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1.

Rules and Regulations %5t & 7 2l

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.

FIEREEERPRHRE - (RUBEENPXIRXFE  HEELRUE—RBSEE -

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

EZEENE 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.

FNIEZEERE  FRBERETEREEFHE - EREENAZMW - o EMNEREF
SRR E thER 7

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

BRIAEKSRUIERR . BRIFSHERTIIRERER -

Gravitational acceleration on Earth surface

R R g 98 m s

Gravitational constant
e G 6.67 X 107 m3kg's?




Multiple Choice Questions (2 Marks Each) iBIZrE(ERE 2 1)

1.

A mass m hangs from a massless spring connected to the roof of a lift. When the lift is stationary,
the mass-spring system oscillates vertically with angular frequency w. If the lift is moving
downward with a constant velocity, how will the angular frequency change?

B8 m WY SRR A RN R E 89 o ETHEMEEE LT - PISRDUAER o
T EIRE) o AR ER R E R A NS - AR 2

A. w will be unchanged. w A% o

B. w will increase. w ;B »

C. w will decrease. w /D °

D. Oscillations are impossible under these conditions. {73 Sk AR A gESE 4R -

E. w will increase or decrease depending on the values of m and the spring constant of the
massless spring. w RARIE mH1fEE & 5825 158088 1 BH LT 3G k) -

Answer: a

Newton’s 1% law.

A ball is released from rest above an inclined plane and bounces elastically down the plane. As the
ball progresses down the plane, the time and the distance between each collision will

—EERA AR _E T IERF LEIRREREN » W SRHASE MESERE - BEE R0 aRtm A MEE) » BX
Filf 42 = [T AR R RO EE B

The time I ] The distance FEEE
A. Unchanged A% Increase &[]
B. Increase [l Unchanged N5
C. Decrease Ji/) Increase #4/1
D. Decrease Ji/) Unchanged K%
E. Unchanged Unchanged N8
Answer: A

Work in the reference frame with x-axis along the plane and y-axis perpendicular to the plane.
Then in the y-direction, the ball simply bounces regularly up and down, so the collisions are
uniformly spaced in time. However, gravity provides an acceleration in the x-direction, so the
distance increases.



3. How many of the following statements about an action-reaction force pair is/are true?

L The sum of the impulses due to the two forces is always zero.
II. The sum of the torques due to the two forces is always zero.
I11. The sum of the torques due to the two forces depends on the choice of reference point with

respect to which torques are measured.
IV.  The sum of the works done by the two force is always zero.

THIRATA—EHE - M A I8IBRAT - o 26/ DIE Ry TEHE 2

L Wi 12 BRIk

1. T EEAE 2 AR Rk B2

OL FESEZ IR Z IR AT AL st R 1R 2 25 8E
IV.  WSIFTEZ DhAERIK R E

moOwp»
MWD —=O

Solution: C
I is true because F;,At + F,,At = (F12 + FZl)At =0.
IT is true because by strong form they have same line of action and hence
T X Fp+ 7 X Fpy = — 1) X Fip = (1 — 7)) X Fp =0
IIT is not true because when the total force is zero, the torque is reference-point independent:

Zr x F, —deF +Zr x F, —Z(r +d) x F;

IV is not true because in general the two dlsplacements of the pomts of action of the two forces are
different and hence

Fip - ARy + Fyy - Ay = Fyy - (A, — AR) = Fyy - (A%, — AF) # 0
in general.

4. A geosynchronous satellite is an artificial satellite in circular orbit around the Earth with the same
period as the self-rotation period of the Earth. A geostationary satellite is an artificial satellite that
appears stationary in the sky when observed by a ground observer. Which of the following
statements is/are correct?

HEK[EI A 2 Ry 8 B B R B OB AR 2 NS E o Bk a2 R iEtim i
HZEAEEER N RZE T Z NISFE N5 E R 5 TR 2

L. All geosynchronous satellites are geostationary

II. All geostationary satellites are geosynchronous

III.  Ttis possible to have a geostationary satellite at the zenith (directly overhead in the sky) of
the local sky of Hong Kong.

L P A S ER [E 2018 2 B R Bk A (B 2

L FrARERE a2 & R EKES A

L —H#EREE a2 RE B E N &R ZE Z RTAGE BT Z RZENLE)

A. I only
B. IT only
C. III only



D. I and II only
E. I, I, and III

Solution: B
The only geostationary orbit is the geosynchronous orbit directly above the equator. Hence I is wrong and

IT is correct. III is wrong because this orbit does not centered at the Earth’s center.

5. A circular ring and a circular disk have the same mass and radius. Consider the following three

motions:

L The ring rotating about an axis passing through the center of the ring and perpendicular to
the plane on which the ring lies

II. The ring rotating about its diameter

I11. The disk rotating about its diameter
The three rotational speeds are the same. Rank the kinetic energies due to the rotation, from
smallest to largest.

