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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 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 without waiting for further announcement.
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. Please follow the instructions on the multiple-choice answer sheet, and use a HB pencil to

write your 8-dight Participant ID number in the field of “I.D. No., and fill out the

appropriate circles fully. After that, write your English name in the space provided and
your Hong Kong ID number in the field of “Course number & Section No.”
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. On the cover of the answer book, please write your Hong Kong ID number in the field of
“Course Title”, and write your English name in the field of “Student Name” and your 8-
dight Participant ID number in the field of “Student Number”. You can write your
answers on both sides of the sheets in the answer book.

N i Jfﬁﬁ‘p’[ Fo %Jb‘” Course Title ﬁ;ﬁg[[iﬁgfr’ﬁcpfjg’p}%%ﬁ% ; %}E{f Student Name
R Ry i 7‘%‘? Student Number 1 _Fi5fi 8 & By 52 3/ - FATE‘E
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. 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.

SRR o ORI TR PR HBSR IR 2 v -

. The information provided in the text and in the figure of a question should be put to use
together.

PRI TR & IR O e~ @B -
. Some open problems are quite long. Read the entire problem before attempting to solve

them. 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.
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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 - gravitational 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 (A s)/(V m)

m. — electron mass = 9.11 x 10! kg

¢ — speed of light in vacuum, 3.0 x 10°® m/s

Radius of Earth = 6378 km

Sun-Earth distance (= 1 Astronomical Unit (AU)) = 1.5 x 10"* m
Earth-Moon distance = 3.84 x 108 m

Mass of the sun = 1.99 x 10*°kg

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

PRIER R > R SR o ST

g~%$%E§HWME$98mm)
G- Egd g}r667x10“(Nm2/kg)
e - T, 16x1019(As)
@—Jf gasssqu%AQKVm)
*?JTEI 9.11 x 10 kg
c— ‘f' /“7&@ 3.0 x 108 m/s
PSR 7 = 6378 km
*#@fﬁ$%ﬁ%@1:ayﬁ@)=15xmﬂm
BYTR- F| SREEEE = 3.84 x 10° m
*%ﬁfy-199xHWkg
Fpu = 1.0 x 10°kg/m?®
BpUEE = 7.7 x 10°kg/m®
FEUEE = 13.6 x 10°kg/m®
2 Sl 1A= 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.

PRZER MRS I TIE R e 4 o e
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Multiple Choice Questions
(2 points each. Select one answer in each question.)

SRR (D25 SRR )
The MC questions with the **’ sign may require information on page-3.

T PR B el EI9Y= I puer] -

MC1
An object in constant acceleration motion with zero initial velocity covers 1 meter within the
1% second. How many meters will it cover within the 4™ second?

- ?Jﬁg]ﬁwﬁ@ BV S VIR > T 5T FREH[T [ BHEED 18 o (P ST
PR T HEEEY 2Dk 2
(a) 7 (b) 1 ()9 (d) 3 (e) 16

MC2
Spaceship A moves at velocity 40( X, + Y, ) km/s, while spaceship B moves at 30 (X, - Y,)

km/s. Find the relative velocity in the unit of km/s between the two ships.

TRAR-AT] 40(R, + Yo )27 2 BV SR RAG-B 1Y 30 (%, — Yo ) BIFp 2 B3
@°?W%WV*wWﬁ$@('JH Eﬁﬁﬁ)o

(a) 10%, +10y0 (b) 10%,+70y,  (c) 70%,+10Y, (d) 10%,+102,

() 10%,-10Y,

MC3*
Jupiter revolves around the sun at 11 years and 315 days per revolution. Find the distance
between Jupiter and Sun in terms of astronomical unit (A. U.).

B A 115 315 S MEEN T - [ o A BEEMEHIPVERES (MY R RE) -
(@) 5.2 (b) 1.0 (c) 11.9 (d) 15 (€) 3.0

MC4
An object is in motion with constant acceleration. Which of the following statement is correct?

(@) The object must move in a straight line.

(b) The distance traveled must be proportional to the square of the time.
(c) The speed of the object must increase uniformly with time.

(d) The velocity must be constant.

(e) The total external force must do work to the object.

