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Rules and Regulations 7% & #7 Al

1. 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.

FrERE BRI, (RANEELUPNEERMFE | S AUE—ESIFE.

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
questions without waiting for announcements.

BEBNTBEGERERE—/NG=1T210E., SIREEZRICTH TEEE | (R FHRIE
ZHNEER | MERFREIER.

3. 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.

EEEEHENEEREA L | SR LR s NEFSEERE. R, REAERES.

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.

BEREFENEERER  STEEETER LEENEER HB iIEREERE.

5. 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.

P B  SHRAEE RS R & THE - SR gH triEeEfMnEEE
TEERIAREIAER Y -

6. All numerical answers must be in (at least) 3 significant digits.

FTENBIEE R LARE 2D 3 ([EAREH T -

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

BRAEISRIIEER , BRIFEHERATIIFRERIMEE :

Gravitational acceleration on Earth surface
~ . g 9.80 m s
HEKREESINNERE
Gravitational constant c 1 gl
6.67 x 10~ s
BHEH e s

There is no friction in the problems unless otherwise specified.

PIRE R BIER A - RUANTFAEEE -



Multiple Choice Questions (2 Marks Each) ZiZrE(ERE 2 H)

The following information is used for questions 1 and 2.

PUNERARHE—E 1T 2 -

Three blocks of identical mass are placed on a frictionless table as shown. The center block is at rest, whereas the other two
blocks are moving directly towards it at identical speeds v. The center block is initially closer to the left block than the right
one. All motion takes place along a single horizontal line.

WIEFT~ R =88 EAEENYIRE A REEA R+ F o PREYIRSEE AR ILRES - TR ([ 78e tE DA IR 2R
v BEHEIERE) - PREYIRSRVESET /AR - Fra EEE S E — KPR 4 -

Left & Right &
B — = —i

1. Suppose that all collisions are instantaneous and completely elastic. After a long time, which of the following is true?

1. AT R AR B YL FR Sy » i TIRRERHE - DUTYREZ IERER 7

A. The center block is moving to the left. 50 7158 o] /E1% 8 -

B. The center block is moving to the right. 1.0 ES[m A 14 E) o

C. The center block is at rest somewhere to the left of its initial position. .0 WIEeAT H @46 B /A A R E AR 11 o
D. The center block is at rest at its initial position. B0 1B (F E W TAA AT B R BE IFIREE -

E. The center block is at rest somewhere to the right of its initial position. B0 EEfE W HERL B A RIAYFEER I -

2. Suppose, instead, that all collisions are instantaneous and perfectly inelastic. After a long time, which of the following is
true?

2. MK s FrA A R H 5B 2R o 8 TIREFHE - DUTNREEIERER 2

A. The center block is moving to the left. 500 7158 o] /E1% 8 -

B. The center block is moving to the right. 0.0\ YRS [a A F5 &) -

C. The center block is at rest somewhere to the left of its initial position. 0 WEeAT H@l4a(r B /Z YRR AR 11 o

D. The center block is at rest at it initial position. H0. W Ra A E W AA N B B i ER LEARRE -

E. The center block is at rest somewhere to the right of its initial position. H0 0\ EefT H e B AR EER 1 -

3. An object is thrown with a fixed initial speed v, at angles a relative to the horizon. At some height h above the launch
point the speed v of the object is measured as a function of the initial angle a. Which of the following best describes the
dependence of v on a? (Assume that there is no air resistance.)

3. — &G LA E BIRTAG RS vo DIFHEIA R EARETATE o #iH - TERERESNREEE h R - HIEYIREAER v (E
WG a FIRLEL - DUNMERRAERG L v 81 o IR 2 (BEESAEZERMETT - )

A. v will increase monotonically with a. v &E2Z o BEEEHE0 -

B. v will increase to some critical value v,,,, and then decrease. v & 2| FAEEE B Vs * IRBTRD -
C. v will remain constant, independent of a. v JE{fIF R » B o FHERH -

D. v will decrease to some critical value v,,;,, and then increase. v 8/ VB F(EEE FUE Vi » IRBIEIT -
E. None of the above. DL FEIAE

4. In a lightweight seesaw, Albert (mass 70 kg), Isaac (mass 80 kg), and Marie (mass 60 kg) are seated in order with equal
spacing of 2 m between them. Isaac is positioned between Albert and Marie in a way that balances the seesaw. Neglecting
the mass of the seesaw, determine which person exerts the greatest magnitude of torque (relative to the center of the
seesaw) on the seesaw.

