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A=A;a,+A;a, +A; a,
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Vector Algebra wigxd!
lgall by e Sy ]

A+*B=(A,a,+A,a,+A;a, )t (B,a,+B,a,+B,a,)
=(A, £B,)a, + (A, +B,)a, +(A. B, )a.
Lgikai' (S Joldly s sdly 1AV (il 58 .2
A+B+C)=(A+B)+C

k(A+B)=kA +kB, (kK +k)A=KA +kA
A+B=B+A
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A-B=AB +A,B,+A.B,

han 1in

Ll OLaS) O s Ogli 233 Ol aaasey pliiall 00201101 Jis
A.(B+C)=A.B+A.C A . kB=kA .B)

el S A e B il e aliad) ol ol plasly
Example 1.1 The dot product obeys the distributive and scalar multipi-
cation laws

A.B+C)=A.B+A.C A kB=k(A.B)

Using the properties of the dot product, prove property 3 from above.
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Ao B = (Al a, + A_‘- a). + AZ a. ) . (B! a, + B.\_ a"_ + B: a, )
=A.B.(a,~a)+A, B, (a,ea)+A,B, (a.+a,)
+AB (a;ra)+..... +A,B,(a,+a)
S a,--a,:O L::"i., (Z .’i Y ,’ix=1) S a,"a,'=] ‘J\yﬁi\ JS kf;
G Lot Wl o 3y de i#j

AeB=AB,+A, B, +A,B.

sk WS O el el A 4

A xB=(ABsin 0)a, ("B Al O A" ‘}b)

Ussas 05y 8, bl ey B g A oy (5 k! D313 o2 6 o
Blon a8 jxto ik s ooy o Lois B g A o 5Ll sl e
Hos 3, olonil ga o)l 1 5aom gl i mlandl Hdn e Ol3gas
543" o e Uyl lia (1.1 JS2) B olaw) A 8o Liiis ey
L3 mbol slail 3 B olawil § A 4 ) Right-Hand Rule " el 11
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Jaldl gl ale o ¥ alas¥l Ol O
AxB=-BXA

)—‘4—’
*1 b——w 63‘-—-1 Uil L s s gaall oLzl
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A X B=(Aa;+Aja; +Aa,) X (Ba,+Ba; + Ba,)
= (A,B,- ABya, + (A,B, - AB,)a, + (A.B, - A,B))a,

A el Slod sdomall 6 s pltiniad Gy b sy

a, sladl Hleid 1-1 JS&

\AXB 3 AeB 13l Bza,—a, g A=2a,+4a,—3a, OIS 15| 1.2 J

Example 1.2 Given A = 2a,+4a,-3a, and B=a,-a,, findA-B
and A x B.

e

AB=Q)(D+@) D+ (3)(0)=-2

- 11 -



a a az

x ¥
AXB=|2 4 -3 =-3a,—3a,- 6a,
1 -1 0
Coordinate Systems <l ¥ alad

o 535 Jls of Gkl Jls gy (A1 Jolaad) Joms endl Sy
s, Il odia 5 STy Sl (650 SN p Ul plaseasl b
et Jo e g1 Oy Wins Jod) 050y Jlazed! pe 53Linn !
0555 Olslggdt Plas Js Lol gho ¥ Sl PI pasias bshsdl Pl

gy SI Ot Y1 plasany Joul!

0 pP(r.0,¢)

i
|
;
X i ) x 83,5 (©

WM St alis B Ol ypdEl i pad 1-2 JS&

-12 -



D50 S0 o3 .G wlitas r.L-u Sk o hoy ey P ikl

g2sn 38 WS (1 6,0) &3S 35 (r 6.2) & SV dslshu Y1 B (0,3, 2)
islgh Y LSl el psiy 7 e )l s 1.2 S,
righsh W oL § Lk s Jaey ol S 5 STy &y Sl
i S OWlas Yt 3z jemay P dbid] e 4 gendt dlaadl Jios

7=o0b

syl () 9,5 (©

WL Gt P aaid Wil aslh awl 1-3 JSG

-13 -



OF o BLall o ISI Bl pay P iaid) i oo Y1 2hais 0 i8]l
ol Ll i a P LIl e 3y aiadl Lol 055
e aulin 0921 a ¢ apd Lo,y Golpha VI LS Ta Y
Loy S olstasg 8 .y sl 3 25 x 9o o el Xy (5 g2l
Pikid) g oV b o Jeol gl By 2 jgoea e el B 4l
L S oltas Y ol 8 s a7 pizel) 0SOST o2 0 590>
Vil gl Yl g

el LW ol G b o Loy Uil S 1,0 3 i
g W oda &5 SH Olsla= Y1 3 .13 ISt pubge ga WS dtolazs
NAERRES (I QROVUES JPCVEE S RN UES 371 71) | RCIFtUN | s
iai ga =@ i SIS Ggtaadl i g ool = 2 il gk Y
a3l &35 Blghansl plas g ol = 7 iz jgme e a5 4l (g gin

ihis § dablizey selaze L3 ghu W) OG- 3 odn o 520
ods g el = 9 g S el glus Y P OSe susw daid) odag

J—«o‘}f\«_lam .L_LFA..«‘)J ZJ\,’!J‘-’-LFB_)W SA Lo gp =0
P kil sao L@,'.LLQJ B o laze CL“‘Y‘ oda

- 14 -



ohad (B) S35 (©

WS Slota> P aaid Surgll Olganie oladl 1-4 JS&

plls Dl 6 P i Ladl e SN S gl ilgais (e 174 S
OLSs e dazay Y eald olawt Ly lgaualt odn 455,83 L1 Y
aas JS (2, 122l 5 YW OLstasY plad oo b lin P il
5305 ool 5 0945 4 wldl glam ) alaw e U3 ges O, 49
MRl

- 15 -



346 o Alam Y ol JS
axsse  mxa=s a,xag=a,

S,
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A=Aa +Apg+Aa, (59,—5)

UV TR CHURCIN 7 S I WY MY MRCH g | Of da> Yo o

pladh A3 g oYl b Jles 05 U oS3

il alawdly exadl dloladll welialf

Differential Volume, Surface, and Line Elements

£ Oair el Sy A Dlablites 4SU1 (5 Jrlowll oo i 36y,
835 s el s gl e ol s e = oS e Lo g g ]
(r+drg+dgc+d) sb (x+diy+dyz+d) P ki) olilasY)
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sy W e 00 Lot L 1-5 (S o s IS § dv Lol
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3, $oganll Jolidl bl

dS=(rd0)(rsin0dd)=r’sin 0 dod
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3L izl
%- mut uuu,ys b gl ¥
- (r.a 9) 3,5 «(r, 6, 2)

Solved Problems Aelxa Sl
1.1 4 ghove Bl
el ga b N, y2, 200 1 MO, 31, 21) o daadl € asall dr
it gl arein olonil 92 Loy

Solved Problem 1.1

Find the Vector C directed M(x,, y;, z1) to N(x, y2, 25). What is its magnitude
and directional unit vector?

JSAU B 5 A psgadl wnin LUSI N 9 M OS> | pasues :Jod!
.1-6

A =uxa +ya, +za,

B = xa, + )73, + z7a,

a3 ey

C=B-A=(x-x)a+(n-y)a,+(@-2)a;

055 € ,lie

=|C =y = x)? + (v - ) + (2 - 3,)

d_,i» 5..\7}” Ao
C_(np-xla +(y-ya, +(z-z)a;
c \/(xz ) (=) +(z-y)

ac=
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N(Xz.yz.zz)

Mx,,y1,2)

N g M J pagll Ggxda 1-6 S

1.2 4 gowa Ja
sl ghu Y OLa YU (5,2, 10) 5 (5,302 ,0) oy landl ax sl

Solved Problem 1.2

Find the distance between (5, 31/2, 0) and (5, n/2, 10) in cylindrical co-
ordinates.

(177 JSa ) B s A 5 S b gall il Yol a1 o0

(5,7/2,10)

PR | L1 |

el

(5,3%/2,0)

¢ ==2

X

Ll fw Alall dbw) 1-7 S5
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A =-5a, ¢ B=5a,+ 10a,
u,Ju.J| Oy i) Bl O_,SJ", B - A=10a, + 10a, S,
[B-A| = 10v2

1.3 d goe Yo
A iy (2,2, 1) die wuall draf A= (- Da,+ 2xa, OIS 13
.B=35a,-a, +2a, sl
Solved Problem 1.3

Given A = (y - l)a, + 2xa,, find the vector at (2, 2, 1) and its projection

on vector B = 5a, - a, + 2a,.
oSay . 1-8 IS s 98 S A =(2- Da, +2(2)a, = a, + 4a, : Jod!
ool 5 5ao gl aowin @ ms Gy b e OU aowtn o aowie ads 3low |
cgliad) ol ds-fy S amiall

AB
(b)) Proj. AonB=A.a =g

A |
]
6 |
- e e
B

—

Proj. Aon B
B o A ladus 1-8 JS&

B Je A hiw 095, S5 Jeo
. AeB  (1)(5)+(4)(=1)+(0)(2) I
Proj. A B=Aea, = = =
0) onto aB IBI \/25)2 +(_1)2 +(2)2 (30
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it e @SOS oyl il dlom Y Dy S S Ias Y1 p sl
B=nya=0 s ezl b (159 JS2) r=ry Jhi cias ) &3S

Solved Problem 1.4
Use the spherical coordinate system to find the area of the stripa <8< 8

on the spherical shell of radius r = r, (Figure 1-9). What results when
a=0and g=n?

