Solved of Sheet (1)

Chapter (6): Electrostatic Boundary —Value Problems

6,27 In an integrated circuit, a capacitor is formed by growing a silicon dioxide layer (¢, = 4)
of thickness 1 ym over the conducting silicon substrate and covering it with a metal elec-
trode of area §, Determine § if a capacitance of 2 nF is desired.

Solution

_Cd 2x107x10°
e, 4x10” /361

S
C=% —

m’ = (0.5655 cm?

6.28 The parallel-plate capacitor of Figure 6.34 is quarter-filled with mica (e, = 6). Find the
capacitance of the capacitor.
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From the figure above,
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- *6.29 Anair-filled parallel plate capacitor of length L, width a, and plate separation  hasits plates
maintained at constant potential difference V. If a dielectric slab of dielectric constant ¢, is
slid between the plates and is withdrawn until only a length x remains between the plates as
in Figure 6,35, show that the force tending to restore the slab to its original position s
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6.30° A parallel-plate capacitor has plate area 200 cm” and plate separation 3 mm. The charge
density is 1 uC/m” with air as dielectric. Find

(a) The capacitance of the capacitor -
(b) The voltage between the plates .
(c) The force with which the plates attract each other

Solution




-9 -
_ 10 200x10 ~ 59 pF

36n 3x107°

(b) p,=D,=10"° nC/m?. But

= /.13] mN

2

0.30 Determing the capacitance of a conducting phere ofradiu § cm deeply immersed m sea
water ¢, = 80),

Solution

4nE
]
a

C

!
b

Since b —» o,
-9

|
C=4nae g, = 4nx5x107° x80x 3?5 = 444 pF




6,37 A conducting sphere of radius 2 cm is surrounded by a concentric conducting sphere of
radius 3 cm. If the space between the spheres is filled with sodium chloride (e, = 3.9)
calculate the capacitance of the system.

Solution

4ne  4nx5.9x107° / 36n
( : 1) - 2185 pF

Lz -2
27 x10




Solved of Sheet (2)
Chapter (7): Magneto static Fields:

7.10 A square conducting loop of side 2¢ lies in the z = 0 plane and carries a current / in the
counterclockwise direction. Show that at the center of the loop

V21

H = a,

Solution

Prob. 7.10

._

H =4H,, where H, is due to side 1.

I
H, = m(cosa, - cosa ,)a,
p=a, 0.2:450, a’f=1350, G’.-:ayx—ax:a:

o I ( 1 X 1] 21
= —] — = \|a. =
Tanp\J2 0 2 4na\/§a"

7.18 (a) An infinitely long solid conductor of radius a is placed along the z-axis. If the con-
ductor carries current [ in the + z direction, show that

Ip
H = a
2ma* ¢
within the conductor. Find the corresponding current density.

(b) If /=3 Aanda = 2 cm in part (a), find Hat (0, 1 cm, 0) and (0, 4 cm, 0).




Solution

(a) Applying Ampere's law,
7p’
ma’ 2ra

H = Ipaé

- H¢=I._!£_._

2

H,-27zp = I

V.0 oH [ 9
V-H — a3 + ——(pH, )a.

I 1 _ [ _
R N '2m: = __.‘a.
p 2na- m~

(b) FromProb.7.15,

" 1
“2"'7:?,
I
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p<a

p>a

At (0,1cm,0).

Ho- 3x]1x107 _ 300

* 2rx4x107 87
H = 11943, A/m

At (O_, 4cm,0),
3 300
Hﬂl‘ = ) - —
27 x4x10 8

H = 11943, A/m




7.20 In a certain conducting region, o :
H = yz(x*> + ya, —yx7a +4xya Ar’m

(a) Determine J at (5, 2, —3)
(b) Find the current passing throughx = —1,0 <y, z <2
(¢) Showthat V-B = 0

Solution

0
(@) J =VxH =] &

y'(x2+y3) _}:XZ
= (8xy+ryb [yx +})

v yiz-de ey
At (5,2,-3), x=5,y=2,2z=-3
J =420a,-22a,+99a, A/m’

(b) 1= [sds= II(8x2y+xy2)£1ydzl _




7.26 Consider the following arbitrary fields. Find out which of them can possibly represent
electrostatic or magnetostatic field in free space.

(a) A =ycosaxa, + (y + e “)a,

20
(0) B = ~"a,

(c) C= r? sin 6 a

Solution

(a) V-K=-—yasinax¢0
K- 2 2
v<H = Ox Sy oz

Y €cOs ax O y+e*

= a, +e "a, — cos ax-cT__ = 0O

is neither electrosta tic nor magnetosta tic field

.}__?._(20) =0
L op

- field in a charge - free region.

4r sin @ = O

l o rzsin?‘é’):to
r sin @ JOr

C is neither or E nor H field.




