Hong Kong Diploma of Secondary Education Examination

Physics — Compulsory part (s 4%384-)

Section A — Heat and Gases (#.40 §.22)

1. Temperature, Heat and Internal energy (G2 & -« #hdo X &)
2. Transfer Processes (#k %45 i%42)

3. Change of State (# A& ahec %)

4. General Gas Law (4t i fL 48 £ 4%)

5. Kinetic Theory (&%)

Section B — Force and Motion ( /) i€ %))
Position and Movement (4& § o045 %))
Newton’s Laws ( 44 £ 1)

Moment of Force ( /7 48)

Work, Energy and Power (4634 ~ fk & fesh %)
Momentum (%)

Projectile Motion (148 i€ %))

Circular Motion ([ )8 ¥ %)

. Gravitation (3} /1)

Section C — Wave Motion (& #)

Wave Propagation (& a4 itt)

Wave Phenomena (i 95 3% 8.)

Reflection and Refraction of Light ( l:fJ B A A 4)
Lenses (if 4%)

Wave Nature of Light (st ¢4k 14354 )

Sound (4 4)

ection D — Electricity and Magnetism ( § fo4%)
Electrostatics (# € %)

Electric Circuits (¢ % )

Domestic Electricity (£ 2 i €)

Magnetic Field (z3)

Electromagnetic Induction (%5 % )

. Alternating Current (% i €)

Section E —~ Radioactivity and Nuclear Energy (7 #f 3, § o 4% 4£)
1. Radiation and Radioactivity (4 o2k 45 3. 8.)

2. Atomic Model (& Fi%%!)

3. Nuclear Energy (3 4it)

e 8% B o koo

paaEpry kol ol



DSE Physics - Section B : M.C. PB-FM1-M/01

FM1 : Position and Movement

DSE Physics - Section B : M.C. PB - FM1-M/02

FM1 : Position and Movement

The following list of formulae may be found useful :

For uniformly accelerated motion

v=utat

s = ut+%at2

v =+2as
Equation of a straight line y=mx+ec
Use the following data wherever necessary :
Acceleration due to gravity g =98lms? (close to the Earth)

Part A : HKCE examination questions

1

< HKCE 1980 Paper IT - 9>

A body is dropped from rest down a cliff on a planet X. After falling for 1 s, it is 4 m below the starting point. How far
below the starting point will it be after a further 4 s 7

A 40m
B. 64m
C. 80m
D. 100m

<HKCE 1981 Paper I1 - 5>

A particle released from rest at O falls freely under gravity and passes 4 and B, 0o—e
as shown in the figure (not drawn to scale). If the particle takes 4 s to move

from A4 to B, where 4B = 100 m, how long does it take to fall from O to 4 ?

A. 055s A —
B. 1.10s

C. 2.20s o
D. 440s a

<HKCE 1981 Paper II- 8 >

Which of the following statements concerning the motion of a body is/are correct ?
(1) A body has no acceleration when it is moving with a uniform velocity.
(2) A body can have zero velocity but also be accelerating.
(3) A body can have a constant speed but a varying velocity.

A. (1) only

B. (1) &(2) only

C. (2)&(3)only

D. (1),(2)&(3)

<HKCE 1984 Paper II- 2 >

The diagram shows how the velocity of a body varies with
time. What is the distance travelled in the first 4 5 ?

1

A 4m E

B. 8m 2 :

C. 10m i )
LB, . > t/s

D. 12m 0 1 2 3 4

6.

8.

<HKCE 1984 Paper I1 -3 >
Which of the following velocity-time graphs correctly shows the motion of a ping-pong ball falling freely in a vacuum ?

A B.

v v

4 A

0 1 0 t
C D.

v v

A A

ﬁ ,

< HKCE 1985 Paper 1 - 2 >

A car moving with speed 50 km h™ can be stopped in a distance of 15 m. In what distance can the car be stopped when its
speed is 70 km h~! under the same condition ?

A 105m
B. 17.7m
C. 210m
D. 294m

<HKCE 1985 Paper 11 - 1 >
v/ms!

»t/s

0 + t

[IP SES SRR e

The graph shows the variation of the velocity of a car with time. What is the acceleration of the car ?
A. 05ms?
B. 1l5ms?
C. 20ms?
D. 40ms?

<HKCE 1986 Paper I1 -2 >
A body falls freely from rest. What are the distances travelled in the first and third second ?

First second Third second
A. 49 m 147 m
B, 49m 19.6 m
C. 49 m 24.5m
D. 9.8 m 392m
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10.

11.

12,

<HKCE 1986 Paper I - 1 >

lem2em  3em 4cm Sem 6em

The diagram above shows a ticker-tape produced by a trolley being pulled by a rubber band. Which of the following
statements about the trolley is/are true ?

(1) Its displacement increases uniformly with time.

(2) Its velocity increases uniformly with time.

(3) Its acceleration increases uniformly with time,

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

< HKCE 1987 Paper I1 - 6 >
displacement / m

0 t + + (time)? / 52

An object is accelerated from rest along a straight line. The above graph shows the variation of its displacement with the
square of time. What is the acceleration of the object 7

A. 05ms?
B. 1.0ms?
C. 2.0ms?
D. 40ms?

<HKCE 1988 Paper II - 1 >

The above figure shows the stroboscopic photograph of a ball rolling down a slope. If the stroboscope makes 2 flashes per
second, in which region does the ball have an average speed of 40 cm 571 ?

A LM
B. MN
C. NO
D. or

<HKCE 1989 Paper I1- 2 >

An object is falling from rest with an acceleration of 9.8 m s™. Which of the following statements is/are correct ¢
(1) It falls with a constant speed 0of 9.8 ms~!,
(2) 1t falls 9.8 m every second.
(3) Ithasaspeed of 19.6 ms~! after 2 s.

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

13.

14.

15.

16.

<HKCE 1989 Paper I1 - 3 >

A particle is thrown vertically upwards. When the particle is at the maximum height, its acceleration is
zero.

changing from upwards to downwards,

pointing upwards.

pointing downwards.

TOwy

<HKCE 1989 Paper II -4 >

A coin and a feather are allowed to fall in a long vertical glass tube from which the air has been evacuated, Which one of the
following combinations best describes the motion of the coin and the feather ?

Coin Feather

same uniform speed

same uniform acceleration
smaller uniform acceleration
greater uniform acceleration

uniform speed

uniform acceleration
uniform acceleration
uniform acceleration

oow»

<HKCE 1990 Paper I1- 1>

The graph shows how the square of velocity of an object undergoing

uniform acceleration varies with displacement. The object is initially at O e S N
rest and travels along a straight line. The acceleration of the object is 4 i
A. 05ms? :
B. 1.0ms? . b E
C. 20ms? ‘ ; ; o /m
D. 40ms? 0 1 2 3

<HKCE 1991 Paper 11 - 4 >

The above figure shows the strobe photograph of a ball rolling down a slope. The stroboscope is flashing at a frequency
of 5 Hz. Find the acceleration of the ball.

A. 020ms?
B. 050ms?
C. 067ms?
D. 1.00ms?

<HKCE 1991 Paper I1- 5 >

The figure shows the velocity-time graph of an object.
‘Which of the following statements about the object
is/are true 7

(1) Its acceleration in the first 105 is 2 ms™2.

(2) The total distance travelled is 250 m.

(3) Itreturns to its starting point after 25 s.

velocity / m s~!

A. (1)only

B. (2)only .

C. (1) & (3)only . time /s
D. (2) & (3) only 30
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18.

19.

20,

< HKCE 1992 Paper I1-1 >

‘Which of the following displacement-time graphs describes the motion of a particle moving in a straight line with uniform
deceleration ?

A, 5 B. s
0 t 0 t
C s D. s
ot 0 t

<HKCE 1992 Paper II -2 >

C

A man takes 2 s to walk from point 4 to point B, and then takes 3 s to walk from point B to point C, where 4BC is an
equilateral triangle of side 3 m. Find the magnitude of his average VELOCITY from 4 to C.

A. 0.60ms?!
B. 1.00ms?
C. 1.20ms!
D. 1.25mgs"!

<HKCE 1992 Paper I1 - 4>

!

Velocity / m s~

A
120

[=]

~60fr

-120

The above figure shows a man near the edge of a cliff projecting a stone vertically upwards. The stone reaches the sea after
18 s. The graph shows the velocity ~ time for the motion of the stone. Find the height of the cliff. (Take g =10 ms2)

A, 180m
B. 540m
C. 720m
D. 900m

2L

22.

23.

24,

< HKCE 1993 Paper I1-3 >

An object is thrown vertically upwards from a point 4. It travels to the highest point B and then falls back to 4. Neglecting
air resistance, which of the following statements is/are true ?

(1) The total displacement of the object is zero.

(2) The acceleration of the object is constant throughout the motion.

(3) The time for the upward motion is longer than the time for the downward motion.

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

<HKCE 1993 Paper 11 -2 >

The paper tape shown is obtained from a trolley moving with uniform acceleration. The frequency of the ticker-tape timer is
50 Hz, Find the acceleration of the trolley.

A. 02lms?

| |
B. 0.70ms? l‘_ Do _" | P |
C. 0.73ms> 2-- e s 2 s & & . . . . . . -Z
D. 1.05ms™

<HKCE 1993 Paper 11 - 5> .
Acceleration

.

'
i
i
V
|

0 ; Time
tO
The above diagram shows the variation of the acceleration of an object which is initially at rest. Which of the following
velocity-time graphs correctly describes the motion of the object ?
A

B.

<HKCE 1994 Paper I1- 5>

A man takes 30 s to walk 80 m towards the east. He then takes 10 s to run 60 m towards the south. Which of the following
statements is/are correct ?

(1) The magnitude of the resultant displacement of the man is 140 m.

(2) The average speed of the man is 4.3 ms™.

(3) The magnitude of the average velocity of the man is 2.5 m s\,

A. (Donly
B. (3)only
C. (1) & (2) only
D. (2) & (3) only
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25,

26.

27.

28.

< HKCE 1995 Paper 11 - 8 >
Velocity /ms™!

20 4

t Time /s
1 é\:‘{
10 e e :

The above diagram shows the variation of the velocity of an object with time. What is the distance travelled by the object in
the first 3 seconds ?

A 5m

B. 15m
C. 25m
D. 30m

<HKCE 1995 Paper IT - 4 >

An object starts from rest and moves with uniform acceleration along a straight line. Which of the graphs below concerning
the motion of the object is/are correct ? (s = displacement, v = velocity, ¢=time)

M v ()] s @ ¥
0 t 0 2 0 5
A. (1) only
B. (1) & (2) only
C. (2 &(3)only
D. (1), (2) &(3)

<HKCE 1996 Paper I1 - 2 >

A man walks 40 m towards the west. He then walks 40 m towards the south and lastly walks 70 m towards the east. Find the
magnitude of the resultant displacement of the man.

A. 30m
B. 40m
C. 50m
D. 70m

<HKCE 1996 Paper I1- 4 >

An object moves with uniform acceleration along a straight line. Which of the following graphs correctly describe(s) the
motion of the object ?

O Displacement @ Velocity ®)  Acceleration
0 Time 0 Time obl————» Time
A. (1) only
B. (2)only
C. (1) & (3) only
D. (2) & (3) only

29.

30.

31.

32.

<HKCE 1997 Paper I - 2>

A student walks along a curve ABC, which is made up of
two semi-circular parts 4B and BC of radius 3 m and 4 m
respectively. He takes 2 s to walk from 4 to B and 5 s from

B to C. Find the magnitude of the average velocity of the < > B( > c
student from 4 to C. A 3Im 4m

A. 1.0ms™!

B. 2.0ms™!

C. 23ms’!

D. 3.lms™

<HKCE 1997 Paper 11 - 6 >

A particle is released from rest and falls vertically under gravity. If the distance travelled by the particle in the 1st second is x
and that travelled in the 2nd second is y, find the ratio x : y.

A 1:1
Blw 1742
e 18
D. 1:4

<HKCE 1998 Paper II - 2 >

A car undergoes uniform deceleration along a straight road. Its velocity decreases from 30 m s~ to 20 m s™! afier travelling a
distance of 100 m. How much further will the car travel before it comes to a rest ?

A 50m i
B. 80m
C. 180m
D. 200m

<HKCE 1998 Paper II - 4 >

<

» /s

The velocity-time graph of a car travelling along a straight horizontal road is shown above. Which of the following graphs
shows the variation of the acceleration a of the car with the time ¢ ?

A. a B. a
A Pr— A
i
H '
] 1
0 + + t —» t/s 0 + + i —p 1/
10 20 30 40 10 20 k1))
i
)
(ot D.
A — A
H
[ :
) H |
0 + + —tf—p /5 0 ’ t t —» 1/s
10 20 30 ! 40 10 20 3 40
P H
I 1
—_—
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36.

37.

38.

39.

<HKCE 2000 Paper II-3 >

A racing car accelerates from rest to a speed of 100 km h™ in 3.2 s. Find the average acceleration of the car.

A. 434ms?
B. 8.68ms?
C. 1563 ms?
D. 3125ms?

< HKCE 2001 Paper II-2>

A girl walks along a straight road from a point 4 to a point B with an average speed 1 m s, She then retuns from B to 4
along the same road with an average speed 2 ms™'. Find the average speed of the girl for the whole journey.
A.  zero.

B. 0.67ms™!
C. 133ms™
D. 1.50ms™

<HKCE 2001 Paper I1- 1>
Distance from P

0 Time
A car travels along a straight road. The variation of the distance of the car from a fixed point P on the road with time is
shown above. Which of the following statements is correct ?
A. The speed of the car is decreasing.
B. The car is moving towards P.
C. There is an unbalanced force acting on the car.
D. The area under the graph denotes the total distance travelled by the car.

<HKCE 2002 Paper I - 1>
s/m

| ey O

» ¢/
0 5 s

The figure above shows the distance-time graphs of two toy cars P and 0 moving along linear track. Which of the following
statements is/are correct ?

(1) Car P will reach the 20 m-mark first,

(2) Car Pis overtaking car Q atf=5s.

(3) The average speed of car P in the first 5 s is smaller than that of car Q.

(1) & (2) only

(1) & (3) only

(2) & (3) only

1), 2) & (3)

vow»
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42.

43.

40.

<HKCE 2002 Paper 11 - 3 >

A piece of stone is hung from a balloon, which is rising vertically upward. If the string connecting the stone and the balloon
suddenly breaks, which of the following velocity-time graphs represents the subsequent motion of the stone ?

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

A, B. C. D.

v v

<

v

TS

< HKCE 2003 Paper I1- 1>
What physical quantity does the area of the shaded region represent ?

A. energy

B. momentum
C. acceleration
D. displacement

<HKCE 2003 Paper IT - 2 >

Which of the statements are correct 7
(1) The car changes its direction of travel at ¢ = #,
(2) The car is farthest away from the starting pointat ¢ = #.
(3) The car returns to its starting pointat ¢ = #,

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

<HKCE 2003 Paper IT - 3 >

A car starts at point 4 and travels along a circular path of radius 30 m. A
After 15 s, the car returns to point 4. Find the average speed of the car
within this period of time.

A. zero

B. 2ms™

C. 63mst
D. 126ms™!

44, <HKCE 2003 Paper 1L -4 >

A plane starts from rest and accelerates at 2 m s72. If the minimum take-off speed is 60 m s, find the minimum distance
travelled by the plane before it takes off.

A, 450m
B. 900m
C. 1800m
D. 3600 m

45, <HKCE 2004 Paper I1 -3 >

v f 2
The figure shows the velocity-time graphs of two students P and () running along a straight road. They start at the same
point. Which of the following statements is/are correct ?

(1) The average speed of P between r=0 and r=# is larger than that of 0.

(2) At =1, P and Q reach the same point.

(3) At t=#,Qisahead of P.

A. (1) only

B. (3)only

C. (1) & (2) only

D. (2)& (3) only
Questions 46 and 47 :

Patrick is driving along a straight horizontal road. At time ¢ = 0, he observes that an accident has happened. He then applies the
brakes to stop his car with uniform deceleration. The graph shows the variation of the speed of the car with time.

v/ims™!

> /s

46. <HKCE 2005 Paper I - 1>
What is the reaction time of Patrick ?

A, zero
B. 08s
C. 42s
D. 5.0s

47. <HKCE 2005 Paper II-2 >
Find the distance travelled by the car from time t=01t0 5.0 5.

A. 294m
B. 40.6m
C. 462m

D. 81.2m
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49,

50,

51,

<HKCE 2006 Paper I1- 1 >
Velocity
A

o T

Two cars 4 and B start from rest simultaneously and travel along the same straight road. The velooity-time graphs of the two
cars are shown above, Which of the following statements about the motion of the two cars is/are always correct ?

(1) A and B have the same average velocity during the time interval 0 to T.

(2) A and B have the same average acceleration during the time interval 0 to .

(3) A and B travel the same displacement during the time interval 0 to T

— Time

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

< HKCE 2006 Paper IT - 28>

DSE Physics M.C. - Section B PB- FM1 -M /14
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52. The displacement-time graph of an object moving along a straight line is shown below.

(07) 5
0 t
Which of the following graphs best represents the relationship between the velocity and time of the object ?
Al B. (e D.
v v v
r—
| ] f
0‘ > U‘ —b 1 0‘ —_— > >t

i
o7

T
A

|
B

A car travels along a straight road from 4 to B with a uniform acceleration. The speed of the car is vy at the instant when half
of the journey time from 4 to B is elapsed and its speed is v, at the mid-way of 4 and B. Which of the following is correct ?

A. wi is always smaller than v,.

B. v is always greater than v,.

C.  v; and v, are always equal.

D. Whether v; is greater than or smaller than v, depends on the initial velocity of the car at 4.

<HKCE 2006 Paper I1-7>

The acceleration of objects due to gravity on the Moon is about 1/6 that on the Earth. Which of the following diagrams
shows the correct velocity-tite graphs for a free falling object dropping respectively on the Earth’s surface and the Moon’s
surface ?

A.
v

<HKCE 2007 Paper I - 1 >

A bicycle finishes a 100-metre journey in 9.77 s. Assume that the bicycle starts from rest and moves with a uniform
acceleration. What is the acceleration of the bicycle throughout the journey ?

A, 1.05ms?
B. 2.10ms?
C. 102ms?
D. 20.5ms™

»s/m

The above graph shows the variation of the square of velocity v with the displacement s of a particle moving along a straight
line. What is the acceleration of the particle ? :

A, 05ms?
B, ims?
C. 1.5ms™?
D, 2ms?

54. A fish jumps up vertically to a maximum height of 0.5 m above the water surface.
(08) surface 7

What is the speed when it just leaves the

A, 3.13mg”!
B. 443ms!
C. 626ms™
D. 981 ms™
55¢
0 (=g o
(08) o
O (=T
o
O =27
ficizc e ground RS

Picture (a) Picture (i)j ‘

An experiment is conducted by releasing a stone from rest to the ground. At constant time interval 7, the positions of the
stone are recorded. Picture (a) shows its positions at different time. Which of the following changes will give a path of the
stone as shown in Picture (b) ? (Neglectair resistance.)

A shorter time interval is used.

A longer time interval is used.

C. A lighter stone is used.

A heavier stone is used.

gowE»
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57.

58.

59.

< HKCE 2008 Paper I - 6 >

v/ms™
20‘ car
10f=m=mmmmmmme R ST truck
|
| >t/
0 10 0

Att=0, a car and a truck are at the same point on a horizontal straight road. Their velocity - time graph is shown in the
figure above. Which of the following statements is correct ?

At =105, the car is 100 m behind the truck.

Att= 10, the car catches up the truck.

At t=20 s, the car is 100 m behind the truck.

At =20 s, the car catches up the truck.

<HKCE 2009 Paper HH -5 >

vims™!

0 ——

John and Mary are driving two cars, P and 0, along a straight horizontal
road respectively. At time =0, they both see an obstacle and apply the
brakes to stop the cars with uniform deceleration, The variation of
velocity with time of the two cars is shown in the figure below. Which of
the following statements is/are correct ?

(1) The two cars have the same initial speeds.

(2) The reaction times of John and Mary are the same.

(3) The total stopping distances of the two cars are the same.

(2) only

(3) only

(1) & (2) only

(1) & (3) only

< HKCE 2009 Paper IT - 1 >

A car is travelling at a constant speed of 50 km h™'. How much time does it take to travel 500 m ?
0.1s
10s
36s
360s

<HKCE 2009 Paper I11-2>

Y

The figure above shows three paths Py, P2 and Ps from X to ¥ on a hotizontal plane. Three students take the same time to
travel from X to ¥ via the three paths respectively. Which of the following physical quantities about their journey is/are the
same 7

(1) displacement

(2) distance

(3) average speed

(1) only

(2) only

(1) & (3) only

(2) & (3) only

60.

61.

<HKCE 2009 Paper II - 28 >

A diver jumps up vertically in the air from 2 high platform and falls into water. The v-f graph below shows the variation of
the velocity of the diver against time from the point he jumps (P) until he is at the lowest point () in the water.

platform

S i)

[ not to scale | 2

water

N
\\\\\\\\§

3
¥

RS

NN
NSRS
3

Which of the following is correct ?

total distance travelled from P to Q height of the platform above water surface

A- 89m 8m
3. 10.6 m 10m
C 11.5m 8m
D 11.5m 10.6 m

<HKCE 2010 Paper I1 - 1 >

X Y

Mary walks along a triangular path XYZ where XY = YZ = ZX. It takes her 10 5, 20 s and 10 s to travel through XY, ¥Z and ZX
respectively. Which of the following graphs best represents the variation of distance travelled with time ?

Al Distance / m [3\ Distance / m

Ar A
| ]
) 1
e ' , ;
L L - . » Time/ s L . L S » Time/s
0 10 20 30 40 0 10 20 30 40
C\ Distance/m D\ Distance / m
A A
i
1
E i
L L v . > Time /s 1 L L L » Time /s
0 10 20 30 40 0 10 20 30 40
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M62 An object of mass i, released from rest at height & above the ground, takes time ¢ toreach the ground. If another object of
(11) mass 2 m is released from rest at the same height, how long does it take to reach the ground ? (Neglect air resistance.)

A
2
o b
2 -
@

M63. vims™
{an

The graph above shows the velocity-time graph of an object which is thrown vertically upwards under gravity. If the object is
thrown vertically upwards with a higher initial velocity, which of the following graphs (in dotted lines) best represents the
expected result 7 (Neglect air resistance.}

A. v/ims™!
4
B, v/msg™
'y
hs.
s
U >
C
- v/ms?
A
““"" -
-0 — sy ils
D. v/ms™?
'y
oz (/s
Ly S

2 s W W EBEW . BWE BF W wELPR_amH e
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M78. aball isreleased from rest at a certain height above the ground. If air resistance is neglected, what is the ratio of
(6)  the distance travelled by the stone in the second to that travelled in the third second?

3
: 5
3 19
08

s am e
e ea

PartC:

The following questions are designed to give supplemental exercise for this chapter.

M63.

M70.

M71

A car travels with a speed of 18 m 57", The driver suddenly sees a girl standing at 36 m in front. If the reaction time of the
driver is 0.5 s, what should be the minimum deceleration of the car in order to avoid collision with the gitl ?

A. 3.0ms?
B. 45ms™?
C. 6.0ms3?
D. 90ms™?
vims!
lort _____ ﬁﬁ &
\ H \
| )
0 Fo Zjﬁ 40 'm, Wis
! )
|
T)E S e R R e PSR eSS S Ny
[

The figure shows the time variation of the velocity of a car travelling along a straight road, starting from rest at a certain point
P. What is the maximum distance from the point P that the car would reach within the time shown in the figure ?
A 100m

B. 150m
C. 200m
D. 250m

Displacement from §

e o ]

Two cars 4 and B8 move along the same straight road. The variations of their displacement from an oil station S with time are
shown in the above figure. Which of the following statements is/are cortect 7
(1) The cars travel with the same velocity.
(2) Attime £, the two cars meet each other.
(3) The two cars have travelled the same distance from 7 =0 to ¢ = (.
A _(2)only
B. (3)only
C. ()& (2) only
D, (2) & (3) only

PB-FM1-M /20

Position and Movement

M7 2 Peter walks along a straight road from point P to point Q with an average speed of 2 m s™'. He then runs back from QtoP
along the same road with an average speed of 4 m s™. Which of the following statements are correct ?
(1} Theresultant displacement of Peter in the whole journey is zero.
(2) Theaverage velocity of Peter in the whole journey is 0 m s™'.
(3) Theaverage speed of Peter in the whole journey is 3 m s~

A (1Y & (2) only
B. (1)& (3)only
C. {(2)&(3)only
D (D), 2)&(3)
M73. In the figure shown, one ball is released from rest at the top of a

tower that is 160 m high. The other ball is released from rest at the
mid-point of the tower. Which of the following quantities is the tower
same for both balls as they fall in air 7 (Neglect air resistance.)

A, change of velocity just before reaching the ground 100 m O

acceleration during the fal!
S0m

B.
C. final velocity just before reaching the ground
D.

time of trave! in the journey

M74. A boy wants to measure the height of building. He releases a stone at the top of the building from
rest and starts to keep the time. If the stone takes 2 s to reach the mid-height of the building,.
which of the following statements is/are correct ? Take g to be 10ms-2.

(1) The height of the building is 4om.
(2) The stone takes 4s to reach the bottom of the building
(3) The stone reaches the bottom of the building with a speed of 40ms-1

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

Velocity /m s~
M75. The graph shows the velocity of a body travelling in a straight

line. What is the average velocity of the body during the first

357

A. dms?!

B. 6mst .
hiusken

C. 9ms! Hy Time /s

3
D. 1Zms”!
M7 6. A car takes 20 s to travel the first 80 m, and another 10 s to travel a further 70 m. What is the average speed 7

A. 25ms!

B. 4.0ms”!

C. 50ms”’

D. 55ms™

M77. Peter throws a ball downwards at an initial velocity of S ms™ from the top of abuilding. After3 s. the ball reaches the
ground. What is the height of the building ?

A 29m
B. 44m
C. 59m
D. 88m
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78. A feather is dropped downwards with an initial velocity of 2 m 57 at a height of 15 m above the surface of the Moon. It is
known that the acceleration due to gravity on the Moon’s surface is 16% of that of the Earth, Calculate the speed of the
feather when it reaches the surface of the Moon.

A 685mst
B 7.15ms™
¢ 845ms™
D 9.25ms!

79. Two balls of the same mass are dropped from the top of a tall building one after the other. Air resistance is negligible. The
separation between the two balls

A remains constant.
R decreases with time.
Q. increases with time,
[ depends on the mass of the two balls.

80. Two identical balls are held above the ground as shown. One ball is higher than the (e}
other ball by a separation As. Air resistance is negligible. Suppose the two balls are IA‘Y
released at the same time. During the flight, their separation will o

A remain constant.
2 decreases with time.
C  increases with time.

D increases and then decreases.

81. A fish jumps up with a certain initial speed to leave the water surface. It reaches a maximum height of 80 cm above the water
surface and returns back to the water. Treat the fish as a particle and neglect the air resistance, what is the time interval that
the fish is above the water surface ? (Take g to be 10 ms™2.)

A o02s

04s
C 08s
D 16s

82. Ball P is thrown vertically upwards from the ground with an initial velocity of 25 m s™. At the same time, ball O is thrown
vertically downwards with an initial velocity of 15 m s™ at the top of a building 80 m above the ground. Assume air
resistance is negligible and their motions are along the same vertical line, determine the height that the two balls meet.

Take the acceleration due to gravity to be 10 m s72.

A. 30m
B. 40m
C. S50m
D. 60m

83. A particle accelerates from rest with a uniform acceleration a along a straight line. It travels a distance of x in the third
second and travels a distance of y in the fifth second. Find the ratio of x to .

A. BES
B. 5:9
C. 9:16
D. 9:25

84, A car travels with a constant speed of 50 km h™' during a time interval. Which of the following values CANNOT be the
possible average velocity of the car in this time interval ?

A. Okmh™

B. 25kmh™!
C. 50kmh™?
D. 75kmh™

85. A boy throws a small ball upwards with an initial velocity of 15 m s at the top of a
building. The height of the building is 30 m. If air resistance is negligible,

_ o

calculate the time taken for the ball to reach the ground.
A 2225
B. 333s
C. 444s
D. 555s

86. A particle moves with an initial velocity of 5 n 5™ on a straight line under a uniform acceleration of 2 m 572, What is the
distance travelled by the particle in the fourth second ?

A 12m
B. 24m
C. 36m
D. 48m oS

97, A ball is thrown vertically upwards with an initial velocity of 16 m ™!, 'What is the total distance travelled by the ball when it
tetumns to the QHigial pasTtion. . :
A' N 13m
B 18m
C. 26m
Do 2m

Part D : HKDSE examination questions

88. <HKDSE Sample Paper IA - 7>
“vims®

1

tls

0 o8 5.0

Patrick is driving along a straight horizontal road. At time ¢ = 0, he observes that an accident has happened. He then applies
the brakes to stop his car with uniform deceleration. The graph shows the variation of the speed of the car with time. Find
the distance travelled by the car from time 7= 0t0 5.0 s.

A 294m

B. 40.6m

C. 462m

D. 812m
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<89) < HKDSE Sample Paper IA - 12 >

Two small identical objects P and Q are released from the top of a building 80 m above the ground. Q is released 1 s after P.

90.

91,

92.

93.

Neglecting air resistance, what is the maximum vertical separation between P and Q in the air ?

A 5m
B. 10m

C. 35m

D. 45m

<HKDSE Practice Paper IA - 7>

A stone falls from rest. Neglecting air resistance, the ratio of the distance travelled by the stone in the Ist second to that
travelled in the 2nd second is

A 1:1

B. 1:2

cC. 1:3

D. 1:4

< HKDSE Practice Paper IA - 6 >

A toy car travelled due east for 10 m in 5 s, then immediately

turned north and travelled 5 m for 1 s. What was the average N
speed of the car 7

A, 19ms?!

B. 22ms!

C. 25ms!

D. 3.5ms!

<HKDSE 2013 Paper IA - 8 >

A particle is released from rest at X as shown. It takes time # to fall from X'to ¥ and

time #; to fall from Yto 2. IfX¥: ¥Z=9:16, find#, : 2. Neglect air resistance.
A 2:3
B. 3:4
C. 4:3
D. 3:2
< HKDSE 2013 Paper IA - 11 >

Two particles P and Q start from the same position and travel along the
same straight line. The above figure shows the velocity-time (v-7) graph
for P and Q. Which of the following descriptions about their motion is/are
correct ?

(1) Atr=1s, P changes its direction of motion.
(2) Atr=2s, the separation between P and Q is 4 m.
(3) Att=4s, Pand Q meet each other.

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

v/ims™!

-2

S5minls
10min5s

* X

H

1

oY

H

1]
| i

L4

ground

L

O = W B

> t/s

94,

95.

96.

97.

98.

n W B

< HKDSE 2014 Paper IA - 5>

A particle is moving along a straight line with uniform acceleration. It takes 4 s to travel a distance of 36 m and then 2 s to

travel the next 36 m. What is its acceleration ?
A v 25ms?
By 30ms?
C.. 40ms™
D, 45ms?

<IHKDSE 2014 Paper IA -9 >

A particle is projected vertically downward with an initial speed of 2.0 m s™!
from the rooftop of a house. The particle reaches the ground with a speed
of 11 ms™! as shown. Estimate the height of the house. Neglect air resistance.

A. 33m

B. 60m
C. 65m
D 1Zm
< HKDSE 2015 Paper IA - 4>

The figure shows the velocity-time (v-¢ ) graph of two cars P and Q travelling
along the same straight road. At ¢ = 0, the cars are at the same position.
‘Which deductions about the cars between ¢ = 0 and ¢ = £, are correct ?

(1) Pand Q are always travelling in the same direction.

(2) Atr=1t, the separation between P and Q is at a maximum.
(3) Ati=n, 4@ chind P.
(1) & (2) only

(1) & (3) only

(2) & (3) only

o M@&3)

< HKDSE 2015 Paper 1A -9 >

_, rooftop
20ms ‘?
+ house
(00
11ms™)

I 77777777777 /77777

A particle travels at 2.0 m s due east for 1.5 s and then travels at 4.0 m s~ due north for 1.0 5. What is the magnitude of its

fverage velocity for the whole journey ?
L 20mst
Bl 28ms!
. 3.0ms™
D.5.0ms!

< HKDSE 2016 Paper IA - 4>
The speedometer of a car shown indicates the car's
A} Thstantaneous speed.
B\ Thstantaneous velocity.
(.. twverage speed of the whole journey.
D average velocity of the whole journey.
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99. <HKDSE 2017 Paper JA - 5>
Which of the following statements about the motion of any two objects is correct ?
. The object that takes a shorter time to complete the same path must have greater average speed.
The object that travels a greater distance in 1 s must have greater average velocity.
The object with greater velocity must have greater acceleration.

If the two objects have the same acceleration, they must be moving in the same direction

100. <HKDSE 2019 Paper 1A-4>

101 <HKDSE 2020 Paper |1A-4>

A car takes § minutes to travel along a path OPQR on & horizontx!. surface as shown. Given that
OF = P(7 =2 km, find the magnituds of the Jocity of the car in this journey.

A 30 km b!
B. 36 kmh™
C. S1kmy
B! S1kmb™

HKEBAA'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. B 21. C 3. B 41. D 101. A
2. A 12. B 22. D 32. B 42. A
3. D 13. D 23. B 33, C 43. D
4. D 14. B 24. B 34. D 44, B
5. B 15. B 255 '€ 35. B 45. A
6. D 16. D 26. D 36. B 46. B
7. C 17. A 27. C 37. C 47. B
8. C 18. C 28. D 38. B 48. B
9. B 19. A 29. B 39. A 49. A
10. C 20. B 30. C 40. C 50. C
51. B 61. C 71. D 81. C 91. C
52. D 62. C 72. A 82. A 92. D
53. A 63. A 73. B 83. B 93. B
54. A 64. B 74. A 84. D 94. B
55. A 65. A 75. B 85. C 95. B
56. D 66. C 76. C 86. A 96. D
57. A 67. D 77. C 87. C 97. A
58. C 68. C 78. B 88. B 98. A
59. A 69. C 7. C 89. C 99. A
60. C 70. C 80. A 9. C 100. D
M.C. Solution
1. D

s=ut+tat? L@ = O+ Lg (1Y s g=8ms?

s=ut+igr =0+ @®)1+47?=100m
2. A

FromAtoB: s = ut+Lat? L (100) = u (4) + £ (9.81)(4)? u=538ms!

FromQOtod: v =u+at o (5.38)=(0)+(9.81)¢ 1 =0.548 = 0.55s
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D

v (1) Uniform velocity = acceleration @ = 0

v ?) Example : If a ball is projected upwards, its velocity is zero at the highest point, but @ = g # 0
v 3) Example : If a car turns round with constant speed, as the direction is changing, the velocity varies.
D

s = area of the graph = £2+—;)ﬁ =12m

B

In vacuum, there is no air resistance, the ping-pong ball would fall under the acceleration due to gravity.

v=wutat=0+gt
Vo« t

v~ ¢ graph is a straight line through the origin

D
By v?=u?+2as

L 0=ul+2(-a)s Lut=2as Sutos

) @ o

&

6-0 N
a = slope of the graph = == 2ms
C

Bys=ut+ Lar=(0)+ 1(981)¢* ~ 49¢°
After falling for 1s: 51 = 49x (1) = 49m

After falling for 2s: 52 = 4.9x (2)2 = 19.6 m
After falling for3s: 53 = 49x (3)2 = 441 m
Distance travelled in the first second = 4.9 m

Distance travelled in the third second = 44.1 — 19.6 = 24.5m

B
* (6] Displacement increases in : 1 cm, 3 ¢m, 6 cm, 10 cm, 15 cm, 21 cm ; not uniformly
v ) Length of each section of tape represents the velocity

. Velocity increases inunit of : 1, 2, 3, 4, 5, 6 ; i.e. increases uniformly

* 3) Since velocity increases uniformly, the acceleration is constant and not increasing

10.

11.

14.

15,

C

s = ut+lat2 = (0)t+latz
2 2

" slopeof the graph = %a

N
1
<

|

EN
1

>

[

7 soa=2ms?

OR

At 12 = 4 ¢ displacements = 4 m.

By s = ut+ Lat’ L@ =0+ $a@ Noa=2ms?

B

Time interval for each flash = _;. =0.5s

At MN, average speed : y = 36-19 —516 = 40cms™

B

x (€8] It falls with the acceleration due to gravity, thus the speed is increasing.

x @) Aferls,s=ut+ Lart=(0) + 10817 = 49m.
Moreover, as it falls with acceleration, the distance travelled in every second should be increasing.

v 3) Acceleration of 9.8 m s™ means in each second, there is a change in velocity of 9.8 m s™.
After2 s, speed = 9.8 x2 = 19.6 ms™.

D

At the maximum height, velocity is zero

but the acceleration of the particle is still equal to the acceleration due to gravity which is pointing downwards.

B
As air has been evacuated, the tube is vacuum, thus there is no air resistance acting on the falling object.
Coin:  falls with uniform acceleration (as it falls under gravity)

Feather : falls with same uniform acceleration (as it experiences the same acceleration due to gravity if no air resistance)

B

By v =4+ 2as novi=2as

*. slope of the graph = 24 ;___Q =2a soa=1ms?
OR

Atthe point when s = 3m, ¥ = 6 m?s?
By vV =4+ 2as 2 (6) = (0) +2a(3) Soa=1ms?
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16. D 22. D
Time interval between 2 flashes = L = 0.2s Time interval between 2 dots : 1 tick = 51_0 =0.02s
S
0.04 3 i P 0.015 a1 ; el
u=—— =02ms" (occuratthe instant of the mid point of 4 cm) u = = 0.15ms (occur at the instant of the mid point of 1.5 cm)
5x0.02
V= % = 0.6ms™ (occur at the instant of the mid point of 12 cm) v = 0:036 036ms™  (occur at the instant of the mid point of 3.6 cm)
: 5x0.02
From the instant of # to the instant of v, there are only 2 time intervals, that is, 2 X 0.2 s. From the instant of u to the instant of v, there are 10 ticks, that is, 10 x 0.02 .
& Gugp et L6502 oo o g s SEH 036-015 4 4o o
¢ 2x02 ¢ 10x0.02
17. A 23, B
v 6} a = slope of the graph = 20-10 = 2ms™? Slope of the v ~ ¢ graph = acceleration
4= Before 7 =1, acceleration is positive and constant, v ~ ¢ graph is a straight line that v increases from 0 to v
1
o @ s = area of the graph = 5(10 +25)»20 = 350m After ¢ =, acceleration is zero, thus v ~ # graph a horizontal line and velocity continues from v and remains constant
x 3) At 25 s, the displacement s is 350 m, which is not 0 m, thus it is not the starting point.
24. B
18. C x ) Displacement s = +/80* +60* = 100m
Slope of s ~ ¢ graph represents velocity. x @ gpERdr= §g+ fg =35ms™
+
For a particle moving with deceleration, its velocity is decreasing.
v 3 100 2 4
The s ~¢ graph with decreasing slope represents uniform deceleration. ® toke 30+10 Sms
|
0. A | 5. ¢
= w = i = 0.6ms™* | Distance travelled = total area of the graph between the line and the x-axis
total time taken 2+3 {
| As distance is a scalar, the direction is not relevant.
20. B | Thus, the absolute value of the area represents the distance travelled.
Displacement s = net area of v-¢ graph Lod= % Q0)2) + ’% (3-2)(10) = 25m
= 1 (6)(60) - % (18 - 6)(120)
~ _540m | % D
.. The displacement is 540 m in downward direction [ v M v=utat=0+at Hvoed
. Height of the cliff is 540 m Y @  s=ut+ jarr=0+ jat Los et
v @A) V= +2as=0+2as L Ve s
21. C
m Falling back to 4 means returning to the original position .. s=0 | 27, c “©
The resultant displacement s is pointing from 0
v @ ‘When moving in air, the acceleration is equal to the acceleration due to gravity g which is constant. . | e rest 5 ¢ € 1.,
the starting position to the final position. 40m [
* 3) Same acceleration in upward and downward motion if there is no air resistance H "
e o ) ' s = J(40)* +(30)* = 50m : LY
.. time for upward motion = time for downward motion | 70
m
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28.

29.

30.

31.

32.

33

D
* (1) Slope of s ~ £ graph = velocity,
Decreasing slope => decreasing velocity.
. The s~ graph with decreasing slope represents uniform deceleration, not acceleration.
v (2) Slope of v ~ ¢ graph = acceleration.
Slope of v ~ ¢ graph is positive and is a straight line = a uniform acceleration,
v 3) Constant positive acceleration = uniform acceleration
B
Avermgsvelagity = resultant filsplacement
total time taken
3x2+4
Prarattx2 2ms™
2+5
C

By s=1gt?=1(10)s2 =542 (Take g to be 10 m s for simplicity.)
Displacementin1s: 51 = 5x (1) = 5m

Displacementin2s: s; = 5x(2)? = 20m

Distance travelled in the 1st second = 5m

Distance travelled in the 2nd second = 20 -5 = 15m

Ratio = 5:15 = 1:3

B
By v* = u*+2as for the first journey

(0% = (302+24(100) . a=-25ms?
By v = u’+2as forthe second journey

(0 = (2002 +2 (-2.5) s s=80m

B

slope of v ~ ¢ graph = g
Fort=0sto?=10s, slope of v ~ ¢ graphis (+) = ais (+)
Fort=10stoz=30s, slope of v~ ¢ graphis 0 = a=0

Fort=30stot=40s, slope of v~ ¢ graph is (=) = qis (-)

c
,_ 8 _120+100

1 30420
L v=44mst

34.

35.

36.

37.

38.

39.

D

As slope of v ~ f graph = acceleration,

Whent=0stot=10s, a:(+) = slope of v~tgraph: (+)
Whent=10sto t=~.20 s, a:(+) = slope of v~ ¢ graph : 0 (a horizontal line)

Whent=20sto?=30s, a:(+) with larger value = slope of v ~ ¢ graph : (+) with larger slope

B
x 1) At T, , the two cars do not have same displacement, therefore, they do not meet each other.
* 2) At T, , the two cars have the same positive velocity, thus they must move in the same direction.
v 3) Car A travels with increasing velocity while car B travels with decreasing velocity
B
- 1001000 = 2778 ms
3600
Byv=u+at (27.78)=(0)+a (3.2) a = 8.68ms?
C
Assume an arbitrary value (4% % #t4i) for the distance between 4 and B, say 10 m.
Time taken from 4 to B = ? = 10s
Time taken from Bto 4 = % =55
Total distance travelled  10-+10 ”
Averagespeed = = =133ms
HEIERSP Total time taken 10+5
B
* A Since the slope represents the speed, a straight line indicates a constant speed without change.
v B. Since distance from P is decreasing, it is moving towards P.
* C. Since the speed is constant, acceleration is zero and thus no unbalanced (net) force acting on the car.
* D. Area under a distance-time graph has no physical meaning.
[¢))] From the graph, when s =20 m, car P has a smaller value of 7.
Thus, P reaches the mark with a shorter time 1.
v @) From the graph, before #=35 s, car Q has a larger value of s, car P is behind car Q.
Att=35s, car P and Q meet and car P is overtaking car Q.
x @) Average speed = distance / time

In the first 5 s, car P and car @ travel the same distance, so they have the same average speed.
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40,

41.

42,

43.

44,

45.

46,

C
When the string is broken, the stone has the same initial velocity as the balloon, thus it moves upward at 7= 0.

So the stone first moves upward (v is positive), at the highest point, it is momentarily at rest (v= 0 ms™),
and then fails down (v is negative). :

During the whole motion of falling, the stone experiences the same acceleration due to gravity g,
thus the slope of the graph is constant and equal to — g.

D

Area of a velocity-time graph represents the displacement of the car.

v ) At t=t;, v=0, the car reaches the extreme point and is momentarily at rest,
it then reverses its direction of travel.
v ) After 1= 1, the car reverses its direction and travels backwards. Thus the car is farthest away at #1.
x 3) The area from =10 to ¢=1# represents the distance travelled in forward direction
while the area from ¢=1, to ¢ =7 represents the distance travelled in backward direction.
As the two areas are not equal, the car does not return to its starting point at #.
D
Distance travelled: d = 27 x (30) = 188.5m

d _ 1885 _

Average speed = 126 ms™

B
By v =4+ 2as
(602 = (0) +22) s

s = 900 m
v (0 Area under a v-f graph represents the displacement.
At time #, area.of P is greater, thus P travels a greater distance, therefore, P has a greater average speed.
% ) At time #, P and Q have different areas, thus they have different displacements,
therefore, they must be at different points.
* ?3) At time #, the area under the graph of P is greater, thus P should have travelled a greater distance,

therefore, P should be ahead of Q.

