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1.

Rules and Regulations 3 & #3 8l

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.

FRIEREEERTRHRE - (RUBEFENPXIRXFE  HEELRUE—RBSES -

On the first page of the answer books, please write your 3-digit Contestant Number and
English Name.

EZEENE—B L FELEFN3IUBFSEERBRAEES -

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.

R BEERE  BAREERETCEBEFRE - EREHMIAEM - oM EREF
SRR E thER 7

The following symbols and constants are used throughout the examination paper
unless otherwise specified:
BRIF4SRIERR - BRAIAGIRERTIIFRMER

Gravitational acceleration on Earth surface e
X . g 9.80 ms
Mk EE N MNERE
Gravitational constant
- G 6.67 x 10~ m3kg s
ENBE




Multiple Choice Questions (2 Marks Each) E1ERE (£ 2 73)

1. A 1.0-kg block and a 2.0-kg block are pressed together on a horizontal frictionless
surface with a compressed light spring between them. They are not attached to the spring.
After they are released and detached from the spring

1.1 1.0 AT ERYIEN 2.0 AT ENYREEEERNKERE LBE—E  £#EMzEE—E
BRAEREEE - YRISARIERES F - EEMERLEEZRA 22

A. both blocks will have the same amount of kinetic energy. M{E432 BB BRI EIEE -

B. both blocks will have equal speeds. MmfE 43 EE B EIHERE -

C. the lighter block will have more kinetic energy than the heavier block. EE ) EELEERE
NI EBEZERE -

D. the magnitude of the momentum of the heavier block will be greater than the
magnitude of the momentum of the lighter block. EXE ¥ I2HIEN SRR REHIHES -

E. the heavier block will have more kinetic energy than the lighter block. &R 43S LE B ES
NI EBEZERE -

2. A heavy ball is hung with a string from the ceiling. LI
Another string is attached to the bottom of the ball. A e -
downward pulling force is exerted on the lower string ‘ uppei;;ng
as shown in the figure below. Which of the following

statements is true? " lower string
2. B— R F e RTEW B —EILERIIK - 5—REF A
MYEEIKBIESED - —[@ FAYFUDREINE S SR F L - s NE g:ﬂlclgg -

FR7R - FAUIBIEZ IERERY ?

A. If the lower string is pulled suddenly by a large force, the upper string will break first. 4
R—EERRUNRZIERE NHEF L - B EFRVEFiSS Tl -

B. If the lower string is pulled suddenly by a large force, the lower string will break first. 40
R—EERRNUNRZIFERE FHEF L - B ARG5S Tl -

C. If the lower string is pulled suddenly by a large force, the two strings will break at the
same time. MAR—EBE AR NRAFARE N SRS F L - AIMIREFSEFER -

D. If the lower string is pulled by a slowly increasing force, the lower string will break first.
IR —EEEM BRI NIERE FHREL L - BINSEF B ETER -

E. If the lower string is pulled by a slowly increasing force, none of the string will eventually
break. 1R —E#EEMIBRNVAUNFRE S HWE T L - MIREFREEBAZTPER -



3. Which of the following statements is true in describing two satellites orbiting on circular
orbits with the same radius around Earth?
3. MELU KA E O MEREEFEERETNAEZHE - U NPkl E 1 EHE ?

runy

A. The satellites could have different masses. ME A E@EBEJGEEBAENWEE -

B. The satellites could have different periods. MfE A& E0lsE BB AL ERIEH -

C. The satellites could have different linear speeds. M{EAZEFEEJREEB ARIRARERE -
D. The satellites could have different magnitudes of accelerations. M{E A && ERIN0:ERE O]
BEEEAARRIA/N -

E. The gravitational acceleration measured inside the satellites could be different. @& A &
BEANERZINENMEECTEAM -

ujny

i

4. A roller-coaster cart full of water is moving at a constant speed along a horizontal,
frictionless length of track. Suddenly, a plug in the bottom of the cart is removed, and the
water starts to flow downwards out of the cart. What happens to the speed of the cart
while the water is flowing? Ignore air resistance in your answer.

