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Rules and Regulations 57 &3 8!

. 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.

HAEEYRPRHE. (RAEREUPXHEFE  ELB8LAUE—FSFE.

. 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.

EREENETERENLERMARE—/R=154KE. SREEZHETR TRER , /BRI
EEMBXER K MRAFREMTEM.

. 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.

EEESHENREEEERL  FELITH 8 MBFBEEWE |, EXHA |, REARE.

. 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.

RERBENERR  FHEEEEERLAEMNEREM B hETEER.

. The open problems are 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 following parts.

FRABEERE  FHEEREREEETFRE, SREELTE2M , 1 TiReEMNERE
YEEZNZRAFE HMERS .
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The following symbols and constants are used throughout the exam paper unless otherwise specified:

BRIERIBIEERR , BRIFSHERTIRRAER

Useful Constants ( EFHHEE ) :
Astronomical Unit ( 3B )
Earth-Moon Distance ( H#1Bk-F BREEEE )
Mass of the Sun ( KIBE & )
Mass of the Earth ( HhIRE & )
Mass of the Moon ( AERE R )
Acceleration due to Gravity ( 2 JJHNEE )
Radius of the Sun ( KBGEE ) : Rs=
Radius of the Earth ( HUERFFE ) : Re=
Radius of the Moon ( B ER$R )
Gravitational Constant ( BB HEE )

© Ms=1.99x10% kg
© Me=5.97x10* kg

© My =7.35x10%2 kg

696300 km
6370 km

: Ry=1738 km

Trigonometric Identities ( =A2{E%X)
sin(x+ y) = sin(x)cos(y)+ cos(x)sin(y)
cos(x-+y) = cos(x)eos(y)-sin(x)sin(y)
sin(2x) = 2sin(x)cos(x)

cos(2x) = cos”(x)—sin’(x)

Tayler Series ( SRENIREL )

sin(x) = x ——

tan(x)zx+?+—+

2 3
~1 202 L
exp(x) Xt

Hyperbolic Trigonometric Identities ( €M =AEZEX)

sinh(x) = (e* —e7*)/2
cosh(x)=(e* +e7)/2
tanh(X) = sinh(X)/ cosh(x)

cosh’(x) —sinh*(x) =1

: 1 AU = 1.496x10% km

: g=9.8ms?

: G=6.67x10""

. du=384,400 km

m3 kg?ls?

sin(x)cos(y) = %[sin(x +y)+sin(x-y)]
cos(x)cos(y) = %[cos(x +y)+cos(x—y)]

sin(x)sin(y) = %[cos(x —y)-cos(x+y)]

Series Summation ( #XEFEFN )

I(zm(m+1)
2
Ko m(m+1)2m+1)
6

o]

K= m2m+1)(m+1)(3m* +3m-1)
30

M= EMB ol NgER NgE!

=~
ok



Sketch of Hyperbolic Functions ( #fEERER )
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Multiple Choice Questions
Select one answer in each question. For each question, 2 marks for correct answer, 0 mark for no answer,
minus 0.25 mark for wrong answer, but the lowest mark of the multiple choice section is 0 mark.

EiEE

BEEE—([EER SEEH 2, AZ 0, BHEH 025 70, BREEEERES 0 7.

1. The following figure illustrates a pulley system with masses m; and my, and is supported by a block (mass
M) on a horizontal ground. All frictions and inertia of the pulley are negligible, and the rope in the pulley

system is massless. Find the horizontal force on block M such that there is no relative motion between m,
my, and M.