B
Reaction time is the time taken before Patrick takes action to brake the car,

thus it is the time interval of the horizontal line.

47.

48.

49.

50.

51,

B
Distance travelled = area under the graph from 0to 5 s

= L(5.0+0.8)x 14

= 40.6m
B
) %) Average velocity = resultant displacement
total time
Since the area under the v-f graph represents the displacement,
as the areas under the graph for 4 and B are different,
they have different displacement from 0 to 7,
thus their average velocity must not be the same.
v 2) Average acceleration = LTl
t
As both cars have the same initial velocity # and final velocity v in time T,
they must have the same average acceleration.
* ®3) Since the areas under the two graphs 4 and B are different,
their displacement must not be the same.
A

displacement

» time

mlecnecanensneaee

0 1y
The displacement-time graph of a car undlergoing acceleration is a quadratic curve shown as above.
At half of the time of the journey, the velocity is v that is represented by the slope at that point.
At half of the displacement of the journey, the velocity is vz that is represented by the slope at that point.
Consider the slope, vi must be smaller than va.
OR

As the car is accelerating, the speed is increasing, thus vz is greater than v,.

C
Slope of the v-f graph is the acceleration due to gravity g.
Since the acceleration due to gravity on the Moon is smaller,

the slope should also be smaller, thus option C is the answer.

B

By s=ut+ Lar L (100) = (0) + Fa(9.77) “ a=210ms?
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52

53.

54.

55.

56.

57,

D

Slope of the velocity-time graph = acceleration

Straight line indicates constant slope, and thus constant acceleration,
The first part is a constant acceleration.

The second part is zero acceleration.

The third part is a constant acceleration with values less than the first part, as the slope is smaller.

A

By v = ¥*+2as

When s=0,22=1 and when s=1,=2
2) = (D+2a(l) a=05ms?

A

By ¥ = 2 + 2as 0) = 2 + 2(-9.81) (0.5) u=313ms"!

A

= il or2
By s =ut+ at

1,2
8= T glt
v

If a longer time interval is used, the positions of the stone should be more separated.

x
o awp

D
Areaunder a v — f graph = displacement

Atr=10s:
50m

displacement of the car = 4 (10) (10)
100 m

displacement of the truck = (10) (10)
', the car is 50 m behind the truck,
Atr=20s:

1]

displacement of the car = %(20) (20) = 200 m

displacement of the truck = (10) (20) = 200 m
. the car catches up the truck.

A

x ) From the graph, the initial speed of P is about two times of that of Q.

v (03] The time interval of the horizontal line is the reaction time, which are the same.
x 3) The total stopping distance is represented by the area under the graph,

thus the total stopping distance of P is greater than that of (.

As the positions of the stones are closer, i.e. s is smaller, thus a smaller time interval ¢ should be used.

If a lighter stone is used, the positions should be unchanged since g is independent of the mass of stone.

If a heavier stone is used, the positions should be unchanged since g is independent of the mass of stone.

58.

59.

60.

61.

62.

63.

64.

C

The speed of 50 km h! should be changed into the SI unit of 50 xl_()@ ms™.
3600

By s =ut
A
v o
3 @
& ®
C

1000

% (500) = (50
(500) = G030

)t Sot=36s

Displacement is the distance between the starting point and the ending point.
They have same displacement.

Distance travelled depends on the path, thus the three students have different distance travelled.

Average speed is the distance travelled per time taken.
Although they take the same time, they have different distance, thus they have different average speed.

Total distance travelled from P to @ = total area under the graph from 0sto2s

1

LO3HxE) + 1@-03)x(13) = 11.5m

Displacement from P to the water surface = net area under the graph from0sto 1.6 s

103)x(3) - 1(1.6-03)x(13) = -8m

Thus, height of the platform above water surface = 8 m

C

Slope of the distance-time graph represents the speed.

The speed through XY and ZX are the same since they take the same time.

The speed through YZ is smaller as it takes longer time, thus the slope through YZ is lower.

c

Since the acceleration due to gravity g is independent of mass,

thus the heavier body of mass 2 m falls with the same g to reach the ground, therefore, the time taken is the same, f.

A

Since the slope of the v —¢ graph is equal to the acceleration due to gravity g,

and g is not affected by the initial velocity, thus the slope should be the same,

that is, the dotted line should be parallel to the original line.

B

Asslope of s ~ £ graph = velocity,

Atthe Ist Y cycle, v and vis (+) = slope of s-f graph T and the slope is (+)

Atthe 2nd ¥ cycle, v and vis (+) = slope of s-¢ graph 1 and the slope is (+)

Atthe 3rd % cycle,vT and vis (=) = slope of s-¢ graph T and the slope is ()

Atthe 4th Y cycle, v and vis (=) = slope of s-f graph | and the slope is ()
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65.

66.

67.

68.

A

By v* = w*+2as

Let the speed of the object when it passes ¥ be v and let the distance between XY be d. Distance between YZ is also d.
XY : v = (102 + 2a(d)

Y->Z: (02 =+ + 2a(d)

Combining the above two equations : v — (10)? = (20 —1?

292 = (10) + (20 v =158mst

C
For simplicity, take g to be 10 ms72,
As both balls are released from rest, u = 0.

Displacement of 4 at time 7 after 4 is released : sa = ut + +af = L(10)¢2 =5¢*

Displacement of B at time ¢ after 4 is released : sp = 5 (f—2)? (Ball B falls at 2 s later)
Maximum separation ocours when 4 just reaches the ground, that is, 4 falls for 180 m.
o (180) = 5¢2

‘When 4 just reaches the ground : sz = 5(6-2)* = 80m

L t=6s

Maximum separation = 180 — 80 = 100m

D

Let the height of the building be 4 and the time taken to reach the ground be .

By s = %g t2  if the motion starts from rest at the top . oa
—-V4s

Motion from top to the mid point: (4 4) = 2g(t~04? .. (1)

Motion from top to the bottom :  (h) = -% gt? P )] .

o, 1, =04 £ = 2 (1 0.4 045

2 2 7

Both sides take square root :

t = 1414 (z-0.4) . 14141-1 = 1414 x 0.4 ot =137s

C

Takeg = 10ms2

By s = ut + %at2 - %(10)2 = 5¢2

Afterls,s = 5x (1) = 5m

After2s,s = 5x(2)* = 20m

After3s,s = 5x (30 = 45m

Distance travelled in the second sec = 20~5 = 15m
Distance travelled in the third sec = 45 -20 = 25m

Ratio = 15:25 = 3:5

69.

70.

il

72.

73,

74.

(o

Distance travelled by the carin 0.5s = 18 x0.5 = 9m

Distance of the girl from the car when the brake is applied = 36 -9 = 27m

By v?=u?+ 2as 0) = (18)* + 2a(27) oa=-6ms?

. Minimum deceleration = 6 m s2

C

Maximum distance from P = area from0 to 30 s

1]

L (10 +30)x 10 = 200 m

D
x (¢5) Since car 4 is moving towards S but car B is moving away from S, they move in opposite directions.
As theit directions are not the same, their velocities must not be the same.
) At t,, since they are at the same position, they meet each other.
(€))] Since they have the same speed, they must have travelled the same distance in the same time.
(¢Y) As Peter returns to the original position, the resultant displacement is zero.
2) Average velocity is defined as the total displacement per total time taken.
As the total displacement is zero, the average velocity must be zero.
x ®3) Assume the distance between P and Q is D.
Time taken to travel from Pto Q = D
2
Time taken to trave]l fromQto P = D
4
Average speed in whole journey = DD _567mst
D/2+D/4
B

All bodies fall down with the same acceleration g in air where g is the acceleration due to gravity,

if air resistance is neglected.

A

v (€3] By s = +g1* = 1 (10)(2)? s =20m
. mid height = 20m
.. height of the building = 2x20 = 40m

x @ By s = 1g¢?

o (40) = £(10)£2 w1=283s

x 3) By v = gt = (10)(2.83) = 283 ms™!
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76.

77

78.

79.

80.

81.

B

Displacement during the first 3 seconds = area under the graph = % x3x12 = 18m

Average velocity = 5 = % =6ms™!
¢
C
Average speed = d _80+70 _ 54
t  20+10
C

Since the ball falls down with acceleration, a = +g.

= Las2
By s =ut+ at

5= (5)xB)++(981)x(3)* = 59.145 ~ 59m

B
There is no air on Moon, thus there is no air resistance on the feather.
By vi=u?+ 2as )

v2 = (2 + 2(9.81 x 16%) x (15)

vy ="715ms?

C

= — | 1 ==
As=s1—s2= 5812 - 7g(t—h)l = g1, - bgt?
As tincreases, As increases.

Thus the separation As increases with time.

A
Since the two balls are released at the same time, their displacements are always the same,

thus, their separation remains unchanged throughout the flight.

C
From the instant of leaving the water surface to that reaching the maximum height :
By v?=u*+2as

(0) = u? + 2(~10) (0.8)

u=4ms"!
From the instant of leaving water surface to that of returning back to water surface :
By s=ut+ Lat?

© =@¢t+ L(-10)¢?

t=1038s

82.

83.

84.

85.

86.

87.

A

Forball Pisy = 25¢ + 1(-10)#2

Forball Q:s; = 15¢ + 1(+10) ¢

By s1+s52 = 80

L 25¢+ 15¢= 80 S t=25

Height above the ground = s; = 25 x (2) + (- 10) (2% =30m

B

By s = at? (u=0)
o} x=ta@3-2%
@ y=1a(s*-4%)

Loxiy=(32-29:(52-4 =59

D

During this time interval, the car travels a total distance d where d = v 1.

If the car travels in straight line, then the resultant displacement s is equal to d, and the average velocity is 50 km h!

If the car does not travel in straight line, the resultant displacement s must be less than d,
average velocity may be 25 km h1.

If the car returns to the starting point finally, then s = 0, and the average velocity is Okmh™.

The resultant displacement s can never be greater than d, thus the average velocity cannot be 75 km h™!,

C
By s =ut+ tat?
(-30) = (15)¢ + L (=9.81) 2

1= 4445

A

By s=ut+ tar?

CAs=u(n-n) t ta@iend) = (5)@-3) + L@@ -3) = 12m

C

Maximum height reached by the ball :
By vZ=u?+ 2as

5 0) = (167 + 2(-9.81) s

S8 =130m

Total distance travelled = 13.0x2 = 26 m

PB-FM1-MS/15
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88.

89.

90.

91,

92.

93.

B

Distance travelled = area under the graph from0to5s = % (5.0+08)x 14 = 40.6m

C

For simplicity, take g to be 10 ms72.

ForP, sp= ut+ taft = L(10)t? =5¢2

For @, sq = 5(t— 1)

As =5t - 5(0~-1P =10¢-5

Maximum separation occurs when P just reaches the ground.
80) =5¢2 o f=4s
ASpax = 10x4 - 5= 35m

C

By s = 1gt*= L0)r2 =5 (Take g to be 10 m 572 for simplicity.)

Displacementin1s: sy = 5x (1)} = 5m
Displacementin2s: s2 = 5x(2)? = 20m

Distance travelled in the 1st second = 5m

Distance travelled in the 2nd second = 20-5 = 15m

Ratio = 5:15 =1:3

€

Average speed = d 1045 o5t
5+1

D

FromXtoY: XY = Lg#?

FromXtoZ: XY+YZ = Lg(n+n)

> S Ly ( 4 JZ

XY+YZ (¢ +14,) 9+16 |+,
Take root of both sides :

E Lohl3

5 4+, 123 2
B
* [¢)] Att=1s, the velocity of P still remains negative, thus it is still moving in backward direction.
v @) Att=2s, displacement of P is — 2 m and displacement of Q is + 2 m, thus their separation is 4 m,
* 3) At r=4s, since the area under the two graphs are not the same, their displacements are not the same,

thus, they cannot meet each other.

94.

95:

96.

97.

B
Let the initial velocity of the particle be u and the acceleration be a.
By s =ut+ +ar?
Consider the first 4 s :
L(36y = u(@) + a(@)?
.36 =4u+8a
Consider the whole journey of 6 5 :
S (36+36) = u(6) + %a(é)z
SoT2=6u+ 18a

Combine the two equations: @ = 3ms™?

B

Since the particle falls down with acceleration, g = +g
By v = u* + 2as

()P = (22 +2(9.81) s

S8 =60m

As the signs of the velocity v of car P and car Q are always positive,

both car P and car Q are always travelling in forward direction.

4 @ From ¢ =0 to #, speed of P is greater than that of Q. Thus, their separation is increasing.

From ¢ =t to #y, speed of P is smaller than that of Q. Thus, their separation is decreasing.
Therefore, at £, the separation between two cars is at a maximum.

The area under v— graph represents the displacement of the moving body.
From ¢ = 0 to #, the total area under the graph P is greater than that of Q.
Therefore, the displacement of car P is greater than that of O,

Thus, car Q[lags\behind car P at time z2.

A

Displacement of the whole journey : s = ./(2.0x1.5)* +(4.0x1.0)> = Sm

Average velocity = 5 _ O =20ms?

{ (15+10)

A

Speedometer shows the speed of the car at an instant since speed is a scalar that has magnitude only.
Speedometer can also show the magnitude of the velocity at an instant.

Since velocity is a vector that has both magnitude and direction,

a speedometer cannot show the velocity of the car since it does not indicate the direction of the car.

PB -FM1-MS /17
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99.

By average speed = total distance travelled / time taken
For the same path with same distance travelled, shorter time gives greater average speed.

Average velocity = resultant displacement / time taken
An object may have greater distance travelled but smaller resultant displacement
if it has direction changed.

The object with greater velocity may not have greater acceleration, it may have even zero acceleration.

For the same acceleration in forward direction,
an object have travel forward with acceleration,
but another object may travel backward with deceleration,

The following list of formulae may be found useful :

For uniformly accelerated motion v=utat

T

=ut+laf
V= ytt2as

Equation of a straight line y=mx+ec

Use the following data wherever necessary :

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

Part A : HKCE examination questions

1. <HKCE 1987 Paper I-1>

The figure below shows an experimental set-up to find the acceleration due to gravity g. The ticker-tape timer produces
50 dots per second. A heavy ball attached to a paper tape is released from rest.

paper direction of motion of paper tape
—— iy
tape

D ¢ B 4
: ; ! .

S L O A S
’ 0318 m Y™

(a) The paper tape obtained from the experiment is shown above. Find the average speed of the heavy ball in the interval
AB and CD. Hence calculate the value of the acceleration due to gravity g obtained in this experiment. (4 marks)

Tie el hehun €y ity f Mz Ts o2
Buag sslwA A-AD= —5
- |3t me "
Auge  qh A-Cp= X
= 3.(7»»\:_‘
poclepdt, o 3073

o(clk""’
2
2 011}\”\{

®

=

State TWO precautions that should be taken in this experiment, (2 marks)

(¢} How would the result of g obtained from the experiment be affected if the metal ball was replaced by a ping-pong ball ?
Explain briefly. (2 marks)
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2. <HKCE 1992 PaperI-1>

A car is travelling at a uniform speed of 10 m s™!. The driver sees a warning signal and applied the brakes to bring the car to
rest with uniform deceleration. The figure below shows the speed-time graph of the car, starting from the instant the driver
first sees the signal.

speed / m s~

20

15

5
i 5
1 3 time /s
0 1 2 3 4 5
(@) Write down the reaction time of the driver, i.e. the time lapse between seeing the signal and starting to apply the brakes.
(1 mark)
(b) Find the area under the graph in the above figure. State its physical mesning. (4 marks)

(c) If there is an obstacle 20 m ahead when the driver first sees the signal, would the car hit the obstacle ? Explain your
answer. (2 marks)

(d) Assume that the reaction time of the driver and the deceleration of the car remain unchanged.
(i) Inthe figure above, draw a speed-time graph for the car if it is initially travelling at 20 m ST (3 marks)

(i) A student says ‘If the initial speed of the car is doubled, the stopping distance of the car would also be doubled.”
State whether his statement is true or false and explain briefly. (3 marks)

(e) Suggest TWO factors that would affect the deceleration of a car. (2 marks)

<HKCE 1993 Paper 1-1>

A helicopter is initially at rest at a certain level above the ground. It accelerates uniformly and vertically upwards for 75 m
and reaches a speed of 15 m ™. Assume the air resistance is negligible.

(a) Calculate the acceleration of the helicopter. (2 marks)

(b) At this moment, an object is released from the helicopter. The object reaches the ground after 6 s. The figure below
shows the velocity-time graph of the object, starting from the instant the object is released. (g is taken to be 10 m s7)

Velocity / ms™

A
20 5 —
i i
10 :
0 - > Time/s
-10
-20 :
-30
—-40
(i) Write down the velocity of the object when it reaches the ground. (1 mark)
(if) State the physical meaning of the area of the shaded region in the figure above. (2 marks)
(iii) Using the above figure, find the height of the object above the ground when it is released. (3 marks)
(iv) Comment on the following two statements : (4 marks)

Statement 1 ; At time ¢ = 1.5 s, the acceleration of the object is zero.

Statement 2 : If the object is replaced by a heavier one, it would take the same time to reach the ground.

A EOVICIECCL LYV CLOoCahee
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u(

<HKCE 1996 Paper I -2 >

Susan takes part in a 100 m race at an athletic meet. She starts at time #= 0 s and accelerate at a uniform rate of 1.6 m s for
5 5. She then maintains a uniform speed afterwards and reaches the finishing line at £ =15 s.

(a) (i) Find the speed of Susanat/=5s. (2 marks)
(ii) Find Susan’s average speed for the whole journey. (2 marks)
b) @) \On the graph paper, draw the graph of Susan’s speed against time from /=0to 15 s. (4 marks)
ms
J‘ T —
| 1
b ;
) i
1 i
)
b
e
4
7
/
1
it §
vf
K
- 4 ¢ 4 i
s it £/
(ii) State the physical meaning of the area under the graph. (1 mark)

(c) Mary also takes part in the same race. She first accelerates at a uniform rate of 1.5 m 52 for 6 s and then maintains a
uniform speed afterwards.

Explain whether Susan or Mary will reach the finishing line first. (4 marks)

<HKCE 1997 Paper 1-1>

velocity /m s

10

0 > ti
pys gy > time / §

-10

A boat starts from rest at time #=0s and travels along straight line. The Figure above shows the velocity-time graph of the
boat from £=01t0300s,

(a) Describe the motion of the boat from #=0 to 300 s. (4 marks)
(b) Find the acceleration of the boat in the first 50 s. (2 marks)
(c) Draw the acceleration-time graph of the boat from 7= 0 to 300 s. (3 marks)
a
0 T
(d) Find the distance travelled by the boat in the first 50 s. (2 marks)

(e) A buoy is located 900 m ahead of the starting point of the boat. Explain whether the boat will pass the buoy during its
motion as shown in the Figure above. (3 marks)
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6. <HKCE 1999 Paper1-7>

Metal framework

Traffic light

— 42 m >

A lorry is travelling at a uniform speed of 16 m 57! along a straight road. At time ¢ = 0, the driver observes that a traffic light,
which is at a distance of 42 m from the lotry, is turning red. The driver applies the brake at # = 0.5 s. The lorry then
decelerates uniformly and comes to arestat 1=4.5s.

(a) Sketch the speed-time graph of the lorry from ¢ =0 to 4.5 s. (3 marks)

Y

16 F—

N
! R
i
oy 43 15
(b) Find the deceleration of the lorry from 7= 0.5t0 4.5 5. (1 mark)
(c) Explain whether the lorry will stop in front of the traffic light. (3 marks)

7. <HKCE 2000 Paper I-7 >

Susan uses the following method to examine John’s reaction time :

20 cm——»

Figure 1 Figure 2

She holds a graduated ruler upright with the zero mark starting at the bottom. John lines up his fingers near the bottom of the
ruler. (See Figure 1.) Without any warning, Susan releases the ruler and John grips the ruler with his finger as fast as
possible. It is found that John grips at the 20 cm mark of the ruler. (See Figure 2.) Take the acceleration due to gravity g to

be 10 ms™
(2) Show that John’s reaction time is 0.2 s. (2 marks)
(b) Ifaheavier ruler is used, how would the result of the above test be affected ? Explain your answer. (2 marks)

(c) Susan marks the other side of the ruler as shown in Figure 3 so that the reaction time can be read directly.

T 1T 1 1

030 025 020 015 0.0 005 Q+—

Susan’s scale for

reaction time / s
30 25 20 5 10 5 o Graduated scale
[ J l I | on the ruler / cm
Figure 3
Explain whether Susan’s scale for the reaction time is correct or not. (3 marks)
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< HKCE 2002 Paper I -8 >

A car is travelling with a speed # on aroad. The stopping distance of the car includes two parts :

@  the thinking distance £

(i.e. the distance travelled after the driver has seen a danger and before the brakes are on).

@ the braking distance s
(i.e. the distance travelled after the brakes have been put on).

Figure 1 shows the variations between £ and s with u.

Distance / m
4
60 ¢
40 37
20 3 it i1
; o1 bt ; L - e W
LiLie T
e R » Speed u/m s
0 5 10 15 20

Figure 1

(a) Find the slope of the straight line in Figure 1 and state its physical meaning, (3 marks)

(b) Assume that the deceleration a of the car remains unchanged at different speeds. Write down an equation relating , s
and a. Using Figure 1, find the value of a. (3 marks)

8.

9.

(c) A boy was hit by the car when he was crossing a zebra-crossing. Figure 2 below shows a sketch of the accident drawn

by the police. Let d be the distance between the car and the boy at the moment the driver first observed the boy. The
driver applied the brakes and a skid mark 36.0 m long was left on the road. After hitting the boy, the car travelled a
distance of 19.7 m before coming to rest. You may neglect the change in speed of the car during the impact.

Point of
impact

R0 DO SR O S 0 SRR S R R R RO ARAARRK RO

fe—19.7 m—s} d |
Figure 2
(i) Write down the braking distance of the car, (1 mark)
(ii) Using Figure 1, estimate the value of u. (1 mark)

(iif) Estimate the thinking distance and the value of d. (3 marks)

(iv) The speed limit of the road is 50 km h! (i.e. 13.9 m s7™!). If the car is travelling at this speed, explain whether it
would hit the boy. (3 marks)

< HKCE 2005 Paper 1-1>
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9. A car moves along a straight road. The Figure above shows the variation of the displacement x of the car from a certain point 10. (a) Describe the motion of the dog between z=0and 5.5 s. (3 marks)
on the road with time 7.
(a) Describe the motion of the car from =0 to 40s. (3 marks)
(b) The dog reaches the ball at r = 5.5 s. How far did the ball roll ? (2 marks)
(b) Find the average velocity of the car from =0 to 40s. (2 marks)
10. <HKCE 2011 Paper I-2> (c) John rolls the ball with an initial velocity of 6 m s and it decelerates uniformly afterwards. Draw the velocity-time
. ) h of the ball in the above figure.
On a horizontal grassland, John rolls a ball for his dog to catch. At time ¢= 0, John stands side by side with the dog and rolls Erep ohinelgatuniine;2b0vOlISHTo (2 marks)
the ball forward in a straight line. The dog immediately starts to run towards the ball, The figure below shows an instant at
which the dog is rutining towatds the ball,
John ’ .
Part B : Supplemental exercise
dog ball 1 . : ' . o
jj . (&) If you are given a stopwatch and an iron ball, describe how you and your partner can find the height of a building,
O assuming that the value of g is already known. (2 marks)
The ball stops after a while, and the dog reaches the ball some time later. The velocity-time graph of the dog is shown in the
figure below. |
velocity / ms™ '
|
)
(b) Ifthe ball is released from the top of the building and the time for it to reach the ground is 2 s, estimate the height of the
6. building. (2 marks)
4 = |
? I (c) If there is air resistance, what would be the effect on the time taken to reach the ground when the ball is released from
: the top of the building 7 Explain briefly. (2 marks)
2 = !
S !
0 - - time /s f
1 2 3 4 5
» —_—— — 3 SR FV ILRR AR RS WV

(S S LS B RRY
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12 I 13. The figure below shows a data-logging experimental set-up to investigate the motion of a trolley. A trolley is held on an
© inclined runway and a motion sensor is mounted on the top of the runway to record the velocity of the trolley.
© Motion sensor
[e]
I Trolley
To a computer /
Fixed block
s
M R Y

27m

A car is travelling at a speed of 13 m s™' along a straight road. At time ¢ = 0, the car is 27 m from a traffic light and the light
turns from green to yellow at this moment. The driver applies the brakes to stop the car. It is known that the red light will be
on 3 s after the yellow light is on. The figure below shows the speed-time graph of the car.

Speed /m s~
A

» Time/s

(a) What is the reaction time of the driver ? (1 mark)
(b) Find the deceleration of the car from¢=0.5to r=3.5s. (2 marks)
(c) Will the driver be charged for running a red light ? Explain your answer. (3 marks)

The trolley is released from rest so that it runs downwards along the runway. At the end of the runway, there is a fixed block
used to stop the trolley. The velocity-time graph captured by the motion sensor is shown in the figure below.

il
i
(W)
[ p
0.5 7
1
F
)
04
ST ]
o LI}
i
203
B ]
w 4
T
0.2
13
il
I=+0.1 P
7
0,2}-F4+10.4 0.6 0.814-1-31.01~+411.2)
1 | I I 1
{ 1 I | | Time (3) |
1 1 I I 1 i1t

(a) What is the time taken for the trolley to move from the starting point to reach the end of the runway ? (1 mark)
(b) What is the distance travelled by the trolley before it reaches the end of the runway ? (2 marks)
(c) Find the acceleration of the trolley. (2 marks)
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Part C : HKDSE examination questions

14, <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 ™",

60ms ™! 20mst

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 s72
while B continues to travel at 20 m s™1, 4 eventually collides with B after 5§ s. Neglect air resistance.

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

(b) 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 ! f
A
60
40
20 B
» time / s
0 2 4 6
(c) Based on the above information, determine the separation x of the two trains at = 0. (3 marks)

DSE Physics - Section B : Question
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PB-FM1-Q/15

15. <HKDSE 2014 Paper IB -3 >

Two cars 4 and B initially at the same position, start to travel along the same straight horizontal road. The graph below
shows how their velocities vary with time.

velocity / m s™!

25

20

15 N

10 =

/.

» time /s
0 10 20 30 40 50 60 70 80

(a) Describe the motion of car 4 along the whole journey from¢=0to ¢=280s. (2 marks)
(b) (i) Which car attained the greatest acceleration throughout the journey ? Find this acceleration. (2 marks)
(ii) Sketch the acceleration-time (@ - ¢ ) graph of car B from =010 t=80s, (2 marks)
a/ms? A
3
2
1
0 > !
) ITHERNEINENEINENERE) i
-2
-3
(c) (i) Atr=20s, whatis the separation between cars 4 and B ? (2 marks)

(ii) Deduce the time at which car B catches up with car 4. (2 marks)
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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. 2. (d) (i) False [
] . If initial speed is doubled, the area under the graph is not doubled. [2]
Question Solution
<OR >
L@ ou= 2132 - 3pme 1 False 1]
0.02x5
Area under the graph = stopping distance of the car = + (0.5 +4.5)x 20 = 50 m 1]
_ 0318 _ -1 2
v= =3.18ms [1}
0.02x5 50 m is not doubled of the original 15 m. [1]
g = 2o¥ @ddi 12 m Any TWO of the following :
t 0.02x10 (e) Any of the following : 2]
= 93mg? [ % Braking force of the car
* Number of passengers in the car OR Mass of the car
(b) @© The ball should be heavy enough so that air resistance is negligible. 1
. : . % Nature of the road surface OR  Tyre condition
@  Place polystyrene tile on the ground under the ball so that the ball would not hit the floor directly. [1]
%  Gradient of the road OR Angle of inclination of the road
(c) The result of g would be smaller. 1]
Since the air resistance will become significant. [1]
3 (@ By V*=u'+2as [t}
(152 =0-+2a(75)
2. (a) Reactiontime=0.5s {1 a=15ms? 11
() Area = 1 (05+25)x10 [1 ® @ v=-45ms 1
=15m [}
Ty —— 2] (i) The area represents the displacement (OR distance travelled) of the object 1]
in its upward motion. [1]
(c) The car would not hit the obstacle, [11 <OR>
since the total stopping distance travelled is 15 m which is less than 20 m. [11
The area represents the upward displacement of the object. [2]
@ @ speed /ms™!
(iii) Height = Area of graph below r-axis — area of shaded region [1]
= Lxasx45-1x15x15 34
20 =90m (1]
<QOR>
15 Displacement = +x15x1.5 - +x45x45 [1]
= -9%0m ]
10 Height = 90 m [1]
(iv) Statement 1 : Incorrect ( OR false ) 1]
5 The acceleration of the object at £= 1.5 s is equal to the acceleration due to gravity. 1
<0OR>
time /s . i . o
0 1 2 3 4 5 The acceleration of the object at £= 1.5 s is equal to ~ 10 m s~2 from the graph, which is not zero. [13
< For same reaction time = 0.5 s > (1 Statement 2 : Correct (OR true) [1]
1
ShcHsameklopesh t Acceleration due to gravity is independent of the mass of the object. [1]
< For stopping time at t=4.5 5 > [1]
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4.

(@ (i) SpeedofSusanat5s = at
=1.6x5
=8ms!
. » _ 100
(ii) Average speed of Susan for the whole journey = ?
= 6.67ms™
® O
speed / m s
12 -
10
8
6 7
£
4 £
:
2
/ time /s
0 2 4 6 8 10 12 14 16

< Two axes labelled with unit correctly >
<From 0 s to 5 s, straight line with positive slope >
< From § s, horizontal line >

< Whole graph is correct >

(ii) The area under the graph represents the distance travelled by Susan.
OR

The area under the graph represents the displacement of Susan.

(¢) Distance travelled by Mary in the first 65 = 1a¢?

I

1 % (1.5) x (6)?
=27m
Speed of Mary at 6th second = 1.5x6 = 9ms™!

Time to cover the temaining journey = 199___.21 = 8.lls
9

Total time taken by Mary = 6 +8.11 = 14.1 s

. Mary will win in the race.

1

(1]

(1]
[1]
[1]
(1]

(1]

(1

{1

11
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FM1 : Position and Movement

5.

(a) From¢=0to 50 s, the boat accelerates uniformly.
From ¢ =50 to 150 s, the boat travels with a uniform velocity.
From ¢= 150 to 250 s, the boat decelerates uniformly.

From ¢ =250 to 300 s, the boat travels backwards.

(b) Acceleration = slope of the graph

== 0.lms?

50

© alms?

» /s

3
2

—0.05 7

<For a=0.1from¢=0to50s>
<For a=0 from t=50sto 150 s>
<For a=-0.05 from7=150to 300 s>

(d) Distance travelled in the first 50 s = Area under the v-¢ graph

]

1x50%5=125m

(e) The boat is farthest away from the starting point at 7 = 250 s,
At? =250, distance travelled = 4 x (250 + 100) x 5 = 875 m

As the farthest distance is smaller than 900 m, the boat will not pass the buoy.

@ Speed /ms™!
A

16

» Time /s
0 0.5

< Two axes labelled with correct unit >
< From 0 to 0.5 s, a horizontal line >

< From 0.5 to 4.5 s, a straight line of deceleration to rest >

(1
{1
f1]
{1

(1]

(11
[11
{11
(1
{1

1
Y]
(1]

{1]
[
[t
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(b) deceleration = 142 = ammel [ 9. (a) From#=0to 10 g, the car remains at rest. 1]
From ¢ =10 to 20 s, the car moves with acceleration. 11
(OR acceleration = —4ms?) 1
From ¢= 20 to 40 s, the car travels with a uniform velocity. [1]
(c) Stopping distance = area under the graph [1]
: s _ 300-50
= 16x0.5 + %x 16x4 = 40m m (b) Average velocity = " - T — 1
As the stopping distance < 42 m, the lorry will stop in front of the traffic light. [1] = 625ms! 5]
(@) s=ut+%at"Z [11
10. (a) The dog accelerates from rest between#=0to f=1s. [1]
(02) = 3 102 sLot=02s [1] It then maintains a constant velocity between = 1to r=4.5s. 1]
It then decelerates and stops at = 5.5 s. [11
(b) The result would not be affected [1]
because the acceleration due to gravity is independent of the mass. [1] (b) Distance = area under the graph 1
=1@5+55%x@2) =9m 1
(c) Susan’s scale is not correct [1] 26 )*@ (]
: am oa 1
Since s =y at 1l © velocity /m s™! 9
thus s should be proportional to 12 (1] B
L 14 i
(a) Slope of the line = -~ (1]
20 i
=0.7s (1] i
The slope represents the reaction time of the driver. 1] 4
b) By vV =u2+ 2as
0= WP+ 2(-a)s Lout=2as [1] 2 g
From Figure 1, when s = 20m, u» = 16ms™ oo (16)2 = 2a(20) [1] E
. a=64ms? 1 : S
0 - > 5 : y time /s
) () Braking distance = 36 m 1] | 1
|
(i) From Figure I, when s = 36m, » = 21.5ms™! [1]
o 11.  (a) The partner should release the iron ball at the top of the building and
(iii) From Figure 1, when # = 21.5 ms™, the thinking distance £{= 15m [1]
1 should record the time, ¢, taken for the ball to fall to the ground. [1]
From Figure 2, d = 15+ 36~19.7 [1]
Then the height of the building can be calculated by s = —;— gi? [1]
=313m [1 :
(iv) Ifu is equal to 13.9 m 57, then the thinking distance £ is equal to 10 m i (b) Height of building= +g¢* = L8 ey ]
and the braking distance s is equal to 15 m from Figure 1. (1] ( = 19.6m m
Thus the stopping distance is equal to 25 m. (1 ' (¢) ‘The time taken would be longer 11
|
As the stopping distance is smaller than d, the car will not hit the boy. [11 : since the acceleration would become smaller due to air resistance. 1]
|
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12.

13.

14.

®

®)

©

@

©®)

©

®)

©

1

Reaction time = 0.5 s

Deceleration = slope of the graph

]
&
W
@
g
»

b

Stopping distance = Total area under the graph

it

(13)x (0.5) + +(13)x(3.5-0.5)
= 26m

Since the stopping distance is less than 27 m, the driver will not be charged.

Time taken = 1.2

Distance travelled = areafromOto 1.2s
= 1(054)x(1.2)
= 0324m
Acceleration = slope of the line

0.54
1.2

045ms?

v =u+at = (60) + (—4)(5)

40 mst

]

speed /ms 1A

60
~~
I~
40 4
20 B

P time / s

0 2 4 6
< Straight line from 60 m 5™ to 40 m s™* during the 5 s>
Distance travelled by A during the 5 s = area under the graph = -% (40+60)(5) = 250m
Distance travelled by B during the 55 = 20 x5 = 100 m
Separationx = 250 - 100 = [50m

(1]

(1]

{1

(1]

[1]

[1
1

1]

(1]
{11
{13
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15. (a) From¢=0to 10 s, car 4 accelerates uniformly. [13
From #= 10 to 80 s, car 4 travels with the uniform velocity. 1]
(b) (i) Car B attained the greater acceleration. 1]
a = slope = 20-0 _gpg 11
20-10
(i a/ms? A
3
2
1
0 > t/s
g 1p 20 30 40 0 60 70 80
-2
-3
< Acceleration from 10 s to 20 s and deceleration from 60 s to 80 s correct > [1]
< All correct > [1]
(¢) (i) Displacementofcardat20s = %(10 +20) x (15) = 225m [1]
Displacement of car B at 20 s = % (10) x (20) = 100 m
Separation = 225 — 100 = 125m [1]
(ii) Car B travels faster than car 4 by Sms™'.
LoAs = Av x At s (125) = (Syx A At =25s [1]
The time that car B catches up with car 4 is at 45 5. [13
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FM2 : Newton's Laws

The following list of formulae may be found useful :
For uniformly accelerated motion v=utat
s=ut+ %a #

v =u+2as

Use the following data wherever necessary :

Acceleration due to gravity g=981ms? (close to the Earth)

Part A : HKCE examination questions

1. <HKCE 1980 Paper II - 10 >
A spring balance suspended from the ceiling of a lift registers the weight of a 20 kg body as 150 N. The lift is probably
A.  ascending with uniform velocity.
B. ascending with uniform acceleration.
C. descending with uniform velocity.
D

descending with uniform acceleration.

2. <HKCE 1980 Paper I - 7>

M —»F

A horizontal force F is applied to a block of mass M on a rough horizontal surface. The acceleration of the block is a. If the
force is changed to 2F and the frictional force remains unchanged, then the acceleration of the block will be

A. greater than 2a.
B. equal to 2a.

C. between a and 2a.
D. lessthana.

3. <HKCE 1980 Paper IT- 8 >

In the figure shown, X and Y are blocks of mass 1 kg and 2 kg respectively. S is a spring balance of negligible mass and P is
a smooth pulley fixed at the top of two smooth inclined planes. What is the reading of S when X is held stationary by an
external force 7 )

A, 49N
B. 98N
C. 147N
D. 196N
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<HKCE 1980 Paper I - 3 >

Tw'o bl_ocks A and B of masses 2, and m; respectively are connected by a light spring on a horizontal frictionless table. The
spnng1 is st;etched by moving the blocks apart. What is the ratio of the acceleration of 4 to that of B at the moment when they
are released ?

A V00000

A, m:im
B. m:m
C. mi:m?
D. m?:mi®

< HKCE 1980 Paper II - 4 >

An_ object is resting on a rough plane inclined at an angle & to the horizontal. As & gradually increases, the frictional force
acting on the object before sliding occurs is directly proportional to

A 1
By @
C. sin@
D. cos 8

<HKCE 1981 Paper I1 - 9 >

An obj.ch is projected up a smooth inclined plane with an initial velocity u. Which of the following graphs best represents
the variation of the displacement s of the object along the plane with time ¢ ?
A, B
g )
s

A A

10.

< HKCE 1981 Paper I1 - 6>

Five blocks of equal mass 4, B, C, D and E are connected by four identical strings, S, 52, 53 and Sy as shown in the figure
above. They are made to slide on a smooth horizontal surface by a steadily increasing force F applied to block 4. Which of
the strings is most likely to break first ?

A &
B. 5
C. 8
D S5

< HKCE 1981 Paper I1 -3 >

A body of mass Mrests in equilibrium on a plane inclined at an angle &to the
horizontal. What is the frictional force acting on the body ?

A,  zero

B. Mg

C. Mgsin8 6

D. Mgcos 8

< HKCE 1981 Paper I1 -4 >

A trolley of mass 1 kg placed on a smooth horizontal table is ¥ [ ¥

connected by two light strings to blocks 4 and B of masses
0.75 kg and 0.25 kg respectively, as shown in the figure.
X and Y are frictionless pulleys. When the system is released,

what will be its acceleration ? 4

A. Oms? B
B. 1.0ms?

C. 25ms?

D. 5.0ms?

<HKCE 1982 Paper I - 5>

A constant force directed to the left is acting on a body which is initially travelling to the right. Which of the graphs below
best represents the velocity-time graph of the body ?

A, v B. v

A A

0 » ! 0 1
C v D. v

A

0 >t 0 = >
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11.

12.

13.

14.

15.

16.

<HKCE 1982 Paper I1-7 >

A trolley on a smooth horizontal surface is pulled by two forces Pand Q in the
direction as shown in the figure. The magnitude of 7 and Q are 2 N and | N
respectively. If the mass of the trolley is 1 kg, the acceleration of the trolley is
A. 0.15ms™? towards the left

B. 224 ms? towards the left

C. 0.73 ms™ towards the right

D. 0.15ms? towards the right

P

< HKCE 1983 Paper 11 - 8 >

The net force acting on a particle is zero. Which of the statements below concerning the motion of the particle may be true ?
The particle is swinging to and fro.

The particle is decelerating in a straight line.

The particle is moving in a circle with constant speed.

The particle is moving with constant velacity.

vawy

<HKCE 1983 Paper II- 1>

A person in a lift, which is ascending at a velocity of 10 m s, releases a ball. What is the velocity of the ball with respect to
the earth at the moment when the ball is released ?

A. 10 ms upwards

B. 10 ms™ downwards

C. 20ms™ upwards

D. 20 ms™ downwards

< HKCE 1983 Paper Xl - 9>

The graph shows the variation of velocity v with time ¢ when a metal ball
is released from rest and allowed to fall vertically under gravity through
oil. Which of the following statements concerning the motion of the ball
is/are correct ?

(1) The velocity of the ball decreases with time.

(2) The acceleration of the ball decreases with time.

(3) The ball stops falling after 4 s.

v/ims™

A. (1) only

B. (2)only > t/s
C. (1) & (3) only

D. (2) & (3) only

<HKCE 1984 Paper I1- 1 >
If the engine of a rocket travelling in space is turned off, the rocket will

A. stop moving.

B. continue to move with uniform velocity.

C. continue to move with decreasing velocity.
D. continue to move with uniform acceleration.
<HKCE 1985 Paper I1 - 7 >

10N
Yo 5 4 e B

Two blocks 4 and B of masses 1 kg and 1.5 kg respectively are resting on a smooth horizontal surface and are linked by a
string. They are pulled by a force of 10 N as shown in the diagram. What are the tensions 7; and T3 ?

Tension T1 Tension T
A. 10N 10N
B. 10N 6N
C. 10N 4N
D. 6N 4N

17.

18.

< HKCE 1985 Paper I - 10 >
0

A block is given an initial velocity up a smooth inclined plane. Which graph below shows the acceleration of the block
against time ? (The upward direction of motion along the plane is taken as positive.)

L D.
A, . B. a c @ a
A I A
0 —> 0 _ 14
i} > ! 0 > !

< HKCE 1986 Paper I1- 5>

2kg

Y

The system of pulleys and blocks is at rest. What is the tension in string § ? (Neglect all friction and the masses of the

strings and pulleys.)

A. 98N

B. 196N

C. 294N

D. 392N

<HKCE 1986 Paper I1- 3 >

‘Which of the following motions of 2 given mass requires the greatest force P ? (Assume that the surface is smooth.)
A

. {aar= -2
upward acceleration = 0 m 2 upward acceleration =1m s

= =

300 30°
c o .
upward acceleration = 0 m 5% upward acceleration = 1 m 572
P B
60° 60*
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20.

21.

22.

23.

< HKCE 1987 Paper II - 3 >

‘Which of the following statements is/are true ? A man in a lift feels heavier when the lift is moving
(1) upwards with acceleration.
(2) upwards with retardation.
(3) downwards with retardation.

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

< HKCE 1987 Paper II - 8 >

>

o——t

An object is subject to a resultant force (F) which varies with time (#) as shown in the diagram above. Which of the following
graphs correctly shows the variation of its speed (v) with time (#) ?
Ay B v C. v D.

<HKCE 1989 Paper I - 1 >

Three blocks of equal mass are placed on a smooth horizontal surface as shown above. A constant force F is applied to block
4 so that the three blocks move towards the right with the same acceleration. The resultant force acting on block B is
A0

B
C. ZF
D

< HKCE 1990 Paper IT - 4 >

Y has a linear relationship with time as shown. ¥ may represent Yy
(1) the speed of a body starting from rest under a constant force.
(2) the distance travelled by a body at constant speed.
(3) the acceleration of a body falling from rest.

(1) only 0 Time
(3) only

(1) & (2) only

(2) & (3) only

Sowp

24,

25.

26.

27.

<HKCE 1991 Paper I1- 9 >

A force F is applied to a block of mass 1 kg as shown below. The greatest F
value of F for the block to remain at rest is 11 N. What would be the
motion of the block if F is not applied ?

(Take the acceleration due to gravity to be 10 ms™2.)

A. remaining at rest

B. sliding down with constant velocity

C. sliding down with an acceleration of 1 m 72

D. sliding down with an acceleration of 5 m s

30°

< HKCE 1991 Paper I - 10 >
A man of weight W stands inside a lift which is moving upwards with a constant speed. If the force exerted by the floor on
the man is R, which of the below statements is/are correct ?

(1) R is greater than ¥ in magnitude.

(2) R and W are in opposite directions.

(3) R and W form an action and reaction pair according to Newton’s third law.

