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Physics — Compulsory part (44525 2-)

Section A — Heat and Gases (# fH)

. Temperature, Heat and Internal energy (G8.& ~ #dv /9 fi5)
. Transfer Processes (#44%i842)

. Change of State (1 f b2 %)

. General Gas Law (3 il £t £4E)

. Kinetic Theory (4 #¥#)

Section B — Force and Motion (/1 fo i %))
. Position and Movement (4 # $o %5 #)

. Newton’s Laws (4% 2 4)

. Moment of Force (#14&)

. Work, Energy and Power (15 - e & fosh )
. Momentum ()

. Projectile Motion (#248:% %))

. Circular Motion () /i 1€ $1)

. Gravitation (3] 71)

ection C — Wave Motion (i& %)

. Wave Propagation (i a4k i)

. Wave Phenomena GE#3 &)

. Reflection and Refraction of Light (a5 R4 & 47 4)
. Lenses (£ 4%)

. Wave Nature of Light (s #4 #4542 )

. Sound (%)

ection D — Electricity and Magnetism (1§ f02%)
. Electrostatics (4 & %)

. Electric Circuits (&%)

. Domestic Blectricity (%% B %)

. Magnetic Field (#3#)

. Electromagnpetic Induction (% #% 8 /)

. Alternating Current (XA E)

Section E — Radioactivity and Nuclear Energy (# 4 8. & 4o 4% 5E)
1. Radiation and Radioactivity (%54 o4 473 &)

2. Atomic Model (fF#%)

3. Nuclear Energy (3% &)
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Physics — Elective part (R4 5)

Elective 1 — Astronomy and Space Science (X x4 4= 4 R #4 4 )
1. The universe seen in different scales (7 5} 2 b 4% B F 69 5 % @0 £

2. Astronomy through history (& 3t 4 64 4% & )

3. Orbital motions under gravity (# /7 F #1#hB & $)

4. Stars and the universe (18 247 5 %)

Elective 2 — Atomic World (& 7 3)

1. Rutherford’s atomic model (i & 4%/ F4%1)

2. Photoelectric effect (s %2k &)

3. Bohr’s atomic model of hydrogen (2 # &7 £.8 F 44
4. Particles or waves (.7 &)

5. Probing into nano scale (HL4F #5885

Elective 3 — Energy and Use of Energy (#t & #o e iR a9 R )
1. Electricity at home (£4 8 %)

2. Energy efficiency in building (1 3 &4 sk ik £

3. Energy efficiency in transportation (E# % #5 fE Rk %)

4. Non-renewable energy sources (R 7 & £ it #4.)

5. Renewable energy sources (< & 4 #E i)

Elective 4 — Medical Physics (% #4312 %)

1. Making sense of the eye (ka9 8 %)

2. Making sense of the ear (638 )

3. Medical imaging using non-ionizing radiation ( 7 % &k #% 4 % % % {4 )
4. Medical imaging using ionizing radiation (1 & #& 4 % %% .4
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The following list of formulae may be found useful :

Gravitational potential energy Er=mgh
Kinetic energy Ex = %m v?
Mechanical power R = Ey= v
t
Force F=m byt
At At

Use the following data wherever necessary :

Acceleration due to gravity g=98Ims? (close to the Earth)

Part A : HKCE examination questions

1. <HKCE 1980 Paper II - 1>

‘When a constant unbalanced force is applied to a particle, which of the following will change with time ?

(1) The acceleration of the particle
(2) The momentum of the particle
(3) The kinetic energy of the particle

A, (1) only
B. (3)only
C. (1) & (2) only
D. (2)&(3)only

2. <HKCE 1980 Paper 11 -2 >

A ball is dropped from a height s above the ground. Each time it hits the ground, one-half of the original kinetic energy is

lost. How high will the ball rise above the ground after the second impact ?

AR
3
B I
4
c !
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h
p.
72

3, <HKCE 1980 Paper I1- 6>

Two objects P and O of mass 2 kg and 3 kg respectively have the same momentum. They are then subjected to the same
constant resisting force and gradually brought to rest. What is the ratio of the stopping distance of P to that of 0 ?

A 4:9
B. 2:3
C. 3:2
D. §:4
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< HKCE 1982 Paper Ik - 5>
2ms? i 2msl
¢ —> i}i b
before collision I after collision

The diagram shows a gas molecule of mass m colliding with the wall of a container at a speed of 2 m s~ and bounding back
with the same speed. Which of the following is/are true ?

(1) The kinetic energy of the particle before and after the collision remains unchanged.

(2) The velocity of the particle before and after the collision remains unchanged.

(3) The momentum of the particle before and after the collision remains unchanged.

A. (1) only
B. (3)only
C. (1) &(2)only
D. (2)&(3)only

< HKCE 1983 Paper I1 - 4 >

A system consists of two identical masses travelling in opposite directions with equal speed. Suppose they collide elastically
at time 7. Which of the following graphs correctly shows the total momentum of the system before and after the collision ?

A B.
momentum momentum
A A
0 P time 0 P time
1o fo
C D.
momentum momentum
A A
0 P time 0 » time
1) t

< HKCE 1983 Paper I1 - 5 >

A trolley of mass 1 kg travelling at 2 m s™! on a smooth horizontal plane has a lump of plasticine dropped from a height 5 m
onto it, If the mass of the plasticine is 2 kg, the velocity of the loaded trolley will be

A, 0.67ms?
B. 1.00ms™
C. 150ms™!
D. 133ms?!

< HKCE 1983 Paper IT - 10 >

A particle is in motion with a constant force acting on it. Which of the following physical quantities will be changing during
the time when the force is acting ?

(1) acceleration of the particle

(2) momentum of the particle

(3) kinetic energy of the particle

A. (D) only
B. (3) only
C. (1) &(2)only
D. (2) & (3)only

10.

11.

12,

<HKCE 1984 Paper I - 7 >
A basketball falls freely from rest and hits the ground. It then rebounds to 1/4 of its original height. Neglecting air
resistance, which of the following statements about the basketball is/are correct ?

(1) Tts kinetic energy just before collision is four times its kinetic energy just after collision,

(2) Its potential energy just before collision is four times its potential energy just after collision.

(3) The speed just before collision is two times the speed just after collision.

A. (1) only
B. (2)only
C. (2)&(3)only
D. (1) & (3)only

< HKCE 1985 Paper II -4 >

A ball of mass 2 kg drops from rest to the ground from a height 5 m and rebounds to the same height. If the time of duration
of the impact between the ball and the ground is 0.2 s, what is the force acting on the ball by the ground ?
(Take the acceleration due to gravity be 10 ms™)

A. 20N

B. 100N
C. 200N
D. 220N

<HKCE 1985 Paper I1 -3 >

speed force

time

What physical quantity does the area of the shaded portion of each of the above graphs represent ?

1 18
A. acceleration energy
B. distance power
C. acceleration change of momentum
D. distance energy

<HKCE 1986 Paper II - 4 >

‘Which of the following is a vector quantity with correct unit ?
A. speed, kmh!

B. acceleration, m s™!

C. power, W

D. momentum, kgms™

< HKCE 1987 Paper I1 - 7 >

A mass of 3 kg initially at rest explodes into two fragments X and Y of masses 1 kg and 2 kg respectively. What is the ratio of
the kinetic energy of X to that of Y just after the explosion ?

A 1:4
B. 1:2
C. 2:1
D 4:1
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13.

14.

15.

16.

< HKCE 1987 Paper I1 -2 >
‘Which of the following is/are correct unit(s) for momentum ?

1) kgms™t

(2) kgms?

(3) Ns
A. (1) only
B. (2)only
C. (1)&(3)only
D. (2) &(3)only
< HKCE 1987 Paper I1-1>
A ball moving in a smooth horizontal plane hits against a wall and rebounds perfectly elastically. Which of the following
graphs best represents the variation of kinetic energy with time ?
A, KE B. KE

0 t 0 t
C KE D KE
Y "SR
e 1 0 t

<HKCE 1987 Paper 11 - § >
The figure shows a smooth plane on which two blocks 4 and B B X
are released simultaneously from rest at X and slide down along A )
the plane to Y. Block 4 is of mass 2M while block B is of mass (&7
M. On reaching ¥, which of the following statements is/are
correct 7

(1) The velocity of block 4 is double that of block B. Y

(2) The momentum of block 4 is double that of block B.

(3) The time taken by block 4 is double that of block B.
A. (1) only
B. (2)only
C. (1) &(3)only
D. (2) & (3)only
< HKCE 1988 Paper I -2 >

The figure shows two trolleys moving towards each other along a smooth runway. After collision, they stick together. What
is the total loss in kinetic energy by the trolleys during
the collision ?

A 3
B. 6J
C. 9]
D. 127

DSE Physics - Section B : M.C.
FMS5 : Momentum

PB - FM5-M/ 05

17.

18.

19.

20.

< HKCE 1989 Paper I1- 4 >

Two metal spheres of unequal masses are released from rest at the same time from a height of 2 m above the ground. When
they have fallen 1 m, (neglecting air resistance) they have the same

A. speed.

B. momentum.

C. weight.

D. kinetic energy.

<HKCE 1989 Paper I - 5>

Bullets, ¢ach of mass m, are fired at the rate of » bullets per second. They hit a vertical wall with horizontal speed v and
rebound from the wall with the same horizontal speed v. Which of the following statements is/are correct 7

(1) The total change in momentum of the bullets is zero.

(2) The total change in momentum of the bullets in one second is 2 mnv.

(3) The average force exerted on the wallis 2mnv.

A. (1)only
B. (2)only
C. (1) & (3) only
D. (2)&(3)only

< HKCE 1990 Paper II - 8 >

A small metal ball is released from a point above the floor and bounces several times. Which of the following graphs best
represents the varfation of the velocity of the ball with time ?

A v B. 9

: ,ON'R

4

< HKCE 1990 Paper I1- 7 >

Which of the following statements is/are correct when a collision between two particles is elastic ?
(1) None of the original kinetic energy is converted into other forms of energy.
(2) The linear momentum of each particle is conserved.
(3) The mechanical energy of each particle is conserved.

A. (1) only
B. (3)only
C. (1) & (2) only
D. (2) & (3)only
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22.

23.

24.

25,

<HKCE 1990 Paper I1 - 3 > e
Plasticine

Timer ©
: \V4
e T

A trolley moves with constant speed along a horizontal surface. A lump of plasticine having the same mass as the trolley is
dropped onto the trolley and sticks to it. Which one of the following ticker-tape best represents the motion of the trolley 7
A B.

10-¢oocooesta1t gaooooooo ..ozstart

C. D.
{o ¢ o o eessoees 231311;

e R

< HKCE 1991 Paper II - 11 >

Two particles 4 and B of masses 2 kg and 1 kg respectively move in opposite directions. The initial velocity of A is4 m s~
towards the right, while that of B is 2 m s towards the left, They
collide head on. After the collision, the velocity of 4 becomes 1 m s
towards the right. What would be the velocity of particle B 7

A, 2ms! towards the right

B. 3 ms! towards the right

C. 4ms™ towards the right

D. 6ms™ towards the right

2ms!
-—

Os

4my!
_

«Q

< HKCE 1991 Paper II - 8 >

A ball collides with a fixed wall and bounces back with the same speed. Which of the following quantities of the ball
remain(s) unchanged before and after the collision ?

(1) kinetic energy

(2) velocity

(3) momentum

A, (1) only

B. (2)only

C. (1) & (3) only

D. (2) &(3)only

<HKCE 1992 Paper I - § >

A trolley of mass 2 kg moves with a uniform speed of 4 m s~ along a
horizontal table. A lump of plasticine having the same mass as the
trolley is dropped from a height slightly above the trolley and sticks to it.
Find the total loss in kinetic energy.

plasticine

——

A 0F
B. 47
C. 8J
D. 12]

<HKCE 1993 Paper I1 - 1>

Which of the following pairs of physical quantities has/have the same unit ?
(1) Work and potential energy
(2) Power and momentum
(3) Specific heat capacity and specific latent heat of fusion

A, (1)only
B. (3)only
C. ()& (2)only
D. (2) & (3) only
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26.

27.

28.

29,

30.

< HKCE 1995 Paper I - 3 >

A stone is thrown vertically upwards and it finally falls back to the starting point. Assume air resistance is negligible. Which
of the following statements is/are true throughout the motion ?

(1) The acceleration of the stone is constant.
(2) The total mechanical energy of the stone is conserved.

(3) The momentum of the stone is conserved.

A. (1) only
B. (3)only
C. (1) & @2)only
D. (2) &(3)only

<HKCE 1997 Paper IT - 4>

Which of the following physical quantities is not a vector ?
A.  Acceleration

B. Momentum
C. Weight

D. Work

< HKCE 1997 Paper I - 5 >

A particle of mass m is thrown vertically upwards with initial speed v. When the particle returns to its starting point, what are
the changes in momentum and kinetic energy of the particle 7

Change in momentum Change in kinetic energy

A. 0 0
B. 0 mv?
C. 2mv 0
D. 2mv mv?

<HKCE 1998 Paper I - 5 >

<

At time £ = 0, a table-tennis ball is released from a point above the
ground and bounces several times on the ground. The graph shows
the variation of the velocity v of the ball with time ¢#. At which of
the following points on the graph does the ball reach its maximum
height above the ground after the first rebound ?