—[BIFRE— B B S P E o LT )
L ER45E 3 a8 L U Ol T B A BRI AE S 1] 2 B E)
I IREHFEKEE)

. AR E i)
= 2 EEHRAEE o B EIRETY NEIREET -

A, LILII

B. LILI

C. ILILI

D. LI

E.  ILIL,I
Solution: E

Let the angular speed be @ and the radius be R. KE of [ > KE of II because in I the whole ring has speed
@R while in II some mass elements have speeds lower than @R due to the smaller distances from the
rotational axis. KE of II > KE of III. Compare a small arc in II subtending a small angle at the center and
a small sector in III subtending the same angle. Some mass elements in the sector have speeds slower than
the maximum speed at the rim, which is also the speed of the arc.

6. An object is launched vertically upwards somewhere on the Earth’s surface not at the north and
south pole. Regarding the minimum initial vertical velocity the object needs to have so that it can
escape the Earth’s gravity, and taking the Earth’s self-rotation into account, how does it compare
to the escape velocity at the surface of the Earth?

EHIK ERRFEIEBINE ERG — i EE D LA - BEEBERBMIKZ5|7 > MiEZ¥%h
RENANMERES/ME - BRYERARIIKS I DB R/ VIREERE » TERER
KNBE - ©HEIMIKGREAVZLRZEE LN ?

A. Tt is slightly smaller than the escape velocity. THE/ N PkI%R RS

B. It is equal to the escape velocity. ‘&2 A wki% R &

C. It is slightly larger than the escape velocity. T HlE A AR RS

D. Which of A, B, C being correct depends on the longitude of the location. A ~ B ~ C f1{a[Z& [
WERUML B 2 &85 -



E. Which of A, B, C being correct depends on the latitude of the location. A ~ B ~ C o] 35 -
HURIAMIE 2 &S -

Solution: A
Let the vertical velocity be v and the horizontal velocity due to the Earth’s self-rotation be V. Then the

speed of the object is
VJv2+V2 >y,
where v. is the escape velocity of the Earth. The minimum vertical velocity is hence
Vmin = Vé — V?
It is given that the object is not at the north and south pole and therefore V2 > 0. So
Vmin < Ve
The above holds at all longitudes and latitudes except at the two poles.

7. A car makes a U-turn along a semi-circular curve as shown below. Moving from A to C, the car is
slowing down with a constant rate. What is the direction of the net force acting on the car when
the car is at point B?

SR ET H ST - 40 PR - £ A 51 C > SRELUREI LR - 25 HE B
B (RS E A R TR 2

@----e- D@D

A <
B. 1
AN
D. /
E./

Solution: C
The net force should provide the centripetal acceleration toward the center of the curve and the
deceleration backward.

8. Anice is floating on water in a cup. At the beginning, part of the ice submerges under the water
surface. Finally the ice is completely melted. Ignoring evaporation and thermal expansion. Which
statement below is true?

TKBUEFAEM TR /K | - 7EBAgAR - JKBRAY— B8 /KIEZ T » B /KB5S 2l
b - RHSZRERANEZAR o T EMHE A EHERY 2

A. The water level rises after the ice is melted. /KPR E1&2/KAT_EFF -
B. The water level drops after the ice is melted. JKIRgE{E1& /KA T ©
C. The water level remains unchanged after the ice is melted. KRR L&KL (R 8 -



D. The ice could not melt completely as no heat is supplied. FHNG AT EVE » JKIRMEE5E 2Rk

ke
E. Further information is needed to determine what could happen. F55L 5 2% (= H R HEE 0] fE25 4 1Y
=

Solution: C

Consider the ice has mass m, as both ice and water. As ice, the buoyancy by the water is p,, gV; where V;
is the volume of the ice submerged below water surface. V; is also the volume added to the water. Since
this buoyancy equal the weight,

pwg Vi =mg > Vi =m/p,
If we melt the ice into water, it will have a volume of 1, = P V;. Therefore, the volume occupying the

water by the ice in either ice form or water form is the same.

9. A 1.0-kg block and a 2.0-kg block are pressed together on a horizontal frictionless surface with
a compressed very light spring between them. They are not attached to the spring. After they
are released and have both moved away from the spring

—{lil 1.0-kg HYPIBRAI—{E 2.0-kg HYPIBE HBAE—HEUE — K PR RAYAa | B2
A—(EBR I E R ESRY5HEE - (HEMID2 A EREEE E - BT ML S
&

O

A. both blocks will have the same amount of kinetic energy. [Wi{E¥73H 1 E A 1H[EHYENEE ©

B. both blocks will have equal speeds. Wi {E47J58 i B A FH[EIHYER -

C. the lighter block will have more kinetic energy than the heavier block. #ER Y475 EL# BB HY4IEE
HHEZHIENRE -

D. the magnitude of the momentum of the heavier block will be greater than the magnitude

of the momentum of the lighter block. &5 88 FY47)3R VBN & A/ INEF AR 27)858 -

E. the heavier block will have more kinetic energy than the lighter block.. 88 HY7)85 ELEHES Y4758

HEZHIBIRE

Solution: C
Magnitudes of the momentum are the same in both block due to conservation of momentum. But energy

2
isE = %mv2 = %. Therefore, kinetic energy is inversely proportional to the mass of the block.

