antenna, 964
of electric dipole antenna, 959, 1003
of half wavelength antenna, 965
of half wavelength monopole antenna, 972
of magnetic dipole antenna, 959-961
of receiving antenna, 988
radio tagging of animals, 996, 997
radio telescope, 974, 996-997
radome, 665, 675, 709-712
rail launcher (rail gun), 548-549
Rayleigh, Lord, 125, 870
reciprocity, 986-987, 1007-1008
reciprocity theorem, 986
rectangular waveguide, 895-915, 931-933
reflection
angle, 665, 714
at air-conductor interface, normal incidence, 672-675, 718
at air-lossless dielectric interface, normal incidence, 675-676
at air-lossy dielectric interface, normal incidence, 672—675
at general dielectric interface, normal incidence, 666—-672, 717-718
by the ionosphere, 688—689
for lossless dielectric slab, normal incidence, 708, 722-723
for lossless dielectric slab backed by a conductor,
normal incidence, 710, 723
for lossy dielectric slab, normal incidence, 706, 722723
from discontinuities, 850-854, 867
in layered materials, normal incidence, 706-711, 715, 722-723
oblique incidence, 685-692
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oblique incidence on conducting interface
parallel polarization, 690-692, 715
perpendicular polarization, 685—690, 715
oblique incidence on dielectric interface
parallel polarization, 696—700, 715
perpendicular polarization, 692-695, 715
of plane waves, 665-723
reflection coefficient, 667, 668, 834
at conductor interface, 679
complex plane, 794
generalized, 755, 757, 759, 779, 794
load, 753-755, 757, 779
of dielectric slab, 707
parallel polarization, 697, 701
perpendicular polarization, 694, 697
phase angle of, 754, 798
polar form, 794
rectangular form, 794
reflection diagram, 844, 863
reflectometry, 680-681
frequency domain, 775
time domain, 840-841, 862, 864, 868
refraction
angle, 665, 692
of electric field intensity, 182
of magnetic field, 451
relaxation, 358-359
relaxation time, 359
reluctance, 531, 539
reluctivity, 476
remnant magnetic flux density, 446, 447, 495
remote sensing, 659, 712, 995-996
resistance, 345, 348, 372-373, 376-379
AC, in conductors, 639—640
contact, 379
ground, 379
in parallel, 350-351, 380-381
in series, 350-351, 380-381
normalized, 794
of fuse, 349-350
of layered conductors, 376
per unit length, 728-730

series, 728
surface, 729, 730, 922
resistive

microphone, 372-373
position sensor, 350-351
resistivity, 348, 476
resistor, 369
resonant
cavity (see cavity resonator)
frequencies, 919, 921
modes, 919, 921
resonant circuit
parallel, 772
series, 773
transmission line, 771-777, 781, 791
right-hand rule
for magnetic field, 385, 485
for normal to a surface, 26
for vector product, 14
Rowland, Henry A., 419

S
Saturation point, 445
Savart, Felix, 386

scalar
components, 3, 34, 59
electric potential, 153
static quantity, 2
triple product, 19
scalar field, 2, 21-22, 43, 64
graphing of, 22-23
time-dependent, 21
scalar potential, 294, 574
scalar product, 1, 10-13, 18-21, 41-42
commutative property, 11
distributive property, 11
scatterer, 993
scattering
cross section, 993, 994
of waves, 712-713
tropospheric, 712, 713
second-order operators, 88—89
Sensors
magnetic, 417
temperature, 373, 377
transmission lines, 792
separation of variables, 233, 268-279, 896
in 2D box, 270-272, 287
in 3D box, 272-274, 288
in Cartesian coordinates, 268-274
in cylindrical coordinates, 275-278, 288
shape function, 318
derivatives of, 318-319
shielded enclosure, 637-638
shielding
in electrostatic field, 209-210
of transmission, 652
structures, 652
Siemens, Werner von, 345
siemens [S], unit of conductance, 345
siemens/meter [S/m], unit of conductivity, 345
simple material, 177
SI units, 5
skin depth, 636, 638—640, 655, 660, 679,
683, 684, 913
slotline, 923
Smith chart, 793-831
admittance point, 797, 803
as admittance chart, 803
as impedance chart, 809
impedance point, 797
open circuit point, 796, 826
short circuit point, 797, 826
Snell’s law, 687, 703
solar wind, 340, 375
source point, 113, 386
speed of light, 567, 608, 609, 641
spot welding, 370, 371
standing wave, 670, 677, 715, 805, 883
complete, 678, 760
incomplete, 678
nodes of, 883
pattern, 678, 719

ratio (SWR), 678, 760, 779, 798, 799, 822, 828

steady current, 339-382
sources of, 362-363
steady-state solution
current on transmission lines, 842
voltage on transmission lines, 842
stealth aircraft, 713
steradian, 952
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Stokes, Sir George Gabriel, 83
Stokes’ theorem, 83-85, 92-93, 403, 409, 471, 517
stored energy, time-averaged, 626, 627, 643
strain gauge, 371
stream lines, 360
stripline, 893, 929
stud sensor, 235-237
superconducting
magnetic energy storage (SMES), 468469
materials, 443
power line, 747-748
power transmission, 651
superparamagnetic materials, 447
superposition of solutions, 148, 217-218, 271, 424
surface integral, 45, 50-54, 90
closed, 52-54
open, 54
switching power supply, 194, 213
system of coordinates (see coordinate systems)
system of equations, 297