(Note : Velocity pointing upwards is taken to be positive.)

A. Point P
B. Point 0 P
C. PointR
D. Points§

<HKCE 1998 Paper Il - 3 >

A block is pulled by a constant force and moves along a smooth horizontal surface. Which of the following describes the
variations of the acceleration and momentum of the block during the time when the force is acting ?

Acceleration Momentum
A. remains unchanged remains unchanged
B. remains unchanged increases
C. increases remains unchanged
D. increases increases
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31.

32.

33.

<HKCE 1999 Paper 11 - 8 >

A rocket is initially at rest in space. It then explodes and breaks into two parts which move in opposite directions. If the
mass of the rear part is larger than that of the front part, which of the following statements is correct ?

A. The speeds of the two parts are equal.

B. The speed of the rear part is higher than that of the front part.

C. The magnitudes of the momentum of the two parts are equal,

D. The magnitude of the momentum of the rear part is larger than that of the front part.

< HKCE 2000 Paper IT - 10 >

The graph shows the variation of the kinetic energy £ of an object
with the square of its velocity 1* moving on a straight line.
What is the momentum of the object when it is moving at a
velocity 4 ms™ ?

A. 4kgms?!
B. B8kgms!
C. 16kgms™ > v/ mls?
D. 32kgms!
< HKCE 2001 Paper I1 - 8>
Force
0 Time

The figure above shows the variation of the force acting on a car driver with time when the car hits a wall. The driver is not
wearing a seat-belt. Which of the following graphs (in dotted lines) best shows the force acting on the driver if he is wearing
a seat-belt 7

A, B.
Force Force 4
"
I
L @ |
[
0 A Time 0 Time
C D.
Force Force
l”-~~
4 \‘.
/
Ill l“\
0 Time 0 —= >

34,

35.

36.

37.

< HKCE 2001 Paper IX- 11 >

A rocket of mass 5000 kg is at rest in space. It then explodes and breaks into two parts Py and P2 of mass 1000 kg and
4000 kg respectively. Find the ratio of the kinetic energy of Py to Pa.

A 1:16
B. 1:64
C. 4:1
D. 16:1

< HKCE 2002 Paper I1 - 12 >

Grace and Kitty, of masses 50 kg and 40 kg respectively, stand on
light rollers on a smooth horizontal floor. They are initially at rest
with Grace holding a 2 kg ball. Grace throws the ball to Kitty and
moves backward with a speed 0.8 m s afterwards. After catching
the ball, Kitty moves in the opposite direction as shown. Which of
the following statements is/are correct ?
(1) The final speed of Kitty is 0.95m 57\,
(2) The horizontal momentum of the ball is conserved in this process.
(3) The total kinetic energy of Kitty and the ball decreases when Kitty catches the ball.

A. (2)only
B. (3)only
C. ()& (2)only
D. (1) & (3) only

<HKCE 2003 Paper IT- 9 >

—
Bullet &=

Block

A wooden block of mass M is hanging freely in the air from a light string of length L. A bullet, of mass m travelling at a
speed v, hits the block and becomes embedded in it. The block then swings upwards. Which of the following are employed
in determining the maximum height reached by the block ?

(1) Newton’s first law

(2) Law of conservation of energy

(3) Law of conservation of momentum

A, (1) &(2)only
B. (1) &(3) only
C. (2) & (3)only
D. (1),@) &)

<HKCE 2004 Paper IT-9 >

A trolley moves along a smooth horizontal surface. A lump of plasticine is released from a height slightly above the trolley
and sticks to it. Which of the following graphs shows the variation of the total horizontal momentum p of the trolley and
plasticine with time #?

A p B. p C p D. p

[ j

_x— _/—
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38. <HKCE 2004 Paper Il - 1>
s car P s car Q s car R
0 4 0 t 0 1

39.

40,

41.

Three cars P, ( and R move along a straight horizontal road. Their displacement-time graphs are shown above. Which of
the cars experience a change in momentum during the motion ?

A. Pand Qonly

B. PandR only

C. QandRonly

D. P,QandR

<HKCE 2004 Paper I1 - 10 >

air-cushion

The photograph shows an air-cushioned shoe. Which of the following statements about the air-cushion is/are correct ?
[¢63] Tt reduces the time of impact between the foot and the ground during running.
(2) Tt reduces the impact force acting on the foot during running.
(3) Ttreduces the friction between the shoe and the ground during running.

A, (1) only

B. (2)only

C. (1) & (3) only

D. (2) & (3)only

<HKCE 2005 Paper I1 - 31 >

A car P of mass 1000 kg moves with a speed of 20 m s~! and makes a head-on collision with a car Q of mass 1500 kg, which
was moving with a speed of 10 m s! in the opposite direction before the collision. If the two cars stick together after the
collision, find their common velocity immediately after the collision.

A. 2ms™ along the original direction of P
B. 2ms! along the original direction of Q
C. 14 ms™ along the original direction of P
D. 14 m s along the original direction of O

< HKCE 2006 Paper XI - 6 >

An electric fan is installed at one end of a trolley and a card is fixed
at the other end with the plane of the card facing the fan. What
happens to the trolley when the electtic fan is turned on ?

air flow
i

— ~ ik electric fan

A. The trolley remains stationary.

B. The trolley moves to the right.

C. The trolley moves to the left.

D. The trolley moves to and fro along the ground.

trolley —
ground

42.

43.

44.

45.

< HKCE 2007 Paper II - 28 >

A body initially at rest, is exploded into two parts. Which of the following correctly describes the change in total momentum
and total kinetic energy ?

Total momentum Total kinetic energy
A, increases increases
B. increases remains unchanged
(C] remains unchanged increases
D. remains unchanged remains unchanged

<HKCE 2007 Paper II - 29 >

Tom and John stand on two trolleys of negligible masses. Both boys are initially at rest and Tom holds a ball of 3 kg. The
masses of Tom and John are 30 kg and 27 kg respectively. After Tom has thrown the ball to John, Tom moves backwards
with a speed of 1 ms™!. What is the speed of John afier he has caught the ball ?

A. 090ms!
B. 1.00ms! T Johd]
Ims! e i ) =y i;
C. 1Lllms™ ball
D. 1.22ms?! smooth ground

< HKCE 2008 Paper II - 31 >

Trolleys 4 and B of masses ma and mg respectively travel along a horizontal road in opposite directions as shown.

v/mgt

2] 4

O—0 4

——

Aand B

Later they make a head-on inelastic collision and stick together.
The graph below shows the velocity-time relationship of the two
trolleys before and after the collision. 0

> tls

(Ignore the collision time and the friction acting on the trolleys.) -1

What is the ratio ma : mp ?
A 1:2

B, 2:3
C. 2:1
D. 3:2

<HKCE 2008 Paper II - 29 >

In an explosion, an object is blown into 2 pieces, 4 and B,
which fly off in opposite directions. The mass of 4 is 0.3 kg.
The graph shows the variation of velocity of 4 and B with
time before and after the explosion. What is the mass of B
and the estimated magnitude of the average net force acting
on B during the explosion ?

> t/s

Mass of B Average net force acting on B
A. 0.1kg 04N
B. 0.1kg 05N
o3 09 kg 36N
D. 09kg 45N
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46.

47.

48,

< HKCE 2009 Paper IT - 30 >
—>
BN

A block slides along a horizontal smooth surface as shown in the figure above. It collides with a vertical wall and rebounds
along its original path. Which of the following graphs below best shows the variation of its momentum p with time ¢ ?

B.
P 4
A A
1
\
: v
0 ! >t 0 > ¢
E/
]
[C D.
P p
A A
I 1
— |
0 —> ¢ 0 ! >t
1
]
]

<HKCE 2010 Paper IT - 32 >

C >6ms" 4ms"

Ball 4 and ball B of masses 2 kg and 1 kg respectively collide head-on as shown above. Which of the following diagrams
show(s) the possible result(s) afler the collision 7

) 3 ms": :
@ : : 2ms!
@ : : 1ms!

2ms’!

2ms

6ms!

A. (1) only

B. (3)only

C. (1) &(2)only

D. (2)&(3)only

<HKCE 2011 Paper Il - 33 >

An egg will probably break if it is released at a height and lands on a hard surface. However, the egg may not break if it is
released at the same height but lands on a soft cushion. It is because, when the cushion is used,

the momentum of the egg just before impact becomes smaller.

the egg rebounds after hitting the cushion.

the rate of change of momentum of the egg becomes smaller during the impact.

the force acting on the egg by the cushion is smaller than the force acting on the cushion by the egg.

cowp

49.

< HKCE 2011 Paper I - 32 >

| 2 o |
SR > S o o - S

On a horizontal smooth track, two trolleys P and Q are held at rest with a light compressed spring in between as shown in the
above figure. The masses of P and Q are m and 2m respectively. When the trolleys are released and separate, trolley O
moves to the right with speed v. Which of the following statements are correct ?

(1) After separation, the total momentum of the two trolleys is 4 mv.

(2) After separation, the kinetic energy of trolley P is twice that of trolley Q.

(3) The energy initially stored in the compressed spring is at least 3 my 2.

A. (1) & (2) only
B. (1)&(3) only
C. (2)&(3)only
D. (1),(2)&3)

Part B : HKAL examination questions

50.

51.

52.

53.

< HKAL 1981 Paper 1-35>

In a racing competition, the momentum of each competitor during the race is greater than that before he starts running.
Which of the below statements is/are correct ?

(1) This situation violates the law of conservation of momentum.

(2) The law of conservation of momentum applies only to collisions between two objects.

(3) A force acts on each competitor to increase his momentum as he starts running.

A. (1)only
B. (3)only
C. (1) 8 (2) only
D. (2) &(3)only

<HKAL 1982 Paper 1 -3 >
Two objects of masses m and 4m move towards each other along a straight line with kinetic energies K and 4X respectively.
‘What is the total momentum of the two objects ?

A 32mK
B. 442mK
C. 52mkK
D. 1542mK

<HKAL 1984 Paper 1-3 >

In the absence of external net force, if two bodies undergo an inelastic collision, then
A. kinetic energy and momentum are both conserved.

B. kinetic energy is not conserved but momentum is conserved.

C. kinetic energy is conserved but momentum is not conserved.

D. neither kinetic energy nor momentum is conserved.

<HKAL 1986 Paper 1 -4 >

Ball X moving with velocity # on a smooth horizontal plane makes an elastic collision with ball ¥ initially at rest. If the two
balls have the same mass, which of the following statements is/are correct ?

(1) Kinetic energy is conserved in the collision.

(2) Linear momentum is conserved in the collision.

(3) Xand Y stick together and move off with the same velocity after the collision.

A. (1)only
B. (3)only
C. (1) & (2)only
D. (2)&(3)only




DSE Physics - Section B : M.C. PB-FM5-M/14

FMS5 : Momentum

DSE Physics - Section B : M.C.
FMS5 : Momentum

PB-FM5-M/15

54,

55.

56.

57.

58.

< HKAL 1993 Paper I -3 >

A box moves at a uniform velocity of 2 m s! on a frictionless horizontal surface, Sand falls continuously into the box with
negligible speed at a rate of 90 kg per minute. To keep the box moving uniformly at 2 m 57!, the horizontal force needed is

A, ON

B. 3N

C. 6N

D. 90N

<HKAL 1995 Paper IIA - 3 >

A trolley travels with constant velocity to the right on a smooth horizontal ground
and collides with a light spring attached to a wall fixed to the ground (Barth) as
shown in the figure. At the instant that the trolley comes momentarily to rest
during collision, what has happened to the initial momentum of the trolley ?

The initial momentum has been transferred to the earth.

The initial momentum has been stored in the spring.

The initial momentum hes changed into sound and heat.

The initial momentum has been destroyed by the friction due to the ground,

Sow»

<HKAL 1996 Paper ITA - 1 >

‘Which of the following pairs of quantities of a moving object must be in the same direction ?
(1) acceleration and change in momentum
(2) displacement and instantaneous velocity
(3) instantaneous velocity and acceleration

A. (1) only

B. (3)only

C. ()& (2)only

D. (2) &(3) only

< HKAL 1996 Paper IIA - 6 >

X Y Z
u
—>
X, Y and Z are three balls with masses rh, m and 2m respectively. They lie on a smooth horizontal surface with ¥ and Z in
contact as shown. If now X is moving to the right with a velocity of # and it then makes a direct collision with ¥, which of the

following gives the possible velocities of the three balls after all collisions ? Assume all collisions are perfectly elastic.
(Take the direction to the right as positive.)