TERET—EBEEE m M m, TRAAEMMERRR. MEEFHRMEHES—EREKFHE
MARXE. IABZRAMBHRAESIEERZAG  LHEFBRRARTOEFIREE. REA
HEAEMBEUKFER , EFm, my, ¥ M FFEHREES,

A M(M+m+m,)g
m, i
5. M(M+m+m)g
m, M my
c. m(M-m+m)g
m, ]
b, M(M-m+m,)g
ml

E. None of the above, because relative motion exists between m1, m,, and/or M.

ULERZE, HAHEESFEER m, m, BE/R MR,

2. A man can generate a maximum propulsive power of 500 W during cycling. The air resistance has the
force of F =bv when the velocity of the bicycle is v, where b is a constant given by 5 N-s/m. Without
wind, what is the maximum speed of the bicycle when cycling is conducted on a horizontal ground?

—EABBITERAIUEEARANEEN S S0W, EBTEMEREZ v, ZREMBENZE F=by,
Heoh, B8 bZ5Ns/m, ARARMERT, BITEAKEREAZEINESEREIREE?

A. 1ms?
B. 2ms™
C. 5mst
D. 10ms™.
E. 20ms™.
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Questions 3 to 4. A spacecraft is orbiting in an elliptical orbit about the Sun with perihelien aphelion at the
Earth’s orbit, and aphelien perihelion at the Venus’ orbit. The orbit equation with the Sun as the origin is given
by r=A(1+¢)/(1+&cosB), where r is the distance in AU (Astronomical Unit) from the Sun, € and A are the

orbital parameters. The mean distances of Venus and the Earth from the Sun are 0.73 AU and 1.0 AU,
respectively.

BIEE 3 E 4 —EAERELGERWINEREKRRS, ZGEDE 2 E85 EZAR CRBkZE
BE, M 2B ABH AREEZNEL. LABARMBZOENARER
r=rl+e)/(I+ecos®), Heh, r BRKBEGTZRIXELR (AU) BEHE, < 1 2 BIZHEZHK. €2
3k # K580 15 ERRE 5 7l 2 0.73 AU 1 1.0 AU,

3. The orbital parameters € and A, respectively, are:
P IENESE ¢ 71 A HRIZE -

€=0.156, A =0.73 AU.
€=0.156, L =1.0 AU.
€=0.312,1.=0.73 AU.
€=0.312, . =1.0 AU.
€=0.312,.=1.73 AU

mooOwp

4. What is the period of the spacecraft as mentioned above?
AXEMELRNEMBRZESZ D ?

A. O.4vyear ().
B. 0.8year ().
C. 1.2years ().
D. 1.6years ().
E. 2.0years ().

5. A point mass is hanged by 2 massless ropes, which make angles o and [ to the vertical. The ropes are
further connected to two masses m1 and m; through frictionless and massless pulleys. Find the ratio
m1/m; such that the point mass hangs in equilibrium.

—EEW 2 REEESMIFERY, EMRTUEE o 1 p MAE, BFEELE—DEBEERA
BESNMER, LEEI 2 EEES m M mYE., ETFERKER, K m/mZiE,

sin (o + B).
cos (o + B).
sin (o) x cos (B).
sin (a) / cos (B).
sin (B) / sin (o).

mooOwp
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6. A 4-wheel car is moving uphill without slipping, as shown in the figure. If the car is driven by the rear
wheels, in which direction(s) does friction(s) act on the rear and the front wheels?

MERR, —8 4 WAEETEEMNERTERLTE, RESESHRHRES, BEEIERAE
‘AT R A @ ?

Rear wheels: uphill, front wheels: uphill.

Rear wheels: downhill, front wheels: uphill.
Rear wheels: uphill, front wheels: downhill.
Rear wheels: downhill, front wheels: downhill.

mooOwp

Frictions do not act on the wheels because the car is moving
at constant speed.

®m - M LR, ATER R BRI
t’Em . MR, AT - @ ERE.
®Em - LR, ATER R R
®Em . MR, AT AT R
AREUREERERS, RULERIATFEEFHE.

m o0 w >

(Remark: Question 7 is cancelled)

7. Two rigid spheres (uniform masses, zero initial speed, radii a and 2a) are dropped from a height h
(measured from ground to center of the lower sphere) under the influence of gravity. What is the
maximum height (measured from ground to sphere center) that the upper sphere will reach? Assume all
the collisions are instantaneous.