10. Three uniform objects are placed on a frictional plane so they will not slide. The plane is being
tilted from horizontal. As the angle 8 gradually increases from 0°, determine which object(s) will
start to tip over at the smallest angle and which object(s) will start to tip over at a largest angle.



= EESRIYIRE I B E L > NI G/E8) - PERKP I EBGHER - BEE
FARE 0 11 0° XG0 > $R R IRG s DU/ N A FEBRAR VARS - WIREEPIAG S LU KA FEE B

YEEEN
Dl NS RE) VSN =]
Tip over at smallest angle Tip over at largest angle
A. Object C Object B
B Object C Object A
C Object B and C Object A
D Object A and C Object B
E Object A Object C
Solution: D

The objects will tip over when it center of mass lies beyond the vertical line drawn from its edge. For
symmetrical objects, the center of the mass (blue dot) must lies on the symmetric axis as shown in the
diagram. When the table is tilted beyond 45 degree, the CM of object A and C move beyond their edges.
Therefore, they will both tip over at the same angle, while object B will still be stationary.



11. A particle sliding on a curved track (similar to surface of a bowl) is under the net force consisting
of gravity, normal force and friction. The total mechanical energy is defined as the sum of the
kinetic energy and the gravitational potential energy. Which of the following statement is
incorrect?

—{ERrFAEE hAvE CEOURBRYRR ) g8 ZFIHES AR SIRIEEZE T I4HEHY
B E - SIEIREEE Ze RBIRENI B I ESRERYARAT o DU N URE R AR A IEHERY 2

A. The change in mechanical energy equals work done by friction and gravity. T&MEERYELEETAEE
I E I -

B. The change in mechanical energy equals work done by friction only. H&EE Y88 b {5 FE Y EEE 1
bz -

C. The change in kinetic energy equals work done by friction and gravity. BjFEAYE L5 A EEfEF1 &

IR -
D. Normal force does not do any work. J£ 5] JIA T[T -
E. Work done by friction must be negative. FEfZ I I—E B °

Solution: A

According to work energy theorem, change of kinetic energy equals to total work done on the system. In
this system, the normal force is perpendicular to the motion; thus W, ,;ma: = 0 (D is correct).

The total work done on the system is only due to gravity and friction. (C is correct).

While friction is always opposite to the direction of motion, work done by friction is negative. (E is
correct)

If one includes the potential energy and consider mechanical energy, the work-energy theorem becomes:
Change of total mechanical energy (E=KE+PE) = total work done by non-conservative forces

In this case, the change in mechanical energy equals work done by friction only as gravity is a
conservative force. (A is incorrect and B is correct.)



12. Consider a pulse with an upward displacement of a half-cosine pulse shape is travelling to the
right on a string with a fixed end on the right (fixed on a wall with no displacement allowed).
Which of the following in describing the pulse after it hits the fixed end is correct?

8 —(E - eR 2R E IR A _E AR HIEO A E ey 2 ERATTH#E (EEEREE - A
FREFALRE ) o BRI St A e 7 1) 228 ] o i i 2 LY 2

L
Fixed end

A. The pulse gets reflected with the pulse width halved. JREZ 25T > ARER AV E SR -
B. The pulse gets reflected with upward displacement of the same shape. JR{E K LUFHETEARAY

ERERWLEZ TS
C. The pulse gets reflected with downward displacement of the same shape. Jk{E Kz LUFE EITEHR
IR MU ST

D. The pulse is absorbed by the fixed end. AR{E R #5[E E Umk UL
E. None of the above. A FEIARE -

Solution: C

First the pulse should get reflected as the fixed end cannot absorb the energy due to its zero displacement
at the end. To have zero displacement at the fixed end, we use the so-called method of image. We can
imagine a wave of the same shape with downward displacement is travelling to the left in a mirroring
location about the fixed end as if there is a string beyond the fixed end. These two waves travel with
opposite velocities and always create a zero displacement at the location of the fixed in the whole
duration. Therefore, the correct answer is (c).

13. A ball of radius R and mass m is put inside a cylindrical shell of the same mass and radius 2R.
The system is at rest on a horizontal frictionless surface initially. When the ball is released inside
the shell, it moves along the shell and eventually stops at the bottom of the shell. What is the
horizontal displacement a does the shell move from its initial contact point with the surface?
—{EFER R EP% m HYRREUE—(EE SR ~ 88 2R BFIRIIERN - %%%@J%‘%
ﬂ:f TR EE A EERER AR E/ﬁ%ﬁx HEN R AEAERAYEED o FEE

Tﬁé,ﬁ»f,ﬁiffé?@E’J%ﬂﬁ‘*&ﬁﬁ%ﬂ’ﬁﬁﬂﬁm& ag%h?

