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Rules and Regulations &4 fl]]
. All questions are in bilingual versions. You can answer in either Chinese or English.
E RV ER O o O A [

. The multiple-choice answer sheet will be collected 1.5 hours after the start of the contest.
You can start answering the open-ended questions any time after you have completed the
multiple-choice questions
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. Your Participant Number is printed on the small green label. Please follow the
instructions on the multiple-choice answer sheet, and use a HB pencil to write your 8-

dight Participant Number in the space of “I.D. No.”, and fill out the appropriate circles
fully. After that, write your English name in the space provided.
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. On the cover of the answer book, please write your Chinese and English name in the field

of “Student Name” and your 8-dight Participant Number in the field of “Student Number”.
You can write your answers on both sides of the sheets in the answer book.

2 f[EE ED TR %15/\ Student Name MfF| i a3 4 £ ¢ 4 Student Number
53 l""'V'V—‘J e,
’rg oy F[} 8 ""E‘Txfr sTE o f 1587 ' P”EUH °

. After you have made the choice in answering a multiple choice question, fill the
corresponding circle on the multiple-choice answer sheet fully using a HB pencil.

MR ?“%E’ﬁ%t Ry % "f:efdﬂf TERE PRI S ] HB 52T 3 e

. The lnformatlon provided in the text and in the figure of a question should be put to use
together.
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. Some open problems are quite long. Read the entire problem before attempting to solve it.
If you cannot solve the whole problem, try to solve some parts of it. You can even use the
answers in some unsolved parts as inputs to solve the others parts of a problem.

AV » SR RERERRI A e f | = el = 2 S 000 Tﬁié‘r’ ElE e i)
;ft Fillﬁ:ulip‘{\ Igfrtt ﬂ,ﬁjj 5
. The questions with the “*” sign may require information on page-3.
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The following symbols and constants are used throughout the examination paper unless
otherwise specified:

g — gravitational acceleration on Earth surface, 9.8 (m/s?)
G - gravitation constant, 6.67 x 10™ (N m%/kg?)
e — charge of an electron, -1.6 x 10™° (A s)
& — electrostatic constant, 8.85 x 10™2 (A s)/(V m)
— electron mass = 9.11 x 10°* kg
c — speed of light in vacuum, 3.0 x 10® m/s
Radius of Earth = 6378 km
Sunx-Earth distance (= 1 Astronomical Unit (AU)) = 1.5 x 10" m
Earth-Moon distance = 3.84 x 108 m
Density of water = 1.0 x 10 kg/m®
Density of iron = 7.7 x 10°kg/m®
Density of mercury = 13.6 x 10%kg/m®
Speed of sound in air = 340 m/s

BIERBIER > BRI S TR e

g- %,j*%p If,l JIp %, 9.8 (m/s%)
G- Ijgdl §r667x10“0um%m)
i, 16qu%A9
&— Jf gila g;r, 8.85 x 10™2 (A s)/(V m)
me — 35— T El, 9.11 x 10 kg
c—H fﬁiﬁ, 3.0 x 108 m/s
PSR @ = 6378 km
»km+&$§wq 13V |Ifh) =15x 10" m
ByTR-F | SREEEE = 3.84 x 10° m
i = 1.0 x 10°kg/m®
Pk =7.7 x 10°kg/m®
P8R = 13.6 x 10°kg/m®
2 3l @%@— 340 m/s

The following conditions will be applied unless otherwise specified:
1) All objects are near Earth surface and the gravity is pointing downwards.

2) Neglect air resistance.
3) All speeds are much smaller than the speed of light.

[ BRI P A I S 1 R
1) FI’?"EJ?"’J?E |B§“Eﬁ?\i*’ﬁ§ji%fpl[ , E-JJ[F’IJ—R

2) iR
3) FE | S R -
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Multiple Choice Questions
(2 points each. Select one answer in each question.)

R (D25 DR )

MC1

It takes 240 s for the escalator to bring a boy, who is standing still, from the bottom to the top.
If the boy walks on the moving escalator, it takes 60 s for him to reach the top. If the
escalator is not operating, how long does it take for the boy to walk from the bottom to the
top?
~ﬁﬁmmﬁ*%W@%‘W?@%%%W¢®)°~H%&ﬁEWW%Wfi’@
B SPEUEISH 60's o Sl i o [P IEEY N ARSI ¢

(@) 80s (b) 140's (c) 150s (d) 60 s (e) 120 s

MC2
Ship A moves due north at 40 km/h, while ship B moves due west at 30 km/h. Find the
relative speed between the two ships.
AT E | E 40 T EN (40 km/h) EJ@W’* (== R f.jp -B I'] 30 km/h i [ [H i
éoew% RO i -
30

(@ 10km/h  (b) T km/h (c) 50 km/h  (d) 40 km/h (e) 60 km/h
MC3

The balance with beam and strings of negligible masses is X em 10 om
at equilibrium. Choose the correct values of x and y below. - >
EF{S};FE%D;QEI;\QF[U@TE}FJ PR o FEHTN T“H[ Fg’F{fj X Hly

