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1. All questions are in bilingual versions. You can answer in either Chinese or English.
P H 25 h 3L o fRmligedse DL SO R

2. 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
guestions without waiting for announcements.

BRI S AR R LB AG 1R —/ N =0 Ui[a] - FERAEIE Z AT 1B R » fRIR
A FAGIFERIEUEE - A E A -

3. 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 & Section No.”

SH RIS BRE A MBARAOHE TS » P HB SR EREPBRAIRARAY L D. No.” fil 795575 E(Ry 8
LTSRS - AR A BT E RSB - ARIEEEIYZE S E (R
% B (B “Course & Section No. ” #NE_FARAN B 47285808 o

1



HKPhO & & 13 5 £ 2013

4. 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.
BEESEENE K% 0 SHRHEREES AR FAHEER M HB S ERERE -

5. 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 I.
D. Number in the field of “Student Number”. You can write your answers on both sides of the
sheets in the answer book.

B EEENE E - 555 Course Title i tHIE_EIRAYE 7338 55HS & 555° Student Name i 15 [

IREVE S %4 5 5517 Student Number 8 IRAY 8 firir SR - BB EmifEA -
6. The information provided in the text and in the figure of a question should be put to use together.

FAL RN T S P R A R — B 1 -

7. 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.

PRI & - SRR 8 & TR - SR EE A E o AR EMNERE
TEEAIREEA o -

Bk

The following symbols and constants are used throughout the examination paper unless
otherwise specified:

BRIEFFRIED » BRIZGRER TYIRSTMESR

Gravitational acceleration on Earth surface 1 EkZ= 28 IS g |9.8m/s*
Gravitational constant #7452 | /75 8 G |6.67 x 10" N m%/kg?
Radius of Earth i#hEk 1K Re | 6378 km

Sun-Earth distance Z[5-Hr Bk BE#E re |1.5x10"m

(= 1 Astronomical Unit (AU)) (= 1 K EEAT(AU))

Mass of Sun K58 & 1.99 x 10*°kg

Air Density 22 & 3 i 1.2 kg/m®

I\/ISun
Mass of Earth i/ ER/E & Me |5.98 x 10%*kg
o)
Pw

Water Density 7K 22 1.0 x 10° kg/m®

Trigonometric identities:

=A2REFEH

sin( X+ y) =sin xcos y + cos xsin y cos( X+ y) = cos xcos y —sin xsin y

sin 2x = 2sin xcos X oS 2X = €OS ~ X —sin © X
1 1

sin xcos y = —[sin( x + y) +sin( x —y)] cos xcos y = —[cos( x + y) + cos( x — y)]
2 2

1
sin xsin y = —[cos( x — y) - cos( x + y)]
2
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Multiple Choice Questions

(Select one answer in each question. For each question, 2 marks for correct answer, 0 mark for no
answer, minus 0.25 mark for wrong answer, but the lowest mark of the multiple choice section is 0
mark.)

WIEE (SR EER SEEN 25 FE 05 BSE10254) » (14 HREEEER
043> )

1. A massive rope of mass m and length L, as shown in the figure, rests on a horizontal table. If the
coefficient of static friction between the table and the rope is 1, what fraction of the rope can hang
over the edge of the table without the rope sliding?

EFTR - —REER m- KRER L HUAESE > FFIUEACFRALL - 5088 B A vAE HEE
BB s > MBI RGNS - v IER 2 RAVTESE > M ZE T ?

A e B. £ C.1-u D. Ji+ 4, E 2,
1+ u, 1+2u, 3

Solution:
Assume that a length rL is on the table, so the length (1 — r)L is the part of the rope which hangs over
the edge of the table.
The tension in the rope at the edge of the table is then (1 — r)mg, and the friction force on the part of
the rope on the table is f = z (rmg). This must be the same as the tension in the rope at the edge of the
table, so (1 — r)mg = u(rmg) and r = 1/(1+ ).
The fraction that hangs over the edge is
-rL M
L - 1+ .
Note: the result is independent of L and mg of the rope.
Answer: A.

2. As shown in the figure, a rigid sphere of mass m and radius R is held at rest by a horizontal string
on an inclined plane with an inclination 6. If the sphere does not move, what is the minimum
coefficient of static friction s, between the sphere and the incline?

WEFTR - AEER m 85 RIVERES > P77 RBVAERE E i K o yRhE L -
GEREGAE) - RUBKES BLRHE Z [EAVAF (HEE R A E > R/ METER(TEE ?

‘("’

o7
1-cos @ cos 6 sin @
A.tan@ B. C. D. E.1-cosd
1+ cos @ 1+ cos @ 1+ cos @
Solution:

Consider the torques about an axis through the center of the sphere:
TR-fR=0 = T=f
3
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Apply £ Fx = 0 to the sphere:

f+Tcosd —mgsind=0 N
f(1 + cosé) = mg sind T 0.
mg sin 6
- 1+ cos @ f

Similarly, apply £ Fy, = 0 to the sphere:
N — mgcosO — Tsind =0

a. 2 2 0. 2 mg
. mg sin 4 cos & +cos O +sin "0
N = mgcos0 + fsin® = mg cos & + (g—) = mg -
1+ cos @ 1+ cos @
cos € +1
1+ cos @
. f mg sin & sin @
e fF<u N = pu >2—= +mg =
N 1+ cos @ 1+ cos @

Answer: D.