A. (1)only

B. (2)only

C. (1) & (3)only

D. (2) & (3)only

<HKCE 1991 Paper I - 2 >

Two blocks of equal mass are placed on a smooth horizontal surface as shown above. A constant force of 12 N is applied to
block 4 so that the two blocks move towards the right together, The force acting on 4 by B is

A. 6N to the left.
B. 6Ntotheright.
C. 12 Nto the left.
D. 12 Nto theright.

<HKCE 1991 Paper IT - 7>
Force

0 — Time

n
The diagram above shows the variation of the net force acting on an object which is initially at rest. Which of the following
velocity-time graphs correctly describes the motion of the object ?

Al B. C. D.
v v v v
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28.

29.

30.

<HKCE 1992 Paper II - 8 >

Smooth table

Y

Two identical blocks X and Y are connected by a light string passing over a smooth pulley as shown above. The two blocks
are released from rest. After a while, the string breaks. Which of the following correctly describes the motion of the blocks
immediately after the string breaks ? (Take the acceleration due to gravity to be 10 m s2)

X Y
stops moving
moves with constant velocity
moves with constant velocity
decelerates at 5 m 52

accelerates at 5 m s™2
accelerates at 5 m s
accelerates at 10 m s~2
accelerates at 10 m s

vaw»

< HKCE 1992 Paper I - 9 >
B 4

3kg 2kg 2N

In the diagram above, blocks A and B are connected by a light inextensible string and rest on a smooth horizontal table. The
Kasses:f A and B are 2 kg and 3 kg respectively. Block A is pulled by a force of 2 N. Find the tension in the string S.
. 04N

B. 08N
C. 10N
D. 12N

<HKCE 1992 Paper II - 10 >

Which of the following pairs of forces F; and F; is/are action and reaction pair(s) according to the Newton’s third law of
motion ?

) i
Fy = Weight of the block
F, = Reaction from the floor
2
Fy
@ %
Fi1 = Weight of the ball
Py Fy = Tension of the string
Ball
F
® Negative Positive )
charge charge Fy = Electric force acting on the negative charge

It

Electric force acting on the positive charge
2

@—; ;——@ R

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

32.

33.

34,

<HKCE 1994 Paper IT - 6 >

A man of mass 50 kg is standing in a lift. If the lift is falling freely, which of the following statements is/are true ?
(1) The weight of the man is O N,
(2) The force acting on the floor of the lift by the man is 491 N.
(3) The force acting on the man by the floor of the lift is 0 N.

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

< HKCE 1994 Paper II - 2 >

A trolley is given a push and runs down a friction-compensated runway. The motion of the trolley is recorded on the paper
tape as shown above. Which of the following changes can enable the trolley to produce a paper tape as shown below :

(1) Giving the trolley a harder initial push.
(2) Increasing the angle of inclination of the runway.
(3) Increasing the frequency of the ticker-tape timer.

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

< HKCE 1994 Paper II - 4 >

4N

Two blocks X and Y of weights 2 N and 8 N respectively are suspended by two light strings as shown in the diagram. A
downward force of 4 N is applied to X. Find the tension T1 and 73 in the two strings.

T T2
A. 4N 10N
B. 4N 14N
C. 6N 12N
D. 6N 14N

<HKCE 1995 Paper I1- 7>

A car moves with a speed 30 km h™*. The driver applies the brake and the car is stopped in a distance of 12 m. If the car is
moving at 60 kin h™!, what is the stopping distance ? Assume that the same constant braking force is applied in both cases.

A, 12m
B. 24m
C. 48m
D 72m
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35,

36.

37.

38.

< HKCE 1995 Paper I1 - 6 >
A trolley is placed on a horizontal ground. A force F inclined at an F
angle & to the horizontal acts on the trolley. What is the horizontal
component of F' that pulls the trolley towards the right ?
A F9O
B. Fsin@
C. Fcosf
D. F/sind
< HKCE 1995 Paper I1 - 2 >
Two blocks are connected together by a light string § placed on a smooth horizontal surface. They move with uniform
acceleration of 2 m 57 under the action of force F. What will the accelerations of the blocks become if § suddenly breaks ?
2 kg block 4 kg block
A. 6ms? Oms
B. 6ms™? 2ms?
C. 2ms? Oms™2
D. Oms? 3ms?
< HKCE 1995 Paper II - 11 >
R
W : the weight of the block
Z F : the gravitational force acting on the earth by the block
W R : the force acting on the block by the ground
F

The above diagram shows a block resting on the ground. Which of the following pairs of forces is/are action and reaction
pair(s) according to Newton’s third law of motion ?

(1) Rand W

(2) WandF

(3) FandR

(1) only

(2) only

(3) only

(1) & (2) only

vowp

< HKCE 1995 Paper II - 5§ >

Two objects of difference masses are released from rest at the same height, Assume air resistance is negligible. Which of the
following statements is/are correct ?

(1) A greater gravitational force is acting on the object with greater mass.

(2) They take the same time to reach the ground.

(3) They have equal velocities when they reach the ground.

A. (1) only

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

39.

40.

41.

< HKCE 1996 Paper I1- 8 >

A block remains at rest on an inclingd plane as shown above. Which of the following statements is/are true ?
(1) The frictional force acting by the plane on the block is zero.
(2) 'The normal reaction acting by the plane on the block is zero.
(3) The resultant force acting on the block is zero.

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

<HKCE 1996 Paper IT - 6 >

feather @ coin

yacuum

A coin and a feather are released from rest in a cylinder which is vacuum as shown. Which of the following is/are correct
deductions from this experiment ?

(1) The masses of the coin and the feather are identical in vacuum.
(2) The coin and the feather fall with the same acceleration in vacuum.
(3) The forces acting on the coin and the feather in vacuum are identical.

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

<HKCE 1996 Paper I1 - 10 >

The below diagram shows a man lifting a ball vertically upwards with uniform acceleration.

£ Let  F; be the force acting on the ball by the man,
F, be the force acting on the man by the ball,
F3 be the gravitational force acting on the ball.
Fs

I

Which of the following correctly describes the relation between the magnitudes of the forces ?
A F1=[>F;
B. M=F>FR
C. Fi>Fy=F;
D. Fi>F>F

o
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42.

43.

44.

45,

46.

< HKCE 1996 Paper I - 5 >

Which of the following statements concerning the motion of an object is/are correct 9
(1) A constant unbalanced force is needed to keep an object moving with uniform velocity.
(2) An increasing unbalanced force is needed to keep an object moving with uniform acceleration.
(3) An object may remain at rest if there is no unbalanced force acting on it.

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

<HKCE 1996 Paper 11 - 3 >

Which of the following statements about mass and weight is incorrect ?

Mass is measured in kilograms and weight in newtons.

Mass is a measure of the inertia of an object and weight is a measure of the gravitational pull on it.
The weight of an object at a particular place is proportional to its mass.

Both the mass and weight of an object vary slightly at different places on the earth.

gnwpy

< HKCE 1997 Paper IT- 9 >

Which of the following pairs of forces is/are action and reaction pair(s) according to Newton’s third law of motion ?

(1) The weight of a man standing on a chair, and The force acting on the man by the chair.
(2) The gravitational force acting on the earth and The gravitational force acting on the moon
by the moon. by the earth,
(3) The force exerted by a swimmer on the and The force exerted by the water to push the
water to push the water backward. swimmer forward.
A. (1) only
B. (2) only
C. (1) & (3) only
D. (2) & (3) only

< HKCE 1997 Paper I1 - 4 > 5
A block is placed on a smooth inclined plane. A force P parallel to the inclined plane is applied to the block so that the block
moves up the plane. Which of the following diagrams correctly shows all the forces acting on the block ?

B. C Normal D. Normal
reaction reaction
P P . P P
Fricrim% Friction
Weight Weight Weight Weight

<HKCE 1998 Paper IY - 6 >

A broken-down car of mass 1000 kg is pulled by a tow-truck and moves at a constant velocity 8 m s™! along a horizontal
road. It is known that the frictional force acting on the
car is 500 N. Find the tension in the cable connecting
the truck and the car.

A. ON
B. 500N
C. 8000N

D. 8500N

47.

48.

49,

50.

<HKCE 1998 Paper I1- 8>

A girl in a lift uses a spring balance to measure the weight of an object. The reading of the spring balance is 10 N when the
lift is at rest. When the lift is moving, the reading of the spring balance becomes 8 N. Which of the following describes the
motion of the lift ?

A. moving downwards with a uniform velocity

B. moving upwards with an acceleration

C. moving downwards with an acceleration

D. moving downwards with a deceleration

< HKCE 1998 Paper II - 7>

\Fi

/ Scale : 1 cm represents I N

B

lch

Two forces Fy and F; act on a particle P as shown. If a third force F3 acts on P to keep it in equilibrium, what should be the
magnitude of F3 ?

A 14N
B. 40N
C

)

42N
45N

<HKCE 1998 Paper I1 - 9 >

‘Which of the following phenomena can be explained by Newton’s first law of motion ?
(1) A passenger in a car tends to move forward when the car suddenly stops.
(2) A coin and a feather fall with the same acceleration in a vacuum,
(3) The maximum mass an astronant can lift on the moon is greater than on earth.

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

<HKCE 1999 Paper I1-5>

A light rope is fixed at two poles with the ends 4 and B at the same level. A T-shirt of weight 2 N is hung at the midpoint C
of the rope. The rope depresses such that Z4CB = 150°, Find the tension in the rope.

A. 10N
B. 20N
C. 39N
D. 77N
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51. <HKCE 1999 Paper I - 4 > 55. <HKCE 2000 Paper Il - 7> -
A block is sliding down a friction compensated runway as shown. Which of the
following statements is/are correct ? —
(1) The speed of the block is increasing.
2) The normal reaction acting by the runway on the block is increasing, ; ; ;
ES; The net force acting on thg bl):)ck is zerc.y ) A block is placed on a rough inclined plane and then projected upwards along the plane. Aﬁer. reaching the hl_ghest point,
A, (1) only the block slides down along the plane. Which of the following graphs shows the time variation of the velocity v of the
B. (3)only block ?
C. (1) &(2)only v B. v
D. (2) & (3)only
0 t
52. <HKCE 1999 Paper I11-2 > 0 !
A 2 kg steel sphere and a 1 kg wooden sphere are initially held at the same level above the ground and then released from rest 0 t
simultaneously. Assume air resistance is negligible. Which of the following statements about the two spheres at any instant
before they reach the ground is/are correct ?
(1) The speeds of the two spheres are equal.
(2) The accelerations of the two spheres are equal. 56. <HKCE 2000 Paper I1- 6 > P
(3) The gravitational forces acting on the two spheres are equal. Three forces of magnitudes Fy , F» and 10 N act on an object as shown. \
A, (1) only If the object is in equilibrium, find the force Fo. 1309
B. (3)only '
C. ()& (2)only A. 50N F
D. (2) & (3) only B. 87N
C. 115N
53. <HKCE 2000 Paper 11-2 > D. 173N 10N
It is said that Galileo Galilei (1564 - 1642), an Italian scientist, dropped a small iron ball and a large cannon ball from the top [
of the Leaning Tower of Pisa. He found that the two balls reached the ground at almost the same time. !
Which of the following is/are correct deduction(s) from this experiment ? | 57. <HKCE 2000 Paper I1-9>
(1) The two balls fell with the same acceleration.
(2) A body will maintain uniform motion if there is no external force acting on it.
(3) The gravitational forces acting on the two balls were identical. i
g. 8; zxnllly | A block is placed on a rough horizontal ground and a horizontal force acts on the block. If the magnitude of the force, F, is
C. ) & é) only | increased gradually, which of the following graphs shows the relation between F and the acceleration a of the block 7
D. (2)&(3)only | A 4 B. € o 7
54. <HKCE 2000 Paper I1 - 8 > l/
0 F 0 F 0 0
58. < HKCE 2000 Paper I1- 5>

A uniform steel ball lies at rest on a horizontal ground and just touches a vertical wall as shown in the diagram. Which of
the following diagrams shows all the forces acting on the ball ?

(Note :

W = gravitational force acting on the ball, R = normal reaction from the ground,
F = fiction acting by the ground on the ball, = normal reaction from the wall. )

An astronaut lands on the moon and finds that his weight is about one-sixth of that on the earth. Which of the following
deductions is/are correct ?

(1) If he throws an object upwards on the moon, it will reach a higher level than throwing the object with the same
speed on earth.

(2) If he releases an object on the moon, it will take a shorter time to reach the ground than releasing the object from
the same height on earth.

(3) The maximum weight he can lift on the moon is greater than on earth.

A. (1)only
B. (3)only
C. (1)& (2) only
D. (2) & (3) only
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59. <HKCE 2001 Paper II - 5> 62. <HKCE 2001 Paper IT- 7>
a
Trolley 7
A block on a rough horizontal table is acted on by two horizontal forces of magnitudes 10 N and 2 N as shown, It remains at
rest on the table. If the force of magnitude 10 N is removed, find the resultant force acting on the block. 0 F
A, zero
B. 2N A student uses a friction-compensated runway to study Newton’s second law of motion. The variation of the acceleration a
C. 6N of the trolley with the force F applied parallel to the runway is shown above. If the experiment is repeated with the runway
D. 8N making a larger angle of inclination with the horizontal, which of the graphs (in dotted lines) represents the expected result ?
B. C.
a ) a
60. <HKCE 2001 Paper IT - 4 >
F F 0 F 0 F
63. <HKCE 2002 Paper II-7>
John, of mass 80 kg, is standing on a weighing scale in a lift. At a certain instant, the reading of the weighing scale is 600 N,
Which of the following statements about John at this instant is/are correct ?
A coin is placed on a piece of cardboard resting on a glass as shown above. If the cardboard is flickered with a finger, the (Take the acceleration due to gravity to be 10 m s72)
coin will drop into the glass. What does this experiment demonstrate ? [ (1) The gravitational force acting on John is 600 N.
A.  The coin will fall with uniform acceleration under the action of gravity. (2) The force exerted by the weighing scale on John 15_2200 N.
B. The acceleration of the coin is proportionally to the applied force. (3) Johnis accelerating downward at a rate of 2.5 m 572
C. Action and reaction always occur in pairs. A, (2)only
D. The coin has a tendency to maintain its state of rest. B. (3)enly
C. (1)&(2)only
D. (1)&(3)only
61, <HKCE 2001 Paper I1-9 >
A man is pulling a suitcase along the horizontal ground as shown below. | 64. <HKCE 2002 Paper II - 6 >
A block of mass 0.5 kg slides down a rough inclined plane with
an acceleration of 3 m s72. If the plane is inclined at 30° to the
horizontal, find the friction between the block and the plane.
A 095N
B. 147N
C. 275N
D. 392N
65. <HKCE 2002 Paper I1-9>

Which of the following pairs of forces is/are action and reaction pair(s) according to Newton’s third law of motion ?

(1) The gravitational force exerted by the earth and The gravitational force exerted by the man on
on the man the earth
(2) The pulling force exerted by the man on the and The friction exerted by the ground on the
suitcase suitcase
(3) The gravitational force exerted by the earth and The normal reaction exerted by the ground on
on the suitcase the suitcase
A. (1) only
B. (3)only
C. (1) & (2) only
D. (2) & (3) only

60N

A block of weight 100 N is placed on a smooth horizontal table. A vertical force of 60 N and a horizontal force of 30 N are
applied to the block as shown. Find the magnitude of the resultant force acting on the block.

A. 30N
B. 40N
C. SON

D. 67N
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66,

67.

68.

<HKCE 2002 Paper I -4 >

The following are statements written by three students about Newton’s first law of motion.
(1) A stationary object will remain in a state of rest unless acted on by an unbalanced force.
(2) An object undergoing uniform motion will maintain its motion unless acted on by an unbalanced force.
(3) Anunbalanced force is required to maintain the motion of an object at uniform velocity.

‘Which of the above statements is/are correct ?

A, (2)only

B. (3)only

C. (1) & (2)only

D. (1) & (3) only

<HKCE 2002 Paper H - 5>

Which of the following objects are under the action of an unbalanced force at the instant shown in the diagrams ?
(1) a football being kicked by a player

(2) aparachutist falling with uniform velocity

(3) aswinging pendulum bob

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

< HKCE 2003 Paper II - 5>
&

[

A block of mass m slides down an inclined plane with uniform velocity, What is the net force acting on the block ?
A, mg

B. mgsin 6
C. mgcos @
D. zero

.69,

70.

< HKCE 2003 Paper I - 7>

1207
| -
A uniform cube of weight 600 N is held in equilibrium in the air by four identical cables as shown above. If cach cable
makes an equal angle of 20° with the vertical, find the tension in each cable.
A. 150N
B. 160N
C. 412N
D, 439N
<HKCE 2003 Paper I - 6 >
The figure shows a ride in an park. Ap ger is fz 1 to a seat which is then raised to the top of a vertical
pole. Attime =0, the seat is released from rest and falls freely. After 3 s, the scat is brought to rest at a point P near the
ground, Which of the below graphs best shows the relation between the gravitational force acting on the passenger W and 1 ?
A, B.
WIN WIN
T — ——
1 1
I I
, i =
i i
\ d =
1] ]
1 : /
: t/s ‘s =
0 3 0 3
C D.
W/N WIN
\ i
1 ]
1 i
i :
] 1]
: tls : tl's
3 3

¢

S RV e L VS CYVE YV
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71.

72.

73.

<HKCE 2003 Paper 11- 8 >

A car accelerates at 3 m s along a straight horizontal road. A child of mass 10 kg is sitting on a safety seat inside a car.
Find the magnitude of the resultant force exerted by the safety seat on the child.
(Take the acceleration due to gravity to be 10 m s2)

A. 30N

B. 100N
C. 104N
D. 130N

<HKCE 2003 Paper I1-12 >

Lahel

A child is sitting on a chair as shown above. Which of the following pairs of forces is/are (an) action and reaction pair(s) ?

(1) The gravitational force exerted by the earth and The normal reaction exerted by the chair on
on the child. the child.
(2) The force exerted by the child on the chair. and The normal reaction exerted by the chair on
the child.
(3) The force exerted by the chair on the ground. and The gravitational force exerted by the earth on
the chair.
A. () only
B. (2)only
C. (1) &(3) only
D. (2) & (3) only

< HKCE 2004 Paper IT- 2 >

An object weighs 60 N on the Earth and 10 N on the moon. Which of the following statements are correct ?
(Take the acceleration due to gravity to be 10 ms2.)

(1) The mass of the object on the Earth is 6 kg.

(2) The mass of the object on the moon is 1 kg.

(3) The acceleration due to gravity on the moon is one-sixth that on the Earth,

(1) & (2) only

(1) & (3) only

(2) & (3) only

1), () &3)

vawy

74.

75.

L 76,

<HKCE 2004 Paper IT - 5 >

my my

Figure (a)

m T my
Figure (b)

Two blocks, of masses m; and mz (m > my), are connected by a light inextensible string and placed on a smooth horizontal
surface. Let 77 and T; be the tensions in the string when a horizontal force of magnitude F is applied to the blocks as shown
in Figures (a) and (b) respectively. Which of the following relationships are correct ?

O T>Th

o L_L
m.m

G) Ti+T=F

(1) & (2) only
(1) & (3) only
(2) & (3) only
1. 2)&B)

Tawp

< HKCE 2004 Paper I1-7 >

0 >

A block is initially at rest on a smooth horizontal table and is pulled by a constant horizontal force. The figure shows the
relationship between the physical quantities y and x. Which of the following combinations of y and x is impessible ?

y x
A. displacement of the block square of time
B. velocity of the block time
C.  square of velocity of the block displacement of the block
D.

acceleration of the block time

<HKCE 2004 Paper II - § >

sucker

hook

The photograph shows a sucker sticking a hook to a vertical wall. Which of the following forces balances the gravitational
force acting on the sucker and hook by the Earth ?

the friction between the sucker and the wall

the force exerted by the air molecules on the sucker

the normal reaction exerted by the wall on the sucker

the gravitational force acting on the Earth by the sucker and hook

onowy
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78.

79.

80.

<HKCE 2004 Paper 11 -4 >

An object is acted on by three forces Fy, Fz and F3 in suitable directions such that it remains at rest. Which of the following|
combinations of the magnitude of the forces is/are possible ?

Fi F F;
() 3N 4N 5N
2 3N 4N TN
3 3N 5N IN
A. (2)only
B. (3)only
C. (1)&(2)only
D. (1) & (3) only

< HKCE 2005 Paper I1- 3 >

e

A block remains at rest on a rough inclined plane. Which of the following diagrams shows all the forces acting on the block ?
Note :

W = gravitational force acting on the block,
R = normal reaction exerted by the inclined plane on the block, and
F = friction acting on the block.

B. C. D.

R
F F
F
w

< HKCE 2005 Paper II - 32 >

W

FHIEL

A fish is hung on a light string as shown above. If the tension in the string is 10 N, find the total weight of the fish and the
hook.

A, 10sin70°N

B. 10cos 70°N

C. 20sin70°N

D. 20cos 70°N

< HKCE 2005 Paper I1 - 4>

A 1 kg block is pulled by a horizontal force of 5 N and moves with
an acceleration of 2 m 572 on a rough horizontal plane. Find the
frictional force acting on the block.

A. zero
B. 2N
C. 3N

D. 7N

81, <HKCE 2005 Paper I1 - 30 >
Kelvin is standing on a batance inside a lifi. The table shows the readings of the balance in three situations.

Motion of the lift Reading of the balance
moving upwards with a uniform speed R
moving downwards with a uniform speed Ry
moving upwards with an acceleration R;

‘Which of the following relationships is correct ?
A R =R > R;

B. B3 >R = R,
C. R >R > Rs
D. B3 > Ry > R;

Questions 82 and 83 :
Two blocks X and Y are connected by a light string passing over a smooth pulley as shown below. The mass of X is greater than
that of ¥. The blocks are released from rest.

I
i
!
I
|

X

pulley smooth horizontal surface

< HKCE 2005 Paper II - 28 >

Which of the following pairs of physical quantities are not equal while the blocks are in motion ?
the speeds of the blocks

the magnitude of the accelerations of the blocks

the magnitude of the resultant forces acting on the blocks

the magnitude of the forces exerted by the string on the blocks

onwpe

| 83, <HKCE 2005 Paper I - 29 >

Which of the following pairs of forces is an action and reaction pair ?

A. The force exerted by the string.on X and The force exerted by the string on ¥
B. The force exerted by the string-on ¥ and The force exerted by Y on the string
C. The gravitational force exerted on X and The force exerted by X on the horizontal surface
D. The gravitational force exerted on ¥ and The force exerted by the string on ¥

| 84. <HKCE 2006 Paper I1-30 >

A bow is pulled horizontally to create a tension of 50 N on its string

as shown in the figure. What is the net horizontal force acting on the S0N

| arrow when it is released ?

| 40°

: A, 321N —
B. 383N 407

E C. 643N 50N

{ D. 766N
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85.

86.

87.

< HKCE 2006 Paper 11-8 >

weighing scale

If Peter stands with his feet on a weighing scale placed on level grouﬁd, his weigh.t vmeaéured by the scale is . What would
be the reading on the scale if he exerts a downward force F on a table top with his hands while he is still standing on the same
scale as shown above ?

A W
B. W+F
C. W-F
D F

< HKCE 2006 Paper 11 - 29 >

post— | post

: ground

An acrobat is standing in the middle of a cable as shown. The angle & is less than 60°. Which of the following relations
between the tension 7" of the cable and the weight W of the acrobat is correct 7 (Neglect the weight of the cable.)
A T>WwW

B. w>1> 1
2

C. T~

D. T<

YRR

< HKCE 2006 Paper II - 31 >

A student performed an experiment to investigate the factors affecting the acceleration of a trolley carrying different loads.
The table below shows the data recorded ;

Trial Net Force /N Total mass of the loaded trolley / kg Acceleration / m 572
(i) 2 2 1

(ii) 2 1 2

(iif) 2 0.5 4

(iv) 4 2

v) 4 1

(vi) 8 4

Which trials can the student use to deduce the relationship between the acceleration and the net force acting on the trolley ?
(D), (ii) and (iii)

(), (iv) and (vi}

(ii), (iv) and (v)

(iii), (v) and (vi)

vows

88.

89.

| 90.

91.

<HKCE 2006 Paper I1-2>
Many traffic accidents on highways are associated with inertia. Which of the following traffic regulations can reduce the
risk of traffic accidents due to inertia ?

(1) Passengers should wear seat belts.

(2) Vehicles should not be overloaded.

(3) People should not drive over the speed limit.

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

< HKCE 2007 Paper I - 3 >

Two blocks, 4 and B, of masses 1 kg and 3 kg respectively, are
placed on a horizontal smooth surface as shown. A horizontal
constant force of 12 N is applied to block 4 so that the two blocks
move to the right with uniform acceleration. What is the magnitude
of the contact force between 4 and B 7

12N—> 4 B

A. 3N
B. 4N
C. 8N
D. 9N

<HKCE 2007 Paper II - 5>

A horse pulls a block along a rough horizontal road and moves with a uniform velocity. Which of the following correctly
describes the directions of the friction from the ground acting on the horse and the block ?

Horse Block
A. backward forward
B. backward backward
C. forward forward
D. forward backward

<HKCE 2007 Paper II- 6 >

A child is standing on a weighing scale as shown above. Which of the following pairs of forces is/are (an) action and reaction
pair(s) ?
(1) The force exerted by the child on the scale and
(2) The gravitational force exerted by the Earth and
on the child

(3) The gravitational force exerted by the Earth and
on the scale

(1) only
(2) only
(1) & (3) only
(2) & (3) only

The force exerted by the scale on the child
The force exerted by the scale on the child

The gravitational force exerted by Earth on the child

gowy»
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92.

93.

94.

<HKCE 2007 Paper I - 30 >
ceiling

3N

In the above figure, a 1 kg block is suspended by a string under the ceiling. The block is pulled by a 3 N horizontal force]
such that it makes angle £ to the vertical. Which of the following descriptions is correct 7 (Note: The tension of the string|
is denoted as T')

[ T
A. g < 30° 1I3N>T> 10N
B. g < 30° T>13N
C. g > 30° I3N>T> 10N
D. 8> 30° T>13N

< HKCE 2008 Paper II - 30 >

west east

A bob is hung by a string from the ceiling of a train. At a certain instant, the bob is inclined to the east as shown in the figure.
Which of the following descriptions about the motion of the train at this instant is/are possible ?

(1) Itis moving to the east and decelerating.

(2) Itis moving to the west and accelerating.

(3) It starts to move to the east from rest.

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

< HKCE 2008 Paper II - 7 >
block

F
table @ 7
Fy

ANNNNNNNANARANNNNANNNNNNAY

Figure (a) Figure (b)
A block is placed on a table resting on the ground as shown in Figure (a) above. Figure (b) shows the forces acting on the

block and the table respectively.

Let Fi = weight of the block
F, = force exerted by the block on the table
F3 = force exerted by the table on the block

Which of the following statements are correct ?
(1) F)and F; represent the same force,
(2) Fjand F; balance each other.
(3) F;and F; form an action-reaction pair,

]

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

95.

96.

97.

98,

FM2 : Newton's Laws
<HKCE 2008 Paper I1-33 >
a/
]

A block of mass m slides down along a rough inclined plane with constant acceleration a as shown above. What are the
friction and the normal reaction acting on the block ?

Friction Normal Reaction
A. mgsinf+ma m g sin @
B. mgsinf-ma mgcos @
C. mgeosf+tma mgsin @
D. mgeosf—ma mgcosf
<HKCE 2008 Paper I1 - 5>
10N 4 B 4N

A XA EEARNRANARANANRANNANRNNNRNNNANNNNNNNNNNN

Two blocks 4 and B of the same mass on a horizontal surface are connected by a string as shown above. Two horizontal
forces of 10 N and 4 N are acting on 4 and B respectively. Assume all contact surfaces are smooth. What is the magnitude
of the tension in the string ?

Towp
(=)}
z

< HKCE 2009 Paper I - 4 >

A block of mass 1 kg rests on a rough horizontal plane. When it is pulled by a horizontal force of 5 N, it moves with an
acceleration of 2 m s Now, the block is at rest and is pulled by a horizontal force of 2 N, what is the resultant force acting
on the block ?

A zero
B. IN
C. 2N
D. 3N

<HKCE 2009 Paper II - 29 >

A 50 N block is suspended by two threads as shown in the figure above. Thread S| makes an angle 30° with the horizontal
and thread 8 is horizontal. What is the tension in S; ?

A. 289N
B. 577N
C. 866N
D. 100N

ARV ACES SR BS ¥
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99.

100.

101.

<HKCE 2009 Paper II - 7> A

Force F is the resultant of two forces Fi and F on a horizontal plane. Which of the following diagrams best represents the
missing force F2 ?

. B. C. D,
A 1 1y

13} 13

<HKCE 2009 Paper I - 8 >

An object of weight 120 N on the Earth’s surface is taken to the Moon’s surface where the acceleration due to gravity is
% of that at the Barth’s surface. What are the mass and the weight of the object at the Moon’s surface ?
(Take the acceleration due to gravity on the Barth’s surface to be 10 ms'2)

mass weight

A, 2kg 20N

B. 2kg 120N
C. 12kg 20N

D. I2kg 120N
< HKCE 2010 Paper II - 2 >

v/ms!
! > /s
0 1

A man pushes a supermarket trolley with a constant horizontal force for £ scconds, and then releases the trolley. The
velocity-time graph of the trolley is shown above. Assume that the friction between the trolley and the ground is constant,
which of the following graphs (in dotted lines) best represents the variation of the velocity of the trolley with time if the man
repeats the action with a stronger force ?

A y/ms? B, y/mg?
A “
IA\
PN N
4N SN
@ N L .
" \ / \
\ / \
/ \ ’ \
/ \ ’ \
/ N M
S 3
8
1 > /s - —> /s
0 ! 0 n
1
C yimg! D y/ms?
A b
A
(I \‘\
/. .
/ “
’)N\‘ ,I ~\\
’/' \\ K ‘\\
1 23 —» t/s - - 1/5

102.

103.

104.

105.

< HKCE 2010 Paper I - 3 >

spring balance

light string

A spring balance is connected to the wall by alight string. A hotizontal force F is acting on the spring balance as shown
below. The spring balance shows a reading of 5 N. Assume that the mass of the balance can be neglected, what is the
magnitude of the tension in the string ?

A, zero
B. 25N
C. 5N
D. 10N

<HKCE 2010 Paper I - 28 >

100N

A block of mass 4 kg remains at rest on a hotizontal rough surface when strings ) and S; of tensions 100 N and 30 N
respectively are pulling it. If S; is broken, what is the magnitude of the net force acting on the block ?
A. zero

B. 30N
C. 50N
D. 70N
<HKCE 2010 Paper I1 - 31 >

—3

In the figure above, a ball is hanging inside a car by a string. When the car accelerates on a horizontal road, the string makes
an angle of 10° with the vertical. Find the magnitude of the acceleration of the car. (Take g to be 10 ms72)
A. 174ms?

B. 176 ms?
C. 567ms?
D. 985ms?

<HKCE 2010 Paper II - 30 >

An object is projected vertically upwards. F denotes the magnitude of the net force acting on the object and # denotes the
magnitude of the weight of the object. If air resistance is not negligible, which of the following descriptions are correct ?

(1) When the object is moving up, F is greater than .

(2) When the object is at the highest point, F" is equal to .

(3) When the object is moving down, F is smaller than /.

(1) & (2) only

(1) & (3) only

(2) & (3) only

10, &G)

onw»>
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106.

<HKCE 2010 Paper II - 4>

A man is standing in a lift. The lift is initially at rest. When the lift starts to move upward, the man feels heavier. Which of
the following statements is/are correct 7

(1) The gravitational force acting on the man increases.
(2) The gravitational force acting on the lift increases.
(3) The force acting on the man by the floor of the lift increases.

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

Questions 107 and 108 :
A man of mass 50 kg stands still on a balance in a lift which is initially moving downwards. Between ¢=0 and 6 s, the reading R of
the balance varies with time as shown in the graph below. Take g to be 10 m s,

107.

108.

109.

> t/s

R O
L= S

<HKCE 2011 Paper II -3 >

‘Which of the following statements is/are correct ?
(1) Between?=0 and 3 s, the net force acting on the man is 400 N.
(2) Atf=3 s, the lift starts to move upwards.
(3) Between ¢=3 s and 6 s, the lift is moving at a constant velocity.

A, (Donly

B. (3)only

C. (1)&(2)only

D. (2) & (3) only

<HKCE 2011 Paper I1 - 4 >

What is the acceleration of the lift between 7=0and 3 s ?
A. 2ms?

B. 6ms?

C. 8ms?

D. 10ms?

<HKCE 2011 Paper IT - 30 >

In the figure shown, horizontal force F is applied to a block
which is hung by a string under the ceiling. At equilibrium, the
string makes an angle € with the vertical and the tension in the

string is 7. The weight of the block is 6 7
A. Fsin 6
B. Fcosf
R F
C. Tsiné
D. Tcos @

110. <HKCE 2011 Paper IT- 5>

111.

112.

F
On a horizontal surface, horizontal force F is exerted on a block as shown in the figure above. When F = 25 N, the block
remains at rest. Which of the following statements must be correct ?

A. IfF>25N, the block will start to move.

B. IfF=25N, the friction acting on the block will be greater than 25 N.
C. IfF=20N, the friction acting on the block will be 20 N.

D. If F=0, the friction acting on the block will be 25 N.

<HKCE 2011 Paper II - 6 >

The photo above shows an ant hanging upside down from the ceiling. The ant is holding a 500 mg block using its jaws. The
ceiling, the ant and the block are at rest. Which of the following statements is/are correct ?

(1) The force acting on the ant by the ceiling points upwards.
(2) The force acting on the block by the ant and the weight of the block are an action and reaction pair .
(3) The net force acting on the ant is zero.

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

<HKCE 2011 Paper I~ 29 >

Three forces are acting on particle P. In which of the following diagrams is the net force on P not zero ?

A
|
6N
A I.Oi{ &
N
> SN
Jd 2 P
P
OIN
C D.
|
&
‘[F» GIN
P, 8IN ZN|
P N
ON [0/N]

S Y = S S S e 4
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113.

114.

115,

116.

<HKAL 1980 Paper 1-1>

A block on a rough horizontal plane is subjected to an applied force F. Which one of the graphs below best represents the
variation of the acceleration a of the block with the applied force F ?
A B. C. D.

e

F 0 F 0 F

Q

0 F 0

< HKAL 1985 Paper J - 2>

A lift of mass M carries a passenger of mass m. When the lift rises with a uniform acceleration a, the normal reaction
between the passenger and the floor of the lift is

A. mg.

B. m(g-a).

C. m(g+a)

D. m(gta~-Ma.

<HKAL 1985 Paper I-1>

A

Two bodies 4 and B are connected by a light siring P as shown in the figure. The weights of 4 am.i Bare 10 Nand 4 N
respectively. B is connected to the roof by another light string 0. If string Q is cut and the two bodies allowed to fall, the
net force acting on B during free fall is

A. ON
B. 4N.
C. 6N.
D. 10N.

< HKAL 1986 Paper I-1>

An object of mass 4 kg is placed on a smooth plane inclined at 30° to the horizontal. It is connected by a light string passing
over a frictionless pulley to another object of mass 1 kg, as shown above. Take g to be 10 m 572, If the system is released,
the tension in the string will be

A 12N

B. I5N.
C. 18N
D. 25N.

117. <HKAL 1987 Paper 1-4 >

axle

3kg 5kg

A block of mass 3 kg is tied to another block of mass 5 kg with a string passing over a fixed smooth pulley. The weight of
the pulley is negligible. Take g to be 10 m s™2. When the two blocks are released to move under the action of gravity, the
vertical upward force acting on the axle of the pulley is

A. 60N.
B. 72N
C. 75N.
D. 8ON.

118. <HKAL 1989 Paper I-7>

David weighs a load with a spring balance inside a lift. Before the lift moves, the scale reads 50 N. The lift goes down and
then stops. The reading on the scale is

more than 50 N when the 1ift starts, and remains steady until it comes to rest.

less than 50 N when the lift starts, and remains steady until it comes to rest.

more than 50 N as the lift starts, and less than 50 N as it comes to rest.

less than 50 N as the lift starts, and more than 50 N as it comes to rest.

vapr

119. <HKAL 1991 PaperI-2>

A block of mass » moves with constant acceleration a down an inclined plane making an angle 6 with the horizontal. The
friction acting on the block is

A, mg-ma.

B. mg—masin 0.

C. mgsin 8- ma.

D. (mg-ma)sin 6.

120. <HKAL 1992 Paper -2 >

Peter has a mass of 40 kg. When he measures his weight with a compression balance inside a lift, he discovers that his
weight indicated by the balance is 360 N. Take g to be 10 m 572, the lift is probably

(1) moving upwards and accelerating at 1 m s2

(2) moving upwards and decelerating at | m s2.

(3) moving downwards and accelerating at 1 ms72.

(4) moving downwards and decelerating at 1 ms~2.

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

121. <HKAL 1992 Paper I-1>

Three blocks 4, B and C of masses m, 2m and 2m respectively are placed on a smooth horizontal ground as shown in the
figure. A constant horizontal force F of 20 N is applied to block 4
so that the three blocks move with the same acceleration towards
the right. What is the resultant force acting on block B ?

A 4N

B. 6N F‘o'T B ¢
C. 8N

D. 12N




'DSE Physics - Section B : M.C. PB-FM2-M/34

FM2 ; Newton's Laws

DSE Physics - Section B : M.C.
FM2 : Newton's Laws

PB-FM2-M/35

122.

123.

124,

125,

<HKAL 1992 Paper I -3 >

=

A bob is connected to a light string attached to the ceiling. The string then swings in a vertical plang. When it is at the
position shown, which of the following diagrams best represents the forces acting on the bob ? Neglect air resistance.
A. B. C;

< HKAL 1993 Paper I- 1>
Fi

mn

The resultant of two forces F1 and F acting at a point has a minimum value of 7 N and a maximum value of 17 N. ‘When
the two forces act at right angles to each other, the magnitude of their resultant is

A, 10N
B. I3N
C. 18N
D. 22N

<HKAL 1994 Paper 1A -1 >

s
'
i
i
'
'
)
1
1
'
|
|
|
'
|
i
1
'

propeller

The above figure shows a toy with a propeller driven by a motor inside the toy connected by a light string to a fixed point on
the ceiling, The toy remains stationary when the motor is on. Which of the following diagrams correctly represents the

forces acting on the toy ?
A. B. C. D.

<HKAL 1995 Paper ITA - 1>

When given a slight push, a block moves freely with constant velocity down a plane inclined at 20° to the horizontal. ‘If the
mass of the block is 0.5 kg, find the force parallel to the inclined plane to pull the block up the plane with constant velacity.

- A, LTN
B. 34N
C. 47N
D. 67N

126.

127.

128.

129,

130.

<HKAL 1997 Paper ITA - 1 >

Two blocks 4 and B are connected by a light string which passes over a smooth, fixed pulley as shown in the above figure.
The maximum friction between any two surfaces is 1.5 N. If a horizontal force F is applied to block B, find the minimum
value of this applied force for moving B.

. 15N
B. 30N
C. 45N
D. 60N

<HKAL 1998 Paper IIA - 3 >

Q—»{A |B|<————-—P

Two blocks 4 and B of mass ratio 2 : 1 are placed on a horizontal frictionless surface as shown above. P and Q are
horizontal forces acting on 4 and B respectively (with P > () so that the blocks move to the left with constant acceleration.
Find the force acting on B by 4.

G OF B. P’;_Q c @ D. Eﬁstg

<HKAL 2000 Paper A - 4>

Amy holds one end of a string to which a block of mass 8 kg is tied at the other end. She raises the block with a constant
acceleration by pulling the string in an upward direction. If the maximum tension that the string can withstand is 100 N, find
the maximum acceleration of the block before the string breaks.

A 27ms?
B. 38ms?
C. 46ms™?
D. 72ms?

<HKAL 2000 Paper IYA - 1 >

Two books P and ( are placed on a horizontal table surface as shown.
A horizontal force F is applied to P but the system remains stationary.

Which of the following statements is/are correct ?
(1) The frictional force acting on O by the table surface is greater [¢]
than F.

(2) The frictional force acting on P by Q is towards the right.
(3) The system would remain stationary if F is applied to ( instead.

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

<HKAL 2000 Paper ITA - 5>

A trolley of mass 0.4 kg moves with a certain acceleration down a runway which is inclined to the horizontal at 12°. If the
angle of inclination is increased to 18°, the acceleration of the trolley would be doubled. Find the average frictional force,
assuming the same in both cases, acting on the trolley.

A. 035N
B. 039N
C. 042N
D. 047N
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131.

132.

133.

134,

<HKAL 2006 Paper ITA - 1 >

A weight W is suspended from the ceiling by inextensible strings as shown.
String OA4 makes an angle 8 with the vertical while string OB makes the
same angle & with the ceiling. Find the tension in OB,

A. Wsing

B. W/sin8

C. Wecos8

D. W/cosé

<HKAL 2008 Paper IIA - 4 > plasticine N
c =& B Bl g > F

Three blocks 4, B and C, connected by light strings, are placed on a smooth horizontal surface as shown. A constant force F
is applied to block 4 so that the whole system travels to the right with acceleration. If a lump of plasticine is placed on B
and it moves together with B while the applied force F remains unchanged, how would the tensions T and I3 in the two
strings change ?

Tension Tt Tension T2
A. decrease increase
B. decrease decrease
(C increase increase
D. increase decrease

< HKAL 2009 Paper ITA - 4>

A small bob P is suspended by an inextensible string from the ceiling of a vehicle. The vehicle is moving on a straight
horizontal road and the string makes an angle 8 with the vehicle
as shown in the figure. Which of the following description of the
acceleration of the vehicle is correct ?

A. gsin6tothe left

B. gsin6totheright

C. gtan@tothe left

D. gtan @ to the right

< HKAL 2009 Paper IJA -3 >

A block X is placed on top of another block ¥, which rests on a horizontal surface. The blocks have the same mass m. The
block ¥ is pulled by a horizontal force ¥ as shown. Assume that all contact surfaces are smooth. What is the acceleration of
cach block ?

acceleration of X acceleration of ¥

A. Ze10 )
m
B. Zero il
2m
F
C. = £
2m m
D. £ £ \
2m 2m

135.

136.

137.

138.

<HKAL 2012 Paper IIA - 5>

A 2 kg block is placed on top of a 3 kg block on a smooth horizontal surface
as shown. A horizontal force of 6 N is applied to the 3 kg block such that the
two blocks move together. The friction acting between the two blocks is

A ON

B. 12N
C. 24N.
D. 36N.

<HKAL 2012 Paper IIA - 6 >

reading /N
A
600

500
400
300
200
100

»1/s
0 16 247
Billy of mass 50 kg stands still on a weighing scale in a lifi. The lift starts to ascend at ¢ = 0 and comes to rest at t = 24 5.
The graph shows how the reading of the weighing scale varies within this time interval. What is the corresponding height
ascended by the lift 7 (Take the acceleration due to gravity to be 10 m s72.)

A 192m
B. 144m
C. 128m
D. %m

< HKAL 2013 Paper ITA - 3 >

A body of weight W is suspended by three inextensible light strings O4, OB and
OC as shown in the figure. OA makes an angle & with the horizontal while OB is
horizontal. The maximum tension that each string can bear is the same. If the
weight /¥ gradually increases, which string will break first ?

A. string OA4

B. string OB

C. string OC

D. It depends on the value of 8.

< HKAL 2013 Paper ITA - 7 >

A boy performs a ‘bungee jump’ from the top of a bridge. He is connected with a

light elastic cord to the bridge at O as shown in the figure. When he falls down from oY

rest at O, the cord starts to stretch at point P. He then passes Q where the tension in U

the cord is just equal to his weight. Finally, the boy reaches point R where he is !

momentarily at rest. If air resistance is neglected, which of the following i

descriptions are correct ? i
(1) From P to Q, the speed of the boy increases throughout. P ?
(2) At Q, the speed of the boy is the maximum in the falling motion. i
(3) AtR, the net force acting on the boy is zero. g ?

A. (1) & (2) only R i

B. (1) & (3)only

‘C. (2) & (3) only

D. (1), &(3)
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Part C : HKDSE examination questions

139.

140.

141.

< HKDSE Sample Paper IA - 5> ?