-
v

Wg)S Dl Wl 1-9 S

[1-5 () JSadt Jlail] on dlual) JLolidl aaiadl @ Jod!
dS = risin6 d6 d¢
P

2r

B
A= erg sin0d0d¢=2m§ (cosa —cos f§)
0a

SISO dmls ag A =ARE 0SS B =Ty =0 Lows
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Static Electric Fields

 Jadll 108 o8
AN Jind) Sudy aglsS sof V1
otz ity o uSH asatt ¢
deadly Ailally Jadtt
Gdkatglly yua
daudi v
Wbt Sas v/

A Sl Bddy agleS 558

Coulomb Forces and Electric Field Intensity

Oljen #153ly Bgmtadl 5 inall plor W a2 o arliiad o5 p gl oS O g6
s e el Sany sl S e o Dodaadl 598l Chuary 3285
o S gl plasanly 0 gl

F= 0.0

~amed® "
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Ao S oL L8 iy of CUINMY) Wlamy Lo )l 435} .(C)
LY 095 gL 5T Pl sl L (F/m)

2 107°
£=£,=8854x10""=—— F/m
36x

LYl a6 e £ = gE O S adt e LS DAY

Uy Jraadl mar 3 5nd) OF ol il oSay el el 5 4t
WU gyla] e csls ) Y J-

csls L\b o r_,-‘_,s P93 U‘,gv yh’\u..m (") uJ‘ o,a-..a.“ Ll
wdleg 3_,! U‘,i: ul‘wub\_ﬂ l"‘"

Ik WS palsS 05l LS ale] Say leglaall oda oo
00 . _ 00

47t£0R-§, 2 4re, R; |

R, (1

1 =

Qr 0 b9}l v 98 @y (O AU Dl G O Je 5dll Fi o
O QJ! szc-b}‘” axza oa Ry =Ry ay 3 <0 t.f‘!

01 gigs Q= -300UC dimmsd doegts Q1= 20UC o 54l dasl 2.1 Ja
(2,0,00m Lo Q) ci}o‘g 0,1,2)m Ls

Example 2.1 Find the force on charge Q,, 20 puC, due to charge 0,,—300
HC, where Q, is at (0,1,2) m and Q, is at(2,0,0) m.

05 gz gall amze (21 JSa Jfs,leyl :Jedt
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Ry =(x—x)a, +(y~—y)a, +(zy-2,)a,
=(0-2)a, +(1-0)a, +(2-0)a, =-2a, +a, +2a,

Ry =y(-2)2 +12+22 =3

z4
F,
0,
0,1,2)
Ry
y
2,
(2,0,0)

0) o ool Wi 2-1 S5

3l OS5 (1) plasnaly

F o (0% 107°)(-300x107%)
! 470107 /1 367)(3)°
=4a,-2a,-4a, N

(-2a_+ a,+ 2a,)

Qs J) Ldae Q) OsS5 Sy Lalawly 6N ga 54all Hlude

L Gk Syl ey colimal) D 3o ket B 0l 3581 0
il e 1= 1 3 s O ke 35500 8801 05S5y ST
U‘\’UY| e_‘n.” kf. Q,, cen ng

00 . . 00 )

= Ay +...= —==a
1 7 a3 723 2 <kl
4rmegR;, 4reg Ry, dney 1o Ri

Al pardl Sy b o IV Daias Uy g0 il 187 13) o]
(e 02) gomisa sduaad o S Jlomadl 58 . palawt JalSy L)
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E= Q

ra, 2)
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Ja¥l Uadd s 0 Uk 2-2 JS&
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Ggoia Lhid Lo 55,8 plhy (0.3, m uie E usryi.2 Js
Jee W dais Je 0=05uC

Example 2.2 Find E at (0,3,4) m in Cartesian coordinates due to a point
charge Q = 0.5 uC at the origin.

D! oda u.O :J-’!J\
R=(0—0)ax+(3—0)a'\,+(4—0)az =33l\,+4at
R=+v3*+4% =5
3a, +4a,
ag ='—5—=O.6a),+0.831
A Il 5us OS5 (3) ru,-.;.«u.
0.5x107%

——————(0.6a,+0.8a,)
" 47(107 /367)52 ¢ :

.0.6a, + 0.8a, o\l [EI= 180 V/m Ol &> e
»,ié“uu,iwﬁ,du;,tﬂp iejg0 it 0485 Lodie
Loorerd) LU LG, o] die Jloes Ciniay Lioed eaie JS O

oLl Jloadl 05509 dQ = pdv Ll juaie O P (C/mY) Lozl
(2-4 JS2) P daid) s

pdv
_47t£OR2 ar
JoLSI b e ade Jgeandl Sy P oo M dad aie JSIY Jlowadl
v u&a:\“
'[47r£ R? @)
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(2-6 JS2) P i) wie Lolid!

__Pdt
_4m~:0R2 An
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Ll JS 3 E axsf (2-9 JS) x=21 e Oy g JS e

Example 2.3 Two infinite uniform sheets of charge, each with density
P, are located at x = 1 (Figure 2-9). Determine E in all regions.
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Electric Flux and Gauss’ Law
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Example 2.4 In the regionO<r<1m,D=(-2x10"%/ra_(C/m?) and

forr>1m,D=(~4x 107%/r?a_(C/m?), in spherical coordinates. Find

the charge density in both regions.
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Example 2.5 An electrostatic field is given by

E=(x/2+2y)a, +2xa, (V/m)

Find the work done in moving a point charge Q = —20 pC (a) from the
origin to (4,0,0) m, and () from (4,0,0) m to (4,2,0) m.
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Example 2.6 For the E field of Example 2.5, find the work done in mov-
ing the same charge from (4,2,0) back to (0,0,0) along a straight-line path.
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Example 2.7 A total charge of 40/3 nano coulomb is uniformly distrib-
uted in the form of a circular disk of radius 2 m. Find the potential due to
this charge at a point on the axis, 2 m from the disk.
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Example 2.8 In spherical coordinates, it was shown that for a charge Q
the potential is V = Q/4rme,r. Using the spherical gradient,
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Example 2.9 Find the current in the circular wire shown in Figure 2-20

if the current density is J = 15 (1-e~'9%") a_(A/m?). The radius of the
wire is 2 mm.
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Example 2.10 Find the capacitance of the parallel plates in Figure 2-25,

neglecting fringing (i.e., assume the field is uniformly distributed be-
tween the plates and the charge is uniformly distributed on the plates).
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tsb LeST D E e delase Ladl phu Wy J3lee N Lo g gim
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Al Ao
Example 2.11 A parallel plate capacitor with area 0.30 m? and separa-
tion 5.5 mm contains three dielectrics with interfaces normal to E and D,

as follows: £, =3.0,d, =1.0mm; £ ,=4.0,d,=2.0 mm; ¢,, = 6.0, d,
= 2.5 mm. Find the capacitance.
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Solved Problems dgixa Joluae
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(0,0,3)m Lie 100 4C LIl o 59l A i .2-28 JSa ) 5,Wa¥0
M Loy 9 x jpmall e 20 4C dash iy glss limd pyf ity 13

Solved Problem 2.1

Refer to Figure 2-28. Find the force on a 100 uC charge at (0,0,3) m if
four like charges of 20 uC are located on the x and y axes at 4 m.
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0,=055uC 3 (0,4,0)m Lie 0 =035uC J doai (0,0,5)m Lis E domgi
(229 S ki) 3.0,00m ke

Solved Problem 2.2

Find E at (0,0,5) m due to Q, =0.35 uC at (0,4,0) m and Q, = -0.55 uC
at (3.0,0) m (see Figure 2-29).
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Solved Problem 2.3

Find the electric field intensity E at (0,4,4) due to the uniformly charged
disk p_= const., r < a. 7 =0 (see Figure 2-30).
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Solved Problem 2.4

The volume in cylindrical coordinates between r =2 m and r =4 m con-
tains a uniform density p (C/m?®) (Figure 2-31). Use Gauss’ law to find D
in all regions.

p (C/m?)
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Qe =0=DQ2rrL)
=>D=0

2Sr$4m|.,'¢'3

Q... = mpL(r’ —4)= D(2nrL)
=,D=2£(r2 ~4)a, C/m®

r

r24mr:1.‘

Q.ne = mpL(16 —4) = D(27rL)

=:‘D=6—Pa,C/m2
r

2.5 4 gow Y
a 1 Jogadl i ciasi o (L dgb gl gk CitSad Gt
(2732 JS2) b ms\sdl Juasally

Solved Problem 2.5

Find the capacitance of a coaxial capacitor of length L, where the inner
conductor has radius a and the outer has radius b (Figure 2-32).
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Example 3.1 An infinitely long, straight current filament / along the z-
axis in cylindrical coordinates is shown in Figure 3-2. Find H.
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b4 ’ R
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Example 3.2 Use Ampere’s law to obtain H due to an infinitely long,
straight current filament /.
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Example 3.3 A long, straight conductor cross section with radius a has

a magnetic field strength H= (Ir/27a%)a R within the conductor (r < a) and
H=(/2nr)a , for r > a. Find the current density J in both regions.
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Example 3.4 Find the flux crossing the portion of the plane ¢ = n/4 de-
fined by 0.01 < r <0.05 m and 0 < z < 2 m (see Figure 3-5). A current fil-
ament of 2.50 A along the z-axis is in the a -direction.
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Example 3.5 Find the inductance per unit length of a coaxial conductor
such as that shown in Figure 3-8.
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Solved Problem 3.1

Find H in the center of a square loop of side L.
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Solved Problem 3.2

A thin cylindrical conductor of radius a, infinite in length, carries a cur-
rent /. Find H at all points using Ampere’s law.
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Solved Problem 3.3

H cosga, A/m

A radial field

_239x10°
r

H

cos¢a, A/m

exists in free space. Find the magnetic flux @ crossing the surface defined
by -n/4< ¢ <n/4,0<z<1 m. See Figure 3-16.
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Solved Problem 3.4

Find the inductance per unit length of the parallel cylindrical conductors
shown in Figure 3-11, where d = 25 feet and a = 0.803 inch.
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Solved Problem 3.5

Assume that the air-core toroid shown in Figure 3-9 has 700 turn, an in-.
ner radius of 1 cm, an outer radius of 2 cm, and height ¢ = 1.5 cm. Find
L using (a) the formula for square cross-section toroids; (b) the approxi-
mate formula for a general toroid, which assumes a uniform H at mean
radius (Figure 3-10).