— PR (SR o 1) HJFFUL_ LS 9

(a) PP R [ ARGEE -

(b) IR TR AT FIE’“Ef IR i
©) ?#J?ggmﬁjr PPCRLRR Rl = 5 -
@ PR Pl

(@ FApSY Tl
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MC5
An object is placed on the left side of a positive lens and the real image is formed on the right
side of the lens. If the object is moved slightly to the right, the image will

(a) not move (b) move to the left (c) move to the right

(d) move up (e) move down

B ?JFE"FV’} JTAE%PE e EJ , E UL [r%g ,ijjz%rp JF SEL E'{}{ﬁ/?{l?ﬁmj?[%éﬁ— %ﬁ’ E[“[,%é
& o
1

i
(d) [f] 75 ON il
MC6

Same initial condition as MC5 above. If the upper half of the lens is covered with black cloth,
the image will

(a) totally disappear (b) move up (c) move down
(d) become brighter (e) become dimmer

FI b= MCS AR = ' RyZaH -4 iR TR E'l I%\ff

(8) % =ik (b) [f - (© fji ™ (d) e B
(e) - B
MC7

Five circuits are shown below. The batteries all have the same voltage V and all resistors
have the same resistance R. In which circuit does the battery output the most power?

NI szfﬁ[fﬁml > E R E AT F” RV ”"’TE P AN E AR F[Lfrﬁ’ =l R e FHJPHFI'[E'
fﬁf—ff IFU%W?JHHJEF oA 9
R R R R
— R — —
-
\Y I
_||— I
B C
L3 :
o v
\ R II
| '
b E
(@A (b) B (©C (d)D (e)E
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MC8

A 20 uF capacitor charged to 2.0 kV and a 40 uF capacitor charged to 4.0 kV are connected
to each other, with the positive plate connected to the positive plate, and the negative plate to
the negative plate. What is the final charge on the 20 uF capacitor?

fﬁ 20 pF E{LJ%”?TNF = 2.0 kV EILJ%’E{’ — {5 40 pF¥f IJQ*FL,‘{L = 4.0 kV Eﬁ%@% 3
(T PO LA FOR FIRAECEL - T 20 WF o FL‘ | PR
(a) 50 mC  (b) 200 mC (c) 40 mC (d) 67 mC (e) 120 mC

MC9

A cylinder is filled with ideal gas with pressure P. The gas is then heated up by an external
source and has doubled its volume and temperature, while half the gas has leaked out. Find
the pressure of the remaining gas.

R i )Lﬁ %E'%Uﬁﬁ‘ T'?J;‘l' E@F;t — 71[%[(73& Fh—ﬂ‘?@’ff&‘ UpE %LFE‘F[ ﬂﬁﬂﬁﬁuﬂ@?ﬁ
fgrop= UFW‘F[ Y I?ﬁ » (fE _—f Fu%pﬁﬂiﬁd}ﬁﬂ o TRFEH %LFE‘F[ VS -
(@) 2P (b) 4P (P (d) 0.5P (e) 0.25P
MC10
In the circuit, the electric current through the battery is Amperes. -
T F R ﬁuﬁﬁﬁbguﬁ,ht» —L% o 20 10
(@)1 (b) 2 (c)3 (d)4 (e)5 —]
av
MC11

Which of the process below DOES NOT involve energy transfer?

(a) Lifting a cup (b) Turning on a lamp (c) Burning some wood
d) Motion of a simple pendulum (e) Moon revolving around Earth in circular motion

Y P i g 2

(a) = &t~ (b) LS (c) A K<

d) Fiigseigy () FI Fueb s i

MC12*

Ignore friction between water and pipe wall. Water is pumped from a reservoir up to a height

of 10 m at the rate of 30 kg per second through a pipe of 2.0 x 10 m? in cross section area.
Find the pumping power.

THRCER Eﬁl V] o SRR - AR BT 2.0 X 103 R P AR R
I JEF) 30 2t g - 107{~p JE,'JE;E’_ o ISRk

(a) 6315 (b) 2940 (c) 3573 (d) 1305 () 4960
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MC13
As shown, a triangular coil is moving into a uniform magnetic p Q
field region (field pointing into the paper) at uniform velocity.

Which of the following statements is/are correct?

1) An induced current flows from P to Q through resistor R.

2 The magnetic flux passing through the coil is increasing
at a uniform rate.

3) The induced emf is increasing at a uniform rate

motion

DI+~ (S PRI S~ SSRGS (R - i TIPER

;\_i_J; BN P

(1) Fyf%fﬁ(;ﬁ‘frﬁ ERETPRFIQ -
@ PG
3) F&”‘%F{fﬁﬁﬁﬁl Jﬁfgl e

(@) (1) (b) (3) (c) (1) and (2) (d  (2and(3)
(e) (1) and (3)

MC14

Two uniform circular discs of the same material and thickness
are adhered together at point-N. Both discs lie in the same
vertical plane. The rigid body is hinged at point-P and it can
rotate freely about P in the vertical plane. PO 1. OM and ON =
2 NM, where point-O and point-M are the centres of the discs.
When static equilibrium is reached, find the angle & between
PO and the vertical direction.

