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Rules and Regulations # f 4.7

All questions are in bilingual versions. You can answer in either Chinese or English, but only ONE
language should be used throughout the whole paper.

S R OL Y EHB e GV EENY 2 AE FF o a2 b FE - ET R .

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 announcements.

ERAFHARIF L - P PFZ Lo er o Bl A2 e AT ERE BT R
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On the cover of the answer book and the multiple-choice answer sheet, please write your 8-digit
Contestant Number, English Name, and Seat Number.

BEAEG 2 EHMEMNY o G R 8 lcF A FH AL EY L 2 B 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.

FAERAPE R0 FRE RS A BT R 2R -

The open-ended problems are quite long. Please read the whole problem first before attempting to
solve them. If there are parts that you cannot solve, you are allowed to treat the answer as a known
answer to solve the other parts.
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The following symbols and constants are used throughout the examination paper unless
otherwise specified:

ABULE BRI R M T T Pk

Gravitational acceleration on Earth surface 0.3 D
eSS BT ¥ g oms
Gravitational constant 1131 1.2

£ 4 ¥ i G 6.67x107 m°kg™'s

Trigonometric identities:
ZABESRN
sin(x + y) = sinx cosy + cosx siny

cos(x +y) = cosxcosy —sinxsiny

tanx + tany
tan(x +y) =
1—tanxtany
x+ X —
sinx +siny = 2sin ycos Y
2 2
x + X —
cosx + cosy = 2 cos ycos 4
2 2
x4y  y-x
Ccosx — cosy = 2sin S sin—

1
sinxsiny = Ecos(x -y)— Ecos(x +y)

1 1
COSXCOSy = Ecos(x —y)+ Ecos(x +y)

1 1
sinxcosy = Esin(x +y)+ Esin(x )



Multiple Choice Questions (2 Marks Each) i£ #38(F 382 4 )

1. The figure shows the position of an object (moving along a straight line) as a function of time.
Assume two significant figures in each number. Which of the following statements about this object
is true over the interval shown?

. BIP 77 - PR i3 :FFadd (GFZABH) o BRERERFY 55 B
FooRdcF o BAET AR AR LR o 00T R BT e R PP L A0 D

t=1s t=2s t=3s r=35s
L] ] ® L] L]
t=4s t=6s
T T T T T T T T T T X
0 ] 2 3 4 5 6 7 8 9

A) The object is accelerating to the right. 4~ 8 & + 4v i o

B) The average speed of the object is 1.0 m/s. 4= %8 eh-T 53¢ F £ 1.0 m/s °

C) The acceleration of the object is in the same direction as its velocity. 4~ 48 ci4c i & 22 H & & =
w A0 fe o

D) The object is accelerating to the left. 4~ §8 & = 4vi# o

E) The acceleration of the object is in the same direction as its displacement. = %8 eir4c i & 22 H i
B eipk o

2. Shown below are the velocity and acceleration vectors for a person in several different types of
motion. In which case is the person slowing down and turning to his right?
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3. You are standing in a moving bus, facing forward, and you suddenly step forward as the bus comes
to an immediate stop. The force acting on you that causes you to step forward is

.zt @HE T L v Ggew S o FFLAEREFERAe R FE o T AP FIR
05 w0 3§ e 4§

A) the force due to static friction between you and the floor of the bus

B) the force due to kinetic friction between you and the floor of the bus

C) the force of gravity

D) the normal force due to your contact with the floor of the bus

E) No forces acting on you to cause you to fall.

A)d Bfe™ b 42 B ehi g 9T A 2 ihd
B)d [Efc® L3 fr2 [ s By d 1A 4 cnd
C) 314

4. A worker at the local grocery store has a job consisting of the following five segments:
(1) picking up boxes of tomatoes from the stockroom floor
(2) accelerating to a comfortable speed
(3) carrying the boxes to the tomato display shelf at constant speed
(4) decelerating to a stop
(5) lowering the boxes slowly to the floor
During which of the five segments of the job does the stock person do positive work on the boxes?