Hints: i) Air resistance is negligible; ii) Collisions are elastic; iii) Centers of the spheres (marked as “x”) always lie on
the same vertical line; iv) Lower sphere collides with the ground before it collides with the upper sphere.

HEENERAMEZET, MmERREK W9EE EREEAS FEof20) ®REEH (HBEE
BREIRFIDED) BT, EtEERGD REXMEINERESSE LS D ? RERFAEZHERET
o

RoR 1) ERBEHEZEARE: (i) MEREERN. (i) REMHFLE (U X AER BRER—EE
R iv) BRIEBRAMEME, ARMIBE LB,

286 Radius: a
A. —
81 (h ) E ]
B. 286(h Za)
81 Radius: 2a
\:/ﬁ: r
c. 529(h— ) HIE: 20 7
81
529
D. h-2
81 ( a) h
610
E. h-3
81 ( a)
v
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A block (mass m) slides on an inclined plane (mass M, angle 45° to the horizontal). Ignoring all the frictions
between all the surfaces, find the acceleration of the inclined plane when the block is sliding.

—A% (BE m #—HE (BE M RKFEHAEES 45°) LB1T. AMAREZMEEHLEER
NIRRT, RAEITHRMEIERE,

A. [ m/2 jg.
m+M
m
B. .
(m+Mjg
2m
C.
[m+Mjg
D. m g-
2m+M 45°
m
E. .
(m+2Mjg

An Atwood machine consists of n masses (masses m, m/2, m/4, ...... , respectively attached on the first,
second, third, ...... , pulley) and (n — 1) pulleys (massless, frictionless, and negligible inertia), where n is an
integer with n > 100. At the last pulley, it is attached 2 equal masses (mass m). What is the acceleration of
the mass attached to the first pulley?

— [ niEEE » EEEY (BEA m m/2, m/4, ... . DRIREEE—, B, £=,
...... L JBERLE) A (n - 1) JBWR (BREE RER LEPEEFRZRAE) PR Heon
EBHA n > 100, AREMARL RH 2 EAHEFEEY (HE m EEE—E. WES—3H
HIE EY 2 ERE A A (E 2

A. Zero acceleration.
B. g/4' First Pulley
C. g/3. =B
D. g/2.
E. Greater than or equal to 2'® g. Second Pulley
B m
A. TR,
B. g/4. m/2 |
C. g/3 I
I
D. g/zo m/4 I
E. KREER 210g,
Last Pulley
ey
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10. Consider the following 3 planar circles with identical mass density per unit area of . One of the circles is
put between and above the other 2 identical circles (radius R). The radii of contact points between the
upper circle and the lower circles make an angle 6 with the horizontal. Ignoring all the frictions, what is
the horizontal force, F, on each side of the lower circle in order to keep them stationary?

UTE3EHEREEZEENTEE HEBEMEENEEEZEER o, AP —EEBHENR RS 2 @
HEMEEz LEm (FER) . LEAMTEMFEEMBEKTRZEREA—E 0 MAE, £%F
BEENNZET, ATRETEEFLTE MEBAETEMKEN, F EZEZD?

onR? (1-sin®)
2sin® cosO
onR? (1-cosB)

2sin® cosO g-
c oW (l—sine)zg. p ' e
2cosO sinb — D
D. Revised to: onR’ (1—cose)2g

2cosO tanO

A.

onR®
2(sin®+cos0)

m

(1-tan®)’ g -

(Remark: Question 11 is cancelled)

11. A stone is dropped from rest into a deep well. After three seconds, a sound is heard when the stone hits
the well water. Assume that the speed of sound in air is 340 m/s, and air resistance is negligible; what is
the approximate depth (from the top of the well to water surface), d, of the well?