{a)le,y:Z (b)x=10,y=1

(c)x=20,y=4 (d)x=40,y=10 2kg y kg
(e)x=2,y=2 MC3

MC4*

An object of weight W has a uniform rectangular cross-

section of a x 2a and density of 0.25 g/cm®. Part of it is

immersed in water and the rectangle is tilted by 45°, while

one of its corners is just at the water surface. Find the Air 5 45°

torque of the buoyancy force to the center of mass of the

. Water <
object. \/
— 1“:fﬂf}*ﬂ?§j1gly LW PEE1EE 0.25 glem® Bt a
2a [ 4 > HUTR T B FflE J‘pl ’ MC4
=z J‘pl’?‘/ 45 0¥ ﬂ*i’%"“JJé%W’J?EeI’“F‘@‘ S

aw aw
(@ 2v2aw O Z O ()%f

(e) aWw
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MC5*

A dwarf planet, Eris, was discovered recently together with its satellite Dysnomia. The Eris-
Dysnomia orbital period is about 14 (Earth) days. Assuming that the mass of Dysnomia is
much smaller than Eris, and it performs circular motion with a radius of 33,000 km around
Eris, find the mass of Eris.

TR B Eris > YR Dysnomia s ﬂrﬁﬁpﬁjﬁﬁﬁ VYHEHRSEY 14 BITRET 5 B
A £ 33,000 km - Dysnomia &l = Eris /] L% o Tf Eris fUFTE} -

(a) 8.5 x10% kg (b) 1.45 x10% kg  (c)  2.45 x10% kg (d) 2.85 x10% kg

(e) 3.5 x10% kg

MC6*

A small ball is projected up a smooth inclined plane with an initial

speed of 9.8 m/s along the direction at 30° to the bottom edge of the |\ = .~ \
slope. It returns to the edge after 2 s. The ball is in contact with the A "
inclined plane throughout the process. What is the inclination angle MC6

of the plane?
— IR FRE 9.8 m/s - ﬂiﬁqpiﬁmﬁg irfxa"ﬂnsi e 30°E'Jﬁ5[ﬂ Efké;&qp[,}t[r %
,j&t[F[_ISC%ﬂ’JPI}%E}%J 2Fp i) T*[fIITU’IIE —j‘)JPIF[J]FT%J

(a) 15° (b) 60° (c) 37° (d) 45° (e) 30°
MC7
Four point charges, each carrying charge g, are at the positions
with coordinates of (a, 0), (—a, 0), (0, a), (0, —a), respectively. 2y
Find the electric field strength at (0, a/2). g
P B g U%gr%?é‘# » 3 I 4R (a, 0), (-2, 0), (0, a),
@—wﬂw*Foz(owa&ﬁf%%@O g q
4 q 1 ¢ 3.84 ¢
a — b — C —
( ) 4 2 ( ) 472’(90 a2 ( ) 472'80 a2 'q
1.8 q 2.84 ¢
d L e L MC7
@ drg, & © drg, @
MC8

A parallel-plate capacitor consists of two conductor plates of area A and separated by a
distance d. A dielectric slab with dielectric constant ¢ , thickness d/4 and area A is inserted
between the plates. What is the capacitance of the capacitor?

- TP AR TREHER - RISHIEET O A
AR o ”%ﬁ%‘ﬁ P A

o SRR -

A 4e EA( e 2¢
@ T(1+35j (b) d(1+5j © = (1+gj

EEA &EA
@~ © =

MCS8
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MC9*

An electron is in uniform circular motion in a uniform magnetic field perpendicular to the
circular orbit. If the period of the circular motion is 1.0 x 10 s, what is the magnitude of the
magnetic field?

~ P RS SRR (SR S o SIS 1.0 x 10°F) o REBZET RS o R
B e

(@) 3.0 x 10*T (b) 8.6 x 10* T (c) 1.6 x 10°T
(d) 2.6 x 10°T (e) 3.6 x 10°T
MC10*

At a certain moment, the passengers on an airplane flying at a height of 8 km see sunrise.
How long would it take for the people on the ground directly below the plane to see sunrise?
- YRR B K AIRIT o 4 PR E I LR R o S R 2
FFEBLEIEE 2 (min. = 208D

(@ 5.8min. (b) 7.3 min. (c) 9.1 min. (d) 11.5 min. (e) 13.2 min.

MC11
A conducting rod with resistance r per unit length

is moving inside a vertical magnetic field B at
speed v on two horizontal parallel ideal conductor
rails. The ends of the rails are connected to a
resistor R. The separation between the rails is d.
The rod maintains a tilted angle é to the rails. Find
the external force required to keep the rod moving.

