Hong Kong Physics Olympiad 2022 - Paper 1

2022 FEEYIEBERMNIIRHGE -&—
Version 1021
hRZS 1021

Organisers & H 1 18

Education Bureau
HER
The Hong Kong Academy for Gifted Education
BEEBIERR
The Hong Kong University of Science and Technology

HERRAE

Advisory Organisations [ga 511418

The Physical Society of Hong Kong
BEVEEE
Hong Kong Physics Olympiad Committee
BEYEEMNLEZES

18 September 2022
2022 F 9 H 18 H




1.

Rules and Regulations % Z #3 Bl

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

FIEREEERPRHRE - (RUBEENPXIRXFE 2L BUE—RBSES -

. Please write your 3-digit Contestant Number and English Name on the first page of the answer books.

EZEENSE B L BELTHNIUEFSEERBARES -

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.

FANIIEZERE  BREER
SRR EMER D -

BTRBEFRE BHREMDAZE  WoEEMEREE

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

FRAEISRUERE | BRIFSHIEER TIIFERMEE :

Gravitational acceleration on Earth’s surface

IR EEE IR g

Gravitational constant

BNEH

9.8 ms?

G 6.67 X 10711 m3kg1s?

The following identities may be useful in the competition:

1.
Vitx = 1+%x, when |x| <€ 1
2.
sinx = tanx = x. when x « 1 is measured in radian



Multiple Choice Questions
Multiple Choice Questions (2 Marks for each correct answer. 0 Marks for each wrong answer.)

B (FEIEEEES 2 77 - FE#E—EE07)

1. As shown below, Bob is using the rope through a fixed pulley to move a box with constant speed v. The
coefficient of kinetic friction between the box and the ground is 4 < 1. Assume that the fixed pulley is massless
and there is no friction between the rope and the fixed pulley. While the box is moving, which of the following
statements is correct?

1. A FEFfT > Bob IEEEAMERER—EEE BmNEERER v BE—EZ T -

Ao

+ Bt E < FERVENEE

BzEAu<1- - RERETRHEEREEN  BRNETE FH < BIRBER - EEFEBEIRF > TFIHME
IR IEER ?

L BN
A. The magnitude of the force on the rope is constant. #8Z& R RI{ERE: -

B. The magnitude of friction between the ground and the box is decreasing. HEF& F 2 RO EIER 1) IE1EH;
I\ o

C. The magnitude of the normal force of the ground on the box is increasing. it E ¥ & Fr9E @ S R{EIEFEIE
e

D. The pressure of the box on the ground is increasing. 8 F{EFB 7Lt E AR SR 2R A -

E. The pressure of the box on the ground is constant. ¥ F{EF{EHME _EAIER I A& -

2. An inelastic ball is dropped from a height and sticks on the ground. Which graph best represents the
acceleration of the center of mass of the ball as a function of time?

2. —(EEEMERIIKIE SRR P UtGTE E - MisRERAERRIKANE OINEREZRERFEREE 2
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3. A basketball is dropped from the height and bounces on the ground. Considering only the ball just before and
just after the bounce, which of the following statements must be true?

3. —(BEIKESRIE T > WIEHE/E - REEEREZRIFZEAIEK » DA MEIRRIIA % IEBE 2

A. The momentum and the total mechanical energy of the ball are conserved. 3RFUE) EFN42 M AEZ TIERY -
B. The momentum of the ball is conserved, but not the kinetic energy. SKINENE T8 > {BENEERTFIE °

C. The total mechanical energy of the ball is conserved, but not the momentum. EREVAREMEEST|E - (BENI=AR
FIE -

D. The kinetic energy of the ball is conserved, but not the momentum. 3kKBIENEET|H > (BEIEARTIE -

E. The momentum of the ball is not conserved. EKFIEIEARFIE °

4. A ball enters a 90° bend tube lying on the ground (as shown in the figure). Both the ball and the bend tube can
slide freely on the ground. What is the direction of the velocity of the ball (relative to the ground) when it exits the
tube?