4. 1 —{EESHUEEEEN | > Albert (& 70kg) - Isaac (‘EE 80kg) Al Marie ('E & 60 kg) FZIEFALT - 9 [y
[EFE Ry 2 m - Isaac fiLff> Albert F1 Marie 7 [t » Wi H 4EFABEBENR AT 1A - RHSEEBERAVE & - 55 FURE A BEBE b
FEA0 T B RHIHE (AEE R BEsEtay ) -

A. Albert B. Isaac C. Marie

D. They all exert the same torque. EAM &S IIAE EIAY JI4E -
E. There is not enough information to answer the question. ;475 £ $HJ(= 2R [ B RE -



5. A mass is suspended from the ceiling of a box by an ideal spring. The mass is given an initial velocity
and oscillates vertically while the box is held fixed. When the mass reaches the lowest point of its
motion, the box is released and fall. To an observer inside the box, which of the following quantities
does not change when the box is released? Ignore air resistance.

5. — &R s —(E AR R M E & TR R L - BEWR TR & EER - lg
IFE ERE - SYIREIEZHESN RN - 9l T7% - e rAnrEsEsE B8 ‘

TR THIRE &R ks ? AIRIRZZREHTT -

A. The amplitude of the oscillation JRZIEE

B. The period of the oscillation ¥Rz HHA

C. The maximum speed reached by the mass #7358 Y i KR

D. The height at which the mass reaches its maximum speed 971 2 2l i KR IGHY 5 8
E. The maximum height reached by the mass ¥ Z EHY R K = &

6. Two objects A and B are launched at the same time and place from ground on the Moon (no air). Object A4 is launched with
speed 10 m/s at an angle of 6 above horizon. Object B is launched with speed 10 m/s at an angle of 8 + 60° measured in the
same way. What is the distance between A4 and B after two seconds. It is given that at this moment neither 4 nor B has hit the
ground yet.

6. WiPIRG A F1 B [FIRF[EIGE HERER I COLAZER ) S5 - Y1 4 DL 10 m/s HYZRARGEH P48 A _EDUAE 6 651 - P88
B L1 10 m/s HYZRAAEE —TJ5 [t PAR A _EDUARES + 60 385 - Wikhi& 4 F1 B ZFEJAVEEREZ 2% /0 7 (atbis 4 F1 B T
B VEM -

A. 5m B. 10m C. 1042 m D. 10V/3m E. 20m

7. All numbers in this question are in units of m/s and { and j are two perpendicular unit vectors.

An object consisting of two parts of unknown masses separated by a massless compressed spring moves with constant initial

velocity 1. At a certain moment the spring is released to push the two parts apart. Ignoring friction and gravity, which of the

following velocities is/are possible at a certain time after the spring is released?

7. AP ATE B EALEE m/s 0 TR J 2 RI{E E E R LA E -

— RS R AR AVE BB 4HR - W BER TR B - W DURERYIAE R © ) o 8 (R 2 (R Il
&

WA I 3 HEBE © ARHSEEE T RN ST » DU WIRAH 78 e e 1R 1 W T o R 2 P R 7
I. ﬁA=i_j’ﬁB=_i+j
IL ﬁA=i+jaﬁB=i_j
I11. 1_7:4 = j, ‘BB =1 +j
IVv. ﬁA=i+j,ﬁB=i_2A
A.Tonly B. I only C. None D. II and III only E. Il and IV only

8. All numbers in this question are in units of m/s.

A projectile loaded with explosive is launched from ground at the origin and hit the ground again at a displacement Di, where
D > 0 and { is in a horizontal direction. It is then launched again for a second time in exactly the same way but this time the
explosive explodes when it has velocity 31 — 2, where J is in the vertically upward direction. Due to the explosion it splits into
two parts 4 and B. Denote the velocities of 4 and B just after the explosion by ¥, and ¥, respectively. Assume that each part
stops immediately after hitting the ground. Denote the final position of the center of mass after both parts hit the ground by
D¢l In which of the following case(s) will D), be greater than D?

