Answers
Part1

Q1. The plane should follow the parabola TS F1} F‘[W’J%Lﬁﬁﬂ o

. 1
x=Vv,tcosd, y=vtsind— Egt2 (3 points)

Q2 (6 points)
lo=T

The center of the rod will not move in the horizontal direction = [ -7 7<= 4

TR
=, oLy = L (2 points)
12 2 12 P
There are two ways to find the torque. 3 7JJBF[y 35 F 7l - 3mg
Method-1 #3#-1
The forces acting upon the rod are shown. The torque mg
to the center of the rod is f/ li/[lﬂ%ﬂ JapusiAT s f mg
/ 3/ .
T=—2mg+mg)—0=-mg—@6 . (2 points)
2 2 mg

Method-2 #;3#-2
Given a small angle deviation @ from equilibrium, the
potential energy is ; 1F‘[ = [/ EPRRY] S F2O o BRI

U= mg%l(l—cosﬁ) 0 mg%lﬁz.

ou 31
T=———=-mg—>0 2 points
S0 "85 (2 points)
2
Finally, #&H Tml 3mgl f .(2 points)

Q3 (6 points)
(a) The bound current density on the disk edge is #%3Z[f Jﬁq'@”' FE A B

K=-Mxii=-M, (1 point)



The bound current is i %; v=>1=Jd =-Md, (1 point)

2 2
The B-field is REi5T B(z = hy=— Lol L HR Md3 (1 point)

3

AR +1%)? AR +hY)?

(b) The bound current density is K = —M x7i =—M , which is on the side wall of
the cylinder. (1 point)

FERIET O B 4D K = M <7 = -M

The problem is then the same as a long solenoid. Take a small Ampere loop we

get B= K= puM inside;
b SAFIVEES > TV- T f HEE S H R B = g K = u,M (1 point)

Outside /7 9 B =0 (1 point)

Q4 (5 points)
Each unit charge in the slab experiences the Lorentz force —vB y, . (1 point)

The problem is then the same as a dielectric slab placed between two parallel

. o
conductor plates that carry surface charge density+o, and — =vB. In such case,
80

the electric displacement is D=oc. P=D-gE=D _b = 50vB(g—_1) .2
£ £

point)
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Finally, the bound surface charge iso, :PzgovB(g—_l). The upper surface
£

carries positive bound charge, and the lower surface carries negative charge. (1

point)
ﬁ@'&fzﬁ%%’jr%ﬁ% =P= 8VB(—) ’ F%ETF F ’_"?QEI [JF‘[F °
The electric field is E = —b B(—) Y., which is along the y-direction

‘90

(opposite to the Lorentz force). (1 point)



— -1 .
FEHILE :iyo = vB(gT)j/O » %= Lorentz 174 [f[ft!™ -

0
QS. (10 points)

(a) Because of the spherical symmetry, the E-field and the current density J

are all along the radial direction. In steady condition, the electric current /
through any spherical interfaces must be equal. Since the area of the sphere is

- - K.
proportional to #, J must be proportional to 1//. So letJ = — 7, where K
r

is a constant to be determined, and the expression holds in both media. (1

point)
FSSFRIE 4 AR 0 T [ AR o RS
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In medium-1 /7 #1-1, £, =—J = ——, and the voltage drop from R) to R; is
o, o, r
1 I 1
Vi=—K(—-—— 1 point
1 o, (Rl R, ) (1 point)

2

1 1 K 1 1 1
v E, =—J=— s IRy || Ry pUEREYLV, =—K(———
f 1= T R IRy PVEHE = (R1 Rz)

1 K
Likewise, in medium-2, £, =——, and the voltage drop from R, to Rj is
r

0,
1 1 1
V,=—K(——-—— :
2 o, (R2 RS). (1 point)
1K 1 1 1
o Tk T2, K, = s (LR, E| Ry puEEgnV, =—K(———
[fl”efa ) o, " 2 &Ry [ Ry [ T = s, (R2 R3)

The total voltage drop between R; and R; is 7B F5* F V=V + V.
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The current is ?‘ﬁ; VR =47R!J(R) = 47K . (1 point)