4. Zom/KRAB LB DR B RUERFRIGEEEREN/KENEES - KA - BUBRN—EZEFT]
7 - KBtaE MRFBLEINE - EKERET - BLUBRERRZUEEHE ? AEEJRBEESR
fR7 -

A. The cart speeds up. #BLUEENEE

B. The cart slows down. 38 EER% -

C. The cart speeds up until half the water is gone, then it slows down. B LLIENIEREZ/D—
AUIK - SRR

D. The cart slows down until half the water is gone, then it speeds up. 38 LB :ERE 2/ —
FRK - RENEE -

E. The cart's speed does not change. #BLLIERYERFALE -



5. A cylinder half-filled with water is hung from the ceiling by a long cable and swings with a
small angle like a pendulum. At the position shown in the figure, the water level is observed
to be (see the figure below for the description of the choices)

S5 mKNETREEBRMABBEMERTNR L WEEHE-—SLV\ABEES - £EEPPIRWUE -

BRREIKUR (EERAFSRE NE )

A. curved & B. horizontal 7K

C. tipped inward ER{ES D. tipped outward [ESMES

E. tipped outward when the pendulum is swinging outward, and tipped inward when the
pendulum is swinging inward $ZEERSMEENRKEIMES - BERANEESRRANES

curved horizontal tipped tipped
=i 7K inward outward
mAES mIMES



6. Consider the one-dimensional collision of two objects Aand Bwith masses m, = 2 kg
and my = 3 kg. The objects are made of unknown materials. Aand Bare initially moving
with constant velocities of 5 m/s to the right and 3 m/s to the left, respectively, with A on
the left side of B. Which of the following are possible final velocities of the objects after the
collision?

6. ZREE%A m, = 2kg M mp = 3 kg AUMIEIES A A B BU—#EhliHE - BEYISHRARIM Rl 2
% - oJUIRAER - AF B RYDEILIAAS m/s AL 3 m/sHNEEZRERE - AT BNWE
- BUNIRIE 2 ie M ie A B 18 7 B ol BEM R AR 8 ?

5m/s 3m/s mg

.ﬂ = g

I A: 3 m/s to the left, B: 2 m/s to the right A:[@Z%Z3m/s  B: @A 2m/s

Il A: 2.5 m/s to the left, B:2 m/sto theright A : @A 25m/s B : [@%HG 2m/s
[ A: 4.6 m/s to the left, B: 3.4 m/s to the right. A : [B/£ 4.6 m/s : B : [@%# 3.4 m/s
IV A:0.2 m/s to the right, B: 0.2 m/s to the right A : [ 0.2m/s - B : [@4% 0.2 m/s

A. Il only B. Il only C.Illand Il only
D. I, Il, and Il only E. 1, I, and IV only

7. A right-angled plate with equal length on both sides is placed
horizontally on a fixed cylinder. The plate has uniform density and \

the length of each side is 2R, where R is the radius of the cylinder.

What is the minimum coefficient of static friction u between the
cylinder and the plate to prevent the plate from slipping off?

7. —EMEREMASNEATRKFIREEBRENE TR L - EAERDN
REHS  BERER 2R - Ef R BERENFK - SKEEEHMR ZE
NFEREAE u WR/IME - TEEERFABEE?

A 0414 B. 0.207 C.0.104 D.0.828 E.0.312



8. A trolley with mass m moves along the horizontal track at speed v. The track continues
to extend downward and smoothly connects to a new horizontal track at height H below.
There is a stationary carriage with mass M here (M > m). The trolley moves towards the
carriage, causing a completely elastic collision. What is the minimum initial speed v of the
trolley such that it can return to the upper horizontal section? The friction can be
neglected.