4. BT - —(EBREA—IERTEME LAY 00° B - BRI EHMAIMEIE E S B - HIkEEEE
T > IRIAE R S R 2



5. A projectile is launched at an angle of 25.0° from the horizontal. Is there any point on the trajectory where the
velocity ¥ and the acceleration d are parallel to each other? If so, where?

5. JESEIABUKSFEIAY 25.0° RO EREY - \EBMIT E R BFE—ER » xBTS v MINEE d 18
BT ? MRE - EEBEWHE ?

A. An instant before impact on the ground. E £ E AT —ZI
B. At the highest point. TEfR = 24 °

C. They are never parallel. EfffIERET -

D. An instant after launch. 258312 #9B5RS

E. Somewhere in the middle when the projectile is going down. i fAYE5E FRRIFHNEEME -

6. A cannon car can fire a cannonball in any direction at a fixed speed u with respect to itself. Now the cannon car,
initially at rest, can move towards North by firing two cannon balls to propel itself. Ignore all frictions. Which of
the following situations will give the cannon car the highest speed after firing the two cannonballs?

6. —MREETURIEISERET0E - (REREERZUEHERBENER u 385, SEBEJUBB R
MBI R LSRR R MILES . BEMBNER. DUFNEE RS R EE RS emARER

A. Fire both cannonballs horizontally towards South at the same time. [E B [a) F@7KF 75 [0 2% 53 My A A 58

B. Fire one cannonball horizontally towards South, then wait for 5 seconds and fire another one towards South
again. [ARI7KF ) S —RE - FiF 5 VBREEFS—K -

C. Fire one cannonball at 45° to the ground towards South, then wait for 5 seconds and fire another one towards

South again. [EF /5 Wi BAAMEIRY 45° RIS [ EXET—1ARE » 15 5 W B MBS 5 —1miE
D. Fire one cannonball horizontally towards South-West and another towards South-East at the same time. [G]H5

M AR AR FE 7K 75 o) &% 35 59— MU 3 -
E. Both A and B. will give the car the same speed. A 1 B #8 @45 FHREIHEAVRE -



7. Consider the following two cases:
Case A: A boy is pulling himself up on a movable platform hung on a frictionless pulley at a constant speed.
Case B: The boy on the platform is pulled by another boy standing on the ground.

Suppose the total weight of the boy on the platform and the platform is Mg. The rope is massless. The boy and
the platform eventually moved 2 m vertically upwards. Which of the following statements is/are true?

I. The pulling force applied by the boy in case A is half of the force applied by the boy on the ground in case B.
II. To move up 2 m, the work done by the boy in case A is less than the work done by the boy on the ground in
case B.

[Il. The tension on the rope in both cases are the same.

7. EE A TmREER

BRA —ESZE—(ERHERERBR LB Te LUIEAFEAS -

1B B - Fa LNBEE S — B E RS IZAE -

B FalTa LB ZNBEES Mg - BRREEE - BRATAREEGR LBE 2m - UTHIE
PRati 2 IERERY 2

. FEIER A PRI S EBEINAYRL N 2157 B AR E ER S neRI R —3F -
II. Z{EYESE) EFZE) 2 m - 1B A RAYSEATMAYIHVIRIEN B SR thE LAV SS FXFRIATIS -
. AEIER T 4B AR -

Case A Case B

A | only B. I and Il only C. Il and Il only

D. [, land llI E. None of them



8. Four identical springs, with spring constant k, are mounted on 3 rigid and vertical thin plates as following in
their equilibrium situation. Now, we compress the whole assembly as a whole in the direction perpendicular to the
plates. What is the effective spring constant as a whole? Assume the masses of both the springs and the plates can
be neglected and the displacement is small.