.3-9 J.i.ﬁ A day e da.u >l (a) :J#d\

2 -7 2
L= N a -hn_ (47 x1077)(700)7(0.015) n2
2r n 2r

=1.02 mH
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2nr 27(0.015)
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L =0.98 mH
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Example 4.1 The circular loop conductor in Figure 4-2 lies in the z=0
plane. The loop has a radius of 0.10 m and a resistance R of 5 Q. Given
B =0.20 sin 10% a, (T), determine the current.
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Example 4.2 Show that i_= i, in the circuit of Figure 4-3.
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Example 4.3 Repeat Example 4.2, this time using circuit analysis.
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Example 4.4 Given that E, =2a_- 3a,+ 5a_V/m at the charge-free in-
terface of Figure 4-4, find D, and the angles 6, and 0,.

Jike e Jike S 4-4 JS&

ghedd Ollas y 5 x Oles ol «li = 2 phadl g lid! Al tJedt
L2508l D LS 0 Lol E LS 0 O Gom 3508 2 45,0l
E,=2a, -3a, +5a,
E,=2a,-3a,+Ea,

D, =¢y¢,|E, =4¢g4a, ~6€5a, +10gpa,
D, =gye,E, =Dy a, + D, a, +10gja.

D, = &y 61 b oo D gemell LS Wl e Jgandl (Sas

DZxaA\ + DE»\'a,\‘ + IOE()az = 28()£r2ax - 380£r?.a)' + €02 Elza:
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D, =2¢€,€,, = 10g, Dz). =-3g4£,, =—15¢y. E,.

Fb oF Vst Ule Jgmamdl Say Jolisd) o ao Ll )1

E ea_=|E |cos(90°-6,) = 5=+/385in6, = 6, = 54.2°
E,*a_ =|E,|cos(90°~8,)=>2 =17 5in6, = 6, = 29.0°

Ot 3ol e W1 455 S8 M ll ebliaad] Jlad) Ll L
2 5ladly 1 skl

et (o gl e §lin adaw 4-5 S5

o Bl gl phised 5o b e Wb | (Sey L3sasdl B LS 0 A5l
sl byhas OF e Ly n ya LS Jlidl pha oo 839 50 a3
8 pailend J...LLJUJ‘
§BedaS= [ B,edS,+ [ BedS+ [ B,eds,=0
end! curved side end?2
Jlid) s e BUisl aa iy o Uiy OF ity geld grae 3] O
G Ve jaall e i i) el i Ls OB Lagiy
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[ Bieds,+ [ B,eds,=0
end | end2
-B,, [ d5,+B,, [ ds,=0
end| end2
=>Bnl =B’.2 (12)

_,..& QJML..A U‘,&B ..J 4_0.)‘,«.-” A.S_,J‘ u‘.s.lf u.'

i) e

el 0P8 G b e oy i o e Llandl H (3 i
46 ISy el B! ki)l Lo e

[ 2
geidbe (0 dguadl dis §lie jlee 4-6 JSG
29459 gl Judaiaad) Ofy Jlid) sl e U5 g ¥ &l 24
$Hed > H, Al — H,,AL, = H A0~ H,, A0

Loie . i oaall Ly 53 gomal) i laal o S i3 U8 2ndily
and il n il T leead) O el ali,
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e O iee g G o gaasdl gy (447 JS28) K(A/mM) Ll
fh WS L Jeogdl 5l G L amy Gastad Jodaiall

jK-dS-»KAf
s

Sguall s HUD Ay e TH 47 Y5
s G Lo plasiaily el 06 3 b blslany
H\Al-H,Al=KAlorH,~H, =K

o Al Wl adl plasualy Joabf osni lin O ass K OF om
o\:-gd')“

(H,-H,)xa,, =K (13)
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- o 2 e u_!\ 1 odl e ($390all 5a gl 4o 98 2,17 G
0555 K = 0 (phdl o )l sl ¥ 1ia) palogn b odile ol
gdodl e b e el H 45

HI|=HIZ (]4)

3oy 2 aodl =3 Lo dlaw g x<0 5 ddowy 1 el 4.5 Jle
ols ‘.\! ‘U’J“J‘J“;u’ﬂ-}""‘ )\S_, ./.l,2=52i,...33._.>\a.44]3x>0_;

H, = 4.0a, +3.0a,-6.0a, (A/m)
By 3 Hy syl

Example 4.5 Region 1 is defined for x < 0 and has relative permeability
of u,; =3. Region 2 is defined for x > 0 and has relative permeability of
U,, = 5. Neither region is conducting. Given

H, =4.0a, +3.0a,-6.0a, (A/m)
find H, and B,.
248 08y 4S50 hiig.:_,n.ﬁxl,ff"x=0 .L:.G.:‘,..\:J‘Oi&.,_r ZJ’J‘
B=pH rl..\:‘c.-...l._, Oblen lagh
B, =12.0p4a, +9.0u5a, —18.0p5a, (T)

5 aiens 0555 B I iy gandly H J daadl S 3l O iloo gadl i ofgal
H, = H,,a, +3.0a, -6.0a, (A/m)
Bz = 12.0[103., + B2-ya’. - Bzza: (T)
A Dpgmall il
Hzx =L=2.4, Bz).=ﬂ,2ﬂ0H2\.=15.0
HraHy ’
By, = upakoHy, = =304,
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Maxwell’s Equations JiguSle Q¥ las
09y (=159 5l d9ms p0) ol Oglay GBLB Ol OYslan prasy
¥slnny B, ¥slandl odia aibliaally o4 S3 Joadd usl
05 OF Sand! oo o Lol S¥slaadl 0Ly 4-1 Joda i - JoguSTLe
Loogall ot dlaally ol LN Gl Jro Sl liss Slin
oy S A g Wy (P=0) Slimd dor gy ¥ o (0= 0 il 53l)

42 Jadam 8392 gl Hanall 35U Sl ¥olas O (I =0)

kil 5, gaall ol 5 gl
vxH=J, +2 fﬂ-dl=[(.lc+39)-ds Gl 0 958)
ar | s at
vxE= -8 fE-d|=j(-a—B)-ds (34 5 (11,6 056)
ot s ot

V-D=p §D-ds=fpdu (ol 05)
s v

V.-B=0 §B-ds=0 (Esl§ QUBT 35y poe)
S

Qalall Gypall JupaSle S¥alar 4-1 Jou>

A.LEJ‘ 5)}.&“ FAPLE]] 5_)3-‘“
JD oD
rne | foac((2)
o H-dl A das
VXE=—£B- §E'dl=j(—2)'ds
ot s ot
V:-D=0 fD-dS=O
s
V-B=0 fﬂ-dS=0
s

2 B8 A JuguSU S¥olas 4-2 Joux
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Solved Problems Welxe Ll

Jlmall 5t cilS =1 30 =5.05/m Y 52l 4.1 % plowe s
Yyl o sl Hs LS dayl LE=2505in 10 Vim _, ¢S3
a8 O gl eie g 55,1
Solved Problem 4.1 In a material for which=5.0 S/mand e, =1, the
electric field intensity is E =250 sin 10'°¢ V/m. Find the conduction cur-

rent and displacement current densities and the frequency at which they
will have equal magnitudes.

S gl Ll BLS ot
J, =0E=1250sin10'""r A/m?

) e i ¥ el oot OF i

D
D—§=—a-(eo2505m10'°r)=22.1cole'°t A/m?
_,i g = € JJ,'L‘J’G; (J(.=.]D O_’gJ t};
5.0 0
=m=565)(10 rad /s =89.9 GHz
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2=0 Sguadly 34 > 90 0.65 M Laluiis i>lws 4.2 1 glows s
O 15] puiaadl dgadl oyl il go dd Lt dns 9

Solved Problem 4.2 An area of 0.65 m? in the z = 0 piane is enclosed by
a filamentary conductor. Find the induced voltage given that

B=005cos10%| 222 | 1
2

4-8 JSz it : o

X

dop A B >l S35 B e 4-8 SIS

IS GbLU Ogl Gk o5 an puiieall dgd!

_d ; (a,+a,
v—-z_!(0.0Scole r( )ﬁ D-(dSa:)

_ d((0.05c0s10°1)(0.65)

dr V2

ol plasdl o 15 il o oW 5395 Cnaalll b el Jlowal!

O iy (yaildl 1 oSl ooy 055 OF oy dilaall s 5101
A8 S e g0 WS ol 3 05 OF 4 Y > Yo ¥l Ll

]: 23.0sin10% V

- 95 _



B, = 1.2a,+0.8a,+ 043, 4-9 |} Sy | o >dl 3 4.3 3 gows Pl
ey Jomall amis 5 Ulgsll domals (z=07 wie H 1) Hy assf

] o]

Solved Problem 4.3 In region / of Figure 4-9,B, = 1.2a_+0.8a _+0.4a,
T. Find H, (i.e., H at z=0") and the angles between the field vectors and
tangent to the interface.