3. Asimple pendulum of length L is mounted in a massive cart that slides down a plane inclined at an
angle @ with the horizontal. Find the period T of small oscillations of this pendulum if the cart
moves down the plane with acceleration a = g siné.

—HSEMHEEBE A —RE R L VR EER > =08 MEAREIRE - B2
T a =g singfERHE A NS - SREHELL M EIRBIYEE T -

0

Lsin 8

L L
A 2z B. 27 [ —/—m— .2
g cos @ g+/2(1+sin 9) g cos ¢

L L
D. 27 |———o E. 2x /—
g1+ 3sin 26 g(1-sin 0)

Solution:

The cart accelerates down the plane with a constant acceleration of gsiné. This happens because the
cart is much more massive than the bob, so the motion of the cart is unaffected by the motion of the
bob oscillating back and forth. The path of the bob is quite complex in the reference frame of the
inclined plane, but in the reference frame moving with the cart the path of the bob is much simpler—in
this frame the bob moves back and forth along a circular arc.

To find the magnitude of effective gravity acting on the bob, gef, first we draw the vector addition
diagram so as to enable us to have a clear picture of the motion of the bob with respect to the cart.

4
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Using the cosine rule, ges is given by

9% =g +g’sin "0 —2(g)(gsin Q)COS{E—HJ :wne
2 1

=g’+g’sin‘0-2g°sin‘0=g’cos’@ : O,
€
Thus, gett = gcos @ : g
: : o 27 L |
The period of this motionis T = — =2z |—
- ) - 2 - geff .\\\( 7[ B
Substituting gcosé for gesr in the equation, we have gsing 5 -
L
T =2n
g cos @
Answer: A.

4. A stone of mass M is tied to a string. It is whirled in a vertical circle of radius L. At the highest
point of the circle, the speed of the stone is v. Find the tension of the string.

—HEER/ MAVOTER—IRET £ - O EZET LSS L VEEERREEE - £EEY
IRiE > T IVERERE v o SREETHYIR T -

A.M[g+v—] B.M[g+v—] C.M[g—v—] D_Mv— E.M[V——g]
L 2L L L L

Solution:
Consider forces acting on the stone. Using Newton’s second law,

v’ v’
T+Mg =M — = T=M|—-9g
L L

Answer: E.

5. A ring with mass m is hung vertically at the lower end of a uniform A
chain of total mass m and length L. Its upper end A is fixed, as shown in
figure (a). The lower end B is raised until it is at the same position as A,
and the ring slides to the midpoint of the string, as shown in figure (b).
What is the minimum work required in this process?

HEER mIVNE  BRN—EE R m - &E L LIV IMEERN N -
AR Fimldl € - & @R o AR NimdheE] BimERE S
I/NERE FIAR R TR - AN (b)FR SRR - &/ NEF
79 BO

A. mgL B. imgL C. imgL D. imgL E. imgL Fig. (a) Fig. (b)
4 2 4 2

Solution:

Consider the center of mass of the chain. Its height increases by L/2 — L/4.
Consider the center of mass of the bob. Its height increases by L — L/2.
Total work done = increase in potential energy

= mg (L—L)+mg(L—L\]=imgL
(2 4) L 2) 4

Answer: B.

6. In a spacecraft orbiting around the Earth, an astronaut has a feeling of weightlessness. In Earth’s reference
frame, the explanation is
A. the weight of the astronaut becomes zero.
B. the gravitational field inside the spacecraft becomes zero.
C. the net force acting on the astronaut becomes zero.

5



HKPhO & & 13 5 £ 2013

D. the astronaut is falling freely.
E. there is no change in the momentum of the astronaut.

RZEREERGEHBR S > HP R RZE NENR A EE - KIS IR RN - SRRV
A RZEANEESERE -

B. RZEMWNHIGITIHERHE -

C. TERIARZEAS EHTT > BNIHE -

D. RZEANEHH TEE -

E. RZEAWVEIEIZ AN -

Answer: D.

7. In the figure, a mass m is hung by a light spring and a
light string at the ceiling. Both the spring and the string
make an angle & with the horizontal at equilibrium. If
the string is suddenly cut, what is the instantaneous
acceleration of the mass m?

YEIFTR - AEE R mAVYIES - S E H5R AR
BHVEREN KA - FEPHERIRRE T SHEE SRR B IP T RIERR A E ¢ - 4R 2S00
T PIReH bR IR D 2

2
A =9 B. 2 c. 9 D. ¢ R
sin @ sin @ 2sin 6 cos 6 2 cos @
Solution:
Consider the balance of the vertical forces.
. mg
2Tsin 8 =mg = T =
2sin 9

When the string is suddenly cut, the mass accelerates due to the gravitational force and the tension in
the spring. When these two forces are added, the result is minus the tension of the string. Using
Newton’s second law,

m
J =ma — a-= 2
2sin 0 2sin 0
Answer: C.