4, - PREBEIAGIFeET I
(1) KR a e P ede— & & %
(2) *eig Bl 4rif i
() d 3 AR FBEH G
(4) ik 3] ik
(5) BaPs #-g F 32T 7 1,

B fEhT BENA Y 0 RIA 1 A E T T B ?

4;*

A) (1) only B) (1) and (5) C) (1), (2), (4) and (5)
D) (1) and (2) E) (2) and (3)

5. A Newton’s cradle consists of four solid balls of equal
mass hung on a bar. When the left ball undergoes an elastic
collision with the other balls, it is traveling at the velocity
v; and the other three balls are traveling at the velocity v,.
Here, v; > v, . What is the velocity of the right ball after
the collision?

L2HEPA e BEFEOF oREAL :i';:T‘IL i
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A) vy B) v, C) v = v,
D) v; + v, E) none of the above 12 } % 7 §_



6. A bunch of bananas hangs from the end of a rope that passes over a light, frictionless pulley hung
from a fixed tree. A monkey of mass equal to the mass of bananas hangs from the other end of the
rope. The monkey and the bananas are initially balanced and at rest. Now the monkey starts to climb
up the rope, moving away from the ground with speed v. What happens to the bananas?

6. - F A EH - RBEF R BF - BHILAHML TFHTE - FmdE > 2R
Bz TE XA EL’F‘ TEFI R BT NY - S e EbA LT 2 #
iRt ®F > YR RvER P G o 3R A EE L7

A) They move up at speed 2v. v Fr2:g 5 2v + 2 o

B) They move downward at speed v. v /2 :& 5 v T % o
C) They move up at speed v/2. T 11 5§ v/2 +F 2 o
D) They remain stationary. v iF® J24F# - 7 & o

E) They move up at speed v. T 11 F v F A o

7. Suppose the death star in Star Wars series can be modelled as a
huge space station with the shape of a hollow sphere, a uniform
spherical shell in the empty space. Now, you stand against the inner
war and fire a bullet to the other side of the inner wall as illustrated.
The dashed line is its firing direction in a straight line.

T. i;;{ “RIFART KA e R VAR L - BE Xk

FEo BAR G IR > A RIS o AF 2 W
{5 lé-‘&rnf— RIaF 5 8 doB] AT o m AT H B ARBHF S
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Which of the following will describe the motion of the bullet.
A) The bullet bends upwards and accelerates with larger speed.

B) The bullet travels with constant velocity along the dashed line.

O 1}"he bullet decelerates and accelerates back to the original velocity when it hits the other side of
wa

D) l"lfhe bullet accelerates and decelerates back to the original velocity when it hits the other side of
wa

E) None of the above is correct.

RLE T~ S ey 3T SR B $59

INEE CHE T S S R
B) F 58, Fm AR RAE R (TR o
C)FsBARE » g4 w i g BRI ey — o
D)+ h4eid s BRErAERIF? oY - @l o
E) 1 %% 0o



8. A series of weights connected by very light cords are given a vertically upward Pl

acceleration of 4.00m/s® by a pull P, as shown in the figure. 4, B, and C are the
tensions in the connecting cords. The SMALLEST of the three tensions, 4, B, and
C, is closest to

5.00 kg

10.00 kg

8. WMiE W I enB 2 - AF|fedidEh 4 PL D 4.00m/s?chd-2 5 +
deiE B AcBlToT o Ao Bﬂfr’C{@i&-&ﬁ Ptk 4 o Z B3R A A0 Bie(CP ke
T

15.00 kg

A) 80.0N. B) 196 N. C) 621 N.

20.00 ke

D) 483 N. E) 276 N.