T
Taylor series expansion, 69, 78
telephone circuit, 370
TE modes
in cavity resonator, 915-921, 928
in parallel plate waveguide, 880889, 929-931
in rectangular waveguide, 903-910, 931-933, 927
TEM waves, 611, 870-872, 926
in parallel plate waveguide, 894, 929-391
table of properties, 878
TE propagation
condition for, 874
in parallel plate waveguide, 880-889, 929-931, 926
TE waves, 872-873, 926
in cavity resonator, 916-919
table of properties, 878
Tesla, Nicola, 401
tesla [T], unit of magnetic flux density, 386
Thales of Miletus, 96, 427, 428
time constant, 358
TM modes
in cavity resonator, 916-919, 928
in rectangular waveguide, 896-903, 931-933, 927
TM propagation
in microstrip waveguide, 891-893
in parallel plate waveguide, 889-894, 929-931, 926
TM waves, 873-877, 926
in cavity resonator, 916-919
table of properties, 878
torque, 491494, 500, 512-513
on an electron, 493-494
on loop, 512
on magnetic dipole, 512-513
on square coil, 493
total differential, 58, 59
total reflection, 703-705, 714, 721-722
internal, 923
transformer, 494-495, 524-526, 534-541, 552, 554, 560-561, 821-822
air core, 534
current, 540-541, 560
high-frequency, 539-540
ideal, 534-536, 560
impedance matching, 534
losses, 534, 553, 560

Index

power, 534, 560
ratio, 535
real
finite permeability, 536537
finite permeability and flux leakage, 537-538
toroidal, 538-539
transformer action emf, 516, 524-526
transients on transmission lines, 833-868
due to triangular pulses, 848—-850
finite-length pulses, 847-850, 866-867
long pulses, 841-847, 866
with reactive loading, 854-859
transmission
angle, 665, 714
at air-conductor interface, normal incidence, 676-684, 718
at air-lossless dielectric interface, normal incidence, 675-676
at air-lossy dielectric interface, normal incidence, 672—675
at an interface, oblique incidence, 685—-692
at general dielectric interface, normal incidence, 666684,
717-718
for lossless dielectric slab, normal incidence, 708, 722-723
for lossy dielectric slab, normal incidence, 706, 722723
in layered materials, normal incidence, 706-711, 722
oblique incidence on conducting interface
parallel polarization, 690-692
perpendicular polarization, 685-690
oblique incidence on dielectric interface
parallel polarization, 696—700
perpendicular polarization, 692—695
of plane waves, 665-723
of power into solar cells, 717
transmission coefficient, 668, 835
at conductor interface, 679
of dielectric slab, 708
parallel polarization, 697, 701-702
perpendicular polarization, 694, 702-703
transmission line, 148—150, 397, 725-792
capacitively loaded, 854-856, 867
circuits, 793
coaxial, 728, 733, 781, 782
distortionless, 740, 744-746, 783, 838-841
equations, 735-740, 778
finite, 751-768, 785-786
general, 740, 779
high-voltage DC (HVDC), 860-862
inductively loaded, 856-859, 867
infinitely long, 740
initially charged, 859, 868
long, 742-744, 782-783
lossless, 740-742, 758, 765766, 779
resistively loaded, 766-768, 780
terminated, 758763
lossy, 742
low-loss, 742
low-resistance, 746748, 784
matched, 763, 780
method of oil recovery, 776
open, 765-766, 780
parallel plate, 728, 733, 750-751
parameters, 728-735, 778, 781-782
distributed, 728
lumped, 728
table of, 733
power relations, 768-771, 781, 790-791
properties, 799, 828, 862
resonant, 771-777, 781, 791
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sensors, 792

shorted, 764, 780

simulated, 777, 862

time-domain equations, 739

two-wire, 733-734
transverse component, 871

in cavity resonator, 918, 919

in parallel plate waveguide, 887, 890

TE in rectangular waveguide, 903

TE propagation, 873

TM, in parallel plate waveguide, 890

TM in rectangular waveguide, 901, 903
transverse electric wave (TE), 870, 873-877
transverse electromagnetic propagation (TEM), 728
transverse electromagnetic wave (TEM), 611,

