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. Sum or difference;
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Products into sum or difference:

a 2sin xcos y = sin{x + ¥} + sin(x — y)

b. Zcos xsin ¥ = sin{x + ¥) = sinix — y)
€ 2eosxcos v o= cos(x + ¥) + cos{x — y)
d 2sinxsiny = —cos(x + ¥) + cos(x — y)

. Double and half-angles:

a sinlx = 2sin xcos x
b. cos2x =cos’x —sinfx = 2coslx —1=1 - 2sin® x

2uan x
¢ lanlx = —————
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+ > dQ = p,dl - Q = pr di (line charge)
_ L line charge density,
d‘;;};c o (in C/m)

Surface
charge

Volume
charge

dQ = psdS— Q0 =

dQ = p,dv—Q =

Dgal Jl_‘.'éj £|.:.L:_E_'. _,1|-.' ._i__- ailes 1 L ‘_:|j,_‘,‘_. 5 .33..;.:

-t =

E = J pL—‘ﬂzaR {line charge)
d7e R

J ps dS (surface charge)
s surface charge density

ps (in C/m>)

E = ‘[ Ps r:sz ap {surface charge}
dwe R

J o, dv (volume charge)
v volume charge density
p, (in C/m™)

E = J py dv a,  (volume charge)
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pr=py+ ppy = V-&E

p, = V-gE — p,,
V- (e,E +P)
= V-D

D=¢gE+P
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R CONCRI, B S S VS R P KT Y PR LT S i, PR E L dl.p_ui 3
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: Dielectric Constant
P = E Material ¢, (Dimensionless)
ay , . = Xefo
electric susceptibility of the material \ Barium titanate 1200
+ il S i Water (sea) 80
2 D =g, +x.)E =¢gekE Water (distilled) 81
Nylon B
: _ Paper 7
D = ¢E Glass 5-10
Mica 6
£ = £.8, Porcelain [
} Bakelite 3
i e =1+ Xe = — Quartz (fused) 5
hg ' € o Rubber (hard) 3l
. . , c 7
3 dielectric constant or relative permittivity. Wood 2580
9 Polystyrene 2.55
Polypropylene 225
For free space and nondielectric materials (such as metals) g, = | Paraffin 22
e Petroleum ol 2.1
: ; g Air (1 atm.) 1
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(a) D= g6k = - (2.55) - 10* = 225.4 nC/m’
367
107 2
(b) P = x.e.E = (1.55) - —— - 10° = 137 nC/m
36w
(¢) ps = D+ a, = D, = 2254 nC/m*
d) p,, = P-a, = P, = 137 nC/m’
(e) V=Ed=10"(15x 107 =15V
Jleo
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(a) We apply Coulomb’s or Gauss’s law to obtain
E= g 5a, P = x.&E = ergar
4mweed 4zer
-1 N2 x107"7
,om=P'a,=(Br Yg¢ . @4nH2x10

dwer®  4m(5.7) 100 X 10~*
= 13.12 pC/m?

(b) Using Coulomb’s law, we have

gt o Lo g yuSJ

R —4 x 10”2

;‘J:.ﬂf F= y 010 s a, = ](0_9}(2) 10 a, = ~1.263 a, pN
A TEE,T ‘ 4

(Ll 4m 36m (5.7) 100 X 10
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« dielectric (g,1) and dielectric (&,,)
» conductor and dielectric

= conductor and free space

%Edl=ﬂ' %D'dS:Qenc

E,=E, +E,
E2 = E‘ZI + E'Eu
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Dﬂ = Ps
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D, = g,k = 0, D, = gk, = ps
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A3, —-2,2)
B(—4,1,5)

(a) Point A(3, =2, 2)is in the conductor since y = —2 < 0 at A. Hence,

E=0=D

oondut:fer ;

(b) Point B(—4, 1, 5) is in the dielectric medium sincey = 1 > QatB. ‘i

D, = pg = 2 nC/m’ e

D = 2a, nC/m’

—g _ 36T
= X 9 _— 2 =
oe, 2X10° X ; X 10"a, = 367a,

113.1a, V/im
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E,=E ra,=E;-a =

Eln = 33:
Eln = (EZ ) az)az
E=E, +E,

E“ - E] - Eln - 53,; - zay
E;-_, = E], = Sax - 23:,.

