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Part-1 #%-1

Q1. &-1

=

(i) Conservation of energy fig & <y {H

Conservation of momentum zh & 57 &

Myvaph = Myvy 4+ MFEF'L

N (1 point)

So we have &

M
Ba= Bk _M_iEEG-F ) (1 point)

(ii) For the capacitance: Gauss law >R HL 7%, FJ ] = 7 2

fﬁ-ﬂdﬂx=g
13
= @
]3_41:'21'2?r
b
__[= _iﬁl_l)
V= LE ?dr_‘}’lteh m
b
E=g=4ne : .
v b-a (1 point)

On the resistance: Ohm’s law K #LFH, FJH Ohm &3

R==- =
o]

1F dr 1 b—a

g 4mr? " 4mo ab )
(1 point)

(iii) Linearly polarized along %, WFR, 7 M WP (1 point)

Left-handed circularly polarized: E = (&, + 1§,)Eqe™ " g [k (1 point)



(iv)
E= fueg XE = ieE i ol iut
M Ve (1 point)
I T T
§=_ExH"=-%, —E3
] 2 & “L [+ .
N (1 point)

Replace uby u,, & byeg, for vacuum. fEEF u H 1, 1R, & F g, 1

(v):
p=ot-KX=o't-k'X', o=ck, ' = ck;
k(; :7(ko_B'|z)
- vV 1/ .
ké=7(kp—ﬂko) ,B:E, 7=(1—ﬂ2)12 (1 point)
ki :kJ_
‘R‘:ko, w=ck, |K'|=k, o'=ck,
o' = yo(1- Bcoso)
For 6=0, o' =yo(1- /) (1 point)
Andfor =712, o' = yw. (1 point)

Q2
(a) Using Newton’s second law, I F 2F il 55 — & it

2
GIVZIm:mv_,_)V: /GM
r r r
~ GMm

Kinetic energy 3t K = %mv2 o (1 point)

(b) Let r¢ be the further distance of the elliptical orbit from Earth. Let v; be the
velocity of this orbit at this distance. After the firing of the rocket, the velocity of the
spacecraft becomes V1.3v.

A vy AR S B HO R s i, v A PRI C R R

Using the conservation of angular momentum, ff zj &~ 15

mr~/1.3v =mr,v, (1) (1 point)
Initial total energy #14f 5L fE &
K+U —138Mm_GMm __, o5 GMm

2r r r

Final total energy JILF & fit &



K +U = Lpy2 - MM
2 r,

Using the conservation of energy, f& & {0

%mv? _GMm _ —0.356@ @ (1 point)

r-f
Using (1) to eliminate vs, JH (L)% v¢ A CH,
2
imvz 1.32r ~ GMm _ 035 GMm
2 r{ r; r
From the result of (a) Hi(a)f,

GMm 1.3;r ~ GMm _ 035 GMm
2r r, r

2
o.as{i) ~ " 1035=0 (1 point)
r-f rf

T 1+,1-4(0.65)(0.35) _ Lor !
r, 1.3 13

r, =1.86r (1 point)

Q3

I FH 55 B U 1R B BRI AR 2 2K
n n, n,—n
— < =
S, S, R

(1

e ity 1

(@)
SIS BIR: So=t, (UEROCIRBFIHMERED

PR BOL R, T BERBRTT LB L WS, =t+T /n,,

Ne AEBIEIITIHH . I R IR, M (D, =1, n,=n G&B



AT 3, fHEEES, =—n(t+T/ng), BAFIIIACL . AR K~V T A A R Bk
4, BESERTE N +T /ng)+d . (1 point)

BRI R : Sy =nt+T/ng)+d, S, =0, n=n, n,=1, RAFE, FIHX

(L, f# R=(-){t+T/ng+d/n) (2) (1 point)
t:iR—g—l (1 point)
n-1 n ng
(b)
PR, MR % (B3t (2) dit=0) dmaxz(nan)—r;—To e
- G

TR N T UGB Rl L1110 S 7y VAR o= 1T il N 1 S WL
TR R CAL T 21 E. (1 point)

(c)

HH S A1 -

wiEl, P AL IR IE R A WA SRS R O i BRI T4,
T ) y _(n-Dy :

EEIMT?%%T%Q_nt+Tn/nG+(d—R)_ v (3) (3 points)

(d)

Hi t A R Iz 5 R IRZ T X (3) 1o 54

sa_s0_ |5d|+|5R|

= (4) (2 points)
a 6 nt+nT/n;+(d-R)

Q4
(@)
1 A\ A 1 A\ A\ A N
B=:—;F[3(m~r)r—m]=f—7‘;¥[3((—mz)-r)r—(—mz)]
:ﬂﬂs[—Bsin af~+(sin af—coswﬁ)} :ﬂﬂs[—ZSin ar —cos a(ﬂ
4z R 4z R

From north to south, at an angle /g =arctan(2tan «) = 38.9° pointing downwards. (2
points)
AR, HK TRk A B = arctan(2tan o) = 38.9°

(b)
B[=05x10*T (1 point)

F =1l xB = IBlsin@#=100x10x0.63x5x107° =0.0315N (2 points)



Q5
No heat exchange during 122 and 3>4. i 1252, 324 LHAH.. (2 points)

Heat absorbed in 2->3 2->3 1 FE M i
3 5 ]
Q= E( RV, - I:)2\/2)"' R, (Vs _Vz) - E P, (VS _VZ) - (2 points)
Heat released in 4>1 4> 1 i ik
3 3 ]
Q, = E(p4\/l ~PV,)= E(P4 —R)V,. (2 points)
& -1— 3(P4 — Pl)vl/2 :1_§ (P4 — Pl)vl
Q, 5P, (V;-V,)/2 5P,(V;—V,)