8. MEtEENEE > BEEES k> DhIREE 3 EEEESRLE > BERSESTEIRE - RE > &
PIREERSGEA—EREEEENERNT B LR - BELNAREEFHES D ? RERESHE
REVBEHFIINZE » TEUBR -

ol . o T
o -
k k
d d
A. k/2 B. k /N2 C. k D. V2k E. 2k

9. A lifeguard at point A on the beach, 10 m from the
coastline, is going to save a swimmer in the sea at point Sea B
B, also 10 m from the coastline. The alongshore distance
is 2m between points A and B, as shown in the figure
(not in scale). The lifeguard can run at 6 m/s on the 10m
beach and swim at 2 m/s in the sea. Suppose the
lifeguard will go in a straight line from A to C, a point on 2m
the coastline and another straight line from C to B. Find re -
. . . Sand beach x ¢
the distance x, i.e. the alongshore distance between A
and C if he would like to minimize the total time to reach

L3

point B. You may use the approximation formula written 1om

on P.2.

9. TIEREBFMR 1I0m ABE L (ABHA—RLES le
A

fitl IE B IR B RRI— IR E (B &) » B B4thib

BESEAR 10m » A ZEH B B ZERVaRIERS 2m > MBI CRIREEHI) - ESTTMUEVE LM 6
m/s AEREFR » B 2 m/s EREIFX ° 5% C BABRAR LR—EES » MESFIKE A BMUAERESR
CH > B CEUE#RIFE B 3 - NRMMEARIERIFFHEEIZE B B > KIERE x > B) A 7 C ZRERYLFIE

B o MR MERASE P.2 LEABUEAR -

A.0m B.0.5m C.1.0m D.1.5m E.2.0m



10. The escape velocity is the minimum speed needed for an object to escape from the gravitational influence of a
planet without burning fuel. The acceleration due to gravity on the surface of an unknown planet X is given as 7.44
m/s? and the escape velocity on the surface is given as 10.06 km/s. Estimate the radius of the Planet X.

10. #iRREEZVEBRENRERRNIER FTABITES| IR EMENR/NRE - E—EKRMTEX £
EIEHINRES 7.44 m/s? > MIRIRIREA 10.06 km/s » [HEITE X HIFEE -

A. 1.7 X 10°m B.3.4 X 10°m C.5.0 X 10°m
D. 6.8 X 10°m E. 13.6 X 10°m

11. A 15 kg uniform ladder, with a length 2.5 m, is at rest at the corner between a vertical wall and the ground at
an angle of 8 = 60° Suppose the vertical wall is smooth. Find the frictional force on the ground to keep the ladder
at rest without sliding.

N —fE 15 kg 99 HEF > R2.5m> Lo = 60° AFLAZEREME CANEAE - REREERBEN
BRY - WEIME EREERSN > ERFRITFLEMARE -

/
N6 =60°
VA

A.36.8 N B.424N C.849N D. 1273 N E. None of the above

12. Although a photon does not have a mass, it carries a momentum p along its propagation direction, which is
related to its energy E by p = E/c where c is the light speed. A solar sail is a proposed method of spacecraft
propulsion by shining sunlight on it to exert pressure to push the sail. Suppose the area of the sail is A and there are
n photons per unit area per second for the sunlight. What is the maximum resultant force on the spacecraft by the
sunlight? Hint: assume the sail is a perfect mirror to reflect the light off completely, i.e. 100% reflection of light.

12. AN FIRBEEE > EEaHBREARETHEp THENREEE AR p=E/cHP c BH&E - X
PRIl —IEMRZRRVIEE A > BBEECRBEE LHENER D ARIEENN - FRERNAERS A > MEXE
HPEEVEEEYA n @ F - BRKETHMRBSNEASHESZD ? Bx  BRNE—E7TEN
BT AJMUSEEREIFEER (BN 100% SEARRET)

A. E/VA B. 2E/VA C. pnA
D. 2pnA E. None of the above (A _EBERE)



13. A tuning fork undergoes simple harmonic motion at one of its ends and fires a middle C musical note at a fixed
frequency of 261 Hz. The simple harmonic motion has a maximum amplitude of 0.4 mm. Find the acceleration
when the end has a displacement of +0.2 mm.