Hes

A fish is hung on a light string as shown. If the tension in the string is 10 N, find the total weight of the fish and the hook.

A. 20sin70°N
B. 20cos 70°N
C. 10sin70°N
D. 10cos 70°N

< HKDSE Sample Paper IA - § >

142. <HKDSE Sample Paper IA -9 >

Kelvin is standing on a balance inside a lift. The table shows the readings of the balance in three situations.

Motion of the lift

Reading of the balance

moving upwards with a uniform speed

A block remains at rest on a rough inclined plane. Which of the following diagrams shows all the forces acting on the
block ?

Note: W = gravitational force acting on the block,
R = normal reaction exerted by the inclined plane on the block, and

F = friction acting on the block.
A. B. H (3 % D. -
F
w W W w

< HKDSE Sample Paper IA - 6 >

A 1 kg block is pulled by a horizontal force of 5 N and moves with an acceleration of 2 m 57 on a rough horizontal plane.
Find the frictional force acting on the block.

A, zero
B. 2N
C. 3N
D. 7N

moving downwards with a uniform speed -
moving upwards with an acceleration
Which of the following relationships is correct ?
A. Rt = R > Ry
B. & >R = R,
C R >R R3
D. Ry > Ry > Rz
143. <HKDSE Practice Paper 1A - 10 > -
As shown in Figure (a), a block slides down along a smooth inclined plane from rest. The corresponding speed-time graph
of its motion is shown in Figure (b).
smooth A
inclined
plane
rough ground
"""""""" O 0 > ¢
Figure (a) Figure (b)
‘Which of the following speed-time graphs (in dotted line) best represents the motion of the block if it is released at a higher
position on the plane instead ? Assume that the friction between the ground and the block remains unchanged.
A. B.
v
A
S
’ ~
’ L 2%
’ ~
’ £ ->
/ .
’ hS
4 ~
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' C. D.
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144. <HKDSE Practice Paper IA - 8 >

145.

146.

A block of weight 100 N is placed on a horizontal table and a vertical force of 60 N is exerted on the block as shown in the
figure above. Which of the following statements is/are correct ?

(1) The weight of the block is balanced by the force exerted on the block by the table.
(2) The weight of the block and the force exerted on the table by the block are equal in magnitude.
(3) The force exerted on the table by the block and the force exerted on the block by the table are an action-reaction

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

< HKDSE Practice Paper IA - 9 >

Blocks, P, O and R, connected by light inextensible threads, are placed on a smooth horizontal surface as shown. A constant
force F is applied to P so that the whole system travels to the right with acceleration.

plasticine

by T
R 2 9} . P »F

ESANNRRR R NN NRNARRRNNN NN NN NNNNNNNNNNY

A lump of plasticine is placed on Q and it moves together with Q. If the applied force F remains unchanged, how would the
tensions T and T7 in the two threads change ?

Tension T Tension T2
A, increase decrease
B. increase increase
C: decrease decrease
D. decrease increase

< HKDSE 2012 Paper IA -8 >

F .. R
_

Blocks P and Q of mass m and 2m respectively are connected by a light spring balance and placed on a smooth horizontal
surface as shown. If horizontal forces Fy and Fz (with Fi > Fy) act on P and () respectively and the whole system moves to
the left with constant acceleration, what is the reading of the spring balance ?

A 28-5
3

B 2R-F)
3

c. 2Ath
3

p. F+25
3

147.

148.

149.

< HKDSE 2012 Paper IA - 5>
I

P,

Two forces F and F; of constant magnitude act at the same point as shown. When the angle 6 between Fi and F; increases
from 0° to 180°, the magnitude of the resultant force

decreases throughout.

increases throughout.

decreases and then increases.

increases and then decreases.

vowy

< HKDSE 2012 Paper IA - 10 >

A block of mass m resting on a 30° incline is given a slight push and slides down the incline with a uniform speed. Which of
the following statements about the block’s motion on the incline is/are correct ?

s

30°

(1) There is no net force acting on the block.
(2) The frictional force acting on the block is 0.5 mg.
(3) Ifthe block is given a greater initial speed, it will slide down the incline with acceleration.

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

< HKDSE 2012 Paper IA - 11 >

AN
A block of mass m initially resting on a rough horizontal surface is pulled along the surface by a horizontal force F
increasing from zero. If the frictional force is constant, which graph shows the relation between the acceleration of the block
g and force F ?
A, B.

a a
0 F 0 F

[ a D. a
0 F 0 F
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150. <HKDSE 2013 Paper IA -5>

151.

152.

153,

A block of weight 20 N is suspended by a light string from the ceiling. A force F is applied such that the block is displaced
to one side with the string making an angle of 25° with the vertical as shown. Find the magnitude of 7.

A. 85N

B. 93N

C. 181N

D. 413N

<HKDSE 2013 Paper IA -6 >

In the figure, O is the centre of a regular hexagon. A particle at O is subject to six forces with magnitudes indicated as
shown. The resultant force acting on the particle is

A. 9N along direction OF.
B. 8N along direction OF.
C. 8N along direction OF.
D. 6N along direction OE.

<HKDSE 2013 Paper IA-7>
constant speed

2N 12N

A block on a rough horizontal surface is moving to the left with constant speed under two horizontal forces 2 N and 12 N
indicated as shown. If the force of 12 N is suddenly removed, what is the net force acting on the block at that instant ?

A. 12N

B. 10N
C. 8N
D. 2N

< HKDSE 2014 Paper IA - 8 >

Two blocks of masses 5 kg and 3 kg respectively are connected by a light string
passing through a frictionless fixed light pulley. Find the magnitude of the
acceleration of the blocks in terms of the acceleration due to gravity g when
they are released. Neglect air resistance.

A,

oo A= o 07
0 0g 09

B
C.
D.

154.

155.

157.

156.

< HKDSE 2014 Paper IA - 4>

20N

The figure shows a weight 7 attached to two light strings which pass over two smooth pegs at the same height and with
weights 30 N and 20 N attached to the respective ends of each string. The system is at equilibrium. Which deduction about
W is correct ?

A. Wisless than SON.

B. Wisequal to 50 N.

C. Wis greater than 50 N.

D. No information about ¥ can be obtained as angles #and ¢ are not known.

<HKDSE 2015 Paper JA - 5>

A constant net force acting on an object of mass m; produces an acceleration a; while the same force acting on another
object of mass m produces an acceleration ;. If this net force acts on an object of mass (m: + mz), what would be the
acceleration produced ?

A ata

B. 4t4%
2

@ AL

a,+a,

p. 244

al + a,

< HKDSE 2016 Paper 1A - 6 >

A boy of weight W exerts a downward pulling force F on a rope of weight G hung vertically
from the ceiling. He stands still on the ground as shown. Whichyof the following gives the
magnitude of the force exerted by

(1) the boy on the ground ;

(2) therope on the ceiling ?

0] @
AW G-F
B. W G+F
C. W-F G-F
D. W-F G+F

< HKDSE 2016 Paper IA - 7>

A block with initial speed 2 m s slides down a rough inclined
plane and stops after travelling a distance of 0.5 m. What is
the deceleration of the block ?

A lms?
B. 2ms?
C. 4ms?
D. Answer cannot be found as the angle of inclination of the

plane is not given.
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158, < HKDSE 2017 P I HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers.
. aper JA - 6> Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care.
A block is released from rest on an inclined plane as shown. The inclined plane makes an angle of 30° to the horizontal. The
block moves with uniform acceleration, and travels a distance of 1 m in the first 3 s, Determine the acceleration of the block. M.C. Answers
1. D . e 21. B 31. B 41. A 51. B
2. A 12. D 22. B 32. A 42. B 524 (€
pres 3. B 13. A 23. C 33. D 43. D 53. A
A 022ms? 4. B 14. B 24, A 34, C 44. D 54. A
B. 033ms? 5 € 15. B 25. B 35. C 45. C 55. A
C. 491ms?
D. Cannot be determined as the frictional force acting on the block is unknown. 6 B 16. B 2. A 36. A 4. B 56. C
. . 27. . i .
159. <HKDSE 2017 Paper 1A - 7> G i @ 7 B o B L #h B
A block of mass m stays at rest on a rough inclined plane as shown. 8. C 18. C 8. C 38 D 48. D 58. A
9. C 19. D 29. D 39. B 49. A 59. A
10. A 20. D 30. B 40. B 50. C 60. D
61. A 71. C 81. B 91. A 101. D 111. D
62. C 72. B 82. C 92. A 102. C 112. C
Which of the following diagrams correctly shows the forces acting on the block ? |
) k ! ) " 63. B 73. B 83. B 93, C 103. A 113. A
(& is the normal reaction from the inclined plane, and fis the frictional force between the block and the plane.) :
A. B. C. D. i 64. A 74. D 84. D 94. C 104. B 114. C
N N | 65. A 75. D 85. C 95. B 105. D 115. B
P . / b .
/ . 66. C 76. A 8. B 9. C 106. B 116. A
mg N me mg N/ |mg | 67. B 77. C 87. B 97. A 107. B 117. C
i 68. D 78. C 88. D 98. C 108. A 118. D
| 69. B 79. D 89. D 99. A 109. D 119. C
160. < HKDSE 2017 Paper 1A - 10 > 70. A 80. C 90. D 100.C 110. C 120. C
Blocks X and Y are connected by a light inextensible string passing over a fixed frictionless light pulley as shown. The mass
of X and Y are 0.5 kg and 1 kg respectively. Initially, Y is 1 m above the ground and the string is taut. The system is then [
released from rest, 121. C 131. A 141. C 151. D 161. A
i X 1224 132. D 142. B 152. A i2s &
- - : 163. C
smooth horizontal table 123. B 133.D 143. D 153. C
124. D 134. A 144. B 154. A 164. B
"""""""""" ' ' 125. B 135. C 145. A 155./C
Im
I . 126. C 136. C 146. C 156. D
MMt W | 127.D 137. A 147. A 57 ©
Xhat}l.sséh;ssrfed of ¥ just before it reaches the ground ? [ 128 A 138. A 148, C 158. A
B. 443ms™ | 129. D 139. B 149. A 159. C
C. 626ms™! |
D. 98I1ms! 130. C 140. C 150. A 160. A
There is question in next page




161. <HKDSE 2019 Paper IA-5>

162. <HKDSE 2019 Paper IA-12>

163. <HKDSE 2020 Paper IA-5>

For a car travelling on a highway, which of the following statements about the safety design of the
headrest isfare correct ?

(1)
2)
€))

A particle is thro
particle reached. Which of the following statem

resistance.

{1) Its acceleration at M is upward.
{2 Iis acceleration at H is zeto.

3 Its acceleration at N is downward,

As the headrest is soft, it can reduce the force exerted on the passenger’s hesd during impact.

1t can minimise injury of the passenger when the car is struck by

another one from behind.,

1t can minimise injury of the passenger when the car brakes suddenly.

A, {1) only
B. (3) only
<. {1)and {2} only
D {2) and (3} only

164. <HKDSE 2020 Paper IA-6>

A. {1 only

B. {(3)only

i, (2) and (3} only
D. (), @yand (3)

wn vertically upward and its path is shown below. K is the highest point that the
ents sbout the particle is/are correct 7 Neglect air

*m

.. B

e el
=

i
&

;
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M.C. Solution

D

Actual weight = mg = (20) x (9.81) = 196 N

The reading of the balance 150 N is indeed the normal reaction R, represents the apparent weight.
. direction of acceleration is downwards

L R<mg

. The lift is descending with uniform acceleration.

A

10} F-f=Ma

® 2F - f= Ma’
2f + 2Ma - f= Ma’

2F -2f=2Ma L2F=2f+2Ma

& f=Ma -2Ma gt = 2g 3L
1%

B

As X is held stationary, there is a unknown applied force acting on X,

Consider ¥ that is also stationary : 7 = mgsin § = (2) (9.81) sin 30° = 9.81N
Reading of § = tension of the string = 9.81 N ~ 9.8 N

B

After the system is released, 4 and B move towards each other because of the elastic force of the spring.

The force acting on 4 and the force acting on B form an action-reaction pair. Thus they are equal and opposite.
. F = ma = constant

1 W M

moc—
a ag m

C
As the object is at rest along a rough inclined plane, forces along the inclined plane are balanced.

" f=mgsiné oo f o« sin 6

B
Slope of s-f graph = velocity

When the object is moving upwards, it is decelerating,
thus the slope of the graph representing the velocity should be decreasing.

At the highest point, the object is momentarily at rest.

After reaching the highest point, the object moves downwards with acceleration.

The curve should then bend downwards with magnitude of slope increasing. 0 >t

13.

14,

A

Consider block £ : Ty = (Im)a
Consider block D, E : Ts = (2m)a.
Consider block C, D, E : T, = (Bm)a
Consider block B, C, D, E : Tt = (4m)a

The string S1 with tension 71 has the greatest tension.
As four strings are identical, S is likely to be broken first.

C
As the object is at rest along a rough inclined plane, forces along the inclined plane must be balanced.

oo f=mgsiné

C

Consider the whole system of the two blocks and the trolley.
By Newton’s second law : Fye = ma

(0.75 x 9.81) - (0.25 x 9.81) = (0.75 + 1 + 0.25) a a=245ms? ~ 2.5ms?

A

As the force is acting to the left, the acceleration is also towards the left.

As the body is moving to the right, lefiward acceleration means that it is under deceleration, thus the velocity should drop.
‘When the body comes to rest, the force continues to apply to give leftward acceleration,

thus the velocity increases as the body moves leftwards.

Note that as the force is constant, the acceleration is constant, thus the slope of the graph should be constant.

C

Pcost — Q =ma
(2)cos30° - (1) = (D a a=073ms?

D

As the resultant force is zero, the acceleration must be zero.

The particle may then be at rest or moving with constant velocity.

A
As the ball and the lift move together upwards before the ball is released, due to inertia,

velocity of the ball at the moment of release = velocity of the lift = 10 m s~ upwards

B

x (68} Velocity of the ball increases with time up to 10 m s,

v @) Acceleration = slope of v~ ¢ graph, which decreases with time.

x 3) After 4 s, the ball should move with a terminal velocity which is not zero.
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1s. B 22, B
Engine turned off Since the three blocks are of equal mass, they should experience the same net force.
=> mno net force acting on the rocket . Net force on block B : F) = F
= the rocket has no acceleration 3
= the rocket continues to move with uniform velocity due to inertia
23. c
i = v (68} Constant force = constant acceleration => constant slope in v ~ ¢ graph
The spring balance reads the tension 7} . Th = 10N 4 @ SR graph = Rl O e e Tl
Consider A and B as a whole systetn * 3) Falling from rest => constant acceleration = a horizontal line
10) = (1+1.5)a soa=4ms?
éoisidef’ blockl)i Ty =mpa=(15@) = 6N 24 &
‘When the force F is applied,
" b F=f+mgsin® (11) = f + (1)(10)sin30°
The resultant force acting on the block is m g sin 6, thus the acceleration of the block is g sin & b FEON 2 Madmimifiicifn e R
and it is constant and always pointing downwards, no matter whether the block is moving upwards or downwards. If F is not applied,
downward force = mg sin © = (1)(10) sin 30° = 5N.
18. C Thus, f=5N .. The block remains at rest.
Consider the pulley connecting to the 6 kg body. There are two strings giving two upwards tensions T to hold the pulley. I
L 2T=mg 2T = (6) (9.81) o T =294N 25. B
As the 2 kg block is at rest, tension of § = tension of the string connecting 2 kg block and 6 kg block = 29.4 N [ * (€3] If the lift is moving upwards with constant speed, R = W.
! v 2 The normal reaction acting on the man by the floor R is upward while weight # is downward.
1. b ‘ x 3) R and W are both acting on the same body, the man, thus they cannot be action-reaction pair.
P —mgsin® =ma i
. P=mgsin® + ma i 26. A
The one with maximum 6 and maximum a would give the maximum P, Assume the two blocks 4 and B, each block has a mass of M.
Thus, the case in D has the maximum P. Consider the whole system : F = ma L (12)=Q2M)a wa=25
. - ! The force between 4 and B is the normal reaction. .
The man feels heavier if the normal reaction: R > mg ! Consider4 : (12) - R = (M) (%) “ R=6N
i.e., the direction of acceleration is upwards. OR
Moving upwards with acceleration and moving downwards with retardation both mean an upward acceleration.
Consider B: R = ma = (M) (L) = 6N
M
21 B
* F=maoxa 2 N
.. The shape of the F ~ f graph is the same as that of a ~ ¢ graph. By F=ma . Foexa

Asslope of v~ £ graph = a oc F,
Before =1t , force is positive = slope of v ~ ¢ graph is positive
After £=1,, force is zero = slope of v~ ¢ graph is zero (horizontal line)

Option C is not correct as the velocity cannot be suddenly dropped to zero.

.. The shape of the I ~ ¢ graph is the same as that of @ ~ # graph.
As slope of v~ ¢ graph = a slope of v~ ¢ graph o« F
Before t =1, force is zero => slope of v ~ ¢ graph is zero (horizontal line)

After t=1¢,, force is positive => slope of v ~ f graph is positive.
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28.

29.

30.

3L

321

33.

34,

X:
Yy

D

No net force acting on the X => X moves with constant velocity due to inertia

Y is under free fall with the acceleration due to gravity, where g= 10 ms? = Y accelerates at 10 m §2

Consider 4 and B as a whole system :

Considerblock 4 : F — T = maa

OR

F=ma

@) =(@B+2a soa=04ms?

L @)~T=(2)(04) . T=12N

Considerblock B: T = mpa = (3)(04) = 12N

Ty

L=

C

8}
@
©)]

M
@
(©)

m
@

®

I+ Wy

Both Fj and F; are acting on the same block. (¥2 is the normal reaction acting on the block by the floor.)
Both Fy and F; are acting on the ball. (F, is the tension acting on the ball by the string.)

F\ acts on negative charge while F; acts on positive charge, they act on two different bodies.

W=mg = 50x981 = 490.5N which is a constant all the time.
As the lift falls freely under gravity, the man loses contact with the floor, thus normal reaction R = 0

As the man loses contact with the floor, the force acting on the man by the floor R =0.

A harder initial push would give a greater initial velocity, thus the dots is more separated as shown.

If the angle of inclination is increased, mg sin 6 would be greater than the friction f;
thus the trolley would move down with acceleration, and the dots would not be equally spaced

If the frequency is increased, more dots are produced in 1 s, thus the dots should be less separated.

F+Wx=44+2=6N
=6+8=14N

Constant braking force means constant deceleration.

By

2=

W+ 2as 0) =2+ 2(-a)s = L s« u?
2a

Lk 4 _ (39)2 Sos2=48m

u, 5, 60
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36.

37.

38.

39.

40.

41.

(o2

Horizontal component the applied force = Fcos 8

as @i the angle between the direction of motion and applied force.

A

Before the string § breaks, F = ma = (4+2)(2) = 12N
After the string S breaks,

consider the 4-kg block : no horizontal force acts on it .-

a=0ms?

consider the 2-kg black : the net force acting on the 2-kg block is F, i.e. 12 N.

 F=ma
B

® o
% @
= @)
D

v M
v @)
S ®
B

B M
& @
v ©)
B

= O]
4 @
N ®
A

S (12)=@2)a . a=6ms?

R and W are both acting on the same block, they cannot be action-reaction pair.
W and F are equal and opposite, and they act on 2 different bodies.

F and R are in same direction.

As W = m g, thus greater mass experiences a greater gravitational attraction force.

Both of them have the same acceleration due to gravity g, as g is independent of mass,
thus they reach the ground at the same time.

Both of them have the same acceleration due to gravity g,
thus they reach the ground with the same velocity.

As the block is at rest, there must be frictional force acting on it to prevent the tendency of sliding.
As the block is in contact with the inclined plane, there must be normal reaction acting on the block.

As the block is at rest, there must be no net force (no resultant force) acting on it,

The mass of the coin should be much greater than that of the feather.

In vacuum, there is no air resistance,

thus both of them fall down with the same acceleration due to gravity g.

As the coin and the feather have different mass, by W = m g,

they should have different weight, i.e., different gravitational attraction force acting on each other them,

Since both F and F; are acting on the ball, and the ball has upward acceleration,

thus the net force acting on the ball must be upwards .. F, > F3

Since F and F3 are action-reaction pair,
Fy > F

Thus, Fy =

L Fy =Ry
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1. B 49.
()] To keep an object moving with uniform velocity, i.e. zeto acceleration, the net force should be zero. ) The passenger in a moving car should move together with the car with the same velocity.
Thus no unbalanced force is needed. As the car suddenly stops, due to the inertial of the passenger, he would keep on moving forwards.
* V)] To keep an object moving with uniform acceleration, i.c. constant acceleration, This is explained by the First law of motion, which is also called the Law of Inertia.
the net force (unbalance force) should be constant, not increasing. - @ By Newton’s second law, mg = ma .~ a=g
4 (&) If thero is no unbalanced force, the aceeleration is . ) x 3) The maximum mass an astronaut can lift is greater on the moon is due to the smaller gravity of the moon.
The object may remain at rest OR may move with uniform velocity.
50. C
43. D o )
. . At equitibrium, both ropes 4C and CB exert an upward component T cos 0 on the shirt.
v A. Mass : in kg ; Weight: in N,
o
v B. Mass indicates how large is its inertia ; weight represents how large the gravitational force acting on if. 2T cos (ﬂ) -2
2
v C. W = m g, for a particular place, g is constant, thus ¥ o m,
T=39N
* D. Mass is always a constant but weight would vary at different places.
44, D S1. B
p , x 1 On a friction-~ ensated , a block should ith tant velocity.
x (1) Both these two forces are acting on the man, but action-reaction pair must act on 2 different bodies M SHICHOn:CanD Edmunay alblocishouldimoyerwith constantivelocity
. ) x 2) The normal reaction force : R = mg cos@, which is a constant throughout the motion.
v @ If the action force is on A by B, then the reaction force is on B by 4, o
thus forces between the carth and the moon are action and reaction pair. 4 3) As friction is compensated by the component of weight along the inclined plane, i.e. /= m gsin 6,
there is no net force acting the block.
v 3) The force exerted by a swimmer on the water is the action force,
and the force exerted by the water to push the swimmer forward is the reaction force.
52. (G
45 c v (6] As the two balls are falling under the same acceleration due to gravity,
. — : they must reach the ground at the same time with the same speed.
The block must have weight pointing vertically downwards. N
2 They have th lerati th lerati
Since the object is in contact with the inclined plane, normal reaction must act on the block. @ ey have the same acceleration 2 the acceleration due to gravity is independent of the mass of a bady.
o x 3 By W =mg , different masses should have different itational fi i
Since the inclined plane is smooth, there is no friction. ® Y Sy TSR HIASESISHO avedifferehtfgtavitationaliforcesi]
46. B 53. A
As the car moves with constant velocity, it has zero acceleration, thus the horizontal forces acting on it are balanced. v (€8] As the two balls reach the ground at the same time, they must have the same acceleration due to gravity.
T=f=500N x @) This is Newton’s first law, but it cannot be deduced from the result of the two falling balls.
* (©)] Two balls of different mass should have different gravitational forces.
47. C
As W=10N, R=8N, . R<W B 54, A
since the downward force W is greater, the net force is downwards
thus, the acceleration is downwards
-, the lift should have a downward acceleration OR upward deceleration. w
48. D
. o ]
To keep P in equilibrium, BN W : gravitational force by the earth must exist for a body placed on the earth’s surface
F,=F= 22 +4% =45N 7 R : normal reaction must exist and this force is used to support or balance the weight W
/‘ F'; friction does not exist as the ball has to tendency to slide

N : normal reaction from the wall does not exist as the ball just touches the wall, it does not really press the wall
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56.

57;

58.

59.

60.

61.

A
When the block is moving upward, the friction is pointing downwards.

L omgsing + f=ma and a causes the deceleration of the block.
‘When the block is moving downward, the friction is pointing upwards.

. mgsind - f=ma; and a; causes the acceleration of the block.
Comparing the two equations : a1 > a3

As absolute value of the slope of v ~ ¢ graph = magnitude of acceleration

. slope of the line representing the upward motion should be steeper.

C
Balance of forces in vertical direction : F3 cos 30° = 10 S = 115N
B
On a rough surface, there must be friction.
L F—-f=ma
ae gL
m m

This is a linear equation with a positive x-intercept, thus option B is cotrect.

A

By W = mg, as the weight W is one-sixth on the moon, the acceleration due to gravity g is also one-sixth on the moon.

v 1) By v =u+2as . O =w+2(-gs . g¥=sT forthesameu

* V)] By s=ut+%gtz , s = %gtz 5 gV = 71 forthe same s

* 3) To lift an object, the maximum force that can be applied by the astronaut = weight of the object
Since the maximurn force of the astronaut is the same on the moon, he can only lift the same weight.
However, he can lift a greater mass on the moon.

A

Since the block is at rest, the friction acting on the block = 10-2 = 8N
‘When the force 10 N is removed, the only applied force is 2 N, thus the friction would also reduce to 2 N,

.. The resultant force is zero.

D
This experiment is used to demonstrate the Newton’s Ist law.

‘When the cardboard is flickered away, the coin has the tendency to remain at rest, and the tendency is the inertia.

A
v (03] This is the action and reaction pair between the earth and the moon.
* (03] These two forces both act on the same body : the suitcase.

These two forces both act on the same body : the suitcase.

® ®

62.

63.

64.

65.

66.

67.

68.

C

Slope of the a - F graph represents

. slopes of the two graphs are the same since the mass is unchanged.
mass

If the angle is increased, the runway would not be friction compensated
and the trolley would have an acceleration even when the applied force F is zero.

- The new graph should have a positive y-intercept.

B
x m The gravitational force (weight) acting on John by the earth = m g = (80)(10) = 800 N
% 2) The force exerted by the weighing scale on John is the normal reaction,
and this is equal to the normal reaction acting on the weighing scale, which is 600 N.
v [©) As reading of the weighing scale is smaller than the weight of John, direction of @ is downwards,
the lift must either be accelerating downward or decelerating upward.
By Newton'’s second law,
mg -~ R=ma .. (800) ~ (600) = 80)a .. a=25ms?
A

Net force acting on the block = mgsing — f = ma
(0.5)(9.81) sin 30° - /' = (0.5) x (3)
f = 09525N =~ 095N

A
Since the vertical force 60 N would be balanced by the normal reaction acting on the block and its weight,
i.e. downward force of weight 100 N = upward vertical force 60 N + upward normal reaction 40 N

Thus, the only force unbalanced is the horizontal force of 30 N, and this is the resultant force.

C
v (€3] The object has the inertia to remain its initial state (at rest) when there is no unbalanced force.
v ?) The object has the inertia to remain its initial state (uniform motion) when there is no unbalanced force.
x 3) If there is unbalanced force, the object would have acceleration, and cannot be at uniform velocity.
B
v 1) The football first is at rest and then moves after being kicked by the player.

The football is under acceleration, so an unbalanced force exists.
* ) For uniform velocity, the acceleration is zero, there is no unbalanced force acting in the parachutist.
v 3) The velocity of the bob is continuously changing as the direction of velocity is changing.

As velocity changes, acceleration must occur, an unbalanced force is required for the acceleration.
D

Since the block moves with uniform velocity, a = 0

Thus net force = 0
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69. B
Balance of forces in vertical direction :
4 Tcos 20° = 600
T = 160N
70. A
The gravitational force W is the weight of a body which is acting on the body by the Earth.
Thus the weight is always a constant value, thus the graph should be a horizontal line.
71. C
Consider the forces acting on the child : R
The force R; is the normal reaction acting on the child from fhe back of the seat. &
1
R causes the acceleration of the child, thus Ry = ma = (10)x (3) = 30N
The force R; is the normal reaction acting on the child from the bottom of the seat. L
R, is balanced by the weight, thus R, = mg = (10) x (10) = 100N
Both R1 and R; are the forces exerted by the safety seat on the child, thus, their resultant is 4/(30)* + (100)* = 104N
72. B
m These two forces act on the same body, the child, thus they must not be an action and reaction pair.
v 2) The force exerted on the chair by the child and the force exerted on the child by the chair
are action and reaction pair since they act on two different bodies.
x (©)) The force exerted by the chair on the ground is pointing downwards.
The gravitational force exerted by the earth on the chair is also pointing downwards.
Both of these two forces have the same direction, they must not be action and reaction pair.
73. B
v )] By W = m g, since g on the Earth is 10 m 572, mass of the object on the Earth is 6 kg,
x @) Mass is independent of the gravity, thus mass of the object on the moon should also be 6 kg.
v ®?) By W = mg, since the same mass gives one-sixth of the weight on the moon,
g on the moon must then be one-sixth that on the Earth.
74, D
v ) In Figure (a), F = (mi+m)a. InFigure (b), F = (m+m)a.
Thus, the acceleration must be the same in both figures.
In Figure (a), 71 = mia. InFigure (b), T2 = ma.
As mi> my, therefore, Ty > T2
v @ TnFigwe@@, Ti = ma - g=Ji. WmFigwe®), o= ma - a=-2.
my L
Since the acceleration a are the same, thus _Tl_ = £
moomy
4 3) F=(m+m)a=ma+ma=01+1D
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75.

76.

77.

78.

79.

80.

81.

By s = % at?,agraph of s against 17 gives a straight line through the origin.

By v = at,agraph of v against £ gives a straight line through the origin.

LN N N v

By v? = 2 as,agraph of vZ against s gives a straight line through the origin.

®
vow »

Since the acceleration is constant due to the constant horizontal force,
a graph of @ against ¢ should give a horizontal line.

A
To balance the weight of the sucker, there must be an upwards force acting on the sucker.

The only force that can act along the wall is the friction.

C
v (1) If Fy and F; are in perpendicular direction, then their resultant force is /3% +4* = 5N,
If F is in the opposite direction to the resultant of F1 and F, then the object is in equilibrium.
v (03] If F1 and F; are in the same direction, then their resultant forceis 3 +4=7N.,
If F; is in the opposite direction to the resultant of /1 and F3, then the object is in equilibrivm.
* 3) If Fy and F; are in the same direction, then their resultant force is 3 + 5 =8 N.
However, F3 has a magnitude of 9 N which is too great for the object to be in equilibrium.
C
Since the inclined plane is rough, there must be friction acting on the block. 2
As friction tends to prevent the bloek from sliding down, F
the direction of the friction is upwards along the plane.
Normal reaction exists when two surfaces are in contact. w

D

Resolve the tension in sach side into vertical and horizontal components.

The two vertical components T cos 70° are balanced by the weight of the fish and hook.
W = 2Tcos70° = 20 cos 70° N

(o}
By F-f=ma
&) -r=0E S=3N
B
@ ‘When the lift is moving upwards with a uniform speed, there is no acceleration, thus Ry = mg.
@ ‘When the lift is moving downwards with a uniform speed, there is no acceleration, thus R, = mg.
®

‘When the lift is moving upwards with an acceleration, there is an upward net force, thus Rz > mg.

R >R =R
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82. C 88. D
A, Since the two blocks are connected together, v 1) Seat belts can prevent passengers from throwing forwards due to inertia when accident occurs.
t ith th d. o 4 A .
they must move together with the same spee v ) When a vehicle is overloaded, its mass increases, thus its tendency to keep on motion is increased,
x B. Since the two blocks are connected together, therefore, it is harder to brake the vehicle within a safety distance.
t ther with th itude of acceleration. . N .
they must move together with the same magnitude of acceleration v 3) If a vehicle exceeds the speed limit, it is harder to brake the vehicle to rest due to its inertia.
v (e} As the two blocks have the same magnitude of acceleration, but their masses are different,
they have different magnitude of resultant force.
* D. Since the two blocks are connected together by the same string, 895 D — g N
the tension exerted by the same string must be the same.
2N—> 4 | B N—> 4 [ By B
83. B
To be an action and reaction pair, the two forces must be equal in magnitude and opposite in direction, Consider the two blocks together,
and act on two different bodies such that : force exerted by 4 on B and force exerted by B on 4. Fuee = total mass x acceleration Lo(12) = (1+3)a ~ a=3ms?
Option B is correct as these are the action-reaction pair between the string and Y. Consider the block B, contact force = mass of B x acceleration = (3) x (3) = 9N
i
8. D "% D
Net horizontal force = 2 x 50 cos 40° Since the horse gives a pulling force in forward direction to the block,
= 766N the friction acts on the block is in backward direction,
Since the block gives a pulling force in backward direction to the horse,
85 c the friction acts on the horse should be in forward direction.
Consider the forces acting on Peter : |
@ weight of Peter W o1, =
o reaction force by the table 7 For an action and reaction pair, one should be acting on 4 by B and the other should be acting on B by 4.
@ normal reaction force R by the weighing scale, i.e. the reading of the scale wltr ¥ M These are action and reaction pair between the child and the scale.
Since Peter is in cquilibrium, * 2) The reaction of the force by the Earth on the child should be the force by the child on the Earth.
FiR=W | % 3) The reaction of the force by the Earth on the scale should be the force by the scale on the Earth.
|
R |
R=W-F
92. A
36 B Resolve the tension T'into a horizontal component T sin 6 and a vertical component 7' cos 8.
Resolve the tension in cach side into vertical and horizontal components Since the block is in equilibrium under 3 forces : the tension 7, the weight of 10 N, the force of 3 N,
The two vertical components T cos & are balanced by the weight of the acrobat. balance the force horizontally, T'sin@ = 3
W balance the force vertically, Tcos8 = 10
=2T 4 A = __
B oos 8EE or Ltan® =03 - @=167° .. 8 < 30°
As 0° < 6 < 60° . Tsin167° =3 . T= 104N . 13N> T> ION
cos 0° > cos & > cos 60° (cos @ is a decreasing function, that is, greater 6 gives smaller cos 0 ) - %
w _ w '
il 1= i > 05 o T> — ad W >T Since the vertical component of the tension 7 balances the weight , N
| the horizontal component of the tension 7'is the net force, thus, the acceleration is towards the west. “J
87. B ! v [¢))] Moving to the east and decelerating means that the acceleration is towards the west. a
In order to deduce the relationship between the acceleration and the net force, the mass should be kept constant. v ) Moving to the west and accelerating means that the acceleration is towards the west.
p £
Since trials (i), (iv) and (vi) have the same mass of 2 kg, these 3 trials should be chosen. % 3 Starting to move to east means that the acceleration is towards the east, w
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94.

95.

96.

917.

98.

C
x (1) F\ is the weight of the block acting by the Earth,

F, is the normal reaction acting on the table by the block.

They are two different types of forces.
v (2) Since ) and F; are the only two forces acting on the block, and the block is at rest,

thus these two forces balance each other.
4 3) F is the normal action acting on the table by the block,

F3 is the normal action acting on the block by the table.

These two forces act on two different bodies and they are action and reaction pair.
B
Along the inclined plane, there are two forces acting on the block. R
The m g sin & is downwards and the friction fis upwards. ¥
By netforce = ma .. mgsin® - f=ma

mgsind

. f=mgsin@ - ma 3 m g cosd

In the direction perpendicular to the inclined plane, there are two forces acting on the block.
The m g cos @ is downwards and the normal reaction R is upwards.
Since there is no net force in this direction, these two forces are balanced.

. R=mgcos b

C
By Newton’s second law, net force = mass x acceleration
Consider4: 10~T = ma
ConsiderB: T' — 4 = ma
10-T=T-4

A

Under the pulling force of SN :

L -f=DO®
Under the pulling force of 2 N :

Fr = ma *. maximum friction = 3N

friction = 2N to oppose the tendency of motion, thus the resultant force is zero.

€
Resolve the tension T in §] into two components :

vertical component = 77 sin 30° horizontal component = T cos 30°

Balance the forces in vertical direction :
71 sin 30° = 50 . Tt = 100N
Balance the forces in horizontal direction :

Ticos30° = T3 . Ty = (100) cos 30° = B6.6N

99.

100.

101.

102.

103.

104.

'

The two forces Fi and F, should give a vector sum of F.

C
On the Earth’s surface :  weight = 120N mass = 12kg
On the Moon’s surface :  weight = 120 x % =20N mass = 12kg

D

From ¢ =0 to ¢= #,, since the applied force is stronger, the acceleration is greater, thus the slope of the graph is greater.
Beyond #, the only force acting on the trolley is friction.
Since the friction remains the same, the deceleration is the same, thus the slope should be the same.

C
Spring balance reads the tension in the string,

thus tension = reading = SN

A

M

100N < 30N

Initjally, in order to prevent sliding of the block, friction of 70 N acts on the block towards the right to keep it at rest.
After 8y is broken, friction would change direction and reduce to 30 N towards the left to prevent sliding of the block.

Thus, the net force acting on the block is zero.

B
The tension should be resolved into two components.

The horizontal component of tension is the net force.
Tsinf = ma
The vertical forces are balanced.

TcosO@=mg

Combining the two equations :

. tan@= 2
4

. a=gtand=(10)tan 10° = 176 ms*
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10s.

106.

107.

{' 108.

109.

110.

n When the object is moving up, air resistance R is downwards, thus the net force: F = W+R

L F>W
v @) ‘When the object is at the highest point, it is momentarily at rest, thus air resistance is zero.

L F=W
v 3) ‘When the object is moving down, air resistance R is upwards, thus the net force : F = W~ R

L F<Ww
B
* ) The gravitational force acting on the man is the weight of the man, which is unchanged.
* ) The gravitational force acting on the lift is the weight of the lift, which is unchanged.
v ®3) The force acting on the man by the floor is the normal reaction force R.

When the lift accelerates upwards, R —m g = m a, thus R increases.

As R becomes greater than m g, the man feels heavier.
B
x (0)) Att=0t035R=400N,and W = mg = 500 N .. Netforce = W~R = 100N.
* ) At1=3 s, R= 500N, thus there is no net force, and the lift should move down with constant velocity.
v 3) Atr=3to 6 s, since there is no net force, thus no acceleration, the lift is moving at constant velocity.
A

By Newton’s second law, net force=m a
" mg-R=ma
o (50 x 10) - (400) = (50) a

. a=2ms?

D

Resolve the tension 7 into vertical component T cos &and horizontal component 7'sin &
Since the forces are balanced, thus

Tsing=F

Tcos B =W

Thus the weight is equal to T cos &.

C
* A. The maximum friction may not be equal to 25 N.
If the maximum friction is greater than 25 N, then the block can still be at rest even when F > 25 N.
x B. When F = 25 N, the block is at rest, thus the friction /= 25 N, so that the net force is zero.
v C. If F=20 N, f=20 N to oppose the start of motion.
x D. IfF=0N,f=0N.

111.

112,

113.

114.

115.

116.

117

118.

D
v (€8] The force acting on the ant by the ceiling must be upwards to balance the weight of the ant and the block.
x @) These two forces are both acting on the block, they cannot be an action and reaction pair.
v 3) As the ant is at rest, the net force acting on it must be zero.
C
If the net force is zero, the three forces adding head-to-tail should form a closed triangle.
8N
10N,
6N

The three forces in diagram C cannot form a closed triangle, thus they cannot give zero net force.

A

By Newton’s 2nd law, F ~ f = ma .. a=LF _.Ji

m m

It is a straight line with positive slope ( 1/ m ) and negative y-intercept (—f /m )

Cc
R-mg=ma .. R=mgtma=m(gta)

B
‘When the system is in free fall, the strings become slack and no tension acts on every body.

The only force acting on each body is its own weight. Thus, net force on B is 4 N.

A

Consider the 4 kg body : (4 x 10 xsin30°)~T = (4)a
Consider the 1kgbody: T-(1x10) = (1)a
La=2ms? and T=12N

C

Consider the 5 kg body : (50)— T = (5)a

Consider the 3 kgbody: 7' — (30) = (3)a

wa=25ms? and T=375N

.. Vertical upward force on theaxle = 27 = 2x 375 = 75N

D
Reading on the spring balance scale is the tension 7.
When the lift starts to go down, it undergoes downward acceleration.
womg-T=ma L T<mg - reading is less than 50 N
‘When the lift is going to stop, it undergoes downward deceleration (i.e. acceleration in upward direction)

T-mg=ma . T>mg - reading is more than 50 N




To move the block upward with constant velocity, applied force F' must overcome mg siné and the downward friction.

. F=mgsind+ f=(0.5)(9.81)sin20° + 1.68 = 34N

2% (0.4 x9.81) sin 12° — (0.4 x 9.81)sin 18° = f

o f= 042N
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1s. ¢ 126. C
mgsin@ - f=ma . f=mgsinf - ma Let the friction between A and B be fi and the friction between B and the ground be f2. 4_,:}—> T
Considerblock4: T = fi . T=15N Y
1200 C ConsiderblockB: F = fi + T+ f2 F 4,_‘{:%]{1, T
R ;
The weight indicated by the balance is in fact the normal reaction R. = (1.5)+(1.5)+(1.5) = 45N 12
When R < mg, the direction of the acceleration is downwards,
that is, moving downward with acceleration OR moving upward with deceleration. I 127. D
s P
By mg-R=ma 1 P-Q=_2m+ma KA a=_Q
B mg 3m
@00) ~ (350). = (M) b G fams The force acting on B by A is the normal reaction R .
Consider body B,
e, © P~R=mpa
F 20
i F = (m+2m+2m)a B O s 88 P- 2P+
m+2m+2m  S5m R=P- (m).(____Q = — 9
3Im 3
Net forceon B = mp X a = (Zm)(ﬂj =8N
5m
128. A
Tox — Mg =ma
122. A i
. A ] . . (100) - ®)(9.81) = ®) a
Tension exists along the string and weight exists to act on the bob.
A TR L og=269ms? =~ 27ms?
Only two forces act on the bob when it is swinging in air.
123. B 129. D
Minimum resultant = two forces are in opposite direction L R -F=7 .. |
. | P s
Maximum resultant = two forces arc in same direction LR+ FR=17 .2) £ ¥ &
Solving (1) and (2), | 0 A 0
F1=12N and F=5N i - —F
5 s
When 2 forces are at right angle, ) . fmF and fimf ( ) d fi=fs (bal 7
x ¢ Atrest = nonetforce = fi=F and fi =/ (action-reaction) and f2=4 (balance of forces)
F = F'+F} = 12! +5* = 13N ~F=f
2) Direction of f; is opposite to F' => fj is towards the right
s D v 3) If F is applied to Q, then the friction acting on Q by the floor is still /3 and fs = F, thus Q is still at rest.
Weight of the body is vertically downwards. As Q is at rest, P is also at rest and there is no friction between P and Q.
Tension of the string acting on the toy is upward along the string.
130.
The propeller gives a propelling force in upward left direction to make the toy in equilibrium. .
‘When inclined angle is 15° :
125 B (0.4%x98)sin12° — = (0.4)a L@
. . ‘When inclined angle is 20° :
For the block moves downward with constant velocity without acceleration, friction is balanced by mg siné. !
(0.4x9.81)sin 18° ~ f = (0.4) (2a) . @
. f=mgsin 0= (0.5)(9.81)sin20° = 1.68N P
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131.

132.

133.

134.

135.

Since ZAOB = 90°, the weight I should be resolved into two perpendicular components along O4 and OB,
Balance of forces along OB : Th = Wsin 6

D

After the plasticine is placed, the total mass M of the system increases.
By F'= Ma, the acceleration of the system decreases.

Consider the blockA: F—-T, = maa As acceleration a decreases, tension T} increases.

Consider the block C: Tz = mea As acceleration a decreases, tension T; decreases.

D

The tension is resolved into a vertical component T cos @ and a horizontal component T sin &towards the right.
@ Tsin@ = ma

@ Tcos@=mg

. tan@= 2
g
= gtan @

As the net force T'sin 6 is towards the right, the acceleration of the vehicle is towards the right.

A

Consider the block X, there is no friction acting on it, thus there is no horizontal force acting on it.
The acceleration of X is zero.

Consider the block Y, as there is no friction, the only horizontal force acting on it is .

By F' = m a, the acceleration of Yis F/m.

C
Since the two blocks move together, they have the same acceleration,

Consider the two blocks as a whole system :

F=(u+m)a . (6 =2+3Na . a=12ms?
Consider the 2 kg block :
f=ma=(2)(12) = 24N

OR
Consider the 3 kg block :

F-f=ma - 6)~f=@)(12 . f=24N

136.

137.

138.

139.

C
Reading of the scale is equal to the normal reaction R acting on the man.
Att=0to8s, R=550N.

By R-mg=ma o (550) - (500)= (50) a
Att=8to 165, R=500N.

As R = W, the net force is zero, thus the lift is moving upwards with uniform velocity.
Atr=16t024s, R=450N.

o (500) - (450) = (50) a

Draw a velocity - time graph.

