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1. (12%) A thin conducting sphere shell of radius « carries a net negative
charge - Q uniformly distributed throughout its surface. A conducting
spherical hollow shell of inner radius » and outer radius c is concentric with
the spherical shell and carries a net charge 2Q. Using Gauss’s law, find the
electric field in the regions where the radius r satisfies (a) » < a, (b) a <r < b,
©b<r<c d)r>c.

Applying Gauss’s law, we could find the Gaussian surface where electric field is constant.
(@) Forr<a,

The electric field must be zero inside the conducting spherical shell. E=0
(b) Fora<r<b,

§§EdA = EjEdA _ E(4n?)=—2

&9

E=- ! g(or—ke%)
r

drg, 1’
(c) Forb<r<c,
The electric field must be zero inside the conducting spherical shell. £ =0
(d) Forr>c,

fEdd=Efas= Ean®)=22=C 2
&, &

E=1 2 o1 9
r

- 4rg, r’
[5]]": Gauss’s Law ﬁf, 455 > ETH'[IJF%%{#%~ J@{ﬁ 277])




2. (8%) A parallel-plate capacitor of plate area A is filled with two dielectrics as in Fig. 2 and Fig. 3.

Find the capacitance in both cases.
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3. Fig. 4 shows a cross section of a long cylindrical conductor of radius a = 4.00
cm containing a long cylindrical hole of radius b = 1.50 cm. The central axes

a

b
of the cylinder and hole are parallel and are distance d = 2.00 c¢m apart;
current i = 5.25 A4 is uniformly distributed over the grey area.
(@) (6%) What is the magnitude of the magnetic field at the center of the
hole? < —

(b) (6%) Discuss the two special cases b = 0 and d = 0. Fig. 4

(a) The magnetic field at a point within the hole is the sum of the fields due to two current distributions. The first is that of the
solid cylinder obtained by filling the hole and has a current density that is the same as that in the original cylinder (with the
hole). The second is the solid cylinder that fills the hole. It has a current density with the same magnitude as that of the
original cylinder but is in the opposite direction. If these two situations are superposed the total current in the region of the
hole is zero. Now, a solid cylinder carrying current ; which is uniformly distributed over a cross section, produces a magnetic

field with magnitude

B= 2‘:};”2 (2%)

at a distance » from its axis, inside the cylinder. Here R is the radius of the cylinder. For the cylinder of this problem the

current density is

i i
J =
A m® - b’
where 4 = (a® — b?) is the cross-sectional area of the cylinder with the hole. The current in the cylinder without the hole is
. 2
ia
I, =JAd=Jm® =——— (1%)
1 aZ _ bZ
and the magnetic field it produces at a point inside, a distance r, from its axis, has magnitude
B = Holyry _ Hoina’ __ Min
Yo2m? 2m?(a® -b?)  27(a’ -b?)
The current in the cylinder that fills the hole is
ib?
I, = Jab* = 2 2 (1%)
a®-b
and the field it produces at a point inside, a distance r, from the its axis, has magnitude
. 2 .
B = Holor, — pinh __ Hlny
, =

2% 2mb2(a’ -b%)  2x(a? -b?)
At the center of the hole, this field is zero and the field there is exactly the same as it would be if the hole were filled. Place ;
= d in the expression for B; and obtain
_ Hoid B (4nx107" T-m/A) (5.25A) (0.0200m)
“2z(a*-b?)  27[(0.0400m)’ —(0.0150m)’]

~1.53x10°T (2%)

for the field at the center of the hole. The field points upward in the diagram if the current is out of the page.
(b) If 5 = 0 the formula for the field becomes
id
B=2 (3%)
2ra
This correctly gives the field of a solid cylinder carrying a uniform current i, at a point inside the cylinder a distance d from the
axis.

If 4 = 0 the formula gives B = 0. This is correct for the field on the axis of a cylindrical shell carrying a uniform current. (3%)




4. (8%) Fig. 5 shows a circular region of radius R = 4.00 cm in which a uniform

electric flux is directed out of the plane of the page. The total electric flux through
the region is given by ®; = 4.00x107 t(V-m/s), where ¢ is in seconds. What is the
magnitude of the magnetic field that is induced at radial distances (a) 2.00 cm and

in the Fig. 6 (viewing from the top)?

