Engineering Electromagnetics
HMx17| =t

William H. Hayt &X, 25 2 34, McGraw Hill Korea
21 A; Schaum’s Outline Series ELECTROMAGNETICS

Chap 1. HE{sl| & (Vector Analysis)
27, A4 BAE deaA H

(A7 5 A7l ME )

1.1 2Za2le} HE
e~ ZFe}(scalar); dFvhe] A3k (real value)

A, &9, 2=, 79, A, dsh AR

A, a

«"¥E (vector); A7](+)%} W3k

1.2 HEH i
P Ak, ok

c% /141 A+ B
(H3gAH S

-

WA A—B = A+(—B)

W3 A (commutative law); A+B=B+A
AsHH 2 (associative law); A+ (B+C) =A+B)+C
vl 291 2] (distributive law); r(4+B) =rA+rB
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1.3 &Z} ZIEA|
(cartesian or rectangular coordinate system)
A7y HAFAL x, y, 2 Al NS HEFo] AR A7 Q2L R
(right—handed coordinate system)
13 1.2 (a)
A AL @ A 9NE 2,y R AR GO A
P(1,2,3), Q2,—2,1)

2% 1.2 o) /
<A 9n); P(1,2,3) y

— =1, y=2, z=3% HHE] wAd
ol A 2 o] Ael; Pt
— a b
A Pla, y 2)° 7 FEgho) “ X
242y m A Sk ol Plet+de, y+dy, z+dz)9

=

ztA; PP =dL = V(de)* + (dy)? + (dz)?
Ddx

1.4 MEAdE 2 G99y

« 2 -9 E] (component vector); r =z+y+z &
« M E (unit vector); Z7]7F 191 ¥HH

1 S E; S o R oY

=0 pl:
a, ay a, x =0 plane
=0pl
. . 4 Fs Origin
) Jj k %
z=0 plane
U, ’U,y u,

HE o HERAY; F=Fa, +Fa, +Fa,

)
BB A7) A =F=\/FE+F+F
.F ﬁoli_g_i‘/] TZ}-H ) E1 a’F —F/|F| (:/ ~P(1,2,3) Volume = dx dy dz

=
0@, /
P 4
¥

(b
(c)
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(oA 1.1) 95 0A A G2, -2, —1)2 Fal= FHH ag

G =2a,~2a,~a,

|G| =G+ G+ G =Vi+4+1 =3

= G :2az—2ay—az :za_za_ia
¢ | @l 3 37 3% 3%

AOPQEY-Hrp + Rpy =74

Ry =79 —Tp
= (2a, — 2a,+ a.)—(a, + 2a,, +3a,)
= a,—4a,~ 2a,
(ex 2) ry =—a,—3a,—4a,
rg— 2a,+2a,+2a,
(1, 3, 4)

(a) RAB :TB—'I'A =

(b) |7 4] = V(12 + (=32 +(—4)? =
©) ay=ry/|ry| =
) a5~ Ryp/ | Ryp|=

Ryp=rpT4 =

|Ryp|= VR>+R’+R® =

Ry

(e) Aoy :W =

RCA TaTTe T

re = a,13a,14a,

@ Ry
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1.5 HWEJ|
&dA 1.2)
125

S = [(z—1)a,+(y—2)a,+ (z+1)a,]

(z—1) —l—(y—2)2 +(z+1)

(@) §=7 at P(2,4,3) ) ag=7 at P(2,4,3) (o) |§] =1°] He =7

1.6 L™ (A Z2}&F, scalar product or dot product)

A9, A-B=|A||B|cosb,p
*u3HA; A-B=B- A
ANYH; A-B=(A,a,+A4a+Aa,) - (Ba,+Ba,+Ba,)

Yy Yy

=A,a, + (Ba,+Ba,+Ba,)

Yy
—!—Ayay (B a —i—Byay—i- Bzaz)
+Aa, - (Ba,+ Ba,+ Ba,)

=A,B,+A,B,+AD,

a0, = Ja,] o costr =111 =1

a, - a, = |a,||a,|cos90° =1x1x0 =0

(ex 3) A-A =|A||Alcos0° =|A]* or A*

B B
GBQ 93&
a a
B-a (B-a)a
(@) (b)