X Y z
A, 0 0 ul2
B. ] u/3 u/3
[e2 -u/3 0 2u/3
D. 0 -u/3 2u/3

< HKAL 1997 Paper IIA - 6 >

A body initially at rest explodes into two parts of unequal mass. The part with smaller mass has a larger
(1) momentum,

(2) speed.

(3) kinetic energy.

(1) only

(3) only

(1) & (2) only

(2) & (3) only

gowp

59,

60.

61.

62.

< HKAL 1999 Paper ITA - 3 >

I ECL

7

The figure shows an open trolley moving an initial speed on a smooth horizontal surface. Rain water falls continuously onto
the trolley and accumulates there. What are the effects on the speed, horizontal momentum and kinetic energy of the trolley
together with the rain ? (Ignore the initial kinetic energy of the rain water.)

speed momentum kinetic energy
A. decreased unchanged decreased
B. decreased hanged h d
G decreased decreased decreased
D. hanged unchanged unchanged

<HKAL 1959 Paper ITA - 5 >
The graph shows the variation of kinetic energy (Ex) with the Ex /]
square of velocity (v2) of a moving ball of mass m. What is the
momentum of the ball when it is moving at a speed of 2 m s™ ?

A, INs

B. 2Ns

C. 4Ns > v2/m? 5?2
D. 8Ns

< HKAL 2600 Paper HHA - 6 >

Two bodies X and ¥ of masses m and 2m respectively are initially at rest on a smooth, horizontal surface. If a force of the
same magnitude acts on each of them for the same period of time, the ratio of the kinetic energy of X to that of Yis

A 2:1

B.
C.
D

[
E N N

<HKAL 2007 Paper ITA - 26 >

David = Candy

~—

David and Candy standing on light skateboards with frictionless rollers are moving towards each other as shown. Both of
them have the same mass of 30 kg and move at a speed of 1.2 m ™!, Initially David holds a ball of mass 1.0 kg. He then
throws the ball straight towards Candy at a horizontal velocity of 15 m s™. Determine the velocity of Candy after she catches
the ball.

A. 0.74 ms! to the right
B. 0.74ms7 to the left
C. 0.68 ms!totheright
D. 0.68 ms™ to the left
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63.

64.

65.

66.

67.

Which of the following statements concerning the design of cars is/are correct ?
(1) The front and rear parts of cars are designed to collapse during a serious traffic accident.
(2) The collapsible parts can reduce the time of collision when the car is involved in a serious accident.

(3) The collapsible parts can reduce the change of momentum in a serious accident.

A. (1) only
B. (2)only
C. (1) & (3) only
D. (2) & (3) only

Which of the following statements concerning the air-cushioned sports shoes is/are correct ?
(1) Air-cushioned sports shoes can increase the time of impact between the feet and the ground during running.
(2) Air-cushioned sports shoes can reduce the change of momentum during jumping and running,

(3) Air-cushioned sports shoes can reduce the impact force acting on the feet during jumping and running,

A. (1) only
B. (2)ouly
C. (1) &(3)only
D. () &(3)only

‘When a lorry makes & head-on collision with a motor-cycle, which of the following statements is/are correct ?

(1) The magnitude of the average force exerted by the lorry on the motorcycle is equal to that exerted by the
motorcycle on the lorry.

(2) The magnitude of the change in momentum of the lorry is equal to that of the motorcycle.
(3) The magnitude of the change in velocity of the lorry is equal to that of the motorcycle.

A. (1) only
B. (3)only
C. (1) &(2)only
D. (2) &(3) only

Which of the following concerning the wearing of seat-belts is/are correct ?
(1) Wearing seat-belts can reduce the change in momentum of passengers in a cat during a collision.
(2) Wearing seat-belts can reduce the force acting on passengers in a car during a collision.

(3) Wearing seat-belts can prevent the passengers from jerking forwards when the car is suddenly stopped.

A. (L)only

B. (3)only

C. (1) &(2)only

D. (2) &(3) only

The graph shows the variation with the time ¢ of the resultant force F acting FIN

on a body moving along a straight line. The shaded area represents
A. the momentum of the body.

the change in momentum of the body.

B
C. the change in the velocity of the body.
D.

the change in the kinetic energy of the body. 0 >1/s

68.

% u 2 at rest
7

before collision

after collision

Ball 4 moving with speed u collides head-on with another ball B which is initially at rest on a smooth horizontal surface.
After collision, 4 and B move together with a common velocity v.
Which of the following statements concerning the two balls during the collision is/are correct ?

(1) The change of momentum of ball 4 is equal in magnitude to that of ball B.

(2) The loss of kinetic energy of ball A is equal to the gain of kinetic energy of ball B.

(3) The final velocity v is halved of the initial velocity .

A. (1) only
B. (2)only
C. (1) & (3) only
D. (2) & (3)only

Part D : HKDSE examination questions

69.

< HKDSE Sample Paper IA - 13 >

A car P of mass 1000 kg moves with a speed of 20 m 57! and makes a head-on collision with a car Q of mass 1500 kg, which
was moving with a speed of 10 m s™! in the opposite direction before the collision. If the two cars stick together after the
collision, find their common velocity immediately after the collision.

2 m st along the otiginal direction of P

2 m s~ along the original direction of 0

14 m s™' along the original direction of P

14 m s~ along the original direction of 0

vowp

< HKDSE Practice Paper 1A - 13 >

v/ims™!
A

6

> t/s

-4

A ball of mass 0.2 kg is released from rest. It hits the ground and rebounds. The velocity-time graph of the ball is shown
above. Which of the following statements are correct ?

(1) The magnitude of the change in momentum of the ball during the collisionis 1.2kgm s

(2) The magnitude of the average force acting on the ball by the ground during the collision is 12 N.

(3) There is mechanical energy loss during the collision.

A, (1) & (2) only
B. (1) & (3) only
C. (2)&(3)only
D. (1),(2)&(3)
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71.

72.

< HKDSE 2012 Paper 1A - 7>

‘Which of the following graphs (velocity-time and displacement-time) best represent the motion of a ball falling from rest
under gravity at a height A and bouncing back from the ground two times ? Assume that the collision with the ground is
perfectly elastic and neglect air resistance. (Downward measurement is taken to be negative.)

o @

velocity veloeity A

ANIANTR /7

® displacement 4)
H

displacement

> 0

A. (1) and (3)only
B. (1) and (4) only
C. (2) and (3) only
D. (2) and (4) only

< HKDSE 2013 Paper 1A - 10 >

C u v C
Two identical spheres are moving in opposite directions with speeds » and v (with # > v) respectively as shown. They make
a head-on collision. Which of the following diagrams show(s) a possible situation of the spheres after collision ?

O]
<O O
S0 o-
®
O O™
A, (1) only
B. (3)only
C. (1) &(2) only
D. (2) & (3) only

73.

74.

75.

< HKDSE 2014 Paper IA - 7>

6ms!
2kg@——> @lkg

A sphere P of mass 2 kg makes a head-on collision with another sphere Q of mass 1 kg which is initially at rest. The speed of
P just before collision is 6 m s™'. If the two spheres move in the same direction after collision, which of the following could
be the speed(s) of Q just after collision ?

(1) 2ms?!

2) 4ms!

(3) 6ms!

(1) only

(1) & (2) only

(2) & (3) only

D, 2&3)

vaow>

< HKDSE 2015 Paper 1A - 6 >

0 > 1/s
0 1 2 3

An object of mass 3 kg is initially at rest on a smooth horizontal ground. A force F is applied horizontally to the object such
that the magnitude F varies with time ¢ as shown. What is the speed of the object at 7=3 s ? Neglect air resistance.

A. 25ms?

B. 50mst
C. 10ms™!
D. 15ms’!

< HKDSE 2015 Paper 1A -7 >

A rubber ball bounces vertically up and down from the ground. Which graph best shows the variation of its velocity v with
time ¢ if the collisions are elastic ? Neglect air resistance.
A.

0 ?

B.

v v
}SVQVL‘ Owt
v D. 7

(,m_, om‘,
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76.

7.

< HKDSE 2016 Paper 1A - 12 >

On a smooth horizontal sutface, a marble 2 moving with speed u collides head-on with another marble Q, which is at rest,

After collision, P and ) move with different speeds as shown.

o u e atrest
WW‘

Which of the following statements about this collision is/are correct 7
(1) During collision, the force acting on 0 by P is equal and opposite to that acting on P by Q.
(2) The total momentum of the two marbles is conserved only when the collision is perfectly elastic.
(3) The kinetic energy lost by P must be equal to that gained by Q.

A. (Donly
B. (2)only
C. (D& (3)only
D. (2)&(3)only

< HKDSE 2017 Paper 1A - 12 >

Players of “bubble soccer” wear air-filled plastic “bubbles” as shown.

Which of the following statements best explains why the bubble can reduce the chance of injury during a collision ?
A, The bubble increases the mass of the player, thus the momentum of the player increases.

B. The bubble increases the air resistance acting on the player.

C. Thebubble lengthens the impact time during a collision.

D. Like aballoon, the bubble provides a lifting force to the player.

HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers.
Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care,

M.C. Answers
1. D 11. D 21. B 31. C 41. A
2. B 12. C 22, C 32; € 42. C
3. C 13. C 23. A 33. C 43. B
4. A 14. D 24. C 34. C 44. D
5. D 15. B 25. A 35. D 45. D
6. A 16. D 26. C 36. C 46. D
7. D 17. A 27. D 37. A 47. B
8 D 18. D 28. C 38. C 48. C
9. D 19. B 29. D 39. B 49. C
10. D 20. A 30. B 40. A 50. B
51. A 61. A 1A
52. B 62. D D
53. C 63. A B3 C
54, B 64. C 74. B
55. A 65, C 75. B
56. A 66. D 76. A
SH/AN 67. B 77. C
58. D 68. A 78. A
59. A 69. A 7. B
60. C 70. B 80. C
M.C. Solution
1 D

x (¢)) Constant net force = constant acceleration (by Newton's Second Law)

) Constant acceleration => varying velocity = varying momen tum(mn v)

v ) Constant acceleration = varying velocity => varyargifif @»(v")

2. B

After the second impact : KE; = % x—;— X KE, = %KEO.
At the topmost point, loss of KE = gain in PE " PE reduced to % of its original value

As PE =mgh . PE « h ». The ball will rise above the ground by %h.




78. <HKDSE 2019 Paper IA-10> 80. <HKDSE 2020 Paper IA-8>

On a smooth borizontal sucface, two identical blecks p ight i i
string. The blocks are at rest and the siring is foose iﬂitiallgl.‘d sleouad

loose string

£ 1s given a speed of 4 m ¢ ang 3 4
becomes taut and P stats o move. ¢ 6N Find the speeds of the blocks when the string jus

block P block o
5 tms™ Tmg
B. Zmst 1 ms?
5
(o 2ms” 2 gt
D, dmygt Zmg

79. <HKDSE 2019 Paper IA-11>

X Y
-
° j"m-: @ e

O & smooth horizontal surface, sphere X of mass 2 travels with speed 4 m 87, Tt collides bead-on
with another sphere ¥ of mass 2m, which is atrest initlally. Which of the following can be the speed of

¥iust after collision 7
ORI @ 1mst ¢ 3ms”
A {1) vuly
5. (Omly
€. {(Dwd2only
b, {2) ad {33 only
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C o D
2 -2 L op2 = [ ~1
KE:—I—mv2=(';w) xi V= +2as LY (0) + 2 (10)(5) . v=10ms
" " The force acting on the ball by the ground during impact is the normal reaction force R,
Loss of KE = work done against the resistive force R—mg= my=mu
. KE =Fs . KE < s g
1 R - @0 = @DU0O-A)(10) R = 220N
.5 — 0.2
m
s, m, 3
Pty = 10. D
S M 2
I: Area of speed-time graph represents displacement or distance
A )i Arca of force-distance graph represents work or energy
v (1) Same speed before and after collision.
11. D
By KE= %mv2 , thus same KE before and after collision
Vector Unit
* 2) Same speed after collision but direction changes, as velocity is a vector, it changes after collision. % A % Speed : scalar v km B~ : wnit of specd.
* 3 M tum is al tor.
® OMENTM IS 25gIEEston x B. 4 Acceleration : vector x m 572 is the correct unit of acceleration.
b x & * Power : scalar v W : unit of power.
i i v . & : v -1 uni )
No external net force acting on the system, thus, total momentum of the system is conserved B Momentum : vector kg m s : unit of momentum
Total momentum = (mv) + (-mv) = 0 = &
Explosion without external net force = their momentum are equal and opposite
A
1o, ()t 1 . KBy m,
v ko = mivi + mv KE——Z—mv e oc; - _.KEY=_m_=2

M@ +@)(0) = (1+2)v

v =0.67ms"!
D
x 1) Constant net force => constant acceleration (by Newton’s Second Law)
@ Constant acceleration => increasing velocity = increasing momentum (m v)
3) Constant acceleration = increasing velocity = increasing KE ( %m V)
D
(1) PE=mgh . PExh
Rises by 4 of its original height = ithas 4 of its original PZ at topmost point.
As loss of KE = gain in PE
. KE at the lowest point has L of its original value after collision.
x 2) Same level at these 2 instants => same PE just before and just after collision
v (3) By KE = %mvZ o v?, the speed just before collision is double that just after collision.