8. BEE/ mW/NELURE v in/KFHENINEES - lBLEER MEBIFEBRERSERE 7
H RFKE#E - ILEARIER/NER -  BERB MM >m) - NEBO/NER - EE T2 M
E - RNEYRE v NER/IVE - B LUREIR| EERK R - BEEREAG -

H
M
A, 22MmoH B, Y2moH C.2/ZmgH
D.2,/2MgH E. [2mgH
9. Two highways intersect at right angles as shown in the
figure. At the instant shown, car Ais located at d = 5 km from A E
the intersection and is traveling at speed v, = 80 km/h. Car B 80 km/h l I
is located at the intersection and is traveling at speed vz = > km
60 km/h. When the two cars are closest to each other, car B B l
has travelled a distance of -s—
60 km/h

9. MNEIFI7R - MIFSELEMESER - EFI/RAIBE - S8 A
BERYEOd = 5km - ITHEES v, = 80km/h - A8 B URRXEO @ THEE R =
60 km/h - EmMESERICEZRIR - S5 B 178 FRVEEREZ

A. 1.8 km B. 2.4 km C.3 km
D.3.2km E.4 km



10. As shown in the figure, a block of mass m, is at rest on a long frictionless table that is
touching a wall. Block 2 of mass m, is placed between block 1 and the wall and is moving to
the left at speed u. After block 2 has collided once with block 1 and once with the wall, both
blocks move with the same velocity. Assume all collisions are elastic. The value of m, is

10. WEFR - BEEm, WREFERNEERTFE L - ZLIFEEERE - E25 m, N5
2URYER 1 MG 2 - WPURE u [@AE) - 3R 2 BB 1 seErEmY) L 2 BEiEsssE
RiER - MEYRUERRNERERE - RFIAMIERZEMR - m, NES

-
l
A.m./3 B.m,/2 C.my

D.2m, E.3m,

11. The trajectory of a toy cannon is shown in the figure below. Assuming that the air
resistance during the flight can be neglected, what is the launching angle 6 of the
projectile?
1. — (B ERErRTIMmI FE/R - (REERITHNZERE D IR AT - HREEER S
Fime 2207

0.3

0.25

0.2

0.15

y (m)

0.1

0.05

0 0.2 0.4 0.6 0.8 1
x (m)

A 15° B.30° C. 45° D. 60° E.75°

12. Following the previous question, what is the initial speed of the cannon?
123 L8 - FEBENYEZZSD ?

A.9.8 m/s B.6.26 m/s C.443 m/s

D.3.36 m/s E.3.13m/s



13. 2020 point particles are equally spaced on a circle with radius 1 m. The particles are
identical with mass 1 kg except two, both with mass 1011 kg. The angle between the radii

joining these two particles to the center is 90°. What is the distance (in m) of the center of
mass of the system from the center of the circle?

13.2020 BEEREFE 1m WE EFES M - BR A MEBHEES /1011 kg S - HERSEEE
BEE19%5 1kg - ZMERZEEREZEIPONFEZENAER 90° - B R 45/ 0FEE/ORYEERE
(Mm BEN) 22D 7?

1011 kg

1011 kg

1 1011 1
B. 242 " 2020v2 D. 2 E.

I

14. A truck is travelling on a straight road under a constant acceleration of 4.0 ms™2. A
simple pendulum hung from the ceiling of the truck performs small angle oscillations. The
length of the pendulum is 50 cm and the mass of the bob is 2.0 kg. What is the frequency f
of the oscillations?

14. —FEL 40ms? WEENMNREEERE 175 - BEEFEXITER WG ERLUNAEER

g - BNRERZS0cm - FEBEF2.0kg - AIRENER F 2207

A.0.70 Hz B.0.73 Hz C.0.84 Hz D.4.4 Hz E.4.6 Hz

15. Following the previous question. When the pendulum is at equilibrium, what is its

angle from the vertical direction?
15. % LR - SRERFERER  BEEFHONREEZD ?