8. AEFTH BRI B LA E mYs o

— A NEEER YIRS (E M Y RS - WS Ry DY BRI B At - Hoh D > 0 H 1 BoKOPJTIE - (REYIEGLISE
EMFERTA TSRS - (HERNFEEAEVIRS R fy 31 — 27 BpRRAE - Hoop j REREF BT » SRFRYIAE 73K 4
1B WIEGT » ST U, Hl Up FOIBNEMIAETR A F1 B BV BB EE I EMt I ENE 1k o P Doyt TR (5D
Sy O AL« TELL T UIRENE L T Doy ETAHA D 2

L. Uy, =1—2f, U5 =4i—2j
II. 1_7:4 =—-1— 6j, ﬁB =57
S s s 9. 3.
1. Uy =—3J, 05 = Si=2J
A. Tonly B. Il only C. III only D. None E. II and III only



9. A 1.00-kg mass is attached to a horizontal spring with a spring constant of 10 N/m to move on a rough horizontal surface.
Let the line of motion be the x-axis and the mass is at the origin when the spring is unstretched. The coefficient of static
friction and kinetic friction are 0.40 and 0.30, respectively. The mass is initially at the origin, and is given an initial speed of
1.00 m/s in the positive x direction. What is the position at which the mass will come to a complete stop?

9. —flél 1.00 F-FEHVYIHGHIEEIF I A B Ry 10 N/m Hy/K-P#EE F o WAEHEREH/K R ERE) - SVt x BiEs) -
A AETE AR ALY RS o ERIFFEEE BRI B B 751 Ky 0.40 711 0.30 © PIRSEOIHA R LAGIAGERE 1.00 m/s
A1 IE x T3[R AEH) o MBS R e 2R LR (L E

A. 0.138 m B.0.255m C.0.383 m D. 0.457 m E.-0.726 m

10. Following question 9, what is the answer if the initial velocity is increased to 2.00 m/s in the positive x direction?

10. G 9 > [REWIARIAIIE x JTRIETRIAAEEE RS HIE] 2.00 my/s - RIEZE% Ry 18 2

A. 0.185m B. 0.403 m C. 0991 m D. -0.185m E. -0.255m

11. Two identical triangles with mass m are placed on a frictional horizontal surface. A sphere with mass M is held by the
triangles without falling, as shown in the diagram below. Consider that the surface between the sphere and triangles is
frictionless, find the minimum value of the coefficient of static friction between the triangle and the surface such that the
triangles will not slide away.

11. FH{EMEEIRVE & 5 m B = A BUE A EEE IR o AT ERTR - BE R M BB = AP EEm A g
7% o BEIKISI= AP MR RAEREE I - SK=AIPBRA 2 MR GBI s MEE R = A~ g

% -

. E.
m+M 2m+ M

Q12 and Q13 concern the same situation below.

A mass m is hanging on a massless ring which slides through a straight cable that
makes a 30° angle with the horizontal as shown in the figure. There may be
friction between the ring and the cable. The mass accelerates along a straight line
parallel to the cable above.

Q12 f1 Q13 & PA M HHENEM. -

EEm T —ERE SR L RIRIEE— RIS HEE 30° MHVEERE
gy EFTS o BRAER Z I ATREA RS - BRIE TN LT8R
HYELERIER

12. If the angle, ¢, between the cable and the string hanging the mass is 90°, what is the magnitude of the friction between
the ring and the cable?

12, MR ERFGHE BT 2 M AE ¢ 2 90° » FNEERMSE R 2 MR TR NES /D ?
A. 0 B.mg c.=? D. =7 E. 2mg

13. If the mass is accelerating down along the dotted line, what is the minimum value of ¢?

B AREREINE R T - A ¢ HymMERZ /D ?

A.30° B. 45° C. 60° D. 90° E. 120°



14. Consider a mass m which is hanging vertically by a spring with spring constant k under constant gravity. The spring-mass
system undergoes a simple harmonic oscillation with amplitude A. The largest magnitude of net force that acts on the mass

during the oscillation is

14. BE—(HEE m EREE S THEEE Y kSRR - 5% EERGSERIES A (GERRE - Ik

ZARERTEE S ENRAKE TR

A. kA —mg B. kA C.mg D. mw?A E. mw?4 + mg

15. A constant force F = 800 N applied horizontally to a block with mass
m = 100.0 kg pushes the block up a surface that is inclined by § = 15°
(see figure). The coefficient of kinetic friction between the block and the
surface is u;.. Under the application of the force, the velocity of the block
increases from its initial value v; = 1.50 m/s to a final value v, = 3.50
m/s over a distance of d = 2.20 m along the surface. What is the work
done by friction?