—RAREFILREPFHEEA—ERHA. =R BERBPHKRERIES, REEEEES

E"
HEEREER 340 m/s, RERMBARZEAE | HHORE (EHMWIEBEKHRE)  d K
Rt 2

A. 15m. =
B. 20m. — =

C. 25m.

D. 30m.

E. 35m. d
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12. A sphere (mass m and radius r) is hanged vertically with a massless rope (length L). A wind is exerting

13.

constant horizontal force density ¢ (force per unit area), on the sphere. Without energy loss, what is the
maximum height H that the sphere can rise?

—Iie (HEAm FEEH,) #—REEENHETF (RELD B, —ERENKELEMTEER
KFEHHNEE o (IBEMEEZH) . ERARERZEMNERT, ZXEATULFANESSE H

=Ef1E"?
A 2L n’rt _
m2g2 +62ﬁ2r4 . '
5 3LePnlr? ' Horizontal wind \
Im’g?® +16c°7r* — )\
C. Lﬂrz \\\
om’g® +16cmr’ - N
D. 32Lonr? _ —_— 0 _1_’_/
9m’g’ +16onr’ IKEE 0
E 2% n’r?

m292 +62n2r4

A rope (mass m) is hanged between two supports (separation 2d) at the same level. The shape of the
hanging rope can be approximated to the function y(x)=(1/a)cosh(ax) in an x-y coordinate system,

where a is a constant. The slope of the function is sinh(ox). What is the magnitude of force F at each of

the support?
—iREEF (BEEm) ERER—/KFEZER (B8 2d) 2fBE, ZBENEFRIRZK T LLBHEEL

itk ALl x-y LERHFPROEE Y =/o0)cosh(ox), Hf, o B—EEH., ZRHBMUMEZ
sinh(ox) o BITEE—EXZZEEHM A FEAE?

A
A M3
2sinh(ad) F d d F
B. M9 | h D -
2cosh(ad)
c. M9 |
2 tanh(ad)
D. mgsinh(ocd).
2 A
. Mgcosh(od) (0, 0) “x
2

10
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Questions 14 to 15. A spring system consists of n stages, where n tends to infinity. The first stage contains 2
springs, and the number of springs in the next stages are a geometric sequence, that is, the second stage
contains 4 springs, the third stage contains 8 springs, and so on. All the springs are massless and identical
having the same spring constant of k.

EIEE 14 E 15 —EERFZRMA 0 REEAER, Hep o BREE, F—RAS 2 EEH%E MET—
REERHERLKMAFS, HEEZRA 4 EEE F=KRE 8 EER FF. TAEEHREE
B, HEERERMEZEEH

Third Stage
E=R
Second Stage -
First Stage S5 Fg [N

14. The equivalent spring constant of this spring system is:

AR ERE R EEEETEHE

A k.

B. 2k.
C. 4k
D. 8k.
E. 16k.

15. If the total elongation of the spring system is 10 cm, what is the elongation in the fourth stage, that is, the
stage that contains 16 springs?

NREZLRFHBERES 10cm, BEEE, TRENZEEA 16 EEZMBREZME?

A. 7.5cm.
B. 5.0cm.
C. 2.5cm.
D. 1.25cm.
E. 0.625cm.

11



16.

17.

18.
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Two identical balls are projected up an incline (angle ¢) with initial speed v, at angle 61 and v, at angle 6,
with respect to the horizontal, where 01 and 0, > ¢. The two balls eventually reach the same distance on
the incline. The relationship between 04, 0,, v1, and v, is:

MERRMIKE—ERE (BE ¢) LHEES. EMERSNORGEGEEAES 0.6, FEE v
, MEAES 0, B, EEZ v, HM, 0,70,>¢, AEMILUKTERIEE, AR EHEES
Ell?’fﬁ\-li&J:E‘]*EI?JEE%ﬁo 01, 0y, v, *ﬂ V2 ZFEﬁEI]Eﬁ{%Et%