LT PSP AT i ) SRR B ) - BRI
Pyl 1 P51 1 R PEEAESAR o o PSR PRI B i i T vif
fo ﬁﬁﬂﬁﬁ’ﬁiﬁlﬁ&ﬁ %0 - ﬂ*lﬁaﬁé’ﬁﬂ%ﬁiﬁ 9] o

B?d%v B%d%v B?d®v/sin’ 6
(@ F= (b) F=r—7p - (€ F=——" 7 ——

(R+dr) (R+dr/sind) (R+dr/sind)

242 2 242

(@ I::de/cose () F= B°d“v

(R+dr/cos®) (R+dr/cos8)
MC12
The resistance of each resistor is 1Q. Find the equivalent -
resistance between points A and B. A«»—-—-—'»—B
5 WA 5510 - o A - BRIFOSBE -

— T HE -

(@) 6/11Q (b) 11/6Q2  (c) 2/3Q
(d) 3/4Q (e) 20 MC12
MC13*

A rocket is launched vertically upward from ground and moves at a constant acceleration of
19.6 m/s?. By accident, the engine is suddenly shut off 10 seconds after launch. To escape,
the astronauts must eject at least 3 seconds before the rocket hits the ground. Neglect air
resistance How long will the astronauts have before ejection?
i 9] 19.6 m/s? ISR = RS - Wﬂe i E [k 10 7S A VLY -
% equeemepsﬂ AR o (IR 2 DRI & 2
(a) 45, 5 S (b) 34.55s (c)6.5s (d)41.5s (e) 1355
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MC14

An object of about 10 kg is measured by a not-so-ideal

balance. The pivot is provided by a 4.0 mm wide ribbon, <)I<5°m>
so the uncertainty of the position of the pivot is 4 mm. All

distances on the scale are measured from the midpoint of |
the ribbon. Estimate the percentage error if the weight of

the object is measured using this balance. 2 kg 10kg
— P ONRAEVRT BLR [ B — W RS 10 kg FUf

FEE} o LR gﬁt’r ’EIT4.0 mm F’[fjﬂjiﬂ“ PP g\\#ﬁ'm {TFFI’I MC14

*‘J 4.0 mm fiv T“.T;:’ﬂc[\fk RUFE_F & Pt o E'I'JréJI‘JﬂJiﬁ’J“»pfj

H lg’g—t b x {E’J‘o ]Ff[—*[-”?"; %”J’Eﬁ‘gl Ellf[ VEI5 R

(@ 0~1.0% (b) 1.6%~20% (c) 8% ~10% (d) 20 % ~ 30 %
(e) 50 % ~ 60 %

MC15

A piston chamber of cross section area A is filled with ideal gas. At

equilibrium a sealed piston of mass m is at the height H; from the P,

bottom of the cylinder. The friction force between the chamber wall B

and the piston can be ignored. The atmosphere pressure is Po. Now a

weight of mass M is added onto the piston. Find the height of the m

piston. The temperature remains unchanged. o !
- AR TR AEJEE“FT RICTE) PP SRR

TELES M G ERIAGE - 2 Es mpey  MES

e HIEL}H? o SRR A «@E@F;;@ Py © gufiiﬁ%_[—ﬂ]:[g TR E MPVETP > TR

St F[Jm‘ PF' o
() M0y () —2_h, O el )
(M +m)g+FRA Mg + R,A (M+m)g-RA
P,A+mg
d 0 H e) H
()(M—m)g+POA ' € s
MC16

A smooth circular track of mass M is vertically hung by a string down the
ceiling. Two small rings, each of mass m, are initially at rest at the top of the
track. They then slide down simultaneously along the track in opposite
directions. Find the position of the rings when the tension in the string is
zero.

— HVENER M Eﬁ‘ﬁ’jﬁ [Nl E | '«El’ﬁﬁﬁ[ﬁaﬁ‘iz\ﬁﬁ o Ex (e E!ED mgm ak
[E“Iﬁ@{%“‘"jﬁﬁ' R LRI [ e ™ 3 ?FJ,?EH%Q ] ER A ][R
F[ Jr*f‘ PF' o

i MC16
(a) @ =cos™ EIEH m—ﬁﬂ
3 2m
(b) H=cos™ > 1+‘/1_3_m (c) @ =cos™ 1y 1—3M
3 2M 3 2m
(d  #=cos™ 1y /1—ﬁ (e) 0 =sin™ gy hom
3 3m 3 3M
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A small block of mass m is moving on a smooth horizontal table surface at initial speed vp. It
then moves smoothly onto a sloped big block of mass M. The big block can also move freely

on the table surface. After the small block reaches the
helght h on the slope it slides down. Find the height h.

BIFD 0 S P v K 17 A - M
ﬁm o B by e TR M E T R
[Jif}’ﬂ;]ﬁu, &f}’ﬂ;ﬁf[ﬁ};{fﬁ I—E Iﬁl [3#’ = TUL— JP[ MC17 & 18
] &p& R R ST D

1 MV 1 my}
(@ h= 2g (b) h—g . (© h—29m+M
1 My Vo
(d) h—£m+M, (e) h_g
MC18
Following MC17, find the speed v of the small block after it leaves the slope.
B MCAT » S PHRUEER PR ik v -
m -m

@ v=-v, (b) V=t (© V=Y,

m-M
(@ Tham e © Tham e
MC19

A balloon filled with helium gas is tied by a light string to the floor of a

IS moving at a constant velocity. If the car is traveling with constant
speed along a circular path, what direction will the string tilt towards?