£
. . . . 1,2 :
The electric displacement in media are D, , =—=J, so the charge on the inner,
0
1,2

outer, and boundary shells are 47K & , —4rK & , and 47K (i—ﬁj ,

0, 0, 0, O
respectively.
5 & . - .
Tl MBS D, = P S P £ 47K 2 —ank 22
T Oy, j 0, 0,
4,,,{(2_&} o
0, O
. . = K,
(b) Due to symmetry, the electric field is of the form E=—7r ,
r
I 1 R,—R
soV/ =K| ——-—1,andK =V -——1 (2 point)
Rl 3 Rl 3
o < - £ N K . = o
El[éij‘?g]‘[% i o qu—‘:[:g, By E=—r > W{#Fﬁ—"ﬁj{ﬁb V=K|———| >
r 1 3
_y B-R
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The current densities in the two hemispheres are .J = GIE andJ, = o,E . The
total current is / =27 R - J,(R)+2xR} - J,(R) =27K (0, +0,). (2 point)
Rt ﬁmm?ﬁﬁ“}r@ £L ‘71 = 01E ’ jz = O-zE ° ﬂo*?irfj‘:ﬂﬁ“ £

I[=27R}-J,(R)+2xR}-J,(R)=27nK (0, +0,).

The total free charge isQ, = 27&,&,R} - E,(R)=27K g, on the upper half

andQ, =27 K¢y, on the lower half of the inner shell. On the outer shell the



charges are negative of the corresponding ones of the inner shell. (1 point)

,T‘]TI et ﬁ F'IEI mEL O, = 27[6‘051R2 -E(R)=2nKg,s, > m__{.?[«P,EI
i Fhf P i 0, = 27K g8, 7+fT‘PIFU}:P P ERE AR

Q6. (12 points)
dP .
a) BBy =pgdh="_-=-pg (I poin)
7 7 5

z u P
PV3 =Constant = P=Cp°® :pz(?)ﬂwhere(Cz 01
Py’

Combine these two equations, F/ﬁ EERERE

dP 2p,8h :
== (= )7 = P=P,(1--222-)2 (2 point)
dh ’ 7P,

20,85 2p,8h
p=Po(1—7LP)2,andT=To(1— 70P ). (2 point)

0 0

2
b) TV> = Constant,i2 = Constant (1 point)

e
2 2
) .op> 118 3132 .
The density at 40°C is = =1.18x(==2)2 1 point
y 33 293 P ( ) (1 point)

2 2
pS

1183 3132
_118x (13
313 203 F o3

40°C IE[JJE‘%L ia@ ,

The fraction of water vapor at 40°C at sea level 40°C FY~-J<Z&)5 7] EsER

55.35 )
= x 90% 1 point
=" o (I point)

The fraction of water at 5°C at high altitude 5°C P 7fs 2535 57 HeEG,

= —6258 (1 point)
7 L
760(——)2
(313)

7,

Rain 4 &



5
= (771—772)><,0><V:(55'35><90%—L7)><1.18><(£)2 =0.07kg (1 point)
7 > 293
760(=°)2
313

2x1.18x9.8xh
7%x1.03x10°

i 278=31301- )= h=3500m (1 point)

Q7. (8 points)
i) pxE (1 point)

iiy PxE (1 point)

iily D=g,E+P=P=(¢-1)s)E = PxE=0 (I point)

iv) P=D-g,E=¢,[(s, ~1)E, X, + (&, —1)E,Y,] (1 point)
7_":%Re(ﬁxﬁ*):%Re(DxE*):%goEé(gx —¢&,)cos(Akz), (1 point)

Where £l {1 Ak = (\/5—\/5)9. (1 point)
c

_ d
v) T = %go (&, —&y)E] [ cos(Akz)dz = 2%“{ g)(e, —&,)E, sin(Akd). (1 point)
0

Maximum occurs when f& - {fi it Akd = % =d-= ﬁ (1 point)



Part II
Q1. (6 points)
a) ka=nr=k =" n=123... (1 point)
a
b) k,2bm=2mx =k =— mzl 2,3,...... (3 points)
1239 k2 k2 1239 /nﬂ _2_1012
b
S 1239m o 551230 10 2 2x100 um (2 points)
2 b V4

Q2. (22 points)
i) I=m0 +%12 (2 points)

[o=F(t)-1 < (m,l +%zz)é = Ok’ = 0, =

i) (m,/ +mTll))'é = F cos(wt)l —xkl (2 points)

x=A cos(ot+4)