DZn = Dln _)SrZEEn = Bi’lElﬂ

4
E,, = z—; Ey, = (a) = 4a,
E; =Ey t+ Ey,

= 5a, — 2a, + 4a,kV/m

v = Lo -
= 672 pl/m’
I 2

Wi = 5 e2fEal” =
= 597 pl/m’

a; = 90 — 6,
a; =90 — 6,
Since E;, = 3and E;, = \/25—+_ = \/2—9
tan 6; = 'EI::TIE= *\/?2_?- = 1.795 - 8, = 60.9°
ay = 29.1°

1
2

1

2

cos f 3
L= —
V38

tanf, = — =——= 1346 - 0, = 53.4°

4 -

10
.3

E -a,=|E]-1-cosé,

= 0.4867 — 6, = 60.9°

Ey =4  Ey=E,=\V29
E, V29
E,, 4
o = 36.6°

107°
367

(25 4+ 4 + 9) X 10°

-9

25 + 4 + 16) X 10°
361( )
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ViV = - —[sinﬂ—}=0 . seuls
r-sin 6 df e s oWl
)
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X v
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X Y
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V(0. v) = X(O)Y(v) = 0= X(0) = 0
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Vix,D) = X(0)¥0) =0—=>Y0) =0
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-m cosh ax = (¢ + ¢~ *)/2

. v sinh ax = (™" — ¢ “)/2

s !

: V- ¥y ™ = cosh ax +sinh axand e * = cosh ax — sinh ax
BAD~_ / e
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% ™y = Bl :A] +A2 BZZA| _Ag
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superposition theorem
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Multiplying both sides by sin mmx/b and integrating over 0 < x < b gives

b w0 B
max nra mwx nwx
Vsin——dx = ¢, sinh — sin — sin — dx
L sin = 21 b L b b
0, m¥+n

o
sin mx sin ax dx =
A /2, m=n

b b

. nTX . . nma . 5 ATX

J' V,sin — dx = ¢, sinh — J sin® ——
R b bl b

b | ? 1 (? 2
L . ¢, sinh e J (1 — CoS n‘rrx) dx
b |y b 2 A b

—V,—cos —
nw

1% b
i(l — COS nw) = ¢, smhm —

nw b 2

. nma 2V,
¢, sinh — =
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Fgwl

i X G Y
w SN ——sinh —=
Vix, y) 4V, E b b
X, y) =
’ T 2135 sinh 24
b

(b) For x = a/2 and v = 3a/4, where b = 2a. we have

V{H 3a 4V, i sin nw/d sinh 3nw/8
2 4 T i

n=Ths n sinh nw/2

un 3x/4 sinh 97/8

_ f\f’ﬂ [hm w4 sinh 3w/8

w sinh =2 3 sinh 3w/2
 Sin Sw/d sinh 15%/4 |
5 sinh 5%/4

4V,

= —"{ﬂd‘i!? + 0.0725 — 0.01985 — 0.00645 + - -
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Source element di) Ou = idl
v I
Field intensity E= 7 (W/m) H = —{A/m)

Flux density

Relationship between fields
Potentials
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Energy density

Poisson's equation

D= gjif_'.fm'l_r
5
D = :E
E=-VV¥
. ol
‘,- —_ o
fdwer
V= D-dS
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4H I dl sin e
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Y | e
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Amperian path

H = H.a, z>0
—H.a, z<0 r]

2 3 4 i
i{;H-dl=(J+J +J+J)H-dl 1
1 2 3 4 -5 K.a, z<0

= 0(—a) + (—H)(—b) + O(a) + H,(b) \
= 2H.,b
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four possible regions:
O=p=aga=p=bb=p=bt+tp=b+t
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Outside the toroid

NI — NI = ) and hence H = 0.




b b 4l JBe
il o L8 10392 g0 bl 5 b 4505 1 > il i s N

B = uH
to = 47 X 1077 H/m

Magnetic flux lines
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