@

“72=1

0
pppppzyiiildldzz

0| H,y =15
uslaill Jlovell gl dagyd do Whie 4-9 S5

u_'.‘.‘b B, K} Hz_! uLSJ.aJ\g...S“..‘.‘ .B, Dolas o H, Jl :J’d‘
o B e il H 5 b poctens 4;.)_9.4..” B ‘u...,..\;w\w.ﬂu c.........a

Sl n U o) ke

B, =1.2a, +0.8a, +04a, T
|

H, =—@8.0a, +533a, +2.67a)107 A/m
Hp

H2=l(8.0ax +533a, 10°p H, )10 A/m
Ho ! '

B, =B,,a, +B,,a, +0.4a, T

55k S LU ol O

Bzx =#0#IZH21 =8.0xl()_2 T
By, =pouH, =533x107 T

B,. 04
Hyy=—2_="" A/m
Holry  Hg
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.2, $3sandly By fyu Ll a0y o 90° - i o 6 D5l

cosa = B, ea, | 0.27

IB, |

6,=76.5° Jally .6,=15.5° 5 o =74.5° SU.

G x=0 gywadl ;Lo K=6.59, A/m _oedaw L5 4.4 & glows Pl
H, = 10a, A/m <58 B} x> 0 2 hugl 8 x<0 1 Lughl fuady
x=0" Le Hy .L?‘Qi

Solved Problem 4.4 A current sheet K = 6.5a, A/m at x = 0 separates re-

gion /, x < 0, where H, = 10a_ A/m and region 2, x > 0. Find H, at

x=0" ’

H, JS Of o I 6T leg ol dmlows o 508 Sdy o 10!

(Hao=02U8yBy=0 B8, =0) b i Y jud dolbodl ied dlas
O

(H, -H,;)xa,, =K

(IOa_‘. - HZ).a_‘.)x a,=6.5a,
(10-H,,)(-a,)=6.5a,
H, =165 A/m

.H,=16.5a, A/m 03}

E dorsl I Ly SH=H, " Pa, 015 3] 4.5 8 gos Dln

Solved Problem 4.5 Given H = H,, ¢/'“*#a_ in free space, find E.

.(J 297y pis u.i) J....ni Oyl r"b'“b ZJ’J\

D

VxH=—
ot
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d oor+ aD
—(H Jlas+fz) -9v
az( me )a ot
o

ot
C/m?

v

jﬂHm ef(“‘”’ﬂ:) a.\' =

D= ﬂHm ej(au+ﬂ:) a

1]

E=2 Py jwrep a, V/m
£ wey
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Electromagnetic Waves

‘Jadll a8

055,51 OLSIU>PU Jeladly Axgdi DY slae

Al byl o2 DY V

Sopeall lagdudd 39l bagyd v/

s (el U1 Laglaatt

Vb S ¢V
dnbliang 48U Ol gadl Hlzay gl ¥slaed Syl gl aadll 1in
o A OpSs e W1 s Ll olans OF o g0 J1 i g0 Ji
o2 s, Sgen A3 I BV p = 0 Ll BUS O o iy b gund it
J=0E B=pH D=€E Of cur ol g5l 51> g0y b 5l gall OF
A S Gl YU Jolodly dxatl S¥alae

Wave Equations and Solutions in Rectangular
Coordinates

e’ U"‘J” u_l; dazai H g EU_AJSQif)_bJ Kjg\_.]‘u'o‘g‘,é.“ &
zoai (471 Jgaz) b guSlo ¥slae
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VxH:(a'+jms)E nH

VxE=-jouH )
VeE=0 3)
VeB=0 4)

(2) 9 (1) 3 Gy isl

Vx(VxH)= (o + jwe)(VxE)
Vx(VXE)=—jau(VxH)

Zalo ) dipllazad) plais
Vx(VxF)=V(VeF)-V?F
3 4505 S Ollu=-Y4U F asuad) (Laplacian) Ol YUY e
V2F =(V2F,)a, +(VF)a, +(V’F)a,
i3 S a1 sy G

2 2 2
v 20,28 2
x y Z

(4) 5 (3) plasanly "z 35500t GLIY" 5 Ll W) Lipllazedly oy gadly
i gall dgaaaadl S¥slaadl o Juasi
V?H = jou(o + jwe)H = y*H

V2E = jwu(o + jwe)E = 7E

Y asdly il sl Ly e Hdedt ga y sl el
ok WS

y=a+jB
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(5)

3
"
~—
|a
<
]

a=w |[=—=
\/2

2
,B=w\/7€ H(a%) +1 (6)

S s day b o sal) Dl 55 @slasd)

1o

22 ut o’

Jisdg sfe—> F=glz+un) s F= flz-ut) 5390 Jo Jsl> I

o .‘._.._._.'.'J:.Hu,l.p—z 9+z o\,.a"ujuii;).., s Ol e Jred G Hlas-

& ki G gadl OF alby 1=y 5120 wie pu J3W o) 5-1 JSa
NIRRT o un e fdde s +2 ool

| F

t=20 |I=1,I

~ 7
/ ~
f(20) f(zy — winy)

2o / 2y

4

}¢ i T{

+7 oladl B Arge HULIH 5-1 JS&
f=Ce ¥ and g = D70
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® S35 235 Y Ldbly Olage Lo Jguasdl S0l
F=Ce/P? and F = Delt@!+#3)
Wslaa Jo Ul Aesdly o iiod) 5 5ol OB addby .= 0/ o
Jalonl o d{g i gl
F=Csin(wr-fz)

S day 4.:...0)‘5,4“0# d)l’u.’ d=nl2w 51=0 L 5-2 Js_.aw...a
d=um20)= w2 Blus +7 slasil b i gall
uL..AJlu,L;

2x

A=—r N
B

Wave Length &> gel) Jgb Gluall oda o gl

Ludle Arge HUIN 5-2 JS&

G o 223 Tmgall o

A==
f

N Leailin coar ol dgplin Jolo |y dganad] Do gadt ¥slan
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Lanl ad asly 20 glas] e daz ) & grs Ol gad J gl

Lo Drgo Dolas Jilay aoze 0955 €™ o3}l e slazedl 55 wiey
ke ol AW lIL WS Jaladl O4SGs Lasls ey OIS

H(z,t)=Hye* e’ a,

P A Jlnald dliadt Jgladlg
E(z,f)=Ege e/ a,

JEST I PRV PULH s a9 Oldalaiag Oldasse ap 9 ay 34> ol Lo
S5 s¥lall o] peos) salomadl sl 1) Bl UsS5 0dmy ., Leis Yl
H Of gty 1 (2) Jos—S'bo Uslas plasiailyy U3 ks x sl J E

2z ol b G gadl Hlasd sy 2y Hame olawl B 0

Aalike blagl 8 HLEDY
Propagation in Various Media
gaibasd] e desai oMol Lale Jguasd! (5 (B & gians o gad J plonl!
4 by . patlasd oda e daiay 7 LasY) eyl OY dasll 0 £

St 05 S Gl olos L 1 80 5 J20) 158" o 505 Jomos?
E J i al) Pslasd
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E= Eoe_"l,

(2) Dsbaadl o 03] 6™ Bt o sz ¥l plis| o5

o+ jwe
H=\[ ,] Ege ",
Jop

dygraad) Sl gald s dols a EIH il

L. o} Intrinsic Impedance 45131 dniland) U jai el H 3 E Ly
Gk o

E ' -
n=H—‘= ﬁ; =[nle’® (Q) (8)

E/Hy=-n OB —z ool § o do gadl il 13 otan 260= 0/we e
b Jlmall LI slaal s y= o+ B anliSy € ol Jalas bl
sz Jroge das

E(z.t)= Eje /@ M)

Ey _o: itor—pi-
H(z.t)=|—(ie az piwi-fe=by
- )

2 ol il WIS H G E e S0 dadll Cindy €% Jalaall
Wl 0 =0 (Jls I3

a=0, f=wue, n=\/§,9=0° €)]
055 Dlodlodn 3 H 3 E Olr gl paagi dr g ¥ 66 =001 Loy
Ol gall

E(z,0)= Ey e/ Pa,

Ey iwi-pe
H(z,1)= =2 /@ P
" )
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L3Py de-lad) 0585 ol LAl u=%=J—L_; o olesdl i

w=3x10° b lia £0=10"367Fm 5 to=47x 107 Him i 31 e
N=1202 5 /s

by o b 0 >> 0E O 5] ider o seS Bile ol gall Ciiiar
Tdloda g Ll daslendly Hlasdl ol O S5 ey Lleall

y=a+jp, a=ﬁ=,/%‘5 = o, n=\@445°

(oS Sl gadl Ve IS O psl Sl oo

f=100MHz 53, E(zf) = 1.0¢“¢"#a, V/m Yoo of o2 A 5.1 Jle
LaS 2> 0 b pgdgen .0 =58%10"S/m julonddl (1o Juogo ban Lis
cJrosadl 1 o sadl jlasl Lis peagdl sl 5.3 K e 9n

Example 5.1 Assume a field E(z,1) = 1.0e~97e/@~A3 V/m with fre-
quency f= 100 MHz at the surface of a copper conductor, 6 = 5.8 x 107
S/m, located at z > 0, as shown in Figure 5-3. Examine the attenuation as
the wave propagates into the conductor.

- 105 -



HLas ¥l olaw!