= Fe g R YRR A R PT—E} s AT BRI E T fﬁp Jﬁ]

car. With all the windows shut, the string remains vertical when the car é

FUBIty = o }d’,’ﬁu J@fﬁ‘ﬁﬁ '

RELRLEE LAY o Fi i J@[ga[

SEER  AFREVTR P ) (A 2 Me19

@ A (b) B (c) C (d) D (e) Remains vertical @}‘ﬁ%ﬂ‘ﬁl
MC20*

An electron is moving at a horizontal velocity of 5x10° m/s | j/ \:/4 -

before it enters a region of uniform downward electric field.
It leaves the region after traveling a horizontal distance of
20cm. If the electron is deflected by 4 cm when it reaches a
screen 10 cm from the electric field region, find the field
magnitude.
— #3711 5%10° m/s El"ﬁfq‘ Flﬁﬁr’ri_ X Eh 20cm FILH“S

JF%%E& > Bh [ [T R %%Eﬁf‘éﬁ" b RilRL

7% 10 cm iU i%a ° Y YIREERL 4 cm T*%Tﬁﬁp@

(a) 142 N/C (b) 102 N/C (c) 213 N/C
(e) 355 N/C

{End of MC’s & &/fE5%)

(d) 42 N/C
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Open Problems B
Total 5 problems H 5 &

Q1 (8 points)
Object-A is at a distance 2f from a positive lens of focal length f, and Object-B is at f/2 from
the lens. On the other side of the lens there is a flat
mirror laying parallel to and coincide with the
optical axis of the lens. Find the positions of the
final images and the magnifications of the two
objects. Also, determine whether the images are
real or virtual.

B1(857)

— BEEEEL FRVT %ﬁﬂéﬁjﬁ’xj (4 o Po-A BERGAAVIFEER 2f » $2-B BESAEAUREEET,
fl2 - m%?lng“ g \,%PIE‘— 505 i iEl—' RSN I/EI —j“[ﬁ |GEdEEY |¢<ﬂ J’?}'I'%é'—f' FFI
HIle ok » SRR -

Mirror g~

Q2 (8 points)

Shown in Figure-a are two identical simple pendulums joint by an ideal spring of force
constant k and natural length d, which is equal to the distance between the fixed points of the
two pendulums. At equilibrium the two strings (length L) attached to the
two weights (both having mass M) are straight upright. For such a
system even the small amplitude simple harmonic motions are quite
complicated, but there are two ‘normal mode’ motions that are relatively @
simple. One is shown in Figure-b, in which the two weights move in
unison, i. e., in the first quarter of the cycle, both weights move to the
right by the same amount, and in the third quarter of the cycle, both @000 #
move to the left. The spring is neither stretched nor compressed in the
entire cycle. In the second mode shown in Figure-c, the two weights are
moving in opposite directions while keeping their combined center of
mass fixed. In the first quarter of the cycle, both move outwards by the

same amount, and in the third quarter of the cycle both move inward by (b)

the same amount. Find the periods of the two modes.

gE2(83) oo .
Ipp-a T > R AT B °El%&§ HL Lo EIPETEIEL Mo TS o o
ﬁ:}w LR et d FIPINL |~ RS frE'iE; » PO

R K - Elﬁi«@&'ﬂ—“EH@ 4 [‘J' PSR - T ff?ﬂff’%&

'é‘f‘f‘jpiiﬁl - SRR ) ﬁjg s i ©
[FAEATRAHTEY I PRt o A8 1f/L'[ﬁ‘ -b A Rl

[ﬁﬁﬁﬁéﬂ T3 {fW 1/4 zﬁfﬁﬂ[ﬂ (- Sl FI:EE*J MR AR

Y= [ LA IR - S SR S R AT - SR L0 g

{ﬁ_f.ﬁEJ%(\lr = S o B - Zf/DEa’I'-C Fte o | [”Q%&E@*JI—WFE“@ ’

Pjﬂ* M [T - H%\Fﬁ??ﬂh ot 5T [t VA SE PR g Y- &) /iﬁp@”ﬂﬁ’*"ﬁ'[
o Y2 I LA AR R S R G2 R A ﬂ‘xﬂ[ﬂ (A P = o= A
#] o
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Q3 (12 points)

On a smooth horizontal ground surface there is a big block P of mass M. Its AB section is 1/4
of a circle of radius R, while its BC section is a horizontal surface of length L. A small cube Q
of mass m is released from the top of the arc from rest and slide down. When it reaches point-
B at the bottom of the arc its speed relative to P is v. It then continues to move forward and
finally stops at point-C.

(@) Find the maximum value of v when Q reaches point-B in terms of R, M, m, and g.
(b) Given speed v, find the Kinetic friction coefficient between P and Q.
(c) Find the displacement of P relative to the ground when Q reaches point-C.