—EWRIERIS]F = 800 N AP IIAEE & K m = 100.0 kg #Y 78R
b RTROEE —RIEE B SRR ELKCEERE 6 = 15° (A
) o JyBRELRIE . MBI BNy we © (EZIEWERT » J78ERY
R EAAE vi = 1.50 m/s BIIEIERAHME v, = 3.50 m/s >
RIAEZEN T d = 220 m » EEEFENINES /D ?

A. -642) B. 286 ) C.-945) D.-702) E.481)

16. A cubic wooden block of width 20 cm is floating on a tank of water. When we push the block from the top side and
displace it by a little, the block undergoes an up and down motion. Assume that the up and down motion of the block can be
modelled as simple harmonic motion. What is the period of the simple harmonic motion of the block? The density of wood is
600 kg/m®. The density of water is 1000 kg/m?>.

16. —{E & Fs 20 em HYARBEILTASFE—(EPKRE L o EIRPUETEEEBARBEL (EEAH WS Ehis - ARg gy BT ) -
TEREARBRAY b T B T AR s PR IR - a2 NIV EBIEENE %7V ? AMERE R 600 kg/m® - ZKAYEE Ky
1000 kg/m3 -

A.0.11s B.1.10s C.0.08s D.0.70 s E.0.17 s

17. A rectangular block with dimensions 1.5 m X 1 m X 1 m is placed on a slope that makes an angle of 30° with the
horizontal. The square side of the rectangular block is initially put on the slope. The coefficient of static friction between the
block and the slope is 0.5. Will the block slide down the slope, topple over, or neither?

17. —E 57 B 1.5 m X 1 m x 1 m BYRITEITHEIHE —(EBK i 30° ARyt L - RITEHVIETIP iR IIHE
RHE_E o JTSRAIRE < MRV L0 0.5 - 327 SR EE TS ~ HEEEMERH A G4 ?

A. The block will slide down the slope, but will not topple over. IR &= /&S] » {HRE{EE -
B. The block will topple over, but will not slide down the slope. FHRE{HEE] » EAE T5F) -
C. The block will both slide down the slope and topple over. J78EEF &1 /g 8hH & E] -

D. The block will neither slide down the slope nor topple over. FIREE RN €13 T /E et N er{EE -
E. Not enough information to decide. F R & » S EMEE -



18. A block of mass m is being pulled along an inclined surface at a constant Iz
velocity using two massless pulleys as shown in the diagram. The coefficient <
of kinetic friction between the block and the surface is 0.3. What is the
magnitude of the pulling force F required to maintain the constant velocity?
Assume the strings are massless and inextensible, and the mass of the block is
0.3 kg. The angle of inclination is 8 = 30°.

18. YNEFR - —(EEE R m BIVIRS - 88 dm Rt i DU E
RIS - VIRSAIRIALZ IRV 80503 « RIMERFIE RS AT RN
Ut F SR NES /D ? el T2 iR E A IR > PESIVEER 03 0
kg - HHRAERE Ry 0 =307

m

A.0.71 N B.0.74 N C.223N D.0.35N E.1.12N

19. A man standing on a movable cart throws a ball towards a fixed wall outside the cart. The ball has an initial velocity of

15 m/s and bounces back from the wall, which the man then catches. The ball has a mass of 2 kg, the cart (with the man) has a
mass of 80 kg and is initially at rest before the ball is thrown. Find the final speed of the cart. We assume the collision between
the ball and the wall is elastic and the mass of the wall is much larger than that of the ball.

19. —{EuSAE TR E) FHER BRI A [A1E BN —SEEERE T T —(EER - ERARIZRE Ry 1S /s > A BAEHE EA5E - 2R1%
WAR(E - BRAVEE R 2 kg > FHEHE (RN HYEER 80kg » HAEBKBH IR Z AT RARIE » SRTHEFHAVRAAE - &
SEBRAIE EE 2 R RIGHE 0 Rl - I B REEEAVE ELEIRVE 8 R5Z -

A. 0.366 m/s B. 0.750 m/s C.0m/s D. 0.732 m/s E. 0.375 m/s

20. The rotor of an centrifuge rotates at 12,000 rpm (revolutions per minute). A particle at the top of a test tube (mounted on
the centrifuge) is 5.00 cm from the rotation axis. Calculate the effective gravity of the particle feels. Assume the effect of the
original gravity is negligible in this case.