18. BEXEE—IREITREEES) > WA 261 Hz WEIEIERBHFR C B - BEEFNRAIRIES 0.4
mm ° KEEXKRIFAIMIFE S +0.2 mm RFRIINRE -

A. +537.9 m/s? B. —537.9 m/s? C. +268.9m/s?
D. —268.9 m/s? E. 0m/s?

14. You are given a large collection of identical heavy balls

and lightweight rods. When two balls are placed at the ends ‘ ‘_‘
of one rod and interact through their mutual gravitational

attraction (as is shown on the left), the compressive force in

the rod is F. Next, four balls and four rods are placed at the

vertexes and edges of a square (as is shown on the right).

What is the compressive force in each rod in the latter case? ‘ ‘_‘

14. {RA R EMFEHERAELEAR o & R EEREHE —fRAFHIRE
Ul A T PR A5 [ EAER (AIZEEIRTR) B > ARTPRYBRSE R F o 82 MK AEIE AT
THESFIS G B EERIVUERE (AEEFTR) - EEEEL T SIRENEBEIZE200 2

AF B.VZF C.2F D. (1+?)F E. 2V2F

15. A block of mass m = 3.0 kg slides down one ramp and then up a second ramp smoothly without flipping. The
coefficient of kinetic friction between the block and each ramp is ¢, = 0.40. The block begins at a height h; =
1.0 m above the horizontal. Both ramps are at a 30° incline above the horizontal. To what height h, above the
horizontal does the block rise on the second ramp?

15. —IREE% m = 3.0 kg BIKERB T —EEE - AR TRHE LB _EREMATIIE - NRESER
K2 ERENERRES py = 0.40 ° RIRHMALIKFEUL hy = 1.0m ISE » MEREISEKFEK
o BARRAES _EIRE LAAZKFELNSE h, 2207

1.0 m

A.0.18m B.0.52 m C.0.59m D.0.69m E.0.71m




16. Two cannons are arranged vertically under the Earth’s gravity, with the lower cannon pointing upward
(towards the upper cannon) and the upper cannon pointing downward (towards the lower cannon), 200m above
the lower cannon. They fire a projectile at the same time. The initial speed of the projectiles are both equal to
50m/s. How long after the cannons fire do the projectiles collide?

16. MPIAMAEHIKNSINIERTEERS » TAKEEL (BRLEAAR) - EAXEET (BRE TG
Af) > WARETARELS200m & - EFIEIREETHRE - BENHIREREITA50 m/s - EERX
BREAGEENMIE ?

0)

200 m

A.05s B.1.0s C.15s D.2.0s E.4.0s

17. Following the above question, how far above the lower cannon do the projectiles collide? Choose the closest
value.

17. A&$% LRE - MSEE T AKIB LS ZiERE ? EERERANE -

A.50m B.60m C.80m D. 100 m E.120m

10



18. A 0.100 kg object is released from rest at the height of 3.30 m above the ground and slides along a frictionless
track with a loop of diameter 3.00 m. While the object is moving along the loop, it can be considered to be
rotating about the center of the loop. When it is at point P (the far-right-most position of the loop), what is the
net force exerting on the object (to 3 sig. fig.)?

18. —1& 0.100 kg RUMIBSFE RN 3.30 m RUSEWEF LLIRREEES) - I/n=E —NEREEEY - IEFE—E
B/ 3.00mWERR - EMERGIRBER - tLIRBEEEERP ORE - ETHEP M (ROKARAIN
8) K- ey tENZEZD (3 3sig. fig. ) ?

- |
3.3 m im
J ]
A.2.35N B.0.98 N C.255N D.2.04 N E.1.56 N

19. A car heading north collides at an intersection with a truck heading east. The mass of the truck is twice the
mass of the car. If they lock together and travel at 28 m/s at 46° north of east just after the collision, how fast was
the car initially travelling? Assume that any forces exerted by objects other than the car or the truck are

negligible.
19. —EEIE TS EE—ETFROBE—MERTHAATERE - FEEERNEEENME - R

EffEhiE R EE N 28 m/s ARE BIRERLAIL 46°178L » BREDSERVITHARER SR ? &

SBIEAR RS a8 Ry DB ABRE -

truck A 460

A
car
A.60 m/s B.20 m/s C.30 m/s
D.40 m/s E. 58 m/s

11



20. A 5.00-kg box is sliding down along an incline. The incline makes an angle of 30.0° to the horizontal and the
friction between the box and the inclined surface is non-zero. The box is sliding at a constant speed of 0.60 m/s.

