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Q1: (4 points)

In the process energy and momentum are conserved, so

WL AT JE B A RE R S E, Bl

MpVy =MgVg,  0=mMgVy, + MV, (1 point)

MuVo = M,Va +MgVg, +Mgve +2E (1 point)

Where, v, is in the y-direction, we can get v, /&3 Y-J7 IR EE . BT

- \/mA(mB _mA)Vg _2EmB (1 point)
A ’

M, (Mg +m,)
Vg, = ﬂvo, Vg, = —ﬂvA. (1 point)

Mg Mg

Q2: (6 points)

From Gauss theorem, the area density of the free charge at the surfaces of the conductor
platesis o, =D. (0.5 points) AR¥E = e, Ttk b 5 HH HL A 25 B2 -5 A R B 7 1
YFENo,=D.

In the air gap E, = E, = D/ ¢, while in the dielectric E, = D/ gg,. (0.5 points)

S SHE =E,=Dlg,, (ENAMNE,=D/leg,, HIEN

d d d dD 1. do; 1
V=—E+—-E+-E,=—(2+-)= 2+-),

3E1 32 3° 350( g) 36‘0( g)
H 45

V 3g,& ,

=— . (1 point
1 =G 2p 1 PO
The bound charge iso, =¥¢,(E, —E,) :iﬂw. (1 point)

d 2¢+1

N b T e g _ _V g(e-))
7l E’i_l:\ Tﬁﬁ%%?@%ﬁﬂﬁ?ﬁgﬁ% :+80(E1—E2):+Fmo

When the slab is moving with speed v, the electric currents at two sides are K = +o,v. From
Ampere law, B, =B, =0 (1 point)
NEBGEENN, b TR ERRE RSN K =+o,v o HI 72855 E FRATLE 7 B R] 1)

% B, =B,=0

Inside the dielectric slab the magnetic field is £/ 5k B Hi3%
V g,(e-1) .

B, = 1,K :ﬂoo-bvzﬂoVFZgT- (1 point)

When the parallel conductor plates are moving with speed -v, the electric currents at two

&+
2, N NSO N , V 3
é@%*}ilz;zjjﬁﬂ‘7 _t\ ‘F*}iﬁ‘]ﬁ%yﬁiﬁgﬁK :iafV:ivazgflo
&

Eﬂ?i%féfﬁff% Bl = Bz = Bg = _,Lloo-fv
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Q3: (7 points)
The electron spin (angular momentum) is I, and the associated magnetic dipole moment is

- Qe
2m

In the B-field, the torque on the spinis M xB and perpendicular to M . (1 point)

The procession frequency is then determined by MBAt = Al , (1 point) Al

MBALt = 1A8 (1 point)

AO .

= MB=1 N loo (1 point)

which leadsto o= % B. (1 point)

AG,

L e - . . N
The negative sign in M :_Zg_l ensures that the spin turns in the same direction as the
m

2

v =er:>a)’:§ (2 points)
m

e

electron trajectory under Lorentz force.

BTHIEHE A A1 S IUEXIRAE T M =~ 2T

TR BRI AM xB 5 M EH. (1 point)

Mt 3h 1A B N 2R R Al
MBAt = Al , (1 point)

MBAt = IAG (1 point)

0

A .
=>MB=1—=I1w (1point
At (1 point)
/%'Ca)zg—eB.(l point)
2m
2
2 B e N (2 points)

R m,
M :_%rq:a@ﬁ%%m [ e R 7 165 7 5% AL B B B —

Q4 (12 points)
(@) Consider a thin layer of air at rest, the pressure difference balances the gravity,
W—#E2R, b T ER s ZNGES E -F,

p(h+Ah)—p(h) =—mpgAh

dp . (1 point)
: —

ah £Y
(b) Putinthe ideal gas law p = pRT, the differential equation is then

RN ST p=pRT , 545 772
dp mg

—=—-mpg =———>>p. (1point
an o) RTp (1 point)