870-873, 878

transverse magnetic (TM) wave, 870, 877-880, 890
twisted pair, 415416, 728
two-element array, 975-982

U

Uniqueness theorem, 234, 238

unit vector, 2—4
transformation of, 29

\%
Vector, 1, 40
addition, 1, 6-9, 40
algebra, 1-40
calculus, 1, 45-90
component, 2—4
direction of, 2—4
identities, 89-90, 93-94
Laplacian, 408
length of, 4, 31, 35
in Cartesian coordinates, 4
in cylindrical coordinates, 31
in spherical coordinates, 32-34
magnitude of, 2—4
null identities, 85-86
Poisson equation, 408
product, 1, 10-21, 41-42
quantity, 1
subtraction, 6-9, 40
triple product, 19
vector field, 1, 22-24, 43, 46, 600
circulation of, 76-81
classification of, 85-90
graphing of, 23-24
nonsolenoidal, 87
irrotational, 87
rotational, 87
rotational, 87
solenoidal
irrotational, 87
rotational, 87
static, 22
vector integral, 55
vector potential, 574-576
current, 576
electric, 576
vector product, 13-21
associative property, 14
commutative property, 14
cyclic property, 15

distributive property, 14

vector scaling, 1, 10, 41

associative property, 10
commutative property, 10
distributive property, 10

vector sum, 6-10, 40

associative property, 8
commutative property, 8
distributive property, 8, 10
of electric fields, 105

vector transformation

Cartesian to cylindrical, 30
Cartesian to spherical, 34
cylindrical to Cartesian, 30
cylindrical to spherical, 34
spherical to Cartesian, 32
spherical to cylindrical, 34

velocity, 51, 519

of energy transport, 608, 641-643
of free electrons, 347

phase (see phase velocity)

vector, 5

virtual displacement, 206, 488
virtual work, 206207, 488-489, 500
volt [V], unit of potential, 153
Volta, Alessandro Giuseppe Antonio

Anastasio, 153, 363

voltage (see also potential)

drop, 364
induced in receiving antenna, 988

voltage wave

backward-propagating, 738, 752, 856
forward-propagating, 737, 752, 834, 856

voltaic cell, 369

Volta pile, 363

volume integral, 45, 54-56, 90-91
Voyager 1, 212

‘Wall losses, 910, 928

watt [W], unit of power, 352
watt-hour meter, 548

wave, 597-600

backward-propagating, 607, 667, 752, 769, 835, 843,
871,918

in rectangular waveguide, 896-901

earthquake, 597, 598

elastic, 598

equation, 736, 778

forward-propagating, 600, 607, 706, 748, 752, 769, 835,

843, 871, 918

in rectangular waveguide, 896-901
left-circularly polarized, 648
left-elliptically polarized, 647
light, 598
linearly polarized, 648
monochromatic, 641
nonmonochromatic, 641
nonpropagating, 670
propagation in lossy dielectrics, 628—633
propagation in materials, 628—645
retarded, 939
right-circularly polarized, 648
right-elliptically polarized, 647, 649
sound, 598
transmitted, 667
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wave equation, 939
D’Alembert solution to, 599
electromagnetic, 602—-615
for current, 737, 778
for longitudinal component of H, 874
for voltage, 737, 778
homogeneous, 602
for A, 602
for H, 603
for V, 602
lossy, source-free, 628
nonhomogeneous, 602
for A, 602
for H, 603
for V, 602
scalar, 599
solution of, 606, 778
source-free, 602, 605, 656, 748
lossless, 605
time-dependent, 604, 656
time-harmonic, 602, 604-606
source-free
lossless (for B), 606
lossless (for H), 605
lossless (for V), 606
waveguide, 869-929
as high-pass .filter, 915
below cutoff, 915
cylindrical, 915
elliptical, 915

Index

integrated circuit, 891
parallel plate, 880-889
rectangular, 895-915
wave impedance, 602, 611, 631, 873
in conductor, 660
in parallel plate waveguide, 887
TE, in rectangular waveguide, 905
TEM propagation, 878
TE propagation, 877, 878, 888
TM in parallel plate waveguide, 891
TM in rectangular waveguide, 899
TM propagation, 877, 878
wavelength, 609, 631, 653, 738, 741
guide
in parallel plate waveguide, 885
TM in rectangular waveguide, 899
in low-loss dielectrics, 633-634
TEM propagation, 878
TE propagation, 875, 878
TM, in parallel plate waveguide, 890
TM propagation, 878
wavemeter, 925
wave number, 609, 653
free space, 609, 653
Weiss, Pierre, 444
work, 47, 152, 198, 206-207, 222, 228, 488-489

X
Xerography, 127-128
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