14.

15,

C

&
e &)
4 &)
D

momentum = mv = (kg)(ms™) = kgms™
It is a unit of force.

kgms' = (kgms3(s) = Ns

As the ball rebounds perfectly elastically, there is no loss in KE, thus same KE before and after collision.

‘When the ball comes to rest at an instant, the KE is zero.

. D is the most suitable one.

B

& m
B @
x 3

Since the two blocks have the same acceleration : g sin 6, they must have the same final velocity
Momentum = mv. As mass of 4 is double with the same final velocity, thus momentum of 4 is double.

As both blocks have the same acceleration, they take the same time to reach the bottom Y.
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16.

20,

21.

22,

D
myuy + myuz = (my+ my)v
L@@+ = 2+ v v=2mg!

AKE = fmyud+ tmul~Lm+m) v = L@@+ LRP- L@+ nER =127

A

v A, Both spheres have same acceleration due to gravity and same distance travelled, thus same speed
* B. Both spheres have the same velocity but different mass, thus different momentum

x C. Both spheres have the same acceleration due to gravity but different mass, thus different weight
* D. Both spheres have the same speed but different mass, thus different kinetic energy.

D

x [¢))] Change in momentum of one bullet = mv — (-mv) = 2mv

v (¥3) Total change in momentum of » bullets in one second = nx[my —~ (-mv)] = 2mnv

v 3) Average force = total change of momentum of » bullets in one second = 2mnv

B

Take upward direction as positive
Initially the velocity is zero since it is released from rest.

1t then falls downwards with uniform acceleration due to gravity, thus v is (=) and is a straight line with (~) slope
During collision with the ground, the velocity changes from (-) to (+) in a very short time, thus give a vertical line.

A
v ) As the collision is elastic, total KE is conserved, i.c. the final XE would equal the initial KE,
thus no KE is lost and converted to other forms of energy.
x @ The total momentum of the two particles is conserved,
however, the momentum of one particle is not conserved, due to the impact force on the particle.
* 3) The total KE of the two particles is conserved,
however, the KE of one particle is not conserved,
as during the collision, there is transfer of KE from one particle to another particle.
B

After a plasticine has stuck on it, as momentum is conserved : m v = constant

The increase of mass causes the decrease of velocity .. separation of dots decreases

(e
Take rightward direction as positive,
MAUA T MBUR = MAVA + MBVB

QBO+OE =W+ D

vg = 4ms™

23.

24.

25,

26.

27.

28.

29.

v [€))] By KE = -;— m v, same speed indicates same KE before and after collision

x (3]} Same speed after collision but direction changes, thus velocity changes since it is a vector

* 3 As the direction has changed after collision, momentum has changed as momentum is also a vector.
C

mouw + mpuz = (m+ ma)v
@@+ = 2+2v
v v=2ms!

AKE = pmiul+ fmult~ 5 m+m) = L@@ - L2+2)@7 = 87

A
v (1) Both of them have the same unit : J
* 2) Unit of power : W=Nm s ; Unit of momentum : N s
x ?3) Unit of specific heat capacity : J kg™ °C™; Unit of specific latent heat of fusion : J kg™
(6]
v 1) The acceleration is constant due to the same acceleration due to gravity g.
v @ As no work is done on the stone and no air resistance, total mechanical energy (KE + PE) is conserved.
x 3) As there is an external force, the weight, acting on the stone, its momentum would not conserve.
D
v A. Acceleration is a vector.
v B. Momentum is a vector.
v C. Weight, a kind of force, is a vector.
X D. Work, a process to transfer energy, is a scalar.
C
When it refurns to the starting point, it has the same speed but in opposite direction,
thus the change in momentum = my~(-mv) = 2mv
@ When it returns to the starting point, it has the same speed and thus the same KE, change in KE is thus zero.
D

From O to P, the ball falls to the ground with acceleration under the acceleration due to gravity g.
At P, the ball just reaches the ground.

At 0, the ball has maximum compression and still at the ground.

At R, the ball restores its original shape and just leaves the ground.

From R to S, the ball moves upwards and decelerates under the acceleration due to gravity g.

At S, the ball reaches the maximum height
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30.

31

32,

33.

34,

355

36.

B
Acceleration :  Constant force gives constant acceleration
Momentum : As the block accelerates, its velocity increases, thus the momentum (i v) also increases,
C
1. h
x A. By mv = constant , m oc —, different masses have different speeds
v
1
x B. By mv=constant, mec —. me>my . ve<wp
v
v (ex Upon explosion, no external force acts the system.
* D. By myv, +m,v, =0, both parts have the same magnitude of momentum.
c

KE = %mv2

When KE=5017, v} = 25 m?572
s (50)= 1 m(25)
som=4kg

. momentum of the object at a velocity of 4ms™ = mv = 4x4 = 16kgms™

C

‘Wearing a seat-belt can increase the duration time of impact and thus reduce the impact force

C

2
AsKE=%mv2=(_’m.ocl
m m

KE of Py : KE of P; = mass of P, : mass of Py = 4000:1000 = 4:1

D

v (68)] By conservation of momentum, (50+2)(0) + (40)(0) = (50)(=0.8)+ (40+2)y; .. =095 ms™

* (V3] Total momentum of the system is conserved but the horizontal momentum of the ball is not conserved
due to external force acting on the ball by Grace and later by Kitty

v 3) When Kitty catches the ball, it is an inelastic collision, thus total kinetic energy must decrease.

C

* [¢))] Newton’s first law describes the inertia of a body that would not be used in calculation

) The law of conservation of energy is used during the motion when the block swings upwards.

3 The law of conservation of momentum is used when the bullet hits the block.

37

38.

39.

40.

41.

42,

43,

A
Since there is no external force, the total horizontal momentum p of the trolley and the plasticine is conserved.

Thus the graph should be a horizontal straight line.

(S
Car P has constant velocity and thus no change in momentum since the slope of s-f graph is constant.
Car Q has decreasing velocity and thus decrease in momentum since the slope of s-f graph is decreasing.

Car R has increasing velocity and thus increase in momentum since the slope of s-¢ graph is increasing.

B

* 1) Air-cushion increases the time of impact.

v @ Air-cushion reduces the impact force since & = (mv-mu)/!¢

x 3) Friction should be related to the roughness of the bottom of the shoe, but not the air-cushion.
A

By muy + matz = miwvy + mve
. (1000)(+20) + (1500)(-10) = (1000 + 1500) v
v=+2ms"

Their common velocity is along the positive direction, i.e. the original direction of P.

A
Since the air flow is stopped by the card, no air moves out towards the Ieft.
By Conservation of momentum,

the trolley remains at rest, i.¢. stationary.

c

Since there is no external force acting on the body, the total momentum of the two parts is conserved and is unchanged.
‘When they are at rest, the total kinetic energy is zero.

After explosion, the two parts move off from each other.

These two parts gain kinetic energy.

B

The total momentum of Tom, John and the ball is zero initially.

By Conservation of momentum: 0 = (30) (-1) + 27+3)v Lv=1ms!
<OR>

Consider Tomand the bali: 0 = 30)(-1) + ) w L ow = 10ms™!

Consider the ball and John: (3) (10) = (3+27)v L v =1ms!

PB-FM5-MS/07
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44,

45,

46.

47,

48.

49,

D

From the graph, the initial velocity of 4 is + 4 m s™ and that of Bis -1 m 57",
By the Law of conservation of momentum :

mavua + mpup = (matwnp)v

ma(4) + mp(-1) = (ma+tmp)(2)

" 2ma=3ms B o >
my 2

D
0] By Conservation of momentum: mata + mpup = mava + mpva

©) + (©) = (0.3)3) + my(-1) - mp = 0.9kg
@ By g o-mvzms_ 09CD-0 4.y

t (0.25-0.05)

. Magnitude of average net forceon B = 45N

D

Before collision, the momentum is unchanged and is positive, with direction towards the right.

Afier collision, the momentum becomes negative, with direction towards the left.

B
Check that whether the total momentum before and after collision is conserved or not.

Take the rightward direction as positive.

] )] @A+ OEAH=AE+ VO
e @ @O+ MHEH =@ + 112
4 ©) @@+ MHEH =@M+ M)

C

The cushion is soft, thus it can increase the duration time of impact,
thus the rate of change of momentum becomes smaller,

therefore, the impact force is also smaller.

C

x [¢8) After separation, the total momentum is conserved and ig equal to zero.

v @ After separation, by conservation of momentum: (m) ve = (2m) (v) Love =2y
Ratio of KE of trolley Pto 0 = 4 (m) 2)?: L @m) (W2 = 2:1

v 3) Total KE of the two trolleys after separation = + (m) (22 + L (2m) ()? = 3 m?

Some energy may be lost in the separation, thus the initial energy stored in the spring is at least 3 m 2,

50.

51,

52.

53.

54.

55

56.

B
x [0)] The momentum change is due to the friction which is an external force acting on the competitor.
The Law of conservation of momentum has not been violated
as it has stated that momentum would only conserve under no external net force.
* ) Conservation of momenturm can be applied to all types of motion. with no external force acting.
v 3) Foree (friction) acting on the competitor by the ground increases the momentum of competitor.
A
2
Formassm: K= l (mv) momentum of the mass m = mv = 2mK
2 m
2
Formass4m: 4K = % (4;" ) momentum of the mass 4m = 4mv = 4J2mK
m

As m and 4m moves in opposite direction,

. total momentum of the two bodies = (4v2mK )+ (—~2mK) = 3J2mK

B
Absence of external forces = momentum is conserved

Inelastic collision = KZ is not conserved

c
v [0))] Elastic collision = KE is conserved
v (@3] No external net force = Linear momentum is conserved
x 3) Stick together will only oceur for an inelastic collision
B

my-mu _m 90
F = ————=—(-u) = —(2-0)=3N

b V=20

A

As the trolley makes collision with the earth, there is no external force acting on the system of trolley and the earth
- total momentum of the trolley and the earth is conserved

' momentum of trolley is transferred to the earth.

v m Acceleration : samne direction as force ; Force : same direction as change of momentum
x [#))] Counter example : Moving backward to starting point at the left = rightward s and leftward v
x 3) Counter example : Throwing an object upward = upward v and downward a
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57.

58.

59.

60.

61.

C
Initial momentum = muy Initial energy =4 my’
Conservation of momentum Conservation of kinetic energy
(No external force = momentum is conserved) (Perfectly elastic collision = KE is conserved)
® A m©)+m(O)+2m Ll=mu v Loy +Lmy? +L2mf X Toml
’ 2 2 2 2 2 4
1 1 (u) 1 u\  mu?
® B. 0)+ +2 v =m0 +—mi = | +=2m —| = x
m(0) m(sj m[B] mu 2m( ) 2»1[3) 5 m(zj G
v (] | =2 |+ m(0) + 2m FiC) P i i = m(O)2 - 2m _u v
3 3 203 3
2u 1 1 (—u mu?
* D. 0)+m +m my v —m(0)* +=m| — =— v
7O (3) (3) Tt 2(3) (] 2
After all collisions, X is at rest and ¥ moves to the left and Z moves to the right,
That means, ¥ would move towards X and would hit X again, thus it is NOT reasonable.
D
* ()} Explosion = O0=m,v, +mgzvy, = Magnitude of momentum p, = py
v 2 By mv = constant , smaller mass = larger speed
2
v 3) By KE = L m? = (m) o« 1. smaller mass = larger kinetic energy
2 2m m
A
Speed : By the law of conservation of momentum, m T = v ¥
Momentum : Since there is no horizontal external net force acts on the trolley, its momentum must be conserved.

Kinetic energy :  Since the collision is inelastic, the total kinetic energy must decrease.

o]

Askinetic energy Ex = +m?

M= LmQy

m = 2kg

*, Momentum of the ball moving at 2 ms™ = (2) x 2) = 4N's

A

As Ft=mv-mu =myv as u=0

*. Same applied force F for the same period of time ¢ = same momentum » v

KE =—~mv
2

Loyt o) 1 . KBy _my _2m
2m m KE, my m

=2

62.

63.

64,

65.

66.

67,

68.

D
The total momentum of the ball and Candy is conserved and the collision is inelastic as Candy catches the ball.
By myu + myus = (m+tm)v

1) A5) + 30)(-1.2) = 1 +30) v v=-0.68ms!

Candy should move to the left with speed of 0.68 m s™'.