_1.3R-R VvV _, 3(R_R| VN,
5 P, V,-V, _ 5(P V,V, -1

5/3
I IAA R (AR RIS
5\ Vi V3/V2—l

_ _§( ZT/S_(EJMJLﬂ_Eu (2 points)

e=1-

5(\r r) Ja-1 = 5r*(a-1)
Q6
First find the distance of CM from the center 1 53K J5i /0 B9 45 Ca [ BF 59
:_J' J"Rz r M —— ydxdy
Ry 7R? [ 2
pur=vi J. 2y+/R? = y*dy (or start from here) (1 point)
320
2 o 2 (R*-v?) 4 4 .
= R*—y*d(R*-y?)= = R®=—R. (1 point
7R? -[R y ( y ) 7R? 3/2 37R? 3 (1 point)

R

] ] 1 ] ]
The moment of inertia about the center is = MR?. So the moment of inertia about CM

bﬁﬁ?ﬁﬁ%%ﬁﬁ%%%Mwoﬁﬁ,wﬁ?ﬁ®%%@ﬁ%ﬁ

1 4 YV (1 16
| . ==MR’-M|—R| = MR?. (2 points
M2 (3n j (2 972 j (2 points)

The moment of inertia about the point of contact is A%} T 55 Mk ) fis 55 iR 55 5 4%
N

1 16 ) ) .
l.=| =— MR* +Md~, (1 point
¢ (2 9z2j (1 point)



d= (l—i) R =0.5756R.
3

Hence [ itk

2
I, :(E_ lGZjMRZ M (1_ij R? :[E—iJMRZ —0.65MR2. (1 point)
2 97 3 2 3r

(b)
lo = PR:@z? (1 point)
U, =Mgd, (1 point)

P2R2
I

T,==lo :% (1 point)

U, =MgvR*+d*, T, =0 (1 point)

U, +T,=U; =

1
P? =1.3M 2g(\/R2 e —d)=1.3|v| ZgR(x/1+O.57562 —0.5756) - 0.752M 2gR (
point)

Thus, 74P, =0.867M./gR (1 point)

Part-2 4-2
Q1
(a)
N = 1000 _ 1000 — =2.548 x10% (3 points)
235 xm 235x1.67 x10
(b)
N=1+3+9+--=> 3 =%(3m+1—1) (5 points)
n=0
m :w—lz 58, T =mt=5.8x10"s (2 points)
log3
Q2
(a)
hc .
=E . =mc* (1 1 point
2nl, P (1) (1 point)
¢’ _Gm, 2) (2 points)
L L P



Gh

Solving (1) and (2) we getL, = - =1.6x10*m=1.6x10"nm (1 point)
c
(b)
E, = he __ 1240(ev ;?Gm) =1.23x10%eV (2 points)
2zL, 27x1.6x107"(nm)
(c)
7=4"4_ 2 _1 (1 point)
A w
Z+) =L =ya-p= "L (@points)
w 1+ 4
2 —
with Z = 1.03, we get S :(ZL)zl =0.61. (2 points)
(Z+D)"+1
Away from us Z AT 2. (1 point)
(d)
5
Dov/H, = 20300\ v _gaviotly (2 points)
21.7
(e)
10
At :2-£:8.4x109 x86400x365x%:8.4x8.64x3.65x£ .
¢ E, 1.23x10 1.23 (4 points)
=0.646 s
No. (1 point)
Q3

(2) According to the state equation of air in the adiabatic process £ # i #£(Cy/Cy =
7/5)

7

3x—
PRy ° = P'(R+X)

3><Z
5

(1 point)

>pr-pa-2% thatisp, —p =2 Xp
5 R 5 R

=> So the force J1 4 F = 47R*AP = —%ﬂR%X (1 point)

(b) The energy #Hg 4 E = .f Fdx = %zRPOJ' xdx :4—527zRP0x02 (2 points)
0 0

(c) According to the continuity equation ] JH 7K i 3% 25,

47R? % =4xzr®v(r) (1 point)



2
=> Therefore [A It v(r) = R—%

(d) The Kkinetic energy of water 7K [t 5l G

1 R? dx dx i
K = |=(4zr?pdr)(——)° = 27R3p(—)? (2 points
iz(” pn( ) =27Rp( )" (2 points)

21P,

(1 point)

(f) Note that a membrane has two surfaces, so its surface tension energy is E = 2ya’
WA PN, KR RE R E = 2pa” (1 point)

Let one side increase by dx, the energy change isdE = 2yadx, soF, =2ya A

tension

—IAMNE—/NBE dx, MIBER IR dE = 2pyadx , KL F, ., =2ya (1 point)
(9) E = 4y7R?, (1 point)

(h) > 8yzRdR = dE = PdV = P(47R%R) D P, =2y/R. (1 point)

SIS Py = Py = Py + Pnsion = Patm+%/ at equilibrium. (1 point)

The net change of pressure when R—> R+ X is

M R—> R+ x IR R R K AR A

dP =dP, —dP, o, = —3KP0%+ Zé/ 2X (2 points)

dE =dP-47R*x =47 (3xP,R—2y) X (1 point)

E=27Z’(3KPOR—2}/)X§,K=%,SOE= (%PR 47/) (1 point)

42
. M_ 1 [1(21R 2y
27R%p R

(1 point)