8. A particle is projected horizontally from the edge of a smooth
table with initial speed v. The particle hits the ground at a v
horizontal distance D from the table. Different values of v are
used and the corresponding values of D are recorded. Which
of the following pair of quantities will give a straight-line
curve?

AHRITAE PR R THEG IR v IS mm - Aok
PEERE D g o A EHY v ESEIAER DE © N
HEEL ARG ?

A.vand D B.v?and D C.vand D*
1 1
D.vand — E.vand —
s Jo
Solution:
The time of flight of the projectile is given by h = %gt P o oo |2
g

/2h
Hence b =wvt =v_|—
g
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Answer: A.

9. Which of the following facts is/are direct evidence(s) supporting Newton’s first law of motion?

(1) A feather and a coin spend equal time to reach the ground when dropped from the same height

on the Moon surface.

(2) A satellite orbits around the Earth with uniform speed without supply of fuel.

(3) A man is thrown forward on a bus which stops suddenly.

AR ST o DAME R iHE — E R E SR 7

(1) —HRPIEA— MR A = S H R A AR il EAEE -

(2) TR LI ERERGEH S - N RBFEARE -

(3) EELERETRK » FRZEHMAA] -

A. (3) only B.(I)and (2)only C. (I)and (3)only D. (2)and (3)only E. (1), (2)and (3)

Answer: A.

10. Two masses, ma and mg (Mg > mp) are put on a smooth horizontal table as shown. The maximum
static friction between the two masses is f. A gradually increasing horizontal force acts on ma and
the two masses accelerate together. The masses start to slip over each other when the force attains
F.. (figure (a)) If initially, the force acts on mg instead, the masses start to slip over each other
when the force attains F,. (figure (b)) Compare F; and F.

SEFTT > TRV > ma il me (Me > ma) » BEE A EIBET KR T- b - T AR A e
BB £ o KA IR maYN TR > (R —RE A - 5507 Fy
3 W R AEE) (Bl@) o BHGEESE - SNIIERN me M3k m » BN
5] 05 YR RS (E(D) - SR F AR, -

A F1>2F B.F>F C.Fi=F D.F1<k; E.F1<Fy2
FF— m, o
Mg F,— mg
figure (a) figure (b)
Solution:
Infigure @), F, = (m, +m,)a and f =m,a = f-—"2 F = F1=ymAg[mA+mB]_
m,+mg mB
Infigure (b), F, =(m, +m)a and f =m,a = f=—" F = FzzﬂmAg{mAerB].
m,+mg mA
Fl mA
= —= <1
FZ I’nB
Answer: D.

11. Planet P is moving in a circular orbit around a star X, while in another stellar system, planet Q is
moving in a circular orbit around a star Y. The orbital radius of P is twice that of Q and the orbital
period of P is also twice that of Q. Find the ratio of mass of X to that of Y.

T2 P UEIPHEBRGNE X S —REZ TR Q LIEIPHIERGRE v - PAYHIE
FAEE Q YRIE » P HYEE EHAt & Q AYRIfE - 5K X Bl Y HYE ELL -
A.8:1 B.4:1 C.21 D.1:1 E.1:2
Solution:
Using Newton’s second law ad Newton’s law of univerasal gravitation, we obtain
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2 2
2 4 3 4z

R® M RV TS 2°\( 1
- R = M = — = N —3(—}:2
GM G T M RS T 1 2%

Answer: C.

T

12. A bus is turning around a corner on a horizontal road. The diagram shows
the rear view of the bus, which is turning to its right. Which of the
following diagram best shows the force diagram of the bus?

AELAEFE EH5E > B AR ELAEE - [KERENRER - T

TEIAR ST AF FH D 8 5 o TEE 2
A. B. C.
—1 —/ —/1
reaction|& | reaction
- 4 reaction reaction(# | 4 reaction reaction (A
v friction v friction v friction
weight weight weight
D. E.
—/1 —/1
reaction |4 reaction
reaction reactionia -
< 1 < [
friction ¢ friction ¢
weight weight
Answer: A.

13. A cylindrical trough is placed on a horizontal plane. The two edges of the trough are connected
with smooth inclined planes AA’ and BB’ at locations A and B respectively. The trough edges and
the inclined planes are tangential at the connections, and A, B are located at the same horizontal
level, as shown in the figure. A small mass slides freely down the slope A’A from a height of 2h
above the horizontal level AB. It enters the trough at position A, reaches B and then slides upward
along slope BB’ until it reaches a height of h above the horizontal level AB. It then slides
downwards along slope B’B and enters the trough again. Neglecting air resistance, the small mass
— {18 (B S RE f0 J R IAE /K e L, R R (I B Y R AA°L BBYAHY, MHUJEE AL B
R A — KPP, A B AR A B P T I s G s o —/NPBRAE AR APA B BEIK
I AB B Ay 2h BRVERBE E BT, WE A BRARN, ?U% B &AM BB [ _LIFAT,
PR AB = B 4 h T B B MR R BB W T IEAE B IREARE N, A%
JEAS SRR AT, RN