9. Two discs A and B of the same density and height with radii 3r and 27 respectively are placed on a
smooth horizontal table. Disk A moves with the speed v, = 20 m/s in a direction shown in the figure
toward disk B which is at rest. If the friction

between two discs is negligible, and the collision /LJ—J\ Y

is perfectly elastic, what is the speed of disc B /’ A N\

after collision on X
9. FkTe P EABRAIF RAR >

mfﬁ]_,g AfeB > B Xz n w5 3r fe2r - AR 3 / % B\
R ) ’.n'z¢3<vA=20m/s$m% N A1

LB ER o E A A2 BB T \/Zr

g At oom D g s = 2 BRI AL B

AT

A)22.15 m/s B) 16.62 m/s C) 27.69 m/s
D) 19.20 m/s E) 14.40 m/s

10. As shown in the figure below, a rectangular block of mass M and length L is placed on a smooth
table. A small cube of mass m with negligible length is placed on the left end of the block with
horizontal initial velocity v sliding to the right. If the coefficient of kinetic friction between the block
and the cube is u, and the cube does not fall from the right end of the block, the maximum value of
initial velocity v of the cube is:

10. 47 Bl#rw 0 & Jc‘ﬁ"l\lp’%* FoFESM ERG Lm{"%ﬁo—%’r amo &

BV L) #\iﬁﬁi RS od Y MR T AR UvR e T o FAKRE L S
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m

v
= :
L
A) JZrgL B) JugL(1+7) 0 J2ugl(1+2)
D) JZugL (1+2) E) JZHQL (1+2)



11. Following the previous question. What is the displacement of the rectangular block when the cube
stops sliding on the rectangular block?
1R3> g ARAEE M B FERE, L3 WOEBES 7

N0 ot ) ()"
) (24 SENY

12. Train stations A and B are separated by a distance of 100 km. At 12 pm train Ty starts from station
A and runs at a speed of 50 km per hour along a railway towards station B. The railway between A
and B is a straight line. At the same time train Ty starts from B and runs at the same speed along the
same railway towards station A. When T starts, a bird flies forward from Ty at a speed of 70 km per
hour. When the bird meets Tg, it turns around and flies towards T with the same speed as it flew
before. When the bird meets T, again, the time is

12. Y& A4eB ApFE 100 222 o @ = 12pF > LB ToAK AR D pF4kw Bahus o)
PO 2 FiFR o AfrBZ AR EER - - PR > 7|2 T B I % » b - 4
gl eig Foo Asbia® o § TANERE > — &) B uE [ pFT0 o 2 g O Tamw o

§ ol BB Ty PP U B E I BB F R Tae § L b B TARE R L

A) 12:52 pm B) 12:54 pm C) 12:56 pm

D) 12:58 pm E) 1:00 pm

13. Three star medals hang from the (stationary) assembly of
massless pulleys and cords as shown in the figure. One long
cord runs from the ceiling at the right to the T-shaped structure
at the left, looping around all the pulleys. The weights of two
medals are given. What is the weight of the medal on the left?
13, be@l#rm » Z BEVEFIRALETEFHI-® 2D
GCESER NI S = LSO T AR EE £
T2 %4 REFTT FHh e REDNED 3 g ohd
RS P E5 S LSRN

A)5N B) I5N C)24N D) 36 E) 48 N

14. As shown in the figure, a train with a length of 100 m rests on a horizontal rail, and the front
carriage of the train rests at the edge of a rail on a slope inclined at an angle of 30°. When the front
carriage is tipped from rest onto the slope by a very small force, the train rolls freely down. What is
the speed of the train when half of the carriages have rolled down the slope?

14. 4oB®l#77 > £ R 5 100 K ez | & is h R T gag b o> 7|2 chm @ a3t @Al & B 5 307 a4l
grofug g o D a2y ot KF LT AL, LD Ad BT RR o - X
# iR T R S B g RS9
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A. 5.5ms™?! B.78ms™! C.11ms™! D.16ms™! E.22ms™!