R
R/2
R/4
3R/8
R/8

moOOwx> g



14.

Solution: B

Since there are no external horizontal force acting on the system, the horizontal position of the
center of mass x,, is fixed.
Initially,

0 0

B m(—R) _ R

2m 2

me

When the ball stops at the bottom of the shell
_m(=a)+m(-a) _
= o =

me
R

= = —

a=3

A projectile is launched with speed v off the edge of a cliff of height h > 0, at an angle 8 from the
horizontal. Air friction is negligible. To maximum the horizontal range R of the projectile, 8
should satisfy

YIS LURE v (8= Ry h > 0 VBRI G N » BUKPHEEK 0 /4 - 22 RS A LUZEE AR

5T o Ry T EEMTRAV/KCEHTE R S RE - 6 e

A
v



15.

45° < 6 <90°

0 = 45°

0° <6 <45°

0 =0°

Insufficient information. Depending on the values of h and v.

monQw»

Answer: C
1. When h — 0, we know 8 — 45° in order to have maximum horizontal range.

2. In the limit h — oo, the stone should be thrown horizontally (8 — 0°) in order to have
maximum displacement.

3. For finite h, we expect 0 < 6 < 45°.

A massless rope passes over a frictionless pulley. Particles of mass m and m + M are suspended
from the two different ends of the rope and they move under the gravity. If M = 0, the tension T
in the rope is mg. If the value of M increases to infinity, the value of the tension

—REE BT R AR REEN S - EE A m i m + M YRR R AR IR - E
FHEEIRERI N EE) - A1 M = 0 > AISERTAVES T K mg - AIF M (YENHIFRES
K AIsRIAE

A. Stays constant 4§57 A58
B. Decreases to a nonzero constant Ji/V By IEE A H #
C. Decreases to zero Ji/DFI|E
D. Increases to a finite constant ¥4 IE[G R AN & #
E. Increases to infinity 3 15|45 A
m

m+ M
Answer: D
Method 1:

Two masses will have the same acceleration.
As m — oo, we expect the free fall motion for the mass m + M. By inspecting the free body
diagram of the mass M, we have

T—Mg=Mg=>T=2Mg

Method 2:



m la
m+M

M+m)g—T=(M+m)a
T —mg =ma

T
=>T—mg=m(g— )

From Newton’s 2™ law,

M+m
2m+MT )
= — =
m+ M mg
- (—m+M)2 2 M
= - — 00
2m+ M mg mg as

16. If the solar system scales down such that the average distance between the earth and the sun is
1m, what is the period of the earth around the sun? Assuming that the density of the object does
not change.

WK S 2 EeBlsE )N - S HERNIREZ YRR Ry 1m BB - SR EIGERES Y EEA K
%702 [P -

A. 0.25 year
B. 0.5 year
C. 1year
D. 2 years
E. 4 years
| 1m |
EarthC:>
Solution: C
From the circular motion, we have
GmM _ mv? m(an)2 _ 4n?
2 r o r\r ) "z
And the mass of the sun can be rewritten as (R is the radius of the sun)
4
M = =nR?
gtp

3 3
-r= [0



We can see that when both r and R scale down equally, the period will not change.
Answer is (¢).

17. A block of mass m is launched horizontally onto a curved wedge of mass M at a velocity v. What
is the maximum height reached by the block after it shoots off the vertical segment of the wedge?
Assume all surfaces are frictionless; both the block and the curved wedge are free to move.

‘G m NYIBRLURTE v KPS EIE & & M ayiiimis b - EYsiiethmicryE =5
NPT ESINR KSR %/) ? BE A RS MR YIS ss A a DLE

HE -

2 2.2 2.2 2 2
Az B.(-2) = ()= D LY g M

29 m+M 29 m+M 29 m+M 2g m+M 2g

M
m v
=)
Solution: E

(Method 1) we can first consider the (perfectly inelastic) collision between the block and the wedge.
mv = (m+ M)V
m

>V =

v
m+ M
During the inelastic collision, the missing energy is converted to the (relative) kinetic energy of the block

m.

1 1 1 1 m?
= mgh =§mv2 —E(m+M)V2 = Emv2 — =

2
2m+Mv

v:i/, M
b e
2g\m+M

(Method 2)

We consider the moment before the collision and the moment when the mass m reaches its maximum
height. Since there is no external horizontal force, the horizontal momentum (p = mv) must be
conserved. The loss of the kinetic energy of the system,

AF = p? p Mmuv

2m  2(M+m)  2(M +m)

2 2

Therefore, the energy conservation gives

AE = mgh
M v?
> h = —
M +m2g

The answer is (e).