S S AT Aagaas Arge 5-3 S

0555 Jmadl dasd 7 Gos wis I ol
|E| = 1.0¢~** = 1.0¢ ™"

1
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Vafuo
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o0 € =37 % I jady 6.61 pmlid day Jlawedl Lad OF U3 e
o 067 % I} iaad) a5 2=33 um 5l 2258 wie islun ¥l dadl
Nino $a\s daad o Ulas L3ty dadlt

Sogeall bgduld 3guondl bag

Interface Conditions for Normal Incidence

ordliten ilie o Joob ()] 800 D ge Joas Loie
oSl a8 Sdouty Sje disy Wi pSas gl
Bdiie o ge sy 574 J S L paibial) cul g Gk e
Ol gall L(2<0) 1 Ghaiadl o 220 Jlad) o I Joas
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(U o e (s3500 slail 2z T gall OF 51) (50500 by

02, H2,€2

Uglue 390> e Argl Gapes lagdu 5-4 JS&
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E'(z)=Eje " e/a,
E'(z,t)= Eje"* e/™a,
E'(z,t)=Eje ™ e-"""'aJr
H'(z,t)= Hye " e/a,
H'(z.1)= Hj " ej""ay

H'(z,1)= Hye 7% e/,

byt ooy Ui ot 055 B I b il gl oo s oSay
S e 5T o s O3S By el 3, gen A1 25001

gl Ll Bl Olales O35S Hyg E Ol (65 genll byl aa
O ais U5y Lagilh (i3 o)) il by e ¢y o ki)
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Eg+Ej=Ej,, Hi-Hj=H}

A9 £ E/H, 3l Olrgeld L5111 dasleadd Lol O QU3 ] Gl

g _, E__, I
—_— = ) =_,7v _=’7
Hy " H; O Hp

LY ) CL-.-_;_-.-_,! oY oM | e ¥ laall r\..\;‘-.;:.a\.,

I‘E=£‘;-="2_n‘ I‘,,:H—‘?r=___'7'"7’2 (10)
Ey m+m Hy m+mn

'] t
=£?_=2L, Tﬂ=i?=i (11
Ey, m+m Hy m+n
Liglaadl oot le 3Ll Jolasy oSl Jolas Lea Ts 5 Ts eopm
.(9) 5 (8) Wslaadly B s 451

Te

s @9as his (1 Gahis) ;> lawy 3 H 9 E 5, do g0 5.2 Jo
ﬁ; o W .6;=3.0 Wy (O'z=0 2 d.]a..o) UJL‘ZO Jile o Ja\.ﬁ.a d:.a
Jeadt cla.. Lo H 3 E J LSaiadly dastldl ol gadl
Example 5.2 Traveling E and H waves in free space (region 1) are nor-
mally incident upon a planar interface with a perfect dielectric (region 2,

o, = 0) for which £ , = 3.0. Compare the magnitudes of the incident, re-
flected and transmitted E and H waves at the interface.

(11) 5 (10) o 3Ll Jolaay lSwA Jalno o b 8 ans ool 2 Jol!

m=mo=1202Q m=JE=10% 21770
£ VErZ
Lo MM _ga68 oMM _ 56
Ey, m+n Hy m+n
El 1
Lo 2 o732, Hoo Zm o6
Ey m+n Hy, m+n
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by ) ek B al o gadl Jsb ciaai b b ST ol el
S5 OF Say LSazadly daild) o gall pas lams
E(Z”)=[Eéej(w'"pz’+Eéej(“‘”p”]ax =ej""(E(") e-jﬂ: + E‘;ejﬂz )a,
s Ef/EN=—1 33 n,=0 Of eom
E(z.1)= e’ (E} e #* ~Ele #7)a =2 jE}sinfze/ a,
FIv | QP T P Y

E(z,0)= 2E('; sin fz sinwt a,

530000 05 T= 20 S TI8 diny b 2 Lish )l i gadl oy 5-5 S
Lsolsr=1(T8) Le (O JS u’ E=0 q_,§.. =0 Liie .s..\,l_,H
L\ dhais Of8 1 = 2ATB) die o] gouall Jo ai E el 41400
2 i) OF e 1Sy 2 el il e a i B asial)
2 S e dad ol o)l O OUSsy 6 povially
5yolocadl Lo gadl Cias lellad Of L M il i gadl dad Cino

Agany a0 180° Dol 0455

D 0l LY gl
Oblique Incidence and Snell’s Laws
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X2 (S yimadl 4n 5-6 | Sy byi ) g siann . Julad da.« S5 254l
bgidl gy Lo Cayl o 3301y LSazad) T gadl Lzl ol
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(12)

SN i 05

sing; _ |16
sin @, HE (13)
-£=2.1 teflon Oglidi ssla JI olgn 30 30° L lj Lads d> g0 5.3 Jle
Lo bed! . laguany i)l Jlaciad wie Gglladl Sy 3L G gl5 s
Mo e Ja..@ Jﬁ

Example 5.3 A wave is incident at an angle of 30° from air to tefton, €,
=2.1. Calculate the angle of transmission and repeat with an interchange
of the regions. The permeability of both regions is u,,.

(13) JLSW Joiew 06 plasuanly :Jd

Sinei:.M: 8#:,/21 or 8 =20.18°
. 4 .

sinf, siné, £,

slodl ) Oglidl

sinf, S _ e Lo g =4643°
sing, sing, g, V21

Ll e Sl 0p S lasiey doloadl i lag) el OF o0
St Ll 6 35 Ltze 6,5 6, O puy (81> &) L g S Y
S bgi ol Lo ol GglH o die .6,=90° OS5 Wakie bgin ol
el e e e s LI o) ) gl 306 r Yo

s WS s Critical Angle &> >t 451 )1

6, =sin™' |2 (14)

€,
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Example 5.4 What is the critical angle for a wave propagating from teflon
into free space?

(14) plasunly '

. =sin™ L 3640

V2.1
S byl (5 gial Qly sl 3 E olS 3] Pl beadl dl-
.L&ud\bjdlux;ruuxubagqjosg
b S pobasy e o Brewster Angle s 495

65 =tan™' £ (15
P

rl
U g P gl e i rge g dly b 5.5 Jle
€€,=5.0

Example 5.5 What is the Brewster angle for a wave traveling from air
into glass for which e_=5.0?

(15) ru,'a.,u :J;.J\

6, =tan"' /50 =6591°

AP Lt il v
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Solved Problems Wolxe bibuwe
H(z ) 4l E=10°sin(ar - Boya, Vim 231 g1, 3 5.1 4 ghovs Wl

Solved Problem 5.1 In free space, E = 103sin(wr —- ﬂz)ay V/m. Obtain
H(z,1).
ExH O oo 4z gn jlis¥l oot OF a @ — Bz Gl aseiy 1 ol
cley —a, olowil 5 00 OF & Y H OP 4z oot 00 0f 0 ¥
k)

E, 10° .
_’; =1,=1207Q or Hx=—l20”sm(wl—ﬁz) A/m

x

3

1207

sin(wf - fz)a, A/m

U o gadl e g ¥ LYl cobiy 7 L1 daileadl sl 5.2 8 glowe Als
S=100MHz 333lg 1, =1 «0=58x 10" S/m & Juo s Lauu gl

Solved Problem 5.2 Calculate the intrinsic impedance 7, the propagation
constant y and the wave velocity u for a conducting medium in which
0=5.8x107 S/m, = 1 and the frequency is f= 100 MHz.

der Jeogad 1ot
n= fﬂ445°=3.69x10‘-‘445° Q
o
¥ = Jouo £45° =2.14x10° £45° m™

a=p=151x10° s=L=661 um, u=wd=4.15x10° m/s
a

(z < O)J_e—t—'\)_iuj+z obail 85,0000 Z._.\,:..AZ.?‘,ASJZJJbuEJL.A
pr=1.0=617x10"S/m o g1 (2>0) Juogs o L2gns Lius
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Jid) o Lo 1.0 V/m g 18Y 8 E dagd f=1.5 MHz 5541 O\ I3]0
= ke A G E

E(0,r)=1.0sin2zfta, V/m
2>0 JH @z .L?-ji

Example §.3 A wave is incident at an angle of 30° from air to teflon, €
= 2.1. Calculate the angle of transmission and repeat with an interchange
of the regions. The permeability of both regions is u,,.

E(0,1)=1.0sin2xfra, V/m
find H(z,t) for z > 0.

S o)l dially 250 I ot

E(z,1)=10e"% /" #a  v/m

Jeosadl s (E 3 Lol sl s o5 e

a=p=Jmuo =n(1.5x10°)4r x107)(61.7x10%) = 1.91x 10*
n= /%445°=4.38x|0“‘ et Q
g

‘E_\/(-H\') =7 Ui LN ‘P-"..

H(z,1)=-2.28x10% ¢ % /@H1-Pzrlt)y Ay

Lol + 52t dsly of
H(z,1)=~2.28x10%e™**sin(2nft - fzr— 7 /4)a, A/m

chae ds H 5 E 3 3Ly oSl Lad ol 5.4 4 glons Bl
I bl 5 E=1.5x100 OIS 5] 5-7 Sy eedl ol
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(($3 908
Solved Problem 5.4 Determine the amplitudes of the reflected and trans-
mitted E and H at the interface shown in Figure 5-7 if E{ = 1.5x 1073 in

region / in whiche, =8.5, 4, = 1 and o, = 0. Region 2 is free space. As-
sume normal incidence.

€100 A €, 19
A
E\p 4 | E
L '
o
P e 117
Y,
A K
2
A
Z

Ayplue dxgl agac bogdu 5-7 S5

Sl J.n\.cu‘g d"\s""\“ J,abu Dy :J’l.,‘

m=1E2-129Q  p,=120nQ=377Q
€0€,

E=2"Mpi _7135%10~V/m

n+ 1,
2 .
Ey=—"" Ei_224x10°V/m
N2+ 1,

. Ef
H0=n—°—116x10 A/m
1

Hy=2"Tpi _ _569%10°A/m
nm+n
2 .