[ et [l R P s g pHRIRTTRE Y > 3 N Eﬁﬁ&
- & Ry - Eﬁj‘ﬁ%} ﬂ%p[&;ﬁﬁ”*‘@lp[ . *k[gslﬂgglﬁl 8 PEF HEa e R i e Pgﬁ g
F1e OFIM ) Hliﬁ‘ ERAYE 1~ > POLOM > ON=2NM - Tlﬁ B PO =Hh
RS

(a) 16.7° (b) 26.6° (c) 30° (d) 36.9° (€) 11.7°

MC15

Two monkeys of the same weight are holding tightly the two ends of a
rope with negligible mass. The rope passes through a smooth pulley, as
shown in the figure. The two monkeys are initially at rest. Now the left
monkey starts to climbs up the rope at an average speed v relative to the
pulley. Find its average speed relative to the right monkey.

qﬁn—'ﬁm ' MEE IfE'l[ ﬁiﬁ PR BB 2 BT REVRY T S
rijLYFrﬁ [Jyﬁ‘ oo T F[ NEES FIE t[F ﬁ[ﬁ:j.jj‘/\?{’_:ﬁi‘r/\k 4t i‘:‘@@
I S s 7 St ©

@ o0 (b) v upwards (c) 2v upwards (d) v downwards
(e) 2v downwards
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MC16
As shown, find the charge on one of the capacitors with capacitance C.

PR L (R S C O o - I>—H:|
1 1 C 2C
(@) 2cv (b) CV (©) ECV (d) ZCV
\
_||

1
e) —CV
(e) 3
MC17
Same initial condition as MC16. If the battery is suddenly taken away C
and the switch shown in the circuit diagram is closed, find the total
charge that will pass through the switch. I,
FI IR MCL6 A « 2K e -5 - (2 3 Fpespoi] c_ %€
Fﬁf& T‘}HY?HH'E “%EHF" T%E o ) . VI|
(@ 2Ccv (b) CV (© ECV (d) ZCV
1
e) —CV
(e) g
MC18*

An object of volume V is submerged in a liquid of density p. It has a flat
bottom of area A which is at a depth of H in the liquid, and a dome shaped
top. Find the total force of liquid acting on the top of the object.

(@ | pHAg - pVg | and upward (b) | pHAgQ — pVg | and downward
(c) pVg and downward (d) pVg and upward
(e) pHAg and upward

?‘E—l% 55“ VF[LJ?J?EEI;I%’ 54?{54 l:[‘: '14@ 130 pFlJ{&?yi ° fF’jJrg‘El [E“Elgﬁi ?*E‘[Jf’-l:[j Flfﬂ::sijfk[“ , E{jﬁ[g
R EL H ’EE?Z[]}-I KA o R E[FIJF[ 91

(@ |pHAg-pVg| il t () | pHAg - pVg | [~ (¢) AV JiIH
(d) oV it (e) pHAQ [p| &
MC19

An AC generator consists of 6 turns of rectangular wire coil. Each turn has an area of 0.040

m?. The coil rotates in a uniform field (B = 0.20 T) at a constant frequency of 50 Hz. Find the

maximum induced electro-motive force.

- ?L\i;aé’i”rq ) 6 [PV BRSS! IR AEEE 0.040 T of o BUEEE 0.20 T RIS S
REHAH 11" ] 7] 50 I afis il » SRR ESE -

(@ 48V (b) 2.5 \% (c)3.0V (d) 15V (e)75V
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MC20

A cup of water is placed in a car under constant acceleration to the left, as shown. Inside the
water is a small air bubble. The following figures show five situations of the shape of the
water surface and the direction of motion of the bubble as indicated by the arrow on the
bubble. Which one is correct?

o PRSI BT - AT AEUE - W] 509 o ISR
I /J\F?J“gg%ﬁ p@;?v]ép{éjpﬂj [ (154 ?Elr/ FH[iI[—ifL FEpJ ?