15. A pile of N one-dollar coins rest on a table. The mass, radius and
thickness of each coin are M, R and T respectively. The coefficient of a—
kinetic friction between the coin surfaces is u. An external agent strikes iT
the coin at the bottom such that it is removed from the pile with
horizontal speed u. The removal speed u is so high that the pile of coins
effectively remains vertical after the removal. What is the horizontal
displacement of the pile of coins after the strike?
15, - SNBARFFL ALY o BRAGFDFTE L ER AW u
SMRAcT o A% 4 6 2 [ chds B iy o — A JEUA IV - =
HM’%f&@ RO AOR T i Bufd ¥rae 4 o 4
AR B o MUIRA R NS R B R ok L -
Fv iL?fv - R Bk T =B g 502

N coins <

A) 2R\[2gT B) 2(N-1)R\/2gT 0 zuR,u/ZgT D) 2(N—1)1;:Rw/2gT E) 2NuRu,/2gT

(N-1)pu Nuu

16. A pendulum is formed by a particle of mass m = 0.1 kg and a massless string of length [ =
0.5 m hung from a fixed point in the ceiling. The pendulum is swung from rest at an initial angle of
6, = 30° with the vertical. Calculate the tension of the string when the angle of the string with the
vertical is 8 = 15°.

16, — FHJEX T B LB g T Py o e i - SFE im = 01kg>

ZReE R L =05me H T REFAgd o B3 2 ra»m/‘w«&;« 4 5 0, = 300

FRERELE P whd k 50 =150 > Mgk o

A)0.ION  B)020N ()022N D)L.14N  E)1.24N

17. A bullet of mass 0.01 kg is fired towards a rest block of wood with mass 10 kg on a smooth table.
What is the maximum fraction of the initial kinetic energy of the bullet that can be turned into heat
when it hits the rest mass?

17. - F& 2 001kgeh+ ot - cpkifF Lo FFE 2 10kg ok Al o K3 Wehg 4
F RS Y TS & BFF T PR R O RO

1000 999
Al L— —
1001 1000
4000 1
— E. Not enough information 3 #1 7 &_
1002001

18. The orbiting period of Moon is Ty, (27 days), orbiting at a height of (r,, — Rg) above the Earth of
radius Ry. A geostationary satellite is a satellite that always stays above the same location on the
Equator. It stays at a height of (1 — Rg) above the Earth with an orbiting period of Tg (1 day). What
is the ratio 1, /75 in terms of Ty, and Ts?

18. * spengrusg B ATy (27 2 ) > i 0 B R (ry —Rp)RIMEL L ZRper 3R (7 o 3k P
Kk - L RTAAGE PP - 2R ENR G B A — Ry REEH AT (1 2)

Ty /Tseit > 1Ty AeTe ke & 77 o

A. (Ty/To)Y? B. Ty, /Ts C.Ts/Ty D. (Ty/Ts)?/? E. None of the above



19. A ball, with mass 1 kg, 1 is bouncing off a
frictionless rectangular block at incoming angle 6; =
30° and exit angle 6, = 60° measured from the
normal direction of the block, as shown in the figure.
The rectangular block can also freely move. What is
the mass of the block? Elastic collision is assumed.

19. %?;ii % 1kg ezf s~ B & BEGEEA B~ b
£0, =305 » > ¥ N1t 4 0, =60°F & o b’“r*y

i Rod EH RS R E 0 LHE B
Bepd B m D pfy 85 REVHDFTE o

A. lkg B. 2kg C. 3kg D. 5kg E. Infinite mass

20. A mass of 5 kg is hung by two strings attached to the same position of the mass, one with 4 m long
and tension T; and another with 3 m long and tension T,, which are connected to the ceiling at two

locations with 5 m separation. What are the tensions T; and T, of the two strings?

20. 2 5 Skg T Hd A REF P H D - TEREF > SRSB4 B[R VS
Bie% b > MIEA5me B3 1 E4m- 84T, B3 2E3m-%E+T,c Ra {983 3E+ T,

feTy °
5m
T T,
4m 3m
A.T; = 4%x9.8N, T, = 3X9.8N B.T, =5%X9.8N, T, = 3X9.8N
C.T; =3%9.8N, T, = 4X9.8N D.T, = 4x9.8N, T, = 5X9.8N

E.T, = 5X9.8N, T, = 4x9.8N

10




Open Problems (15 Marks Each) B <38 (& 48 15 )

1. From a fixed point A at a height h above the ground, a ball X is thrown at a speed v, with launching
angle o (0 <a< g) A very massive plate OG is placed in front of point A and the ball hits at the
point B on the plate OG which is above the ground at the same level as the point A.