= —(% +m,) Ao cos(wt+ @) = F, cos(wyt) — A cos(awt + )k

h

=¢=0,4= (2 points)
m, )
k—(—+my)o,
3
i) (m, +%))’é = I cos(awyt) + F, cos(w,t) — xk (2 points)
x= A coswt+ A, cos w,t
=4 = h A, = 5 (2 points)
m, 2 m, )
_(?+m2)wl k_(?"'mz)wz
. n F .
V) x=3 A4 cosot = A = p” 2 (2 points)
k - (?1 + mZ)a)nz
. . . 2 .
W v, = Voei”” -— R+ilw Ve = choC2 La‘) C v e
T R4ilo 1-Lo"C+iRaoC

ioC



Py (RwC)* +(Lo*C)’

1 point
- La’CP +(RoC)y POV

| out

To make the denominator minimum, we should have ]'E[I PI k=2

1-LCw® =0= L= 12
Co

(vi) For a given L, only the signal withw, = ‘fé in the answer of (iv) can pass

through the filter, (1 point) and the output is proportional to 4,. (1 point) By varying L

one selects differentw,, and the output is proportional to the selected 4,. (1 point)
From (iv), the maximum A4, is the one whenk = (%+m2)a)n2. (1 point) So as L is

varied, one finds a particular L.« at which the signal peaks, and k = (%+ m,)CL_

(1 point)
A L FIIUE \/75}[ BET PRIV HS, (1 point) /] [-I4?
Ay (1 point) L [078 {* 57K &P [l [0 0, (955, (1 point) 11 (iv) 4,

= (B2 )" Ay . (1 point) P T IR O Lo 2%

_”l

- (% +m,)CL,

Correct sketch is a flat line with a peak at Ly 1 Eﬁ Y I'm%ﬂqu TR T Lyax © I~

i (1 point)
Q3. (22 points)
3

1) Only the charge ¢ :%Ze that is inside the sphere » will have a non-zero net

force on the nucleus. (2 points)
3
F{Eq :_Ze‘lH %FUF’[F%T'»#JFH if‘jj,pjf e

4ze E R’ .
! ZequeE0:> 1 r—Z€=E0:>r=M°Z—° (2 points)
e




i) Zm i = ZeE(r) 4Z€ y FR_Ze (2 points)

3

80
E(t)= Acos(wt),r = Bcos(wt + @) (1 point)

VACE  Beos(at + )

= —Zm, B’ cos(at + ¢) = ZeAcos(wt) —

£, R’
= ¢=0,B=—7 ed (2 points)
Ze 1 )
3 m,w
4re, R
Ze* A :
= p=Zer=— cos(wt) (1 point)
Ze 1 )
3~ m,@
4re, R
2
iii) P(t) = Np =— Nze E(f) (2 points)
Ze 1 )

iv) P=CE,, =(e-DgE,,, =(-Dg(E,, +E, ) (2points)

ext

The electric field £ in a uniform polarized ball with polarization vector P can be
calculated by considering the surface bound charge Pcos @ distributed on the ball.

S Sl (SR IR E SR U Peos 3R -

1 Pcos@(—cosb) , . P )
= R sin@dOdp =—— 2 points
self 472'50 .U R2 (0 380 ( p )

£ = 1 CE, (1 point)

self == 380 3 ext

ext

= CE,, = (6-1)z(E,, - et
3¢g,

_ 2
:>350€ I:C: 2NZe
&+2 Ze L_m (02
dre, R° ¢
— K(w)=C= NZe? _ N(Ze)
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4 .
where @] = Lz is the resonant frequenc of an atom .
Zm,(Ze) (2 points)
andn =2
dre, R’ -

2 _ 7% EIE 'fili[:%;]-_g' 3 o
a) - - LAJ [J INJ ~ —I}\

= Zm(zey =TT VIS

v) For air K is very small ande(®)is close to 1. om0,

So the L-L relation becomes

v,

e(w)—-1= iK(a)) (1 point)

2

Air density decreases with height. So refractive index decreases with height.

(1 point)
Light rays are bent in such condition. (1 point)

A= = K= N AR 1 P LSO Y
Fyfve(w) L1 K V] RSN e(0) 1= —K(@) - FRpv
80
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