Part-I
Q1 (9 points)

I,

Rotational inertia of the beam 1) gl B &1 — iA=L 1(1,1,) = le I’m/Ldl zsml?’

h

a) I= I(O,L):%LZ
Conservation of angular momentum ff 2/ & 57 {H.:
lotmlo=mly, = w=—"o
I+L'm 4L

Energy lost Zljfig#i %

AE :%mvé —(% | +%mL2a)2j: mv; /8. (3 points)

2
b) 1= I(—§ L,lL):lmLz, or | L +m(£j :(i+iij2 =L
4 4 48 12 4 12 16 48
Conservation of momentum and angular momentum ffi%) & . zh& spia:
my, = 2mv, 6v,
=——7:,
L) L = 5L
Iw+m[zj co:mzv0 V =y, /2
Energy lost Zlifg i 2%
2
AE =£mv§ P +lm(£j o +mv? |=mv. /10. (3 points)
2 2 2 4
1. 1. 1 .,
c) I=I(-—=L=-L)=—mL
) ( 2 2 ) 12
Conservation of momentum, angular momentum and energy fizh&. zh&E. HEE {H:
12v,
=
mv, = mv, +mv, 5L
2V, ,
Ia)+m5v2:m5vo = vl:? (3 points)
%Iw2+%mv§+lmvf:£mv§ v2=3%

Q2 (10 points)

I m o i mm N .
a) mr =G | rmi leg (rz _r1)7 m,r, =G | r - -.2 |3 (rl_rz)-(l point)
1~ 0 17 0




. 2 points
r o fo-gMtM (POt

c) TI.=0.(1point)

d) The equation for T is the same as a uniform circular motion, ¥ A& (1) 5 FE 15 47 3 51 J4 32 Bl A2
(1) 7 FE—3K. Therefore [A1it,

r(t) =acos(at)X, +asin(at)y, . (3 points)

e) m=m,=m,

_I__27ra3/2 ~ a- 2T %Gm 1/3_ 9x10% x6.7x10 x 4x10%°
J2Gm L 4n? -

47
27 1/3 9
:(6.116><10 ) =1.8x10° m

1/3
j . (3 points)

Q3 (12 points)
a) q'=-QR/x, x'=R*/x

(o1 Q1 1 QRx
drg, (X=X dng, (X* —R?)?

W= [ (0dx = 1 Lo (3 points) AFIEU1 2 4
0 87e, R(R*-L%)

b) Since the outside charge does not create any field inside the conductor sphere, the work done here
is no different from the one in a): 7ML X FAR A TG, B L4 RS a)—Ff.
1 L%e’

= . (2 points
87e, R(R* - %) (2 points)

c) The static electric field on the charge g, =LQ/R outside the conducting sphere is equivalent to a
field generated by three point charges: ¢, =Q at (0,0), image charge g,=-Q,R/x at
(I'=R*/1,0),and @, =-q, at (0,0). Therefore

BkAhg,=LQ/R ZIEHHE IR ALLF =N g =Q 7£(0,0), Biffifiqg, =—q,R/ x 7
(I'=R*/1,0), LL}q,=-q, {£(0,0).

°XR Xq, + R i
(quz_ RYY + s qi(s %) . (2 points)

And the work done by electric field is then H37 (3

4rq, | (x—x)° x? -

f0 =L { 0.9 +qz(q1+qz)}_4ibi_



2 242
J~R I (X)X = 1 3|— q22 _ qu(L%:Zqu)
© 87¢,| R"-LR R

1 { L‘Q? +L2(2R2—L2)QT 1 (L' -2L%°R?*+2R%)Q?
o 5 D32 5 T 5(p2_ |2

d) W =W, (2 points)

IFIC

Q4 (9 points)
a) At=l- rcosé
Vv c r

v:rsmez cvsing (2 points)
At c—vcosd

0.9-0.707c

=2 T
1-0.9.0.707

=1.75c. (1 point)

b) V:M<O = Vv,—vcosfd<0 (2 points)
v, —vcosé v v

Thus v>v,/cosé. (1 point)

c) Let the emission angle of the beads be #'. Then to ensure the net velocity of the beads is along the

