Answers
Part1

Q1. The plane should follow the parabola FRH#EE LY 4RE S

) 1
X =v,tcos, y =v,tsinf - Egt2 (3 points)

Q2 (6 points)
Io=T

The center of the rod will not move in the horizontal direction ¥ OEKFEFH

[ 8,
g 2 point
I= mi + 2m(£)2 = lmlz (2 points)
12 2 12
There are two ways to find the torque. ¥ BBV 5 5B W&, 3mg
Method-1 F5&-1
The forces acting upon the rod are shown. The torque mg
to the center of the rod is HINE WY 247 , A% mg
T=-2mg+ mg)ié’ = —mg3—lt9 . (2 points)
2 2 mg

Method-2 5 3%-2

Given a small angle deviation € from equilibrium, the

potential energy is 8 E —EAEN/MuBo , BEEAR

U= mg%l(l—cosﬁ) :mg%lﬁz.

oU 3/ )
T=———=-mg—6 2 points
50 g3 (2 points)

Finally, &% 7’1”2[2 g = 3”;81 0= = /1;5_5 . (2 points)

Q3 (6 points)

\-
>

(a) The bound current density on the disk edge is BB RBERZBE A

1 point
K=-Mxn=-p (POIO



The bound current is REGEFR =1 =Jd = -Md (1 point)
u,R’1 u,R°Md
The B-field is BB B =N =—"—"5=-"7 (1 point)
2R*+h*)?  2(R*+h*)?
(b) The bound current density is , which is on the side wall of

K=-Mxn=-M
the cylinder. (1 point)
RAE LN REERBERK =-Mxn=-M
The problem is then the same as a long solenoid. Take a small Ampere loop we

et inside;
&t B - K = M

AR-—REEOHS  B— N EERE , BNER B =K =uM (1 point)

Outside /T & 5P B =0 (1 point)

Q4 (5 points)
Each unit charge in the slab experiences the Lorentz force VB y, - (1 point)
0

The problem is then the same as a dielectric slab placed between two parallel
conductor plates that carry surface charge density ., .4 9 _,p- In such
2
. . D -1
case, the electric displacementisD=0. P=D - =D-—=¢,vB(——). (2
£ £

point)

NERBENBREND 5, . BESRMEREEER 10, and 9 _\BHy

&

D -1
BBRHERNE, BheD=0. P=D-eE=D-"=evB().

. . -1
Finally, the bound surface charge iso, =P = sovB(g—). The upper surface
£

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

-1
BB REEAREO, - P=WB@;O,L§E%E%,T§EWE$

The electric field is g _ b o —vB( which is along the y-direction

)y’

0

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



= %kf;: ﬁ;{)—; vB(g—_l)yO , B2 Lorentz H FEM K.,
£

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

proportional to 7%, j must be proportional to 1/72. So letJ = 52}9 , Where K is a
r

constant to be determined, and the expression holds in both media. (1 point)

HEBMAH BENEREE/ AHEEHE. BER ,/Ju.ﬂ§1lﬁ’,'&ﬂ'
K
DHRENEREE Bt /8 1/ REL. REMNTEE/ iny%%E

L

In medium-1 /T &-1, E = LJ = ng , and the voltage drop from R to R, is

o, o, r

V= LK(L _ L) (1 point)

R R,

o,

nELg Ly LK #p URZE’JEEE?%V_—K(—-—)

1 2
01 01 01 1 R2

Likewise, in medium-2, g =L £ , and the voltage drop from R, to R; is

o,
1 1 1 .

V,=—K(—-—)- (1 point)
o, R, R

R ENEL E - R B R NBERY, - K (o)

2 2 2

The total voltage drop between R, and R; is B ZER V=1, + V..

1 11
Sofg—=— —(——_) _(___)
K Vl|e, 'R R’ o, R, R

The current is B8 [ = 47R7J(R) = 47K . (1 point)



The electric displacement in media are p _ €12 J » so the charge on the inner,
1,2

O

outer, and boundary shells are4px %l ,_azx %2, andg p(f2_% |,
0, 0, g, 0

respectively.

NE- 1 BEBABp, -2 ERERELENERS 42k 0, ank 2,

Oz o o,

azk | L5l
02 al

(b) Due to symmetry, the electric field is of the form _’_ K SO

E
)

f 9

M (2 point)

173

1 3

mﬁﬁﬁﬂﬂ,%%EE=£f,@%%EEV=KG«1J,%

— _R3—R1

R R,

The current densities in the two hemispheres are J =0E and J —0.E The
1= )

total current is]=27‘[R12'JI(R1)+ZJIR12'J2(R1)=2.7TK(0'1 ro,) (2 point)

ETHBNBRBES ) o F ) —ope BERB
I=2aR’-J,(R)+27R-J,(R) =2nK(0, +0,)
The total free charge is 0 =27e,¢, R12 ‘E(R)=21Ke,e, on the upper half and

0, =27Ke e on the lower half of the inner shell. On the outer shell the
2 0¢2

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

POIRE LA B MBS O = 276,6 R’ E(R) =2nKe e, | TH 4 H

RERAR O, =27Ke8, , HPREMEMRAREHRR .



