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SECOND MAJOR (15/5/2008)
TiME (10:00 -> 12:00 A.M.)

Answer the following problems. (SHOW YOUR WORK)

1- In the following figure, P, and P, are perfect dipoles a distance “r”” apart. What is the torque

(magnitude and direction) on P, due to P, ?

Answer: Taking P, =‘Ez

t, and P, = ‘51‘ 0, the electric field of P, at P, (where 6 =7z) will

be given by:

Ifz =k P—§(2 cos Ot +sin Hé) =k i(2rA) (points to the right).

r3

-

Torque on P, is: Nl = |51 X E2 = k@ (Points into the page).

2- A conducting sphere of radius “a” bearing total charge “Q” is placed in an initially uniform

electric field E = E, Z. Find the potential at all points exterior to the sphere.

v

v



Thursday, May 15, 2008

Prof. Dr. Ibraheem Nasser Phys 305, Spring 2008

Answer: Start with the expression for the potential in the form:

V (r,H):9+2(Anr” + Bngljpn(cose)
r r

n=0

Now, using the B. C, as r > o we wish the potential to behave as —E ;z =—Ercos@ Thus

A =-E, and all others A,'s are zero.

V(r,0) = Q

= —E,rcos@+y Br"'P(cos)
r n=0

Now, we have to make sure that this potential satisfy the B.C. atr =a,

V (a,0)= Q_Q_ E,acosf+ > B,a""'P, (cosb)

a a n=0

B
——ancos¢9+?°+%Pl(cos9)+%P2(cosé)+~--

—=B,=0, B,=E,a’, B,=0 forn=0,1.

Thus the final solution that satisfy all B. C. is

3
v (r.0)=| £ 1|E reoso+ 2|
r ° r

3- C(alculate the potential, then the electric field,
at a distance r from the configuration in the +Y
figure. The charges are at equidistance a from 2q

the origin.

v

Ans: -3q X

4q

\Y (r) =V monopole +V dipole )

V
monopole
P r
£

el

5 -

Vdipole = k r

Where
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a1, =(-29)(-a) j—49a j —3q(a)i+30ai=2qa j;

Q=% -0
-2,

p.r=2qa(sin@sin 1+ cosdsin @ O+cosd @) T =2gasindsin .
Then

2gasin @sin ¢

\Y -

kP ok
r

dipole

4- A thin dielectric rod of cross section A extends along the x-axis from x=0 to x=L. The
polarization of the rod is along its length and is given by:
P=ax’+b
a- Find the volume polarization density and the surface polarization density on each end.
b- Calculate the total polarization charge.

L
vB--9p_ o
IOb . dX s
0,(0)=P A, =-Pi| =-P|  =-(ax" +b)=-b,
o,(L)=PA,=Pi =P  =-@+b) =al’+b,

Total polarization charge:
Q. =0, Area+ p, Volume

:Ipbdr+j0'bdA =j—2ax Adx +(AL* +b —b)
0

= —al’A  +al’A =0
\_ﬁf’_J

from the volume from the area
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5- The following figure shows the cross section of a long conducting cylinder with inner radius
a and outer radius b, b >a. The cylinder carries a current out of the page, and the current
density in the cross section is given by J =cr’, where ¢ is a constant.

a- Find the current enclosed by the Amperian loop of radius r, a<r<b.

b- What is the magnetic field (magnitude and direction) at point r, a <r <b, from the center
of the cylinder?

Answer:

a-

r ; i« s
e = [ 30A= [er2rdr) = 27c[ Par = 24 —2)

2 a
b-
¢ BdS = 1), = B(277) = _%—a) b \
=B= _M
4r

and will be in the counterclockwise direction.

6- Find the magnetic field (magnitude and direction) at point P for the steady current

configuration shown in the following figure.

\ 4

A

Answer:
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o
2zR

) e ) ) I
The two half-lines are the same as one infinite line: ; the half-circle contributes % So,

8 =4l (142) (into the page).
4R T

7- 1In spherical coordinate, if A(r,8,¢)=rsiné ¢3 , find the magnetic field.

Answer:

1
rsinéd
:2[cos¢9 r—sing é]

? 1o
9 (sin0A,)F - 1% (rA)d
{aa(sm LrrrL ¢)}

B =VxA =

8- A parallel plate capacitor is filled with two dielectric slabs
of thickness a and b. The dielectric constants of the slabs are
k, and k, respectively. .

A- By what factor is the capacitance increased compare to the Of K,
capacitance when no dielectric is present?. Q

s

B- Determine the bound surface charge density at the interface
between the two dielectrics, if the free charge density on the
capacitor plate is o .

n

L

Answer: If the area of the plate is A and the separation between «—
them is d, then a b
In vacuum:
_ Q _ 0 A __ o A . A
°V, Ed (o//g)d °d

o ) . ) . )
where we used E, =—. Notice that, in the presence of the dielectric material we can have,

gO
E \ . . . .
E=—, V===, C =«C,. The capacitance with the dielectric is calculated as:
K K
C=Q—= oA  _ o, A — A KK,
\Y E1a+E2b lopt at O; b bl('l-i-alf2
80 Kl 80 KZ

And
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C (@b S |_g[ A%
C, bk, +ax, bx, +ax,

Another method:

For the series connection of two capacitors we have:

(EOA )(EOA )
K K,
c- L _\a b —c A
C,+C, (SOA j(goA j °
71(1 + K2
a b

2L g [—""9 j: (a+b)[—KlK2

C, bk, +ax, bx, +ax,

B- At the interface

1
Gbl :P1 = 0% (1—;)
1

1
Oy =Py =0 (1-—)

K,

KK,

bk, +ax,



Prof. Dr. Ibraheem Nasser Phys 305, Spring 2008 Thursday, May 15, 2008

9- A thick slab extending from z =-ato

i

Z =+a carries a uniform volume current as

shown in the figure. Find the magnetic field, as

a function of z, both inside and outside the

slab.

By the right-hand-rule, the feld points in the —% direction for z > 0, and in the +¥% direction for z < 0.
At z=0,8 = 0. Use the amperian loop shown:

fu-m:m:,durm = polsd 2B =-ppJs§|(-a <z < a). Wz > a,loe = palal,

Em‘ﬂ_[ ~pata ¥, m”;.ﬂ;} :T .~ amperian loop

S| Hppfay, forz> -a

rd

{11

e
I

¥

10- A dielectric spherical shell (with inner radius a and outer

radius b) has a dipole moment density (polarization)
P =c r, where cis constant. A charge Q is placed at the

center.

A- Find the electric field E in the three regions by first calculating D.

B- Find the bound charge p, in the dielectric and o, on the outer surface of the shell.

Answer:

A- Due to the spherical symmetry, we can use Gauss’ law in the form:

$v.Ddr=¢ D.da=¢p, dr=Q
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:Ijzing
arr
I IR
E-—(D-P)
80
~ . D .
r<a P=0 :E:—:k%r
g, r
_. — — n cC -
a<r<b:P=cr :E:k%r——r
r g,
~ . D .
b<r P=0 :E:—:k%r
g, r
B-
1 0
=-VP=———"(r’%r)=-3¢
P rzar( )
B ~-Pi =-ca
o, =P.n= e
P.f_b=cb
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