20. B O PRI R 12,000 #4555 - —RRAFHIGVE THED - BEEREE 5.00 cm AL » FrIRZ EIRVAEE 1 R %/ ) 2
R R E TR BAE IR DL T AT LU

A. 62.8 m/s? B. 10.0 m/s? C. 2000. m/s?
D. 79.0 x 10% m/s? E. None of the above

Open Problems (15 Points Each) Fi5iaE (EBRE 15 %)

1. [15 points] A small block X with mass m initially at height h starts to
slide down a ramp from rest. It collides with a stationary small block Y X
on a horizontal surface, which has a mass of km for some number k >
0, as shown in the figure. Assume all collisions are perfectly elastic and

friction can be neglected in this problem. h
L[15 53] —E¥IGE S s h ~ B8R m BV INE X 7EAF ILARRERIIAE Y
TR o BEUCTRE LAY A s Y IvER S | S [km |

km > k>0 BA—8fE - WEFTR o BERFTrARLHEE S e 25
(Y > Sl HAE I TR AT DU £

(a) [3] What is the velocity of X right before the collision with block Y?
(a) [31 X {EEL Y hilifeE 7 RiTHY R[S 267D 2

(b) [3] What are the velocities of blocks X and Y after the first collision?
(b) [3] 55— ZhiifE %/ N X T Y HYZREZ /0 2

(c) [3] If two blocks can only collide exactly once, what condition must be satisfied for the value of k?

(c) [3] 4B flEl/ N5 S RERIAE — 2 > HRFEE k BB e (TR 2

(d) [3] Suppose the value of k does not satisfy the condition you found in part (c) and two blocks encounter the second
collision. What are the velocities of blocks X and Y after the second collision?

(d) [3] i k AU EA TR IRAE () B 5 R BRI R BR8N 5% A= 55 i - 55 I 1%/ NIE X R Y AR

BHD?

(e) [3] If two blocks can only collide exactly twice, what condition must be satisfied for the value of k?

() [3] NSRRI/ N A RERIE R > HITEE k BB DR e (TR 2



2.Part1 5 1 oy

A ball with mass m moving towards North at speed v; hits a moving wall that it makes a 45° angle with the East and is
travelling towards West at speed v,. The ball then bounces away from the wall at speed v, at South 8 of West as shown in
the Fig. 2a. The wall is very heavy, so its velocity does not change due to the collision.

B8R m ARV v, w1068 - R(EERTTE 45° AR EE - 1 LU v, [MIPERE) o IMEERDUARE v, fEVHIH

HRE O R RS E - WIE 2a R o AERE - FTLAEHYZRE A S AR o -

Moving Wall
T ch eI

Rest frame of the ground

MRS AR AR

Wall (relatively at rest)

i CHHARE))

Rest frame of the wall

TR L S BR A GE

>z

-z

Fig. 2a Fig. 2b

(a) [5] Assume that the collision is elastic in the rest frame of the wall. Find the speeds u; and u,, and the angle ¢ in the rest
frame of the wall shown in Fig. 2b, in terms of v, v; and m.

() [5] {EREsC Rl G AF [ AR 2 T SRR o SRS wy Rl w, » DARGIEHAR IEABEE 2 AR AT ¢ - AfE 2b Fr
TR BED v, ~ v ImFR -

(b) [4] Find angle 8 and speed v, in the rest frame of the ground (Fig. 2a) in terms of v, v; and m.

(b) [4] SRAEHVTEIFVAFE I LA 247 (18] 2a) HHATAERE 0 FIZEE v, - BED vy ~ vy AImFoR -
Partll & 1 I {5

Gravity Assist is a technique to achieve acceleration (or deceleration) of a spacecraft using the gravity of the planet that the
spacecraft is flying by. The drawing below shows an example of how a spacecraft launched from Earth executes a gravity
assist when flying by Jupiter to change direction and accelerate to fly far away from the Sun’s gravity.