18. Two small balls, 4 and B, are attached to the two ends of a rigid rod with length 2. At a certain
moment, it is observed that ball 4 is located at (x4, y,) and moving with velocity (vAx, vAy)
while ball B is located at (xg, yg) and moving with velocity (vgy, vBy). Which of the
following is/are impossible?

W&/ NEK - AR B - HEREIRIE Ky 2 BRI o EH—IFZ] - BEEEER 4 At
(X4, ya) MZDUZEFSE (vAxJ vAy) 1) 5 BB AL (xp, yp) WLUZRREE (va' vBy) 58] o DU
HRAH]RE ?

L (x4, ¥a) = (0,1), (x5, ¥5) = (0,-1), (VAx» vAy) =(1,0), (var 17By) =(2,0)
IL. (x4, ¥a) = (0,1), (x5, ¥5) = (0,—-1), (VAx» vAy) =11, (var 17By) =(1,2)

1 1 1 1
L (X4, Ya) = (E'E)’ (xg, yp) = (—E: —ﬁ)a (vAx; vAy) = (2,0), (va' 17By) =(1,1)
A. I only
B. IT only
C. III only
D. T and III
E. II and 111
Solution: B

The position of 4 relative to B is
Tap = (X4, ¥a) — (X5, ¥5)
The velocity of 4 relative to B is
Upp = (vAx' vAy) - (va: vBy)
Since the rod is rigid, ¥,z cannot have radial component along 75:
UapTap = 0

I.
Tap = (x4,¥4) — (x5,¥5) = (0,1) — (0,—1) = (0,2)
Vpp = (vAx' vAy) - (VBx» vBy) =(1,0)-(2,0) =(-1,0)
73AB 'FAB =0
1I.
Tap = (x4,¥4) — (x5,¥5) = (0,1) — (0,—1) = (0,2)
Vpp = (vAx' vAy) - (VBx» vBy) =(1,1)-(1,2)=(0,-1)
1_7:43 'FAB - _2 #* 0
I11.

Tap = (X4, ¥a) — (X5, ¥5) = (1/\/2 1/\/5) - (_1/\/2 _1/\/2) = (\/E, \/E)

Vpp = (vAx' vAy) - (VBx» vBy) =2,0-(1,1)=00,-1)
73AB 'FAB =0

19. Consider the following U-shaped figure with uniform mass density. Find the distance of the center
of mass from the bottom.



FREU NEAHYEEFEZ URER - SKE ORI EERE -
a a

2a

A. 05a
B. 0.6a
C. 0.7a
D. 0.8a
E. 09a
Solution: E

Consider the uniform U-shaped figure as a uniform rectangular figure less a uniform square, all with the
same mass density.

The CM of the rectangle is obviously at distance a from the bottom. The CM of the square is at distance
1.5a from the bottom.

Let the mass of the square be m, then the mass of the rectangle is 6m and the mass of the U-shaped figure
is Sm.

Let the distance of the CM of the U-shaped figure from the bottom be 4.

Then
S5mxh+mx1.5a
a =
Sm+m
_5h+1.5a
=76
h=09a

20. If gravitational force between two masses is given by F, = GMTm instead of F; = (;1rv1_2m’ Kepler’s
third law will become: (where 7 is the radius and T is the period of a circular orbit)
AR EE R 2 5 [ By = S5 8 By = 0 RIBHE SIS S s R 0 (M
E#N’Tml%%EmW%D

Aru«T

B.r « T?
C.r’«T
D.r3 «x T?
E.r?«xT3

Solution: A
Newton’s 2" law gives:

GMm mv?

r r
= GM = v?




27T
= K = v =+VGM = constant

Sor«xT

21. A slope of parabolic in shape has a height of 4.9 m and a width of 8 m so that the slope goes back
to zero just before connecting to a flat ground. Initially at the height of 4.9m, the ball is pushed to
have a horizontal velocity of 6 m/s and with a zero vertical velocity. The ball is acted upon
gravity. Find the time elapsed when the ball hits again the parabolic slope.

WIS HIRI S 4.9m > B 8m - DUEAFERER NI 2 FURIREIEIE o A4 4.9m
A= » BRHEEILUEA 6 m/s /KSR RS EE B AYE - IRZESIEH o KRR EH
HPARRER AT F R ] -

8.0m

A. 1925
B. 1.00s
C. 096s
D. 0.70 s
E. 0.48s
Solution: C

Let the initial location of the ball is at (x,y) = (0, 4.9). SI unit of length and time is assumed and missed
out in the following expression for brevity. The parabolic slope follows a curve of

y=4.9(g—1)2
x =6t

1
y=49-598¢%=49(1~t?)