. a = lms?2 Theliftis accelerating upwards.

By mg-R=ma * a=1ms? Theliftis decelerating upwards,

H
1
L »1/s
16 24

[V-) P

Maximum velocity : v=u-+at = (0)+(1)(8) = 8ms!

Height = total distance travelled = area under the graph

I

1(+24)(®) = 128m

A
Tasin @ = T . Ta > Tc¢
Tacos 8= Tp . Ta > T

String O4 would break first as its tension is the greatest among the three strings.

49 Tension of the elastic cord depends on the extension.
From P to , the extension of the cord is smaller than that at 0,
thus the weight of the boy is greater than the tension of the cord (mg > 7).
As the net force is downwards, the acceleration is downwards,
therefore, the boy is under acceleration and his speed increases throughout.

v 2) From O to Q, the boy's speed increases throughout as mg > T.
At 0, the forces are balanced as mg=T.
From Q to R, the boy’s speed decreases as 7'> mg.
Thus, the speed is the maximum at Q.
x 3) At R, the boy is momentarily at rest but the acceleration is upwards as 7> mg.
Thus, net force is not zero.
B

Resolve the tension in each side into vertical and horizontal components.

The two vertical components T cos 70° are balanced by the weight of the fish and hook.
W = 2Tcos70° = 20 cos 70°N
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140. C 146. C
A F, - F,
Consider the whole system: Fi—F; = (m+2m)a Loa= L2
F 3m
Consider P: F1—T = (m) (FI;F’)
3m
W
i o ) = { .. 2F+F
Since the inclined plane is rough, there must be friction acting on the block. 5 i & = -
As friction tends to prevent the block from sliding down,
the direction of the friction is upwards along the plane.
Normal reaction exists when two surfaces are in contact. 14 N
At 0°, the resultant force is F| + F, and this resultant force is the greatest.
141 ¢ At 180°, the resultant force is i — F», and this resultant force is the smallest.
By F-f=ma ®-r=0® /=3N Thus, the resultant force decreases throughout.
142. B 148. C
@ When the lift is moving upwards with a uniform speed, there is no acceleration, thus Ry = mg. v ) Since the slides down with uniform speed, the acceleration is zero, thus the net force is also zero.
@ ‘When the lift is moving downwards with a uniform speed, there is no acceleration, thus R; = mg. v @ Since net force is zero - f = mgsin30° = 0.5mg
@ When the lift is moving upwards with an acceleration, there is an upward net force, thus Rs > mg. x 3) The acceleration depends on the friction and the angle of the incline, but not affected by the initial speed.
Ry >R =R
149. A
143. D ;
By Newton’s second law, net force = mass x acceleration
Motion of the block on the smooth inclined plane :
L F-f=ma
mgsiné =ma
Lge L f
. = yousil a = SiF = e
Soa=gsing m m
The acceleration depends on the angle of the incline. Slope of the vt graph represents the acceleration a. The graph is a straight line with a negative y-intercept.
Release at higher position with the same angle results in the same slope with greater velocity at the bottom.
Motion of the block on the rough ground : 150. A
S e | Balance of forces in x-direction : Tsin25° = Fcos25° . T =F %
The deceleration depends on the friction /. Slope of the second portion of the line represents the deceleration. sin 25
Same friction indicates the same deceleration and the same slope. Balance of forces in y-direction : T cos 25° + F sin 25° = 20
e Ffﬁzs_xcos%" + Fsin25° = 20
144, B | sin25°
% 0 The weight of the block should be balanced by the force exerted by the table and the 60 N, - F cos 25° +sin® 25° _ 20
thatis, ¥ = R+ 60 and R=40N. 5in 25°
® ()] The force exerted on the table by the block is the normal reaction R which is equal to 40 N. ! . F=20sin25° = 85N
v 3) These two forces are equal and opposite, and act on each other. | OR
Resolve the weight i into 2 components : Wsin & and W cos &
145. A

Afier the loading of the plasticine, the total mass increases, thus the acceleration a decreases.
Consider block R, T2 = mg a, as a decreases, T decreases.

Consider block P, F— Ty = mp a, as a decreases, T; increases.

Balances of forces :

@ F=Wsiné

@ T=Wcosd

. F=208in25° = 85N
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151. D I 155 C
3N ,n F=ma and  F=ma
4N IN = 3N<7 - . F = (m+m)a
3N 3N b N / ZF=E+E)y, . 1-14+1
(R aq a a a; a
5N e 3N 3N
ag= 4%
The resultant force is 3N + 3N = 6N along OF direction. a t+a,
152. A
- 156. D
N D 12N The boy experiences 3 forces :
f=10N @ weight W acting on the boy by the Earth (downwards)
Friction along sliding surface must always be opposite to the motion and keep constant. @ normal reaction  acting on the boy by the ground (upwards)
-— @ pulling force F by the rope on the boy (upwards)
f=10N By Newton's third law, force acting on the ground by the boy is also R, which is W — F.
When the 12 N is removed, as the block still keeps moving, the direction and magnitude of the friction fis unchanged, Force acting on the ceiling by the rope = weight of the rope + pulling force by the boy
thus, the net force acting on the block = 2+ 10 = 12N =G+ F
155 157. ¢
Let the tension be T and the acceleration be a. By v: = u? + 2as
As block of 3 kg has smaller mass, acceleration of 3 kg block is upwards and acceleration of 5 kg block is downwards. L (0) = (2 + 2a(0.5) a=-4ms?
Consider the 3 kg block: T - (3g) = (3)a Deceleration of the block is 4 m s
Consider the 5 kgblock: (5g) - T = (5)a
Combine the two equations : 158 A
5g -8 =@3+5a |
Gg) -Bg =3+5) Bys=ut+lar
wa=1lg
=@+ La@® a=1022ms?
154, A
30N 159. C
20N Weight mg is pointing vertically downwards.
Normal reaction & is pointing upwards and perpendicular to the inclined plane.
Friction fis pointing upwards along the inclined plane to oppose the sliding of the block.
w
160. A

As the system is in equilibrium, forces in the vertical direction ate balanced.
. 30sin & + 20sing = W

As sin 6 and sin ¢ must be less than 1,

~ 30sin# < 30 and 20sin¢ < 20

. W< 50N

", W must be less than 50 N

Since X and ¥ move together, they have the same magnitude of acceleration a.

The net force pushing them to move together is the weight of Y.

L (MO8 = (05+Da
Consider the falling motion of Y.
By v’ =u?+ 2as

v = (0) + 2 (6.54) (1)

“a=654ms?

v =362ms!
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The following list of formulae may be found useful :
For uniformly accelerated motion =u+tat

= L 42
s=utt+yat

V=1l+2as
Use the following data wherever necessary :
Acceleration due to gravity g=98Ims? (close to the Earth)
Part A : HKCE examination questions
1. <HKCE 1985 Paper 1-1>
Speed /ms™!
1.0?: =
|# ;
N
0.5
b W
. » Time /s
0 1 2

The figure above shows a block X of mass 0.5 kg sliding down a plane inclined at an angle of 30° with the horizontal, The
plane is composed of two portions made of different materials. They join at B. The speed-time graph of the block is shown .
PQ denotes the motion of the block in portion 4B while OR denotes the motion in portion BC.

(2) Find
(i) the resultant force, and
(i) the frictional force

acting on the block X in the portion 48 of the inclined plane. (4 marks)
(b) From the graphs shown above, find

(i) the acceleration of, and

(ii) the distance travelled by

the block X in the portion BC of the inclined plane. (4 marks)

(c) If the block X is projected upwards from point C along the inclined planc with a certain initial speed, sketch the speed-
time graph of the upward motion. (Assume the block passes through point B.) (4 marks)

>

<HKCE 1990 Paper 1-1>

The figure below shows 2 trolley of length 0.25 m resting on a horizontal runway. An elastic string of unstretched length
0.15 m is tied to the trolley. The trolley is pulled along the runway by stretching the elastic string. By keeping the length of
the stretched string equal to the length of the trolley, a constant force 1 N is applied to pull the trolley.

Elastic string @

—_—

Trolley
O

(a) The force-extension characteristic of the elastic string is shown below.

Force /N

0.4

02

it Extension /m
0.08 0.12

0o

What is the value of Fy? (1 mark)

(b) The experiment is repeated with two, three and four identical strings in parallel. The following results are obtained :

Number of elastic strings 1 2 3 4
Force on trolley by strings F /N Fy Fa Fi Fy
Acceleration a/ms? 0.15 0.75 1.35 1.95

(i) Find the values of 2, Fzand Fy. (1 mark)

— e ——— S S N S N N e S A TP TR
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(b) (i) Using a scale that 4 cm represents 0.5 N and 4 cm represents 0.5 m 572, plot a graph of F against a. (4 marks) | <HKCE 1994 Paper 1-1>
l A block is placed on a rough plane inclined at an angle &to the horizontal. A force P parallel to the inclined plane is applied
to the block so that it moves up the plane at a constant speed. See the figure above.
o (a) Draw a diagram to show all the forces acting on the block. Name the forces. (3 marks)
i | (b) Describe briefly a method to check whether the speed of the block remains constant. (2 marks})
i
(c) A student performs an experiment to find the relationship between P and 8. Different values of & are used and the
corresponding values of P are measured, The results are plotted in a graph of P against sin 6 as shown below.
I P/N
A
70 T
= {
1.
60 Ly
50
40
{ l 30
: ‘ ‘ } I 20
= [ /41 ] |
sy = ; . | 10
(i) Find the equation relating /7 and a from the graph in (ii). (3 marks) |
f 0 > sin 0
0.1 0.2 0.3 0.4 0.5
| (i) Find the intercept of the graph on the P-axis and the slope of the graph. Hence write down the equation relating P
| and sin 6, (4 marks)
(iv) Comment on the physical meaning of F,, the intercept on the F axis, when a equals zero. (2 marks)

(i) State the physical meanings of the intercept and the slope found in (i). (2 marks)
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<HKCE 1999 Paper I-7>

Metal framework Traffic light

Lorry.

k 42m {

A lorry, with a heavy metal framework placed on top, is travelling at a uniform speed of 16 m s along a straight road.
(See the above figure.) At time ¢ =0, the driver observes that a traffic light, which is at a distance of 42 m from the lorry, is
turning red. The driver applies the brake at #=0.5 s. The lorry then decelerates uniformly and comes to a rest at r=4.5 s.

(a) Find the deceleration of the lorry from = 0.5t0 4.5 s. (1 mark)

®)

Friction -

The above figure shows the forces acting on the framework when the lorry is decelerating. The mass of the framework
is 1000 kg.

(i) Name the forces F) and Fa. (2 marks)

(i) Explain whether F\ and F; are a pair of action and reaction according to Newton’s third law of motion. (2 marks)

(iif) Find the magnitude of the friction if the framework decelerates at the same rate as the lorry. (2 marks)

(iv) The driver is charged by a policeman for not fastening the framework on the lorry. State two daily situations in
which the framework will slip from the moving lorry. (2 marks)

<HKCE 2001 Paper I - 8 >

Figure 1 Figure 2

Figure 1 shows a horizontal straight highway with a speed limit of 100 km h™! (i.e. 27.8 m s7%). For safety reasons, drivers
are advised to maintain a safety distance of 80 m from the cars ahead. Large arrows (chevrons) are painted on the highway
(each at 80 m apart) and road signs are set up to remind drivers of this safety distance (see Figure 1 and 2).

(a) Find the time taken by a car to drive from one arrow to another when it is travelling at 100 km . (1 mark)

(b) A car is travelling at 100 km h™' on the highway. At time ¢ =0, the driver observes that an accident has happened and a
lorry stops 80 m ahead. He applies the brakes to stop the car with uniform deceleration. The reaction time of the driver
is 0.8 s and the decelerating time of the car is 4 s.

(i) Sketch the speed-time graph of the car. (3 marks)
(ii) Explain whether the car will hit the lorry. (3 marks)
(iii) The total mass of the car and the driver is 1200 kg. Find the average braking force on the car. (3 marks)

(c) Suppose the highway in Figure 1 is on a slope with traffic running downhill. Do you think that the distance between two
arrows should be greater than, equal to or less than 80 m ? Explain your answer by considering the forces acting on a
car. Assume that the speed limit of the highway and the braking force acting on the car remain unchanged. (4 marks)
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6.

< HKCE 2004 Paper I-2>

compressed air

The Figure above shows a water rocket. The rocket is filled with water and compressed air. Explain why the rocket rises

when the trigger is pulled and name the law or principle involved. (3 marks)

< HKCE 2005 Paper I - 13 >

Read the following descriptions about ejection seats and answer the questions that follow.

Figure 2

Figure 1

Ejection seats (see Figure 1) are important safety devices in military planes. The pilot, together with the seat, are
ejected out of the plane in an emergency. Figure 2 shows a test of the ejection process. A dummy pilot sitting on the
ejection seat is initially placed on the ground. The ejection process can be divided into two phases.

Phase 1 : Attime ¢=0, a rocket installed under the seat is ignited. From =0 to 0.5 s, the seat accelerates upwards.

Phase 2 : Att=0.5 s, the rocket exhausts its fuel. After a while, the seat reaches its maximum height. The seat is then
detached from the dummy and a parachute carried by the dummy is opened. The dummy eventually reaches
the ground.

Figure 3 shows the velocity-time graph of the dummy during the ejection process, Assume that the motion of the
dummy is vertical throughout the process, and the effect of air resistance is negligible before the parachute is opened.
(The acceleration due to gravity is taken to be 10 m s2.)

B — A‘I/Phasel

501+

Phase 2 |

Figure 3

Source for Figures 1 and 2 : hitp://www.science.howstuffworks.com/ejection-seat2 htm

7.

(2) Inthe Figure below, label the point which corresponds to the instant when the dummy reaches the maximum height.

(Note : Use P to denote the point.) (1 mark)
Phase 1
vimst Ay
0 Phase 2 »
50F -
|
]
!
]
i . ,' 2
> t/s
0] 0.5 5_\—/
(b) Find the maximum height above the ground reached by the dummy., (2 marks)
(0) The mass of the dummy is 80 kg. Find the force exerted by the ejection seat on the dummy in Phase 1. (3 marks)
(d) By considering the forces acting on the dummy, explain the following motion of the dummy in Phase 2 :
After the parachute has been opened, the dummy accelerates downwards at first and then falls with a
uniform velocity (see Figure 3).
It is known that the force exerted by the parachute on the dummy increases with its speed. (3 marks)
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<HKCE 2006 Paper I -4 >

parce]

_U
)
iy

.

(Q

O

«—

The above Figure shows a conveyor belt in a factory. A parcel of mass 10 kg is placed at position P when the belt remains at
rest. The workman controls the belt such that the parcel undergoes a motion described in the below Table. The parcel and

the conveyor belt move together without slipping during the entire motion.

Position of the parcel Motion Data given
P> Q Uniform acceleration PQ=5m and time required =2 s
Q->R Uniform velocity | -
R—S Uniform decelerationtorest | e

(a) Consider the motion when the parcel travels from P to Q.

(i) Draw a free-body diagram to show all forces acting on the parcel in the space provided below. Name the forces.

(i) Find the net force acting on the parcel.

(2 marks)

(3 marks)

(b) In the Figure below, sketch a graph to show the variation of the frictional force exerted by the conveyor belt on the

parcel.

Force / ') i J}

A\

o

Q
VS &
Lo

= \j

(3 marks)

Position of the parcel

10.

<HKCE 2007 Paper I-2 >

The Figure below shows Player X trying to block the ball from Player Y in a volleyball game. Standing on the ground with
his arms fully stretched upwards, Player X”s hands are 2.25 m above the ground. In order to block the ball, Player X has to
jump up such that his hands reach a height of 3 m.

w
g

225m

Player X
(a) Using Newton’s laws of motion, explain why Player X can gain an initial speed to leave the ground vertically. (3 marks)

(b) Player X jumps up vertically and his hands can just reach a height of 3 m. Estimate the initial speed of Player X at the
instant he leaves the ground. Assume that air resistance is negligible. (2 marks)

(c) Player Z is a teammate of Player X. His hands can also reach a height of 2.25 m when his arms are fully stretched
upwards, but he is heavier than Player X. If he jumps up such that his hands just reach a height of 3 m, explain whether
the initial vertical speed of Player Z will be the same as Player X, (2 marks)

> /s

puck

A balloon is filled with air and is attached to a puck. It releases air through a hole at the bottom of the puck. The balloon
puck then moves on a horizontal straight track as shown in the above figure and its velocity-time graph is also shown.

(a) (i) Describe the motion of the balloon puck from time 7= 0to 1.4 s. (2 marks)

(ii) Explain why the motion of the balloon puck changes at 1= 1.0 s. (2 marks)

(b) If the balloon is filled with less air and its initial velocity is still 0.5 m 5™, sketch the corresponding velocity-time graph
of the balloon puck in the above velocity-time graph. (2 marks)
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11.

< HKCE 2008 Paper I-3 >

Read the following passage about Mega Drop and answer the questions that follow.

Figure 1 shows a “Mega Drop” in an amusement park. The vehicle carrying the passengers is lifted by an electric
motor-winch and steel ropes. Once it reaches the top of the tower, the vehicle remains at rest for a while. It is then
released and falls under gravity. When the vehicle gets very close to the ground, it decelerates downward and finally
stops.

vehicle

tower

Figure 1 Figure 2

Let’s consider why the passengers experience weights when the vehicle is at rest at the top of the tower (Figure 2).
The earth attracts our bodies while the seat also gives a supporting force on us. These two forces are equal in
magnitude but opposite in direction. Our bodies experience the supporting force and thus we can experience our
weight.

When we are falling in a “Mage Drop”, we are nearly free falling and experience weightlessness. This feeling gives an
excitement to the passengers.

(a) Consider when the passenger is at rest at the top of the tower ;

(i) Explain in terms of force acting on the passenger why the passenger is at rest. (2 marks)

(ii) Explain whether the forces acting on the passenger mentioned in the passage are action-reaction pair. (2 marks)

(b) Consider when the “Mega Drop” falls with acceleration :

(1) Compare the magnitude of the vertical forces action on the passenger with those mentioned in (2)(i). (2 marks)

(i) Hence, explain why the passenger experiences “weightlessness™. (1 mark)

12.

<HKCE 2009 Paper I-9>

An experiment is set up to measure the average friction acting on a plastic block sliding on a wooden plane with an
inclination 25°C to the horizontal as shown in the figure below. When the block is released from rest at X, the timer starts.
When the block reaches Y, the timer stops. The experiment is repeated by varying the positions of Y along the plane. The

results obtained are shown in the Table.

X
Y./

block

25°
Distance between X and ¥ Time taken
(D/m) (t/s)
04 0.79
0.8 1.12
1.2 1.37
1.6 1.59

(@ (i) Plota graphof »tz against D in the below Figure. A scale of 1 cm representing 0.2 s? and 0.2 m is used.

N

€4 s

(4 marks)




DSE Physics - Section B : Question PB-FM2-Q/13 DSE Physics - Section B : Question PB-FM2-Q/14
FM2 : Newton's Laws FM2 : Newton's Laws
12. () (i) Find the slope of the graph plotted in (a)(i). (1 mark) 13. (b) InTigure 3, sketch the force-time graph showing the net force acting on the parcel between ¢ =30 s and 210 s.
(The part between £ = 0 and 30 s has been shown in the graph.) (2 marks)
F/N
A -
(iii) Hence, find the average acceleration of the block. (2 marks) =
0 2 — - L > t/s -
30 150 210
(b) Draw a free-body diagram to show all the forces acting on the sliding block in the space provided below. Name the
forces. (2 marks)
Figure 3
(¢) Find the magnitude of the net force acting on the parcel between £ =0 and 30 s. (2 marks)
(d) Find the distance travelled by the train from 7 =0 to 210 s. (2 marks)
(c) The mass of the block is 0.178 kg. Find the average friction acting on the sliding block. (2 marks)
Part B : Supplemental exercise
13. <HKCE 2010 PaperI-1>

Figure 1 shows a 15 kg patcel resting on the floor of & train which travels along a straight horizontal path. The parcel and the
train move together without slipping during the entire motion, Take the direction of the motion of the train as positive.

train = =
direction of motion

P AT S 4

Figure 1

The velocity-time graph of the train is shown in Figure 2.

v/ms™

> 1/s

[T s

0 210
Figure 2

(a} InFigure 1, use an arrow to show the direction of the frictional force acting on the parcel by the train floor between ¢ = 0
and 30 s. (1 mark)

14.

15.

Susan takes part in a 100 m race at an athletic meet. She starts at time 7= 0 s and accelerate at a uniform rate of 1.6 m s2 for
5 s. She then maintains a uniform speed afterwards and reaches the finishing line at 7= 15 s. Susan’s mass is 45 kg,

(a) Find the resultant force acting on Susan in the race during the first 5 s. (2 marks)

(b) Find the resultant force acting on Susan in the race after =5 s. (1 mark)

A helicopter of mass 1500 kg is initially at rest at a certain level above the ground. It accelerates uniformly and vertically
upwards for 75 m and reaches a speed of 15 m s7!. Assume the air resistance is negligible. -

(a) Calculate the acceleration of the helicopter. (2 marks)

(b) Calculate the uplifting force acting on the helicopter. (3 marks)
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16.

17.

Hot air balloon

Bagket

mmrrs Ground

A hot-air balloon is tied to the ground by a rope to stop it from rising as shown in the above figure. The total mass of the
balloon and the basket is 750 kg. There also exists an upward force of 8000 N acting on the balloon.

(a) What is the tension of the rope ? (3 marks)
(b) The rope is then cut and the balloon starts to rise up.
(i) What is the acceleration of the balloon after the rope is cut ? (3 marks)
(ii) What is the height that the balloon has risen after 1 minute ? (2 marks)

(iif) If the balloonist throws some sandbags out of the basket during the rise, what is the effect on the acceleration of the
balloon 7 Explain briefly. (3 marks)

John is riding a bicycle along a straight road with uniform speed 10 m s™. At time ¢ = 0, he sees a warning signal. John
applies the brake for 2.0 5 to bring the bicycle to rest with uniform deceleration. Assume John’s reaction time (i.e. the time
lapse between seeing the signal and starting to apply the brake) is 0.2 s.

(a) Find the distance travelled by the bicycle fromr=0to#=0.2s. (2 marks)

(b) Find the distance travelled by the bicycle when it is decelerating. (2 marks)

(c) By using Newton’s laws of motion, explain why it is dangerous for John to carry an excessive amount of goods on the
bicycle when he is riding in the street, (3 marks)

Part C : HKDSE examination questions

18.

<HKDSE 2014 Paper IB - 4 >

Read the following description about accelerometers and answer the questions that follow.

An accelerometer is a device for measuring acceleration. The following example illustrates the principle of a simple
accelerometer. An object of mass M is suspended by a spring balance inside a box. If the box is at rest without
acceleration, the object is 7 above the bottom of the box (Figure 1). When the box accelerates upward, k decreases
(Figure 2). Likewise, when the box accelerates downwards, / increases (Figure 3). Since it is known that the tension of
the spring balance is directly proportional to its extension, we can therefore determine the magnitude and direction of the

box’s acceleration by measuring h.
acccleratiouﬂ

:
object\
|
0 R — - ._ e
h h

at rest without acceleration

box ~_

ﬂnccclcrulion

accelerating upward accelerating downward

Figure 1 Figure 2 Figure 3

(2) Draw a labelled free-body diagram in the space provided below showing the forces acting on the object when the box
accelerates upward with acceleration a. Explain why / decreases in this case. (4 marks)

acceleration g ﬂ

(b) The scale of the spring balance is calibrated such that the pointer moves 1 cm for a change of 2 N of force. The weight
of the object is 5 N. If  decreases by 0.5 cm compared to the situation in Figure 1, what is the reading of the balance ?
Hence find the magnitude of the corresponding acceleration of the box.

(Acceleration due to gravity g = 9.81 ms2) (3 marks)
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18. Electronic accelerometers employing similar principles are widely used in smart phones. The phone’s orientation is detected {19. (b) (i) Find the magnitude of the block's acceleration from#=1.5sto r=3.5s, (2 marks)
by a set of built-in accelerometers each detecting the acceleration due to gravity along mutually perpendicular axes of the
phone. A phone in vertical orientation is shown on the left of Figure 4, its accelerometer along the ¥ axis would be sensing
the acceleration due to gravity, denoted by ay = —g. When the phone is rotated about a horizontal axis perpendicular to both
Xand Y axes by more than 45°, ‘portrait display’ would change to ‘landscape display’ as shown on the right of Figure 4.

+Y

iy (i) Draw the corresponding acceleration-time (a-f) graph of the block. With the direction up the inclined plane taken
i 4 ® % to be positive, the part during which the block is being pushed has been drawn for you. (2 marks)
gure
axis of a/ms?
tion .7 4
d v
'Y +X >
portrait display Iandscape display N
3
|
i (c) What would the kind of display be if the phone is rotated clockwise until the acceleration ay sensed by the accelerometer 2
| along the ¥ axis is 0.5 g ? Explain. (2 marks) 1
0 0|5 1 1{5 20 245 310 315 > /s
-1
-2
-3

| 19. <HKDSE 2015 Paper IB - 4 >
. - . . 5 \ ) Draw a free-body diagram to show the force(s) (with labels) acting on the block as it moves up the inclined plane aft
The motion of a block on an inclined plane can be investigated using a motion sensor connected to a computer (not shown in & the push is remozed. - ¢ ) 6 & 1(32 m:;lks;r

the figure.)
motion
sensor w

| A block is given a push up a rough inclined plane and then released. The velocity-time (v-f) graph recorded by the sensor is
shown below. Assume that the frictional force acting on the block is constant in magnitude throughout the motion. Neglect
| air resistance. (g=9.81 ms?)

-

| v/ms™!

3‘ (d) If the mass of the block is 1.0 kg, find the magnitude of the frictional force. (3 marks)

0 —> //s

o5 10 5 .5\30 3i5 =
2 i

Point 4 on the graph corresponds to the instant at which the push is removed.

(a) Describe the block's motion from 4 to B. (2 marks)

B R RF U RRAC L LSV  marre—eaa A
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20. <HKDSE 2015 Paper IB -5>

You are given a long light string, a protractor and a metal ball with a hook.

PRy
A B
OB

T ok

Suppose you are inside a train which is at rest initially and later it travels along a straight horizontal track with constant
acceleration. With the aid of a diagram, describe how to measure the acceleration of the train. Show your working including

mathematical derivation.

(6 marks)

21. <HKDSE 2016 Paper IB -3 >

A person of mass m stands on a balance inside a lift. The lift goes down from the top of a building at time £ = 0 and it reaches
the ground at #=T. The velocity-time (v - ¢ ) graph of the lift is shown in the Figure below. (g=9.81 ms™?)

v/ms?!
A

e |l

> 1/5

(a) Calculate the acceleration of the lift from /=0to t=2s.

(2 marks)

The reading of the balance changes during the person’s ride on the lift and the readings registered are 685 N, 569 N

and 395 N.
(b) Match these readings with the three stages, 4, B and C, of the ride shown in the above Figure. Hence deduce the mass of
the person. (3 marks)
A: B: Ci
|
|
|
| (¢) () ShowthatT=15s. (2 marks)
|
'\
(ii) Hence estimate the height of the building. (2 marks)




22, <HKDSE 2019 Paper-IB-3>
A life net is a rescue equipment formerly used by firefighters. It gives people on the upper flcors of a
bumning building an opportunity to jump to safety, usually to ground level. It became obsolete due to
advances in firefighting technology.

The practical height limit for successful use of life nets is about six storeys, although a few people
once have survived Jumps from an cight-storey building into a life net with various degree of injurics.

The diagrarns below explain its working principle.

im of the life net
- being held by firemen

When & petson hits the net, it deforms and puts the person to a stop in a longer time as compared to
hitting the solid ground.

{8) A person falls from a height of 12 m above & life net with negligible nitial speed, Noglect air resistance
and the size of the person. (g=9.81m ™)

(i) Estimate (1) the vertical speed v and (2) the time of fali £ of the person just before hitting the life net,
(4 marks)

(ii} If this failing person of mass 70 kg is stopped in 0.3 s by the fife net, estimate the average force acting
<n the person by the riet within this time interval. (3 mazks)

(ifi) What form of energy is stured by the life net during the decsleration of the falling person 7 1 mark)
by () Give areason why there exists a heigﬁt limit of nsing life nets. . \ (1 ﬁmk)
*(if) The falling person might hit the rim of the net, thus the person cr the firemen bolding the rim would

be injured. Explain why it is not easy for a person jumping from a height to reach the lifa nst’s
central part. : (2 marks)

zure 3.1

23. < HKDSE 2020 Paper 1B -5>

{8) A block P of mass 10 kg is kept stationary on: a smooth incline by a horizontal force F as shown in

Figure 5.1, The incline makes an angle of 30° with the horizontal. {g=9.81m )

() ©On Figare 5.1, indicate and label alk other forces acting on P, (2 marks)

(i) Find the magnitudes of the force Frand the Torce exerted by the black on the incling respccti\;ealy. -
l marks

¢b) Now # is removed and neglect air resistance,

(i) What is the magnitude of the acceleration of the block ? (1 mark)

(i} Bxplain whether the fores exerted by the block on the incline would increase, decrease or rr:nmix}
nnchanged when compared with that in (a)(ii). (2 marks)



DSE Physics - Section B : Question Solution PB-FM2-QS/01 DSE Physics - Section B : Question Solution PB-FM2-QS/02
FM2 : Newton's Laws i FM2 : Newton's Laws
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. | 2. (@ (@) o
2.0
Question Solution
1. (a) (i) Acceleration = slope = 0 {11
Resultant force = 0 m L5
(ii) Frictional force = mgsin0 [11
= (0.5) x (9.81) x sin 30°
= 245N 1 1.0
(b) (i) acceleration = slope
- (0-08) {1
2s5-1
0.5 [T
= -0.53ms? 2}
(if) distance travelled = area
=1 x 08 x(1.5 [1] [
a/ms?
= 06m [11 0 0.5 1.0 1.5
| < Correct labelled axes > 1
© v | < Correct scale > [11
< Correct points > (11
< Straight line > 1]
1
| (i) Stope = 0.83 (1]
1 | Intercept on F axis = 0.375 [1]
|
, i Equation: F = 0.83a+ 0375 1]
| (iv) F, is the friction acting on the trolley by the runway 2]
< Negative slope drawn at I > 1] |
< Turning point drawn when the block passes B > {11 :
|
< Negative slope drawn at I > [1] 3 @
| normal reaction
< Slope of T is stecper than that of I > [1] !
( since the friction at BC is greater, the deceleration of the block at I is greater than that at IT) o
ction
| < normal reaction force > 1]
= 1 |
2. (& Fi=05N [1] < friction > [
(observed from the graph when the extension is 0.10 m) <weight > [
®) @ F=10N Fs = 15N Fy = 20N ! (b) Attach a paper tape which is connected to a ticker tape timer to the block. 1
< all the three forces are correct > 1 I The dots on the tape should be evenly spaced. 1]
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3

4,

S.

(¢) () Intercept = 12 [11
Slope = 62-12 _ 4q [21
05-0
The equationis P = 100 sin 6 + 12 [1]
(ii) The intercept represents the frictional force between the block and the plane. [1]
The slope represents the weight of the block. [1]

(@ Byv=utat

5 (0) = (16) +a (45 -0.5) ‘g =-4ms? [

(b) (i) F)isthe weight of the framework. 1]
F is the normal reaction force acting on the framework by the lorry. [11

(i) F1and F; are not action and reaction pair [
since they act on the same body. [1]

(i) Friction = ma (1]

= 1000 x 4 = 4000 N 1]

(iv) Any TWO of the following : 2]

% The lorry accelerates hardly.
% The lorry is travelling up along an inclined road.

% The lorry is turning round a corner.

@ t= 80 = 23885 I8
278

®) @O speed / m s~

< Two axes correctly labelled with units > [1]
27.8 ; <From 0 s to 0.8 s correct > f11
E < From 0.8 s to 4.8 s correct > [1]

; time /

0 08 4.8 S
(ii) Stopping distance = area under the v - ¢ graph [1]
= 1 (0.8+4.8)x27.8

=77.8m [1]
As the stopping distance is less than 80 m, the car will not hit the lorry. 1]

(b) (iii) Deceleration of the car = slope = 218
= 6.95ms™ (1
Average braking force = ma 1]
= 1200 x 6.95
= 8340N (1
(c) When the car is running downhill on the slope, there is a component of weight acting on it down the slope. 1]
Part of the braking force is used to overcome this component, 1]
thus the net braking force is reduced and the deceleration is decreased. [1]
As aresult, the stopping distance becomes larger and distance between 2 arrows should be larger than 80 m. [11
The compressed air exerts a force on the water to push the water out. [1]
By Newton’s third law, [1]
the water exerts an opposite reaction force on the rocket to lift it up. n
OR
When the water is pushed down, the water acquires a downward momentum. [11
By the principle of conservation of momentum, [1]
the rocket acquires an upward momentum and rises. 1]
(@) v/ims?!
A
50~
|
|
i
;
i
i P
y > t/s i
0 05 5\—j

(b) Maximum height = areafrom0to5.5s

50x5.5
= 1
> [1]
= 137.5m <accept 138 m> [1]
. _ ) _ 50 _ 2
(c) acceleration a = slopeinphase]l = =— = 100ms [1]
5
R-mg=ma {11

R - (80)(10) = (80)(100)
R = 8800 N (1]
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(d) Initially, the air resistance exerted by the parachute R is smaller than the weight mg of the dummy. 1 9 ) V=12 +2as <OR> Lo =mgh 1
. 2
Si t d d fi ts on the d thus th )
ince a net downward force acts on the dummy, thus the dummy accelerates downwards [11 ©) = 4 + 2 (-9.81)(3 ~2.25) _;_ mi = m (9.81) (3~ 2.25)
As the speed of dummy increases, the air resistance R increases.
u = 3.84ms! % =38ms" [1]
Finally, when the air resistance just equals the weight of the dummy, i.e. R = mg [1]
the resultant force is zero and the dummy fall with a uniform velocity. (c) The initial vertical speed of Player Z should be the same as Player X [1]
since the acceleration due to gravity is independent of the mass. f1]
@ O :
normal reaction
A 10. (a) (i) From¢=0to 1.0s, the balloon puck moves with uniform velocity. 1
From ¢ =1 to 1.4 s, the balloon puck decelerates uniformly from 0.5 m s™! to zero. 1]
» friction < Any one force with label correct > [l (ii) After 1= 1.0's, the balloon puck does not release air. 1]
< The other forces with label correct > [11 .
v Friction acts on the puck to oppose the motion. 1]
weight
®) v/ms™
(i) By s = ut + %at2 A .
) =+ 7a0r?
" a=25ms? [1] i 6.5 ;
F =ma %Y i i
=10x25 = 25N [ |
: > t/s
0 1.0 14
® Force |
< shorter time to come to rest > 1]
< same slope of deceleration > (1]
'
i
E 11. (@) (i) Weight of the passenger and the supporting force exerted by the seat are acting on the passenger. [1]
; i } Position of the parcel ! These two forces balance each other. [1]
J I R §
! ' (ii) They are not action-reaction pair (1]
since they act on the same body. (1]
<Pto Q' ahorizontal line above or below the x-axis > 1 OR
S jtotRsaihorizoftahlinelat the:zzaxis > (i since they are different types of forces. [1]
<R to §:ahorizontal line at the opposite side of the line PQ > [1]
(b) (i) The weight is the same as the one at the top. [1]
| The supporting force by the seat is zero (OR smaller). [1]
(a) Player X exerts an action force on the ground when he jumps. m
(ii) There is no supporting force by the seat to the passenger. [1]
By Newton’s third law, the ground exerts an equal reaction force on him. [1] oR
If the normal reaction is greater than his weight, he can jump up with an initial acceleration, [1] | .
| There is no normal reaction acting on the passenger. 11
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2. @ O e 12. () mgsin® —f=ma [1]
i i D r? (0.178) (9.81) sin 25° ~ £ = (0.178) (1.27)
04 | 0.62 = 0512N  <accept 0.506 N — 0.530 N> [
2t 08 | 125 J &
Sl 12 | 1.88
22 1 1.6 2.53
2.0 ’ 13. ()
' train e P
7 )f 3 direction of motion
1.8
16 / X
7 777 7 -l F a4
1.4 < Friction towards the right > f1]
12 : ®) FIN
| 4
1.0
i
| 1
\ 1
0.8 | i /
L : > 1
4 30 130 240 i
0.6 i i
0.4 < From ¢=30 to 150 5, F is zero > 11
| < From 7= 150 to 210 s, F'is negative and its magnitude is smaller than that in the first 30 s > [1]
|
0.2 :
(©) a = slope = 36 _ 1amg [1]
D/m 0
0 02 04 06 08 10 12 14 16 ; Fema=15x12 = 18N 1]
!
< Correct labelled axes with units > [1] .
< Correct scale > [1] ! () @ = aE [
< Correct points plotted > (1] f = 1 (120 +210) x 36 = 5940 m [
< Straight line drawn > {11 ;
1
(i) slope = 1.57 s {11 :
14, (a) Resultant force acting on Susan during the first5s = ma = 45x 1.6 1]
<accept 1.5 — 1.6 ; accept 2 sig. fig. ; accept no unit >
= 72N [1]
i g 2 i
(ii)) By s = gat? - slope of the graph = 2 (11 i (b) Resultant force acting on Susan after 55 = 0N [1]
a=_2 =127ms? <accept 1.25 — 1.33; accept 2 sig. fig, > [1] !
slope
o | 15 (@ vV =uw+2as [1]
|
(b) normal reaction | (152=0+2a(75) . a=15ms? [1]
<3 forces drawn correctly > i1
@ friction by F-mg=ma [1}
@ <names of 3 forces correct with correct spelling > fn |
5 F~(1500)(9.81) = (1500)(1.5) [}
|
weight i . F=16965N < accept 17000 N> [
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16. (a) Weight of the balloon = 750 x 9.81 = 7360 N [1] 18. (¢) Ifay=-05g
S (8000) = (7360) + T 1 gy = —geosf=-05g [1
T'=640N <accept 643N > [11 L g = 60°
Since thy le i ter than 45°, the display is land . 1
®) () Upward force — weight = ma 1] ince the angle is greater than e display is landscape [1]
(8000) — (7360) = (750) a (11 .
"\ a=0853ms? <acoopt 0.840 ~ 0.865> [1 At45°, magnitude of 4, = g cos 45° = 0.707¢ i
‘When magnitude of ay = 0.5 g, it is less than that of 45°, thus the display is landscape. 1]
() s =ut+ Lar [1}
= (0) + 1(0.853)(60)? = 1540m  <accept 1500 — 1580> [1]
AP 19. (a) From¢=0.5sto 1.5 s, the block moves up the inclined plane with uniform deceleration. f1]
(i) Since the weight of the balloon is reduced, 11 \ 3 .
e From ¢=1.5 s to 3.5 s, the block moves down the inclined plane with uniform acceleration. [1]
the upward net force is increased, 1
thus the upward acceleration is increased. [1] ® G a =|slope| = -1-0 [1]
3.5-15
=05ms?  <pomarkfor ~0.5ms?> 1]
17. (@ d = ut= (10)x(0.2 1 -
@ (10) % (0.2) [ @ I
=2m (1] A
5
B) s = T+t = 2A0+0)x () [ 4
=10m [ 3
<OR> £
1
v=utat 0 = (10) + a(2) @ = -5ms? (1 0 os 1o 15 2o 2s 3 3s 5/
s=ut+ gatt=10)xQ@) + L(-5)x @7 = 10m [1 B
(c) As the mass of the bicycle increases, by Newton’s second law, 1] 2 o
the deceleration of the bicycle would become smaller for the same braking force. [1 -3 o
As a result, the stopping distance would increase, and the chance of having an accident is larger. 1 <ahorizontal line at a=—2 m s> 1]
<ahorizontal line ata =~ 0.5 ms2> {1]
18. (a) 7
< Upward force labelled with 7 or tension > [1] © R
( labelled with F not accepted )
acceleration ﬂ < Downward force labelled with W or mg or weight>  [1] 7
w ) W
As the acceleration is upwards, the net force is upwards, thus tension T is greater than mg. [1] < Weight # and normal reaction R correctly drawn and labelled > [1]
As the tension increases, the extension of the spring increases, thus 4 decreases. [ < Friction f correctly drawn and labelled > m
i i inst
(b) Reading of the balance = 5 + 2x 0.5 = 6 N [ [ Weight can be labelled with mg ] [ Names of forces instead of symbols are accepted |
By I'- Mg=Ma (d) Upward motion : mgsind + f=ma = (1)x@) =2 1]
o) - (5) = (i)a < do not accept g=10ms?> [ Downward motion : mgsiné — f= ma = (1) % (0.5) = 0.5 1]
9.81 Combine the two equations : 2= 2-0.5
wa=19ms? <accept 1.962ms?> <do not accept 2 ms?> [1] \ f=075N i
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20.

a 4——

mg
< set-up of apparatus with force diagram : tension T and weight mg drawn >

Tie one end of the string to the metal ball and the other end through the hole of the protractor.

‘When the train is at rest,

held fixed the protractor in the plane along the direction of motion such that the siring is on the 90° mark.

When the train is accelerating with acccleration a,
the string will make an angle 8 with the vertical. Measure the angle 6.

Resolve the tension T into vertical component and horizontal component.
The horizontal component of the tension provides the net force for acceleration 4.
Tsind=ma

The vertical component of the tension balances the weight of the metal ball.

Tcos@=mg
Combine the two equations : tan § = & L a=gtmf
g
21. (@ a = slope = ﬁ
2
=3ms?
(b) 4: 395N B: 569N C: 685N

In stage B, balance reading = weight
o569 = mg = mx9.81
. m = 58.0kg

() () AtC: R-mg=ma
s 685 — 569 = 584
Byv=u+at
L) = (6 + (2)(T-12)
L T=15s '

. a=2ms? (upwards)

[ since a is upwards, it undergoes deceleration |

(ii) Height = area under graph
= L(15+10) x (6)
=75m

(1]
{11

{1
1
(11

(1
]

(1]

[t

{1
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g™ =mgh M | FM3 : Moment of Force
v* = 20,8112} |
v 15344054 m o™ = 153 m g™ 1A | The following list of formulae may be found useful :
=154919B me ™ w IS5 ms™ fr g=10ms? ’ !
. 3 { Moment of a force moment = Fxd
(2) - 1 2)
% 5'3' ™ [ Use the following data wherever necessary :
12 n—;—{ﬁ_s§){2 Acceleration due to gravity g =98lms? (close to the Earth)
t=1.504124s~ 1565 14
(r=15491933 s 1.55 ¢ for g=10ms™)
2 | Part A : HKCE examination questions
{ii) e 2 : 1. <HKCE 1987 Paper II- 9>
t e 2 cm ylem | lem , 2cm 1
- 7ox{oo- ;45.3); om0 MM 2kg 2 F 0 R
* 42669783 N w4270 N 1A | If & mass of 2 ke i ] . . . .
g g is placed at a distance of 2 cm from the fulcrum F as shown in the diagram, which of the following cases
(F=4314.7845 N« 4310 N for g= 10 ms™) could keep the light rod in equilibrium ?
3 | (1) amass of 4 kg placed at P
(iﬁ) Elastic potentisl energy 1A | (2) amass of 2 kg placed at
1 (3) amass of 1 kg placed at R
. A. (1) only
(b) () (Velocity is too bigh, hence the force for deceleration B. (1) &(3) only
i very large ) C. (2)&(3)only
- The life net may be torm. 1A D. (1,@&0Q)
« The falling persoc may be Injured. Aty
- The firemen may not be able to hold the life pey| %
tight. : 2. <HKCE 1990 Paper I- 9 >
I YL L L UL,
(i}  There exists a hovizontal veloeity when a person jumps |1A >
and the horizontal displacement is very difficult to :
estimate a3 it depends on the time of fall, which i [1A !
refatively loog. . (o 30em ] 200m, 50 cm
2 A 4 Y
6N w
In the figure shown, the uniform metre rule of weight 1 N is balanced horizontally. Find the tension 7'in the string.
; A 24N
B. 34N
C. 84N
D. 94N

3. <HKCE 1992 Paper I - 11 >

The diagram shows a light rod under the action of three vertical
forces. The points P, O, R, § and T are equally spaced along the
rod. At which point must an upward vertical force of 2N be
applied to hold the rod in equilibrium ? P

A P IN

H->>

B. 0
C. R
D. §




DSE Physics - Section B : M.C.
FM3 : Moment of Force

PB-FM3-M/02

< HKCE: 1994 Paper I - 7 >

2N
A
R
C i T 1
P 0 l s T

. 10cm . 10cm ZN
k 0 i

10 cm . 10cm .
Q

The above diagram shows a light rod under the action of two vertical forces. Under which of the following conditions will
the rod be in equilibrium ?