A (v ’ _ cosB,sin(0, —¢) _
v, cosH, sin(6, — ¢)

B. (VIJZ _ cos®, sin(6, —¢) _
v, cos0, sin(0, —¢)
c Vi_ cos0, sin(0, —¢) .
v, cosf,sin(®, —¢)
D Vi_ cosb, sin(6, — ¢) .
v, cos6,sin®, —¢)
E. \\//—1 =cos0, cosh, sin(0, — )sin(0, — ¢) -

N

A helium-filled balloon is held on a horizontal floor of a MTR train by a massless string (length 0.5 m). The
train is travelling at constant speed of 105 km/hour and turning a circular path of radius 1000 m. The
densities of air and helium gases are 1.2 kg/m? and 0.18 kg/m?, respectively. The angle of the balloon
string making with the vertical is:

— AR — EM£EMﬁ¥(Eﬁosm)m&&mﬁﬂimmﬁmWLoﬂﬁuﬁmﬁlw
NEMEERETHE—(GEFEESE 1000 m WEREINE, ZRMNERNVEZEDHIZ 1.2 kg/m® F10.18
kg/m3, REKMEFHEEBERNBER

A 1°
B. 5°.
C. 10°.
D. 15°.
E. 18°.

A wooden block (mass 1 kg) is connected to 2 massless springs (Spring 1 with spring constant k; =5 N/m;
and Spring 2 with spring constant k> = 4 N/m), and is oscillating on a frictionless horizontal table with small
amplitude. At the equilibrium position (time t = 0 second), the block is moving at 2 m/s towards the Spring
2. The time that the block will take when the Spring 1 has maximum compression is:

—A#E (HE 1kg) HEET 2 FREEMNEE (B 1 BEFEZEH L =5N/m MEX2 EHE
EEH kL = 4 N/m) , BLUMBEERRIBE —KTEREEZENNETF LED, ERTEHMLER (K
M t=0%) , AL 2m/s BAEE 2, EEE 1 ENRAEHRER, ARAEENREZ

12
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20.

HKPhO & /&M FEEMILTE 2016

nseconds ().

3n/4 seconds (). ki ky
n/2 seconds ().
n/4 second ().
n/8 second ( ).

m o 0O » P

Find the center of gravity of the integrated shape in the x-y coordinate system. The integrated shape is an
infinite series of circular discs with radii of r, r/2, r/4, r/8, .......... , and their centers are on the x-axis. The
masses of the circular discs are proportional to their areas.

SHERMIRE x-y LEZRRPUED. ZERMKIHBRERKMWERAER FEL . 12

r/4, r/8, ..., WEEMOPDAIRE L, BRMESEEEB/RIEL,

H'tTE'7TT: < -n __ ;OO I-n(An+l _2)_ .

s IR AT =13 38 (27 =3)=40/21 A

A. x=(40/7)r, y=0. ’ TN

B. x=(80/21)r, y=0. * * * i
C. x=(40/21)r, y=0.

D. x=(10/7)r, y=0.

E. x=(40/63)r, y=0.

A Newton kinetic ball stress reliever gadget contains 5 identical hard balls supported by identical strings
(negligible mass) of equal lengths. From left to right, the hard balls are labelled as ball 1, ball 2, ball 3, ball
4 and ball 5. Balls 4 and 5 are glued together (glue is massless). When Ball 1 is slightly pulled out and
released, velocity of Ball 1 just before collision with Ball 2 is +v (positive velocity represents moving to the
right). Assuming all the collisions are elastic, the velocities of Ball 1 (vi¢), and Balls 4, 5 (vasf) after collision
are:

HUHEN N IKIE SUERR/MEER B 5 EAERIREEIRER, BEIKE 5 RERBRERFHEF (BEW2
BEARED) B, ARG, WEHREAREC AR 1, Bk 2, Bk3, Bk4, FOBK S, Bk 4 05 WEREMEBR
A2 (BERREEWN) . BTk 1 SMMEHIERER Bk 1 BIAEEERER 2 sTeEER v (ERER
TRA®E) . BRRETEMHEMIEMSMIE X1 (v) , K4, 5 (v FEHHEBRARER

Vi =0; Ve =+(1/2)v.