(b) 6.00 cm? Fig. 5
- dd
a)pB-ds =u,e B
(@)§ Hofo—
dd, m?
B-2mr = pye,—=%
Ho%o dt 7R®
B dd, r gy T
B= Ho&p 727[7 = Hy&y (400)(10 )W (3%)
=8.85x10" -47x107 -4.00x10"° LZZ =8.85x107°T  (1%)
27(0.04)
(b)B 27 = u,e, % = 1,€,(4.00x107%)
B = u,e, (4.00><10—3)i (3%)
27
_8.85x10%.47x107-4.00x10° —~__ ~118x10%° T (1%)
27(0.06)
5. (6%) The magnitude of the electric field between the two circular
parallel plates of radius R = 10 m in Fig. 6 is E = (4.0x10°) —(3.0x
10%)¢, with E in volts per meter and 7 in seconds. At ¢ = 0, E is upward.
For ¢t = 0, (a) what is the displacement current between the plates E
(write down the magnitude and direction (up or down)) (b) what is the
direction of the induced magnetic field (clockwise or counterclockwise) Fig. 6

o i, =¢ dP, =& dEA (2%)
a7 ar
dE

=g,A— =8.85x107" - 7(10)* - (-3.0x10*) =-8.34x10™° 4
O dr

8.34x10™ A (1%) and down (1%)

(b)
Clockwise (2%)




. (20%) A plane electromagnetic wave, with wavelength 3 m, travels in free space in the + x direction
with its electric vector E , of amplitude 300 V/m, directed along the y axis. (a) What is the frequency
of the wave? (b) What is direction and amplitude of the magnetic field associated with wave? (c) If E
= E,,sin(kx —ay), what are the values of £ and ®? (d) Find the intensity of the wave. (e) If the wave
falls on a perfectly absorbing sheet of area 2.0 m?, at what rate would momentum be delivered to the
sheet and what is the radiation pressure exerted on the sheet?

S PR A=3m, TR £, = 300 Vm E(x,t) = JE, sin(kx—awt) V/m
8
(a)”r—jﬁgd@fﬁﬂ}gﬁx fE, f= < (2%) = 3x10°(m/s) (29%) = 10° Hz(or 1/s)
A 3(m)
(b)'1 Poynting vector S = L ExB
H,

“IHIE=JE,, S=3S,, F%E=£3X+§By+232 Rl

- 1 . - R -
xS, =—(VE,)x(XB, + yB, +zB))

o

E . ~EB _EB,
=—(-zB,+XxB,)=—z——+x—
H, H, H,
EVBX
0=—vr, . B =0
H,
E B .
S =—=, .. B=:ZB
H,
BRI 2 . (29) (B e b 473 )
E 300(V / m)

fi e = c ipREsfOpSfNS B, = 22 = (2%)=10° T

¢ 3x10%(mls)

m

(C) E(x,7) = JE, sin(kx — wt)

wer k=2 222099) oo = 200 rad/m

A 3(m)
FHis @=2xf= (2zrad)(10° Hz) (2%) = 6.28x10° rad/s
()i £
2 2
En__ (3007 /m) (4%) = 119 W/m®

I = =
2cp, 2(3x10° m/s)(4zx107'T-ml A)
_1_119 (W I m?)

= ; (2%) = 3.97x10" N/m’
¢ 3x10°(mls)

(€)% 2 YT P

P [ 2 I B B A [ ok ;@‘;—I; =F=PA=(3.97x10" N/m?*)(2m*) (2%) = 7.94x107 N




7. (10%) A piece of transparent material having an index of refraction
n is cut into the shape of a wedge as shown in Fig. 7. The wedge is
placed in the air, and angle of the wedge is small. Monochromatic
light of wavelength A is normally incident from above, and viewed
from above. Let 4 represent the height of the wedge and ¢ its width.
Find the positions (x = ?)of bright fringes and dark fringes.