Hy=—"T" Hi-591x10"*A/m
n+n,
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geabad! laddl

Jaill lagla>

Transmission Lines

T Jaddl 108 8
JAi laglad Ziledg dejpdl pualiall ¢
IR VER i
Syau Uay> Jains ¥/
Wil Aasde bagladdl le §plaltl Olzgtl
Woloes s vV

P R W g PESIPCE WA AET PP RCI W DEFEN [R EE s |
S obess Bb of g Liae BU Jlast Ly = ' PO W) VY
by o doge s i gSadl il bylasd G301 Juloud) (Jle L
Jetes o b e plladl N B9 oSes 5 aay (Y nadl L i pluasas
o madd 5,5 Lal oyl 5 ggadl plasaly dsjge poliny Jidl blas-
Lol ol OF (2 et Joadl) lin Pl g o b liaally 4801

sl Jgb s
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Jail lagla> ziledg ds)gll paliall

Distributed Parameters and Transmission Line

Models
<Inductance Lilmall & Lsell Jgbll 649} dejgadl 5l juall oliall
Conductance dolgally ¢ Juogadl Resistance 4agliall (Capacitance i}
il Sl e a ez uolial) oda O Dol dinay J3W) o gl
sandall Oy 3 33,3 e deses ) Gan by slgedl jatlass
JSl e slaze ¥l i Jates (SKans kil JSl Lo sleze ¥l U1
.Geometrical Factor “GF” Szl Jalesy
[U5Ll L3yl =g ] C=nedGF) F/m ‘icaud!
[U5\al) dos 581 =0, ] G=§ad S/m tides! gl
d

() Lol Jalas

L, =t4GR) Him e I3l e

{(10 KHz J) 9 o> Jaazud) DC pezemadt jlalt da glia

1
Ry =——(GFgpc) Q/m (g, = |osall idnsdl]

o.n

(10 KHz J1 > o0 2SY Josznd) AC jmicalt jlall s gl

I 2
R, =——(GFgac) Q/m |§=——===skindepth

:(QJ"\.U\)&:J\ Jolas

_{Rm./2nf H/m for f>10kHz

4y/4r H/m for f<10kHz
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kel olihad) Waned L=L, + L =L, (S Eodl fulaa

tsh WS on Dy mall @YW i) bghsd (S folas
Josall dlals b 2 sdls @ st Lall Cia) (8 g IS
:(f L}")\,‘”

GFo = —2—, GF, <]
In(b/ a) GF,

1 1

11
GFppe = — + ———, GFpyae=—+— for t>>6
RDC ™ 42 " (b +1) RAC™ 4

Hd e Bl ca il Cings) 5l gze &.Sl.ajﬁd.ﬁi.h"

GF. =L. GF_ =cosh_li=1n£ for d>>a
GF_ 2a a
2 2
GFrpc =—» GFrac =—
a a

(d om0l o BLlly 1 Sl 0 2 gl J20) il g2 o

GF. =2, GF, = 1
nd GF.
GFrpc = 2=, GFenc =% for 1>>6
wt w

Ll e agdl by ldly gt phascanly asdl Julond o3 gaddf pramey
Gk of ek b e Gehid] Wi Ax Wb i 2

Av(x,t) = (RAX)i(x, 1) + (LAx)ﬁ(aj'—t)
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Rax

LAy

Garx

RAx LAx

[ X3

Cax GAx

|

JO ladd 5018 Ziges 6-1 JS&
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ov(x,1) =R,.(x_’)+Lai(x,;) "
ox ot

Sk oF b s pin o daidl e Ll Jredly

Ai(x, 1) = (GAx)v(x, 1) + (CAx) ZA%E) av(a: :)
Ax — 0 isi Jny oJa.«u FRUD)

di(x,t)
ox

oSas ) 5 (1) Dstaadl s . Jad las SYslas a (2) 3 (1) Dobaal)
LW oyl OYslae 0 ds ganeo C\.::.’.:.«l

av(x,t)
2
3 2

= Gv(x,t)+ C

o f(x,1)
or®

3f(x )

+LC 3)

3f 9ISED _ RG f(x.1)+(RC+LG)
ox

Lt Jlgadt e (3) Istaadt O vnd) sl D) L) = finn com
ot 3 Dl (R=G=0) didl mue J&5 hasdd L gl Dolaod) Ja
S5 5 Jead B Ll G ) e el Dol | Lo L go Dol
S35 bty gl g Ly Jadl bghs OF Uipeus G jme 0555 U3
aityn) sl e Dl pie bLE L s of w5 of Say
oliadl § Sl i badie Sidoy
JYx IV gpgrer QNVE YRP Nt vi]

Sinusoidal Steady State Excitation
»,;.-:.J)u_..,.t.;uzli,bsm 6-1 IS (el )i L L i e
P9 s e i lagd Uy Ay gt s (@ 015

v(x,H)=Re[V(x)e™),  i(x,r)=Re[l(x)e ]
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e iS5 b (s 48 0 U dole ddnay 0585 Vi) 5 100 Ligb Y1 Ln
Jae (x o Sl 5 Lis-| C°) Lubadl) 5 guall

v=lV|<a. I=|ilze

el s Sy il gmadly Sl gkl e Ll 6
oy DLl 5 g Jdas Losais §piinadl 0] o Jad) Las-
IEN [PAY

o) s € dob oluie hasd £3ga ey 6-2 S
D o Gdhys Lzl dgr die Zgp wdislan Jarm (45,0
KT el by Z Llsls Uil oI ey JL Yl e
B g (5319 doslanay IV gl Bylae LV, =V, £6

b WS e sl J gkt

Z=R+ joL, Y=G+ joC

§I
&

H
4]

Lol w¥slae (3) () o1) ¥olandl s Sy ghll Jolowd) plasaly

173
d‘;i"’ =Ziw) (4)
di(x") =Y V(x) (5)
"j&*’ =72 F(x) (6)
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<

JUoY 4 (Jasd) Jliea¥l 4o

Sending End Receiving End (load)

\h NDI'

+

+0

Vs

1 1PI

LS
It

(=20 N
Y

JE b A WdiD 6-2 KD
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A e B @ 0SS gan il Gt y=VZY =a+ B Co
J= W (5 Jead) & gumadt D gadt Polnad JSIl 3 Ligllan (6) Uslaall
(Jasdl o daliadt Bladt x) 5,00 dom g0 590 o

Vix)=V*e”™ +V e = \7,,, (0+V, (%)

Iy=Te™+Ie™ =1, (0)+] 40

e BN g x Jle dwaw ¥ @S0 lghl 0s5 77 0" dblaall
s9dadl e Sl folang 2o Lol Bglaad! 5o b e O Malandt sdn
b WS O ,a Ty

V- i V0
AR AN )

M‘ Balaoyg 5jmall @ glaall AN Ty oF govet:) J.‘....” o

ZR 0
k= Zp+2Z,

b Lame b Lo AW Jolas iy jai e =

v (x)
I(x)=-L
07 ®

ZR ZO _271

Tx)=Tpe ™ =
0 =Tx Zp+ 2,

r obewl b UBU i wie Bplaadl a Z(o) = VT (1) O 13) Jzadly
U =0 JliwY!
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1+T(x)

2= 20T o

ooy Bladl o8 oS x i (i 5,8) Syl i o !
o (Ll 4z 0

1+T°(¢)
1-T°(¢)

Zy=2(0)=Z,

~ s Z
s =V .
Zs+Z,

L o ol o giall 5,y ool Lty 31 s gaod) 5,301
(SIS bl 0555 JLuY)

P =Re{ ;) =] Re(zo
= Enc(x =0)- P,,ﬂ(x =0)

= 4Re(V4; )= 4] Re(zo)

.(1MHz ;o ,Si 2,5 ) G<<wC s Rec ol e Aol e

R+joL [L
Z = = — =
0 \jG+ja)C \/c Ro

y=\/(R+ij)(G+ja)C) =[£0-+GTR°J+jm«/E=a+jﬂ

u= ! and A=2—”= 1

JLC B fJLC
N u.\_ia.'di J;\_u ol 09 (R=G=0) .Lia‘]l‘..,_.\; L,.\l.t.a L3
POV ||
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Zr— Ry _
Z, 7 R, Z(¢g —25x)

Sl ey dgadl b Th dly o e o

Mx)=Tge 2P =

V(x) = V{14 TgL(=2hx)]

aLaly L’J“,

v V*a-1rg b

V*ji+1 TR D, Mmi.. =

o sl B = 90° a6 i dad Las syl akie Do o Bl
gl Jb

max

Smith Chart Analysis G dlad 3> Jibond
Jlms Joo b el Llakss oy 5 o (63 JSO) conns oy 5
Lkl 5yl e o liis Lajager 6 da it . JWE 53,30 bghas

12(x) Lo} Bylaadl DYy LSVl Jolaal

_Z(x) _ . - 1+T(x)
(x)= R, =r(x)+ jx(x) _—l—r(x)
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ST Jales 2ed etdadl L) TBI g e gal B

rJu.Ls..H (.e..i:ll U-\,i.oulr-VSWR oled)
l.Ou.b-Oon R>1

Suaw day )5 6-3 JS&
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e] _—‘_ = const. O r = const. 0 x = const.
(a) (b) (c)

St Uil LGN aglll S92 6-4 S5
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ot ixe—1

[(x)=TgL(-2px)= -
o+ jxo 1

L(gg —2px)=T, + I, (fora=0)