Vig ==V; V5 =0.

Vi =+V; vV, =0.

Vi, =+H(1/3)V; v, =—(2/3)v.
Ve =—(1/3)V; v = +(2/3)V.

m oo w P

--- END OF MULTIPLE CHOICE SESSION 32 RB5¢ ---

13
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Open Problems FAIZ R
Total 5 Problems £ 5 &

1. Faster track (9 Marks)

A school student designed a frictionless track to allow a ball (negligible radius) to move on a track, which
consisted of a downward slope and a horizontal path (Fig. 1, Track 1). At time t = 0 second, a ball is
released from rest to move down the slope (angle 0,, height h). After the slope, it is a horizontal path
(length d). The time duration to complete this track (Track 1) is tr;. However, the student did not satisfy
the time duration. He/she would like to design a faster track with shorter completion time.

Another faster track (Fig. 1, Track 2) is designed, which includes 2 downward slopes (angles 61 and 6,,
height h), 1 upward slope (angle 0, height h), and 3 horizontal paths. The length d., d>, ds, da, ds, and ds
are the horizontal lengths.

You may assume that the ball speeds on the 2 tracks are low enough such that the balls are always
moving on the tracks without projectile motion.

(a) Express dinterms of h, 6,, d,, ds, and db.

(b) Find the time durations to complete Track 1 (tr;) and Track 2 (trz). Express your answers in terms of 6,
0,, g (acceleration due to gravity), d, h, d>, ds, and db.

(c) Prove that Track 2 is always faster than Track 1, that is, tr; > tr2. Find the time difference (At) between
the 2 tracks. Express your answer in terms of g, h, di, and 0,.

BIRMEFE (95)

—RBAEREG T —REEBRNNPEFE KT (FERDAZEFE) ERELBE. LEE
EH-—HATHEM—EKEREAESR (B 1, 8 1) . E£KHE ¢ = 0 F, SZERFRFBLEMA
BN, dofEm (BE 6, ®8FEh AT, AHNEZRE—HKFRE (RE D . TRLHE
(BME 1) FREMRREE th. AWM, RBAIFMEULERE, /Bt S—EEREREERE
HIENE,

F—IEERMEIE (B 1, #E 2) BERERETFT., FInseEaiE 2 fmTRE (BAE o0, 71 0,
2Eh , 1RALEE (BE 0, SE h) , BEHE 3 HEKERE, RE di, do ds, di, ds F de
BI|@KFEZEE,

fREMRER IR FHEHUE LIS EBRFARELLRE, ERRFREEHE LSS, LRMYES,

(@) Ll h 6, & o HMEERE FE d

(b) LL Oy, 0, g (EAMRE) , d h, da da F ds ERZE, FAETHREE 1 (tn) FEE
2 (tr) FREROBERE,

(c) FEEARE 2 EZRLLBUE 1R, Llg h, di M 0ERE, HE 2 RIEMFEER,

14
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Track 1: t=tn t=0
I
B8 1 : I
1
: .
1 1
1
| : h
I 91I
L AT A
I I
3 >
1 d Id;!

Track 2:
g8 2:

Fig 1. Faster track.

B 1. EREE.

Rod in semispherical bowl (9 Marks)

A uniform rod (mass m, length L) is placed partially within and partially outside a fixed hemispherical
bowl (radius R, where L > R). The bowl rests on a horizontal table. When the rod is in equilibrium, the rod
makes an angle 6 with the horizontal. AB is the length of the rod partially within the bowl. Ignore all the
frictions.

(a) Derive the angle 6 and the length AB. Express your answers in terms of L and R.