A.0° B. 14° C.22° D. 35° E.43°



16. Consider two concentric uniform thin shells. The inner shell has radius R, and mass M;.
The outer shell has radius R, and mass M,. A point particle with mass mis initially at infinity
and moves to a final distance of r from the center, where R, < r < R, (assuming that the
particle can penetrate a shell). What is the work done by the gravitational force of the
shells in the above motion?
16. ZBM{ERLRITESEIKGR - AFERINFER/R, - BEB M, - IRNFKEER, - BEA/M, -
BEAmWEBRSVUREERZRE  THBEFEE/OERS r WREZNE  EF R, <r <R,
(BREMIMUFEIKR ) - KE MBS P METEIRRNE DPTENTD) -

GMim GMim GMim GM,m
A — B. ——% C.——+ =2
r r r r
GMim GM,m GMim GM,m
D.—— + 2 E.———-——2
T R2 T R2

17. The equation
1 1
x2 a(l —x)?

is a quintic equation in x which has no analytic solution in general. The numerical (real)

X =

solution is approximately 0.849 when a = 81.3, 0.892 when « = 238, and 0.920 when a =
597.
The mass of a moon is 7.35 x 10%? kg. The mass of the parent planet is 1.75 x 10%° kg so that

when considering their orbital motion one can consider the planet to be at rest. Both the
planet and the moon can be considered as point objects. One may also assume that the
moon'’s orbital motion is perfectly circular with a radius of 3.00 x 10° km. An artificial
satellite can stay on the line between the planet and the moon at fixed distances from
them. What approximately is the distance of this satellite from the planet? Choose the best
answer.

17.
1 1

“x2 a(l-x)?

ZExM—REAARFRER  BRE—MRHENE - Ba= 813K HE (E) BWAOLES 0849 -
a = 238 [7%30.892 - & a = 597 540.920 °

—EBENEES 7.35 x 1022 kg BITEMNESH1.75 x 10*° kg - FILEERE bﬁﬁ’]@l &iEEf
RO MR BTEENRTFILRE - TENGEHIUEAER - BRRBENNEEH ETE=HE
fiZ - ¥&%3.00x 10°km - BE—BASREARDIERTENEEZENER L BHTENEE

X =

HEEBEH RIS AE - BRAZEEETENERES) ? EEREER -
A. 32,400 km B. 45,300 km C. 255,000 km
D. 268,000 km E. 276,000 km

10



18. An object of mass 5.00 kg is initially at a height of h above a 10.0 kg flat plate. The plate
is supported by a long spring below with spring constant 1000 Nm~? , and is initially at
equilibrium under gravity and the spring force. The object is then released from rest to hit
the plate in a perfectly inelastic collision, but the object is not glued to the plate after
collision. Find the maximum height h below which the object will always remain in contact
with the plate in the subsequent oscillations.

18. BE7% 5.00 kg FU¥IEE & AU 10.0 kg RFIFM EFHNSE h & - FIRAEA MW REEE -
HETEEHA 1000 Nm ™! - EHRE - FIREEDAES DR NERFEEMRE - IRESYELE
B LR LUEE TR - ERIERERTEIFERIIE - BHEBEYRIISANEFR - KE&E
ARESE h - EEBERNIRED - Ve hQRSHE T RES -

5kg .
h
1o0kg [
k = 1000 Nm™1
A.20cm B.22 cm C.45cm

D.59cm E. 66 cm

19. A 2.0-m long ladder leans against a smooth wall, making

an angle of 8 with the rough floor. The mass of the ladder is

10 kg and the linear mass density along its length is

constant. The coefficient of static friction between the

ladder and the floor is 0.20. When the angle 6 is smaller than 0

a certain critical value, the ladder cannot be in equilibrium.

What is this critical angle?