Bright fringes occur when 2z=i[m +%) m=0,1,2,- (2%)
n
and dark fringes occur when 2/= [ijm m=0,1,2,-- (2%)
n
The thickness of the film at x is = (?} X.
ML - v (30 _AMm
Therefore, %@m—QmIm+2] m=0,1,2:(3%) and | 1, =27

m=0,1,2, (3%).




8. (10%) An oil film (n = 1.45) floating on water is illuminated by white light at normal incidence. The
film is 280 nm thick. Find (a) the color of the light in the visible spectrum most strongly reflected
and (b) the color of the light in the spectrum most strongly transmitted. Explain your reasoning.

(a) The light reflected from the top of the oil film undergoes phase reversal. Since 145>133, the
light reflected from the bottom undergoes no reversal. For constructive interference of reflected
light, we then have

2ni= [m +%] A air V/

oil

o2nt 2(145)(280 nm )

o " +(1/2) T +(1/2) (1%) water \
Substituting for m gives: » =0, 4, =1620nm (infrared) (1%)

m=1, A =541nm (green) (1%)

m=2, A, =325nm (ultraviolet). (1%)

Both infrared and ultraviolet light are invisible to the human eye, so the dominant color in
reflected light is . (1%) [FLRIF= < L LA i@’%?p\ﬁﬂﬁ)} ]

(b) The dominant wavelengths in the transmitted light are those that produce destructive interference
in the reflected light. The condition for destructive interference upon reflection is

dnt=mi or 4 =24t 812om (1%)
m m
Substituting for m gives: m =1, 4, =812nm (near infrared) (1%)
m=2, A, =406nm (violet) (1%)
m=3, A;=271nm (ultraviolet) (1%)

Of these, the only wavelength visible to the human eye (and hence the dominate wavelength
observed in the transmitted light) is 406 nm. Thus, the dominant color in the transmitted light is

[Viokt]. (19%) LB R L BR PES3757 ]




9. (10%) A single slit 7.00 mm wide is illuminated by light of wavelength 5890 A, (a) what is the angle
of the first minimum to one side of the central maximum (b) find the ratio of first secondary
maximum intensity to the intensity of central maximum.

(a) For minimum diffraction asin@=mA, m=1,2,3, - (3%)

At first minimum, m =1 .‘.<9:sin‘li S|n‘15%?OA_589 x10™rad  (2%)

a 107m

(b) For a single slit diffraction intensity at any angle 6

L1 (sm a)
I,, = central maximum (2%)
a:7(smﬁ) 5 - iﬁ:ﬁfﬁ—k\é 2n
minimum intensity occurat a=mm,m=1,2,3, - PR
“F A~ (secondary maximum) =53 /1 H 2 {5 minimum 7 pl1oe /’_"‘f'
1 Ve
Ja= =)z, m=12,3,-- 2%
o= (m+ 2)7? " (2%) Central max <
.9y [l A~ (first secondary maximum)== 7, F={ii
sin(m + )7z
L sl i 7, = =005 (1%)
Im (m+}/)7z [(1+*)7Z']2 or
2

10. (5%) A diffraction grating has 10* rulings, uniformly spaced over 2.54 ¢m, It is illuminated at
normal incidence by yellow light from a sodium vapor lamp. This light contains two closely lines of

wavelength 5890 A and 5895.9 A. Calculate the angular separation between these two lines in the
first order maximum.

MR AR VIR dsingd=m4, m=1,2,3,

first maximum, m =1 c.dsing= 1 @ (1%)
=2 54cm — 25400 A ) (1%)
() O=sin™ 5390A =sin™0.232 = 13.3°

25400 A
"dcosOAO=mAL, m=1 (1%)

i ‘fiﬁé'\}u K A, angular separation £,

AL (5895.9—5890)A
d€0S60 5400 Ax cos13.3°

AO =

=2.4x10" rad (2%)




11. (5%0) An x-ray beam is incident on a NaCl crystal, at 8 = 30°to a

lnutignl
certain family of reflecting plane of spacing d = 3.00 A, first order of SR N B 5 { i .
\\“B\M/ A

Bragg reflection is observed. What is the wavelength of x —ray? T \

6/

1 [ > 93‘58 B 9

Fig. 8

2dsind=mA, m=1 (3%)
. A= 2dsing = 2x3xsin30° = 3 A (2%)