A
v ) These parts are collapsible so that the duration time of impact can be increased.
x 2 The time of collision should be increased, not reduced.
* 3) Even with the collapsible parts, the final momentum is zero when the car stops.
Thus, the change of momentum should be the same.
C
v 1) Air-cushion can increase the time of impact due to the elastic nature.
x ) The change of momentum should be the same even with the air-cushion.
v 3) As the time of impact is increased, the impact force is reduced, by F = (mv—mu)/t.
(S
14 [63] These two forces are action and reaction, thus they must be equal and opposite.
) By F = (mv-mu)/t,asthe forces are equal,
the change of momentum (m v — m %) must also be equal in magnitude.
* 3) As their masses are not equal, their change of velocity (v — #) must not be equal.
D
x (1) As the passengers would finally come to rest, the change of momentum is the same
even if they wear seat-belts.
@ As the seat-belts are elastic, they can increase the time of impact, thus reduce the impact force.
(©) Due to inertia, the passengers would jerk forwards when the car is suddenly stopped.
Wearing seat-belts can prevent the passenger from throwing forwards.
B

Since Ft=mv-mu.

The area of F — ¢ graph represents the change of momentum of a body

1) Since the total momentum of the two balls is conserved no matter the collision is elastic or not,

thus the decrease of momentum of 4 must be equal to the increase of momentum of B.

x 2) Since the collision is inelastic, total kinetic energy of the two balls is not conserved.
Thus, the loss of K.E. of 4 is not equal to the gain of X.E. of B, as some K.E. changes to internal energy.
* (3) By mau = (ma+ms)v

Since the mass of the two balls may not be equal, v may not be equal to -2L u,
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69.

70.

1.

72.

73.

74.

A
By muy + maus = muwni + mv2
o (1000)(+20) + (1500)(~10) = (1000 + 1500) v y=+2ms!

Their common velocity is along the positive direction, i.¢. the original direction of P.

v (1) Change in momentum of the ball = (0.2) (-2) ~ (0.2) 4) = ~ 12 kgms™!
* 2) Average force acting on the ball by the ground is the normal reaction R :
R-mg= M=mi . p_(02)©81) = 12 . R=12+196 = 140N
t 0.1
v (3) Since the speed after the collision is smaller, there is loss of KE during the collision.
A
@ After release, the ball falls down with acceleration due to gravity in downward direction,

thus & is downwards and is negative, therefore, (1) is correct as the initial slope is negative.

@ The slope of the displacement - time graph is velocity.
After release, the magnitude of velocity gradually increases,
thus the magnitude of the slope should also gradually increase, therefore, (3) is correct.

D
x [€))] Initial momentum = mu +m(-v) >0 Final momentum = m(~u) <0 .. Momentum is not conserved.
@ Initial momentum = mu +m(-v) >0 Final momentum= m(—v)+mu .. Momentum is conserved.
®3) Initial momentum = mu + m(—v) >0 Final momentura= mv >0 . Momentum is conserved..
C
The total momenturm must be conserved in the collision. .., mpup = mp vp + mqvo
* ) 2)(6) = 2w+ (1)(2) " yp = Smg!
This situation is impossible since the speed of P cannot be greater than @ in front after collision.
v 2) @@ =@vw+0)@ .~ w=4ms*
It is possible since the collision may be inelastic and the two particles move together after collision.
v 3) @®6) =@w+r0(®E) . v=3ms!
Total K.E. before collision = -;—(2) 6)* = 361
Total K.E. after collision = £ (2) 3+ § (1) (6)* = 277
This situation is possible since the collision may be partly elastic with some loss of K.E.
B

Area of the F-¢ graph = change of momentum = mv — muy

L Ex@x0) =@)v-0 . ov=5ms!
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76.

77.

B

Suppose the ball is thrown up with an initial velocity.

It then moves upwards (v is positive) with constant deceleration g to reach the highest point where its velocity is zero,
then moves downward (v is negative) with uniform acceleration g.

The graph should be a straight linel with constant slope equal to - g,

When the ball reaches the ground, its velocity changes from downward direction to upward direction in a very short time.

Thus, the value of v should change sign after impact with the ground.

A

v (1) During collision, the force acting on P by ¢ and the force acting on Q by P form an action-reaction pair.
Thus, they must be equal in magnitude.

x 2) Since there is no external net force acting on the two balls during collision,
the total momentum of the two balls must be conserved no matter the collision is elastic or not.

x 3) Since the collision may not be perfectly elastic, total kinetic energy of the two balls may not conserve.
Thus, the Joss of K.E. of P may not equal to the gain of K.E. of 0,
as some K.E, may change to internal energy.

C

Since the bubble is elastic, it can increase the impact time during the collision,

thus reduce the impact force to reduce the chance of injury.



DSE Physics - Section B : Question
FM5 : Momentum

PB-FM5-Q/01

DSE Physics - Section B : Question
FMS5 : Momentum

PB-FM5-Q/02

The foliowing list of formulae may be found useful :

Gravitational potential energy

Kinetic energy

Mechanical power

Force

Use the following data wherever necessary :

Acceleration due to gravity

Part A : HKCE examination questions

1. <BXKCE 1982 Paper I-1>

Er=mgh
Ex = fmv?
P=Fv=ZV~
!
F=m.A_v=A_p
At At

9.81ms? (close to the Earth)

)
L}

A metal sphere of mass 0.4 kg is released from a height of 0.45 m onto a marble floor. It rebounds to a height of 0.2 m as
shown in the figure below. Assume air resistance is negligible.

|

045m

|

B e

(a) Calculate the velocity (magnitude and direction) of the sphere just before and after impact. (4 marks)

(b) If the sphere is in contact with the floor for 0.01 s, what is the magnitude of the normal reaction force exerted by the

floor on the sphere during impact ?

(3 marks)

(c) What is the difference in the kinetic energy of the sphere just before and after impact with the floor ? Briefly account

for this difference.

(4 marks)

(d) Sketch a graph showing the variation of the velocity of the sphere with time, starting at the time that the ball is released
to the time that the ball reaches its maximum height after the first impact. No need to mark the values.

(Take velocity in the downward direction to be positive.)

< HKCE 1984 Paper I-1>

(4 marks)

Trolleys 4, B and C, all of the same mass 1 kg, are placed on a horizontal runway with 4 and B in contact. Trolley 4 has a
compressed spring. When the trigger is tapped, the spring quickly relaxes and the trolleys 4 and B start to move apart in
opposite directions as shown below. The velocity of trolley 4 is found to be 2 m s™!. (Neglect friction)

@D / trigger

(a) What is the velocity of trolley B 7

(2 marks)

(b) Estimate the potential energy stored in the compressed spring.

(3 marks)

(c) Assuming that the time taken for the two trolleys to separate is 0.1 s, find the average force (in magnitude and direction)

acting on
(i) trolley 4, and

(ii) trolley B. (4 marks)
(d) After separation, trolley B collides with C and the two move together.

(i) What is the velocity of the two trolleys, B and C, after collision ? (2 marks)

(ii) Is the kinetic energy conserved in this case ? If not, calculate the kinetic energy loss. (4 marks)
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<HKCE 1987 Paper I-1>

The mass of a metal ball is 0.5 kg. It is released from rest at a height of 1 m above the floor. Air resistance is assumed to be
negligible.

(a) Calculate the speed of the ball just before it strikes the floor. (2 marks)

(b) Calculate the average force the ball would exert on the floor, assuming that the ball was stopped by the floor in0.1sand
the ball did not rebound. (3 marks)

<HKCE 1988 Paper I-3>

A private car of mass 900 kg travelling at a speed of 70 km h* collides head-on with a truck of mass 3000 kg travelling in the
opposite direction. Both vehicles are brought to rest by the collision and the duration of the impact is 0.2 5.

() What is the speed of the truck just before the impact ? (3 marks)

(b) State whether the magnitude of force acting on the truck is greater than, equal to or smaller than that acting on the
private cat during the impact. Explain briefly. (3 marks)

(c) If the drivers of both vehicles are taken to be 70 kg, what is the average force acting on
(1) the driver of the private car,
(2) the driver of the truck
during the collision ?

Which driver is likely to be injured more seriously ? (6 marks)

(d) State ONE design on a vehicle which could reduce the degree of the injury of the driver during impact. Explain briefly.
(3 marks)

<HKCE 1989 Paper I-1>

A disc of mass 0.1 kg is set to move on a frictionless horizontal table by a strike of a rod as shown in the figure below. The
average force exerted on the disc by the rod is 50 N. The displacement of the disc while it is in contact with the rod is 0.1 m.
Afterwards, the disc collides on a vertical wall at a certain speed and rebounds backwards at the same speed. The time of
contact between the disc and the wallis 0.2 s.

wall

N\

(a) (i) Find the work done by the force exerted on the disc by the rod. (2 tharks)
(ii) Find the speed of the disc on leaving the rod. (3 rharks)
(b) Find the average force exerted on the wall during collision. (4 marks)

{¢) A student makes the following statements concerning the experiment :

Statement 1 : When the disc has left the rod and is moving on the smooth horizontal table, there must be a force driving
the disc to keep it moving.

Statement 2 : The faster the disc moves, the greater is the average force exerted on the wall during collision.

State whether statement 1 and statement 2 are true or false and explain briefly using Newton’s Laws in each case.
(6 rharks)
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6.

<HKCE 1989 Paper 13>
___.>
r 1 'h f e
W i | = N
u[}:] ticker-tape timer = — ="
Tape for 4 Tape for B
T A il e
: 1 | - |
4.9 cm 1.6 cm 6.5 cm

The figure above shows two trolleys 4 and B standing at rest on a friction compensated runway. A4 is then given a push and
collides with B. The ticker tapes obtained from the experiment are also shown in the above diagram. It is given that the
ticker-tape timers produce 50 dots per second.
(a) Using the scale on the metre rule as shown above, choose a suitable portion of the tapes and find the speed of

(1) A before the collision,

(2) A after the collision, and

(3) B after the collision. (3 marks)

(b) Find the ratio of the mass of 4 to that of B from (a). (4 marks)

(c) A student reported the following results without doing any experiment :

4 B
speed before the collision 02ms! 0
speed after the collision 0.1ms?! 04mgs!
mass ratio 4:1
If you were the teacher, how would you show that the results are impossible ? (4 marks)

<HKCE 1993 Paper I-2>

@ Plasticine

block P of mass 0.8 kg undergoes the below motion :
Step (1) : P is pressed against a spring at A and then released. After 0.05 s, P loses contact with the spring and moves with
aspeed of 1.8 ms.

Step (2) : When P moves along 4B, a lump of plasticine is dropped from a height slightly above P and sticks to it. The
speed of P is reduced to 1.6 m s~

Step (3) : P enters the rough portion and stops at point D.

(a) Calculate
(i) the average force acting on the block by the spring in Step (1),

(ii) the mass of the plasticine,

(iii) the distance BD, given that the frictional force between P and the rough portion is 3 N. (7 marks)
(b) Describe the energy change in Step (1). (2 marks)
(c) Iskinetic energy conserved in Step (2) 7 Explain briefly. (2 marks)

@

The above process is repeated with the rough portion BC inclined at an angle 15° to the horizontal. If the frictional force
is still 3 N, what happens to P after it reaches the highest point 7 Explain your answer. (4 tharks)
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8.

<HKCE 1994 Paper 1 -2 >

A bob P of mass 0.4 kg moves on a smooth horizontal ground with speed 3 ms™'. A bob Q of mass 0.6 kg is suspended by a
light inextensible string as shown in the figure below and is initially at rest. After colliding with (3, P comes to a rest.

N

(a) Find
(i) the momentum of P before the collision,
(ii) the speed of Q immediately after the collision,

(iii) the average force acting on P during the collision, given that the time of contact is 0.05 s. (5 marks)

(b) Is the collision elastic ? Show your calculation. (3 marks)

() After the collision, bob O swings upwards,
(i) Find the maximum height reached by Q.

(ii) The string exerts a tension on Q. Is there any work done by the tension when Q swings upwards ? Explain briefly.
(5 marks)

@

In another experiment, bob P moves towards and sticks to a lump of plasticine, which is fixed to the ground. In this
collision, the total momentum of P and the plasticine is not conserved. Explain briefly. (2 marks)

9.

< HKCE 1995 Paper 1 -2 > 10ms!
—>

@

A metal ball P of mass 0.5 kg moves with speed 10 m s™! on smooth horizontal ground. It collides with a heavier metal
ball O, which is initially at rest. After collision, P moves backwards in the opposite direction. The figure below shows
the variation of the velocity of P with time.

Velocity /m 57!
A

10

0 » Time / s

-10
(i) Find
(1) the momentum of P before the collision,
(2) the change in momentum of P in the collision,
(3) the time of contact of P and Q,

(4) the average force acting on P during the collision. (6 marks)

(ii) Is the average force acting on O during the collision equal in magnitude to that acting on P ? Explain briefly.
(2 rharks)

(iff)y Comment on the following statement :

“Momentum and kinetic energy must be conserved in this collision.” (4 rharks)

(b) For safety reasons, the front and rear parts of cars should not be made of very strong material. Explain briefly.
(2 marks)
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10.