Y-direction, we have &/NERIJAI M 6, IATERIYGHEBEUT Y-J7 1], Zify
vsin@=v,sind", v, =vcosé+V, cosd' =vcosd+Vv, 1-(v/v,)" >vcosd

At:i—rco,sg.
v v,

vsin@(vcos@+v, \[1—(v/v, )
V= ( D ( b))>O (2 points)

Vo= (v/v, )’

So it will not happen N2 & 4. (1 point)

Q5

(a) The initial number of mole of air in the tire is #& i 4 J5 A5 A& B8 /K B n. = -0

P:Vo

The final number of mole of air in the tire is ] 5¢ I N T AR BE/REn, =

RT,
So number of mole of air pumped into the tire is [Xlt, 7 3E 4 G )< AR BE R B X



Inside the compressor, this amount of air has volume 7£ 4R ML, I EE JR & AR PR R K

(Tlf — ni)RTa _ Pf — Pi

V' =
P, p °

The work done by the compressor is hence JE4EHLZh W, =PV’ =(Pf - F’i)V0 (1 point)

The internal energy of the gas now in the tire increases by % ifi PN <44 N BERE In 4y

AE = (nf _ni)CVTa +Wc :il(nf _ni)Ta +(Pf - I:::)VO (l pOInt)
y—

The maximum temperature is then 5|33 I 3L EE

c (P — PV, P;
Thax =Tq + n, C, T, + PfVO L Y (V ) Pf a
RT,y—-1

The maximum pressure is “ [k

nsRT, P;
max = = [V—(V—l)P—lle =yPr - (y — DP,
0 f
The minimum P required is /> P 25 255l /&

Pc >R ax :7Pf _(7_1)P. (2 pOintS)

m

(b)

. ne —n (Pf - Pi)VO .
The total number of stokes is T M IKEIN = ———— = . (1 point
et Pan / RTa Pan (tp )

During the j-th stroke, in the adiabatic compression inside the pump from P, to P & j MM FE v A R4
AT S 9RAN Py 220 P

Pany - ij’V
where 7 is the volume of the air inside the pump after the adiabatic compression. V- &4 5 S AAAFA
The internal energy of the air at this moment is I A4 1) 4 BE

L py=— p(f)y

— 1 J - Y — 1 J P] p

The amount of work done to inject this amount of air into the tire is 3] B ) E 1)
1

1 Pa v
BV =P P, Vo

Hence the change in internal energy of the air inside the tire during the j-th stroke is N &1 4L

<R

v
AU =1 PV +Pv =L_pv-L_p i V, (2 points)
y=14 oy y-1 (R

]




On the other hand, % —J5 i
PV )

1 1
AU=A<y (P P, )V, =y_1V0AP =——V,PYP
So [A it
1-y V, 1
P v AP =y —P,Y
Vo

Replacing the finite-difference equation by differential equation and integrate o& H T B 20K s

1-y V
PvY dP = yVPVd]

Pmax 1=y Nyl
f PV dp:f y—pPanj
o Vo

Py

We have F4/ 115 3




Part-11
Q1 (20 points)
a) 27rB = Jar’ = B=pJr/2
s e o, le ,uolz
Energy per length is Ff7 K EEREREW :—J' B22rdr = Hol

Ho o 8z

Compare with fHLLEW = % LI’= L= 5—0 (H/m) (1 point)
TT

b) Newton’s second law gives us the differential equation 2~ 55 — & 4t 5| H 1 )7 #£

mx = —eE — m§ (1 point)

c)
mx = —eEy e'®t — m=
iomx = —eEy — m;
X:LEO (2 points)
(1+iwr)m
e’rnE
d) The current density is given by HLi % & J = —nex = ——2
(1+iw7)m
2 l+iwr)m .
e) IZ = e_rn l,soV= DZ( > ) I (2 points)
zr®  (1+iwr)m D ar®  e’rn

f) The real part of the impedance represents the resistance FHPTSZHE R =

D mo D
—ZE,SO LI =

The imaginary part represents 5 wl, =
zr

g9) L, =Rr=2.0x10°(H).L

Faraday —

T

= 2‘—0 D=1.0-10"-10° =1.0-103(H)