)

B3 (12757)

wﬂp; AT BT R = O MU P o H ABFBES A BT > of [ EL R > BCRRRLT T o

T\JE';,L — WVEIE m UL Q o K‘A%IIF%TLF%MW iF,ABC*(F*rfv~UB[¥#JEfQ7FEI+TE’?PEJ@
EL Vo R C&f

(a) 284 Q 2| BRIl v v S pcff o ()R, M, m, g #af)
(b) YN =TI v > TPl Q== BC il [ s (78 -
(c) TP Q| C R YL P AR o e 75 o

Q4 (10 points)
As shown, two weightless and rigid thin rods are connected by a spherical joint A of mass M.
The rods can swing freely around the joint. On the other ends of the rods are two small hard
balls (B and C) of masses M and 2M, respectively. Originally both

rods are upright on a smooth table surface with joint A on the top, A

and B and C are on the surface. After releasing, balls B and C

remain on the surface and move sideways, while the rods remain

in the plane perpendicular to the table surface. (a) Find the

velocity of A right before it hits the table surface. (b) Find the

velocity of A when the rods are at angle @ to the table surface after BJlo o\C

releasing from the upright position. (c) Using the results in (o) to [ —

verify your answer in (a).

FH4 (1053)

AR B L PRI - — BRI MRS A > b1 T I SEETE £ M
AIZM PSR B > C o AW [ e 1Ty - 'Eﬁwﬁfﬁxﬁlﬁaﬁﬁ LA T rir S AR
HIEUR @FLF%“W [=FB -~ Cﬁfps‘&ﬁﬁtpw{p 3 3{;&’ﬁxffIﬁFﬁf‘?ffﬂstplf@pm Bl
S o AEERVETEIATS FEREEN R L - (2) SFAGLA RS IS (b) refE
e, JEEI IR ) ORGEALA UL - (©) "I NERE@) A -

10
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Q5* (22 points) & 5* (2257 )
About half of the stars in the sky are actually binaries, i. e., two stars revolving around a fixed
point bound by their mutual gravity. Because the two stars in a binary system are quite close
to each other and they are at far distance from us, they look like a single star in the sky.
Consider a binary system consisting of two stars of the same mass as our Sun, and the
distance between them is 1 Astronomical Unit. Both revolve around a fixed center in a
circular orbit, as shown.
BBl E - R URLSR) o WAL (I B AR )
A ﬁ‘%%ﬁ@éﬁ o Pl SRR IV EREE T o [EEESS P 00R - Bl ) %
EIfe figehl— IR o JUF) TR N PRAT R T B AP SR > SR ]
FYUSFEERD 1= A Rl B 15 [ﬂ“r"i&’%ﬂr& [EEPSET e

(a) Where is the fixed point? (2 points)
EREE P ? (253) vy
Earth sz
(b) Find the revolving period in the unit of year. (3 points)
REPGELEERVIEP] (P& ERHIE ) o (357)

(c) Our Earth happens to be in such a position that our line-of-sight is parallel to the orbital
plane of the binary. For the light of wavelength 4 =500 nm emitted from the stars, find
the maximum Doppler shift o4 , and draw a sketch of the Doppler shift as a function of
time. (4 points)

FEER b o 75 PR G T AT o SR S PR 4 4 = 500 nm » o
K SRS » 28 R PSS RO - (457)

(d) A Michelson interferometer is employed to Mirror-1
detect the Doppler shifts when the separation _#1 &
between the two stars appears largest. The Q\*‘
light from the stars entering the instrument is ,b%
a narrow parallel beam containing two waves Qﬁ*‘?’\
of equal intensity lo with wavelengths 1 — 64 f » ~
and A+ 64, where A0 64. The beamsplitter Star light v 1 5
reflects half (in intensity) of the incident Bk / = %
waves, and let the other half through, without )
introducing any phase shifts. The optical path <>
distance between Mirror-1 and the
beamsplitter is fixed at L while the distance w
between the beamsplitter and Mirror-2 is L + ——
X, where x can be varied. The waves reflected Detector g5
from Mirror-1 and Mirror-2 finally meet at
the detector and interfere. The total light Michelson Interferometer ¥4

intensity received by the detector can be

expressed as | (x) = 1,(1+ f (x)cos(4zx/ 1)) . Find the function f(x), and the value of xo
when f(xo) = f(0)/2.

(Hint: The total intensity due to the interference of two waves of equal intensity 1o and
equal wavelength is| = 21,(1+cosA) , where A is the phase difference between the two

waves.) (5 points)

11
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ﬁ_ﬁ‘d B R T W kL | WJEHE” Rl H ST 'Egﬁwﬁ u 7, < gm/_—g;; I*‘Eﬁ CRE R A v
R S SRR IR fo » WROTRIER A~ SAATA + SR PUT FS - H

AL SA = YA IR RS Pl AR - [ A] SR g1 %]
53R SRR ER IR L S-2 5T PO RS L+ x> EL[x l%k T Sk
P PEIEARIT o PERIHIEIFOREA F T 2SS 1(X) = 1L+ f(x)cos(4zx/ A)) » b
f(x) » 1'% i (xo) = F(O)/2 |5 XofUffl

(R = AR > 3078 P Do gl WA o JUREOA 3iKS | = 215 (1+cos A) > H fl1
A SRRV RIS AT < ) (557)