(c) From (b), Hi(b)fiffs
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mg
d—;):—%dh: Inp—-Inp,= g h:> p(h) = p,e RTh. (3 points)
Put in the numbers, fSA%{H,
mg _ 0.029x9.8 —ikm‘l
RT 8.31x300 88
So the height is 55 &K
8.8xIn2=8.8x0.693=6.1km. (1 point)

(d) With a constant wind with velocity v we replace the pressure equation by the
Bernoulli’s equation
A, TN
dp mv’ d dp
=-mgp.
a2 ah 9P
Using the ideal gas law, we obtain S\ p = pRT HESIKHE, 15

d & m
—p(1+ 2R_I_)— mg p (1 point)

h

Therefore fif#f5 p(h) = p,e J . (2 point)

(e) QxV =~ QxVv =27x500000/ (24x60x60x60x60) ~0.01m/s? << g. (1 point)
(f) The decay length in this case is fS AZ{H

mv?
RT +— 4
h = In 2(—) _ 0.693x 8.31x300+0.5x0.029x2.5%x10" / 3.6 614024 = 6.3 km
mg 0.029x9.8
(2 points)

Q5 (11 points):
(@) When the ball arrives at point A, it begins to drop down. In this process the potential
energy transforms into kinetic energy.
RE| AR5 T, 2B R, Haesin
AP =MgR(1-cosé) (1 point)
The moment of inertia about the edge is ZEERIAI IS AN
7

I~=I+MR2=€MR2.

Kinetic energy is #hHEN

K, —lla) L IR = L w2 (0.5 points)
2 2°5 10

So (At K, :% Mv'? = MgR(l—cosé’)+%Mv2 (0.5
points)

=V = g gR(1—cos @) +V?




2

-+

Pan Pearl 08 Solution 72 ¥k 08 fi

L, 10 % .
=—0g(ll-cosf)+| — 1 point
= 7R9( ) [Rj (1 point)

(b) The critical condition for the ball to keep contact with point A before it touches
point B is that: At the moment it touches point B, the centrifugal force equals the
gravity component.

B S A SaEfh, BDERUL A AR HiE3, HiEa 4l s iRt
MV/Z

=Mgcosd (1 point)
10 ) , OR .
:7gR(1—c059)+vmaX =gRcosd =v., :7(17c059—10) (1 point)

. _d*

R 92
where cos@=1 4 - 4 fl——z
R 4R

(c) In the process of the ball collide with point B, the angular momentum of the ball
around point B is unchanged. Before the collision, the angular momentum of the

ball around point B is 1o’ + MRV = | &'+ MR (R’ cos 26) = MR%’@ +COS 29) :

After the collision, it is [@" = % MR?@" .
15 B ffib it f2 e, BRAEN TS A& . M AshEnR
|’ + MRV = |’ + MR (Ra' cos 26) = MRZa)’(§+c052¢9j R 0E WERP R

|~a)" = Z M ﬁa)” o
5

Hence [Xlit

7

s MR*e'" = MRZw'(é +c0s 20} _, o = 2+500s20

@' . (2 points)

So the total energy after collision is fif % i FI5hRE A
7 1 2 .
K, =—MR?*®»" = —(2+5c0s20)  Mv'* (1 point
=g MR =751 ) (1 point)
The requirement for the ball to get over the ditch:
R i, SR E SR F e,

K :7—10(2+Scos 29)2 Mv’? > MgR(1—cosé) (1 point)

3

= v’ >10gR ;z—l (1-cos®)
(2+5c0s260)" 7
) 7 1 .
= Vo, =10gR| —————— —=|(1-cos &) (2 points)
(2+5c0s26)" 7
(d) We must have HR¥EEE, V2, <Vi,
7(1-cosé
g Loosg— L2080 g
10 (2+5c0s20)
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(Numerical result of Max @ #UE T 5455 KA N 0.597797 9L, 8% 34°.)