Find the magnitude of the power by the friction on the box.

20. —{@ 5.00 AFTHAEFIGEREE T - REEKFEMK 300 8 > SFANECENERNASE - &

F L4 0.60 m/s NIEEREBE ° RIEMEZF LAERDBITIRAN -

A 147 W B.29.4 W C.255W D.OW E.21.3W

21. An art sculpture made of material with uniform density is placed on the horizontal ground as shown below.
The sculpture is formed by three identical bars with length L, each with a mass M. The bars are firmly attached
together. Neglect the thickness of the bar. Find the difference in the normal force, AN = N, — N;, exerting on the
sculpture.

21. —([AHZREHIMR RN B BN B /K EE L - BT - BEHE=REES L W
BIHIRAERY - BRIENEEA M - BLERFEMEERE L - J2REGNERE - RIEMEME LAER
HZER > AN=N, — N, °

L
L/2 L/2
L
N NZ Ground
A.AN = Mg B. AN = 2Mg C.AN = Mg/2
D.AN = 3Mg E.AN =0

12



22. A motorcycle moves with constant speed v along a circular track with radius R. The rider leans his body and
the motorcycle inwards so that the line joining the track-motorcycle contact point and the center of mass of the
whole system (rider + motorcycle) makes an angle 8 with the vertically upward direction, as shown in the figure
below.

Find 8 if v = 50 m/s, R =100 m, and M = 200 kg, where M is the total mass of the motorcycle and the rider.

22. BEENFRA R NEFNENER v iEE - BFEERMNEEEQRIER » FNENEITENIER
IhERE RS (RBF+EITE) EONEGEERRD EABFHKAE 6 » A TFEFAR -
WMERv =50m/s R = 100mFIM = 200kg > 5Kk 0 - Hf M 2EEITENEFNEEE -

C. 0=57°

23. Two point particles A and B move on the x-y plane. There may be interacting forces between the two
particles, but the system as a whole is isolated. At a certain moment, particle A is at 7, = i and particle B is at
7g = Jj, where i and j are the unit vectors along the x and y direction respectively. Denote the respective
accelerations of A and B at this moment by d, and dg. Which of the following is/are possible?

23. MfENF A B £ x-y FHEH LBE - MERFZErIREFEEEERN - BRERAIMUN - £F
SR - WF AR 7 =1 RFBURT =7 (HFP I o3l x My ARANER@E) - A d, Mds
FRUEEF A F1B ZFBEMIMNEE - LATH—IEZ RIEERT ?

| e las s el as

. dy,=1-3j,dz=31—9

1. dy, =31—],dg = —61+ 2

A. [l only B. IV only C. [l and IV only

D. I, I, and IV only E. I, 11, 1, and IV

13




24. A point object is under simple harmonic oscillation on the x-axis centered at the origin. The amplitude is A. At
timet =1, its positionisx = A/2. Attimet = 27, its positionis x =-A/2. What is its positionatt = 37?

24. BHEMREZE AR x B ERIRERIRE - BEABA - EFM =1 HUBEBx=A4/2 - ERH
t =2t BUBRx =-A4/2° KEFELt = 3THHMUE -

?

l.-A I.—A/2 .o IV.A/2

A. | only B. Il only C. IV only
D. lorlV E. Ilorlll

25. Two tennis balls 4 and B with the same mass, move with respective velocities u4 and up on the x-axis.
B is located in the +x direction with respect to 4 and u, > up, so that 4 will hit B. After the collision, the
final velocities of 4 and B are v4 and v, respectively. What are the possible values of v4? Ignore all
external forces acting on 4 and B.

25. MEEEEERIEIK A F B 7 x B EIARE uy Mup DVEE) © B RN ARY +x JTHEITEE uy > up o
EtE A 218% B - hiliE18 - A M B NREREDBIS v, Mg - v, WAIEEESEERZ) ? BRBRIFRAEA
M B ERIFRESN -

~ END of Paper 1 &—5¢ ~

14
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1.