<HKCE 1996 Paper -3 >
P ANV A D AP AT AP Lot Lo Lo
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Figure 1 Figure 2

Two metal balls P and Q are suspended by light inextensible strings. Ball P is puiled to a point 4 which is at a height 2
above its initial position B and is then released. (See Figure 1.) After colliding at B, the two balls move away in opposite
directions. (See Figure 2.)

(a) Draw a diagram to show all the forces acting on P when it swings from 4 to B. Label the forces. (2 marks)

(b) Describe the energy changes in the two balls, from the moment P is released until the balls swing up to their maximum
heights after the collision. (3 marks)

(¢) The mass of P is 0.3 kg and its speeds immediately before and after the collision are found to be 1.0 m s™ and 0.5 m s~

respectively.
(i) Find h. (2 marks)
(ii) Find the average force acting on P during the collision, assuming that the time of contact is 0.02 s, (2 marks)

(iii) Consider the following set of data :

P Q
Mass / kg 0.3 0.75
1.0 0
Velocity before collision / ms™ (towards the right)
i - T 0.5 0.6
Velocity after collision /ms™ (towards the left) (towards the right)

(1) Show that the above set of data obeys the law of conservation of momentun.

(2) Explain why the above set of data is impossible. (5 marks)

11. <HKCE 1998 Paper I-2>
1000 kg 10 kg
cannon metal ball

; % : ®------- = Fixed target

=l

Figure 1 shows a cannon of mass 1000 kg. It fires a metal ball of mass 10 kg in order to destroy a fixed target. Assume the
ball travels with a constant horizontal speed of 100 m s™! towards the target.

(2) Suppose that the minimum energy required to destroy the target is 60 000 J. Explain whether the ball will destroy the
target. (2 marks)

(b) The cannon recoils as the ball is fired.

(1) Find the recoil speed of the cannon. (2 marks)

cy -—

To stop the cannon, a smeoth plane inclined at 15° to the horizontal is placed behind the cannon as shown in the
figure. How far will the cannon move up along the inclined plane ? (3 marks)

(c) Suppose that in firing the ball, 80 000 J of energy is lost as heat, light and sound. Find the efficiency of the cannon in
firing the ball. Kinetic energy of the ball is considered as the useful energy output. (3 marks)

(d) The ball hits the target and becomes embedded in it.

(i) Ifthe ball takes 0.05 s to come to a rest inside the target, find the average force exerted by the target on the ball.
(2 marks)

(if) A student thinks that as the ball and the target are both at rest after the inpact, momentum has been lost. He asks
why the law of conservation of momentum does not apply in this process.

If you were a teacher, how could you answer this question ? (3 marks)
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12.

13.

< HKCE 1999 Paper I-3>

Plasticine

A toy car of mass 0.2 kg is moving at a speed 3 m s~ on a smooth horizontal runway, When the car passes through a point 4
on the runway, a lump of plasticine of mass 0.1 kg is dropped from a height slightly above it and sticks to it.

(2) Find the speed of the car after the plasticine sticks to it, (2 marks)

(b) The runway is curved upwards to a height 0.25 m at point P as shown in the above figure. Can the car pass point P ?
Show your calculations, (3 marks)

< HKCE 2000 Paper I -4 >

A car of mass 1000 kg moves along a straight road with a speed 10 m 5™, It collides with a lorry of mass 3000 kg, which is
initially at rest. Immediately after the collision, the lorry moves forward with a speed 4.5 m s~ The time of contact of the
car and the lorry is 0.5 s. Find

(a) the speed of the car immediately after the collision, (2 marks)
(b) the average force acting on the lorry during the collision, (2 marks)
(¢) the average force acting on the car during the collision. (1 mark)

14,

15.

< HKCE 2001 Paper1-1>

plasticine =

A lump of plasticine of mass 0.2 kg is hanging freely in air from a string as shown in the above figure. A bullet of mass
0.01 kg is fired from an air gun. It hits the plasticine and becomes embedded in it. The plasticine then swings to a maximum
height of 0.06 m above its initial position.

(a) Find the speed of the plasticine immediately afier the bullet is embedded in it. (2 tharks)

(b) Hong Kong Ordinance states that the kinetic energy of bullets fired from air guns should not exceed 2 J. By considering
the speed of the bullet before it hits the plasticine, explain why the above gun violates the Otdinance. (3 marks)

<HKCE 2003 Paper 1 -3 >

A squash ball of mass 0.024 kg travelling with a horizontal speed of 16 m s is hit by a racket. After the impact, the
ball travels with a speed of 20 m s~! in the opposite direction. Assume the time of contact between the ball and the racket
is 0.15s.

(a) Find the increase in kinetic energy of the ball. (2 marks)

(b) Find the average force acting on the ball by the racket during the impact. (3 marks)

FES S VAN ISIGICER PA MR SIS IS §ERY
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16.

< HKCE 2003 Paper 1- 11>

@ €—— Parachute

65 m (Stage 1)

—_

5 m (Stage 2)

Mars’ sutface

In 4 July, 1997, the lander ‘Mars Pathfinder’ landed on the surface of Mars. A teacher presents the following simplified
information about the last two stages of the landing process as shown in the above figure.

Stage 1 : When the spacecraft (including the lander embedded in some airbags, a parachute and decelerating rockets) was
at a height of 80 m above Mars’ surface, it was falling with a speed of 75 m s™, At this instant, the rockets were
fired. The parachute and rockets then exerted a total upward force of 16 900 N on the lander and brought it to an
instantaneous rest at a height of 15 m above the surface.

Stage 2 : At the instant when the lander was 15 m above the surface, the parachute and rockets were separated from it. The
lander then fell from rest to the surface under the action of the gravity of Mars.

You may assume that the lander descended vertically and the air resistance exerted by the atmosphere on the lander was
negligible.

(a) Consider Stage 1 and answer the following :

(i) Find the deceleration of the lander. (2 marks)

(if) Draw a labelled diagram to show all the forces acting on the lander, (2 marks)

16. (a) (iii) The mass of the lander was 360 kg. Estimate the acceleration due to gravity on Mars’ surface. (3 marks)
(b) Consider Stage 2 and answer the following :

(i) Find the time required for the lander to reach the surface. (2 marks)

(i) Explain how the airbags helped the lander to land on the surface safely. (2 marks)

(iif) The lander bounced a few times on the surface before coming to rest. As shown in the below figure, a student
draws a sketch of the velocity-time graph of the lander, with # = 0 denoting the instant when the lander was 15 m
above the surface. Assume that the motion took place in a vertical direction.

0 >t

Explain whether the sketch is correct or not. If it is incorrect, draw a correct sketch for the graph. (4 tharks)
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17.

< HKCE 2006 Paper I -9 >

Read the following descriptions about a ‘crash cushion system’ and answer the questions that follow.

Figure 2

Figure 1 and Figute 2 show a crash cushion system installed at some junctions on highways. The system consists of a
number of jdentical cushion boxes, containing sand or water, lined up and fixed on the road surface. During a crash, the
boxes will burst one after another when the car runs through them. The boxes will act as a series of cushions and offer
protection to the passengers.

27ms ——s .
cushion boxes

Figure 3

In a pilot test on the cushion boxes, a car of mass 1600 kg travelling at a speed of 27 m 57! runs through the boxes on a
road (see Figure 3). The speed v of the car after running through all the boxes is recorded. The test is repeated by varying
the number of boxes N installed in the system. The Table below shows the results obtained.

N 1 2 3 4
v/ms™! 2562 22,8 2.1 18.2
753 1o 4% 3% \

Source : http://www.hk-phy.org/contextual/mechanics/ene/act_crash_cushion_e.html

17. (a) Assume that the deccleration of the car remains unchanged in the test.

(i) Using the data in the Table, plot a graph of v against N in Figure 4, with 1? ranging from 0 to 1000 m? s and N
“)frorn 0to 10,
iy G

i

y &

-

Figure 4
Hence or otherwise, estimate

(1) the average resistive force exerted by the cushion boxes on the car during the collision

(given that the thickness of each cushion box is 1 m),

(2) the minimum number of cushion boxes required in order to stop the car in the test.(8 marks)

(i) If the above test is repeated with a heavier car travelling at an initial speed lower than 27 m s™', sketch a graph of
v* against N in Figure 4 that you would expect (o obtain. Use a doited line to sketch the graph. Assume that the
average resistive force acting on the car remains unchanged throughout all the tests.(2 marks)

(b) Explain why it is undesirable to replace the cushion boxes with concrete blocks. (2 marks)
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18.

< HKCE 2007 Paper 1-9>

A golf ball, of mass 40 g and initially at rest, is struck with a club in teeing off as shown in the figure below. The ball leaves
the club with a speed of 44 ms™’, Assume that air resistance is negligible.

(a) (i) Calculate the change in momentum of the golf ball before and after teeing off. (2 marks)

(i) The time of impact between the club and the ball during tecing off is 1 ms. Determine the average force acting on

the ball during the impact. (2 marks)

(b) Robert finds that the club is harder than the golf ball. He claims that the force exerted on the club is smaller than that
exerted on the golf ball during teeing off. Explain whether his claim is correct or not. (2 marks)

(c) When the golf ball is 2.5 m away from the hole, it is given a sharp horizontal push from rest and just reaches the hole as
shown below. Estimate the initial speed of the golf ball if the average resistive force exerted on the ball is 0.03 N.

(3 marks)
club
25m
horizontal O—
ground golf ball | |

hole

19. <HKCE 2008 PaperI-9>

Figure 1 shows a cable car system for transporting passengers from station A4 to station B on the top of a hill.

station B

cable car C

suspension cable

station

Figure 1

(a) The mass of the cable car C'is 600 kg. State the magnitude and the direction of its weight.

(2 marks)

T

T2

Figure 2

(b) Figure 2 shows cable car C which is suspended by the cable with tensions T1 and T2 on two sides. The cable car
is moving at a constant velocity towards the top of the hill. Assume air resistance is negligible. Complete the vector

diagram in Figure 3 to show T1, T2 and their resultant . T is already drawn in the figure.

Ty

/’

Figure 3

(2 marks)
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18.

(¢) The cable car C enters terminal B with a constant velocity 4.5 m s™! in a horizontal direction. In order to allow the
passengers to leave the cabin, the cable car C begins to slow down with a constant deceleration after it passes X. The
velocity is reduced to 0.5 m s at ¥ (see Figure 4). Then it moves with a constant velocity again. It takes 8 s for the
cable car Cto travel from Xto Y.

P

45ms!

Figure 4

(i) Sketch the velocity-time graph of the cable car for the journey between X and @ in Figure 5.

Velocity /ms™
A
75
L
6.0 [~
4.5 _'P_‘Kl g
[ 4N
1
30 H
= 1
- 1
N
r 1}
[l = \- —
L - - . L Time /s
1] 4 8 12 16 20
(2 marks)
Figure 5
(if) Hence or otherwise, find the distance between X and Y. (2 marks)

Take the direction of the motion of the cable car as the positive direction.

(iii) A 60 kg person sits in the cable car. Find the change of momentum of the person during the journey between X and
¥ (2 marks)

(iv) Hence or otherwise, find the net force acting on the person during the deceleration period. {2 marks)
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20. <HKCE 2010 PaperI-10>

plasticine
gas pistol o
inclined
smooth tract
[ \ ]
\
metal cart

Figure 1

A metal cart with some plasticine fixed on it has a total mass of 40 g. 1t is initially at rest on an inclined smooth track (see
Figure 1). A bullet of mass 0.43 g is shot from a gas pistol towards the car. Upon collision, the bullet is embedded in the
plasticine, and the car moves along the track and rises to a maximum vertical distance of 5 cm. Neglect air resistance and
take g tobe 10 m 2.

(a) State the kind of collision between the bullet and the cart. (1 mark)

®

=

Find the speed of the cart just after the collision. (2 mark)

(c) Find the speed of the bullet just before the collision. (2 marks)

(d) Suggest two reasons why the maximum potential energy gained by the cart with the embedded bullet is less than the
kinetic energy of the bullet just leaving the pistol, (2 marks)

(e) After the first trial, Peter repeats the experiment with the same set up. He makes an error in aiming (see Figure 2) so that
the bullet hits the metal part of the cart (instead of the plasticine) and rebounds backward. Describe and explain how
this would affect the maximum vertical distance reached by the cart. (3 marks)

plasticine

gas pistol

inclined
5 smooth tract
[ \ 1

metal cart
Figure 2
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21.

<HKCE 2011 Paper 1-9>

Construction wotkers nowadays must wear safety helmets in construction sites. A safety helmet is made of a hard plastic
shell and is held in place on the worker’s head by elastic bands as shown in Figure (a).

hard plastic

/ shell \

worker’s
head

Figure (a) Figure (b)

During a safety test as shown in Figure (b), the helmet is put on a support. A small object of mass 5 kg is released from rest
at 1 m above the helmet. The impact time between the object and the plastic shell is found to be 0.03 5. Assume that the
object is at rest at the instant the impact ends.