A. reaches a height lower than A A. BIEER AR

B. just reaches the location A B. P15 UF 21 A g

C. passes A and reaches a height less than h C.i% AE#% EAHEE/INA
D. passes A and reaches the height h D. i A g% ETFEEE h
E. passes A and reaches the height 2h E.if% A BRI E EE5A 2h

B’ A’
hR / |2h

B\__ A
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Solution:

When the mass slides down from AA’, it loses potential energy mgh and reaches a height of h above
AB. If the frictional force remains the same when it slides backwards, then it should lose the same
amount of potential energy and hence should reach a height of 0 above AB. However, during the slides,
the frictional force is given by

2
f = uN =y[mg +mV—J
R
Since the velocity during the second slide is reduced compared with the first slide, the frictional force
is reduced, and the potential energy loss is reduced. This enables the small mass to reach a height
above A4, but the height cannot exceed 4.
Answer: C.

14. Consider a satellite of mass m orbiting around the Earth in a circular orbit of radius Rs. Given the
radius of the Earth is Rg, and the gravitational acceleration on Earth’s surface is g, and atmospheric
resistance can be neglected, then the energy required to launch the satellite from Earth’s surface is

—HEE R My N EEEU BT HEIRGEHER > §UEF R Rs o st HER-FER Re - HIATE
TN B 9 - KR SEE i EAYH 2B AT - %%%@$%§A&%E%%%E%

R R 1 R
A mgR _|1- —= B. mgr |1+ —F C. mgr | —- —=
2R, 2R, 2 2R,
1 R R
D. mgr (| —+ — E.mgR .| —=-1
2 2R, R.
Solution:
: . : GM
Orbital velocity of the satellite u = [——
RS
Using the conservation of energy,
Mm 1 2 Mm Mm Mm Mm R.
E-G—=—m’-G—— = E=0 -G =G il —
R, 2 R, R. 2R, R. 2R,

. Mm R
Since 6 —-=mg ,wehave E =mgR | 1- ——
R 2R

E

Answer: A.

15. The velocity vectors of an object performing projectile motion are drawn from time instants a to e
at fixed time intervals. Which of the following gives a possible drawing?

E—YSE IS ERE A FER AR R B A > HP A a £ e HYREIFRAEIE o I
SRIENE FTAERY 2

A. B. C. D. E.
a a a b a cb |
b b c b a, e
c ¢ c
q d
d d
e
e e e
Answer: A.
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16. It is known that the gravitational acceleration is g = em _/R? and is directed vertically towards

Earth’s centre. Due to Earth’s rotation, the acceleration f of a freely falling object in Hong Kong
has a magnitude f different from g, and f is no longer pointing vertically downwards. In fact,

CREITIEE R § - om _ s r2 WARFEHERTL - REHEREE) - £FBIH BRI
AR f - EHVEUE 81 g A > 10 fHY AT A ZEEER - HE

A. f<gand f has a Northward component A.f<g i fiwmmiL
B. f < g and f has a Southward component B.f<gifi ffwmEd
C. f>gand f has a Northward component C.f>gim f ik
D. f>gand f has a Southward component D.f>g i f{mAES
E. f>g and f has a Eastward component E.f>gim f R
Solution:
e \,4
f | N\
i I (]
Ml‘“‘“-—l—f'fﬁ

In the reference frame of the rotationg Earth, the centripetal acceleration has to be subtracted from the
gravitational acceleration to obtain the free-fall acceleration. From the diagram, we see that f < g and f
has a Southward component.

Answer: B.

17. A uniform rod floats in water. A ball with weight W is attached to one end of the rod, and the
volume of the ball is negligible. This structure causes the rod to float at an inclined position, with
the other end remaining above the water surface, as shown in the figure. If the part of the rod
above the water surface is 1/n of the total length, calculate the weight of the rod.

— R K ~Hﬂﬁﬁﬁ%§iﬁj W i Ao il ZREAETHY/NER » 1B 45 AR TR
FE o S ImRRHE/KE b o F/KE EAVRER B2 RN Un » KIFNEE -
A. W(n +1) B. Wn C.W(n-1) D. W/(n + 1) E. W/(n—1)

_—
=
W
_—
X

Solution:

W
W + x

Let x be the weight of the rod, and L the length of the rod.

Since there are only 3 forces acting on the rod, the buoyancy is W + x.

The centre of mass is L/2 from the lower end of the rod.

The center of buoyancy is halfway of submegered rod. Hence its distance from the lower end of the rod is L(1 -
1/n)/2.

As shown in the figure, considering the torques about the lower end of the rod,

10
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L 1 L
w +x)—{1——1: X— = x=W(n-1).
2

n) 2
Answer: C.