FRE B R RS R NFIRE ARIE X R v el eats s @ (0<a<T)o oA
B 2y R - FRAY < hTHE 0GR X REFTHOGY 9B T RARLYEB &
AgLEF o

a) What is the horizontal distance AB?
a) AB ek T EHE S > ¢

b) If the collision between the ball X and the plate is perfectly elastic. Find all the values of the
inclination angle 6 (0 <6< g) of the plate such that the ball X will return to the initial position A
after the collision.

b) de s 3k X T ik 2BMLAAE o 449F Trenia 0 (0<O <)l o R X A
fsfadFiew I AR -

¢) There is another small ball Y. At the instant when the ball X is thrown from point A, it falls from
rest freely from point A and makes a perfectly elastic collision with the ground. Find all the values of
h such that the ball Y will return to the initial position A with ball X at the same instant.

OFF- Y A Xp ABPNaRE VK ABAY ET > T Ee G w2 EMSAR -
JeE R Y X k- BFREYF 458 A f¥ TR hz2 &

2. Bungee jump is a sport for adventurous people. As shown in Fig. 1(a), a bungee jumper of mass m
= 60 kg is initially standing on a bridge with a rope of mass M = 120 kg, length L = 30 m and of
uniform density. One end of the rope is fastened to the bridge and the other end is tied to the jumper’s
body, and the rope is hanging freely below the bridge, with its midpoint furthest down.

A - ﬁibiﬁk'ﬁ“ﬁm‘m@ﬁ? 4@ 1 (a) #r7 > FEm = 60kg ¥ Frpr s £ 5
r«é.__;ﬁ%j » BEOFEM = 120kg > £ AL = 30m > )ii”!a o,,&ﬁm—:,%ﬂgl_;fﬁj

PR ARE S BAGET A BE Y B ART S -
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® Jumperl%I (b)

A

Bridge !
L/3

L2 L2 i

v

In the following calculations, you may assume that friction and air resistance are negligible, and the
gravitational acceleration is g = 9.8 m. You may further assume that the rope has no stretching until
the entire rope becomes hanging downward.

AT G AREEY o B AR T Au A £ kiR Sy = 98me B i # K
KBZAKEBB 2 TRL2ZwLF HE -

(a)-(b) Consider the instant that the jumper has fallen a distance L/3,
(a)-(b) ¥ B % = T 5 3 pEL / 3chpR o

(a) What is the change in the potential energy of the rope compared with the initial state?
(@) & a=dosbk fadpt > B R g R AH A D

(b) Calculate the speed of the jumper when the jumper has fallen a distance L/3.
(b3 8= T TFERL/3PF > EF I auEF o

(c) Calculate the speed of the jumper when the entire rope becomes hanging downward.
@ B § BB AT RERF S it 5 -

(d) Jumpers claim that they enjoy the thrill of reaching a speed faster than free fall. Calculate the speed
of the jumper if the jumper falls from the bridge through the same distance as in part (c) during a free
fall.

(d) F2EfEe PR pd THLEOERTER - BXF U pd W77
2 (c) A AP PREHEPF > 3 E B Lo & oo

(e)-(f) After the entire rope becomes hanging downward, the jumper remains tied to the rope but
continues to fall further downward due to the elastic nature of the rope. Let the force constant of the
rope be k=500 Nm™.

-f) LER®RD TRLUE > FLIORFLEZ > Bd B RZEY > B BT TH
5o BB E S ¥ i k= 500Nm? .