Q6 (10 points)
Suppose the spring is extended, and choose the natural length as the origin of the coordinate
of the small block X; = 0. The Dynamic equation of this system is

W RPN, LR AR KRNI EI AR X = 0. RAMIZEIHTEA
F+KX, =M,X, (1) (L point) —KX,-M, X, =M, X, (2 (1 point)
Note that HF X,, =—@’X,,, (1 point)

2
oM,

From (2) we get HH(2)73 X, = 2 X,. (1 point)
K —a’M,
‘M KM .
Then I F =-M,0°X, ~K =22 X =X (M, +———2—) (2 points
@O, (M, K—a)ZMZ)( points)
(a) Finally f/513 M, = F KM, KM,

+—=—=-M, ——— 1 point
—*X, 1 K-oM, ' @&’M,-K (1 point)

(b) Negative effective mass 14 R4 &:
For negative M, we get, after some algebra, o” < K(i +i ). However, the term

1 2
ZKL must be positive. So the final answer is
oM, -K

K ) 1 1 . .. K ) .

—< o <K(— +— 3 points Missing— < @~ (-1 point

M, (NIl Mz) (3 points) 9M2 (-1 point)

- AR A a2 1 1 - KM, N

T M, <0, 2 RIRREBEH, 13 0° <K(— +— ) fHR ———2— UIRIEN.
M1 M2 oM, -K

A 15

2
K ) 1 1 . . K ) .
—_— K(— +— 3 points R — , (-1 point
<@ < (M1+M2) (3 points) ﬁ’ﬁﬁM <w’, (-1 point)

2 2
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Part-11

Q1 (16 points):

(@) By Lorentz force law, F=—qvxB, F has no z-component when B is along the
z-direction. Hence if v, = 0 initially, it always remains zero. (1 point)

WA JINF=—quxB, 5 XY AT, HTVIERER Z-7r & v,= 0, AR IREFE

XY 1 gz,
(b) The B-field at r = a is just right to keep the particle on a circular orbit of radius a.

7 r = a A B W AT LZERERLT- LA a AR 3 s 3 .

w =qv,B, =V, _ B2
a

(c) Let the angular momentum of the charge about the origin be L. Then L(t =0) = mayv, .

SR GRIR R ABEN L W L(t=0)=may,

— =-rFsin@ (1 point)

. (2 points)

=—qrvBcosg=—qrBv, (1 point). v, = % is the radial velocity /2 )7 E & v, = % .
= qBrﬂ (1 point) )
dt p)
dL i ¢ -
:a:qBr (1 point) F

One can also obtain the same differential equation by

WA H T AR
O('j—lt'_er_—qrx(VXB )=-q[(r-B)v (r-v)B]=qurB=qr%B (2 points)
dL dr

— =qBr— (1 point
g Olt(|o )

= a =(gBr (1 point)
dr

v

L(r)-L(a) :quBrdr =qB,a(r—a). (1 point)

(d) Because B field does not do work, the speed of the charge is always vo. Note that the
angular momentum can be L =xmrv,
H T A, BT HIER—EH A voo EREABNEFLUE L=+mrv,.
When L =mrv,, r =a, no tangential motion occurs afterwards. (1 point)
HL=mrv,, r=a. XRAGAEYIENH, ZEHAFHIT .
qB,a—mv,

When 4 L=-mrv,, r=a———2. (1 point)
gB,a+mv,

When qB,a <my,, the only solution is r = a, which corresponds to the initial condition. No
tangential motion occurs afterwards. (1 point)

HaBa<my,, ROV r=a, ZEMAHHINT .



R
il

Pan Pearl 08 Solution 72 ¥k 08 fi

a qB,a—my,
qB,a+my,
It is possible. X Z&A] LA IS L -

% gB,a>my,, (1 point) r= <a. (1 point)

(e) When the charge is moving in the radial direction, L = 0. (1 point)
KL F A2 S sl , L =0,

Therefore, Xl
r= a[l— MY, ] (1 point)
B.a

0

When gB,a > my,, r > 0, the motion can be radial. (0.5 points)

2 gB,a>mv,, r >0, R AR AiE 5]

When gB,a < my,, r <0, the motion never becomes radial. (0.5 points)
M gBa<my,, r <0, K AafiERIEs).