T oS all ol Sa¥l Jalan (ggimn 3 20 = 2(0) 5 70 = 1(0) Cupm
gl r (— ol L[6-4 (@) J.(..L] Aoy il [""‘J Olosuall
Lt g 3T a Ll sl lioia [6-4 () JS2] 19 Ca

e iy 5 e L) LU amy e 671 Jodar L [6-4 () JS]

oo Ty A6 gl ol 6.1

X r r Lsdt Il
9 Ll o [(GyLust 4asd) o0 1/0° L gzde - 350
0 0 1/180° ol = 6,50
1 0 1/490° Gy Ueliay gz s
0 1 0 391920 Las

Gk e 63 S-Sy Lipall o eSO day sl e J gl o Say
ialb & T gy Lolsdl J3landl .64 (0) JSas 6-4 () S Gkl
Lsaadl gyl e oo L (r2) bl 31 DT o8 O U3 e Yo
A L Lsendl syl o 0 & VSWR iad .g,mdl 4l 2l
Job I dgeie Bluadly Olols )l Lasmadl le Ol ! e

o gl

losu g
ol o piadl olawil 3 8oty (1, )= (0,0) o Ty sl gyl

Jrasdl olasl (b 10 g ylly (R el imy 1a) Bl olie
(/A S g Vi) L) O)lis o Se
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e QI il i gl Jpb i a3 a5 g LLalSS 55
r= g - 2Bx S\SY! Jolao D15 Ll ;) L)t
il domalaal) Canf oy 3 plaseial o Say

y(x)=Y(x) Ry = g(x)+ jb(x)

Sltno dald T Gl b I pasnas x ulgbly og I pasens r sl e
die i gude b, Al o8 y=0+0 Lhaiy (180°+ 6r OS5 y I
Ll ) VSWR il wae Ll iy 59,00 o0 050 W) clss 3
Zg Jaod) Laslgad 5,028 G, b Jlaniul Say (VSWR =1 o iadl
Sremas Ligles o s Sy Coladl Lo dlaze bshs daslsal of hanll
gan e ol (1=0) Jasdl wie wigi OF oSay aslgadl jilgs dilisen

6-5 JSab WS ax=x, Jaa‘JluL;OSLa‘Yl

VSWR = |
MATCH.
Ro NET. Zr
o— —o
—— x= 0
(a)
VSWR = | VSWR > |
[o EER— |
w] | | [e] 2
0.—_—_—‘
‘—Ix =1 -l =
(b)

Matching Network daiigt! yilgs odid 6-5 JS&
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(6-5 JS2) b WS owis samaldl b ol by all 55
20) =2 =1y + jxoi ¥(0) = go + jbp: VSWR > 1 Ziaslsadl }5 (a)
2(0) =1+ jO;p(0) =1+ jO;VSWR =1 [da3)gall day
2(0) = ry + jxg; W(0) = gy + jby; VSWR(0) > | IJ.«:J\ Le (b)
2(x) = 1y + jx;iy(x)) = g, + jb;; VSWR = VSWR(0) ‘iaslsall )3
20x) =1+ jO;y(x) =1+ jO.VSWR =1 :iaslgall
delih uolis o dnaisuiall (30 hss 3 dadlgall jiles pinas OF o Say
13 LL-C 5les 0 5680 Lnazes 8,513 o 6-6 JS& ¢ didl) ASS daazes

o G U Ll Joo g Dol odn b dlebin 48,0 L) Zg il
Ll dashgad o . Zp = R+ 70 0555 oy ddliea 5,2 S0 ddeliall

Yin =j(1)C2 + . =L
R+ jol, Ry

al

L =Zl)-,/R(R0 -R) and C, =ﬁ

cciladl e 5 AW i) e o g OF o citSall OB R> Ry O 13)

ZR=R+j1YR

— POy
¢

Uclis polic oluiiul 2adlgll 6-6 JS&
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Q!—{’Ju**‘d"]"'k’d‘ ;-}_»r.\.é..:..g_@w|o\»1ﬂ‘ Lo dadt fdad
] gl s IV Jasdl sl gad B3y iyl i |y guaio 51 Un gein
67 Sty el gl JSEI L23 5 il pltie l Siay U

Bygeaie 49 daslge r-‘-’-n—-' s,

®

Ry Zgp

Wajd Aadigs 6-7 JS&

Z»J‘y..” uJ.rr d)..aa-u
) =1+ jby Cam X1 dam gl (1)
V) = 0= jby sy b 31 (2)

.tu.::-x, o0 VSWR =1 Jy(x1)=1+ ]O IM.‘I“,QJ‘ Ja

plasily bgale Jguasdl (Say 23,0 daslgald o Ve f O ghsl 6.1 Jiaa

Example 6-1 The above two steps for single-stub matching may be ac-
complished using a Smith chart.

6-8 JSu kil 1 joud)
[LVSWR (0) o] IThl 5,515 sl o3 iy 31 o yp g
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8 =150 po Tal 550 abl dats 54> i

yi=14jby 1,50 (bl d,iu_!l(.__,ml.\_,,.:\usﬂ,,.: YR o i
i god) Jgb DYy x; Bladl Jouws

d oy = aill &2 oo I 55b e y1=0-jb daidl du> v

Job LI 6 Blad) o .y = —jb) daddl > c,_u.ﬂ ol 9

Dl odin i od] g gl (Sas Y ablis Jof OIS 13] o gal!

Laslgall Job e Jodadl Jar o U1 ablid) plasuad oSy
sy dad) g gl deliall

L0 Ailpe 24 Cuaw Aayy> aluiniud 6-8 JS&
I Olss Bl e gy gme J\SY Slotted Line 5 giciall sl p s
Con Aoy iy Blaza Wl pr L gnld das Jsi gilge Loty VSWR 3
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Ul 6 agr J5ls Jaodl 553 D> i agr il o Blaadly VSWR
LY ) JLandl dg 5y gmain 5,515 243
o Zn Josny malis OLSe B Ggitall Ll ausg 69 JS5 S
,SbJ_ﬂ |y_,4_.c..30ﬁdeJ‘ul;ProbeMqur.. PHL9Y
VSWRJ”‘JD U'HU""‘”CJ’ J.;\,’-.J UL-J _)L@.‘rj;&dd..ay BRVE J
d\:J\oJ..Aus)LulJ@.»Jﬂoja.ouﬁuZRqu.bﬂSoij&Ju
Lag Jils ST m BLuadl O B 5o S Jir LYle VSWR 045

Max |
Min 2 Min 1
| |
oy ;—g z

i T

l‘———.'
- c:.«dl | M2 :

| Min 2 | Min |

|

.Zy gulad) Slotted Line Jedddl ladd! aldidut 6-9 JS&

Gemr S VESWR 5,50 sl e Ly 5 plusuinly 2z 46 5na

(=0 L e 1 3]0 50 s i sum 03 610 S5l
(6-9 JSo L) - gadl Usb IV Lgmad J) daliad) Ax dagid) g o
(A 1) Viin o o Ax dng ly VSWR 6,50 e dhaidd) sa>
olnl u.izk By UJ.’J ‘)! bi da Ny & ga Lol ujg-! eseall zp
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zr ilS 13)) e ST iks e Jami Ax La,ldis Blas aiell
A ST ik Ol drgedl Jsb wy oo ST A 0585 L, b dailes
-(Vmin -‘\'4’. J’i M J‘,J k’JL J}*‘ Vmu.\’

daalti ?Lq...\t. bgbaidl e oplall Sl alf

Transients in Lossless Lines
e i Sy wwlas Jl, | oldesy Ll §leg pud CIp [E
U gor ol 5 pladl Dol odn Judow cJasdl o o5 o by Sl
—e oWy gmd Ly 51 PDEs s st elialid] ¥alandly Slazn¥)
rde b Lol Bl i s as . ¥oleall oy Laplace Transforms
iy b Bla 0S5 cu, =1/VLC is iy Ro=yL/IC (R=G=0) il
3,5l LSl Ol gt LS5 Ll (e A Aoy

min

a5 /.’<\4r

Wepne Adglae 2wt 6-10 JS&
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ve (0 Ldadl s> ads Juog Lidll ks ‘-Ué.'l T 3985 e, 6711 Jsa
.G;Jllo)\.ﬁ.o@Rgcﬁ;tzo Lie

(Sending End) JL, ! - (Receiving End) JLdzu ¥l 4o
R.k'
— M\ — .
+ + +
v, (1) vs (1) Ryu, Ve () 2 Rg
— . .
x=1 +X-—X=0
d=0—=+d d=1

L s SO B> 6-11 JSG

WL Obd bt bt e ol we ol i ol Ggas D 3 OYS
otp=Uu, 0,45 Delay Time G gai ;05 59,0 dny 6;"“ Ll Je g5
e Sl g LSl O (Re # Ro) il (310 2 Jasd| OIS 13
LTSS RORPIRE PURS PR I B SPPRCTICe: I Y I TR TPRRS W90 ¥

(R # Ro) Jasuld o319n o el OIS 13) Sl dgr i Ui

S dgz sf) 1=0 uze 10V oyluie v, (1) OIS B3] L D> 5 6.2 Jl

Al sl da gl (Rr=Re= Ro) g o0 (ga sl Oy (Gasms
Lasl u.l;

Example 6-2 For the case where v (r) is a 10-V step at 1 = 0 (i.e,, a dc

voltage) and where the line is matched at both ends (R, = Rg =R,), eval-
uate the transient voltage on the line.

il dgzr die Sl dr g Wy ol piad) g Of o Bl

do-ly Gogni (po) dm V(@) =5V el St I by rUa.:Ji Ole
Ip o_).ﬁ
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OF Bt s & WS 6.2 Jltay basnll ollanall JS ol y2316.3 Jue
Ll e Wl sl dagl L(Re=00) i g2ia 5,315 OF) el Jos!