E Y (projection); Z¢ 1.4
(a) B9 a3l Ai, B-a = |B||a|COSQBa = |B|cos€Ba
(b) B9 aWeke] AEYE; (B-a)a
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1
(oA 1.2) G'Zyam—2.5xay+3az at Q4,5,2), ay= §(2aw+ay—2az)

@ A @
) QAN ay WFoZ GO 27 B
©) QANA ay WEFOZ GO WE JE

@ QNA G} ay AFole] 7

@) Gy, 5,2) = (ya,— 2.5xay+3az)Q(4’ 5.2)
= 5a,— 10a,+ 3a,
) QA Gel ay WFOoRE] A4
G-ay = (5a$— 10a,+ SaZ) . (2aw+ a,~ 2az)/3

=(10—10—6)/3
=2
© @NA G ay TFoz| FRUE;

2
(G- aN)aN =—2ay =— §(2ax+ a,— 2a,)
@ ZA2HE G-ay =|G) |a‘N|C050Ga
0., =— ¥
cost -, c] ‘GN‘

_ —2 -2
V5 +(—102+32 V134

-, —2
" 0, =cos '——— =99.9°

¢ V134
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(ex 4) A(2,5,—1), BB, —2,4), ((—2,3,1)
@) Ryp+ Ryp=(rg—ry) - (rg—ry)
= (a,— Ta,+ 5a,) « (—4a,— 2a,+ 2a,)
= —4+14+10
= 20
1) Rypot Ryp Aolel 7H(0,,0)

Ryp- Ry = |RAB| |RAO| costpc

cost = Ras Bac
PAC Ry p| | Ry
B 20
V1+49+25 /16 +4+4
B 20 22
V75 /24 V18 32
) -1 2 o
- Op4c =cos ﬁ =619

(c) RAB-O/] RAO] Tﬂii_ J_IE—oggl i7]

Ryp* ayc = |Ryp|costp,c =53 c0s61.9° =4.08

(@ Ryp°l Rycol et WMH T

—4da,— 2ay+ 2a,
v 24

=—3.33a,— 1.667a,+1.667a,

(Bap - asc)aye =408

(&4 1.3) A6, —1,2), B(—2,3, —4), C((—3,1,5)
(@) R,y
b) R,g
©) Opac

(d) Ryps Ryl (HE)F
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1.7 & (W E{&, vector product or cross product)
+49]; A<XB =(|AlIBlsind,z)ay — 19 1.5

«W3HA,; AxB =—(BxA) = BxA

ALY AXB =(A4,a,+ A a,+ A.a,) ¥ (B.a,+Ba,+ Ba,)

vy vy

= A.’L“B.’L‘ (az>< a’z) + A’I’ (] (a’a;>< a’y) + ATBZ (a’xx az)

+ AyBx (ay>< aw) + AyBy (ay>< ay) + AyBZ (ay>< az) y\_
+A.B, (az>< az) +A4.B, (az>< ay) +A.B. (az>< az) =
=0+4,Ba,+A4,B(—a) %) A
+A,B,(—a,)+0+A Ba, S 3/__% .
+A.B,a,+A.B/(—a,)+0
= (Asz —A.B, Ja,+(A B, —A,B. )ay—i— (AwBy —A,B, Ja,
AXB
a, a, a,
=|4,4,A4,
B, B, B,
o |ayxa,| =|a,||a,|sin0° =1x1x0 =0

«HYApAE ol WA, |AxB| =|A||Bl|sinb,p

(ex 5) A =2a,~3a,ta,, B =—-4a,—2a,+5a,
Cl,ﬂc ay az
AXB=1|92 —31
—4—-25

=[(=3)(5)=(=2)1)]a,
+[W)(=4)-2)5)]a,+ [2)(=2) = (=3)(=4)]a,
=—13a,— 14ay* 16a,

(ex 6) A2, —5,1), B(—3,2,4), €0,3,1)
(@) RpoX Rpy = (rg—rp) < (ry—rp)
= (3a,+ a,~ 3a,) < (5a,— Ta,— 3a,)

a, a,a
31
=|—3 5

—7-3

)