The Doppler Effect can be ignored for the rest of the problem.
RELE V6T O i R 2

(e) The binary is at 1000 light-years distance from Earth. Find the maximum angular
separation 66 between the two stars in the unit of arc degree. (1 point)
SRR EERYSR 1000 0 F o SRERRIE S FRHESSO (PR ERHIAE ) o (15))

(f) A Stella Interferometer is used to accurately measure the angular separation between the
two stars. As shown, the light from the stars can be approximately treated as two broad
parallel light waves of 500 nm in wavelength; one (wave-1) is at normal incidence and
the other (wave-2) is off by a small angle 66 . Each wave is then split into two by the two
entrance mirrors. The distance between the mirrors is D. There is no phase difference

between the two waves split from
wave-1 at the entrances. Find the Star light I3

phase difference between the two T 7
waves split from wave-2 atthe | o e 7 Slits gz
entrance mirrors. (3 points) o i
FOK T B PR R Entrance Mirrors 2, |+

S G LR 1 500 BN
nmww*wjﬁﬁﬂ’~W(W- ‘ i .7
1= fﬁ %J ‘pk (W-2) 220 e — Screen iy
S| [ﬂ j 56? JEWEL = [ﬂ Star light gl

LIRS T AR [ IR RS Stella Interferometer Ef3k7 ¥4

HEEL D o f§H- 1 ;}H,ﬂlﬁxjﬁdﬂﬁi k
[ IBREERY AR R T o TR MGV -2 5T PR P L IR AR o (357)

(g) The waves at the entrances are then brought to the two narrow slits of a Young’s
experiment, without introducing further path differences between the waves through the
upper entrance and the ones through the lower entrance. If on the screen the bright
interference fringes of one star exactly overlap the dark fringes of the other, what should
be the minimum distance between the two entrance mirrors? (In actual operation, the
entrance mirrors are moved slowly until the fringes on the screen disappear.) (4 points)

e P IEnE T E‘JMMMIE‘;IU Young’s T i EFERIVSGE o T [ IE] G

*E*f’f”“ L TE GRS F#ﬁ F— MR By ot #F?j'i ['%”W@%k B B FEY,

Uj T 1% I‘Q‘*?HJW;I;'* PSR IRV IR T BB . R R L IR
o SR SEOT SR - ) (400)

(END )
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Answers for M.C. Questions

1) 80s, a; 2) 50 km/h, ¢; 3) x = 20,y = 4, c; 4) ,% d; 5) 1.45 x10%* kg, b; 6) 30°, €;

2849 o 9) gO_A( 4e j a;9) 3.6 x 105 T, &; 10) L1.5 min., d;
4re, a d (1+3¢

B
(R+dr/siné)

15) RA+Mg H,,a; 16) #=cos™* 1 1+ /1—ﬂ , C;
(M +m)g+FRA 3 2m

2 —
17) h:i Mvy ,d; 18) vlzuv0 ,d; 19) d; 20) 142 N/C, a
20 m+M m+M

7)

11) F . b; 12) 6/11Q, a; 13) 4155, d; 14) 8 % ~ 10 %, C;

Details

MC 01.
Escalator velocity=u , boy velocity=v and L be the length of path
t, = 240s and t, = 60s

L =ut, and L=(u+Vk,

= L= (L + v]t2
tl

N (240s)(60s) _ 80
vt +t, (240s-60s)

MCO02.
Simply velocity addition,
Vig =4/Vs +Vy = \/(30kmh’l)2 + (40kmh’l)2 =50kmh™
MCO03.
Consider the balance of moment,
m,L, =m,L,
=> 2x =10y
=> X:y=5:1
=> The choiceis (c). x=20 and y=4
MCO04.
W =buoyancy force
Consider the center of mass and symmetry of immersed part of the object,
1 a
r=-+va‘+a’=——
4 242
aw
=> I'=Wr=——
2V2

13
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MCO5.
2p3
CMM _mw?R =>  GM=wR® => M=2%F
R G
w= on =5.194x10°s
14 x 24 x 3600s
®’R® _(5.194x10°s™ ) (3.3x10"m)
= M = == R =1.45x10%kg
G 6.67 x107" Nm™“kg~

MCO06.

Let v, be the velocity along the plane in the y-direction,

v, =vsiné 0 =30°

v=u+at => vsind=-vsin@+(gsinglt ¢ isangle of incline

- _l - 0
o ing o 2vsing 2(9.8ms )Ssm 30°) s
gt (9.8ms 2 )(2s)

=> ¢ =30°
MCO7.

From the symmetry of charges, we only have to count y-componets,

- 1 q 1 1 1 1

E= | 2x— = 4= _

4re, az[ 12 +05° /5 15° 0.52j
E-—1 9 (280
4re, a

MCO08.

Consider the capacitor as two capacitors with different dielectric and thickness in
series.

A .
C-= gé— (parallel plate capacitor)

=  L_1.1 here C,= £oA and C, = £6pA
C C ¢, (3/4)d (L/4)d
— C_ gA( 4de
d \1+3¢
MCO09.
qvB = me’r and V=ar
=> B=""and w- Z_I_—ﬁ =6.28x10°s™, m, =9.11x10*"kg ,e =1.6x10™°C
q
=> B=3.6x10"T
MC10.
Radius of earth R, = 6378km
cosg= e O3TBM ___ 9987
R, +h  6378km +8km
=  §=287°

2.87°

T ety = (24x 60min) =11.45min
360

delay

14



MC11.