J a
A B C D E
(@ A (b)B (©C (d)D (e) E
(End of MC’s ;Z#&fa% )

Open Problems B
Total 5 problems H 5

The Open Problem(s) with the “*” sign may require information on page-3.

i~ FOBRIRRE [T 5030 F bR

Q1* (10 points)

A particle of mass m carrying charge q is placed mid-way between two fixed point charges,

each carrying charge Q. All three particles are on the x-axis. The distance between the fixed

charges is 2d. The particle is confined to move along the x-axis only.

(@) Determine whether the equilibrium position of the particle is stable when g and Q are of
the same sign or of opposite sign. (3 points)

(b) In the case of stable equilibrium, find the vibration frequency of small amplitude
oscillation of the particle. (7 points)

(Hint: for x << 1, (1+ax+bx*)" = (1+ax)" =1+ nax, where n can be a fraction number or an
integer, and a and b are constants.)
RH1* (1053)

~ VR K m R, Q OB B (A PR Q O LB TR Tl 1] - S (BT
I e e ”ri e fr'EJpﬁEFz[itﬂ 24 pro gﬂi X-41_- {1 Téf:;w e
() Q1 Qi ERIFIFKEY = iy SRy ri;iﬁ“’tiﬂl ? (353)
(b) T BRLAR L o R (B s o (753)
(HE=-: fﬁ x<<1, (I+ax+bx*)" = (1+ax)" ~1+nax, Ef[in ' I'[ kL5 CHYIEHRE > aFib i
-
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Q2* (12 points)
(@) The distance between Mars and Sun is 2.28 x
10" meters. Find the period of revolution of
Mars (in the unit of days) around the sun. (2
points) Mars
(b) To launch a spaceship from Earth to Mars, the
spaceship should follow an elliptical orbit with
Earth on one end of the long axis and Mars on
the other end. The sun is also on the long axis, as
shown. The time it takes to fly half the elliptical orbit is 259 days. Where should Mars
be relative to Earth when the spaceship is launched? Express the position of Mars in
terms of the angle between the line joining Earth and Sun and the line joining Mars and
Sun. (5 points)
(c) Tocome back from Mars the spaceship will follow the same elliptical orbit and take the
same amount of days as the first journey. How many days should the spaceship stay on
Mars before it is launched again on its way back to Earth? (5 points)

Earth

E2* (1251)

(@) FEBEENBUEHEER 2.28 x 10M4 o 3 kR EA T
Sl SRR (PJERETE ) o (257)

(b)  FEERp) R E Bﬁéﬁgsﬁ[@ﬁﬁ’;‘Fjj"[{/p[ﬁiﬁga froffLE,
PR - PSR B0 B ROy
Fi o PR sSA E o SRARRE L
I 250 = o 1 SRS LAY B Mo
R SRR ORI T 1
eSO f) 38 AR 2 (557)

(©)  [PROTRAR A RGN » S - 487 [ TR B S

227 (557)

Mil
o

Q3* (8 points)

As shown, a uniform block of mass m and with equal lateral triangle cross section is placed at
the edge of a step on a car floor which is under constant acceleration a (< g) to the right. A
horizontal force on the apex of the triangle F is large D E

enough to just tilt the block.

(@) Find the magnitude of F . (3 points)

=

(b) Find the force at point-A where the block is in contact —a
with the step edge. (5 points) A

BE3* (875)

v[lﬁlﬁfﬁ» = BRI mﬁ%hflﬁ%*éi_: RIS S PR - i%ﬁlﬁﬁ_’flgf}ﬁﬁ;@; ’

PO T =0 a (< Qp R o = s R PER S SRR

B o

() RFEpuA e (357)
(b) 7 BEREE P Y A B[R e (557)

10
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Q4* (14 points)
As shown, a block-C of mass Mc and length L is placed on a smooth horizontal floor. On its
two ends are two small blocks A and B with masses of Ma and Mg, respectively. The friction
coefficient between block-A and block-C is x, , that between block-B and block-C is x4 . The
three objects are originally at rest. Block-A is then given a short impulse I, and starts to move
to the right.
(@) Find the condition that block-B will remain rest relative to block-C. (4 points)
(b) Assuming that block-B remains rest relative to block-C, find the minimum impulse Inin
such that block-A can reach block-B. (5 points)
(c) Assume | > Inin. Block-A and block-B then collide elastically. Find the condition that
block-A’s velocity relative to block-C is
reversed after the collision. (5 points) A B

RE 4% (1457) &

YRR~ BRI Me R ERLAYP-CHY

%ﬁflfj”f‘j‘ E'[ Fo & UKF[LJ[ JJFF "E” (| PUPLAFIB - Pulpl- AF[ GETE FEMa » IR cf 1