A. Applying an upward force of 2 N at P.

B. Applying a downward force of 2 N at P.

C. Applying an upward force of 4 N at R and a downward force of 4 N at Q.
D. Applying an upward force of 4 N at O and a downward force of 4 N at R.

< HKCE 1996 Paper I1 - 9>
4 %B
/\\ 200 N m
=1m -l Im e=1m >

A uniform plank 4B of weight 200 N rests on two trestles as shown above. A boy stands at the end B of the plank. What can
the maximum weight of the boy be without tilting the plank ? (Assume the weight of the plank acts through its centre.)

A. 75N

B. 100N
C. 200N
D. 300N

< HKCE 1997 Paper II - 10 >

14-0.25 m~>| 1.25 |

0.5m—>

A light plank of length 2 m rests on two trestles S1 and Sz as shown in the figure. A boy of weight 500 N stands at the mid-
point of the plank. Find the forces acting on the two trestles by the plank.

Force acting on S Force acting on §2
A 1663 N 3333 N
B. 200N 300N
C. 250N 250N
D. 300N 200N

<HKCE 1998 Paper IT - 11 >

A uniform beam of length 3 m and weight 300 N lies on a horizontal ground. 'What minimum vertical force must be applied
to one end of the beam to just lift that end off the ground ? (Assume the weight of the beam acts through its mid-point.)

A. 100N

B. 150N
C. 300N
D. 450N

DSE Physics - Section B : M.C. PB-FM3-M/03
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8.

10.

<HKCE 1999 Paper I1- 9 >

L N
Y A\ 4
14N 3N
=51
}/ i |

A uniform rod of length L is pivoted at a point %L from one of its ends. Two forces 14 N and 3 N act on its two ends as

shown above. If the rod is in equilibrium, find the weight of the rod.
(Assume the weight of the rod acts through its midpoint.)

A, 25N
B. 5N
C. 8N
D. 1IN

< HKCE 2000 Paper II - 12 >

Counter-weight

A company intends to produce a kind of weighing device as shown. The device is held at point X. The position of the
counter-weight is adjusted until the rod 4B becomes horizontal. The weight of the object can be read from the scale
calibrated on AB. Which of the following changes can increase the maximum weight that can be measured by the device ?

(1) moving the string at X towards 4

(2) increasing the mass of the counter-weight

(3) increasing the length of the string from which the counter-weight hangs

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

<HKCE 2001 Paper I - 6 >

. . T
podo P

{<1.5 m~>! 5m 1.5 m—>|

A uniform plane of weight 450 N rests on two trestles X and ¥ and a worker of weight 675 N stands at one end of the plank as
shown above. The worker holds a light basket which contains several packets of goods each of weight 6 N. What is the
maximum number of packets he can hold without tilting the plank ?

A 11
B. 12
C. 13
D. 18
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11.

12,

13.

< HKCE 2002 Papeyr II - 11 >

A block is initially at rest on smooth horizontal ground. Two forces of equal magnitude F act on the block. In which of the
below cases will the block remain at rest ?

0 @ F

L)

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

< HKCE 2003 Paper I - 10 >

A uniform rod of weight 50 N is supported by two spring balances P and Q and remains at rest as shown above. Assume the
weight of the rod acts through its mid-point. Find the readings of P and Q.

Reading of P Reading of @
A, 17N 33N
B. 20N 30N
C. 30N 20N
D. 33N 17N

< HKCE 2004 Paper IT - 11 >

! l

1m — 025m 5

Figure (b)

-

Figure (a)

Figure (a) shows a uniform plank supported by two spring balances P and (. The readings of the two balances are both
150 N. P is now moved 0.25 m towards Q (see Figure (b)). Find the new readings of P and 0.

Reading of P/ N Reading of /N
A. 100N 200N
B. 150 N 150N
C. 200N 100N
D. 200N 150N

DSE Physics - Section B : M.C.
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Part B : HKAL examination questions

14,

15.

16.

<HKAL 1994 Paper A -3 >

A uniform metre rule AB of mass 0.15 kg is hinged to a wall at B and the other
end 4 is connected by a wire attached to the wall at C as shown in the figure. A
block X of mass 0.1 kg is hung from the metre rule at 30 cm from 4. The metre
rule is horizontal. Find the moment of the tension in the wire about B.

A 142Nm ]

B. 105Nm e
C. 0.75Nm - ‘%XM

D. 070Nm

< HKAL 1995 Paper IIA - 8 >

<«

wall

rod

The figure shows a uniform rod 4B being held in horizontal position by a wire attached to a wall at point C with the other
end pivoted at A. The rod carries a load W. If W is shifted gradually from A towards B, which of the following quantities
will increase ?

(1) moment of the weight of the rod about 4
(2) moment of the load W about 4
(3) tension of the wire

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

< HKAL 2000 Paper IIA - 3 >

A light rigid rod 4B is hinged to the wall at one end while the other end is connected by an inextensible string to a point C
vertically above B. A weight W is suspended from a point on the rod. If the rod remains horizontal, which of the
following change(s) would increase the tension in the string ?

(1) Shifting the weight towards 4.
(2) Replacing the string with a shorter one and connecting it to the mid-points of 4B and BC.
(3) Replacing the string with a longer one and connecting it to a point higher than C.

A. (1) only
B. (3)only
C. (1) &(2) only
D. (2) & (3)only
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Part C : HKDSE examination questions

17.

18.

<HKDSE Sample Paper IA - 10 >
1 1m '
™~ <t
Figure (a)
Figure (a) shows a uniform plank supported by two spring balances P and Q. The readings of the two balances are both
150 N.
Figure (b)
P is now moved 0.25 m towards Q as shown in Figure (b). Find the new readings of P and Q.
Reading of P/ N Reading of Q /N
A. 100N 200N
B. 150N 150N
C. 200N 100N
D. 200N 150N
< HKDSE Practice Paper 1A - 12 >
A rod XY hinged at X is kept horizontal by a light string. M is the midpoint of XY. In which of the following arrangements
will the tension 7'in the string be the smallest ?
A. B.
s 7
45° 30
X Y P b4
C D.

o
)
T T
M M 45°
X& ]

Y
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19.

20.

21,

< HKDSE 2012 Paper IA - 6 >

A uniform gangplank PQ of a ferry smoothly hinged at end P initially rests horizontally on the pier. The gangplank has
mass M and length 2 m. It is raised by a man on the ferry using a light rope passing a smooth fixed light pulley and
connecting to R on the gangplank as shown. R is 1.5 m from end P. Which of the following correctly describes the force
required to raise the gangplank steadily ?

Q

£ ferry pier

initial force required to raise the subsequent force required to

gangplank when it is horizontal raise the gangplank
A 0.67 Mg greater than 0.67 Mg
B. 0.67 Mg smaller than 0.67 Mg
(8 0.94 Mg greater than 0.94 Mg
D. 0.94 Mg smaller than 0.94 Mg
< HKDSE 2013 Paper IA - 9>
]
G
154N
Y
X Ty ground
BN \
| e
1 05mi
j \
0.7m

The figure shows a supermarket trolley resting on the ground. The separation between cylindrical wheels X and Y is 0.7 m.
When the trolley is loaded to a total weight of 154 N, its centre of gravity G is at a horizontal distance of 0.5 m from the
wheel Y. What is the reaction acting on the wheel X from the ground ?

A. 44N
B. 62N
C. ¢2N
D. 110N

<HKDSE 2013 Paper IA - 14>

A semi-circular cardboard hangs from a spring balance from point O as shown. The reading of the
spring balance is 5 N. 'Which statements are correct ?

(1) The weight of the cardboard is 5 N.
(2) The centre of gravity of the cardboard is directly under O.

(3) The reading of the balance becomes zero if the set-up is brought to the Moon’s surface.

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

23,

24,

<HKDSE 2014 Paper IA -3 >

PQR is a composite rod having a uniform cross-section but with portions PQ and OR made of different materials, each of
uniform density. The ratio of the length of PQ to that of QR is 2 : 3. When the rod is suspended at 0, it remains horizontal
as shown. What is the ratio of the mass of PQ to that of OR ?

A 2:3
B. 1:1
C. 3:2
D. Answer cannot be found as the ratio of their densities is not given,

< HKDSE 2016 Paper 1A - 11 >

P Figure (a) Q P Figure (b) Q

ArlN A1IN A 423N

r—— Im —— «— X —¥

Bl vcight 4 N

A uniform metre rule is supported by vertical wires P and 0 and remains at rest horizontally as shown in Figure (a). The
tension in each wire is 1 N. When a weight of 4 N is hung from the metre rule at a certain position as shown in Figure (b),
the tension in @ becomes 2.3 N while the metre rule remains horizontal, Find the distance x shown.

A, 325cm
B, 57.5cm
C. 675cm
D

Answer cannot be found as the tension in P is not known.

< HKDSE 2017 Paper A - 8 >

Selfie sticks are popular nowadays. A uniform selfie stick of length 0.7 m is held horizontally as shown. Assume that the
forces required to hold the selfie stick by the hand are represented by Fy and Fz, and F) and F;, are perpendicular to the stick.

mobile phone
£

e :L;ZON
l 15N 1 -

0.7 m

It is given that the weight of the selfic stick and the mobile phone are 1.5 N and 2.0 N respectively. Taking the mobile phone
as a point mass, estimate the magnitude of F> .

By A N R T S I
B. 193N L5 yoas 2y o'l z b
C. 35N

D. Cannot be determined as F is unknown.

There is question in next page
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HKFAA'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 6. B 11. A 16. C 21. A 26. D
2. D 7. B 12. B 17. C 22. C
3. D 8. B 13. C 18. A 23. A
4. D 9. C 14, A 19. D 24, B
5. D 10. B 15. D 20. D 25. B
M.C. Solution
1. D
Moment of 2 kg mass about F=2 x2=4
v (€3] Moment of 4 kg mass about F = 4x 1 = 4 = Moment of given mass about F/
4 ) Moment of 2 kg mass about F = 2 x 2 = 4 = Moment of given mass about F
4 3 Moment of 1 kg mass about F = 1 x4 = 4 = Moment of given mass about F
2. D

Note that the weight of the metre rule 1 N is at the mid-point of the rule.
Take moment about right end, the force W does not have moment.
5o (6)x (20+50) + (1) x (50) = Tx (50)

T=94N

3. D

Moment of the couple at @and § = 1 x2 = 2 (clockwise)

To balance this couple, another couple in anticlockwise direction is needed.
nd=1

An upward force of 2 N applied at point § can then give another couple to make the rod in equilibrium.

Moment of the other couple = (2) xd = 2

4. D
Moment of the given couple =2 x 2 x 10 =40 Ncm
Moment of the required couple = Moment of the given couple
4xd= 40 = 10cm
Given couple is in anti-clockwise direction => the required couple is clockwise

. The required points should have a separation of 10 cm, and in clockwise direction. Only D can satisfy this.

5. D
Take moment about right trestle,

(200) x (1.5) = W (1) W =300N




25.<HKDSE 2019 Paper IA-7>

26. <HKDSE 2020 Paper IA-7>

of & pair of scissors i

i s
The figure shows that 8 pair of forces P of €0

1 order to cut #n object:

tant magnitude is applied at right angles to the hangye,

A A wsr v Aaese e o
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10.

12.

B

Take moment about S ,
Fyx(1.25) = (500) x (1 -0.5) o F1 = 200N
Balance of forces,
(200) + F, = 500 L Fy =300N

B

Take moment about the other end, T

Fx(3) = (300) x (L.5)

o F=150N v
W=300N

B
Take moment about the pivot,

R = gz s
4 4 4

C
Take moment about X, W, d, =W d,, .

v ) Moving the string towards 4 = do+ . dy T o W T

v 2) 't = Wt

x 3) The length of the string hanging the counter-weight has no effect on W, and d.,
B

Let the maximum number of packets he can hold be n.

When he holds the maximum packets, the plank will just tilt so that X will lose contact with the plank.
Take moment about ¥,

450 x 2.5 = (675+6m)x 1.5 n =125

The maximum number of packets is 12 without tilting the plank.

A
x (1) The two forces form a couple and cause the block to rotate, thus the block will not remain at rest.
v 2) The two forces will balance each other, so there is no net force acting on the block,
the block will remain at rest.
* 3) The two forces give a resultant force towards the right causing an acceleration towards the right,
thus the block will not remain at rest.
B

Take moment at the point under balance P: 50 x0.3 = %05 .. Q =30N

Balance of forces: P + 30 = 50 . P =20N
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13.

15.

Cc

Weight of the plank = 150 + 150 = 300N
In Figure (b), take moment about the point under balance Q :
Px(1-025) =300x0.5

Balance of forces : 200 + ¢ = 300

P =200N
5 Q=100N

A
Take moment about B,
Moment of tension about B = moment of weight of X + moment of weight of metre rule

(0.1%9.81) (1 -0.3) + (0.15x 9.81) (0.5) = 1.42Nm

i

D
* (1) As the position of the C.G. of the rod remains unchanged, the moment of the weight of rod is unchanged.
@) As the distance of load W from the pivot 4 increases, the moment of # increases.
(3) As moment of load W increases, the moment of tension must increase for balancing,
Thus, the tension of the wire increases.
c

Let the length of 4B be L and length of WB be d, and & be the angle between string and rod.
Take moment about B: Tsiné -L = W-d

v ) Shifting Wtowards 4 = dT = 77

v ) Replace the string = €:no changeandL L = 71
* 3) Replace the string = T = T{

€

Weight of the plank = 150 + 150 = 300N
In Figure (b), take moment about the point under balance Q :

Px(1-025) = 300x0.5 o P =200N

Balance of forces :

200 + @ = 300 s 0= 100N

A

Let the length of the rod be L.

A. Take moment about X : Tsin45°xL = mgx %L W T=070Tmg
B. Take moment about X : Tsin30°xL = mgx %L " T=mg

C. Take moment about X : T x -%—L=mgx%L . T=mg

D. Take moment about X: T'sin 45° x —‘z-L =mgx %L . T'=141mg

In figure A, the tension is the smallest.
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20.

21.

22.

23.

Initially, take moment about P :
Tsin@xd = Mgx 1L
Tsin45°x 1.5 = Mgx1 ST =094 Mg
Subsequently, when the plank PQ is pulled up,
the C.G. of the plank would be closer to the end P, i.e., the C.G. would be closer than 1L,

the moment of the weight would decrease, therefore, the tension would decrease.

Note that the angle O would increase subsequently.

D
Take moment about Y.
Rx % (0.7) = (154) x (0.5)

. Rx = 110N
A
v 1) The reading of the spring balance represents the weight of the supporting body.
v @) The centre of gravity must be along the line of support.
x 3 On the Moon’s surface, the acceleration due to gravity is less than that of the Barth,
thus the reading is smaller but not zero.
C

ENNNNANY
Since the cross-section of the rods are uniform,

the centre of weight must be at the middle point of each portion.

Take moment about Q :

Somgxl =mgxl5

Lomiimy=3:2

A

In Figure (2), weight of the metre rule is balanced by the tension of P and , thus, weight of the metre rule is 2 N.

As the metre rule is uniform, the centre of gravity of the metre rule is at the mid-point, that is, at the 50 cm mark,
In Figure (b), take moment at P.

Moment of 0 = moment of the 4 N weight + moment of the weight of the metre rule

S (23)%(100) = (4) % (x) + (2) x (50)

. x = 325cm
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24.

B

Take moment at the point of 1.
F2%x01 = 1.5x%x035 + 2.0%0.7
oo F2 =1925 ~ 193N
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The following list of formulae may be found useful :

Moment of a force moment = Fxd

Use the following data wherever necessary :

Acceleration due to gravity g =981ms? (close to the Earth)

Part A : HKCE examination questions

1. <HKCE 1986 Paper I-1>

A concrete block of total mass 4000 kg is slowly lowered into the sea by a machine as shown in the figure below. The heavy

arm 4B of the machine is 15 m long and is kept in a horizontal position by a cable CD.

(a) What is the moment of the weight of the concrete block acting about B ? (State whether the moment is clockwise or
anticlockwise.) (3 marks)

(b) What other forces acting on the heavy arm 4B can also produce moments about B ? (2 marks)

(c) Find the tension in the cable AB if the block is lowered with
(i) uniform velocity of 2 ms™,

(i) downward uniform acceleration of 2 m s2. (5 marks)
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< HKCE 1991 Paper I~ 1>

A uniform metre rule with a small hole bored in the middle is pivoted by a pin inserted into the hole, as shown in the figure
below. The weight of the metre rule is 1 N. An object P of weight 12 N is suspended on the left-hand side of the metre rule
at a distance of 0.12 m from the pin. Another object Q is also suspended on the right-hand side at a distance of 0.48 m from
the pin to balance the metre rule.

0.12m 048 m

(a) (i) Whatis the moment of the weight of P about the pin ? (1 mark)
(i) Find the weight of O. (2 marks)
(iii) Find the force acting on the metre rule by the pin. (2 marks)

(b) If the metre rule fails to balance before the objects are suspended on it, suggest a simple method to make it balance.
(2 marks)
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3.

<HKCE 2002 Paper I1-3>

Biceps muscle

Elbow joint

Weight of
forearm and hand

Weight of

15 om the ball

35 cm

A man holds a ball of weight 60 N with his hand. The weight of the forearm and hand of the man is 20 N, and the biceps
muscle in the upper arm exerts an upward force F on the forearm. The horizontal distances of these forces from the elbow
joint are shown in the above figure.

(a) Find the moment of the weight of the ball about the elbow joint. (1 mark)

(b) Find the magnitude of F, (2 marks)

(c) Some weight-lifting champions are known to have their biceps muscles a few millimeters further sway from the elbow
joint than usual. Explain how this feature can help such athletes in lifting heavy weights. (2 marks)
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Part B : HKAL examination questions

4. <HKAL 2009 Paper X-2>
A skier bends his back to lift his pair of skis as shown in Figure 1.

Figure 2 shows the skier’s spine as represented by a horizontal light rigid rod OP of length 0.54 m pivoted at the base O.

Figure 1

skig

At equilibrium, there are four forces acting on the spine :

w

L
T
R

(@)

®)

the weight of the skier’s upper body, which equals 520 N, acting through point G of the spine
the load of the pair of skis, which equals 40 N, acting through the front end of the spine P
the tension of the back muscle exerting at a point 0.33 m from O, making a angle of 12° with spine

the reaction force in the spine acting through the base of the spine O

pivot T

§ 12° —— |

Figure 2 base of the O G 1P frontend
spine | ] ! ! of the spine

: 0.30m i :

I 1

' 033m 1 !

! !

i 0.54m ]
Calculate the tension T. ’ (2 marks)

!

Hence explain why it is unhealthy to lift the load in the way shown in Figure 1. (1 mark)
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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

1

@

®

~

@

®

(@

®

©

Moment = (4000 x 9.81) x 15
588 600 N m

I

The moment is anticlockwise

Tension in wire CD
Weight of 4B

(i) Tension = mg = 4000 x 9.81
39240 N

() mg-T=ma
oo (4000) x (9.81) — T = (4000) x (2)
© T = 31240N

(i) Moment = 12x0.12
1.44Nm

I

(if) Take moment about the mid point.

5 (144) = O (0.48)

(1
{1
(1

. Q=3N [1
(i} Force acting on the pin is upward.

Since forces are balanced in vertical direction,

L F=12+3+1 1]

= 16N (1

Add some plasticine to the lighter side of the rule [1]
until it balances. [11
Moment = 60 x 035 = 21Nm 1]
Take moment about the elbow joint,
s 0.05F = 015x20 + 21 1]
s F=480N [1]
If the bicep muscle is further away from the elbow joint, the moment produced by the force F is larger. [1}
So a heavier load can be lifted by the athlete. 11
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4,

(a) Take moment about O:

o (520) % (0.30) + (40) x (0.54) = (T'sin 12°) x (0.33) [1]
T = 258N <accept 2580 N to 2600 N> [1]
(b) The tension is very large, about 5 times the weight of the body, thus easy to cause injury to the muscle. [1]
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The following list of formulae may be found useful :

Gravitational potential energy Er=mgh
Kinetic energy Ex = Lmv?
Mechanical power P=Fv= L4
t
Use the following data wherever necessary :
Acceleration due to gravity g=98lms? (close to the Earth)

Part A : HKCE examination questions

1. <HKCE 1980 Paper I1- 5>

An object is thrown vertically upwards with initial speed ». Which of the following graphs represents the variation of its

kinetic energy Ex with time ¢ 7

A. B.
By By
0 t 0
C D.
By Ey
o—t g

2. <HKCE 1981 Paper I1-2 >

Two masses m1 and mg (m1 > my) are hung over a smooth pulley as shown. If the system is released from rest, what is the

kinetic energy of the system after the mass ; has descended through a distance 4 ?
A mgh

B. mgh

C. m~m)gh

D. (m-m)gh
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< HKCE 1981 Paper I1 -7 >

A vehicle moves up a road inclined at an angle fto the horizontal with a constant velocity of 10 m s™. If the forces resisting
the movement of the vehicle are uniform, the power developed by the vehicle engine is

A. constant,

B. increasing uniformly.

C. decreasing uniformly.

D. increasing, but not uniformly.

< HKCE 1982 Paper I1- 6 >

Which of the following statements concerning the energy of a body falling frecly under the action of gravity is/are correct ?
(1) It gains kinetic energy while falling,
(2) Iis total energy at any point in the flight is equal to the work done in raising it from ground level to that point.
(3) Its kinetic energy at the end of the flight is all converted into potential energy.

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

< HKCE 1982 Paper I11-3 >

A vehicle moving with uniform speed travels up a road of constant gradient. The power developed by the vehicle’s engine is

A. uniformly increasing.

B. increasing, but not uniformly.
C. constant.

D, uniformly decreasing.

<HKCE 1983 Paper I1- 2 >

Two balls X and ¥, of the same mass, are released from rest simultaneously at 4. Ay
X falls vertically downwards while Y runs downwards along the smooth plane
AC as shown in the figure. Which of the following statements is/are correct ?

(1) Xreaches B at the same time as Y reaches C.

(2) The velocity of X at B is the same as that of Yat C.

(3) The kinetic energy possessed by X at B is the same as that of Y at C.
(1) only

(2) only B c
(3) only

(1) & (3) only

vowy

<HKCE 1983 Paper II - 14 >

When 40 kg of water falls through a certain distance, its temperature is increased by 0.2°C. What is the height through which
it has fallen 7 Given : Specific heat capacity of water = 4200 J kg™! °C!

A, 20m
B. 22m
C. 2m
D. 86m

< HKCE 1983 Paper 1I- 6 >

A student of weight 500 N runs up a flight of stairs 15 m high in 20 s. The average power developed by the student is
A 375W

B. 375W
C. 750w
D. 7500 W
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10.

11.

12.

13.

<HKCE 1983 Paper I - 3 >

A bullet of mass 0.01 kg travelling horizontally at 100 m s™ is stopped by 0.1 m of concrete. What retarding force is applied
to the bullet by the concrete 7

A. OIN
B. 10N
C. 500N
D. 1000N

<HKCE 1984 Paper I1 - 8 >

A cannon ball is fired so that it hits the wall at the top of a 10 m tower. If the energy needed to destroy the wall is 49000 J
and the mass c])f the cannon ball is 10 kg, the minimum initial velacity of the cannon ball required to break the tower wall is
A 100ms

B. 200ms
C. 300ms!
D. 400ms!

<HKCE 1984 Paper I1- 9 >

A bullet hits‘a target at 2 speed of 200 m s™!. If 50% of the kinetic energy has been converted into the internal energy of the
bullet, what is the rise in temperature of the bullet ? (Specific heat capacity of the bullet = 100 J kgteCt)

A 10°C
B. 20°C
C. 100°C
D. 200°C

<HKCE 1985 Paper I1- 8 >

A block is moving with uniform velocity along a rough horizontal plane. Which of the following statements is/are true ?
(1) The kinetic energy of the block is increasing,
(2) The potential energy of the block is increasing.
(3) The resultant force acting on the block is zero.

A. (1) only

B. (3)only

C. (1) &(2)only

D. (2) & (3) only

<HKCE 1985 Paper 11~ 6 >

An object is projected vertically upwards. Which of the graphs below correctly describes the variation of the kinetic energy
E of the object with height 4 7

A
E = E
0 h O s )
C. E D. z
r—_ 0 h
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14.

15.

16.

17.

<HKCE 1985 Paper II - 14 >

The difference in water temperature between the top and the bottom of a waterfall is 0.15°C. Assuming no heat is lost from
the water to the surroundings, what is the height of the waterfall ? (The specific heat capacity of water is 4200 J kg™ °C™.)
A 36m

B. 28m
C. 64m
D. 360m

< HKCE 1985 Paper I1- 9 >

A diver jumps up at 4 from a high platform into water at the point B ‘:
as shown. The diver descends to C and then floats up to the water !
surface. Assume that the potential energy at point B is taken to be zero. 4 !
Which of the following statements is/are true concerning the diver at E
point C? E
1}
'
1}
'
1
1
U

-~

_>_-__-

(1) The kinetic energy of the diver is at a maximum.
(2) The kinetic energy of the diver is at a minimum. B

(3) The sum of the kinetic energy and potential energy of the diver
iszero. L mEamee T V=t

moenty T T T T cTEE
@only e - - - -
(3) only

(1) & (3) only

oy

<HKCE 1987 Paper 11 - 4 >

An escalator is said to be able to carry 120 passengers to a height of 10 m in one minute. Assuming each passenger has a
weight of 500 N, the possible power output by the escalator must be at least

A, 1000W
B. 5000W
C. 10000W
D. 50000W

< HKCE 1987 Paper I - 5 >
An object is projected vertically upwards. Which of the graphs below correctly describes the variation of its kinetic energy

(KE) with height () ?
A. B.
KE KE
0\4 h 0& h
(e} KE D. KE
OK h 0‘4 A

18.

19.

20.

21,

<HKCE 1988 Paper II - 4 >

The figure shows a trolley of mass 1 kg being released from rest
from point X of a rough slope. Its speed at Yis 3 m s\, What is
the loss in energy by the trolley when it is moving from X to Y ?
(Take g =10 ms™2)

A 107

B. 4517 rough slope

C, B5  N e E E E -
D. 9.07J =

<HKCE 1988 Paper I1 - 5 >

Smooth table

The figure above shows a mass m connected to another mass M by a string passing over a smooth pulley. The system is
moving freely under gravity. Assuming that the table is smooth, which of the following statements is/are correct ?

(1) m and Mmove with the same acceleration in magnitude.

(2) The loss in potential energy of m is equal to the gain in kinetic energy of M.

(3) Ifthe mass of Mis doubled, its acceleration is halved.

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

<HKCE 1988 Paper I1 - 8 >

The figure shows a smooth inclined plane with Y being midway 4
between XZ, Two particles 4 and B of the same mass are released X
from rest at X and Y respectively. Which of the following statements
about 4 and B is/are true ? 2

(1) The time required for 4 to reach Z is double that for B to Y

reach Z,

(2) The potential energy for 4 at Z is double that for B at Z,

(3) The kinetic energy for 4 at Z is double that for B at Z, V4
A. (1) only
B. (3) only
C. (1) & (2) only
D. (2) & (3) only -

<HKCE 1989 Paper I1 - 4 > -

Two equal masses 4 and B are connected by a light string passing over a smooth pulley as shown in the below figure. The
inclined plane is smooth. Which of the following is/are correct ? -
(1) The potential energy lost by 4 is equal to the potential energy
gained by B.
(2) The kinetic energy gained by 4 is equal to the kinetic energy B
gained by B.
(3) The potential energy lost by 4 is equal to the sum of kinetic
energies gained by 4 and B.

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

23.

24.

25.

26.

<HKCE 1989 Paper II - 6 >

An object slides down a smooth plane from rest as shown in the figure above. Which of the following graphs best shows the
variation of kinetic energy with time ?

M B. C. D.
B KE KE KE KE
| 0|/ | OV | OI/ |
< HKCE 1990 Paper II - 6 >

Two abjects P and (J, of mass 0.1 kg and 0.5 kg respectively, are thrown vertically upwards with the same speed from the
same level. Neglecting air resistance, which of the following is true 7

P will reach a point higher than that of 0.

O will take a shorter time to reach its highest point.

Both will have the same kinetic energy on returning to the staring point.

Both rise with the same deceleration.

onwp

< HKCE 1990 Paper I1 - 2 >

A block of mass 5 kg is moving horizontally on a smooth surface along a straight line at 6 m s™. In order to change its speed
to 10 m s7!, the work done would need to be

A 40)
B. 901
C. 1607
D. 400)

< HKCE 1991 Paper I1- 6>

A block is pulled along a horizontal bench at a constant velocity of 10 m s7! by a force of 5 N. What is the work done against
frictionin4 s ?

A, 2007
B. 507J
C. 207
b. 1257%

< HKCE 1991 Paper 11-3 >

~

0 » displacement

For a body falling freely under gravity, ¥ has a linear relationship with the displacement of the body as shown in the above
figure. Y may represent

A. the potential energy of the body.
B. the kinetic energy of the body.
C. the velocity of the body.

D.

the speed of the body.
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27,

28.

29.

30.

<HKCE 1992 Paper 11 - 7 >

Which of the following involve(s) an energy transfer of 100J ?
(1) A mass of 10 kg is raised vertically by 10 m.
(2) A mass of 2 kg gains a speed of 10 m 7! from rest.
(3) A 10 W heater is switched on for 10 s.

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

<HKCE 1992 Paper I1- 6 >

A ball is released from rest from one end of a smooth curved rail as shown in the above diagtam. Neglecting air resistance
and friction, which of the following statements about the motion of the ball is/are correct ?

(1) The ball has maximum kinetic energy at point B.

(2) The speed of the ball at point C is the same as that at point 4.

(3) The ball would not rise to a level higher than point D,

A, (Donly

B. (1) & (3) only

C. (2) & (3) only

D. ,2)&E)

<HKCE 1993 Paper 11 - 6 >

!
.
!
1
1
i
!
PP
)

0 ‘,:'____," IO.Sm

A pendulum bob is released from rest from a point P 0.8 m above its lowest position Q, as shown in the diagram. Neglecting
air resistance, find the speed of the bob when it reaches Q. (Take g=10ms2)

A. 28ms!
B. 4ms!
C. 8ms!
D. l6ms™!

<HKCE 1993 Paper I - 4 >
Force
A

0 s » Displacement

The figure shows the variation of the force acting on an object. What physical quantity does the area of the shaded portion
represent ?

A. Velocity

B. Acceleration
C. Power

D. Work
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31.

32.

33,

34,

< HKCE 1994 Paper II - 10 >

Two blocks X and Y are connected by a light string passing over a smooth pulley as
shown. The mass of X is greater than that of Y. The two blocks are released from rest.
‘Which of the following statements is/are correct ?

(1) The potential energy lost by X is equal to the potential energy gained by Y.
(2) The kinetic energy gained by X is greater than the kinetic energy gained by ¥.
(3) The potential energy lost by X is equal to the sum of kinetic energies gained by

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

< HKCE 1994 Paper I1 -9 >

A stone is projected vertically upwards. Neglecting air resistance, which of the following graphs shows the variation of the
kinetic energy KE of the stone with the distance travelled s during its upward motion ?

A, B. C. D.

KE KE KE KE

0 s 0 s 0 5 0 s
< HKCE 1995 Paper II - 10 >

A trolley runs down a friction-compensated runway as shown above. Which of the following statements is true ?
A. The kinetic energy of the trolley increases with time.

B." The sum of kinetic and potential energies of the trolley remains unchanged.

C. The frictional force acting on the trolley is zero.

D. The resultant force acting on the trolley is zero.

<HKCE 1995 Paper IL - 9 >

—_
450m st

Figure (b)

Figure (a)

A bullet of mass 0.02 kg traveling at 450 m s~ enters a wooden block as shown in Figure (a) and leaves it with a speed
400 m s™'. In figure (b), what is the maximum number of identical blocks that the same bullet can pass through ?
3

vowy

4
S
9
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35.

36.

37.

38,

39.

<HKCE 1996 Paper 11 - 7>

A motor car of mass 2500 kg accelerates from rest to a speed of 20 m s in 5 s on a level road. Find the average power of
the car.

A, 10kW
B. 50kW
C. 100kW
D. 200kwW

<HKCE 1997 Paper It - 7 >

A pendulum bob is suspended by a light inextensible string. The bob is released from rest at point 4. When the bob reaches
the lowest point B, the string hits a fixed pin. Neglect air resistance. Which of the following statements is/are correct ?

(1) The bob has maximum kinetic energy at B.

(2) The highest level that the bob can reach is the level of the pin.

(3) The work done by the tension of the string is zero throughout the motion.

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

<HKCE 1997 Paper I1 - 8 >

zma:hine lifts up 2 load of 1200 N to a height of 1.5 m in 2 s. Find the average output power of the machine.
. 400W

B. 900W
C. 1800w
D. 3600 W

<HKCE 1998 Paper 11 -1 >

Which of the following units does not represent energy ?

A, Nm

B. Ws

(O

D. kgmgs?

<HKCE 1998 Paper 11 - 10 >

A smooth inclined plane makes an angle 30° with the horizontal as

shown. A man pulls a 50 kg block up the inclined plane with

uniform velocity. The inclined plane is 6 m long and the block is

pulled from the bottom of the inclined plane to the top in 30 s. 50 kg

Find the average power of the man, Take the acceleration due to 6m
gravity to be 10 m 572,

A S5W °

B. 10w =
C. 50w
D. 87w
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40.

41,

42.

43.

< HKCE 1999 Paper I - 7 >

A motor car of mass 2000 kg accelerates from rest at 3 m 57 for 4 s on a straight road. Find the average useful output power
of the engine of the car.

A, 24kW
B. 36kW
C. T2kW
D. 144kW

<HKCE 2000 Paper I - 11 >

A 2 kg block is initially at rest on the ground. A man uses 2 force to pull up the block as shown above. If the tension in the
string is kept at 24 N and the block reaches a height of 4 m in 2 s, which of the following statements is/are correct ?

(1) The potential energy of the block is increasing when the block is rising.

(2) The kinetic energy of the block is increasing when the block is rising.

(3) The average power developed by the man during the two seconds is 40 W.

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

< HKCE 2001 Paper 11 - 10 >

A man is pulling a suitcase along the horizontal ground as shown below.

e

If the rope is inclined at an angle @ to the horizontal and the tension in the rope is 100 N, find the work done by the man in
pulling the suitcase for a distance of 5 m along the ground.

A. 500sin67J

B. 500co0s &)

C. 500/sin@7J

D. 500/cos 67

<HKCE 2001 Paper I1-3 >

A stone is thrown vertically upwards. Assuming air tesistance is negligible, which of the following statements is/are correct 7
(1) The acceleration of the stone decreases throughout the upward motion, ) ]
(2) The net force acting on the stone becomes zero when the stone reaches the highest point.
(3) The total energy of the stone remains unchanged throughout the motion.

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

44.

45,

46.

47.

< HKCE 2002 Paper I1 - 8 >

=
A block is projected up a smooth inclined plane. Which of the graphs below shows the variation of the kinetic energy (K.E.)
of the block with its potential energy (P.E.) during the upward motion ?

A KE B. kE. C ke D. kg,
0'4_ P.E. ol—/ PE. ON PE. 0
<HKCE 2002 Paper II - 10 >

The figure above shows a flying wheel in an amusement park. The wheel is of
diameter 18 m and carries eight cages. There is only one passenger of mass
60 kg inside one of the cages. The wheel rotates with uniform speed and it takes
80 s for the passenger to travel from the bottom to the top of the wheel. Find the
average useful power output of the motor of the wheel.

A (60x9.81 x18) W

B. (6O><9.81><18)W
80
C (60><9.81><n><9)w
30

D. (60x 9.8l xmx9x80)W

<HKCE 2004 Paper II - 12 >

The photograph shows a baby sitting on a push-chair and her mother Amy is
pushing the push-chair with a uniform velocity v along the horizontal ground.

Let F = horizontal force exerted by Amy on the push-chair, and
m = total mass of the baby and the push-chair.

Which of the following expressions denotes the average output power of Amy
in pushing the push-chair ?

A Fy

B. mgv

C. (F-mgy

D. (F+mgyw

<HKCE 2005 Paper I - 6 >

The diagram shows Edmund riding the ‘Ferris Wheel’ in an amusement
park. If the wheel is rotating at a uniform speed, which of the following
physical quantities of Edmund would remain unchanged ?

A. velocity

kinetic energy

B
C. potential energy
D

total mechanical energy
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48.

49,

50.

51.

52.

< HKCE 2005 Paper II- 5>

The diagram shows a weight-lifter lifting a weight of mass 80 kg from the floor
to a height of 2 m. Find the work done by the weight-lifter.

A, 160J
B. 785]
C. 15701
D. 314071

< HKCE 2006 Paper I - 3 >

ground

John releases a marble from the top of a smooth rail 4 placed at the edge of a table as shown above. He repeats the same
process by using another smooth rail B. Which of the following statements about the marble is/are correct ?

(1) The marble has the same velocity when it reaches the ends of both rails.

(2) The marble has the same kinetic energy when it reaches the ends of both rails.

(3) It takes the same time for the marble to travel through both rails.

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

<HKCE 2006 Paper 11 - 4 >

A car stopped after emergency braking. The skid mark left by the car was 22.3 m long. Assume that the friction between the
road and tyres was 0.65 times that of the weight of the car. Estimate the speed of the car when it began to skid.
A. 538ms™

B. 11.8ms™
C. 16.1ms™!
D. 169ms™

< HKCE 2006 Paper I - 5>

A high-diver jumps up into the air from a spring board and then falls into 4 swimming pool. Which of the following graphs
best shows the variation of her kinetic energy X with time ¢ from the time she just leaves the board up to the moment just
before she enters the water 7 (Neglect air resistance.)

A B x C r D. g

o L/

< HKCE 2007 Paper II - 31 >

An electrical toy car of mass m goes up an inclined plane of inclination 30° with constant speed v. The air resistance acting
on the car is half of the weight of the car. What is the average power of the car 7

A. %mgv
B. mgv
3
C. smgv
D. 2mgv

53,

54.

S5.

56.

< HKCE 2007 Paper I1- 32 >

30°

A block of 1ass l kg is sliding down with constant speed along an inclined plane of inclination 30° to the horizontal. What
are the gain in kinetic energy and the work done against friction by the block afier travelling a distance of 2 m along the
plane ? (Take the acceleration due to gravity to be 10 m s72,)

Gain in kinetic energy / J Work done against friction / J

A, 0 10
B. 10 10
C. 0 20
D. 10 30

<HKCE 2007 Paper 11 - 4 >

A skier slides dO\Avn a slope as shown in the diagram above. Assume constant friction along the slope, which of the following
graphs best describes the change of energy of the skier with distance down the slope ?

B Energy B. Energy

K.E.

PE.

> D Distance
- Energy D. Energy
PE. KE. PE.
KE.
~—— Di. » Di

<HKCE 2008 Paper I3 >

A car is travelling at a constant speed of 15 m s™ along a horizontal straight road. isti i

is 500 N. Which of the followingp statements are conrecgt ? ¢ e
(1) The car travels a distance 120 m in 8 5.
(2) The work done by the car in overcoming the resisting force in 8 s is 60 kJ.
(3) The output power of the car is 7.5 kW.

A, (1) & (2) only
B. (1) & (3) only
C. (2)&(3) only
D. (1),(2)&0)

<HKCE 2008 Paper I1-1>

A f}sh j\;.mps up vertically to a maximum height of 0.5 m above the water surface. What is the speed when it just leaves the
surface

A. 313mst
B. 447ms!
C. 632ms
D. 981ms™
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57.

58.

59.

<HKCE 2008 Paper -4>

> t/s
0 3]
The figure above shows the velocity - time graph of a car travelling on a horizontal straight road. Which of the following
statements is/are correct ?
(1) Area under the graph is equal to the total displacement of the car.
(2) The acceleration of the car is maximum at time 7. )
(3) The kinetic energy of the car remains unchanged throughout the whole journey.

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

< HKCE 2008 Paper II - 8 >

An object is released from rest. Which of the following graphs best describes the variation of the kinetic energy of the object
with time during falling ? (Neglect air resistance.)
A. B.

K.E. K.E.
A
0 > Time 0 » Time
D.
- K.E.
A
0 » Time 0 » Time
< HKCE 2008 Paper 11 - 32> A

——o—bridge

'
[l

1

1

1

|

\

1

1
*
*B
1

1

'

]

i

'

L)

John performs a bungee jump from a bridge above a river. He (assumed to be a
particle) is tied to the bridge at 4 with an elastic cord. He falls from rest at 4.
When he reaches B, the elastic cord starts to stretch. John is momentarily at rest
at C and then bounces up. Which of the following descriptions about the motion
of John is/are correct 7 (Neglect the air resistance.)

(1) From4 to B, John is under free falling,

(2) From B to C, the gravitational potential energy of John increases.
(3) AtC, there is no net force acting on John,

(1) only

(3) only

(1) and (2) only

. (2) and (3) only

vowp
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60.

61.

62,

63.

< HKCE 2008 Paper IT - 28 >

When a skydiver falls steadily in air under no net force, which of the following descriptions about his gravitational potential
energy, kinetic energy and power in overcoming air resistance is correct ?

Gravitational Kinetic energy Power in overcoming
potential energy air resistance

Al decreases increases increases

B. decreases increases remains unchanged

C. decreases remains unchanged remains unchanged

D. remains unchanged increases increases

< HKCE 2009 Paper 11 -3 >

A ball of mass 0.5 kg resting on a horizontal ground is kicked by a player. The ball travels along a straight path and come
to rest after travelling a horizontal distance of 10 m. If the average resistive force acting on the ball during the motion is 3 N,
what is its initial speed ?

A. 32ms™!

B. 7.7ms!

C. 11.0ms™

D. 150ms™

<HKCE 2009 Paper I1 - 6 >

A constant force F is applied to an object which is initially at rest on a horizontal smooth surface. Which of the graphs below
best represents the variation of the power P developed by the force F with time 7 ?

A. P B. P
0 ! 0 t
C P D. P
0 t 0
<HKCE 2009 Paper I - 31 >
A tram of mass 1500 kg is being pulled by a steel cable. It goes
up a 30° slope with a uniform speed. The average resistive force . g'i"‘c'e
along the tram is 200 N. What is the energy required for the tram 9““’“
to move 100 m up along the slope ? o
A 20Kk o
B. 734kJ
C. 756K 20
D. 1500 kJ
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64. <HKCE 2009 Paper II - 32 >
An object is released from rest at the top of a building of height #. At 1=0
time #, the object is at the half of the height of the building as shown in o O B
the figure. At time #, the object just reaches the ground. Which of the 0O © 5,
following is/are correct ? (Neglect air resistance.) o O
(1) velocity of the object at & = 2 x velocity of the object at #; 8 8 ® =1
2 h=2x1 o le) g
(3) KE. of the object at , = 2 x K.E. of the object at #, 3
A. (2)only I—_l t=n
B. (3)only 7 7
C. (1)é&(2)only
D. (1) & (3) only

Questions 65 and 66 : A car is travelling along a straight horizontal path at 16 m s initially. The driver sees an obstacle and

applies the brake. The velocity-time graph of his car is shown below.

65.

66.

Velocity / ms™

16

» Time /s

<HKCE 2010 Paper II - 6 >
What is the magnitude of the deceleration of the car during braking ?

A. 3.56ms?
B. 4.85ms?
C. 133ms? e
D. 264ms™

< HKCE 2010 Paper I1-7 >
‘Which of the following graphs best represents the variation of the kinetic energy (K.E.) of the car with distance s travelled ?