(e) Calculate the maximum distance the jumper falls as measured from the bridge.
(€) 5 % £ /Uft ™ % chh % JEM -

(f) After the motion of the jumper stops, what is the distance of the jumper below the bridge?
(D F B em@d ik bl F 5 AAf™ e s > 9
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3. Three identical steel balls A, B, and C are connected by two light, hard rods AB and BC, each of
length . A and C lies on a horizontal surface along the x axis, and B is supported by the rods to stand
in a vertical direction parallel to the y axis. As shown in Figure I, there is a vertical wall at distance

a= \/%l from the rod. Due to small disturbance, two rods slide to two sides and ball B falls (Figure II).

In this problem, all friction is negligible, and the diameter of each ball is much smaller than [.
3.2BApR iR A> B Cd A R Fenk S [ F AB{-BCi@ 4 > Ao C v kT chx
ght "BRId ABBIrBCAPFAHFEF T2bdiat  EymTE ol ] #7F c feiFa=

Slkd - 6 EEah o FIEAC S A FEA NP A EFE 0 @ BT (R 1D bR
oG BT LA ASRE A LS -
y y
P B 1
¢ B
z |
Up
Vy a Ve
x — —
0 AC 0 A C
a
() n

(a) What is the horizontal distance of the center of mass (CM) of the system from the origin O when
ZACB=a ?
(a) 3 LACB=aps» £ i sfw (M) & RhgEOadrkTIEgE 5 > ?

(b) What is the ratio of the speed v, /v, of two balls A and C when ~ACB = «a?
(b) § <ACB = apF » F3f Aqr C anug S blvy /v ©

(c) What is the angle @ when ball A hits the wall?
) ¥k AR TSR E BT $ 0 9

(d) What is the ratio vy /v, immediately before this instant?
(d) F iz o vg/vgevt & o

(e) What is the velocities of three balls at this moment?
() it e Z sherig B A W E 55 9
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4. A bus is going around a banked turn, as shown in the figure. The horizontal radius of the turn is
R = 60 m and the inclination angle of the bank is 8 = 30°. The figure also shows the cross-section of
the bus, having a width of W = 3 m between the inner and outer wheels and a center of mass (CM) at
a height of H = 2.5 m. We also label several forces: N; and N, are the normal forces acting on the
inner and outer wheels while f; and f, are the friction action on the inner and outer wheels. mg is the
weight of the bus.
4. el AT 0 - iR LR AE PR c Bk T LTI R=60m A LRI 0=
WY EE D - % LR o A At BB TR S W =3m  fo i R
i H =25m-° AP REE %7&5—" - Ny ﬂf‘-"Nz A_p %f‘-"?}%—" gt e 4 o fl ﬂf‘?fZ{P\ %f‘-"
i B omg £ LE g o

a) Suppose the static coefficient of friction of the bank is 4 =0.5, which is a bit slippery in a rainy day.
Determine the valid range of speed v for the bus so that its center-of-mass motion remains in circular
shape. For simplicity, we can start by considering the total friction as f = f; + f,, the total normal
force as N = N; + N, and neglect the internal distribution between f; and f,, i.e. we can assume
|f/N| < ,u Note that the radius of turn is measured from center of the turn to the CM.

a) % BFTaX, Ba Lbﬁi'}ﬂfﬁ’ ﬁ?é@rﬁi&&j{‘ G iu=05- Foo 4 ‘-"f’l%?‘j,"l]fﬁ’ﬁ "'Qt
o u%‘ TLAFCEREEFF S EAL > AP T UL gAY Lf = f1+f2 32
Erwd GN=N + Ny > Zg BEA fife fLipp 304 6 » TR P¥ BK |f/NSp- L& o

g vk T 2 R g Y e T e R o

b) By considering the moment of the bus about its CM, determine the valid range of the speed v for
the bus so that the bus will not topple. Toppling means the bus overturns.

b)Y g T LA HF e CMend 2> £7 Lepj s AR i L7 ¢ ¥
FRAET L o

END OF PAPER (2 ¥ =)
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