FEERE) ) A AMUR SRGEYT EAVE SR EBINIR S IR (BORGER ) ARG - TERER T EREE 5Ty
R R B E TR A 2 B L {n kT 2B i Bh A€ 1T 508 U7 T i R AR P55 [ I - -

Rest frame of the Sun

AT LB R
) P "’
——— =

O mame~\ 3
f’ Vil - \
PN \ L\ \
. | —l. X

Reference: Flandro, G. (1966),

N~ 2 Jupiter
A SRANNS . "Fast reconnaissance missions to
i S———— the outer solar system utilizing
energy derived from the \
,,,,,, gravitational field of Jupiter," ,
e Astronautica Acta. 12: 329-337. spacecraft
Fig. 2¢c :
g Fig. 2d

Consider a spacecraft executing gravity assist flying by Jupiter as shown in Fig. 2d. In the rest frame of the Sun (assuming the
Sun is absolutely at rest), the Jupiter is moving to the left at speed v,. The spacecraft comes in at incident speed v; and exits
at speed v, (v, will not change any further) with a deflection of its trajectory with angle ¥ and ¥, is parallel to 7.

FE— AR EPITEJEERITHINIRES - W8 2d R o IERSHIER AR (RS e 2Rkl ) » RELL
G v, [A/EREEN © FIRZUASHE v, #EARES | THEN DUHRE v, 85 (v, g - HilpMREAE Y
A6 H v, AT U <

The mass of Jupiter is much larger than the spacecraft. One can assume that, in the rest frame of Jupiter, the spacecraft’s
mechanical energy (sum of its kinetic energy and gravitational potential energy due to Jupiter) is conserved when it flies by.
REEEEMRBAIGS - FTLMREE » TEREAVER AR RS - fTREsRIB R EIFAYEMEE (ABRERIARES]
TIBAREZ M) SFIE -



(c) [4] Find the speed v, of the spacecraft when it flies away from Jupiter in the rest frame of the Sun in terms of
vy, V1 and .

(c) [4] RFTRBHAEARPZ7F AR AR P IREEAR 2RV S v, « BHELLvy ~ vy MY TR

(d) [2] Given Y = 120°, find the speed of spacecraft v; in terms of v, such that the spacecraft exits at three times its incident
speed v, = 3v;.

(d) [2]1 5% ¢ = 120° » FEEEHTR S IEAG LR = EHVEERERE v, = 3vy > KURES vy BV - BHELIv T -

3. [15 points] We consider an asteroid coming across the Earth, tracing out a hyperbolic trajectory on the x-y plane as
4

r= 1+ecosb

where r = /x? + y? is the radial distance of the current asteroid position measured from the Earth at origin and 6 is the angle

measured from the positive x-axis, as shown in the figure below. The parameters of the trajectory, £ and e, are positive

constants, which can be determined from the initial condition. For an asteroid coming at a perpendicular distance b and speed

vj,r at infinity, the asteroid has a speed vp, pointing in the negative y-direction, at the closest point P of radial distance rp on

the x-axis. The asteroid will then leave to infinity with its original direction being deflected by an angle ¢ if the asteroid has

not hit the Earth.

3. 115 73] PR — R T EAE BRI > HAE x-y Pl EABHE — R R > Ho7ieh
4

"= 1+ ecosf
Hrpr = x? + y? BTEERLEBER R RIAVEESE - M 6 AEEE x St ER A - TN ERTR © Bl
B L fl e BIEFEE > FTLEVIGIRERIEE o BN —FRICSEIRERE DUES vy DUR BARNERAY EE B PERE Sy b ST
B (TR RSEIE PIFA—HE ve » HI5A y J71H « MR TEREEHIK > AIERKLUREALE ¢ BEBHHER - 37
RFFE AR A

In this problem, we have assumed the Earth is in an inertial reference
frame as simplification. For the hyperbolic trajectory, we have e > 1 and
0 satisfies 1 + e cos @ > 0. Unlike circular motion, the velocity vector

v = v, X + v, J is not always perpendicular to the position vector r =

rf = xX + y¥. To ease the discussion, it is given that v L (# + eX), as a
geometric fact of the hyperbola. We are also given constants: Mass of
Earth M = 5.97 x 10%* kg. Radius of Earth R = 6.38 X 10 m.