=—24a,— 6a,— 26a,
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1
(b) Area(AABC) = 5 | Rpo< Ry |

= S VPP 267
=17.94
() AABCO| =2 Q1 e
oy —+ 8" Fpa_
| Rpo< Ry |
—24a,— 6a,— 26a,
V(=247 +(—6)* +(—26)°
=+ (0.669a,+0.1672a,+0.724a,)

(Sgo7] 1.4) A6, —1,2), B(—2,3, —4), C(—3,1,5)
@) Ryp<Ryo
(b) AABC®] WA
(©) AABCO| F2]Q1 w91 HlE]
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1.8 A SEE(cylindrical coordinate system)

Aol BAL Ploy, ¢ 2,) x B
19 1.6 ()
*Ploy, by 2)0 AV p=py, 6=¢y, 2=z BUES] WAA
% 1.6 (@ ] .
1B BIME: a0 0y 0, < FA] AT T e S
28 1.6 ) ’
C 2EW EASE 02 AEA axa, =a, a /(M
SIS EPEEE A |
4 Plo, 6. 2)9) 7 Ak 3|
Zhzh v agnkE S7EE Aol Plpt+dp, ¢+dy, z+dz)d o AR
A A A dv =dp - pdd - dz = pdpdpdz
HA2(dS); pdpdp, pdpdz, dzdp ®
1% 1.6 (o)
ERTA > AuHEA] A1 1.7) il
T = pcose
y = psing

Az A — dFEAL b (2" 1.7)

qz5=tan71£
X
zZ=Zz
i/
A, QEHEA A G e e ey i
a, as a, )
a,* cosQ —sing 0
. J\\\\\
a, sin¢g cos@ 0 )
a, - 0 0 1
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(ex 7) ¥¥ A =A,0,+4a,+ A0S AEFHFAZ W0l
A = Aga+AtAa,
A, = A-a,= (4,0,+A0+40,)-a

p

= Aa, - a, Ayay ca,t Aa, - a,

= A,cosp+ A, sing
A, = A- a, = (A:Eaz—i-Ayay—i— Aa) - a
= A, - at+Aga, -a,tAa, - a,
= —A,sing+ A4 cos¢
A, = A-a, = Ua,+tAa+Aa,)-a,

= Aa,-atAa -a+Aa,-a,

= A

z

A = (A,cosp+ Aysin¢>)ap+ (—A,sinp+ Aycos¢)a¢+ A,

(ex 8) A(x=2, y=3, z=—1), Blp=4, ¢=—50° 2=2)
(a) WEr, o] =7
(b) WErzo] 7]
(c) WE R,z 7]

@ |l = V22 +32+1% = /14 =3.74

(b) Blz = pcosp, y= psing, z=z) = Bldcos(—50°), 4sin(—50°), 2)
= B(2.57, —3.064, 2)

colrgd = V25T +(—3.0642+20 = 4.47

© |Rypl =lrg—r,| =10.57a,—6.064a,+ 3a,]

= V0.572 + (— 6.064 ) + 3
=6.79
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(ex 9) Azt A — &334
(a) A=ba, at Plp=4, ¢=120°, z=2)
A,=4"-a, =5a,a, =5c0s¢ = 5cos120°
= 5cos (90° +30°)
= 5> (—sin30°)
=—2.5
A¢ =4- ay =5a, * a, =—>5sing =—>5sin120°
=—5sin (90°+30°)
=—5c0s30°
__5E
2
=—4.33
A =Aa+tAa+Aa,

= 2.5ap— 4.33a¢

(b)B =ba, at Qz=3, y=4, 2=—1)

Q=3 y=4, 2=—1) = Qlp= V2’ +¢?, ¢=tan’1%7 2)

.4
=Q(V3+4*, tan ', —1)

3
=Q(5, 53.1°, —1)
B, =B-a, =5a, * a, =5cos¢ = 5HcosH3.1°
=5X%0.6
=3
B, =B-a, =5a, - a5 = 5sing =—5sin53.1°