19. —1€ 2.0 m RAIFFEEICBRUIREE | - BHERMIRAERE 6 - B FHEES 10kg - aH
RENGMEEZTEARE - BFHEMR I BENFERGRER 020 - EAE 0 /NREERFE
I’ B AEREEE - BEGRFREZZD ?

A 11° B. 22° C. 66°
D. 68° E.79°

11



20. The tip of iceberg has a volume of 1.5 x 10° m® above the sea level. Given the density
for the iceberg is 920 kgm™3 and the density for sea water is 1030 kgm~3. What is the
volume of the iceberg submerged in water?

20. KUWZEBE EN—AEEES 1.5 x 10° m3 - BRKIUNZEES 920 kgm ™2 - BIKHNEESR
1030 kgm =3 - JKIITEKFRFRIEZRZ D ?

Air

=_-__a %"?hR
Water
LH,”“ a

JJ
é“%‘:% )
@\‘M

A.14.05 x 10° m? B. 12.55 x 10° m3 C.1.68 x 10° m?
D. 1.50 x 10° m3 E.0.18 x 10° m3

21. A basketball is dropped vertically at a height of 1.5m. Initially, it is at rest and if every
time it bounces back from the ground, it loses 30% of its energy. How long can the
basketball stay in motion until it becomes completely at rest again?

21.ERE 15mANSEER ML - &4 - BEERF AR  NRSRUEMERERR - BEEE
K 30%HEEE - EIKOILUIEHZRIGE - ER5cE2WERL ?

A 1845 B.3.14s C.3.39s
D.6.22s E.6.78s

12



22. A mass m is connected to 3 identical springs with spring constant

k, as shown in the figure. The whole set is then mounted to a fixed
ceiling and floor and is allowed to settle to equilibrium. Now, we
apply a force F in the upward direction to displace the mass. What
will be the displacement from its equilibrium position?

22. MEIFA7R - B8 m YIRERT —EEEE 8IS k NHEEES

2E A EEEXRCHRAMANR £ - WERFE - 3/E - FMrEMN—Em Lk

70 F RBEYLR - YRERFEUENUBES D ?

A. 2F/(3k) B. F/k
D. (F + mg)/(3k) E. F/(3K)

23. A block of mass m is hung from the system of massless springs
with force constants shown in the figure. The downward extension
of the spring system caused by the block is

. BEmNYRBEEREESMNEELRR L SESAESESHUE
Fi7R - SBERFRYREWE MEHIE

7 mg BQM CEM
10 k "31 k "4 k
17mg EEM
"15 k "2 k

k
m

C.(F —mg)/(3k)

2k

13



24. As shown in Fig. 1, a massive block is driven by a motor to exercise vertical motion. The
acceleration due to the periodic motion is much higher than the gravitational acceleration.
The displacement of the block versus time for two cycles is shown in Fig. 2. (The units of
the vertical axis are arbitrary.)

24. 908 1 Pivs - BB ENYIRBSEWERE LUETEEES) - BHMESSIENMEREEZESN
BENNMNEE - B 2 PER 7 mEBIHAANY RN BEERENZE - (EEHNEASERW - )

[Mm]]
I Piston

/b Motor

Fig. 1 Fig. 2

Which of the following plots correspond to the power of the motor?
PN W5 B AR 3 RIS B BN RV TH R 2

14



25. A uniform rectangular slab of width 5 cm, height 10 cm and
negligible thickness is hung from the ceiling by two rods at the
upper edges. When the slab is tilted by 20°, the ratio of the
tensions T, /T, is equal to

25. 85 cm: & 10 cm - EETRBEAGTWITERN - AMRUR
ERREREBRBMERTE] L - EEMRER 20005 @ 5k T, /T, B
tE=2

A.-2.14 B.2.14 C.0.15
D. 6.35 E.-6.35

~ End of Paper 1 £—5% ~
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1.

Rules and Regulations 3 & #3 8l

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.