MC12.

MC13.

=>

MC14.

Resistance of rod = r_i
sing
dg
=|——|=Bdv
ar
2 242,,2

P= 5 = B .d v =Fv
Ryy F(d/sin@)+R
r(d/sind)+R

Simply consider the resistances in series and parallel,

£:i+i+i => R:EQ
R 1Q 20 3Q 11

At the point the engine just shutting down,
5= %atz - %(19.6ms‘2 J10s)? = 980m

v =at = (19.6ms? J10s) = 196ms
Then, consider the free falling,

s:ut+1at2
2

—980 = (196)t +%(— 9.8 =>  4.9t°-196t-980=0

t =44.5s or —171.5s (rejected)
The time left is 41.5 s.

Find x = 25cm
Consider the max uncertainty at extreme case as
25.4cm
m. = 2kg ) =11.04k =>
wax =1 pom (2K9) g
werror = 20410 1009 = 9.49%
11.04
24.6cm
m., = 2kg)=9.11k =>
o = 5 o (2K0) g

%error = % x100% = 9.8%

The % error is about 10%.

15
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MC15.
According to Boyle’s law,
PVi,=PRV, => PH, =PF,H,
[PO +ijl - [PO L (m+M)g )gJHZ
A A
—s H, = P,A+mg 1
(m+M)g +P,A
MC16.

Balance of force in vertical direction,
Mg + 2mg cos” 8 = 2N cos &
Normal force component,
mv?
R
Conservation of energy,

=N

2

mgR(L— cosf) = %mv

=> Mg +2mgcos’ 8 = 4mg cosd(1—cos )
6mcos® @ —4mcosd +Mg =0

_ 4m++/16m’ - 24mM

cosd
12m
=> cosﬁzli%/l—ém.
3 3 2m

MC17.

To find h, consider at the highest point, mass mand M moving with the same
velocity. Then, by conservation of momentum,
m

mv, =(m+M => V = v, .
o= (m+my Ty,
By conservation of energy,
lmv§=1(m+M)\/2+mgh
2 2
1, 1 2
=> —mv; ==(m+M V, | +mgh
2 ° 2( )(m+M °j J
2
- 5
20\ m+M
MC18.
Similarly for finding v,
_ m 1 o, 1 5 1.,
mv, = mv + MV =  V=—(v,-v)and =mv ==mv’+ =MV
M 2 2 2

_ m—-M
R Ve

16
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MC19. (D) Itis not towards ‘B’ as would be ‘obvious’. The balloon experiences a
buoyancy force by the air which is opposite to ‘gravity’. Inside the car, the ‘gravity’
component due to centrifugal force points outwards to ‘B’.

MC20.
Consider the cases as inside E-field and outside E-field,
Inside the E-field t, = a_ % =4x10"%s
vV 5x10°ms”
Outside the E-filed t, =2x107°s
. E 1E E
Given a :Fq, Vi ZEthlz, Y, = (thleZ

Eq. (1
=> =y, +y,=—14| =+t
Y=Y11+Y, m 1[2 zj
Given y=4cm, q=1.6x10"°C, m, =9.11x10">"kg
=> E=142NC™

17
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Answers for Open Questions

Q1. (8 points)

=> v=—f

For Object A,
1 1 1 1 1 1 .
—t—=— => —+—=— 1 point
u v f 2f v f (1 point)
= v=af (1 point)
and ‘ ‘ 1 (1 point) :
- A
=>  real, up (1 point) -ﬁ'k S
For Object B, _
l+1 _1 => ' 77777 AT AT
AV l _ _ _
v
\ 4

(1 point)

m=

1‘ =2 (1 point)
u
= virtual, inverted (1 point)

Q2. (8 points)

and

For the first mode (Figure b), it is exactly the same as the simple pendulum. (1 point)

w=13 = 7 :Zﬂ\ﬁ (2 points)
L g

For the second mode (Figure c),

Consider the spring constants contributed from different parts,

From the pendulum,
k, = m—Lg (1 point)

From the spring,
k, =2k (1 point)

Ky =k, +k, —mg 2k_m9+2"L

(1 point)

=> T=2x \/7 / (2 points)

18
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Q3. (12 points)

(a)

(©)

Consider the arc AB is smooth,
By conservation of momentum,

mv, =MV, => V, = %vl (1 point)
By conservation of energy,

%mvl2 +%MV12 =mgR (1 point)

2
%mvl2 im (ﬂvlj = mgR

2 M
M m M
v, =4/20R M and V, :M(JZgR M J

V=V, +V, :«/ZgR,/mJI\FAM (1+%j:1/29R 1+% (2 points)

At the end point, both m and M stopped simultaneously,
By conservation of energy,

2 2
im( M vj +£M( m vj = umgL (3 points)

2 \m+M 2 m+ M
M v2 )
= 1 point
H Ln+MJZgL( point)

The displacement of P is

. m M R .
—u’®=2al' 1point) => —-2gR— =2 ——qg |L' (1 point
(1 point) g M(m+Mj ( ng (1 point)

(Or because the center of mass of the system remains fixed) (2 points)

m )
L'= L (2 points
[m+Mj (2 points)

19
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Q4. (10 points)
(@) Since the velocity of B and C are zero at the moment when A hits the table, by
conservation of energy,

MgL :%Mv2 (1 point) => v? =2gL =>  v=,2gL (1 point)

Method-1 for part-b
According to the condition, B will move to the left at vg, C will move to the right at vc, while
A will move at vV, =v,, X, +V, Y, , Where x-direction is horizontal and y-direction is vertical.