T T 1y © PUA-BYTTE FIMe P CRUBAE L 1y © = PO ﬁ%

S - PHLAKISS] EEE B L MU | R -

() SFPIpL-B EPURLCC RU AT PR - (40))

(0) %'#Jfﬁi B(E:?inal CR T AL 1 > R fIP-AZIRPIR-C - frpo | B
E' Imin ° 71

© 7 > min o PUR-ASEPOIRL-BIER = IR o MO e PR AR PRL-C
FUSHAE =~ IRV IR - (550)

Q5 (16 points)

Shown in the drawing is a typical Young’s HEGERS SER
interference experiment setup (not drawn

to the true scale, though). A point light

source S emitting monochromatic light

waves of wavelength A is placed at equal Sy
distance to two narrow slits S; and S, of S Y
width a on an aperture plane. The distance 3¢ O
between S and the aperture plane is D. A S
display screen is parallel to the aperture : 2
plane and is at a distance L from it. D and :
L >> 4. A Y-coordinate is imprinted <
upright on the screen, its origin (Y = 0)

being at point-O. The line joining S and O Aperture Screen
is the central axis of the setup. It is

perpendicular to the aperture plane, and passes through the aperture plane at the middle point
between the two slits, which are separated by a distance d (<< D and L). The light intensity

on the screen can be expressed as 1(Y)/ 1, = f(Y), where the maximum value of f(Y) is 1.

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

\4

< »
N 7

(@ When a << 4, the amplitude E of the light wave emitted from the slits is constant in all
propagation directions. Find f (Y). (4 points)

11
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(b) Now the light source S is moved upwards by a small distance b (<< D) as the small
arrow indicates, find f (Y). (6 points)

(c) The light source is moved back to the central axis. When a is comparable to A, the
amplitude E of the light wave emitted from the slits is no longer constant. It is instead

given by E(0) = sm'é/i’)

where S :—6? and @ (<< 1) is the angle between the

emitting (propagating) direction and the central axis. Find f(Y) and the position on the

sin(x)

screen where the light intensity is maximum. (6 points) (Hint: —1 when

Xx—0.)

FE5 (1657 )
IFL T PR L o R ALRERA B
AU e~ RS ST LR
VBT A B B [ P Khapy . 7
s 1)4' FF[LJSﬁPDSz AL IR S,

A VRIEEAEAUBHEELID - FHEEA g v
_:):(IL %EJ# ([ AL T 5 AUgE- (oY e)
5o DAIL >> 4. %ﬁ%%fﬁjﬂ%‘@l fiY S,
Y- ELElﬁ(Y—O) ?iogﬁ SHIO
f J;Ew%\ijﬁa[a'éé%éiﬂ'puﬂi S > =8 D L
A #J@l RS F[31 Al SZF[JHIE{
S1 A1 SV flp JE'{:“F yd (<D AL
R[NP T 8= 3
LY )/l = FOY) = ELHEFQY) POA T 1 -
(Fa * l[ﬂp@*ﬂt Lo 5T AU BT | = 21, (L+-cos A) - ELF1A BT
*I/Féfpmtﬁlf o

Fi,a« iﬁf AR A PR E Ilﬁ,ﬁqgﬁj[ﬂ kL A, o

f(Y) - (453)

(b) UK Sifﬂﬁijﬁﬁf’% I_FF2— [ BEEED (<< D) - R f(Y) © (653)
() PRI = Hy aAIAz 2T - [ AR IEJMEL PRI E 7

AR LR T RIS © 2V P PRl E(6) = sm/(;ﬂ) Hil1 p= 9 0 (<< 1)fu‘h &
B Sl By o oY) 0 TR Fﬁ“v‘u?ﬁﬁ*ﬁ“‘* fle (657)
A F.r’l’x—>0 ’ M—>1 °)

\4

>
> |<

A

Aperture Screen

(END 5%)

12



Solutions for Multiple Choice Questions
la 2b 3a 4e 5¢ 6e 7b 8d 9d 10a 11e 12a 13b 14a 15a 16¢ 17b 18b 19d 20e

Solutions for Open Questions

Q1
(a) Suppose the charge q’s position is r to the midpoint of two Qs.

__kaQ o _ kQ
(d+r)?’ 2 (d=r)?

total — Fl - I:2 = _kqQ[

1

1 1

The total forceonqis F -
d-r) (d+r)

-] . Obviously, the

factor

A% [dir) is positive. When g and Q are of the same sign, F is
negative, so its effect is to push the charge g back to the midpoint. Therefore q is
stable at the midpoint.