(2) Figure (c) shows the forces acting on the object during the impact.

5 kg object
Figure ()
R
Is R (reaction force from the helmet) and W (weight of the object) an action and reaction pair ? Explain. (2 marks)
(b) (i) Find the speed of the object just before the impact. (1 mark)

(i) Hence, find the magnitude of the average force acting on the plastic shell by the object during the impact.
(4 marks)

21. (c) The safety test is repeated with elastic band removed as shown in Figure (d). It is found that the force acting on the
plastic shell by the object becomes much larger during the impact. Hence, explain the function of the elastic band.

(2 marks)
5 kg object

Figure (d)

Part B : HKAL examination questions

22. <HKAL 2005 Paper I-6>

A spacecraft is launched by a rocket. The rocket and the spacecraft have a total initial mass
of 4.80 x 10° kg at take-off. The rocket engine propels hot exhaust gas at a constant speed
of 2600 m 5! in a downward direction. Assume that 2.30 x 10% kg of gas is expelled in
the first second. (Neglect air resistance.)

(2) Calculate the average force acting on the rocket due to the exhaust gas during the first
second. (3 marks)

(b) Assuming that the change of mass of the rocket during the first second is negligible, estimate the acceleration of the
rocket. (2 marks)

(c) Tfthe rocket keeps on expelling exhaust gas at the same rate for the first 20 s, explain how the acceleration of the rocket
will change. (2 marks)
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23, <HKDSE Sample Paper IB - 11 >

A spacecraft with an astronaut on board is launched on a rocket. The rocket with the spacecraft has an initial mass
of 4.80 x 10° kg at take-off. The rocket engine propels hot exhaust gas at a constant speed of 2600 m s™! downwards relative
to the rocket. Assume that 1.15 x 10° kg of gas is expelled in the first 0.5 5. (Neglect air resistance.)

(a) Calculate the average force acting on the exhaust gas by the rocket during the first 0.5 s. (2 marks)

(b) In the figure shown, draw and label an arrow for each force acting on the rocket. Assuming that the change in mass of
the rocket during the first 0.5 s is negligible, estimate the acceleration of the rocket. (3 marks)
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24, <HKDSE 2012 Paper IB- 4>

Train 4 initially travels at a speed of 60 m s~ along a straight horizontal railway. Another identical train B travels ahead of 4
in the same direction on the same railway. Due to mechanical failure, B is only travelling at 20 m s,

60ms™! 20ms™!

At time ¢ = 0, 4 and B are x m apart, the captain of 4 receives a stopping signal and immediately 4 decelerates at 4 m s2
while B continues to travel at 20 m 5™, 4 eventually collides with B after 5 5. Neglect air resistance.

(a) (i) Find the speed of 4 just before collision. (2 marks)

(i) The graph below shows how the speed of B varies with time within this 5 s. Sketch on the same graph the variation
of the speed of 4 within the same period. (1 mark)

speed /ms A

60

40

20 B

> time / s
0 2 4 6
(i) Based on the above information, determine the separation x of the two trains at £ = 0. (3 marks)
(b) 4 and B locked together after collision.

(1) Find the speed of them just after collision. (2 marks)

(i) If the collision time between the trains is 0.2 s and the mass of each train is 5000 kg, find the magnitude and
direction of the average impact force acted on 4 during collision. (3 marks)
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25.

< HKDSE 2014 Paper IB - 6 >
Read the following description about ‘Bungee jumping’ and answer the questions that follow.

Bungee jumping is an activity that involves jumping from a tall structure while the person is connected to it via a
thick elastic cord. When the bungee jumper jumps, the cord stretches after falling a certain distance. The bungee
jumper is momentarily at rest at the lowest point but then bounces back up into the air. The bungee jumper
continues to oscillate up and down a few times before he comes to a complete stop.

ankle
attachment

A simple ‘ankle attachment’ (as shown in the above photo) can be used to secure the player to the cord.
However, due to accidents where the ankle attachment became detached from the bungee jumper, many operators
now uses a ‘fully body harness’.

‘When answering the following questions, neglect the effects of air resistance.

(@) () Describe the acceleration of the bungee jumper during the first downward fall to the lowest point. (3 marks)

(i) State the energy change during the period from the beginning of the jump to the moment when the bungee jumper is
at the lowest point of his first downward fall. (2 marks)

() In terms of the net force acting on the bungee jumper, explain why the cord has to be elastic. (2 marks)

(c) In terms of contact area, explain why a ‘full body hamess’ is less likely to cause injuries to or detach from the bungee
jumper than a simple ‘ankle attachment’ during a fall. (2 marks)

26. <HKDSE 2016 Paper IB - 4 >

A person wears a water jetpack which enables him to stay 'afloat' in equilibrium in the air as shown in the above figure. A
pump on the sea surface continuously pumps water to the jetpack via a hose and the water is then ejected downwards.

(a) Referring to the above figure, water enters the U-shape hose inside the jetpack with a certain speed and is then
ejected out vertically downwards. Use Newton's law(s) of motion to explain why a lifting force acting on the person is
produced. (3 marks)

(b) Draw and label all the forces acting on the person wearing the jetpack as a whole in the free-body diagram below.
Neglect the pulling force due to the hose connected to the jetpack. (1 mark)

Jjetpack:

(¢) Suppose that water enters the jetpack with a speed of 10 m s~! vertically upwards and is then cjected out at the same
speed vertically downwards. Take g=9.81ms2,

(i) Just by considering the change of momentum of the water, estimate how much water, in kg, has to be ejected per
second to provide a lifting force of 1000 N needed. (2 marks)

(i) Water is pumped continuously to the water jetpack at a height of 7.5 m above sea surface and then ejected from it.
By considering the gain in mechanical energy of the water, estimate the minimum output power of the pump.
(3 marks)

(d) The person changes to stay 'afloat' in equilibrium at a higher position. If the speed by which water enters and is ejected
from the jetpack remains the same, would the amount of water ejected per second be greater than, equal to or smaller
than the result found in (c) (i) ? Explain. (Neglect the weight of the hose.) (2 marks)
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27, <HKDSE 2017 Paper IB - 2 >

The following experimental items are provided to set up an experiment to estimate the speed of a bullet fired from an air gun.

a smooth track

a trolley

a motion sensor used to measure the speed of the trolley
some plasticine

an air gun and bullets

an electronic balance

The set-up is shown in the following figure.

. . plasticine trolley motion sensor
air gun with bullets

F} q—l_) to computer
-

smooth track

L

Describe the procedures of the experiment. State the physical quantities to be measured and an equation for finding the speed
of the bullet. Write down ONE precaution for getting a more acourate result. (5 marks)

HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers.
Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care.

Question Solution

L (@ mgh=4+m#

v =42gh 1]
Velocity before impact = /2x9.81x0.45 = 2.97ms™ (downwards) {1
Velocity after impact = v2x9.81x0.2 = 1.98 ms~! (upwards) 2]

) R - mg= my-mu 1]
f
R - (0.4) (081) = (0.4)(1.98) ~(0.4)(-2.97) [11
0.01
R =202N [1]
(©) AKE = Lm* -~ Ltmu? 1
= $(04)x (297 ~ 1 (0.4) x (1.98)2 = 0.98 ] [
KE decreases 1]
since some kinetic energy changes to internal energy during impact. [1]
OR
the collision is not elastic. [1]
@ v
A

0 > 7
< initial portion is positive > [1]
< all straight line > [1]
< changes to negative during impact > 1
< speed smaller after impact > 1]

2. (&) maua + mpup = maAva + mpva 1]

0=(WOx2)+ W) xvs

vp = 2ms! [
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2. (b) Total KE after separation = %mA VA2 + 4 mp ve? 11
= FWXQPF g () x(2F =47 i
Potential encrgy stored in spring = 47 [
© Fa= TaVa=Maty . ME2)-0 - _son 2
t 0.1
Fp = 20N [1]
Direction : Fa — towards the left Fgy — towards the right 1
(d) () meus + mcuc = mpva + mcvc 1]
Mx@)+0=0+Dv oov=lms? 1
(i) No! [
KE before impact = 1 (1) x (2)* = 27 [1]
KE afterimpact = £ (1+1)x (1) = 1J [
KElost=2-1=1J 11
3. (@ Byvi=u+2as sovi=0+2x(9.81) x (1) [11
v =443mgs?! 0l
OR
By mgh = tmv? o (9.80) (1) = §v? [1
v = 443mst 11
(b) Average force R acting on the ball by the floor : R — mg = ¥~ M [1]
t
- R - (0.5 ©s81) =05X0)=(0.5)(=4.43) . p=27.1N 1
0.1)
By Newton’s 3rd law, average force acting on floor by the ball is 27.1 N, [11
4 @ us= 701000 _ g 44 g
3600
[ By miuy -y = myvi+tmn [1]
| . (900)(19.44) + (3000) uz = 0 It
|
| U = —583ms™
. speed of truck is 5.83 m 57! [1]
(b) Both vehicles will experience equal magnitude of force. [11
Since the two forces are action and reaction pair. [1]

By Newton’s third law, they must be equal in magnitude. [

4,

©

@

®)

©

For the private car driver
Fo= myomu
!
. 0-(70)(19.44)

02
= — 6800 N
For the truck driver
o myomu 0-(70)(-5.83)
! 02
= 2040N

The private car driver will be injured more seriously.

Seat belt
To prevent the driver from throwing forward and hitting the glass.

(or Seat belt is elastic to increase the time of impact, thus decrease the impact force.)
OR

Bumper of the car collapsible during impact

To increase the duration time of impact and thus reduce the impact force.

@) W = Fs = (50)x(0.1)
=35]
(i) Work done by force = KE gained by disc
L) =30
*v=10ms"

Fepilomy
i

_ (0)(10) - (0.1)(-10)
02

= 10N

Statement 1 — false
Reason : By Newton’s 1st law, the disc will keep on moving with uniform velocity

even when there is no net force acting on it.

Statement 2 — true
Reason : The greater the speed, the greater the change of momentum.
By Newton’s 2nd law, force is proportional to the rate of change of momentum

. The force is greater.

11
[
(]

{1
[2]
(21

{11
[2]

il
(1]

m
(1
{11

1]

[2]

11
m
(1

{1

(]
[t
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49 8. (a) (i) MomentumofP = mv =04x3 = 1.2kgms! 1
6. (@ (1) ua= > = 35cms! 11
e () mwm + mup = mv + mwn 1]
@) = 1.6 _ 10 om 5! [ 12+ 0=0+ (0.6)xv Sov=2ms?! 1
A= =
8x0.02
(i) F = my-me (0.4)(0) - (04)(3) _ 04N 2]
6.5 t 0.05
3) = —>— =25cms"! {11
13x0.02
(b) il KE. = £(0.4)x (3 = 1.8 [11
+ = VA T m {1]
(b) maua + mpup = mava B VB Final K.E. = —%(0.6) x (2)2 =127 i
ma (35) + 0 = ma (10) + mn (25) i
1 21 Since K.E. is lost in the collision, it is not elastic. [1]
ma imp =
i =1
(c) Total KE before collision = £ x (4) x (0.2)2 = 0.08 [1 © @ mgh=zm?? 18
= 1 7] 5 -
Final KE after collision = %X @) x (0.1 + —;—X 1) x (0.4)2 = 0.10 [1] 0.6) x (9.81) & 2 (0.6) x (2) W h=0204m 1]
By the Principle of conservation of energy, it is impossible that (i) There is no work done (]
the kinetic energy after collision becomes greater than the kinetic energy before collision. [2] because the tension is always perpendicular to the motion of the bob, [2]
(d) Anexternal force acts on the plasticine [1]
by the ground during the collision. [13
7. @ () F=Dyomu . (0.8)(1.%);5(0.8)(0) 11 OR
H .
, 1] The total momentum of P, the plasticine and the Earth is conserved. 2]
= 288N

() miuw + muz = mv + mw,

i ision = = -1
(0.8) x(1.8) + 0 = (0.8 m) x (1.6) [11 9. (@ () (1) Momentum of P before collision = 0.5x 10 = Skgms 11
mass of plasticine 7 = 0.1 kg 1] (2) Change in momentumofP = mv—mu I
= {0.5) x (-6)— (0.5) x (10) = -8 kgms! [11
(iii) Work done against friction = loss in kinetic energy [1]
(3) Time of contact = 0.1s [11
B)xs = 5 (0.9)x (L6) m
(4) Average forcoonp = MY-mu - -8 [11
co8 =0384m (1] t 0.1 .
= —80N [11
(b) Chemical energy is changed into elastic potential energy stored in the spring, f1]
s i) Yes! Th 1 i 11 itude t i
which is then changed into kinetic energy of the block when it is released. 1] () Yes © average force acts on @ is equal in magnitude to that acting on £ 1]
because the two forces are action and reaction pair according to Newton’s 3rd law. 1]
(c) Kinetic energy is not conserved because the collision between the block and the plasticine is inelastic. Mm
B (iii) Momentum must be conserved [11
Some energy is changed into internal energy during the collision. [1] ] ] ) .
because there is no external force acting on P and Q during the collision. [1]
(d) After the block reaches the highest point, it will stop and remain at rest at that point 1] However kinetic energy may or may not be conserved. [1]
because component of weight along the plane = m g sin @ 1 It depends on whether the collision is elastic or not. 1
= 0.9 x9.81 xsin 15° = 229N (3] (b) I the car is made of very strong material, it will be brought to rest in a very short time during a collision. [11
which is smaller than the frictional force. [ A large force then acts on the passengers which may cause serious injuries. [
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< label with T or tension >

14 < label with W, mg or weight >

(b) When P swings from 4 to B, its potential energy is converted to kinetic energy.
When P collides with 0, some of its kinetic energy is converted to the kinetic energy of 0.