7.29 The magnetic vector potential of a current distribution in free space is given by

A = 15¢ ’sin ¢ a, Wb/m

Find H at (3, 7/4, — 10). Calculate the flux throughp = 5,0 < ¢ < 7/2,0 < z = 10.

Solution

B=VxA= 2y 0,
pd ° o !

15 - L -
—ePcospa, +15ePsinga,

p

B 1015

n,  4ny2
(143, +423,)-10* A/m

= [B.ds = ng-e_”cosd)pdtbdz

= 152| (-sin¢) 2 e = —150¢""

= v =-1.011Wb




7.33 Find the current density J to

in free space.

Solution




Solved of Sheet (3)

8.1 An electron with velocity u = (3a, + 12a, - 4a,) X 10 m/s experiences no net

force at a point in a magnetic field B = 10a, + 20a, + 30a mWb/m”. Find E at that
point.

Solution

q(ﬁ+u><§)

—uxB = Bxu
~[10 20 30
_(3 12 -4

F =
E =

If F=0,
x10° x107

E = -44a +1.3a +11.4a_kV/
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8.2 Acharged partcl of mass 1 kg and charge 2 C tats at the origin with velocty 10a, ml
iamagnetc el B = I, Woin,Findthelocation and e Kietc energy of e pat
teatt=1s,

Solution




C,cos2t + C, sin 2t
[duy
2 dt
U, =0 - ¢,=0

= -C,sin2t + C, cos 2t

u, =0 - ¢, =0
u, =10 - ¢, =10

u = (0,10sin 2t,10 cos 2t)

= - Xx=c,

dy .
u, =—c}l—=105m 2t > y=-5cos2t+c,

u, =10cos 2t —> Z = 5sin2t+c
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*8.3  Anparticle with mass | kg and charge 2 C starts from rest at point (2, 3, —4) in a region
where E = —4a, V/m and B = 5a, Wb/m’. Calculate

(a) The location of the particleatr = 1 s
(b) Its velocity and K.E. at that location

Solution
F =mi = (E +ii x B)

d _ . U, u, u, - . -
-&?(u,,uy,u,)— —4a,,+5 0 0o =—80,,+10u,a,,—10uya,

(1)

2)

du,
"?dt— = —lOuy o (3)

2

du,
4 =0+10—d;—= —IOOH},

dr’
4, +100u, =0 — u, = B cosl0f + B, sin10¢
From (2),
10u, =8+u, =8-10B,sin10r + 108, cos1 0t
u,=0.8-B;sin10t +B,cos10t

At1=0, @ =0 4, =08, =0,B, = -0.8




u =(0,0.8sin107, 0.8 - 0.8cos10¢)

d. —0.8sin10r — y = 0.08cos!0r +c,

dz
u, = i 0.8-0.8¢cos10f — z = 0.8¢ + ¢, —0.08sin10s

Att=0,(x,y,2)=(2,3,-4) = C1=2, ¢2=2.92, ¢c3=-4
Hence (x, y, z) = (2, 2 + 0.08cos10t, 0.8t — 0.08sin10t — 4)

At t=1,
(x,y,2)=(2,1.933, -3.156)

(b) From (4), at t=1, i = (0,0.435,1.471) m/s

1 2

K.E.= ~nii =%(1)(0.4352+1.4712) = 1177
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84 A ~2-mC charge starts at point (0, 1,2) with a velocity of 52, ms in a magnetic fild
B = 6a, Wh/m". Determine the position and velocity of the paricle affer [0 s assuming
that the mass of the charge 15 I gram. Describe the motion of the charge.




ma = Qi x B
u, u, u

103G =-2x10"° y Tz
0 0

d
Z(ux,uy,u,) = (12u,,0,~12u,)

—=0->u, =
dt y=4

a2,

dt
From (1) and (2),

i, =—12u, = -144u,

u,+144u =0—->u_ =c cosl2t+c,sinl2s
From (1), u,= - ¢;sin12t + ¢cycos 12t

At =0,




u1=23 uy=09 uz=0 d A|=Oq29 C]=S

Hence,
u =(5cos121,0,-5sin12r)

u(t =10s) = (5¢0s120,0,-5sin120) = 4.071a, -2.903a, m/s

— =3 2 _ 5
7 Scosl2t — x 125'"]2HB'
dy

—=0->y=8

dr y 2

dz

= = -5sj =5
u. 7 5s5inl2t > z Azc0512!+83

Att=0, (x,y, 2) = (0, 1, 2) - B,=0, B,=1, Bs::‘z‘

B i . 5 }9)
(x,y,2) = (12 sin/2¢t,1, 12c05‘2!+ }—

At t=10s,

5 5 19)
(x,y,z)-(1281n120,1,12003120+}3 =(0.2419,1,1.92

By eliminating t from (4),

xP+(z= 19]2) =(%2)2, y =1 which is a helix with axis on line y=1, z= 19
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