A, B.
KE/J KE/J
A A
i i
) i
1] 1
1] 1
t 1
1 1
1 . >
0 » s/m 0 > s/m
C D.
KE/J KE/J
A A
1
\
1
1
i
1
0 » s/m

> s/m 0
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67. <MKCE 2010 Paper I1- 5> FIN
> s/m
0 2 5
Horizontal force F is applied to a block of mass 4 kg which is initially at rest on a horizontal smooth surface, The variation of
the magnitude of F with displ s is shown in the graph. The direction of F remains unchanged throughout the motion.
What is the work done on the block by F froms=2mto5m?
A, 167
B. 24J
C. 327
D. 407
68. <HKCE 2010 Paper I1 - 29 > Kinetic energy / J
30 Yoo
20 T
10 -+
o | : T
M b ERE 8
S : . : , : s/m
0.5 1.0 1.5 2.0 2.5
A block of mass 5 kg is projected up along a smooth inclined plane of inclination @ as shown in the figure above. The graph
shows the variation of kinetic energy of the block with the distance travelled s up along the plane. Find the angle 6.
Take g to be 10 m s,
A 570
B. 11.5°
C. 23.6°
D. 26.7°
69. <HKCE 2011 Paper II1- 7>

KE./J
4

15000

10000

5000

= i} > 12/ g2
0 2 4 3 » 1%/ s

A car of mass 1'500 kg is accelerating from rest along a straight road. The above figure shows the variation of its kinetic
energy (K.E.) with the square of time £. What is the acceleration of the car ¢

A, 0.89ms?
B. 14l1ms?
C. 2.00ms?
D. 4.00ms?
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70.

71.

<HKCE 2011 Paper I1-2 >

direction of motion
—’

A ball moves along a smooth curved rail and passed P at a certain speed as shown in the figure above. Neglecting air
resistance and friction, which of the following statements about the motion of the ball are correct 7

(1) The ball has maximum kinetic energy at R.

(2) The speed of the ball at § is the same as that at Q.

(3) The ball can never reach T.

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

< HKCE 2011 Paper II- 31>
platform

- water surface

In the above figure, a mass is released from rest at P from a high platform into a swimming pool. After a while, the mass
reaches the water surface at Q and enters the water. Finally, it reaches a maximum depth at R. Which of the following
descriptions about the motion of the mass is/are correct ?

(1) From P to Q, the acceleration of the mass is increasing.

(2) From Q to R, the net force acting on the mass is pointing upward.

(3) From P to R, the gravitational potential energy loss of the mass equals to its kinetic energy gain.

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

Part B : HKAL examination questions

72,

< HKAL 1994 Paper 1A - 7>
When a body falls freely in air with air resistance negligible, its total mechanical energy
A. increases during the fall.
B. decreases during the fall.
remains constant during the fall.
is zero at the beginning of the fall.
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73.

[

LW J
<HKAL 1995 Paper IIA - 2 > Y T 4\« ’
el ™~ 34
4 A c'. 2
v A OX 4h QV'_uj\r\
ps ¥ i
" A< _ 9
L & ¥ I” s
> ey

Two small balls X and ¥ of masses 1 kg and 2 kg respectively are released from rest at heights 44 and / above the ground
as shown. If air resistance is negligible, which of the following statements is/are correct ?

(1) The acceleration of ball ¥ doubles that of 9511 Y.
(2) The time taken for ball X to reach the ground is double that of ball ¥,
(3) The kinetic energy of ball X :v};en reaching the ground is double that of ball Y.

A. (1) only O
(B (3) only *

C. (1) & (2)only

D. (2) & (3) only

Part C : Supplemental exercise

Questions 74 and 75 : Three toy cars P, O and R move along a straight line. The velocity-time (v - £) graphs of the three toy cars
are shown below :

74.

; 75.

76.

v v v
A
0 ¢ 0 ¢ [ e 22
Car P Car 0 Car R
Which of the toy cars experience(s) an increase in kinetic energy during the motion 7
P only
B.” Ronly
C. P& Qonly
D. Q&Ronly
Which of the toy cars has/have an unbalanced force acting on it/them during the motion ?
A, Pouly
B. Ronly
‘€. P &Qonly
D. Q&Ronly
An electric motor is used to lift & 10 N load through a vertical distance of 3 m. The total amount of electrical energy supplied
to the motor is 54 J. What amount of energy is wasted by the motor ?
A 187
B 247
C. 30J
D. 447
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1.

78.

9.

80.

81.

82,

A windmill is used to raise water from a well. The depth of the well is 12 m. The windmill raises 270 kg of water every day.
What is the useful power extracted from the wind 7 (Take g =10 ms™2)

A, 0375W
B. 09375W
C. 9375W
D. 135W

David exerts a horizontal force of 500 N on a block placed on a rough horizontal surface. The friction between the block and
the surface is 100 N. After the box has moved a horizontal distance of 3 m, what is the gain of kinetic energy of the block ?

A, 3007

B. 12007
C. 15007
D. 18007

Peter pushes a cart along a level road and then lets it go. As the cart is slowing down, the main energy change of the cart is
A. from chemical energy to internal energy.

B. from chemical energy to kinetic energy.

C. from kinetic energy to internal energy.

D. from kinetic energy to potential energy.

‘When a wooden block is rubbed against sand-paper, which of the following statements is/are correct ?
(1) Friction acts on the wooden block by the sand paper,
(2) Work done against friction is converted into internal energy.
(3) The temperature of the rubbed surface of the block rises.

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

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

B. displacement
C. weight

D. work

A student pushes a block of mass 0.25 kg which is initial at rest on a smooth horizontal surface. The variation of the applied
force F with the displacement s is shown in the figure.

FIN

> s/m

What is the speed of the block after it has been pushed for 6 m ?

A. 125ms™!
B. 155ms™t
C. 17.5ms™!
D. 255ms?

Part D : HKDSE examination questions

83.

84,

85.

86.

< HKDSE 2012 Paper IA -9 >

An object of mass 0.5 kg is raised vertically from the ground by a motor. The object is raised 2.5 m in 1.5 s with uniform
speed. Estimate the output power of the motor. Neglect air resistance,

A 55W
B. 82W
C. 110w
D. 164W

<HKDSE 2013 Paper JA - 12 >
wooden block

A.bullet of mass 50 g is fired from a gun with a speed of 400 m s and passes right through a fixed wooden block of 6 cm
thickness as shown. Find the average resistive force acting on the bullet due to the block if it emerges with a speed of
250 ms™!. Neglect air resistance and the effects of gravity.

A. 406 x10*°N

B. 1.02x10*N

C. 125N

D. Answer cannot be found as the time of travel of the bullet within the block is not known.

< HKDSE 2014 Paper IA - 6 >

Figure (2) Figure (b)
Two small identical blocks slide,down from rest on smooth incline planes from the same height H as shown in Figure () and
lfigure (b) above. Their respective speeds at the bottom of the incline planes are denoted by v; and v, and the respective
times taken to reach the bottom are # and 2. Which of the following is correct 7 Neglect air resistance.
A viyand H=1
B. mi>v; and s1<py
C. vi=wyand =1
D. vi=wand f1<p

<HKDSE 2015 Paper IA - 8 >

An object is released from rest and falls from P to Q as shown below. Throughout ° P
the motjon, air resistance increases with the speed of the object. Which of the
following description is/are correct ?
(1) The net force acting on the object is constant throughout the motion.
(2) The magnitude of the object's acceleration decreases from P to 0.
(3) The kinetic energy gained by the object from P to Q is equal to its loss

1

in gravitational potential energy. O Q
A. (1) only =
B. (2)only
C. (1) & (3) only
D. (2) &(3)only

AR NSV AUAU UL AV SALSw eAs
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87. <HKDSE 2016 Paper IA - 8>

An object at a certain height falls freely from rest under gravity. Which of the below graphs correctly shows the variation of
its gravitational potential energy U with time ¢ ? Neglect air resistance and take U= 0 at the ground.

Ay
A
0 t
B U
A
gl
& U
A
0 f
D.
A
0 t

88. <HKDSE 2016 Paper IA -9 >

A crane moves a load of weight W steadily from point P to point O as shown. The work done on the load by the crane is

A Wy
B. W(x+y).
C. Wz
D. Wzcos 6.

Al rights reserved by Beacon College Ltd. except that all public exam questions, if any, are licensed by copyright owner HKEAA.
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89. < HKDSE 2017 Paper 1A - 11 >

A machine is fixed at the top of a smooth inclined plane. Two methods, (I) and (11}, are used to lift a block from the ground
to the top of the inclined plane by the machine.

() Pull the block vertically upward at a uniform speed v.
(I1) Pull the block up along the inclined plane at the same uniform speed v,

machine machine

light light string

string

I

] an

Which of the following statements correctly compare(s) the two methods ?
(1) The tension in the string is the same.
(2) The average output power of the machine is the same,
(3) The work done by the machine on the block is the same

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

90. <HKDSE 2017 Paper IA - 10>

Blocks X and Y are connected by a light inextensible string passing over a fixed frictionless light pulley as shown. The mass
of X and Y are 0.5 kg and 1 kg respectively. Initially, ¥ is 1 m above the ground and the string is taut. The system is then

released from rest.
X
=k

_jsmooth horizontal table
¥ : L LS
1m
N
What is the speed of ¥ just before it reaches the ground ?
A, 362ms!
B. 443ms?!
C. 626ms™
D. 981ms’!
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HKEAA's Marking Scheme is prepared for the markers' reference. It sho_uld not.bc 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. B 11. C 21. B 31. A 41. C
2. C 12. B 22. B 32. B 42. B
3. A 13. D 28, D 33. D 43. B
4. A 14. C 24. C 34, B 44. C
5. C 15. B 25. A 35. C 45. B
6. C 16. C 26. A 36. D 46. A
7. D 17. B 27. D 37. B 47. B
8. B 18, C 28. D 38. D 48. C
9. C 19. A 29. B 39. C 49. B
10. A 20. B 30. D 40. B 50. D
51. C 61. C 71. B g8l. D 91. B
52. B 62. B 72. C 82. B
53. A 63. C 73. D 83. B
54. D 64. B 74. A 84. A
55. D 65. B 75. C 85. D
56. A 66. A 76. B 8. B
57. A 67. B 77. A 87. C
58. B 68. B 78. B 88. A
59. A 69. C 79. C 89. B
60. C 70. A 80. D 9. A

M.C. Solution

1. B
At ¢ =0, the kinetic energy is the greatest.
At the topmost point, the object is instantaneously at rest, thus the kinetic energy = 0 at the highest point.
When the object moves down, the kinetic energy increases again.

Kinetic energy against time is a quadratic curve.

2! C
Loss of PE of m; = Gain of PE of my + gain of KE of my + gain of KE of m;
 mgh=mgh+ KE + KE;
. KEy + KBy = (m-mi)gh
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10.

A

By P = Fv, as velocity is constant and resistive force acting on the car is constant, thus P is a constant.

Power developed by vehicle is equal to the power dissipated against the resistive force and is constant.

€8] It loses gravitational PE during free fall and is converted into XE.

* ) Work done in raising it from the ground level to that point is the PE at that height.
At any point in the flight, there exists XF in addition to PE.

x ) Instead, its PE at the end of flight is all converted into KE before hitting the ground.

C

By P = Fv, as velocity is constant and resistive force acting on the car is constant, thus P is a constant,

Power developed by vehicle is equal to the power dissipated against the resistive force and is constant.

C
* €3] X : moves down with acceleration equal to g and travels a smaller distance
Y: moves down with acceleration equal to g sin 6 which is less than g and travels a greater distance
Thus, ¥ should take a longer time to reach the bottom.
* 2) They have different direction, thus they should have different velocity as velocity is a vector.
v A3) As both of them have the loss of same PE, thus they gain the same KE when they reach the bottom.
D

Loss of PE = Gain in internal energy

L mgh=mcAT o (9.81y h = (4200) (0.2) o h =856~ 8m
B
P w_ mgh - (500) (15) =I5 W
t t 20

C
Loss of KE = Work done against the retarding force of the concrete

Imv = Fs

£(0.01) (100> = F(0.1) .. F=3500N

A
Loss of KE = Gain of PE + Energy needed to destroy the wall

-ZLmu2 =mgh+E

1(10)u? = (10) (9.81) (10) + (49000) 5 v=100ms?
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11.

13.

15.

16.

17.

C

Loss in kinetic energy = Gain in internal energy

Lmvix50% = mcAT
£ m (2000 x 50% = m (100) AT

AT =100°C

x m As the block moves with uniform velocity, kinetic energy should be constant.

x @ As the plane is horizontal, potential energy should be constant.

v 3) As the block moves with uniform velocity, the acceleration is zero and the resultant force is also zero.

D

As the graph is a graph of the Energy against distance (height), the graph must be a straight line.
Initially, at /= 0, the object is projected upwards and should have maximum kinetic energy E.
When # increases, the potential energy increases and thus the kinetic energy £ decreases.

Option D is thus the answer.

C
Loss of PE = Gain of internal energy
mgh =mcAT

(9.81) b = (4200) (0.15) s h=64m

x ) At point C, the diver is momentarily at rest, thus the KE is zero, not maximum.
v 2) As the KE is zero, it is a minimum.

x 3) PE at point B is defined as zero. Cis a point below B,
thus the PE at C is negative (less than zero), therefore, the sum of KE and PE should be less than zero,

poE_mmgh
t t

_ (120)(500)(10)
- 1% 60

= 10000 W

B
As the graph is an Energy against distance (height) graph, the graph must be a straight line.
Initially, at » = 0, the object is projected upwards and should have maximum kinetic energy KE.

‘When # increases, the potential energy increases and thus the kinetic energy KE decreases. Option B is thus the answer.

DSE Physics - Section B : M.C. Solution PB - FM4 - MS/ 04
FMA4 : Work, Energy & Power
18. C
Initial P.E. of the trolley = m gk = (1) (10) (1) = 10J
Final KE. of the trolley = Lmv? = L(1)(3)* = 4.57
Loss of energy of the trolley = 10 - 4.5 = 5,57
This loss of energy is due to work done against friction by the trolley.
19.
[9)] As the two bodies are connected together, they must move with the same magnitude of acceleration.
x @ Loss in PEof m = gainin KE of M + gain in KE of m
x 3) By a= mgm , acceleration is not halved when A is doubled.
20. B
* [6)) Bys=wr+ gar?=1as? s f ot A5
As distance travelled by 4 is 2 times of B, time required for 4 is +/2 times of B.
x (03] As A and B are of same level when they reach Z, they should have the same PE at Z.
v 3) KE at the bottom = Loss of PE in moving down
As the height of 4 is double that of B, the loss of PE of 4 is double that of B, thus KE of 4 at Z is double.
21.
x (03] Both 4 and B move the same distance, but B moves on an inclined plane,
thus the rise of height for B is less than the drop of height for 4,
therefore, the PE gained by B is less than the PE lost by 4.
v ) Two connected bodies must have the same speed, as their masses are equal, they have the same KE,
x (€)) Loss of PEby 4 = Gain in KE by 4 + Gain in PE by B + Gain in KE by B
22. B
As it is a graph of energy against time, it must be a curve,
At ¢ =0, the object starts from rest, thus KE = 0.
As time increases, the object moves down with loss of PE, thus KE increases.
As KE o V2, the curve is a quadratic curve opening upwards.
23, D
x A As both move under the same acceleration due to gravity, they should reach the same height.
x

As both move under the same acceleration due to gravity, they take same time to reach the highest point.

x (¢ = % m v?, although they have the same speed, they have different mass, thus they have different KE.

v D. When they rise up, they move with the same deceleration due to gravity,
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24.

25.

26.

27.

28.

29.

30.

3L

C

2L e o Yeaor —Lisyey = 1607
W—Emv i —2(5)(10) 2()()

A
Wi =Fs =F(t)=(5)x(10)x @) = 2007

v A. PE decreases as displacement increases when the body is falling.

* B. KE should increase as displacement increases when the body is falling.

* C. Velocity should increase as displacement increases when the body is falling.

x D. Speed should increase as displacement increases when the body is falling.

D

% ) E=mgh = (10)(9.81) (10) = 981 J

v V) E= imv?= £ (2107 = 1007

v 3) E =Pt =(10)(10) = 1007J

D

v (1) At the lowest point, PE is minimum, thus KE is maximum.

v 2) A and C are at same level, thus they have the same PE and the same KE, as total energy is conserved.

4 3) The ball is at rest at initial position, thus when it rises to D, it comes to rest,
thus it cannot rise higher than D.

B

Loss of PE = Gain of KE
mgh = %mv2
v =4ms?!

(10)(0.8) = 1+

D
Area = F- 5

Thus, the area represents the work done.

A
x (1) Asthe mass of X is greater, the loss of PE of Xis greater than the gain of PE of Y.
v 2) They have the same speed but X has greater mass, thus X has greater KE.

x (©) Loss of PEbyX = GaininKEbyX + GaininKEbyY + GaininPEbyY
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32,

33.

34,

335,

36.

377

38.

B
As the graph is an Energy against distance graph, the graph must be a straight line.
Initially, at s = 0, the object is projected upwards and should have maximum kinetic energy KE.

‘When s increases, the potential energy increases and thus the kinetic energy KE decreases. Option B is thus the answer.

D

x A, On friction-compensated runway, the trolley should move with constant velocity and constant KE.
* B. Loss of PE = work done against friction but XZ has no change .. sum of KE and PE decreases.
x C: Friction still exists in friction-compensated runway.

v D. As the trolley moves down with constant velocity, it has no acceleration, thus no resultant force.
B

Let the work done against the resistance of 1 concrete be .
W= 1mv - Lmut = L(0.02)[(450)* - (400)2]) = 4257
fmvt=nw
1(0.02)(450)* = n (425) on =476

. The bullet can pass through 4 identical blocks.

C
Ly 2 2

p=XE _zmv _ 3@2500Q0° _ 0000w P = 100 kW

t t (5
D

) At the lowest position, the bob has minimum PE, thus it has maximum KE.
* 2) As the bob is released at 4, it can only rise to the same level of 4 at the other side.
v ) Tension is always perpendicular to the motion of the bab, thus the tension has no work done.
B
F. .

P = E _Fs _ (1200)(1.5) ~ 000 W

t t 2
D
v A. Nm = Fs = Energy
v B. Ws = Pt = Energy
v C. J = Energy
* D. kgms? = ma = Force
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39, C
Since the inclined plane is smooth and there is no gain of K.E.
.. Work done by the applied force = gain of P.E.
. W=mgh= mgssin 8 = (50) (10) (6 x sin 30°) = 15007
_W _ 1500 _ S0W
t 30
40. B
v=uy+at=(0)+ 3@ = 12ms?!
Iyt — L 2 1 2 _
P= AKE _oamyi g 3 (2000)(12)“ -0 - 36KW
t t
41. (C
[¢))] As the block rises up, its PE increases.
@) As the tension 7 is greater than the weight m g, thus the block rises up with acceleration, XE increases.
x ®) p=£=f'_"':%=4gw
t t 2
42. B
‘Work done = applied force x displacement in the direction of the force
= 100 cos & x 5 = 500 cos &
43, B
x 1y The acceleration should be constant throughout the motionasa = g.
* @) At the highest point, the stone still has acceleration due to gravity, thus the net force is not zero.
The net force is the weight of the stone acting by the earth.
v 3 As there is no work done on the stone, the total mechanical energy must be unchanged.
44. C
By conservation of energy, K.E. +P.E.= E = constant
- KE. =-PE + E
The graph is a straight line with slope -1 and y-intercept E
45, B ¥
E _ mgh 60x9.81x18
P, oy S R ST
t t 80
46. A

Power = applied force x velocity in the same direction of the force

s P=Fy

47.

48,

49.

50.

51,

52,
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B
* A, The direction of the velocity is always changing when Edmund moves in circular path.
v B. Kinetic energy is a scalar, and Edmund moves with constant speed, thus giving a constant kinetic energy.
* C. The height of Edmund is changing, thus giving a varying potential energy.
x D. Total mechanical energy = kinetic energy + potential energy
Since the potential energy is changing, the total mechanical energy is also changing,
C

Work done = gain of P.E. of the weight

]

mgh = (80)(9.81)(2) = 15707

B
[€5] The marble has different velocity when it reaches the ends of the two rails
siice it has different directions and velocity is a vector.
v @ Since the marble loses the same potential energy in both rails,
it gains the same kinetic energy when it reaches the ends.
x 3) In rail 4, the acceleration is greater and the displacement is smaller,
thus the time taken to travel in rail 4 should be shorter,
D

Loss of kinetic energy = Work done against the friction

1 -
Mt = fs

Friction = 0.65 times of the weight

f = 0.65xmg
2] % mu® = 0.65 xmgs

L3 u=065xgs

R

w2 = 0,65 x (9.81) x (22.3)

u = 169ms!

C
When the high-diver leaves the board, she has an initial kinetic energy.
At the highest point, the kinetic energy is zero.

During the downward motion, the kinetic energy increases.

B

The force exerted by the motor of the car is equal to the component of the weight along the plane and the air resistance.
. F = mgsin30° + %mg =mg

. P=Fv=mgv
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53.

54.

55

56.

57,

58.

A

Since the block moves down with constant speed, the kinetic energy is also constant, thus gain of K is-zero.
Work done against friction = fis = mgsin@ x s

(1) (10) sin30°x 2

107

I

I

D
Energy against distance must be straight line, thus option 4 and B must not be correct.
As the skier moves down, P.E. - K.E. + Work done against friction

Thus the gain of K.E. should be less than the loss of P.E.

()] Since the car travels at constant speed, s = v = (15)(8) = 120 m

) Since acceleration = 0, there is no net force. .. Engine force of the car = 500 N
Work done by the engine force of the car = F's = (500) (120) = 60 000 7T

v €] Power of the car = Fv = (500) (15) = 7500 W

A
By %mu2 =mgh
Tm? = m(9.81)(0.5)
u=313ms’
OR

By v = u' + 2as
() = + 2(-9.81) (0.5

u=313ms"!

v [¢8)] Area of velocity — time graph = total displacement
* ) Slope of velocity — time graph = acceleration
At 1, the slope is zero, thus the acceleration is zero, and should be the minimum.
* 3) Kinetic energy depends on the speed of the car; as the speed changes, kinetic energy changes.
B
By v=u+tat=(0)+gt¢ A

By KE= 1mw

5 KE < v o« f?
The graph of KE — ¢ should be a quadratic curve opening upwards.
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59.

60.

61.

62.

63.

64.

(03] From 4 to B, as the cord does not start to stretch, John falls down freely under gravity,
* ) From B to C, the gravitational potential energy of John should be decreasing as he falls down.

x [©) At C, John is momentarily at rest and then bounces up, thus his acceleration is upwards at C,
there should be a net force acting on John at C to provide his acceleration at C.

C

@ Gravitational potential energy gradually decreases as the skydiver falls down in air,

@ Kinetic energy should remain unchanged as the skydiver falls down with no acceleration, its speed is constant.
@ Power remains unchanged by P = F v, since both F and v are constant.

c

Loss of KE = Work done against friction
% mu? = fs

L5 = (3)0) Y uw=1095~ 11.0ms"

B

By P=Fv .. P« v as Fisconstant
By v=utat . vt as u=0and aisconstant
Pt

P —t graph is a straight line passing through the origin,

C
Pulling force : ¥ = mgsin® + f = (1500) (9.81) sin 30° + (200) = 7557.5 N
Energy required = work doneby F = Fs = 7557.5 x 100 = 7557501 = 756 kJ
OR
Energy required = gain of PE + work done against air resistance

= mgh+fs

= (1500) (9.81) (100 sin 30°) + (200) (100) = 755750) ~ 756 kJ

B
* o By v = u? + 2as,as u=0and a is constant, thus v s or v« /s
At £, the distance travelled is A, which is two times that at #, thus the velocity should be V2 times of v.
% ) By s =ut+ —;-atZ,asu=0andaisconstant,thus st or tee s
At 72, the distance travelled is two time that at #, thus #,= J2n
v 3) As the loss of PE at ; is two times that of the loss of PE at ,, the gain of KE is also two times.
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65.

66.

67.

68.

69.

70.

B

Deceleration = slope = 16 - 4.85ms?

45-12

A

When the velocity is constant at the first 1.2 s, the kinetic energy is also constant.
When the velocity is decreasing after 1.2 s, the kinetic energy is also decreasing.
By consideration of energy : (Let the initial KE be KEo)

KE, = KE + fs  (where fs is the work done against the braking force f)

. KE = —fs + KE, (compared with y=m x + c, this is a straight line with negative slope )

B

Work done = area under the F - s graph from2mto 5 m

(5-2)x8
=247

B
The initial K.E. is 24 J, and after moving 2.4 m, it reaches the maximum height.
By conservation of energy, loss of K.E. = gain of P.E.
. KB =mgh=mgssin6
oo (24) = (5)(10) (2.4)sin 4 o8 =115°
<OR>
Maguitude of the slope of the graph = net force = m g sin 8

24 . . - 3
— = (5)(10)sin@ o8 =115
24 (5)10)

c

KE = tmv = Im@t?= tma s
When 2= 5 5%, K.E. = 15000 J

= (15000) = 4 (1500) a* (5)

v a=2ms?
A
v ) Since the potential energy at R is the minimum, the kinetic energy at R is the maximum,
v ) Since Q and S are at the same level, their P.E. and thus K.E. are the same,
therefore, their speeds are the same.
x 3) As the ball at P possesses K.E., if this K.E. is equal to or greater than the difference of P.E.

between level P and T, then the ball can reach 7.
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71. B
x 0 From P to Q, the acceleration is equal to g and should be constant.
v 2) Since the mass is decelerating from @ to R, the direction of @ is upwards, thus the net force is upwards.
* ?3) From P to R, the loss of P.E. should be equal to the work done against the water resistance.
There is no gain of K.E. at R as the K.E. at R is zero,
72. &
The total mechanical energy (gravitational potential energy and kinetic energy) of a body is conserved in a free fall,
since there is no work done on the body.
However, PE is decreasing and KE is increasing during the free fall.
73. D
* o They move down with the same acceleration due to gravity g.
v @ By s = JZL at? . tocy/h .. Time take for ball 4 is double that for B.
v A3) Gain of KE = Loss of PE = mgh o« mh .'.&=M=2.
KE, @)
74. A
Since KE = %m 2, thus, an increase in kinetic energy indicates an increase of velocity
Only car P has an increase of velocity.
75 C
Car P is undergoing acceleration, thus an unbalanced force (Fuer) is acting on it.
Car Q is undergoing deceleration, thus an unbalanced force (Fuw) is acting on it.
Car P is moving with uniform velocity, i.e, a =0, thus no unbalanced force (Faer) is acting on it,
76. B
Useful work done by the motor = #s5 = (10) (3) = 30J
Energy wasted = Energy input — useful energy output = 54 - 30 = 247
77. A
Gain of potential energy of water = mgh = (270) (10) (12) = 32400
Useful average power = o ﬂ = 0375W
t 24 % 60x 60
78. B

Work done by David = 500 x3 = 1500 J
‘Work done against friction = 100 x 3 = 3007
Gain of kinetic energy by the block = 1500 — 300 = 1200 J
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79.

80.

81.

82.

83.

84.

85,

C
As the cart is slowing down, it loses kinetic energy.
The cause of slowing down is due to friction, so work is done against friction.

Thus the main change is from kinetic energy to internal energy.

D

v (¢)) As the sand paper is very rough, there is friction acting on the wooden block.

v @ ‘Work done against friction must change to internal energy.

v 3) Gain of internal energy would cause the increase of tempetature.

D

v A. acceleration is a vector

v B. displacement is a vector

v C. weight is a type of force which is a vector

* D. work is a form to transfer energy which does not have direction, work is a scalar
B

Area under the graph = work done on the block = gain of kinetic encrgy of the block

. area = Lm ~ 210)(6) = (0.25) 4 v =155ms™

B

po E_ mgh_ 0508025 _gpw
¢ )

A

Initial K.E. = Final K.E. + W.D. against the resistance force
Lmu?=Ltmv?+ Fs

—‘2~(0.050) (400)2 = -;—(0.050) (250)* + F(0.06) o F = 406 x 104N
D

Since both of them have the same potential energy at the same height H, by Conservation of energy,
they have the same kinetic energy at the bottom, thus they should have the same speed at the bottom, therefore, vi =

The acceleration along a smooth incline planes is g sin 6.

As the angle & of the incline plane in Figure (a) is greater, thus its acceleration is greater.
Therefore, the time taken for the block to reach the bottom in Figure (a) is shorter. Thus, n <t
OR

By s = % (u+v)t Astheinitial speed » and final speed v are the same in both of the two figures,

the displacement s in Figure (a) is smaller, thus the time is shorter. Therefore, #i <#
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86.

87.

88.

89.

90.

B
* (€3] Air resistance always opposes the motion, thus air resistance R acts on the ball in upward direction.
The net force on the ball is then mg — R, Air resistance varies with the speed.
As the speed is increasing in downward motion, air resistance increases.
Thus, the net force acting on the object should be decreasing throughout the motion.
4 2) As the net force is decreasing, by Newton's second law : net force =m a
The magnitude of the acceleration @ should be decreasing, not constant.
* 3) The loss of gravitational potential energy should be equal to
the sum of the gain of kinetic energy and the work done against air resistance.
Thus, gain of K.E. # loss of gravitational P.E.
C

Since the initial velocity is zero, thus, v = u+at = gt
Kinetic energy ;

KE = tmv = Tmgty «

.. KE is a quadratic curve opening upwards.

As PE + KE = constant

Thus, U - ¢ graph is a quadratic curve opening downwards.

A

Work done = gain of gravitational potential energy
= mgh
= W y

% (1) As the block is moved in uniform velocity, there is no acceleration and forces are balanced.
Inmethod (1), Tt = m g. Inmethod (I), T2 = m g sin 8. Thus, the tension is not the same.

% (2) Since the speed is uniform, average power = F'v,
As the applied force F' (i.e. tension) is not the same in two cases, the average power is not the same.

v (3) Work done = gain of potential energy
Since the block reaches the same height in the two cases, it gains the same potential energy.
Thus the work done is the same in the two cases.

A
Loss of PE of ¥ = gain of KE of X + gainof KE of ¥
L DEsN) = L5y + Layv?

v =362ms"
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The following list of formulae may be found useful :

Gravitational potential energy Ep=mgh
= 1
Kinetic energy Ex = ymv?
-
Mechanical power P=Fvy= =

Use the following data wherever necessary :

Acceleration due to gravity g =981ms? (close to the Earth)

Part A : HKCE examination questions

1. <HKCE 1980 Paper I-1>

A block of wood of mass 3.0 kg slides on a rough horizontal surface of uniform friction with an initial speed of 0.8 ms™.. It
is brought to rest after travelling a distance of 2.0 m.

30kg [ 08ms?!
AN

(2) Find the work done by the block in overcoming friction. (3 marks)
(b) What is the frictional force acting on the block ? (3 marks)
(c) Find the time taken by the block for the journey. (4 marks)

(d) In your answer book, roughly sketch a graph of the kinetic energy (£) of the block against the distance travelled (s) by
the block. Write down the equation of the graph. (5 marks)

A

\ 4
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<HKCE 1983 Paper I-2 >

A block of mass 2 kg is projected up a smooth inclined plane, After moving a certain distance up the plane it then slides back

to its point of projection. The graph below shows how the kinetic energy (KE) of the block varies with the distance (s)
moved during its upward motion.

KE/] B
4
40 L T i
30
20}
10
0 » 5/ m
1.0 20 3.0 4.0
(2) Read from the above graph the initial kinetic energy of the block and hence deduce its initial velocity of projection.
(4 marks)
(b) Whatis the greatest distance moved by the block up the inclined plane ? (2 marks)
(¢) (i) Find the slope of the graph and state its unit. (3 marks)
(f) What physical quantity does the slope of the graph represent 7 (1 mark)
(d) What is the deceleration of the block during its upward motion ? (2 marks)

(¢) On the graph above, draw the graph of potential energy against distance up the slope. (Take the potential energy at the
starting point as 0.) (3 marks)
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3,

<HKCE 1984 Paper -3 >

A man of mass 60 kg jumps down from a tower using a parachute. The velocity~time graph of the man for the first few
seconds is as shown in the figure below. (Velocity in the downward direction is taken to be positive.)

®)

©

(@)

velocity /ms™
10
5
. P time /s
0 1 2 3 4
(a) Sketch the acceleration-time graph from the figure above. (4 marks)
Find the resultant force acting on the man at time
(i) t=1s,and
(i) 7 =4s. (3 marks)
Find the height the man falls in the first 4 seconds. (3 marks)
Find
(i) the potential energy lost, and
(ii) the kinetic energy gained
by the man in the first 4 seconds.
Account for the difference in (i) and (ii), if any. (5 marks)
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8.6 cm

The figure above shows an experimental set-up to study the relationship between the kinetic energy of a trolley and its speed.
A catapult is set up using two upright posts and a rubber band. A trolley is drawn back to a position marked by the line XY
and then released. The motion is recorded using the tape of the ticker timer which produces 50 dots per second.

(a) A strip as shown above is selected.

.

=

(©

(@

(1) What is the time interval represented by the strip ? (2 marks)
(i) What is the velocity of the trolley producing this strip ? (2 marks)
(iti) In this experiment, what kind of energy is converted to the kinetic energy of the trolley ? (2 marks)

The experiment is repeated with two, three and four identical rubber bands used in parallel and the graph of velocity
squared (v*) against the number of rubber bands (1) used is shown in the figure shown.

v/ (ms)y? I I I

n

v

0 1 2 3 4

(i) How does v* vary with n ? (1 mark)

(i) State the conclusion about the relationship between the kinetic energy of the trolley and its speed. (2 marks)

What precaution(s) should be taken in order to
(i) compensate for friction in the motion, and

(i) ensure that the rubber bands used are identical ? (4 marks)

The sirip should not be selected from the first portion of the tape when the trolley began its motion. Explain briefly.
(2 marks)
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P
i
T[T L
Zr | spring board “:’
i 6m
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A diver of mass 50 kg climbs up a flight of 30 steps to reach a spring board by the side of a swimming pool as shown above.
Each step is of height 0.15 m.

(a) (i) Find the potential energy gained by the diver after he has climbed the flight of steps. (2 marks)
(ii) If the driver takes 10 s to climb up the flight of steps, what is his average power ? (3 marks)
(iii) Which type of energy stored inside the body of the diver is transformed in climbing the steps ? (1 mark)

(iv) Is the energy in (iif) greater than, equal to or smaller than the potential energy gained by the diver ? Explain
briefly. (2 marks)

(b) The diver jumps up into the air, reaches a height of 6 m above the water surface and then falis down again,

(i) Sketch a graph of the kinetic energy possessed by the diver against time, starting from the moment he leaves the
spring board till the moment he reaches the water surface. (3 marks)

(if) If the average resisting force due to water on the diver is 1500 N upwards, what is the maximum depth he can reach
in the water ? (4 marks)
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<HKCE 1987 Paper 1-2 >

A bob of mass 0.1 kg is suspended by a light inextensible string as shown in the figure below. The bob is released from rest
at 4, which is 0.2 m higher than B, the lowest point of suspension,

(@) () Find the potential energy loss of the bob when it swings from A4 to B. (2 marks)

(if) Find the speed of the bob at B. (2 marks)

(i) Is there any work done by the tension of the string when the bob moves from 4 to B ? Explain briefly. (3 marks)

® The swing is interrupted by a pin P when the bob reaches B, The highest point then reached by the bob on the other side
is C (not shown in the diagram).

(i) 'What is the height of C above B ? (2 marks)

(iiy Ifthe s_tring breaks when the bob is at C, sketch a diagram to show the path of the subsequent motion of the bob. In -
your diagram, indicate the position of C. (2 marks)
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V/m?s?
A

R

w
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> h/m
0 0.1 0.2 3

Figure 1 Figure 2

Figure 1 above shows an experimental set-up to study the motion of a bob hanging on an inglastic string. Th‘e bo'b is pulled
aside to A which is 4 above the lowest point B. The bob is then released to swing to C through B and the motion is recorded
through the ticker-tape of a ticker-tape timer with known frequency. The experiment is repeated with different values of /.

(a) Draw arough diagram to show one of the ticker-tape obtained from the experiment. (3 marks)
(b) Describe briefly how the speed v of the bob at B can be obtained from this experiment. (3 marks)
(c) ‘The variation of v* with 4 is as shown in Figure 2 above.
(i) Find the slope of the graph. (2 marks)
(ii) Write down the equation relating v* and 4 from the graph. (1 mark)

(iif) Find the acceleration due to gravity from this experiment. Bxplain briefly why it is different from the cormonly-
used value of 9.81 m 57, (4 marks)

(iv) State ONE precaution that should be taken so as to get a more accurate result of g. (2 marks)
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A lifting system consists of a lift pulled by a motor through a cable.
v/ms™ .
10
5 Z
0 5 10 15 20 25 s

() The figure above shows the velocity-time graph of the lift moving upwards. The total mass of the passengers is 200 kg.

(i) What is the total distance travelled by the lift ? (2 marks)

(ii) What is the average power output by the system ? (3 marks)

b) As a safety measure, when the downward speed of the lift reaches 10 m s, a braking device would stop the lift
in 6 m. If the total mass of the lift and its passengers is 1000 kg, what should be the average value of the braking force ?
{5 marks)

(c) Suggest another safety measure other than that in (b) ? (2 marks)

oy s v an ey oo - on vy ~ awl — 2 pw
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The figure below shows part of the route of a roller-coaster in an amusement park. A cart full of passengers with total mass
1200 kg runs down from rest at the starting point  to the terminal platform. H is 30 m above the terminal platform. The
track provides an average frictional force of 300 N throughout the journey.

H
paralZaN

30m
20m

(@) The cart travels a distance of 150 m to reach the highest point 4 of the vertical loop, which is 20 m above the platform.

(i) Inmoving from H to 4, calculate (5 marks)
(1) the loss in potential energy,
(2) the work done against friction, and
(3) the gain in kinetic energy of the cart.
(2 marks)

(i) Find the speed of the cart at 4.

(b) The cart reaches the terminal platform at a speed of 10 m s™!, A braking device at the platform stops the car
in 2 seconds. Find the average force on the cart exerted by the device. (3 marks)

(c) Suggest one safety device for passengers riding on the roller-coaster. Explain briefly its function. (2 marks)

(d) In the design of the roller-coaster do you think the summit B can be higher than point 4 ? Explain briefly. (3 marks)
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<HKCE 1991 Paper I-2 >
The diagram shows a simplified lift system. The Lift consists of a car connected to a counterweight over a drum, The weights
of tht? car anfi the counterweight are 6500 N and 6000 N respectively. A motor connected to the dram is used to drive the car
up with a uniform speed of 2 ms™. A passenger of weight 750 N is inside the car.
To motor ’-(— Drum
<— Cable
Counterweight —- | | A T
<«— Car
T 2ms™

(@) (i) Find the tension T} in the part of the cable connected to the car. (1 mark)

(i) Find the tension T; in the part of the cable connected to the counterweight, (1 mark)

(iii) Explain why the two tensions are different. (1 mark)
(b) Caleulate the power output by the motor to raise the car. (2 marks)
(c) Whatis the function of the counterweight ? (1 mark)
(d) Explain why a frictionless drum cannot be used. (2 marks)
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/ 2m ¢

5% 4
0.5m
Figure 1 8 D E
Figure 1 shows an inclined plane of length 5 m. A block of weight 800 N is pushed up the plane slowly from the ground The figure above shows a rough track. The highest point C of the circular loop is 0.5 m above its lowest point D and DE is
to a height of 2 m by a force parallel to the inclined plane. The frictional force between the block and the inclined plane horizontal. A small object of mass 0.1 kg slides down from rest at 4, completes the circular loop and finally stops at E. The
is 8O N. speed of the object at C'is 3 m 5!, When it comes down to D after completing the loop, its speed becomes 4 m 57!,
(i) Find the potential energy gained by the block. (2 marks) (a) Describe the energy changes when the object travels from 4 to C. (3 marks)
(i) Find the work done against friction. (2 marks) (b) Find
(i) the kinetic energy of the object at C, (1 mark)
(i) the potential energy of the object at C (taking the potential energy at D as Zero), (1 mark)
(iii) the work done against friction as the object travels from C to D, (3 marks)
(iii) Find the total energy supplied by the force, assuming no energy loss other than that in (ii). (2 marks)
|
® : (c) The object travels with uniform deceleration along DE.

(i) Sketch the displacement-time graph of the object as it travels from D to E, starting from the moment it passes
T ! through D. (2 marks)

Figure 2 Pae

The process in () is repeated by using a longer inclined plane as shown in Figure 2 above. Assume that the frictional !
force between the block and the inclined plane remains unchanged. | R

| le 1L 1 |
| " 076m ' 0.68m '0.60m

A student says that the force required to push the block in (b) is smaller than that in (a).

State whether he is right or wrong and explain briefly. (3 marks) (ii)

| The figure above shows a strobe photograph of the object as it travels along DE. The stroboscopic lamp is flashing
| at a frequency of 5 Hz, Find the deceleration of the object, (4 marks;
q
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0.03 m card To timer

To timer

The Figure above shows a trolley running down a friction compensated runway. The ’Lroll_ey is connected to a hanging weight
by means of a light inelastic string. A card of width 0.03 m is attached to the trolley. Light sources S and light detect0r§ D
are fixed at two positions 4 and B along the runway. Each light detector is connected to a timer, which can measure the time

taken by the card to pass the light detector.

(@) The timers record that it takes 0.050 s and 0.025 s for the 0.03 m card to pass the light detectors at 4 and B respectively.
(i) Calculate the average speed of the trolley as it passes
(1) position 4, and

(2) position B. (3 marks)

(ii) If the mass of the trolley is 1.5 kg and the distance between 4 and B is 0.4 m, calculate
(1) the acceleration of the trolley,
(2) the tension in the string, and

(3) the gain in kinetic energy of the trolley as it travels from 4 to B. Where does this gain in kinetic energy come
from ? (7 marks)

(b) Describe how you can use a data-logger to check whether the runway is friction compensated. (3 marks)

(c) If the string suddenly breaks, describe the subsequent motion of the trolley along the runway. (1 mark)
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14. <HKCE 1998 Paper I-1>

Figare 1

Figure 1 shows the layout of a runway 4BC in an amusement park. 4B is an icy smooth inclined plane and BC is a rough
horizontal surface. At time ¢ = 0, a boy sitting on a sledge slides down from rest at 4 along the ranway. At¢=5 s, the sledge
reaches B with 2 speed of 8'm s™!. The sledge then decelerates uniformly along BC and finally stops at point D at 1= 15 s,

(a) Sketch the graph of the speed of the sledge against time from #=0to 15 s. (3 marks)

(b) Consider the sledge and the boy as one body. Draw a labelled diagmfn to show all the forces acting on the body as it
slides along 4B, (2 marks)

(c) Given : Total mass of the sledge and the boy = 60 kg. Find (6 marks)
(i)  the acceleration of the sledge as it slides along 4B ;
(if) the stopping distance BD ;

(iii) the frictional force acting on the sledge as the sledge travels along BC.

(@

Figure 2

Suppose the angle of inclination of the smooth plane is increased. (See Figure 2.) Then the boy sitting on the sledge
slides down from rest at point P on this ranway, where P is at the same height as point 4 in the original runway. Would
there be any change in the stopping distance along BC when compared with (c)(ii) ? Explain your answer. (3 marks)
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<HKCE 2004 Paper 1-7>

Figure 1 ¥ s ——>

In a road test, John drives his car along a straight horizontal road (see Figure 1). The car takes 9.3 s to accelerate from rest to
100 km h™'. The total mass of John and his car is 1400 kg.

(@) Show that a speed of 100 km k™! is approximately equal to 27.8 m st (1 mark)

(b) Find the total kinetic energy of John and his car when travelling at 100 km h_].‘

Hence estimate the average output power of the car when it is accelerating to 100 km h~!. (3 marks)

©

Figure 2

A similar road test is conducted on an inclined road. The car now takes 16.2 s to accelerate from rest to 100 km h™!
along the road (see Figure 2). Assume the output power of the car remains unchanged.

(i) Explain why it takes a longer time for the car to accelerate up an inclined road than along a horizontal roz(i;i. -
marks]

(i) Find the increase in height of the car after accelerating for 16.2 s along the inclined road. (3 marks)
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Figure 3

On a certain day, the car was involved in a traffic accident, John braked hard to stop the car and skid marks were left on
a horizontal road (see Figure 3), Investigation by the police revealed the following information:

length of the skid marks = 30.5m
average frictional force between the tyres of the car and the road surface = 11 200 N

()  Describe the energy change involved when the car was braking. (2 marks)

(i) John claimed that he was driving at a speed below 70 km h™! before the accident. Explain whether John was telling
the truth or not. (4 marks)

16. <HKCE 2005 Paper1-2 >

Kenneth, of mass 60 kg, falls vertically from rest from a 10 m platform into a swimming pool (see the above Figure). In the
following calculations, you may neglect the size of Kenneth.