18. A block has an initial kinetic energy of 128 J. It slides up from point A at the bottom of the
inclined plane with uniform deceleration. When it passes point B, its kinetic energy is reduced by
80 J, and its mechanical energy is reduced by 35 J. Calculate the work done against friction when
the block moves from A to the highest point C on the inclined plane.
—IEBRLL 128 J IwWIEhAE > TERMAIENRET A BERHA  FIEA R B4 EE) » E40HE B B
B - BRI T 803 - MEMRAEIR/D T 350 SRIBERIE A Fi = Eh C I TIFT{ERTLY
A.42] B. 48 C.56J D.721 E. 128

Solution:

Let AB = b. Then the kinetic energy is losing at a rate of 80/b Joules per unit length.

At the highest point, the kinetic energy is 0. Hence the distance is 128/(80/b) = 8b/5.

At the same time, the mechanical energy is losing at a rate of 35/b Joules per unit length.
Hence at the highest point, the total mechanical energy loss is (35/b)(8b/5) = 56 J.
Answer: C.

19. A block of mass m is placed on a smooth horizontal surface and is attached to a spring of force
constant k. When the block is pulled sideways and released, it undergoes simple harmonic motion.
At the equilibrium position, its velocity is 3 m/s. Calculate its velocity when it moves to the
position at two-third of the amplitude from the equilibrium position.
—HEEE m WTREN K E - WWBEEM GRS k B o BT — 55
FANT o DT BRRESTREEEEE) o DTSR R P U EIRFHVERE R 3 mis o SRAEIRIE =70 2 —BRHY 2R
FE o
A2 mis B. \3m/s C.2m/s D. +/5 m/s E. V6 m/s
Solution:

At the equilibrium position, the kinetic energy is K = l(m)(sz) = 9—m.
2 2

Using the conservation of energy, the potential energy at the maximum displaced position is
Im 1 2
- — = KA.

2 2
At two-third of the amplitude from the equilibrium position, the potential energy is

0 =5 22) (2 L) () 2n) - 2.

2 (38 ) o)z J (92 )
HencethekineticenergyisK:EU=97m2m:57m = %va:STm = v=+f5.
Answer: D.

20. As shown in the figure, a block of mass m is hung from the ceiling by the system of springs
consisting of two layers. The upper layer consists of 3 springs in parallel, and the lower layer
consists of 2 springs in parallel. The force constants of all springs are k. Calculate the frequency of
the vertical oscillations of the block.

11



HKPhO 15 2 2013

-

WEFR - RACHR N8 g5 S e & E 8 A miJTEE - LA 3 [EIHk#EE -~
R 2 (EHRYGEES o ATA SRS H EEDE k o SKITBE L MRS -

AL | B L[4k c. L |5k D. L |8k g L[5k
27 \5m 27 V5m 27 \6m 27 V5m 27 V2m
k% k% %k
k k
m
Solution:

Let x; = extensions of the springs in the upper layer
X, = extensions of the springs in the lower layer
x = displacement of the block

Consider the forces acting on the interface between the upper and lower layers: 3x, = 2x,

2 5 3
Hence x, = —x,, x=x+X,=—X,, X,=—X.
3 3 5
. . 6 6k
Consider forces acting on the block: ma = -2kx, = -—kx = a=-—x
5 5m
1
Hence f = — ﬁ.
27 \'5m
Answer: D.
(END OF MC’s BEZ/H5C)

12
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Open Problems Bgi#RE
Total 5 problems 3£ 5 &

The Open Problem(s) with the ‘*’ sign may require information on page 2.

i * BHRGE P RERR S A S — H _EAYERY -
1*. James Bond Ski Chased by a Killer #&FE#& 5 LF8 (10 marks)

In James Bond movie “The Spy Who Loved Me” (584 # 55 i i IS 3K), James skiied down a snowy
slope in an attempt to escape from the killer. Unfortunately, the killer had a higher skiing speed than
James’s; they are 45 m/s and 40 m/s respectively. Now consider an alternative version of the movie.
James noted that he and the killer carried the same kind of rifle and estimated that their masses M
(including body mass, skis, weapon, backpack, etc) were about the same. Recalling high school
physics knowledge, James realised that each time he fired his weapon back at the Kkiller, his
momentum would change; whereas when the killer fired, the killer’s momentum would also change.
Every time James fired a bullet, the killer would fire back accordingly.

(a) How many bullets James had to fire in order to assure that the killer couldn’t catch up with him?
Assume that all bullets missed their targets (otherwise this exercise would terminate). Given M =
100 kg, mass and the muzzle velocity of a bullet are m = 0.02 kg and v = 500 m/s respectively.

(b) Traveling with the final velocity obtained in part (a), James Bond escaped by sliding down a cliff
at an inclination of 20°. After 20 seconds, he opened his parachute and landed safely. The average
air drag during his fall is 600 N in both the vertical and horizontal directions, as long as the
velocity components are nonzero. Calculate the landing position of James Bond and the height of
the cliff. (Neglect the distance he traveled with a parachute.)