When P and Q swing upward after impact,

their kinetic energies are converted back into potential energies.

{c) (i) By conservation of energy,
imvi=mgh

L kX (1) = (981)xk

o oh = 00510m
(i) Average force = my—mu
t
= (0305~ (03)-1 OR = 03C0.9-0)0
0.02 o
| e = -225N

(iii) (1) Momentum before collision = 0.3 x (1.0) +0.75 x (0} = 0.3 kgms!
Momentum after collision = 0.3 x (-0.5) +0.75 x (0.6) = 0.3 kgms™!
. Momentum is conserved in the collision.
(2) Total kinetic energy before the collision = -}(0.3) % (1.0 = 0.157
Total kinetic energy after the collision = %(0‘3) x (0.5 + -%-(0,75) % (0.6)* = 0.1725J

Since the kinetic energy after the collision increases, the data are impossible.

11. (a) Kinetic energy of the ball = Lmv? = %10 1002 = 50000
As the kinetic energy of the ball is less than 60000 J, so the ball cannot destroy the target.
(b) (i) By conservation of momentum,

| 1000 ¥ = 10 x 100

V=1mg’

(1]

1

{1

1

4

{1

[1]

(1

{1
t]

(1]
(11

[1]
{11

{11
13|

1. (b

©

@

12. ()

(®)

() Tmw? = mgh=mgssing
4% 1000 x 12 = 1000 x 9.81 x s sin 15°

L5 = 0197 m

Total input energy = KE of cannon + KE of'ball + energy loss

1% 1000x 12 + 4x 10 x 1002 + 80000

1305007

Efficiency = }‘Mﬂ x100%
total input energy

50000

100% = 38.3%
130500 7" ’

mv—mu
¢

0-10x100
0.05

= —20000 N

® F=

(i) Momentum of the ball and the target is not conserved
because there is an external force

acting on the target by the ground.

<OR>

The total momentum of the ball, the target together with the Earth is conserved.

By Conservation of momentum,
muyt mauz = v+ mv,
02)x3) = (02+01)v

. v=2ms"!

Total kinetic energy of the car and plasticine = % m?

= $x(03)x @7
=067
Potential energy gained by the car in order toreach P = mgh

(0.3) x (9.81) x (0.25)
0.736J

i

I

il

Since the KE is less than the PE, the car cannot pass P.

Ry
(1]
1

0l

{1

]

1

1

1
{1]

{31

(1]

(1

[1]
(1
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13 (@) mw +mu = mv +mwv, (1
(1000) x (10) + (3000) x (0) = (1000) s + (3000) x (4.5)
vi = -35ms" [1]
) B = Mmy-mu
t
_ 3000x4.5 - 0 [
0.5
= 27000 N 1
@ B = mymmu _ (000)x(-3.5)-(000)x(10)
t 0.5
= ~27000N 1
14. (a) LossinKE = GaininPE
Imvi=mgh 1
v2=2gh=2x981x0.06
v =108ms 1]
®) mutmu = mwvtmv
0.01) w = (0.01+0.2) (1.08)
w = 22.7ms™" {11
Kinetic energy of the bullet = +my? [1}
= +(0.01) 2.7
=258)>27J (1
. The gun violates the ordinance.
15. (a) Increase of KE = Jimv‘ = ‘szuz
= 1 (0.024) 20)* - 4 (0.024) (16) [1]
= 17287 [
(b) Average force on the ball = 7Y~ "M# ]
f
_ (0.024)(20) ~ (0.024)(~16) 0

0.15

576N

11
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16. @ () V=u*+2as
©) = (75 + 2 a(65) 13
a=-4327 =~ -433ms? 1]
) Tension
{1
54 %
Weight (B
) T- W=ma
(16900) ~ W = (360) (43.27) 1]
W = 1322.8N [1]
= F_ 03228 367ms?  <accept 3.64ms?> [11
m (360)
OR
T-mg=ma [1]
(16900) — (360) g = (360) (43.27) 1]
g = 3.67ms? <accept 3.64 ms2> [1]
®) @) s=ut+ taf
(18 = (0) + L3642 [11
Sot=287s [1]
(fi) They are elastic to increase the duration time of impact [13
and thus reduce the impact force on landing, [1]
(ifi) The sketch is not correct since the velocity should have positive and negative values 1

as the direction of the velocity of the lander may be upwards and downwards during the bouncing,

v

[3]
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17. @ G
N 1 2 3 4
v/ms™ 25.2, 22.8 21.1 182
v2/m?s? 635 520 445 331
viimds?
A
800 -
N - . -
600
400 : T
200 nE
i i n it
0 2 4 5 8 10 B
< Correct label of two axes with correct unit > [1]
< Suitable scale > 1]
< Points plotted correctly > (1]
< Straight line drawn > [1]
(1) Whenv2=0,N=74 <7.2to8.0acceptable>
Stopping distance = 7.4 m
By imu?=Fs (13
1 (1600) 272 = F(7.4) i
F = 78800N < 70000 to 84800 acceptable > 11
(2) Minimum number of boxes = 8 11
(ii) < Magnitude of the slope is smaller > 1
< Smaller y-intercept > ( x-intercept may be greater or smaller than the otiginal one ) [1]
(b) The time of collision would become smaller, [1]
11

and thus the impact force would become greater.
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18. (a) () Change of momentum = mv—-mu 11
=(0.04)(44) - 0
=176 Ns (1
@ Average force = 0" - _(.70)
. t (1x107%) i
= 1760 N (1]
(b) He is not correct [
since they are action and reaction pair, the force exerted on the club is equal to that exerted on the ball. (11
© jmu=fs 1
3 (0.04) u* = (0.03) (2.5) [13
u=19ms’ [1]
<OR>
F=ma s (-0.03) = (0.04) a a=-075ms? [1]
vi= u®+2as [13
©) = u® + 2(-0.75)(2.5) .. u = 194ms™ 1
19. (2) 6000N [
downwards [1]
®) 3
r | ; OR
< tip-to-tail method or parallelogram > 1]
< resultant T'is vertical and upward > 1]
(©) () Velocity/ms™!
A
7.5 t
6.0 I
45
o |
o |
3.0 [ i
a r
LS| !
i E 2
| L ! - . L Time /s
| 0 4 8 12 16 20
| < XY : straight line with negative slope and Yisat 12 sand 0.5 ms™' > [0y
: < YQ : horizontal straight line, velocity at 0.5 ms~! > 11
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19. (¢) (i) XY = areaunder the graph between X and ¥ 13
= 1(@45+05)x(8)
=20m (1]
OR
a = slope = —0.5ms? (11
s=ut+%at1 OR V=uy+2as
5= (45 @) + Lx(-0.5) @87 (0.5 = (4.5 + 2 (-0.5) s
s=20m s=20m (1]
(i) Change of momentum = mv ~ mu 1]
= (60) (0.5 — 4.5)
= -240Ns (OR -240kgms™) 13|
(iv) Net force = change of momentum/ time
- 1
8
= -30N (1}
OR
Netforce = ma {11
= (60) (- 0.5)
= -30N [
20. (a) inelastic collision [1]
®) ImP=mgh [11
% V2 = (10) (0.05)
sLv=1ms? 8l
©) mu = (m+m)v [1]
(0.43)u = (0.43 +40) (1)
u=940ms? B
(d) Mechanical energy (OR kinetic energy) is lost during the inelastic collision between the bullet and the cart. 1]
Some kinetic energy of the bullet changes to potential energy before it hits the cart. 11
(e} Maximum height reached increases. (1]
As the bullet rebounds after the collision, its change of momentum increases. m
By the law of conservation of momentum, the momentum of the cart increases, thus it rises to a higher height. [11

DSE Physics - Section B : Question Solution PB-FM5-QS/13

FMS5 : Momentum

21.

22,

23.

(@)

®)

(c

A

®

©

@

The forces are not action and reaction pair.

it is because (any ONE of the following)
%*  they are acting on the same object

*  they have different magnitude

% they belong to different type of force

() ¥ =1+ 2as=0-+2080)1) nov=443mst
OR
mgh= imy? L (9.81) (1) = Lv? Lov=443ms?

(ii) Average force R acting on the object by the shell :

mv-—mu
t

R-mg=

R - (5)(9.81) = 9=()(443)
0.0
R =787N
By Newton’s 3rd law, the magnitude of the average force acting on the shell by the object = 787 N
The elastic extends during the impact.

The impact time becomes longer, thus the average force becomes smaller.
OR

Without the clastic band, the impact time becomes shorter.

Force on the exhaust gases ;
mv—mu
t

F = = %(v—u) = (2.30x10%)(2600 - 0)

= 598 x 10N

By Newton's third law of action-reaction, force acting on the rocket by the exhaust gases is 5.98 x 10°N.

F-mg=ma
(5.98 x 10 ~ (4.80 x 10%) (9.81) = (4.80 x 10%) 4

Loa = 2.65ms?

Since the average thrust remains unchanged, as the mass of the rocket gradually decreases,

the acceleration of the rocket would gradually increase.

F=Mc oo (LI5X10%) ¥
z(v u) ——-—(0.5) *(2600-0)

= 598x10°N
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23. () 25. (@) () Before the elastic cord stretches, the acceleration of the jumper is equal to g. [11
upward force F As the cord stretches, the acceleration of the jumper decreases. 1]
As the cord further stretches that the tension is greater than mg, the jumper decelerates until it comes to rest. [1]
{1
(i) At the beginning, gravitational potential energy of the jumper changes to its kinctic encrgy, [1]
and then to the elastic potential energy of the cord at the lowest point. [1]
(b) Elastic cord increases the stopping time, [1]
thus reduces the force acting on the player. [1]
weight Mg
FoM Ma [ (c) The contact area is larger, 1
- Mg =
(5.98 x 10) — (4.80 x 10%) (9.81) = (4.80 x 10 a hence the pressure is smaller during the fall and thus less likely to cause injuries. [11
.98 x ~ (4.80 x .81) = (4.
= 265ms? fl
26. (a) By Newton's second law, a force acts on the water to change its momentum from upwards to downwards. ]
By Newton's third law, 1
2. (@ (@ v =u+at = (60)+(-4)(5) [1] y Newton's third law, ]
. ) 1 as a force acts downwards on the water by the jetpack, the water exerts an upward reaction on the jetpack. 1
=40ms”
’ )
(i) speed /ms A ®
lifting force
60
= [
I~
40 4 i
20 B "v'wcight
< upward lifting force and downward weight drawn and labelled correctly > ]
) > time / 5 [ weight can be labelled with W or mg ] [ lifting force labelled with F is not accepted ]
0 2 4
(iff) Distance travelled by 4 = 1 (40 +60) x (5) = 250m (1 © @ F= %’1 w~u) ]
Distance travelled by B = 20x 5 = 100m 1] (= BT
Separation x = 250 - 100 = 150 m i1 o
OR M = 50kgs! ]
t
x= 1(40+60)x(5) - 20%5 [21
[11 (i) Consider time of 1 s.
= 150
130m Work done by the pump = gain of PE + gain of KE
® G mwuw +mu=(m+m)v W o= mgh+ tmv? [11
= i
@) €0) + L0 = (af +m) v = (50)(081) (7.5 + £ (50) 10y 1
v=30ms?! [1]
= 61807
s oo omv=mu _ (5000)(30)-(5000)(40) 1] L P = 6180W [1
(i) Fa
t 0.2)
5016000 [ {d) To stay afloat in equilibrium, same lifting force is required. (11
- ] Thus, amount of water ejected per second would be the same. 1]

The magnitude of the impact force on 4 is 250 000 N and in the backward (OR leftward) direction.
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27. Maeasure the mass of a bullet m and the mass of the trolley with plasticine M. L;
Fire the bullet towards the plasticine. .
Read the speed of the trolley v immediately after the bullet hit the plasticine.
By conservation of the momentum,
mu = (M+m)v
(1]
Speed u of the bullet is found by » = % v
1

Precaution : (any ONE of the following)
% The bullet should be fired close to the plasticine.
%  The bullet should be fired along the direction of travel of the trolley.

%  The track must be horizontal.
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