Combining the above equations, we obtain

The ball follows trajectory:

2

4.9 (% _ 1) — 49(1 — t2)

(3t —4)?2 =16 — 16t2
t =0.96s

22. Supposed a solid inverted cone, with base radius R, height H and density p., can be stably
submerged in water with a larger density p,, for a depth of h inside water, being less than H, as
the following figure shows. Express h in terms of the other defined variables, assuming no
external force, except those by the gravity (standard gravity g) and the fluid, is applied on the
solid.



e —EE-FER R ~ SR ~ BER po WELERER - A RBEHIRIEEE py B

REYZKT > HTE Ry h (BIERS /KIS E) > /Nt H > A NEFTR - AHEMC E RS ERE
h o el T8 (BEAEET] g) MIREG ZINGAESMINIAE EISERS £ -

A(ifﬁH
B. (’;—V:)l/z H
C (p—;)l/z R
D. (p—;)m R
E. (p—vcv)l/3 H
Solution: B
Let the radius of the cone at the water level be r = Rh/H.

2 2
The buoyance force is p,, %h g = Pc nRg i g. Therefore, we have

h = (pe/pw)iH

23. Two ropes suspended from the roof at points M and N are joint at point P with a right angle. The
length of the rope joining MP is 6 m and the length of rope joining NP is 8 m. A wooden block of
mass 5 kg hangs from point P through a third rope. Find the tension on the rope joining NP.
WIARGEZAE M BEAT N BRI E R TH b - /£ P RHEREE A - MP RV ERE RS Ry 6 m
NP HAEZIERERE R 8 m » 'HE Ry S kg WYRBEEAESE —fRAET-{¢ P BRRREE AR o SRRz

NP HJAEZ YR TT °



6m\ 8m

392N
294N
280N
245N
21.0N

moOow2>

Solution: B
The T, be the tension on rope joining MP and T, be the tension on rope joining NP. Balancing the
horizontal and vertical forces at point P gives
T,(6/10) = T,(8/10)
T,(8/10) + T,(6/10) =5 x 9.8
And therefore
T, = 39.2N, T, = 29.4N

24. Inside a rigid spherical shell of mass M = 10 kg, a rigid sphere of mass m = 2 kg is connected by
two identical springs of spring constant k = 0.5 N/m, as shown in figure. What is the resonating
frequency when you shake the structure sideway along the spring direction?

FEE R M = 10 kg FYRITEBRRA - HE R m =2 kg HYMITEERAG RS (E5H 5 H B k = 0.5
N/m A [E]5H A RE (QNEFTR) - 58 7 [ fs i SR A i f SRR 2 %/ 7

0.707 Hz
0.316 Hz
0.113 Hz
0.056 Hz
0.046 Hz

moow»



Solution: C
The resonating frequency is about the resonance of internal motion of the sphere within the shell. It will

be

ZXOS =0.113 H
“ondm 2m B z

25. Hubble’s law states that the galaxies are moving away from each other at distance r at a velocity

M o0wp

given by the Hubble’s law: v = H r where H is called the Hubble’s constant. By treating the
universe as a giant sphere of homogeneous density and galaxies escaping away from the edge of
universe, find out the critical density of the universe, p. ,so that the velocity of the galaxies
moving away from us. According to the Hubble’s law, it is exactly the escape velocity on such a
giant sphere.

ISEIEEL - B ARG EIE B AV S AR IERE r fafH AERE - v = Hr Hop H T RS
PER - EFTHER -HEHEEEINERIKE - EARETHEGRR  SRUTHAERRE
Ep, - IRIBEZNER > B RERRERMAVERE E S E NI ERRYBRES DRYPGR T -

H?/(47G)
3H?/(47G)
H2/(87G)
3H2/(87G)

None of the above. JA_EEFARE -

Solution: D
The escape velocity of such a giant sphere of universe is given by

ZGM_ 2G4-T[ 0
r T 3rpc— r

Therefore,
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1.

Rules and Regulations %5t & 7 2l

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.

FIEREEERPRHRE - (RUBEENPXIRXFE  HEELRUE—BSEE -

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

EZEENSE B L SELTHNIUEFSEERBARES -

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.

FANEZERE  SREBEERETEREFHE - EREEHI AW - oMz
X2 FEMRMEME D

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

BRIESRIERR - BRIAEFER FIIFRAEE

Gravitational acceleration on Earth surface

IR E EE N IR g 9.80 ms?

Gravitational constant —11 31012
S G 6.67 X 10 m’kg™'s




Open Problems B E

1. (15 points) A bullet with mass 10 g was fired against a stationary and fixed wooden block with mass
lkg. It has an initial velocity of 800 m/s and penetrated the block into depth 10 cm. Assume the wood
resists the movement of the bullet steadily.

L (1557) —HEER 10 g AU T8 R —HEE R | kg AVFFIE HBEERIARBE - EAYHIRZEE R
800 m/s > WGAEHEAARIE 10 cm HYZEEE T2 o B R SR DT TS -

(a) (4 points) What is the resistance force in the wooden block against the bullet?