(b) Give the numerical value 0 for the special case of L = 4R.

EIRshE RIS (99

—HOBEENE (BE m RE L), BOEKRERFRBHMAANEE, MBOBEMRBE (F8
R, He L > R) MNEB, ZMEHREEKTFHEFL, EEFRMRTEIKER, BFRET LK
Fit 0 WAE, AB RETFAEBAZEE., ATABERAR 2RI

(a) LL L MIRMERE, #HEAEK 0 FABHRE,

(b) HM L=4rR HIHFEIERT, 5tE 0 HEI(E,

% Center of the bow! FBi#Y 5 /Cx

Fig 2. Rod in semispherical bowl.

B 2. FEKAm_ERIHE.

15
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Stacked spheres (24 Marks)

Two spheres are stacked such that an upper sphere (radius r, mass m) is put on the top of a stationary
lower sphere (radius R; where R > r). Eventually, under the influence of gravity, the upper sphere rolls
without sliding on the surface of the lower stationary sphere. a (0° < a < 90°) is the angle between the
centers of the upper sphere and the lower sphere, whereas f3 is the angle that the upper sphere rotates.
Initially, oo =0°and 3 = 0°.

(a) Find the angular velocities of o and P. Also obtain the velocity of the upper sphere as a function of a.
Express your answers in terms of r, R, g (acceleration due to gravity), and a.

(b) Find the angle at which the upper sphere will detach from the lower sphere.

(c) Suppose that coefficient of static friction between the two spheres is . Find the minimum value of o
that the upper sphere starts to slide. Express your answer in terms of p.

(d) By considering the coefficient of static friction, find the minimum and maximum values of a.

Hints: i) Kinetic energy of the upper sphere at an angular velocity [3 is given by [Revised to: ( j (B)z ].

2 .
i) In case of existence of friction, the frictional force, f, at an angle auis: T = 7mg sina ,
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Fig 3. Stacked sphere.
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A ‘8’ shape oscillator (11 Marks)

Two uniform, thin, and hollow cylinders (radii R, and R,, masses m; and my, respectively) are stacked to
form an “8” shape such that their diameters are aligned in a straight line. The stacked cylinders is free to
oscillate about its axis of oscillation (Fig. 4). The kinetic energy of the stacked cylinders is

KE = %(Zm1 R’ + 2m2R22)m2, where o is the instantaneous angular velocity about the oscillation axis. A

small angle 0 is made to displace the stacked cylinders from the equilibrium position. Figure 4 shows the

equilibrium position of the stacked cylinders. At equilibrium position, 6 = 0°.

(a) Find the potential energy of the stacked cylinders in terms of mi, m,, Ri, Ra, g (acceleration due to
gravity) and 0. Take zero potential energy at the level of oscillation axis.

(b) Find the total energy of the oscillator of the stacked cylinders. Express your answer in the form of
energy transformation in a simple harmonic mass-spring system, that is, Total Energy

E=Y mVX2 + 4kx*, where you may consider x as an angular displacement.

(c) Determine the effective mass (mey), effective spring constant (kes), and period of the oscillation.

(d) According to the above results, estimate the oscillation period of a single hollow cylinder about the
same oscillation axis, that is, without the upper hollow cylinder.
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Fig 4. A ‘8’ shape oscillator.
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Energy to break up the Sun completely (7 Marks)

By considering the gravitational potential energy to separate all the solar mass to infinity, estimate the
energy required to break up the Sun completely. Express your answer in terms of Ms (mass of the Sun), Rs
(radius of the Sun), and G (Gravitational Constant). You may assume i) the Sun is spherical, and ii) the Sun
density is uniform.

Hint: Other than solving integral, the following summation formula may help:

Zm:k4 ~ m2m+)(m+1)GBm’ +3m-1)
= 30

, Where k and m are integers.
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--- END OF EXAM PAPER £E5T ---
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