FRIEREEERTRHRE - (RUBEFENPXIRXFE  HEELRUE—RBSES -

On the first page of the answer books, please write your 3-digit Contestant Number and
English Name.

EZEENE B L - BELRN 3 UBFSEZRB A GS -

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.

RS BEERE  BAREERETEBEFRE - BREMIAEM - oM EREF
SRR E thER 7

The following symbols and constants are used throughout the examination paper
unless otherwise specified:
BRIF4SRIERR - BRAIAGIRERTIIFRMER

Gravitational acceleration on Earth surface e
X . g 9.80 ms
Mk EE N MNERE
Gravitational constant
- G 6.67 x 10~ m3kg s
ENBE




Open Problems FAH &

The information below may be useful for solving the problems.
UTERSREECERER -

A. Kinetic friction EfjEEiE

A body moving on a surface experiences a frictional force in the opposite direction of its
movement. The magnitude of the frictional force is f = uN, where y is called the coefficient
of kinetic friction u and N is the normal force acting on the body.

S—EYREFE LETE  vEXRI—(EREEHHRERNERT - BEEONNNGS =
puN - BHoh y BREEEGE - N 2FREYE LAEED -

B. Elastic potential energy EH2E

The potential energy stored in a compressed spring is given by E = %k(Ax)Z, where k is the
spring constant and Ax is the compressed length of the spring.
FREBMAEZEPTNREEZE = %k(z\x)2 CHopk B EERE - Ax SESHEHERE -



1. (15 points) As shown in the figure below, a uniform rectangular block of mass M is resting
on a smooth horizontal surface. A small cube with mass m and negligible length and width
is on the top of the rectangular block. At time t = 0, the cube moves from the left end of
the block to the right with an initial velocity v. It finally sits at half the length of the
rectangular block. It is known that the coefficient of kinetic friction between the small cube
and the rectangular block is u, and the gravitational acceleration is g.

(15 2) WHEFR - E—XEKFEL  BEE—EER/AMHNHEIRAGE - —EEA/m kA
B0 REEA/NAR - EItRAEN EE - RE[E ¢ = 015 - AEZREUKFEYRE v RiamAaE
7T BREFBERAEN—FRERE - BH/NARERSREZENSERAE Sy - ENNEE
M~y

(a) (4 points) What is the time t for the small cube to stop on the rectangular block?
42 KNFRBITEFILEERSRE EMNE-E T ?

(b) (4 points) From time t = 0 to = and relative to the smooth surface, what are the distances
travelled by the small cube and the rectangular block respectively?
(4 7) ®t = 02 v Bif ~ HERIOB/KY¥E - NARMELSERE{TNIER 2 RIEZ ) ?

(c) (4 points) What is the length L of the rectangular block? (Express your answer in terms of
v, m, M, u, g)
4 BEHENRELZEZD (MlvmM,pug&ZmR) ?

(d) (3 points) From time t = 0 to 7, what is the total work done by the frictional force on the
small cube and the rectangular block?
Bn)Et=02HE  EEIF/NSRNELS RN HBNEZ /D ?




2.

(15 points) A wooden cart is driven by shooting marbles from identical compressed spring
launchers mounted on the cart. The cart, including the marbles, has a mass of M and each
marble has a mass of m. For simplicity, we assume that the resistance experienced by the
cart can be effectively represented by a kinetic friction coefficient u between the ground
and the cart and all other resistance such as air drag can be neglected. The initial velocity
of the cart is u before launching any marbles. When a marble is fired by one of the spring
launchers, we assume the impact time is very short and is negligible. We also assume all
the stored elastic energy goes to the kinetic energy of different parts without generating
heat. We are interested on how far the cart can go by firing these marbles.