=—5%0.8
=—4
- B=Ba,+Ba,t Ba,
= Sap— day
Y Ygm AL HI PR - 11 -
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(c) O =4a,—2a,~4a, at Alx=2, y=3, z=5)
Alx=2, y=3, 2=5) =Alp=V2*+v*, ¢=tan~ ”
2 a2 13
=A(V2°+3°, tan 2 5)

= A(v/13, 56.31°, 5)

P

c =C- a, = (4az— 2a,~ 4az) ‘a,

=4a, - a,~2a,-a,—4a, - a

=4c0s56.31° —2sinH6.31°

=0.555
G, =C-ay = (4az—2ay— 4a,) - a,

=4qa,_ - ay— 2ay s ay— 4a, - ay

Z

=—45in56.31° — 2c0s56.31°

=—4.44

L C=Ca,+ Cayt Ca, = 0.555a,~ 4.44a,— 4a,

(A 1.3) B =vya,— ra,+z2a, — AE=F3A
Bp =B- a,= (Bxaz+ Byay—i- Bzaz) - a,
=ya, * a,—ra, - a,t 20, - a,
=Y Ccos¢p—rsing
= psingcose — pcosesing
=0

B, = B- a, = (Bxaz—i- Byay—i- Bzaz) " a,
=ya, * ay—xa, * a,tza, * a,
=—Ysing—x cos¢
=— psin’¢— pcos’e
=P

B = —paytza,
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(5-&4A 1.5)
@) H Clp=44, p=—115°, z2=2) — A4 37
Oz =—1.860, y=—23.99, z=2)
(b) D(x=—3.1, y=26, 2=—3)= JEHEAZE H3l
D(p=14.05, ¢$=140.0°, z=—23)
©) H X A Dol o2& A
8.36

(&&lAl 1.6)
(@) A P10, —8, 6)oA F =10a,—8a,+6a, > AEZ3E7
F =12.8la,+6a,
M HQlp, ¢ 2)NA @ =(2z+y)10a,— (y—4z)a, > AEFHEA

()
(©) P(5, 2, —1)ollX G =20a,~10a,+3a, — 224277
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1.9 7 ZIE H|(spherical coordinate system)
'xﬁ]g] —;:JZ—}\]; P(T‘l, 917 ¢1) (a)
'P(rp 917 ¢1)‘04 oul; r =T, 0 :01, o) :¢1?l HWHES wxkd

| ESANE q,, gy, a, — AR A T

=
oo

] Bt ES et - R
Aa Plr, 0, ¢)° 7+ F3pgke] 27 mlagdva
=718t "ol Pr+dr, 0+df, ¢p+dp)d o

a1 A A &

A2~ dv =dr - rsinfde - rdd =1*sinfdrdfde
A2~ ( dS); rsinfdrdd, 1*sin0dddeo, rsinfdrdd

N 6 = a constant
\\ (cone)
3 \ °
/ \ e P
/ \
/ \
/ \
/ ‘
i /
j 7
| e
| ’ >l B ¢ = a constant
| - ' . i
‘ R (plane)
r=a constant
(sphere)
@ @
N \\
N
N S
\ N
\ \\\\
\\\ \\\
\ 3\
\\
\ \\
\ Y
%) \ A
\ LS
b \ o\ dr
! poi e
P, a, \:\\] l' h rdo
A 2 \:\\L \
S r <
® Ja, NS rsin O do
SR oYL H T - 14 -
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A _ T
0 = cos 1? = COoS 1ﬁ (0° <60 <180°)
4y +z
¢=tan 1Y

€T
THEA - ARAEA ] W

x =rsinfcos¢

y=rsinfsing
z=1rcosf
A5, FHEA 7R aE e AR
a, a, a,
a, - sinfcos¢p cosfcosp —sing
a, * sinfsing costsing cos¢
a, - cost —sinf 0

(ex 10) A(x=2, y=3, 2=—1), Blr=4, §=25°, ¢=120°)
@ A4 — FHEA
(b) A B — A3 A
©) A%t B Atol ] A