(4 73) REEHTEAIH 2%/ 7

Now the wooden block is movable freely on a table with negligible friction between the block and the
table and the bullet is now fired horizontally to the wooden block and is finally stopped inside the block.

BAEARSE A /K EAPIHEY 7 B RS E) - AREEAILR  2 [EAY B A DURREARGT - T38RI E
KPS SRR > SRR EEAREA -

(b) (3 points) What is the final speed of the wooden block with bullet?
(3 77) FA TR R EZ %D ?

(c) (4 points) What is the depth into which the bullet has penetrated when the block is movable?
(477) ERBEEIRB BN - FBZEANRERES /D ?

(d) (4 points) How long does the bullet take to be stopped after it has entered the block?
(4 77) FoE AJTIRIE R EL RIFRIE TR ?
Solution:

(a) Let ug be the initial speed of the bullet, hy be the depth of penetration, m as the mass of bullet and M as the
mass of the wooden block. We also let f as the resistance force. The conservation of energy is expressed as

L Fhy = F Lo 1 0.01 x 800% = 32000N
—_ =] = = = . =
g e = T 2hy T T 2% 0.1

(b) Let the final velocity be v. By conservation of momentum, we have

mu,  0.01x800

- — 7921 ms—1
M+m _ 1+001 ms

muy+0=M+m)v=>v=
(c) Let the penetration distance be h. By conservation of energy, we have

1 2 1 2
Emu0+O=Fh+§(M+m)v

L = Fh + mus
= = = -

2 Mo 2(M +m)
1, M1
2O m T 2, 0

- M 01=99
“M+m ' 14001 M

(d)



du J& Uy—v  Muy, m M 2hg 1 2x0.1
= == = — =

- - o = 0.248
dt - m F/m M+mF M+mu, L0l 800 ms

2. (15 points) A person is sitting on a frictionless board holding a ball. A block is placed separately and at
rest in front of the person. The person wants to set himself moving by throwing the ball towards the
block. However, in order to catch the ball again after the first throw, the ball must return back to the
person after bouncing from the block.

2. (15 53) — {6 NAAAE—BRARIEEIERH UM b - T —(EER - — (W 705 (LB ARYH AT - 3%
NF BRI AR T REE O E) - (B2 0 R THESS — O BMEFHRBEEER > BROVALEREAE
T REAL A FEZ A -

300\ .

X

y
e
S D ""x=0m
Mass of objects: .
(o) ;
m M M

Suppose the total mass of the person and the board system is M, the block has a mass M and the ball has
mass m. Assume the collision between the ball and the block is elastic; and ignore all frictions and
gravity.

EE NAREEERGE ] R M > FETIVEE R M > BERIVEE K m - ([RaeBRME 7 Z [k 2
SEVERY © M RES TR EEEAE ] -

(a) (3 points) The person is initially at rest. If the ball is thrown at speed v, with respect to ground. What
is the speed of the person and the board after his throwing?

(3 73) NERWIER AR LEIRAE o SIIRERDIAHE AR RIS vo PILE - FHfig N\ BTS2 %

b

(b) (3 points) Find the kinetic energy transferred to the block by the ball after the collision.
(3 77) SKERAEREFE (2 (&R T HIBIRE

(c) (3 points) Find the conditions, if any, for the ratio of the masses r = m/M and for the initial throwing
speed v, such that the person can catch the ball back after bouncing from the block.

(G 7)) IRHEELE r = m/M FIWaREHEE vo IIGRIT (ARA) > DMEANF DI ERER T
56 [ AREVER -



(d) 3 points) Ifr = % = 0.1 and D = 1m, find the distance the person travelled between throwing the
ball and catching it again.

G MEr=2=01HD = 1m > KHALEHERRIFE R > R0 BhFERE -

(e) (3 points) After catching the ball, the person wants to stop by throwing the ball away (this time he

does not need to catch it back). Describe at which direction and at what speed he should throw the ball
again . Answer with the speed of the ball with respect to the ground.

(3 77) #EBKtE - AT A EX IR T Z22E 1L g BRI A TR mER ) - afmal
FFERZ RIVRE 5 IR A TR R EE R BK © 55 FHERA P o Y 2R (R -

Solution:

(a) By conservation of momentum, mv, = MV. The speed of the person is V = = .

(b) Let v; be the speed of the ball after the bouncing from the block

v be the speed of the block after the ball bouncing.
For elastic collision, we have

mvy, = Mvg —mv, - (1)
and —v, = —(vl— (—UB))
= Vp =Vy—Vq --(2)
Combining the two we have:
_M-m
M me
_ 2m
VBT MmO
The energy transferred to the block is
1 2Mm?*
Ko =M% = v mz 0

(c) To catch the ball again, the ball must have a faster speed then the person. v; >V
Therefore, pom vy > = Vo
M+m M

= m?4+2Mm—-M?* <0
=r’4+2r—-1<0
r<+2-1~0.4142

But there is no conditions on v, !!!

