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Q1. Original Position of A (center) A (2 4a - 07 E: (0,0)---- (1 47)
Original Position of B (center) A B 4sH 0o & (L/2cos &,-L/2sin &) --- (1 53)
Center-of-mass of A+B remains fixed A+B [ E LA ---- (1 43)
Final Position of A (center) A &AL E : (L/2cos &,-LI2sin &) ---- (1 47)
Final Position of B (center) B [#] &z £¢HH 0 i B (0,0) ------ (17)

A
\ \ -
B final

Q2.
a.  According to the Boyle’s Law | FH L AH < 44 Ji 2,

P1V1 = P2V2

P. = p,gh+ P, =[(L000x9.8x 2x10%) +10°]Nm2---- (1 4})

—1.97x10" Nm 2 (1 4)
.
v, = Ve _197X107 sy g qg7me —emn (148

P, 10°
@)
b. Buoyant Force i% /7,
F=ApgV  Ap=p,-p (pu>>p,Ap=~p,)
For the tank £,
p= p\(}VO = (1'211)(()(_’;197) kgm™ =238.4kgm™ ---- (1 47)
h

E, = ApgV,h = (1000—243.21)(9.8)(10 ®)(2x10%)J =1.48x10*J --- (1 4})

For the bubble <,



Energy gained = buoyant force part % 1{ETh

P
porP = py oo =2 (p G+ Ry (1))
0 0

E, = [ Fdh

h PV
=[(ow —&(pwgh +P)g(— 22— )dh

WO+ P,
P gPV
= (" (L V)dh
= [ (Luoto anep )

—PV, In [PT’)Wgh]— LgV,h
0

=[(1.97 x10*) In[197] — (1.21)(9.8)(0.197) (2 x10%)]J
= (1.041x10° — 4247.3)J
=0.998x10°J - (1 43)

(if assume W% Ap ~ p,,, we have the following modification $4/173 1)

%o _ygp

= P, Inf o * 2u8y

0
= (1.97x10*) In[197]J
=1.041x10°J

3 (791)

c. For the tank 43,

Lo - E,
2E ) 4
_ 2B [2048x100) o g amst e (1 43)
oV, \(1.21)(0.197)
L - E,
2

5
_ [2E, _ [200998x10°) i 0o,
oV, | (1.21)(0.197)

-2-



5
V= 2(1.041x10°) _ 934.5ms™ ---- (2 43)
(1.21)(0.197)

I=Zmiri2=(0.5M+10(0.01M)r2+%MR2 letit  Rons1
i r

=(0.6+0.5n*)Mr?
L=1lw=(0.6+0.5n")Mar® (44})

b. L=mar® where M =(0.6+0.5n*)M and m=0.01IM
In the 1% throw, by the conservation of angular momentum, ¥ 7 —FA /5, HEZhE

RRE!
L=(M -—m)o,r’ +mr2(xsim9+a)1) - (2 %97)
r
L—-mvrsing
S0 =———
Mr
For the optimum angle to slow down,
=sin@=1=6=90°C
- (14)
L —mvr L mv, 1
> w, = = (=) ---- 153\
oMr2 Mr?r (M) (177)
(445

c. Forthe 2" stone %% —BiHTI5,
L, —mvr
w, = el
2 Mr2 ( )
where ' L =(M -m)w,r’ and M, =M -m
L mv,61 1

= ——(=+
Mr? r(M M —m

) = (1 4)

For the n" stone #5% n A T7/5,



L mvy 1
o, = B e ——
Mr?2  r SM—(i-1)m

L mver 1

— 2%
Mr2 r SM-(i-I)m 277)

Wy =

Q)

Q4. (a) KEFLE Lizs). BREAHER .G, N 0. - (150D
According to the Parallel Axis Theorem #5471 & 3,

1 1
=1, +M(R? == 12) = —ML? + Mh? - (24})
o+ M( 1 ) B

T=27| 1 where H.rh thRZ—ELZ
Mgh 4

1 gh
L U P
2 2
27\ h +%2 L
3t 4
(b) KA AR A IR 14 5119 At maximum angle the forces on the ends are
N £ N, respectively

2N'sin f=Mgcosé, =Mg(1—%0niax), - (D)

B2 2
Hrr wheresinﬁsRTlmL o

Mho’6,.,, =Mgéb,., —2Ncos B--- (2)

ANLsin g =1,0°0,,, --- (3)

Putting(3) into(2) one gets the same frequency as in (a) H(3)SF N . ¥ (3) /RN (2) A%
i, H(@mFE-.

KA KB PR 5 1) 1344 At level position both end forces are N’, angular speed is £f3i% &
N’ =Mgho> /1.

2N'sin 8 = Mg + Mho?® - (4)

Finally /573 a = ( +%)/sin 8.