(2 points)

%Zi (1 point)
ree‘rn

—2g (1 point)
reen

(2 points)

h)
Q Iy

¢ iwC
Vi = lwLK,,, Vi1 = iwlK,,_4
{ Lpi1 + K = I
I + Kjpeq = Ipq

Vn = Vi1 =



V .
-2 -V _)+—"_=0 (5 points
o ~Vios) Lc =0 (5points)

2
@

. 1
—ika ika 2 _
e +e +w2LC 0
1 ka) '
=, [——| siIn— 2 points
41L.C ( 2 ] @p )

j) Yes  J&(1 point)

Q2 (30 points)
a) Largest I k: compressed [k 4i; Smallest #/)3: stretched {H1#, or vice versa [z Z 7R (1 point)

b) Lg:Joule/s > N-m/s - kg m?s™3

RHS: A*BPkgZm*s~°
= A*=c5B=¢ (1 point)

= L; = c>GM?R*w® (1 point)

c)
MM
G ;2 2 = leZRl = MzszZ
with R, + R, =R
— R3 = G(My + My)
(1)2
Kinetic energy: M EM, M=M,+M,
M, +M,
1 1 MGM

KE=> M,’R? +% M,o’R? = = %(27:)2’3 M(GM)**T#% (2 points)

2 R

d) Neutron binary X{H 1 R4

% = —% (27)*°*M (GM)?*T " (1 point)
dE, dE, dT :
=—<=——=— (1point
ST ar P
dT 5 1 8 5

- 3G3¢ MM, (M, +M,) 3(27)°T * (1 point)



! 5
—‘Z—I =1.4x10°.4.10%.(2) 3(3-10*) * =1.4x10% -4.10%.0.79-3.4-10 % =1.5x107" (1 point)

e) For Sun-Earth system, H-# &4t with AT = 1s

(3;[- =1.4x10"°".2.10% - 6-10*(365.24-86400) 3 =1.7-10"%.3.2.10™"° =5.4.10% (1 point)

dt 25, 1.8'1025 _ 1.8'1025

t=" -18.10%s= _ 57105y (1 ogint
dT 365.24-86400  3.155.10° y . (1 point)

MG
2

f) R, = (1 point)

g9) R, =GMc?,or Rc’G™* =M. (1 point)

Also v=wR/2. (1 point)

5 6 5

L, =Gc*M2R%0® =16Gc ¢’ G ?R?R AV 16%@) zlGCE

i ¢ (1 point) H=Z EAfHEIA]
=16§—7 10% 10" =5.9.10%W (Order of magnitude only)

h) Lo =2R,'=nR = e=~1 (2 points)

i) (R'/R)? =1/£ with R’ = 10*light year = 9.46 X 101%m, R, = =5 = 149 X 10°m
&'=¢R /R'=15-15-10°-10%/0.95=2.4-10". (3 points)
i) A, =2L=6m,f, =—=1067Hz (2 points)

k) 1% resonance: &5 — M ILPRA

1/2 _oa\V2
%ma)zx2 :%kBT =X :( kBTZ j :(4211;1’138 ] o1 (1)7 o 3.3:10"'m (4 points)
me 1 7-1.07-

I) The change in the length due to gravitational wave should be at least in the same order of
magnitude as 107" °m = Jj 3 T 5 R K B o 7 2 /0 10 P ms 4

3 20
_R_p_RL_ 910° . x 2710

X
L D x 33107 "~ 95.10°

=2.8-10"Ly (2 points)

10’6LG 3 5.9.10>2.10°
AzD?  Ar-2.77-10°

m) |= =6.9-10°(W / m?) . We would be toast. (2 points)