(d) Distance the person travels = d = V * (Time between throwing and catching)
Time between throwing and catching =T =t; + t,
t; = time the ball is moving to the block = D /v,

t, = time the ball is going back to the person = (D + d) /v,
We have

p m D+D+dM+m
= — v, |—
M 0170 170 M_m

Solving for d, d(r) = 2D —

1-2r-r?

d(0.1) = 0.253m

(e) Catching the ball is a completely inelastic collision. After catching the ball, the person moves at V'



M—-m

mM+mv0+mv0 = (M +m)V’
, 2Mm
=—Q=7V
(M +m)2™°

The total momentum of the system (person and ball) is now (1141\:—1:0 vy. Therefore the person need to
throw the ball towards right (+x) with a speed vy = Gt Vo

Ifr = % = 0.1, we have

Uf = HUO.

3. (20 points) In this question, it is assumed that all frictional forces can be ignored.

A smooth track consists of two parts. The left part is straight and is connected to the right circular part at a
point at which the tangent of the circle has the same slope as the straight track. The radius of the circular
part is R. A point object with mass m is initially at rest on the left straight track at a height of H above
ground, as shown in the figure below. The object falls under gravity to move along the track.

3.(20 73) FERLRE T - fEER P EEZE ST B o] LR -

—EIEUE R E AR o ZEMER T ERY o AR A RIINETE D - ERERIE R
BRI V)RR © BIZEL PR R R - —(HEE Ry m BB )RR ILAEREE S & HRIE
e &whE b a0 NEFoR - YIRS EEIER T MEIDcEEiss) -

m
A

IR

(a) (5 points) Find the speed of the object v in terms of H, R, and 8 when it reaches a point on the circular
track with an angular position of 8 measured from the center of the track, as shown in the figure
below.

(553 W NEFTR > EYRSEEERE E—EHEE T AL E R 0 BB 0 SKEAH ~ R K
0 TR ZVNRGHR

(b) (5 points) Find the normal reaction of the track at this moment in terms of H, R, 8, and m.



(593) REEZILLH ~ R ~ 0 fe m FoRn Z#E IR [RISCFF T

(c) (5 points) Find, in terms of R, the critical initial height H, below which the object cannot complete the
whole journey along the circular track.

(5 77) EW AR E RPN S EH, - VIR e se (B s B PE 2 8 - SKEL RERRZ
ER SR EE -

(d) (5 points) A point target is located at the center of the circular track. The object released at a certain

initial height A will hit the target. Find H in terms of R.
(5 73) —RHEEYICE T EIPHE T » FREYIaEE H BRREYIRG R % TEEY) - KEL R FoR
Z H-

Solution:

(a) Measure the angular position of the object by the angle 8 defined in the figure below

By conservation of energy, the speed v is determined by

1
> mv® +mgR (1+cos ) = mgH

v:\/2g[H—R(l+cosl9)]

(b) Considering the centripetal force, we have
N +mgcosf = il
where N is the normal reaction of the track.

N =—-mgcosf+ 2mgH _2miR(1 eos 0) = Zml;gH — mg(3 cosd+ 2)

(c) The object will leave the track when N = 0. One can see that this is possible only when
-90°<0<90°.

Hence the angular position of the point the object loses contact is determined by
2mgH

——mg(3cos0+2):O:cosﬁzz(ﬁ—lj,
R 3\ R

where —90° <0 <90° = cos @ > 0.
One can see that there will be no solution when



2 E—1 >1:>H>§R.
3 R 2
Hence H. = 5R/2. If H < H., the object will lose contact at some point.

(d) After the object leaves the track, it will perform projectile motion. By geometry, the launching

angle is 6.
®

Hence the trajectory is

2
ax
=R(l+cosf)+xtanf ——=———.
y=R( ) 2v* cos’ 6
The coordinate of the center is (R sin 8, R).
If the center is on the trajectory

. gR*sin* @

R =R(1+cos€)+Rsm6’tan49——

2v? cos* @

sin® @ 3 gR*sin* @ B
cos@ 2v’cos’ @

Rcos@+R 0

o %
26’_ngsm 0 _0
2v-cos@
gRsin® @ =2v* cos 0
gRsin® 0 = 4[gH—gR(1+cos¢9):|cosl9

R(l—cos2 6?)=4[H—R(l+cosz9)]cos6’

AaEERIREE RS

12(H-R)" =9R?

Vg
2

~R

H:(liﬁjR
2

NG

The solution H = (1 _TJR < R is rejected because in this case 90° <@ <270° and the object

cos? @ +sin

H

will never leave the track.

3

Hence the solution is H = (1 Ik TJR < %R .