Rules and Regulations 5% 2 #7 Al

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

PREBHEIERPEER - RoEFEMUPNEEXFS - E2E0RAUE—FSFE -

Please write your 3-digit Contestant Number and English Name on the first page of the answer
books.

EZEENE B L FEEFNIUBFSEERMBRANES

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.

FANIEEERE  FREEFETEREFHE - EREA 2 AZW - B ME
=2 FENREEME D

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

BRIESTRIERR - BRIKEFERTIIRFRMEE

Gravitational acceleration on Earth’s surface
: N g 9.80 ms™
WEKREE HINRE
Gravitational constant 11 31
s HEgy G 6.67 X 10 m>kg™s

The following identities may be useful in the competition:

1.

1
v1+xz1+§x, when [x| « 1

sinx = tanx = x. when x < 1 is measured in radian.



Open Problems B h% &

1. [15 pts] A bead of a mass m is hanged by a string from the tip of a cone, as shown in the figure below. The cone
surface and the bead have a coefficient of static friction, us = 0.7 and a coefficient of kinetic friction, u, = 0.5.

1. [15 pts] 40 FEIFTR - —(EE & R m BUBRTF—IRANGRGESERG B TR m R 2K o SETATRIER 1A HURSEER
BRIBERE 2B Ry us = 0.7H1 pye = 0.5 -

The cone starts to rotate from rest and uniformly increases its angular speed to w in T seconds. The cone surface
drags the bead to move at the same angular speed such that the bead has no relative motion to the cone surface
(i.e. no sliding on the surface). After T second, the cone is rotating at constant speed w and the bead is moving in
a uniform circular motion with a radius r at the same angular speed w as shown in the figure below. Assume a
massless string and neglect air friction. Answer the following questions in terms of m, g, w, r, T and 6.

[ElSERSTEAT L ARRRR A e - AT T PP AR T S 8 w « SEEHEENSR T DUHE Y AR A E) -
(P2 TR A A ES) (RIEEHm gaEE) - t PR - EERDUAEE o el > 2R DUAHE
HIFE RS w (B8R v BA 2R B B EE) > W TEFATR o Tl ERe sy A 8 8l A0S 22 AR - SEH m,
g w,r, {6 [EE FNIHE -

Gravity pointing downward

EAET

In (a)-(c), we consider the case where the cone is rotating at constant speed w.

£ (a)-(c) T > M B E R I E T o feSayiEi -

(a) [1 pts] Find the linear speed of the bead, v, when the cone rotation is at w.

[1 pts] SKIEISHEfEES Fy w BFERT-HUGRIEZRE v -

(b) [2 pts] Draw the free body diagram of the bead indicating all the force vectors and the acceleration
vector.

[2 pts] S HERTHIYE HRSE - FoRFTEITRIIIEERI R E -

(c) [5 pts] Find the_tension of the string, 7, and the normal force, NV, acting on the ball by the cone.
[5 pts] SKEHLRVTE ST T MISEESTF HAEBK EAERTT N -

(d) [2 pts] Find the linear acceleration of the bead along the direction of motion during the
acceleration fromt = 0stot = 7s.

[2 pts] 3KAiE t = 0s F| ¢ = T s AYIIZSHREER T B 5 A HYER M DIZRE -

(e) [5 pts] Find the maximum value of w such that the bead will not slide on the cone surface
throughout/at the end of the acceleration fromt = 0stot = ts. Givenm = 100 gram, g =
9.8m/s?,r = 1m, 7= 2and 0 = 30°.

[5 pts] $H w BIEARME > (HISAE t = 0s E] t = vs AVERENNZBE T > BR AN S EstEm
FEE e 48EmMm=1005>9g = 98m/s?2 r = 1m>t=2f16=30°-



2. [15 pts] The figure below shows a small bead with mass m located on the surface of a semi-circular block with
mass M and radius R. The surface of the block is smooth and there are no frictional forces between the two
objects. The bead is initially put at the top of the block (6 = 0°) and is given a very small initial push to the right
so that it starts to slide down the block with negligible initial speed.