EiEEMEET > RSN B2 2P E AL - BhEE
HHERHEET - FeffHe > 130 H 6 Jii/e1 + ecos 6 > 0 - NE[EZE
g AERR v =L+, TAEEEENIBERNEr=">1=

xR +yy o KT JifERER  CAlv L (P + eR) - E2 S dhany—(E%
HE - ITELHES - HEREE M = 5.97 x 10%* kg - #iER
MFE R = 6.38%x10°m o

(a) [3] Suppose the asteroid is able to hit the Earth. Find the minimum speed at the moment of impact. Please ignore the effect
of atmosphere in decelerating the asteroid.

(2) [3] s/ MT EAESTH BRI BK - PR BT NERE » BE RS R R R MT 2 T 2 -

(b) [2] Now, we are given the initial conditions that b = 10,000 km and v;,f = 20 km s™! while other parameters such as ¢, e
and rp are assumed to be derived quantities. According to Kepler’s second law which is valid even if the trajectory is
hyperbolic, the trajectory sweeps out equal areas in equal intervals of time. Calculate the numerical value of the sweeping area
per unit time which should be a constant along the whole trajectory.

(b) [2] 3RAE > FPHREAMERRT R b = 10,000 km Fl vy = 20 km s > [IHANSEAN £, e Fl rp Pl Ky FIHEELFHAY
ViR - BRSNS ER - RIS gy - SUEMEA SRR RS FE AR - ST ESEAIR R
fRERAVEE - E(EEE AL R R EORfF A5 -

(c) [5] With the given initial condition, calculate the numerical value of the closest radial distance 7. You may need to use the
results of last part.

(o) [SITRIBLETERTRIMATRIT: > TR HERAIEL RIEEEE rp HYBUE - IRATRERRZ(E A _E—El o HISER -

(d) [5] With the same initial condition, calculate the angle of deflection ¢p. (Hint: You can consider a point of the trajectory on
the y-axis )
(d) [S]AEMHEIRIIHEHEET - stEREARE ¢ o (B IRATLISEHEME y 8l Ery—{EE)



4. [15 points] In an air show two helicopters are at rest at the same height above ground at a distance D to each other. Att = 0,
one of them launches a projectile, called 4, with speed v, at an angle of 8, measured upward from the direction of the other
helicopter. At the same time, the other helicopter also launches a projectile, called B, with speed vy at an angle of 85 measured
upward from the same direction, as shown in the figure below. It is given that the changes in heights during the motions of the
projectiles are much smaller than the radius of the Earth and the helicopters are very high above ground so that there is no need
to consider the projectiles hitting the ground. Ignore air resistance.

4. (15 FE—TORITRET > AR ETHRISIEEERLIEEE & D H RSt H E & RIS - /£t = 0 I > AT [E
FOR > Htp—ARE T IREEST — A Ry A BV R By v, RS —IRETHRAY TR A LB RIS AR 0, - B
BEFIR > S5—ARETHEI ST T —HGEA > TR B> HRE vp - RE—TTEA L NEAVEN AL 0p - REGEALE
R TR S R LR NS > HETHEE RS - LR e s AR B i AR - TR REZ2 SR T -

(a) [5] Find the minimum distance and the time when A4 and B are at this distance. Express your answers in terms of D, v, v,
8, and 65. Find all possible answers in different cases.

(a) [5) 5K 4 ~ BRI NIERER, A ~ B i EEEMRITRFI « F D, va, vs, 0a Tl 05 FIEARAVETE - HHEFTH RN
THRREEZ -

(b) [5] Hence, or otherwise, find the condition in terms of v, vg, 8, and 85, such that B will hit 4, and the time taken for B to
hit 4 after being launched, in terms of D, v,, vy, 6, and 65.

(b) [S148 L > BRLLEANTT% > $REFLL vy, vp, 04 H1 Op FoRHY B 8T A BRI - LAUKLA D, vy, v, 04 H1 05 FRHT B
FESS IR BT A HOHFRE] -

(c) [5] Hence, or otherwise, find 65 in terms of 8, such that B will hit 4 if vy, = vgand 0 < 6, < % At what time, in terms of
D, v,,and 6,, will B hit 4?
©[S13%va=vs R O<0, <> L FAHMFE » IO, TR 05 - (£ B G8ep 4 < FRELAD, vy, 716,
FORHY B B A B

~ END OF PAPER £&3852 ~
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