(15 7) —RAREFBBLREBS FARIRIERHEEE 2574 250K FIRES) - BEKRFERRN
BFYHNEER M BIUIKFHNEERm - REERLR - HAORRFAEEFE oDt EEEs
TRNBERGR p UK - EtEDAIMNZEREDILRE - R385 28] - BFHNYBERE
Hu - B EEERFREBERIR  BBREFERLHIURBE A - RMOERKRIBFMH
RUSE L BEERE(E R ARIZHREIREE A ER - PR BIBREE - SEBRFELEN FolLlE
HEESE -

Marble )&+ m

(a) (7 points) Suppose each spring is compressed by an amount of Ax in length with spring

constant k. Find the velocity v for the cart immediately after one marble is launched. What
is the distance the cart can elapse before it stops if the initial velocity of the cart is u =

0 ms™1?

(7 7)) BRBEEENEERES k- WERE LB Ax - KEFERH —HDKFEIVEE v -
MRBAWYREESu = 0ms™! - BAEFEFIEZRITTEANEREZ ) ?

(b) (8 points) You can fire a second marble at any time you choose, what will be the maximum

and minimum distance the cart can elapse in firing two marbles? The initial velocity of the
cart is still zero before firing the two marbles. Please take the limit m « M for
simplification.

(8 ) IRAJ AR oI5 & 28 57 56 KUK+ + BB B2 BV MHDR B ol BUT RN S AN &/ EEE 2%
D EREMADKFRI - EFNARRENRE - HBEER - FHEm «M -



3. (20 points) This problem is a tribute to Kobe Bryant, one of the greatest basketball players
of all time but whose life was taken in a helicopter accident earlier this year.
(20 77) EEEZ Y SLEFF (" (Kobe Bryant) (I & - 2B LLIREERANEKESHE 2 — - Bithie
SEYN—REFTESHPEE -

AN
EE
ASS

— < —»,

Consider a free-throw shot in a basketball game. He projects the basketball with an initial
velocity u. Assume that air resistance is negligible in this problem.
ZR—EEEIKLEFEPRHETIK - IR E u WP EIK - BB ELLBBPRZERME DO RIREEA
T e

(a) (4 points) Derive an explicit expression of the angle of inclination 6 such that the basketball
can hit the center of the basket rim, which is at a horizontal distance x and a vertical distance
y.

(4 72) K{EF 0 FARMERET - DUEEIROIDIBPEEN DL - ZF/OFEK T EEEE x MEHE
By &=

(b) (4 points) A physics professor suggested that the best shot can be achieved by shooting
the ball at the minimum possible speed, because it has a higher chance of passing through
the hoop in case the shot is not accurate and bounces off the rim of the hoop. Derive an
expression for the minimum shooting speed and the corresponding shooting angle 6.

(4 ) —U¥BEEZERER - UE U BRNERFRAEE - AANRIKA LR HIEEEE
- RIZRBAIKERNH SR - KE/NFIKERR R HREG A 0 WRED -



(c) (4 points) For Kobe Bryant, the ball is launched from a height of 2.47 m and the rim of the
hoop is 3.05 m above the ground. The horizontal distance x is 4.44 m. Calculate the shooting
speed and shooting angle in part (b).

(4 7)) ESEEFCHERD - K 247 m WSESE - EEREZERMITE 3.05 m WUE - /KF
BRREE x /B 444 m ° 578 (b)) B3N PRISIBKERNZHAE -

(d) (4 points) Calculate the angle of approach ¢ when the basketball arrives at the hoop for the
shot in part (c).
4 2) 58 (c) NP ELKINELEERNFLA ¢ -

(e) (4 points) Another physics professor, being a basketball player himself, suggested that
Kobe's shot can be improved by shooting with at a higher angle, so that the angle of
approach gis higher and results in a bigger target of the hoop. Calculate the shooting
angle #and shooting speed corresponding to ¢ = 45°,

4 ) S—AYBEBHEFRIER (M RAALE—UEKERE ) - BBEUEARNEFAEHIKD
N ESIENIRE  AAEOE ¢ SIBX  EMERBEANEERR - STEHER ¢ = 45° AU
51F 0 ANSTEKERER
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