Example 6-3 Assume that everything is as in Example 6-2 with the ex-
ception of the load, which is now an open circuit (R, = o). Evaluate the

transient voltage on the line.

Jolne Gladly o) oy L3N L sy u_]a.'.v 6-13 J_i_.. IJ.nM

J-A.’J‘ g g ..L_>b daLi.n‘ D99 i) Jr=1 J,ma.u u,..lSa..Y\
20p 0348 (po) day 10V o,lude Lgxdl oo B8 Dl u’l’ Juao

)Sm deld ﬁ@i

JHUAJSU.OJ‘J: u|_,L.J|_, a_,.PJiU‘,Q J,n.Jl LJL»J.J» & v
l 49\.....».”3

,un L;,uu ““ts.m J,\u u,g, u.u L._, \,n u\,,m v

o ST s e le »JJ‘ Lis
‘ " U,.Lu B u; ,,,ul Al v

_,J_,,A.LHY]J.Q;J| g U"J’-‘-"" L;\ & domy

Y
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(c) O r-d plot
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Solved Problems . PATIE YRR [ W)

H&Mw‘ﬁu‘Jb*‘wﬂ“u‘uﬁg“J"J" 6.131)13‘&3{...»
e Bluad) (0 =5.8% 107 S/m (0.162 inch = _Lill) #6 AWG .l
(A1 sl Jalan Janl lagay J3W1 ga #lsgdly 12inch .SL
Sl Lagliadls e adl )Ll Lagliog G (C (L ‘._J e Jﬁ e
I MHz L el
Solved Problem 6.1 A parallel-wire transmission line is constructed of
#6 AWG copper wire (dia. =0.162 in., o, = 5.8%107 S/m) with a 12-inch

separation in air. Neglecting internal inductance, find the per-meter val-
ues of L, C, G, the dc resistance and the ac resistance at | MHz.

A dia anas JE dasd o lene S dag, Y JSadt @ dolas IJ.'HJ\
d>>a G .d=0305m Sl o Blsdly a=2.06% 107 m Juo gl

GE, =ln(ii-)=5.0 GFe = ——=0.20
a GFL
2 52 2 -
a a
U}gg‘ﬂ)ul;./.l‘=ﬂ,, u..b...U 0;=09 E4=€, 9 Hy= U, JJL'.“;‘_,*U

Jad bs ols

L= -‘L:r—"(GFL) =204H/m Ry = - (GFgpe) =2.59x107 Q/m
o.n

[y

1

LR -ooum
l

G=0S/m R, = (GFgac)=4.04x107% Q/m
2rc b

c

C=ne,(GF:)=5.56pF/m &=
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6.1 Yay o god! oSl (yn 0 Sl Jidhl o5 6.2 8 gloes s
s9-b o158 Attenuation u—*‘.") Sl colis gt @slaall asm i
S=5KHz OIS 13} & gadl gby ,Las¥l e my (Phase Shift

Solved Problem 6.2 For the parallel-wire line of problem 6.1, find
the characteristic impedance, propagation constant (attenuation and
phase shift), velocity of propagation and wavelength for f=5 kHz.

asamadl Ll daglin pladuind Sy S KHz e il
Z=R+jwL=259%107 + j(27)(5000)(2x107%)

=6.29%1072£87.6° Q/m

Y =G+ joC = j(27)(5000)(5.56 x107'?)=1.747x 1077 £90° S/m

Zo=\/%=6004—l.2°9

y=vJZY =1.048x107* £88.8°=(2.19x10™°) + j(1.048x10™*) m™'

s Je
a=2.19%x10"® Np/m,8=1.048 x 10™* rad/m,
u,=wlf=2998 x 108 m/s
and A =27/8="59.96 km.

ee 4 =80 cmdd »,,-.L_;;r.\s.;..,,7onysk'>6.3al,buxl{_...
b Y Coan iy 5 r.b'c.‘...\ (140 +j91) Q 4ad x=0 Lie Joam 3929
o Blaadly agor ab¥Y fige Syl Jasdl o Blaally VSWR 4 T
Vi e Liglaadly Vo dis i3 glaadly g 59 pign Joly Josl!
bdis basel] 5l imalnns 54 cm b Ll o ¢ 5 J5 ) dslany

e ey
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Solved Problem 6.3 A 70-Q transmission line is used at a frequency
where A = 80 cm with a load at x =0 of (140+91) Q. Use the Smith Chart
to find ', , VSWR, distance to the first voltage maximum from the load,
distance to the first voltage minimum from the load, the impedance at
v the impedance at V. the input impedance for a section of the

max * min °*

line that is 54 cm long, and the input admittance of that line with the load
attached. ‘

Joooll Gl Bylaadl connn day 5 e 1By 1 ot

Zg=Zg/Ry=2+/13

iy 5 e (o (g b Cinadl dasdl )l 614 S5y e ga LS
s e Trinshy #13t .za Jasd! ity [ym i Uit 45,305 )
Tr no\ie dasly 2z daid) o> 3,800 o BLuad) 5 .05 = 90° 513!

iy 330 Jaud gl e e VSWR 4

ITgl=050=>T,=05429° and VSWR=3.0

Ll abais 550000 0 dm OF Lm ¥ Ll Bylaadl iy ja 5505 o
oo Yoy VSWR lod ptiuns ablist) aid) odn .3 +50 wie Yl
JVSWR J il dagd Jras 531000 OY day 5t Jand ok plasud

0550 ablidl s .Z day 5 Jo paad) Qg i gl 5 100 ks
A (al L 055 Lislaadly GLaall L J3) gz sl Laiie
Lad 0pS5 SIS ey 3 + 0 o ddaidl odn de Lol Liglaadl
orliad pascial Vi sty Jasd! o Blaadl sbmY 2mu =21.+0Q
Sl aige 0585 (paadl ol 6 @ gadl g DY) sl (g 5101
0.04 A Bluadl 065 3 e 0254 wie jabaall dauidl by 0211 1o

Jasdl e 32em ol el olowit
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v..=3+p 0.25 A
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0,385 n =

6.3 Wiwall Suaw day)> 6-14 SO

Dslaadl Vo Lhii 24y poialdl slail (§ 025 4 8 o5 Vi 2o o
iagd Jaf i Jasdl o Blaadl 1 Z,n =231 40 Q 5 0.33 + 0 il

P S0

0.252 +0.044 =0.294 =23.2 cm

ol 3 Jasul oo 38 =06751 4> (54 em Juh Jo- I G glan ooy}
052 o 5,31 g dalS 5590 OF Lo Ny L)) Bplaadl 6151y sl
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Antenna Parameters ool paila>
Lot it e Ll L& i 2 Radiation Resistance Ry g a3}l Loyl
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Solved Problems Aelxs Ll

2 olawl 3 5t dhuatin o diy Dbl U5 S1gn 7.1 & glows Wls
ol o Say Sl i OF csf (@) /A << 1730 48 Jsb 4
A Gl nbliandl seadl LS a5l (B) At el
Solved Problem 7.1 A center-fed dipole with a z-directed current has
electrical length L/A << 1/30. (a) Show that the current distribution may

be assumed to be triangular in form. (b) Find the components of the vec-
tor magnetic potential A.
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nr

A,=0

Joag L=2m Jgb ) O pa Lokl sl siga 7.23])17543][.4

S ol e Jaoged) O 1) Lelaisl 56 WSS d g L1 MHZ 335 Lie
«a=1mm hil Ciais p,=1 3 0.=5.7x 10" s/m

Solved Problem 7.2 A Hertzian dipole of length L = 2 m operates at 1
MHz. Find the radiation efficiency if the copper conductor has o,
5.7x107 S/m, g, = | and radius a = 1 mm.
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Solved Problem 7.3 (a) Find the current required to radiate a power of
100 W at 100 MHz from a 0.01-m Hertzian dipole. (b) Find the magni-
tudes of E and H at (100m, 90°, 0°).
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Study Guides/Electromagnetics

When you don’t have the time ...
but you still need the grade!

If your life is too busy to spend hours ploughing through weighty textbooks, and
you need every study minute to count, Schaum’s Easy Outline is perfect for you!
This super-condensed, high-torque study guide gives you what you need to know
in a fraction of the time.

SUPER-IMPACT

Built for quick, effective study, this Easy Outline packs exciting new learning tools that
make mastering electromagnetics fast, fun—and almost automatic.

SPEEDY

Quick-study experts slashed the time you need to spend with your books by
reducing electromagnetics to the essentials the professor expects you to know.
This Easy Outline is perfect for test preparation, pre-exam review, and handling
those last-minute cram situations.

HI-QUALITY

Easy Outlines give you 100% of the authority of Schaum’s full-sized guides, known
around the world for the highest academic standards.

BACKPACK-ABLE STUDY POWER
Compact and portable, this Easy Outline lets you study electromagnetics anywhere.

SCHAUM'’S GETS THE GRADE!

Let’s talk bottom line. Schaum’s Easy Outlines give you what you want—better
grades, with less work, and more free time!

Get the essence of electromagnetics easy way. Schaum’s Easy Outline of
Electromagnetics helps you master electromagnetics with plenty of illustrations,
' memory joggers, and the newest, rapid-absorption teaching techniques. Backed by
Schaum'’s reputation for academic authority, this is the study guide students turn to
and trust. Students know that Schaum’s is going to be there for them when they
need it!

* Quick study tips * Student-friendly style '

* At-a-glance tables ¢ Perfect for test prep

McGraw-Hill

ISBN

Visit us at: www.books.megraw-hill.com A
Arabic version by
>

International House for Cultural Investments s.ax 6

220






	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168