£ H B B M BRI » ST e NS hEER B - RN ERTHE
RS > ARy 45 mis F1 40 m/s » IR E B E RN S —hRA -

b A B R TR R ARG T > SO ANEE M (EiESE ~ ET 8 - 1E -
FHHEE) 135 o MR EER YR B E M 7K MVEIER SR [H
SE H IR BB E M e - FRE LHEN T - W mEE S5 -

(a) S LHFERG X/ DIETE » T Refrasi T A gB L 2 3% M =100 kg » FH#HVEE R m

=0.02 kg * FHEHTEEZRIE Ky v =500 m/s ©

(b) HEFELA()EHI R AR » & MMEMA Fy 200 HVERE » BIhkAR - 20 F0% > TR AR 0 &

eFE - FefiE NS #E T T AIKSE T MRV Z2 R LE T EEE RS By 600 N(L 2254 2R S HY
SERIEE)  STELS LIEENUBENRENEE - (02 E IR EEEE - )

Killer \

James Bond
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Solution:
(a) Using the conservation of linear momentum, the change in velocity after shooting a bullet in the
backward direction by Jame Bond is given by
Mv, =(M -—m)v, + m(-v+V,)
mv mv (0.02 )(500 )

— V. = s = 1 m/s
M -m M 100

Similarly, using the conservation of linear momentum, the change in velocity after shooting a bullet in
the forward direction by the killer is given by
Mv, =(M -m)v, + m(v+v,)

mv mv 0.02 )( 500
voov = - T

M -m M 100
Hence after both James Bond and the killer both shoot a bullet, the relative velocity reduces by 0.2 m/s.
Since the relative velocity is 45 — 40 = 5 m/s, the number of bullets shot by James Bond is 5/0.2 = 25.
(b) Final velocity of James Bond = 40 + (0.1)(25) = 42 .5 m/s .

. . . . . 600
Horizontal direction: Acceleration during James Bond’s fall: a = - ——= -6 m/s °
100

Horizontal distance from the cliff: x = 42 .5cos 20 ° — (6)(20) = -80.1m < 0
Hence instead, we have to calculate the horizontal distance up to the point of zero velocity.
42 5cos 20°)°
0% — (42 .5cos 20 °)* = 2(-6)x = X = _(42.5cs D) 133 m
2(-6)
(100 )(9.8) — 600

Vertical direction: Acceleration during James Bond’s free fall: a = =3.8ms "’
100

. . 1
Distance of free fall: y = 42 .5sin 20 °(20) + —(3.8)(20 °) = 1,051 m
2

James Bond is 133 m horizontally from the edge of the cliff, and 1,051 m below the cliff.
2. The Bicycle EfTEL (10 marks)

A student rides a bicycle on a slope of inclination 4. Due to air drag, he found that the bicycle can
barely move down the slope without his pedaling. He would like to estimate the power he needs to
drive the bicycle up the same slope at a uniform velocity.

To achieve this, he measured that during the up-slope drive, one of his feet pedaled N cycles in a time
interval T (assuming that the pedaling is continuous and at a uniform rate). He also obtained the
following data: the total mass of the bicycle and the rider m, length of pedal crank L, radius of gear 1
Ry, radius of gear 2 Ry, radius of rear wheel R3, as shown in the figure.

It is given that the air drags during the up-slope and down-slope drives have the same magnitude, and
there are no slippings between the wheels and the slope during both the up-slope and down-slope
drives. The energy loss due to the relative motion of the bicycle components is negligible.

(a) Derive an expression for the force needed to drive the bicycle up-slope at uniform velocity.

(b) Derive an expression for the power needed to drive the bicycle up-slope at uniform velocity.

iﬂ”LT—{I1bEﬁﬁ7% 0 HRHE - NAJEE - e 51T Ml se e R EREEIRHVE DL N
TTEHGRIE A2 m N TERE - JRAEMUAR S AN R A _E A R T BRI DR -

F%Itt BT I AE TP — ISR AR N (S Y 2 RS ) - IS AT ARy

RefE] T FHfS NYMHREER © BETTEMANEESR m -~ BRIRHRE L - @iE-FEE R TR

FIE R, ~ BRI Re > 2GR -

EAE ~ MR PRVEPL A/ NMES - AR LGRS TRGETE T Bl S T R e A

HE o AEtETTEAESE A Z R EES AR E -
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(a) BB LR 8 LT A (P IHR -
(b) A TR A R,

/1

~
-

A

N\

L e T L L L
Solution:
Down-slope: f = mg sin 6 .
Up-slope: F = f + mg sin @ = 2mg sin 4 .

27N v v v.R R R 2zN R.R
o = ,1=R1w=v2,—3:—2,v3:23=a) 18 _ 1 Ng
t R, R, R, R, t R,
2zN R R 47zNR _R_.mg sin @
P=Fv, = L2 .2mg sin 60 = 1759 .
T R TR

2 2

3. The Ships #Bffi (10 marks)

Consider two ships on the sea as shown in the figure. Ship A moves with velocity u directed to East.
Ship B moves with velocity 2u directed to North. At time t = 0, ship B crosses the path of ship A at a
distance a in front of ship A.

(a) Find the shortest distance between the ships, and the time they reaches this position.

(b) Suppose at t = 0, the speed of ship A remains at u, but its direction can be adjusted. What should be
the direction of ship A such that the shortest distance between the two ships is minimum, and how
much is this minimum shorter than the result obtained in part (a)?