On the contrary, when g and Q are of opposite sign, a small deviation from the
midpoint will increase the in-balance of the two forces, so q is not stable at the

midpoint.
1 1 4dr 4kqQr

b) F=-k - =k =—
(®) qQ[(d—r)Z (d+r)2] ©Q (d? —r?)? d?

s0 o =K

md®
Q2
€)) The gravity force of the sun provide the acceleration for Mars’ circular motion

Gm, M , 27\
—:'2 =m,w r:mMr(?j

2.3 2 1113
=T = an’r :\/ Az (2_'58X1O ) o = 9.93 X 10" s = 686 days
GM 6.67x107 x1.99x10

(b) Within 259 days, the angular displacement of Mars is %x 360° =136°, so
Mars should be ahead of Earth by 180° - 136° = 44°,

() When the spaceship arrives in Mars, Earth has covered angular distance

%x360° = 255", Earth is now AHEAD of Mars by 255° -180° = 75°. When

the spaceship is launched again in Mars, Earth will cover the same angular
distance. Therefore, Earth should be BEHIND Mars by 255° -180° = 75°, or
ahead of Mars by 360° - 75° = 285°. To wait for that to happen, and noted that



the angular speeds of Earth is @, = % degree/day and that of Mars is

Wy, = % degree/day, the spaceship should stay on Mars for

(360-75)—75  365x210x686

= =455 days.
360 360 360x (686 —365) Y
365 686

Q3
Using point-A as the pivotal point, the total torque is

r:mg-ﬁd +ma~£d —F-ﬁd =0

4 4 2

=F= %(g +a)

Use the force equilibrium equation then.

In the vertical direction, f, =mg

In the horizontal plane, f, + ma=F =g(g +a)=f, =g(g —a)

The total force at point A includes f, and fi.
Q4

(a) The friction force of block-A on Block-C is x,m,g . The acceleration of C and B
is then UGS

(mB + mC)

The condition for B to stay with C is then g > _Hal

(mg +mc)

(b) When block-A reaches the end of Block-C while its velocity becomes the same as

C&B, the speed of the system A&B&C is v, = ! . By energy conservation,
(M, +mg +mc)
2 2 2
| —u,m,oL> ! ,or I > M(mA+mB+mC)

2m, 2(m, +mgz +m.) (mg +m.)

(c) Suppose before the collision the speed of A is Va, and that of B and C is V.
During the collision process

’ !

m,V, +mgVy, =m,V, +mgV;
2 2 12 12
m,V, +mgVy" =m,V, +mgV,

' :VA(mA _mB)+2mBVB
m, +mMmg

' =VB (m, —mg) +2m,V,
m, +mMmg

VA
From them we have
VB




The condition for the relative speed of A to C is reversed is VA' <Vg, that is,
 Va(m, —m 2mgV . , .
V, = a(My =Mg) +2MgV <Vg =V, (m, —my)<Vy(m, —my;), since A collides with B
m, +mg

means that Va>Vsg, the condition ism, <m;.

Alternatively, in the instantaneous reference where C is at rest, B is initially at rest. So
v (m,
VA ( B) A

!’ !
m,\V,=m\V, +mgV, m, + Mg . ' .
ATACTATA TR Then ) . So m, <mjg will make V, negative.
2 2 2 ! m
m,\V,” =m,\V, “+m.V, V, = AV,
m, +m
Q5

() The path difference is & = \/LZ +(Y +d7)? —\/LZ +(Y -44)? . Asd<<L, only the

linear terms of d should be kept.

soufie e Sy ey _J {1+ dTY_LJl B

Y YY dy. dY
=L (I] o)L ( ]I "

The answer indicates that the pass difference is given by 6 =dé&, where 6 :Yf is the
angle between the emission direction and the central axis.

Using the hint given, we get f(Y) == (1 cos(zzdLY D

(b) Now there is also a path difference for light from the source to the two slits. Using the

same calculation procedure as in (a), such path difference is ¢, = % and the total path

difference is 5:m+d—Y. Finally f(Y):E 1+cos 27dY + 27db , and the
D L 2 AL AD

interference fringes shift by a distance Y, = %b :

(c) Following (a), the emission direction angle is given by 6 = YI the amplitude is now

direction dependent, so f(Y):l 1+cos(27rde sin(4) , Where ﬁz”—ai. The
2 AL yij AL

maximum occurs at Y = 0 where f(Y) = 1.