__ 6
12+(L/h)?



Q5.

a.

 ~

E=E, %'  where ttf k==n
c

Leté\kzg(aﬂb) where i A=a+ib
c

aandbarereal, a 1 b A5z
_bwz . (az_)

. az .bz
L~ do(—+i—-t) —  io(—-t I\
E=EXe ¢ ¢ =Ege % °¢ - {17

if i k=2a,
C

E=Egge” ) WEARBEERTE — (140

if 41 k=%(a+ib),
WERE AR AR - (15

if a5 k:iw—b,

C

bwz

E=Ege © xe ' WIRBEMAEFETE - (15

e )

b. B=lVxE= _i(ikEoye“kZ-W‘))
1w

iw
K g 1)

bawz . (%,)

:%(a+ib)E0e°§/e'w e (14D

For complex k, 1 k &5 %

2bwz

(S) = Re(ExB") = - Re[~(a-ib)EZe © ]
Ho 2444 c
2bwz
-2 E2% ¢ (34D
244,C
$ (540



d<§> a a wa)EozefLZ’Z

4= dz :Zyoc c
2bwz
S A0 2T (2
HoC

ifaorb=0 2 a B b=0K q=0

Z:. i—’laZO /fE biOHTJ‘9 ?EZWE&E’%?%W’}E, {E[q:Oo
No. When a = 0 butb = 0, the wave amplitude changes but q=0. (2 %)



Sz Bk =AY AL e T 5E
FHETEE
Q6
(393) BE—: IEEEBERIE NYIETTTP AL E 0 SR - /N

(a)
GEHEZ > NILENENES -
HR T BB B SIEAT BT, NI EEEN, RS RE

Bx=. HREHY.
(b) MEREEWIZOF PR BRE—IEFIHER - - (193)
a=1-- (243)
H (353)
(¢) LB TIEonT > YIERAAI RS
w=2yr*—y* - (143)
= A R
_ Bwv P
| = - (143)
zﬂ . JAN
Hrv ™ (143)
a3 N R EHIAE FH T
F=Blw — (1%})
_ d’y
i@iﬂ?ﬁ%‘jﬂmdtz =F-mg --- (157)
g b BE:
d?y 4B? 2 oy =
dt2+mR(r y)dt+g—0 (143)
H(6453)
Q7

. , Vv . I
j=nev=ocE,--—- (143) E_W— (14)

FEze\\//VH,--- (155) F,=eB\-— (143)
EEIFE:FB v - (143)
Ba (141

Aok Y -B
\Y en

(649
(b) PRIKITA LI E e b, — R0 ETER . ¥ X rrasih Ty 77



97 =+, =0, fH jn %00 jon 267 FREEREET > TR R -

oF, _omgMv, _ongm oV _ o'nmV

Jy =k, = e e e new nWe?
MR T IR — A —4, HEER LG TIRGE - £ (6 43)
(c)
REBSEET - ARFEAY T T R AN e Ry T
Wb
T e
M =n m—m - (14)
" Wne?
H (353)
Q8
(@) 5
Al:
Surface charge density Hifa A% & o = Pcosd - (147)
E = P ><2><j‘d6?cosé?~stiné?-cosé?zfd¢=i - (24%7)
 4mg,R? 0 g 3g,
H (353)
AZ2:
E=E - =E- 16, — (24) WEE=—EF - (14)
° 3, ° 3 e+2 °
H (353)
A3:
B:(g—l)gog--- (145)
(e-D=
=3g,~—LE, - (1%}
%o e+2 ° (153)
—~ 4 _i= g-1—
=—7R*P =4 R® E
P o e+2 °
a=dme, R ST (141)
&E+2
H (353)
(b) #7r
B1.:



2 2
mE W=t 2 -

= —— 2 AN
dre, 2R «/4R2+d2] 327¢,R® (257)

2

p
E W =-— e (2 5
r 167z50R3 (253)
H (457)
B2: (FE{4% image charge) --- (143)
p2 oW 3p2
= y 07 1 4 F = — e 1 PN
1672:90R3 (173) O(2R) 327&90R4 (143)
H* (347)
B3 :
2 : L 1 3p2 2
) - - )=-— = X
4re, \/4R2+x2 \/(ZR—d)2+x2 \/(2R+d)2+x2 12872, R
e (14)
dw 3p2
F = — = & R 2 JAN
dx  647g,R° (253)
H+ (347)

() #a)  FEaHRFIn - GEENIE » SEEE=JOTREL » R E—HE © - (1 93)

AL gnR x [; S NERIEEET - ADm
AR 5 e (159)
fﬂR3 =
3 2R
2R
=0, o =F - (151)
Dot 9mg0 e-1,, Mg, e-1,, N
n=o = )()— o (E)E - (1)
St (459)