AR - A B R ERAL - At A DURRE u RIERTREMTT - At B DAZRRE 2u [AIIEILTT AT
17 o AERFZI t = OB > it B IGUF[FIRF BT A BYRTERILALHAE A BYATTT - A B MG A HYEEEER
a

(a) KRR R AT HYRERE - FOZ 2SRRI 4] -

(b) BAIFERFZ t = 0 » Aty A HYERARAYE u > BT A DAE BHERE - A5EEAS A FEE(TEET1A - W
AR PEITHIREREA JE i > B i R PR DL (a) BR 5 LH B RERERG 25/ D2

Y

IZU
P
. U

_> B

u

Solution:
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Y’“ Y a
\" 2u
C @
Al <o Al <g
-&ﬂ ) 7 >’
= \s Y & 7 \& *

(@) As shown in the left figure, the path of ship B is given by the line BC in the reference frame of ship
A. The shortest distance is given by the length AC.

ALY
=

Velocity of ship B relative to ship A = \/(2u)* +u® = Jsu
asin 0 a ( 1 \ a

\/gu - \/Eu k\/g 5u
(b) As shown in the right figure, to minimize the shortest distance, the velocity of ship B relative to
ship A should make an angle with AB as small as possible. Considering variable directions of the
velocity of ship A, the tip of this velocity vector generates a circle as shown in the inset of the figure.
The best angle of the relative velocity is given by the tangent to the circle. Hence ¢ = sin™*(1/2) = 30°.

Shortest distance = acos ¢ = £a
2

Hence to minimize the shortest distance, ship A should move at an angle of 30° North of the East
direction. Compared with the result obtained in part (a), the minimum shortest distance is shorter by

2a \/g 4—\/5

2 o

4*, STEP (15 marks)

Shortest distance = a cos

Time to reach the shortest distance =

=0.028 a

According to Newton’s second law of motion, F = m,a , where m; is the inertial mass. According to
Newton’s law of universal gravitation, the gravitational force between Earth and an object is
F=GM .m,/R*, where mg is the gravitational mass of the object (here R is the distance between

Earth’s center and the object). Presently, it is widely accepted that mg = m,, but some physicists would
like to test the validity of this assumption. If there is a difference between m; and mg, even as small as
one part in 10*, our present understanding about gravity has to be revised. Hence they proposed a
satellite experiment called STEP to measure the mass ratio r = mg/m,. (STEP represents Satellite Test
of the Equivalence Principle.)

In the proposed experiment, several test bodies are enclosed in a vacuum box in a satellite that orbits
around the Earth. The box protects the test bodies from outside disturbances and all forces from the
satellite acting on the test bodies have been carefully eliminated, so that each test body can be
considered as a mini-satellite orbiting around the Earth.

(a) The proposed satellite has a circular orbit with a period of 24 hours. Calculate its orbital radius R.
Express your answer in multiples of Rg, the radius of Earth.

16
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(b) Consider test bodies A and B with mass ratios ra and rg respectively, as shown in the figure.
Suppose the two bodies have the same position at a point on the orbit. When body A completes one
orbit, what is the displacement of body B relative to body A?

(c) Simplify your result in part (b) using the approximation (1 + x)" ~ 1 + nx when |x| << 1. Suppose
the position sensors in the satellite can detect position changes as little as 10" m. What is the duration
of the satellite flight before differences in the mass ratio of the order 10™® can be detected? Express
your answer in hours.

R EEEE _EFE > F=ma » Hf mEB/ESEE. RETEEAGS] e, BRI R
YIHERISI 1R F = oM mR? > ot mg & 7/ A E Gafl R RMbrkd OBy sai i gl) - I
P24 me = my o (HA YRS 57 et ia Bk 0 FLgErE . 2R my B mg A ZE R > BRI 2
10" 7 —IBBEUIN » BB EAT 51 AR th B R . B LU MR i 4% & STEP (fi 2 5t i
PLEEE & r=me/m - (STEP {1t Satellite Test of the Equivalence Principle. )
ERHHEET - RGN EP A —H2ZE - BEEBYEEHS - /1 RE Ty %z
Sh1FEE - EAERAERRY ERFTEER AT A RRaE - (05— 7 Bt #8 v =5 IR S
BRI -

() MR EHIE SR - IR 24 /N o BEHEHBUIE L R « BEELUEREE ReHY
B BT -

(b) FHREEEY) AR B> HELLD A rafl rg > WIE TR o WL HUEFERS BAHE - E
S ASTEC A PrEE B AR YIEE A AR R 2 /2

(c) AKX << 1RFAVATEIA + X)" ~ 1 + nx B L(b)EBAVAE S . 3R AT & b 7 B B RS nl Al 21/
10" m AR . WEMATZA, el 10 BRI E B ? BRI LUNE A BAL -

Solution:

(a) Using Newton’s second law of motion and Newton’s law of universal gravitation,
vi GM _M GM _ 27R ? .  4r’

M —= s - V= = T = =2z = T = R =
R R R v GM GM .