Q2 (16 points)

(A.1) The differential equation 173 77 N —lo=7+yw (2 points)
(A2)

Y
0 ts —
d—“’=—1dt:»jd—“’=—1jdt:»|n r_ 7y = Lines %) 2 points)
T I 4 I 4 I Y T
o+— @ @+— 0 w, +—
v e /4
So A:l, (1 point); B:Z,(l point)
V4 T
(B)

e First, add each pair of blocks at equal distance to the center in order to avoid
warbling, keep w, fixed and measure stop time ts,

I +nAl
t =

sn

In(1+7/a)°)=nAI In(1+7a)°)+lln(1+@). Here n = 1, 2, ., and
T 4 T /4 T

Al =mr?, where m is the mass of the small block, and r is the distance to the center of

the fan measured by the ruler. Plot t, ~nAl , one gets the slope K :lln(1+ @) and
V4 T

the interception b=--In(L+2%0) . Then 1 =b/K . (4 points)
14 T

o B, TREF o, WEHL ReEEXT/INE Y B AR S A P R b, R
{5 1IN TH] tone

1AL 7%y PAL 7Dy Vi 7%y stdin=1,2, L Al=mr?,
T y T’y T

v
m REHNEVINEE, r Z2/0EYEHER. Kt ~nAl FE, BELHIRE

K=1n@+?%), 5y 0% b=t in@s 7% . sRAHERE | =b/K .
V4 T V4 T

o Secondly, let the initial angular @, be very slow such that

t

sn

7
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t, = AIn(l+Baw,) = ABa, = la)o .
T

From the slope of the t, ~ @, line we can get the value of 7 . (3 points)

%:,%%%%ﬁﬁ¢,ﬁgzmmuB%qu%zl%&ﬁoMg~%#¢@o
T

b N Y I /
HERRERE N - HtE
T
e Finally, let the initial angular @, be very fast so that
t. = AIn(1+ Bw,) = AIn(Bay,) = l[In(Z) +In(a,)]-
V4 T

Change @, and plot t, ~ In(@,)which forms a straight line. The slope is I/ . Since I is
already known, y can be readily obtained. (3 points)

R RBUGREAET L, = Aln(Lr Bay) = Aln(Boy) = In(E) +in(oy)] 3
t, ~In@, FIEE. BLRREN Y. HILEy .

Q3 (18 points)
Ans:
a) (i) ForR <R, there must be a constant current i is flowing in the system to increase

Rnr SO the total resistance of the system will not be negative.

HR<R,, TABALAE R 900, fERGHE R AN .

N2
| :
{R -R, [1— (—J =0 (Kirchhoff’s law) (0.5 points)
IO
i R, - R. _
=>l==x I (0.5 points)
R0
N2
I . i
Voltage drop across R,,= — R, 1—(_—] I =—RI = - voltage drop across R. (0.5
IO
points)

fES iR,= — R 1—[_lj i = Ri
|

0

For R > R,, the total resistance > 0, so the solution is i = 0. There is no voltage drop. (0.5
points)
#HR>R,, WRSKLEBHEVIE, BARNE.
(ii) L has no resistance. So a constant current 1 ==i_ flows through the system and
Rus =0. There is no voltage drop anywhere. (1 point)

HURTCER M, FTUARg =0, M A =%, (HEHE.