Q6. (12 points)

dP )
a) P,-P,,=pgdh=""=—pg (I point)

dh
7 7 ps P
PV5 =Constant=P=Cp> = p = (6)7,Wh€”€(c = —07) (1 point)
£y’
Combine these two equations, &R 1§
dP P ; 20,8h .5 (2 point)
- P =P,(1-£080y>
I (C) g= o P )
3 20,gh :
p=p0(1_2pogh)2,andT=To(1_&). (2 point)
TF, TF,
2 T
by T V3 = Constant,—;- = Constant (1 point)
05
2 2

The density at 40°C is 0’ _ 1.18° —p= ngx(ﬁ)g (1 point)

313 293 293

2 2 ;
4cCcHEREER L _LIE e 3By

313 293 293

The fraction of water vapor at 40°C at sea level 40°C W KB AP B A,

5535
760

x90% (1 point)

n

The fraction of water at 5°C at high altitude S°C W KB R 2 B A&,

. 6.5 1 point)
2 =T oo 7 (Lpom
760(&)2
313
Rain THNE
: 6.5 3132
= =) xpxV = (222 500% - — O ), 1.18x(212)2 = 0.07kg (1 point)
2787 293
760(=>)2
313

2x1.18%x9.8xh

=g .278=313(1-
BE ( 7x1.03x10°




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

iii) D=g,E+P=P=(e-1)eg,E = PxE=0 (1 point)
1v) P=D-¢,E=¢)(e, -DE, X, + (&, -1)E,Y,] (1 point)

T = %Re(PxE*) = %Re(DxE*) = %sOEOZ(sX - &,)cos(Akz), (1 point)

10
Where H A Ak = (\/g‘\/g);. (1 point)

— d .
V) 7. 16‘0 (ex — &y)E, fcos(Akz)dz = Lso(ex - ¢&,)E. sin(Akd)" (I point)
2 0 2Ak
7 7 _
Maximum occurs when 8 K{EFE Akd = 5= d= sap-  (1point)



Part I1
Q1. (6 points)
a) ka=nr=k =" n=123,... (1 point)
a
b) k2bx=2mr=k =—,m=123,... (3 points)
c) 1239W 1239 }n 7’ b2 _ 102
S129m or s @ 107 ~ 2x10™" nm (2 points)
2 b T

Q2. (22 points)
i) T=ml>+ %12 (2 points)

Ioo=F(t)-1 < (ml” + %12)[9' = Ok = w, =

i) (myl+ ’”Tll)x' = F cos(wt)l -xkI (2 points)
x =4 cos(wt+¢)
= —(% +m,) Aw cos(wyt + @) = F, cos(wt) — A cos(awt + @)k

=¢ =0,4 = £

m 2 points
k= m)a’ (2 points)

iii) (m, + %)56 = F, cos(wt) + F, cos(w,t) - xk (2 points)

x = A4 coswt + A, cos w,t

K F, (2 points)

=4 =

A, =

m m
k—(?1+m2)a)12 k—(?l+mz)a)22

F

— n

. n = A4 .
iv) x=Y A4, cosw,t o (% m)w, (2 points)

. . 2
_ Ve - R+iLw Ve — iRwC - Lw"C Ve

V 2
1- Lw“C +iRwC

out

v)

+R+ilw

i



2 (RwC)’ + (Lw*C)* (1 point)
" (1- L&*C)? + (RwC)*

2
| aut|=

To make the denominator minimum, we should have 2 & &/

1- LCw’ =0=>L=L2 (1 point)
Cw
(vi) For a given L, only the signal withw _ /L in the answer of (iv) can pass
! CL

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)

BEL RREREER , _ | 1 BERTEREKESR, (1 point) HANELR 4,
" \NcL

(1 point) L BV ERBETREH @, B9155%. (1 point) H(Iv)H, k = (%+ my)w,’

B A ZRAK. (Ipoint)y A A BEFHBEERBEANER L., , X B

k= (% +m,)CL__

Correct sketch is a flat line with a peak at L, ETENEER —F¥& , £ LB — R

& (1 point)

Q3. (22 points)

1)  Only the charge g= o, that is inside the sphere » will have a non-zero net

R3
force on the nucleus. (2 points)

RE, r L EESHNABHHEFRNANTAS,

R3

1 Zeq _ 1 rZe E ooy dme E,R’ (2 points)

0=
Ze

4re, R



W) 7m ¥ = ZeE(t) - Ze  1rZe (2 points)
’ 4me, R’

0

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

VALS 8 Bcos(wt + @)

= —Zm,Bw’ cos(wt + @) = ZeAcos(wt) - -
4re, R
eAd
= @=0,B= 70 1 . (2 points)
53 T~ MW
dme, R
Ze* 4
= p=Zer= 77 1 : cos(wt) (1 point)
. 73 — ea)
4me, R
NZée?
iy P(O)=Np=—+ E() (2 points)
Ze 1 )
-5 m,w
4re, R

iV) P= CEext = (8 - 1)é‘OE'lotal = (8 - 1)80 (Eext + Eself) (2 pOintS)
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.

BB ES E W HIRERREE R Pcosd R§,

E,, = 1 ffPCOS H(; cos ) R sin0d0dy = _i (2 points)
4.7[50 R 360

Eself =~ - =lCEext (1 p01nt)
3¢, 3

= CE,, =(e-1sg(E,, - %)
3¢,

2
:>3€0 e-1 -C= ~ NZe
E+2 Ze .L_ W
dme, R® ¢
2 2
= K(0)=C=— N __ Ny
Zew 1 ,  Zm (W) -w




10

,  Ame,R .
where w = ——"—- is the resonant frequenc of an atom (2 points)
m,(Ze
andn =2

3
o = TER R EFHARER,
Zm,(Ze)’

v) For air K is very small ands () is close to 1.

So the L-L relation becomes

5(6()) 1= LK(C()) (1 pOll’lt)

80
Air density decreases with height. So refractive index decreases with height.
(1 point)
Light rays are bent in such condition. (1 point)

ZRH p(o) B | KR EREREE o(0)-1 - - K(0) ERNBE
80

BEEER , Rutirs M), R ME R ARE i,
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