=4.225 x10 ' m =6.62R_.

2 -11 24 2
o 3\/GM eT _ 3\/(6.67 x10 T)(5.98 x10 " )(24 x 3600 )
4zt 4r’

(b) Using Newton’s second law of motion and Newton’s law of universal gravitation,

vi GM _m, GM _r 27R R
m —= = Vv-= T, =
R

I 2 AT =7

R R v GM _r

A E A

.. GM _r
Similarly, v, = EB
R

Hence the distance moved by body B is v,.T, = [ OM 1o ](27z R w - 27R |2
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Displacement of body B from body A - 27;R[\/g - 1] :
I’.A

Since ra ~ rg ~ 1, displacement = %(\/E_ \/H)z 27;R{[1+ (i, =W =i+ @, = 1)]2}
rA

m 1 10 1 1 _ .
~27ZRU\1+ Z(FB—l)J—L1+ z(rA—l)JJF—ﬂ'R(rB rA)

(c) For differences in the mass ratio of the order 10™®, displacement in one orbit
= 2R(r, - r,) = 7 (4.2250 x10 ')(10 10

-18

)=1.3273 x10 ~ m

-15

10
10

Duration of satellite flight = 24 (—
1.3273 x 10

] =0.000181 h =0.65 s

Remark: Hence in principle, the sensor should be sensitive enough to detect this effect. In fact, the
main challenge of the experiment is that the sensor is also sensitive to other disturbances, and a lot of
effort has to be made to screen out the other disturbances.

5. The Floating Ice }Z7K (15 marks)

As shown in the left figure, a cylindrical piece of ice floats in water. Its cross sectional area is A and its
height is h. The density of ice and water are p; and py respectively.

(@) Find d, the depth of ice immersed in water.

(b) Suppose the ice is pushed slightly in the vertical direction. Find the frequency of oscillations. You
may assume that the motion of water is negligible.

(c) Suppose the ice floats in water in a container of cross-section area 4A, as shown in the right figure.
The ice is displaced from equilibrium by z in the vertical direction. (i) Calculate the change in the total
potential energy of the system, up to order z2. (ii) Calculate the kinetic energy of the system during the
push when the ice moves at velocity v. You may assume that the water below the bottom level of the
ice does not move, and the water above the bottom level of the ice moves with the same velocity. (iii)
Hence find the frequency of oscillations.

WEEFTR - —EFEPRKSR KR - EREVIEER A SEZ h o KFVKIVEE 5351 R
Pl %Hp\/\/ °

(a) KKBURAEKEATEEd -

(b) B KERAEE BT A HAEHE - SREAVIRENER - KAl e/ KavRE) ] DUAS -

(c) WEEFTR » SKBREERSIVKE - BEaUEtIEEE 4A - JKERIETE B 7 A4 - AHE
FASPETERINAIRS By 2 - (i) sAETE AR > BE 21 - (i) A5t E S /KEpHEaTE
Ho JKBRERE Ry v BRI 2 GRAREIRE « (R o EERTA /KRS K SER AR B - TS iR KREES K
SR BATE— R ED o (iii) LR R AIREIRR -

A __4A
A >
>

hi

-
| =N

Solution:
(a) Using Archimedes’ principle, weight of ice = buoyancy = weight of water displaced

18
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ph
pAg =p,Addg = d=——

Pw
(b) Since the motion of water is negligible, we only have to consider weight and buoyancy acting on
the ice. Using Newton’s second law,

A Al
ma =mg — p,A(d +2)g =-p, Az = a=_Pw™ ,__Pu8,__Pul,__3,
m £, Ah ph d

I 1
Frequency of oscillation: f = — 9

27 \d
(c) (i) The potential energy change of ice = -mgz = - p, Ahgz

. . Az z
Rise in water level= — = —
3A 3

The potential energy change of water is the work done in moving the water from the bottom of the ice
to the water surface. The initial center of mass is d + z/2 below the equilibrium water surface. The
final center of mass is z/6 above the water surface. Hence the potential energy change of water

_(puheald e Eel) oy ng (a4 22t
L 2 6) L3 )

2

Total potential energy change of the system = -, Aghz + p,, Ag (dz + Ezzw = —p, Agz
( 3

w [N

2

L : 1 1
(i1) Kinetic energy of ice = S = d Ahv

. A
The velocity of water = — = =
3A 3
AryarF 1 v 1
Kinetic energy of water = = (o, 30 | ©| =X, Aav
2 \3) 6

2

i 1 1 2
Total kinetic energy of the system = —p A *+ =—p, Adv * = —p  Adv °
2 6 3

2

2 2
(iii) Total energy change of the system = 3P Adv * + 3P Agz

This is equivalent to the energy of a harmonic oscillator with an effective mass of m

effective

4
= ;pw Ad

and a spring constant of k =

effective

Ag .
1 1 1 keffective 1 g
Frequency of oscillation; f = — [—fae— - — = |
2z m effective 2z d

The result is the same as part (b). Hence in this approximation, the frequency of oscillation is
independent of the cross-sction area of the container.

Pw

w | >

(END 52)
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