8
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(iii) In this case i = 0 and charge ==, is needed to maintain the circuit in
equilibrium (Ryr = 0). (1 point)
Therefore a minimum voltageV, =+q, /C is needed to maintain the system at equilibrium.
There is no voltage drop across R .. (1 point)
B AR =0, ALK Eaﬁjjq *0,, Ry=0. s/ EEAV, =+q,/C. Ry,
TR

b) (i) For R<R, the Kirchhoff’s Law becomes 1R<R , A
|
|

Writing 1=

| + j=1+] where j is small,

AN / - |+J—|+J,Etl3 N—F/NE,

we obtain to linear order in j fR¥F j BI—Z%/hE, 15

oo renf

0 j= Vo for both AC and DC. (1 point)
2( 0 )
V,

wEl Cbit& ACEDC) j=—="2—,
Z(RO_R)

(I+j) 2(R,—R)j, (1 point)

. \2
For R>R,, the original current is zero. R, [[i] 1} =-R,;.

. V .
So we obtain  j=—2%—. (1 point)
(R_ Ro)

N2
4 R>R,, FRNHTNE. thRo[[_iJ 1J:Ro, M=,
I (R_RO)

<<Notice that for R =R, we obtain 24 R=R I}, 1%

2 1
; 3
ROH j=V:j=[ii§J
Io RO

(i) In this case we obtain fEILIE, FATH
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- Ro[l—(i": j] J(io +i)+ L%:V (1 point)

0

Note that {H & % =0.

_R{l_(ioi:jn(ioﬂ) (1+2—OJ—1J( +])=2R, ]

We then obtain FH 4557 75 7% 2R, j+ L% =V . (1 point)

For AC voltage V (t)=V,sinat , the solution of this equation is j = j,Sin(et + &) where

L
tan5:——w and j, = Vo —— . (1 point)
2R, 2R, coso —Lwsino
d . . . V.
Oor —=—iwj,and j =—2——
O 4= b= 3R —ile’

. L
LV (t)=V,sinat ., N j= ], singt+5) . ﬁAﬁéfﬁiﬁﬁa@——E?,

(o]

V

0

2R0 cosé— Lwsing

(ﬁ% o], AANEO TR = FEARSE
2R—La)

Jo =

(iii) For small additional voltage source there is additional small amount of charge ¢’. The
equation becomes

/NIRRT, ORI AT S BEIN—/NE ¢ ORI N

2
_R{l_[qwq j J(d(qwq )j+qo+q Vv (L point
o dt C

ad,

Note that =0, and 2:—" =V . The above equation then becomes

RA+24 90 A\ 9y
do dt C C
It is true for both AC and DC. (1 point)

9 5 % _ % da’, a'_\/ 9 _y
Eiﬁdt—o,c =V, BiRTHE MJCESZRO(lq 1)0| V:>CV

S t C
AC =% DC #li&E H .

(iv) For DC voltage at equilibrium i = 0 and the situation is same as (b(ii)). A minimum
voltage V, =%q_/C is needed to maintain the system at equilibrium. (2 points)

10



Pan Pearl 08 Solution 72 ¥k 08 fi

R
il

FMpGi)FEE. V, =xq,/C
(v) In the presence of an additional AC voltage, Kirchhoff’s Law becomes

Z—/> AC HJR, JIFEH

) 2 r 2 T 1 2 r
R |[ %t +ioz(d(qo+q)j 1 (d(qo+q)]+qo+q o 9% *a) _
q, dt dt C dt (1 point)

=V +V’

Note % =V, and dd% =0, the first term becomes

EB?%:V, %:o, R — T AL

ROMM] +ioz(d(qo+q')]21J(d(qo+q')j
o dt dt
eI R

l g ° Ldt dt

_ q ., dq _,,. _
Sowe obtain % fF  —+L—=V"', (1 point)
C dt
Therefore, forV'(t) =V, sin ot . We obtain q'(t) = (C+°sz)sin wt. (0.5 points)
And j(t)za)—vocosa)t (0.5 points)
(C*-Lo?)
MR AN, 15 q'(t):V—OSina)t, j(t):a)—vocoswto
(Cfl - sz) (C’1 - La)z)
Or 5§
, V, . dq’ —laV,

11