@ =Vt = V2R3 (—1)? = V14 =374

0 = cos_lﬁ = cos_l—\/l_l4 =105.5°
_ 13
¢ =tan 1% = tan 15 =56.3°
. A(r=3.74, 6=105.5°, ¢="56.3°)
(b) x =rsinfcos¢ = 4sin25°cos120° =—0.845
y =rsinfsing =4sin25°sin120° =1.464
z =rcosf =4cos25° =3.63
. Blx=—0.845, y=1.464, z=23.63)
(c) Ryl =Irg—r,l =]—2.845a,—1.536a,+4.63a,|

= V(= 2.8457 + (— 1.536)> + 4.632 =5.64

2R 17 H P - 15 —
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(ex 11) AZ=tzAl — =32
(a) A =5a, at Blr=4, =25, ¢=120")
A, =A-a =5a, - a, =5sinfcosd
= 5s1n25°cos120°
=—1.057
Ay =A-ay =5a, - ay =5cosbcosp
= 500s25°c0s120°
=—2.27
A, =A-a, =5a, - a; =5(—sing)
=—5sin120°
=—4.33
s A =Aa+ Ayt Aa

=—1.057a,—2.27ay— 4.33a,

(b) B =5a, at A(x=2, y=3, 2=—1)
Alx=2, y=3, z=1)

— A(T: x2+y2+2’2, 9=C0571ﬁ7 ¢:tan1£)
V' +y +z €L

-1
22 +32+(—1)

N .3
— A(rz 22+32+(—1)%, 0=cos * , ¢=tan 12)

-1 .
—F— ¢=tan
V14 ¢ 2)

B =B-a, =5a, *a, =5sinfcos¢

T r

- A(T: 14, 6=cos '

. _ —1 13
=5sm(cos 1ﬁ)cos(tan 15) =2.67
B, =B-ay, =ba, * ay =5cosfcosp
—1

_ 13
:5cos(cos 1\/E)cos(tan 15) =—(.741

B, =B-a, =5a, * a; =5(—sing)

. _13
= 5s1n(tan 15)2— 4.16

-~ B = Ba,+ Byt Bya,= 2.67a,—0.741a,— 4.16a,
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(c) O =4a,—2a,~4a, at Plx=—2, y=—3, 2=4)
Plx=—2, y=—3, z=4) > Plr= , 0=, ¢= )
G =C-a, =(4a,—2a,+4a) - q,
=5a, * a,—2a, - a,t4a, - q,
= bsinfcos¢p— 2sinfsing +4cost
=—3.34
G =C- ay=(4a,— 2a,+ 4a,) - ay =
CZ/) =C- a, = (4az—2ay+4az) ca, =
v C=Ga+ Gagt Ca,

=—3.34a,12.27a,y+4.44a,

(oA 1.4) G= m—;az — TR

Tz Tz . rsinfcos¢ * rcost .
G =G-a. =—a,-a =—sinfcosp = : ¢ sinfcose
y Yy rsinfsing
2
i coS
=rsinfcosfd— ¢
sin¢g
xz xz rsinfcose « rcost
G =G-a, =—a_ -a, =—coslcos¢p = — cosbfcos
0 4 y ¢ y ¢ rsinfsing ¢
2
COS
= Tc0529.7¢
sing
Tz Tz ) rsinfcos¢ * rcost )
G, =G-a, =—a,a, =—I(—singp) = - - —sin
¢ ¢y Ty ( 2 rsinfsing ( ?)
= —rcosfcose
2 2
) COS coS
. G =rsinfcostd— ¢aT+rc0529 - qzsa(,—rcosecosqS%
sing sing
., COSOP cos®
=rcosfcosd|sind———a,+ cosd——a,—a
¢ sing " sing ¢ ¢

= rcosfcosg(sinfeota, + cosfeotday— ay)

SEIDyBR LAY H I R - 17 - &7}7/2} (Electromagnetics)



(&gdA 1.7) -3,
@ o -
(b) D<]
(c) c}
(&&A 1.8)
() 10a,

N
-
=5 ™

o »
>~_l

bo o
73

L

»
tu

Pz
(b) 10a, at Qp=
(c) 10a, at M(r=

HE R Y H PR

1), D(r=5, §=20°, ¢ =—"10°)

&
A — T=EA
-3, y=2, 2=4)

5, ¢=30° z=4)
4, §=110°, ¢=120°)
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