2. [15 pts] NEIEDT T —EEE R m (VBRI —EE &5 M B E R HY-EEIPRAVZRE - - RAVRE
e MEYIRS 2 SRR T BRI EAARAITEES (0 = 0°) » Wi P —EIEE /NI mAGR
FIAaHEEN T (EERHIA DL A RES A SHHYRIAGIRE A | -

(a) If the block is fixed on the ground.

(@) AN SRR ] E A R L o
(ai) [2pts] Draw the free-body diagram of the bead indicating all the force vectors and the acceleration
vector.

[2pts] FEHERTHYE HEEE - FoRATA IR ENIIEER R E -

(aii)  [4pts] Find the angle 8 at which the bead will leave the surface of the block.
[4pts] SKERT-BEBARR AV AL 0 -

(aiii)  [4pts] Find the distance of the bead from the center of the block when it hits the ground.
[4pts] SKERT-%& Sthis EERER h Lo PR -

(b) [Spts] If the block is free to slide on the ground under no friction and given that the bead does not leave
the surface of the block, find the speed of the bead at angle 6.
[Spts] AIARARAE LA EEZE S IHVIEN TAEE - H ) - W HAGPR N SFafRAy R - SKIEAE
6 IRFERT-HYZRAR -



3. [20 pts] Newton’s law of gravitation holds only for two point objects. Nevertheless, for finite-sized objects with
spherically symmetric mass distributions, the gravitational forces are still simple due to the following “Shell
theorem”:

The gravitational force by a thin (negligible thickness) spherical shell with uniform mass density exerting on a
small test mass

(i) is the same as if all of its mass were concentrated at a point at its center, if the test mass is outside the
shell, and
(i) is zero (no net gravitational force), if the test mass is inside the shell.

3. 120 pts] ZFUEAATS [ E R EE AT T ERAVIAE © BHPIRBITRECR ROV, S0 AUER, 33101k
FHK AR -
RURER:
— BT R S ), SRR — SR BT RS 7L T
() ATABRET R L RSN, 5 | T U T B SR LTS — B -
(i) A3 R R PR, SB35 B «

M GMm
F = 5
T
——————— == m
' r=R '

(i) (i)
Figure 3a: Shell theorem for (i) » = R and (ii) r < R respectively.
& 3a: 735 (i) v = R (i) r < R WVRRJEEH -

(a) [3pts] For a uniform solid sphere with radius R and mass M, let its center be the origin and denote the
position vector of the observation point by 7. Find the gravitational force ﬁ(?) acting on a point mass m

at7 forr = R and r < R respectively. Express your answer in terms of 7, m, and p, where pis the
uniform mass density of the solid sphere given by
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An alien civilization with very advanced technology in astronomical engineering created an artificial planet with a
hole in it, as shown in the figure below, so that they can reside inside the hole because it is too cold outside. The
planet is made of material with uniform density p. The planet’s surface and the hole are both spherical, with
radius R and R/2, respectively, so that the hole touches the center of the planet.
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(b) [5pts] Show that the gravitational force acting on a point mass m inside the hole is given by F= —mg'j
for some positive constant g’ and j is the unit vector along the y-axis. Find g’ in terms of pand R.
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If you cannot solve part (b), you may still use the result of part (b) to answer the following parts and express your
answers in terms of g'.
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(c) [4pts] A small object with mass m is launched from the center of the hole in the positive x direction with
initial speed u. Find the y coordinate of the point at which the object hits the surface of the hole.
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(d) [4pts] If the object can be launched from the center of the hole at any angle, then it will be able to hit any
point of the surface of the hole when u > u, for some critical speed u.. If u < u., then the object cannot
hit the surface of the hole at which y > 1,4 for some y,a«- Find u, and ypax-
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(e) [4pts] If the object is launched from the center of the hole in the positive y direction and assumes that
there is a very small opening at the top of the hole, find the minimum launching speed so that the object
can escape to infinity.

[4pts] AR PIRGHENE 0 A TR y JT I35 S REALAYVTREA — R NYBA L - SRS/ NS 5T S
{EYae oT LA B s i
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