(1 point)
Energy conservation: mgL(1—sin @) = % m(vy, +Va,) + % mv; +mv2 (1) (1 point)

Horizontal momentum conservation: v, +Vy = 2V, (2) (1 point)

The rods are rigid, so the relative velocity between A and B and between A and C along the
rod direction must be zero. This leads to two equations below.

—Vj, COSE+V, sind =V, cosd (3) (1 point)
Vp COS O +V, Sin G = vy cos O (4) (1 point)
(4) - (3) leads to —2v,, =Vv; —V, (5).

From Eq. (2) and (5) we get 3v,, =V, and 5v,, =V, . (1 point)
Putin Eq. (4) we get 4v,, cosd=v, singd.Put v, , v, and v into Eqg. (1), we get
_ - - 2 _ - 2
V2 = (l_ ilne)sm 02 2gL . and Vf\y= (1_ sZInH)cos 26’ 5
44sin” +16cos” @ 11sin“ @ +4cos” 4
i P2 2
Finally, v2 = @ sm@(;sm 49+16(2:os 0)
44sin“ 6 +16co0s” 4

2gL (1 point)

Method-2 for part-b
(b) Find the lateral shifting of the position of A first relative to the center of mass which
remains fixed in the horizontal direction,

M,(x=L)+Mg(x=2L)+M.(x)=0

=  M(x-L)+M(x-2L)+2M(x)=0 => x:%L

20
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Point of Rotation
(Center of Mass)

3
=/t

—B@ld 0 ’///

c—.
L |

To find the x-component of velocity of each ball, consider the rotation axis at Center
of Mass, while the y-component of velocity of ball A requires to consider the rotation axis at
C. Then, we can express the velocity of each mass in term of angular velocity,

Vi :%Lésine, V, =L0Ocoso, v, :%Lésine, Ve :%Lésine

By conservation of energy,

mgL(l—siné?):%MAvf\ +%M5v§ +%Mcv§

=>  mgL(1-sin 0):%m(v,§X +vf\y)+%mv§ +%(2m)v§

2gL(1-sing)=L%6" [isin2 0+ cos? 0+ 22sin? 9+ 2 sin? 6}
16 16 16

= 126° {%rls,in2 0+ cos® 9} = 126 Esin2 0+1}

s 92:§9[ 1-sing j

L \ 4cos® @ +11sin® 6

_ . ,
=> vZ=v2 4v2 = 2p2 M+C0820 _ gL (1—sin6 sin“ @+16cos” @
A AX Ay 16 —2

11sin? @ + 4cos’ 6

=2 2

— v, = g—L(l—sinH sm' f+16005 29
2 11sin“ @+ 4cos” 0

(c) Pute=0° => v, =,2gL (1point)

21



Q5. (22 points)
(@) Center of mass

(b) The force on one of the star is

RZ

2
Therefore M o” g _ M,

2GM
and T, _2z =1 year.
Wy

=> T =0.71years

HKPhO FK, HPZERETE 2007

2

—st“” , where R is 1 AU. The acceleration is »*R/2

. => o =/2w, , where @, is the orbital frequency of Earth around Sun,

©  v=(75x10"m)2.8x107"s)=2.1x10"ms™

4 -1
5 = z[%j - (500nm)(Mj —0.035nm

3x10°m

S -1

The graph of Doppler shifts versus time is sinusoidal.

(d) I(x):%(lJrcos[f_ﬂ;Djt—

1 47X
=l,+=1,|cos +C0s
2 [ [ﬂ—&J (

=1,+1,cos an( 1

+
A=0A A+dA

(1+ COS( ff ;/ID
o)
ﬂcos{ZﬂX( P &H

i 24 267
=ly|1+cos an[ﬁj cos Zm{ﬁj
V) 2% =6

47X 47X O
~1,|1+cos cos —
{ A j ( A iﬂ

=> f (X) = Cos(ﬂﬁj
A A

_ _fO) _,
=> f(xo)—T -

f(0)=1

2 2
Xy = Cos‘l(ij( A j— LA 059 mm

2 \azsa) 12 64

(€ 1 light year=365x24x3600s x (3x10°ms )= 9.46 x10*m

~ 15x10Mm
1000x9.46x10°m

=1.6x10%rad
_ 27Dsino8 22D 60

()] Ax = Dsino6 => A6

27D 066
= =T
A

=>

@ A0

A A
D= A1 =1.56m
2 00
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