(2) Find the potential energy of Kenneth when he stands on the platform, taking potential energy at the water surface as
Zero. (1 mark)

(b) Find the speed of Kenneth at the instant he reaches the water surface. (2 marks)

(¢) If Kenneth reaches a maximum depth of 3 m in the water, estimate the average resistive force exerted by the water on
Kenneth. (3 marks)
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A student releases a book of mass 0,154 kg from rest under a motion sensor as shown in the Figure below. The velocity-time

i hown. Y
graph is also recorded as shown o —

computer and
data-logger

velocity / ms™

35

3.0 -

25

2.0

13

4
1.0
¥
0.5 .
% time / s
8.80 8.85 8.90 8.95 9.00 9.05 9.10 9.15 9.20 9.25

(a) From the graph shown above, estimate the distance travelled by the book. (2 mazks)
(b) Find the loss in potential energy of the book during the journey in (a). (1 mark)
(c) From the above graph, find the maximum kinetic energy of the book. (2 marks)
(d) Account for the difference in the values obtained in (b) and (c). (1 mark)
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19,

<HKCE 2008 Paper I-1>
The figure below shows an athlete lifting a barbell of mass 115 kg by a vertical distance of 1,8 m from the ground.

barbell -

ground

() Find the potential energy gained by the barbell after it is lifted up. (1 mark)

(b) The mass of the athlete is 70 kg. Find the normal reaction acting by the ground on the athlete when she has lifted the
barbell and stands still, (2 marks)

(c) After finishing the lifting, the athlete releases the barbell. It falls from rest to the ground freely. Find the time required
for the barbell to reach the ground. (2 marks)

<HKCE 2008 Paper I -2 >

An electric toy boat of mass 1.2 kg shown in the figure below is moving horizontally in still water with a constant velocity of
1.5 ms™.. The water resistance on the boat is 0.45 N,

propeller

(a) (i) Find the magnitude of the propelling force acting on the boat. (1 mark)
(i) Find the power developed by this force. (2 marks)
(b) (i) Find the kinetic energy of the boat. (1 mark)

(i) Using the result in (b)(i), find the distance travelled by the boat before it comes to rest after the propeller is turned
off. Assume the water resistance on the boat remains constant throughout the motion. (2 marks)
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< HKCE 2009 Paper 1-2 >

A fire breaks out in a building, A 60 kg man in the building falls vertically from rest from a height of 15 m. He is rescued by
a cushion of thickness 3.5 m (see the Figure below). Neglect the size of the man.

T

Q00000

building —— .
rescue cushion

O0000O0

 ——

(a) Find the kinetic energy of the man just before reaching the cushion. (2 marks)

(b) The man is stopped by the cushion when he is 0.5 m above the ground. Find the average resistive force acting on the
man by the cushion. (3 marks)

() If a thicker cushion is used and the man is again stopped when he is 0.5 m above the ground, explain why the thick
cushion is better for rescuing the man. (3 marks)

<HKCE 2010 Paper 1-2 >

The Figure below shows an experimental setup. The setup is used to find the gravitational acceleration.

S

10
'
E
1
E Height Speed
: (h/m) (v/ms™)
i 0.1 0.949 ’
!
! 03 2214 }
!
Ay 05 2966 ;
e 0.7 3578

A heavy ball is hung from a fixed point O by a long inextensible light string. It is released from rest at a height 4 above the
ground. The speed v of the ball is measured when it passes the lowest position, which is at a height /, above the ground. The
experiment is repeated with different values of 4 and the results obtained are shown in the Table above.
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(a) Plot a‘vgraph of 2 against & in the Figure below. Use a scale of 1 om representing 1 m?s2 and 0.1 m. (4 marks)
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(b) () By the law of conservation of energy, show that

Vv =2g(h-ho) (1 mark)
(i) From the slope of the graph plotted in (a), find the value of gravitational acceleration. (2 marks)
(c) Give one reason why the ball used should be heavy. (1 mark)
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22, <HKCE 2011 Paper I- 11>
The Figure below shows an experimental setup, which is used to find the friction between a block and a table. A weight is
connected to the block through a frictionless pulley with a light inextensible string. The masses of the weight and the block
are 0.02 kg and 1 kg respectively. The weight and the block are initially at rest.

block

table weight

The weight is released at P and falls with uniform acceleration. The time taken for the weight to fall a certain distance &
(from P to Q) is measured. When & = 0.7 m, the time taken is 2.95 s. Neglect air resistance.

(a) Determine the acceleration of the weight. (2 marks)
(b) Find the speed of the weight at Q. (2 marks)
(c) By the law of conservation of energy, or otherwise, find the friction acting on the block, (4 marks)

Part B : Supplemental exercise

23.

Thfz above figure shows a water chute in a swimming pool. A boy of mass 50 kg slides down from rest at point 4 and reaches
point B with a speed 12 m 5™, where 4 is 10 m above B.

(a) Find
(i) the potential energy of the boy at 4 (taking the potential energy at B as zero),
(i) the kinetic energy of the boy at B. (2 marks)

(b) Describe the energy changes as the boy slides from 4 to B, (2 marks)

24. (a) Aliftraises a passenger of mass 75 kg at a uniform speed of 2m 5™, Calculate the useful power output of the lift given
to the passenger. (2 marks)

(b) What is the force acting on the passenger of mass 75 kg by the floor of a lift when it is rising with
(i) anacceleration of 0.25 m 572 ; and

(i) a uniform speed of 1 ms™" ? (4 marks)
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; 25. <HKDSE Practice Paper IB - 2 >

(O ) motor

Figure (a)

ground parcel
N

A parcel of mass 4 kg is being raised from the ground by a light string connected to a motor at the root?top o'f a building as
shown in Figure (a). The speed-time graph of the parcel for the first 5 s is shown in Figure (b). Neglect air resistance.

v/mst

Figure (b) 3

—>t/5

[
W [emnmmm

ol
(a) Find the tension in the string at time ¢=1's. (3 marks)
|
(b) Calculate the output power of the motor between ¢ =2 s and 5 s. (2 marks)
(¢) Att=35 s, the string suddenly breaks. Describe the subsequent motion of the parcel. (2 marks)
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27.

<HKDSE 2012 Paper 1B -5 >

A bow and atrow is a kind of projectile weapon. The string of a bow is drawn taut by a hunter with a force of 60 N and an
arrow of mass 0.2 kg is held stationary as shown in the Figure below.

2 bow
string
750 arrow
60N <« —=
75¢
string

(a) Find the tension of the string. Neglect the weight of the arrow. (2 marks)

(b) Estimate the energy stored in the taut siring if the initial speed of the arrow is 45 m s™! when released. Assume that
the bow is rigid and neglect the mass of the string. (2 marks)

< HKDSE 2013 Paper IB - 5§ >

The Figure below shows a smooth sloping track 4BC firmly fixed in a vertical plane with its horizontal part BC resting on a
bench surface. You are given a toy skier, a metre rule and a long rough paper strip with adhesive tape on the bottom surface.

toy skier‘iP
A

bench surface

Using the apparatus provided, describe an experiment to study how the stopping distance of the toy skier depends on its
height of release. Your description should include the physical quantities to be measured and the result expected.
(5 marks)
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A lift car of weight 8000 N is going up with constant speed 2 m s™ as shown in Figure (a). The upward force raising the lift
car is provided by the cable wound on a drum which is driven by a motor. The other end of the cable is firmly attached to the

drum at P. Neglect air resistance and the mass of the cable.

counterweight |4
of 7000 N

Figure () T Ims! Figure (b)

(a) (i) Calculate the mechanical power delivered to the rising lift car by the motor. (2 marks)

®)

(i) The total mechanical power output of the motor is 20 kW. How much power is lost due to overcoming friction
between the movable parts ? (1 mark)

Now a 7000 N counterweight is installed at the other end of the cable as shown in Figure (b). The counterweight always
moves in the opposite direction to the lift car which again moves up at 2 m s™!. Assume that there is no slipping between
the cables and the drum. )

(i) Calculate the total mechanical power output of the motor required in this case, assuming the same power loss in
overcoming friction between movable parts as found in (a). (2 marks)

(i) State the advantage of having the counterweight instalied. (1 mark)

(iif) A claim is made that as power is lost due to friction, a drum with frictionless surface can further reduce the power
required from the motor. Comment on this claim. (2 marks)
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<HKDSE 2014 Paper IB - 3 >

Two cars 4 and B initially at the same position, start to travel along the same straight horizontal road. The graph below
shows how their velocities vary with time.

velocity / m s™!
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(3) Describe the motion of car 4 along the whole journey from #=0to f =80 s. (2 marks)
() (i) Which car attained the greatest acceleration throughout the journey ? Find this acceleration, (2 marks)
(i) Sketch the acceleration-time (a - £ ) graph of car B from =0 to 1 =80 5. (2 marks)
a/ms?
3
0 >
NEERE) D | % | e s
-2
-3
(¢) (i) Atr=20s, what is the separation between cars 4 and B 7 (2 marks)
(ii) Deduce the time at which car B catches up with car 4. (2 marks)

(d) Both cars are Of. similar §ize and shape. It is known that the total resistive force experienced by each car is proportional
to the square of its velocity. Determine the ratio of power output of the engine of car 4 to that of car B within the period
t=20sto?=60s, (2 marks)




30. <HKDSE 2020 Paper 1B -4>

A small sphere is released from rest al point 4 and runs aleng a smooth track ABC as shown in Figure 4.1
The track around the lowest point B is approximately circular in shape.

gure 4.1

e

The sphere leaves the track at point C where the track makes an angle of 60° with the horizontal. It finally
reaches point £ on the ground. Neglect air resistance. (g=9.81m 5

(a) Arrange the speeds of thie sphere at points 4, B, Cand D respectively in descending order. (1 mark)

*(b) On Figure 4.1, use arrows 1o indicate the acceleration of the sphere, if any, at point 8 and at point D
respectively. (2 marks)

(¢} (i) Describe the energy conversion of the sphere when it goes along the track 4BC. @ naarkk)
{ii} Hence find the speed of the sphere at point C.

*(iii) If the horizontal distance between points ¢ and £ is 2,55 m, caleulate the time of flight of the sphere
before reaching point £, (3 marks)
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HKEAA's Marking Schems is prepared for the markers' reference. It should not be regarded as a set of model answets.
Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care.

. Question Solution

L (@ Wi=imu

= 3% (3)x (0.8

= 0967
) We=fs
0.96) = f x(2)
. f= 048N
() Byf=ma . (-048) = (%) a OR o (048) = (3 a
© a=-0l16ms? soa=016ms?
By v=u+tat s (0)=(0.8)+(-0.16) ¢
iy =8 s
@ E/]
0.96
0 5 »s/m

Equation: KE = 0.96-0.48s

2. (a) Initial kinetic energy = 36J
KE = %m v
(36) = ; @V
. v =6ms"

Greatest distance = 3.6 m

®,

=

() () slope = — 7 A 10
unit of slope = Tm™ (or N)
(i) Resultant force acting on the block < accept m g sin 6>

10

(d) deceleration = -

=

= 5mg?

1]
[1]
[1

1
{1
[1

1]

{1
[1

Bl

2]

11
{1

{2

21
(1
[1]
{n
(1]

DSE Physics - Section B : Question Solution PB -FM4 - QS /02
FM4 : Work, Energy & Power
©  xgy
A
40
[31
20
10
¥ 1.0 T e
< straight line drawn > {1]
< start from the origin > [1]
<PE=36Jats=3.6m> (1
@ a/ms?
y < Correct shape > [2]
5 i <Attime =2 s, a drops to 0> 11
:5 <Initially, =5 m 52> 1]
o 2“ »1/s
b () Atr=1s, a=5ms? {11
F =ma = (60) x(5) = 300N 1]
() Atz=4s, a=0 . F=0N ]
(¢) h = areaof the graph (11
= 70x@ + 10)x(2) 11
=30m [
(d) (@) PElost =mgh
= (60) x (9.81) x (30) 1
= 17658 J ~ 17700 J m
(i) KE gained = % mv?
= L% (60) x (10 [13
= 30007 [11

Some energy is lost due to work done against air resistance

]
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DSE Physics - Section B ; Question Solution PB-FM4-QS/04
FM4 : Work, Energy & Power

(@

©

)

=

(@

(@) Time = 20x L = 04s
50

G v= 230 = 2150ms?
04

(iii) Blastic potential energy stored in the rubber band
i Vxn
(i) KE o« v?

() Setup a friction compensated runway by inclining the runway at an angle

so that the trolley when given a slight push will move down with uniform velocity

(ii) The rubber bands should have same length and same thickness

The energy stored in the rubber band is not completely transferred to the trolley in the initial strip.

OR

There is acceleration in the initial strip, thus the velocity has not reached the final value.

(i) GaininPE = mgh = (50)x (9.81) x (30 x 0.15)
22107

It

(i) Power = £
!

_ 2210
10

=221 W
(iii) Chemical energy (OR food energy) stored in the diver

(iv) It is greater than the potential energy gained because other forms of energy,

such as internal energy and kinetic energy are produced.

®) O Kinetic energy

A

< Curve >

< Chigher than 4 >

» Time

(i) By mgh="Fs
o (50) % (9.81) x (6 +d) = (1500)d
d=292m <accept 2.90m to 3.00 m>

< B touches the time axis >

21

[2]
1

1
(1

2

(2

[21

|
(1

(11
1

[
(11

(1
Y
f]

(1
{2l
{1

6.

(a) () PEloss =mgh

= (0.1) x (9.81) x (0.2) [1]
=0.19627J <accept 0.1961 > m
(i) mgh=3mv [1]

(0.1962) = £ (0.1) x1?

v =198ms! 1

(iif) No work is done m

Since the force is always perpendicular to the motion (velocity) [2]

® @ 02m 21
(if) c

< C marked correctly at the top > 1]

< a vertical line with arrow drawn > [1]

@
? se s o . . . . . e e s s ? [3]
(b) Find the time interval ¢ for two dots [11
Choose two dots having the greatest separation and measure the distance d between them. 3
Calculate the speed by v=d/¢ [1]
D Slope = 34
(& (i) Slope o [1
= 18ms? <175 to 18.3 is acceptable > [
(i) ¥ =184 [13
(iii) mgh = Fm? {1
LVi=2gh
.. Slope of the graph = 2 g = 18 1
18
Lo g=22=9ms?
> (1]
The smaller g is due to work done against friction (OR work done against air resistance). 1]
(iv) Use a heavier pendulum bob so that air resistance is negligible. . [2]




DSE Physics - Section B : Question Solution PB-FM4-QS/ 05
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8. (8) () Totaldistance = area under the graph

(®)

©

(®)

@

- (20-10)+25
2

13125m

75

]

(ii) Average power output = L4

t

— 200x9.81x131.25
25

103 kW

]

Loss in K.E. + Lossin P.E. = Work done against braking force
% x (1000) x (10)? + (1000) x (9.81) x (6) = F x (6)

. F = 18100 N

Suggested measures : (ANY ONE)
% Attach a strong spring on the ground under the lift
%  Use thicker cable (OR Use more number of cables )

(i (1) LossinPE = mgh = (1200) x (9.81) x (10) = 117720 ~ 1180007
(2) Work done against friction = Fs = (300) x (150) = 45000
(3) GaininK.E. = 117720 - 45000 = 72720 ~ 72700] <accept 73000 J >

(i) KE= tm+?

(72720) = 4 (1200) x 2

. v =11L0ms"!
v=u-+at
S 0) = (10 +a(2) s a=-5ms?
F+f=ma
= F +(300) = (1200) x (5) [OR F +(-300) = (1200) x (-5} ]
oo F = 5700N <OR F = —-5700N>

Use a safety belt. (OR seat-belt)

To prevent the passengers from throwing out of the cart,

( OR To increase the duration time of impact and thus reduce the impact force }

Yes,
the cart can move up a summit higher than 4,

provided the height of the summit is lower than that of 4.

{1

B

[11
[1]

[

11

[2]

DSE Physics - Section B : Question Solution PB-FM4-QS/06

FM4 : Work, Energy & Power

10. ()

®

=

(c

=

@

=

0

=

12, (a)

(®)

(@ Th = 6500+750 = 7250 N

]

(i) T = 6000 N
(iii) There is friction between the drum and the cable.

Useful power output = Fv
= (7250 - 6000) x (2)
= 2500 W

To reduce the force exerted by the motor. OR  To reduce the power output from the motor.

The lift cannot work (OR The car cannot be raised )

as slipping between the cable and the drum occurs. ( OR the drum cannot exert a force on the cable. )

() P.E.gained = mgh
(800) x (2)
16007

[

1

(i) Work done against friction = F's
= (80) x (5) = 400J

1600 + 400
20007

(iii) Total energy supplied

]

He is right.

The component of the weight, m g sin & in (b) is smaller.

When the object travels from 4 to B, some of its potential energy is changed to kinetic energy and
some is used to do work against friction (OR some is changed to internal energy).
When the object travels from B to C, some of its kinetic energy is changed to potential energy

and some is also used to do work against friction.

() KB = Im = 1@.1)x@)y
0457

I

(i) PE = (0.1) x (9.81) x (0.5)
= 049057  <accept 0.491 1>

(iii) KEatC + PEatC = KEatD + W.D. against friction
045 -+ 0.4905 = L Q.1 x @72 +w

. W =01405J < accept 0.141J >

(1
1]
01

1
[1]

1

[1
n

11

1

{1
1]

1
(1]

{1
2]

[1]
[1
(1]

[1]

m
1
(1]
]
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2. (@ @
0 > [
< Two axes labeled correctly > [1]
< Shape of curve correct > 1]
(if) Time between 2 dots = 0.2 5 [1]
u= S, 3.8ms™
0.2
= 200 s [11
0.2
a0 = 3.8-3.0 = _oms? i
t 2x0.2
. deceleration = 2 ms? [1]
0.03
13. (@ @) (1) va= —= = 06ms"! 2]
@ @O @O wn 0
0.03 "
2) vsa = —— = 12ms [y
@ 0.025
i) (1) v* = u#*+2as m
(1.2)* = (0.6*+2 a (0.4)
a=135ms? n
2) T =ma [1]
= (1.5) x (1.35)
= 2025N (1
(3) GaininKE. = ¥mvs® ~ +mvad [
= LSy x 27 - 15 <062
= 0.81J {11
The gain in K.E. comes from the loss in potential energy of the hanging weight. [1}
(b) A motion sensor connected to a data-logger is placed on top on the runway. 1
The trolley is given a slight push and runs down the runway. [1]
The velocity-time graph displayed on the computer should be a horizontal line if it is friction-compensated. 1
(c) The trolley will travel along the runway with a uniform speed. [13

DSE Physics - Section B : Question Solution PB-FM4-QS/08
FM4 : Work, Energy & Power
4. (@ speed/ms™!
i
1]
1
!
E
E t——— time /s
0 5 10 15
< For the graph from t=0to 5 s> [1]
< For the graph from t=5to 15 s > [1]
< For labelling the 2 axes with units > m
) Normal reaction force i
1
Weight
) .o _ 8 J
(¢} (i) Acceleration = g =1.6ms™? [11
(ii) Stopping distance = area under the graph n
= 1x8x(15-5)
=40m [1]
(iif) Deceleration along BC = slope of the graph
- 8
15-5
= 08ms? (1]
Frictional force = Ma f11
= (60) x (0.8)
= 48N (1
(d) The sledge is released from the same height in both cases. 1]
Thus the sledge acquires the same speed at B in both cases. [1]
S0 the stopping distance along BC would remain unchanged. 1
OR
The potential energy of the sledge at points 4 and P are the same, 1]
The sledge thus gains the same kinetic energy at B in both cases. [1]
So the stopping distance along BC would remain unchanged. [11
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15. (@) 100kmht = 100X1000m _ o st [
3600s
() KE. = Lmv?= 1(1400) (27.8)
= 5410003 (OR 5409831) (OR 541kJ) (OR 540 kJ) {1]
P = E _ 541000 [
t 93
= 58200W (OR 58.2kW) (OR 58.1 kW) [1]
() (i) When the caris travelling up an inclined road, there is a component of weight mg sin  acts along the road. [1]
Thus the acceleration of the car is smaller, so it takes a longer time. [11
OR
‘When the car is travelling up an inclined road, the potential energy of the car is increasing, 1
As the power of the car remains unchanged, it takes a longer time to accelerate the car. m
@) Pt=4tmv2+mgh [11
(58200) % (16.2) = (541 000) + (1400) (9.81) & 53]
h=293m [1]
(d) (i) Kinetic energy of the car 1]
changes to internal energy. [11
G) +mvi=fs 1]
1 (1400) v = (11200) (30.5) [1]
v =22.09ms™
= 22.09 x S6%0 kbt = 795 kmh™! n
1000
As the speed of the car exceeds 70 km h™, John was not telling the truth. 1]
16. (2) PE =mgh = (60)(9.81) (10) = 5886  <accept 5890J > [1]
® mgh=Ltmy? Iy
(5886) = 1(60)+*
v = 140ms™ [1]
() mgh=Fs mgh+ +mvt="Fs 1
(60) (9.81) (10 +3) = F (3) <OR> (60) (9.81) (3) + 1(60) (14.12 = F (3) [13
F= 2550 N <accept 2500 to 2560 N > F = 2580 N <accept 2500 to 2560 N> [1}

18.

19.

20.

@

®)

@

®)

©

®)

@®

®

<

s = area of the graph

]

3 %295 x (9.25 - 8.90)

= 0.516m
APE =mgh
= (0.154) x (9.81) x (0.516)
= 0.780J
KE = %mv2

1(0.159) x (2.957
= 06707

There is air resistance acting on the book,

PE = mgh = (115) (9.81) (1.8) = 2030 J
R = (115) (9.81) + (70) (9.81)

= 1810N
1
2

1.8) = (0) + +(9.81) 2

s=ut+ sat?

Lt =10.606s

@ F=045N

() P =Fyv = (0.45)(L5)
= 0675 W

() KE=1{mv*= 112152 =135)

(i) (1.35) = (0.45) s

s =3m

KE = lossof PE = mgh
= (60) (9.81) (15-13.5)
= 6770]

Loss of PE = Work done against resistive force

(6770) + (60) (9.81) 3.5 - 0.5) = Fx (3.5~0.5) OR (60) (9.81) (15~ 0.5) = Fx (3.5 ~0.5)

F = 2850N <accept 2840 N>

[1}
1

0]

(1
(1]

1]

(]

1]
11

(1

]

[1]

1
(1]

{1

{1
[11

(1]
{11
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' 20. (¢) The loss of PE is the same. 1] 21. (b) (@ By thelaw of energy conservation,
The distance travelled by the man in the cushion is larger. [1] é— mv: = mgh-ho) [1]
The average resistive force by the cushion is smaller. [1 = 2g(h—h)
ar 10-2
(ii) Slope = —_~"<2__ =195 <accept 192 to 204>
The momentum of the man reaching the cushion is smaller. 13 0.56-0.15
The impact time in the thicker cushion is increased. [11 By v =2gh~2gh,
By F = (mv-mu)/t, the impact force will be reduced, thus cause less injury to the man. [1] Slope = 2 g 1y
oo(19.5) = 2¢
© g=975ms? <accept 9.6 to 10.2ms?> m
21, @ v/ m?s?
(c) The air resistance can be neglected. [1]
13 <OR>
The effect of air resistance is smaller. [1]
i2
<OR>
1 The effect of friction is smaller, [1]
10
9 * 22, @ s=ut+ taf?
2 0.7 =0+ La(957 1
a=0.161ms? [1]
7
®) v =utat
6 = (0) +(0.161) (2.95) [
= 0475ms! (1]
5
/ | (c) Loss of PE of the weight = gain of KE of the weight + gain of KE of the block + work done against friction
4 7 { (0.02) (9.81) (0.7) = 7(0.02) (0.475)* + % (1) (0.475 + £x (0.7) 3]
3 oo f=0.0318N  <accept 0.0316 to 0.0320N> [1]
/ OR
2 7
mg-—f=(m+M)a
1 s 0.02) (9.81) — f = (0.02 + 1) (0.161) [31
0 h/m o f=0.0320N <accept 0.0316 to 0.0320 N> 1]
0.1 0.2 0.3 0.4 0.5 0.6 0.7
< Correct label of the two axes with units > 1]
< Correct scale > 1] 23. (@) (1) PE=mgh = (50)x(9.81) x (10) = 4905] <accept 4910J> m
i {1 |
< Any 3 points correctly plotted > | (i) KE = %m = %(50) X (12)2 = 36007 1
< A correct straight line > 1]
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23, (b) Some potential energy is changed into kinetic energy of the boy [1]
and some potential energy is changed into internal energy. [1]
OR

Some potential energy of the boy is changed into kinetic energy of the boy 1]
and some potential energy is used to do work against friction. 11
24. (a) Poweroutput = Fv = (75 x9.81) % (2) [11
= 1470 W (]
M ) R-—mg=ma {13
R = (75) x (9.81) = (75) % (0.25) W R=175N <accept 754.5N > [1]
i) R =mg 1]
= (75)(9.81) = 736 N [1]
25. (@) a=slope = 3 = 15ms? [

2

T-mg=ma
T-#0O81) =415 1
T=452N <accept 45.24 N> [1]
(b) P=Fv=4x981)(3) < note that at 2 s to 5 s, there is no acceleration, T'= mg > [1]
= 118W  <accept 117.72 W > [1]
(c) The parcel rises with deceleration and comes to rest momentarily at the highest point. 1]
It then falls freely with acceleration due to gravity. [1]
26. (@) 2Tcos75° = 60 [1]
T=116N {1
(b) KEofthe arrow = %(0.2) 45)* = 202517 [1]
Energy stored in the string = KF of the arrow = 202.57J <accept 203 J > [1]
27.  Stick the paper strip onto the horizontal part BC of the track. [1
Release the toy from a certain height / from the bench surface and measure the corresponding stopping distance d. [1]

The stopping distance should be measured from the beginning of the horizontal part BC by the metre rule.

Repeat with the toy releasing at different heights 4 and measure the corresponding value of stopping distance d. [1]
Plot the graph of d against 4. Iy
The graph should be a straight line passing through the origin. [1

Thus, the stopping distance d is proportional to the height of release A.

28. (a)
®)
29. (a)

®

-4

©

(@

G P =Fyv = (8000)x(2)
= 16000W  <OR 16kW>

() Pioss = 20000 — 16000 = 4000 W <OR 4kW>

(i) Power to move up the lift car = (8000 ~ 7000) x (2) = 2000 W
Total power output of the motor = 2000 +4000 = 6000 W <OR 6kW >

(i) Output power required from the motor is smaller. ~ OR  Force exerted by the motor is smaller.

(iif) No, the lift system could not work < OR the lift will fall down >

as slipping would occur. < OR the drum cannot exert a force on the cable >

From =0 to 10 s, car 4 accelerates uniformly.

From = 1010 80 s, car 4 travels with the uniform velocity.
(i) Car B attained the greater acceleration.

a = slope =

&Y alms? ‘r
3

2

1

0 >t/s

~1

-2

-3

< Acceleration from 10 s to 20 s and deceleration from 60 s to 80 s correct >

< All cotrect >

() Displacement of car 4 at 20 5 = -%(10 +20) x (15) = 225m

Displacement of car Bat 20 s = 'zL (10) x (20) = 100m

Separation = 225 — 100 = 125m

(ii) Car B travels faster than car 4 by Sms1.
v As = Av x Af oo (125) = (5) x At
coAt=25s
The time that car B catches up with car 4 is at 45 s.

F o p?
P=Fy«yl
P 15Y

ki
fa ] 2 (_J = _21 <accept 27 : 64>
P, Vg 20 64

1]
1]

(1}
(1
(1]
(1

(1]
f11

1
[1

{1
[1]

{1
[t

f1]

[1]

(1

(1

1]

f1]



' Hong Kong Diploma of Secondary Education Examination

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% &)

oWk~

AV BhWLWN =N AU WLWD= 00 AWK -

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

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

PB -FM5-M/01

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 !
2
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
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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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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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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



DSE Physics - Section B : M.C, PB-FM5-M/12

FMS5 : Momentum

DSE Physics - Section B : M.C. PB-FM5-M/13

FMS5 : Momentum

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
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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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Part C : Supplemental exercise

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



DSE Physics - Section B : M.C. Solution PB - FM5 - MS /02 DSE Physics - Section B : M.C. Solution PB - FM5 - MS / 03
FMS : Momentum FMS5 : Momentum
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,

PB-FM5-MS/11
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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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75.

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.
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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

1

1

)

1

|

i

1

1

1

1

1

1

1

1

|

|

Pl 1O
“— @O

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)




DSE Physics - Section B : Question PB-FM5-Q/15
FM5 : Momentum

DSE Physics - Section B : Question PB-FM5-Q/16
FMS : Momentum

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




DSE Physics - Section B : Question
FM5 : Momentum

PB-FM5-Q/21

DSE Physics - Section B : Question
FMS5 : Momentum

PB-FM5-Q/22

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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Part C : HKDSE examination questions

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
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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

{1
1]

(1

{1

1

M
1

[11
[t

{1

11

[1]
(1

(1

m

{1
(1

[1]

[t



DSE Physics - Section B : Question Solution PB-FM5-QS/14 DSE Physics - Section B : Question Solution PB-FM5-QS/15
FMS5 : Momentum FMS5 : Momentum
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.

Hong Kong Diploma of Secondary Education Examination

Physics — Compulsory part (5415454

Section A — Heat and Gases (#if= £,.44)

1. Temperature, Heat and Internal energy (B -~ #4404 fis)
2. Transfer Processes (#h 4% i@ 42)

3. Change of State (78 & ey et %)

4. General Gas Law (4 i S04 2 48)

5. Kinetic Theory (4-Fi&#r%)

Section B —- Force and Motion (77 4% %)
. Position and Movement ({z B 445 %)

. Newton’s Laws (43 2 4£)

. Moment of Force ( #748)

. Work, Energy and Power (#3) « f5 & 4o zh %)
. Momentum (% %)

. Projectile Motion (243 %)

. Circular Motion ([ i€ %)

. Gravitation (3| #)

ection C — Wave Motion (3% $)

. Wave Propagation (i &9k i)

. Wave Phenomena (i #)3, &)

- Reflection and Refraction of Light (.43 & 4t &4 41)
. Lenses (i§4%)

. Wave Nature of Light (¢ #7454 )

. Sound (%#+)

ection D ~ Electricity and Magnetism ( 1 5o52)
. Electrostatics (% %)

. Electric Circuits (g #)

. Domestic Electricity (%5 M &)

. Magnetic Field (s 3#5)

. Electromagnetic Induction (st )

. Alternating Current (3 # %)

Section E ~ Radioactivity and Nuclear Energy (24t 3, f /0% 4E)
1. Radiation and Radioactivity (4 #f fo 3 415 &)

2. Atomic Model (& F4i7)

3. Nuclear Energy (#%f)
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Physics — Elective part (#1444

Elective 1 - Astronomy and Space Science ( & x % o AR FE)
1. The universe seen in different scales (7 7 % 42 & T 4 F W@

2. Astronomy through history (& 3 #6545 & % )

3. Orbital motions under gravity ( % 7 F # #3t 3% %))

4. Stars and the universe (12 &40 5 %)

Elective 2 — Atomic World (& 4 3%)

L. Rutherford’s atomic model (i %44 F441)

2. Photoelectric effect (4% &)

3. Bohr’s atomic model of hydrogen (s B ¢4 £ & FHA)
4. Particles or waves (3. F & &)

5. Probing into nano scale (45 45k - 1)

Elective 3 — Energy and Use of Energy (it #a 65 3% 6945 7 )
1. Electricity at home (/2 & &)

2. Energy efficiency in building (2t $ 4y R E )

3. Energy efficiency in transportation (&4 % # 1t 1% wE)

4. Non-renewable energy sources (7 T & 4 fig )

5. Renewable energy sources (<7 /& 4 f5)

Elective 4 — Medical Physics (5 4412 #)

1. Making sense of the eye (i & %)

2. Making sense of the ear (X #44% )

3. Medical imaging using non-ionizing radiation ( 3k % L2 R T 3 2020
4. Medical imaging using ionizing radiation (7 8% #5 4+ By
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The following list of formulae may be found useful :

For uniformly accelerated motion

v=utat

s=ut+laf?

V= ul+2as
Equation of a straight line y=mxte
Use the following data wherever necessary :
Acceleration due to gravity g =98lms? (close to the Earth)

Part A : HKAL examination questions

1.

<HKAL 1981 Paper 1- 34 >

Two small balls 4 and B are launched simultaneously from the top of a building. 4 is projected horizontally with an initial
velocity of 10 m s~ and B is projected at an angle of 60° above the horizontal with an initial velocity of 20 m 5™, The motion
of both 4 and B is in the same plane and air resistance is negligible. Which of the following statements is/are correct when
they are travelling in air ?

(1) Balls A and B travel equal vertical distances in equal times.
(2) Balls 4 and B travel equal horizontal distances in equal times.
(3) Balls 4 and B never meet.

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

<HKAL 1983 Paper I-7>

3m

A small particle is released from P and slips down a smooth curve to 0, at the edge of a table 2 m high, where it travels
horizontally. It then leaves the table and travels freely under gravity until it hits the ground at R, at a horizontal distance
of 3 m from Q. What is the vertical distance / of P above Q 7

A 113m
B. 133m
C. 250m
D. 3.00m

<HKAL 1984 Paper I-2 >
A ball is thrown horizontally from the top of a building at a speed of 20 m s™'. What will be the speed of the object after 3 5 7

A, 200ms™
B. 250ms™!
C. 300ms™
D. 356ms™!

< HKAL 1987 Paper I - 5>

P so7 S
®. ~
»% N
r’ \\
\
-1 ‘. .
10m SJ0ms ¥ %
. ‘ ~
Ay 4 N
\\ ,’ \\
A4 N
0 R

A particle is projected with a speed of 10 m 5™ downwards from P at an angle of 30° to the horizontal. The particle
rebounds from the ground at Q as shown in the above figure. If the collision is perfectly elastic, and assume the ground is
smooth, what is the horizontal distance OR when it reaches the ground at R ? (Take g to be 10 m 5%

10.0 m.

13.0m.

26.0 m,

43.5 m.

gn®>

<HKAL 1990 Paper I -4 >

. d
As shown in the above figure, a hunter aims his gun at a monkey which is at rest at the point M, and his gun makes an
angle 6 with the horizontal. When the gun is fired, the monkey releases itself from M with zero initial velocity. In order
that the bullet can hit the monkey, the angle & depends on
(1) w, the initial speed of the bullet.
(2) h, the vertical height of the monkey above the level of the gun.
(3) d, the horizontal distance of the gun from the monkey.

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

< HKAL 1993 Paper I-4>

Two small balls 4 and B are placed at the edge of a table. When ball 4 is
pushed slightly to fall vertically to the ground, ball B is projected horizontally
at the same instant and it reaches the ground through a parabolic path. If air
resistance is neglected, which of the following statements is/are correct ?

(1) Balls 4 and B reach the ground at the same titme.

(2) Balls 4 and B have the same acceleration during their motion in air.

(3) Balls 4 and B have the same vertical velocity on reaching the ground.

-

A ———— e

A. (3)only

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

1,2 &03)
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10.

<HKAL 1994 Paper HA - 6 >

A bomber is flying horizontally to the right with constant velocity. It releases three bombs one by one at a constant time
interval. If air resistance is neglected, which of the following diagrams best shows the positions of the bomber and the bombs
at a certain time instant ?

A B. C. D.
= = = =

<HKAL 1997 Paper HIA. -3 >

A ball is projected horizontally from a table surface with an initial speed «. It hits the ground with a speed v. If air resistance
is neglected, what is the time of flight of the ball in air 7

A Y-
2g
B. vV—u
B
e Jvi-w
g
- _Vz—ll2
g

<HKAL 1998 Paper IIA - 6 >
wall

IO.B m

A particle is projected horizontally towards a vertical wall af a horizontal distance of 1.2 m away. It hits the wall at a point
which is 0.8 m below its initial horizontal level, If air resistance is neglected, what is the speed of the particle when it hits the
wall ?

A. 265ms!
B. 345ms!
C. 395ms™!
D. 495ms™

<HKAL 2001 Paper IIA -3 >

A ball is projected at an elevation angle of 45° to the horizontal with an initial kinetic energy E,. Neglecting air resistance,
what is the kinetic energy of the ball when it is moving halfway up ?

A L1E
B. ;E
c 1k
D. 2E

11.

12.

13.

14.

< HKAL 2003 Paper ITA - 3 >

A small particle is projected horizontally into the air. The figure
shows part of the stroboscopic picture. The side of each square of
the grid is 5 cm long. Estimate the frequency of the stroboscopic
famp used. (Neglect air resistance and take g to be 10 ms2.)

A. 58Hz
B. 7.1Hz
C. 100Hz
Scm i
D. 12.5Hz —
S5cm

< HKAL 2004 Paper IIA - 3 >

As shown in the figure, a gun aims directly at a point P which is 40 m from the
gun. The barrel of the gun makes an angle & with the vertical. If the speed of
the bullet is 50 m s~!, what is the separation between the bullet and point P when
the bullet is vertically below P ?

(Neglect air resistance and take g to be 10 ms™)
32m

4.8m
7.8m Gun @

It cannot be found as the value of &is not known.

Sawp

< HKAL 2005 Paper IIA - 4 >

Five bombs are released from a bomber flying horizontally with a constant velocity. They are released one by one at
one-second intervals. Neglecting air resistance, state

(1) the positions of the five bombs in the air at any instant before landing on the ground,

(2) the landing positions of the five bombs on the ground ?

) @

A. They lie on a parabola. They are evenly spaced.

B. They lie on a parabola. They are unevenly spaced.

C. They lie on a straight line. They are evenly spaced.

D. They lie on a straight line. They are unevenly spaced.

< HKAL 2006 Paper IIA -3 >

Plo—~..
AR
0.6 m “\gr'l 02m

T
horizontal floor

As shown in the above figure, a small ball is projected horizontally with a speed of 1.6 m s™! from the point 2 on a wall inside
aroom. The ball hits the smooth horizontal floor at Q and rebounds to the point R on the opposite wall. If air resistance is
neglected, which of the following statements must be true ?

There is no loss of kinetic energy of the ball for the collision at Q.

The ball hits R with a horizontal velocity.

The total time of flight along the path POR is 0.5 s.

If the ball is projected with the same horizontal speed at a point P’, vertically above P, the total time of flight from P’ to
the opposite wall would be longer,

vowy
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15.

16.

17.

< HKAL 2008 Paper UA - 7>

particle

A small particle is projected horizontally towards a vertical wall 2.5 m away. It hits the wall 1.5 m below the initial
horizontal level. At what angle to the vertical does the particle hit the wall ?

A 3
B. 40°
C. 53
D. 56°

< HKAL 2009 Paper IIA - 7>

As shown in the above figure, a small ball is released from the point 4. It makes a perfectly elastic collision at B on a slope
and then rebounds horizontally. The ball finally reaches C on the ground. The vertical separation of AB and BC are both
equal to /. If air resistance is neglected, which of the following statements is/are correct ?

(1) The acceleration of the ball is constant throughout the motion from A4 to C.
(2) The time for the ball to move from A4 to B is equal to that for it to move from B to C.
(3) The kinetic energy of the ball just before colliding at C is twice that at B,

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

< HKAL 2010 Paper 1A - 4 >

As shown in the figure, a small ball is projected from the point 4 on the ground with an angle of elevation. It rebounds at B
on the incline and travels back to 4 along the same path. Which statements about the ball must be correct ?

(1) The ball hits the incline at B normally.
(2) The ball undergoes perfectly elastic collision at B,
(3) The time taken for the ball to go from 4 to B is equal to that for it to return from B to 4.

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

18. <HKAL 2012 Paper ITA - 7>

A small ball of mass 0.2 kg is projected from point O on the ground with a certain initial velocity as shown. It reaches a
maximum height of 1.8 m at point P. Find the magnitude of the change in momentum, in N s, of the ball from O to P.
Neglect air resistance and take g to be 10 ms2.

A 12
B. 16
C. 24
D. It cannot be determined since the angle of projection is not given.

19. <HKAL 2013 Paper 1IA - 6 >

A small ball is released from rest at the top of a building. After a while another ball is projected horizontally from the same
position. Before reaching the ground, which quantity of the two balls will remain unchanged ? Neglect air resistance.

(1) their acceleration

(2) the difference in the vertical component of their velocities

(3) the difference in their heights above the ground

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

Part B : Supplemental exercise

20.
<)
AN
A ball of mass 2 kg is projected upwards with an angle of 30° inclined with the hotizontal. It was found that the kinetic
energy of the ball at the maximum height is 108 J. What is the initial speed of the ball ?
A. 8ms?!
B. 12ms™!
C. 15ms™
D. 18ms™!
21. -

A\

€ 4hm —>

A ball is projected horizontally from the top of a building. It reaches the ground at a point 40 m from the building, making an
angle of 45° with the horizontal as shown in the above figure. What is the height of the building ? Take the acceleration due
to gravity g to be 10 ms™2.

A, 20m
B. 30m
C. 40m
D. 80m
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22.

23,

24,

25.

26.

27.

An angry bird is at a height of 10 m above the ground. A green pig is at a horizontal distance of 55 m from the angry bird
with a height of 12 m above the ground. In order that the angry bird can hit the green pig, what should be the launch angle
(made with the horizontal) of the shot if the time of flight is 2.5 5 ?
A 285°
B. 30.7°
€. B82.5°
D, 13527
A ball is projected horizontally with an initial speed of u at a certain height above the ground. It then reaches the ground after
a time ¢ and the landing position is at a horizontal distance R from the starting point, What would the corresponding values
be if the initial speed of the ball is changed to 2u ?
Time taken to reach the ground Horizontal distance travelled
A 2 2R
B. 2t R
C. t 4R
D. ¢ 2R
A particle is projected from the ground with a certain speed making an angle of 35° with the ground. After 4.5 s, it reaches
the ground, Determine the horizontal distance moved by the particle.
A, 128m
B. 142m
C. 164m
D. 186m
A heavy ball is projected horizontally from top of a building with an initial speed of 10 m s™'. It hits the ground with a speed
of 15 m 5™, If air resistance is neglected, what is the height of the building ?
A. 3.09m
B. 637m
C. 815m
D. 9.28m
A particle is projected with speed 25 m s™ at an angle of dip of 30° on the edge of a vertical cliff 20 m above point P as
shown in the above figure. The particle then follows a parabolic path to reach the point Q at the bottom of an incline which
makes an angle of 30° with the horizontal. Calculate the distance PQ of the incline, Take g tobe 10 m 572,
A 40m
B. 50m
C. 60m
D. 70m
A ball is projected horizontally at the top of a building with a speed of 12 m 57!, The height of the building above the ground

is 18 m. What is the speed of the ball when it lands on the ground if air resistance is negligible 7
A. 156ms!

B. 223ms?!
C. 256ms™
D. 289ms™

DSE Physics - Section B : M.C. PB-FM6-M/ 08
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Part C : HKDSE examination questions
28. <HKDSE Practice Paper IA - 11 >
X
2m
o
N
A football player kicks a ball on the ground. The ball leaves the ground with speed v and hits the bar at X with a speed of
17 m s~ Xis 2 m above the ground. Neglect air resistance, what is the value of v ?
A, 158ms?!
B. 18.1ms*
C. 19.0ms™
D. 233ms!
29, <HKDSE 2012 Paper IA - 12>
A bomber aircraft is 1 km above the ground and is flying horizontally at a speed of 200 m s™*. The aircraft is going to release
a bomb to destrey a target on the ground. How long before flying over the target should the bomb be released ? Assume that
the bomber aircraft and the target are in the same vertical plane and neglect air resistance.
A. 565
B. 10.1s
C. 143s
D. It cannot be calculated as the horizontal distance between the aircraft and the target is not known.
30, <HKDSE 2013 Paper 1A - 13 >

A particle is projected into the air at time ¢ = 0 and it performs a parabolic motion before landing on the ground as shown.
Which graph represents the variation of the kinetic energy (KE) of the particle with time before landing ? Neglect air
resistance.

A KE B. KR

0 L time t—————————>-time

KE KE

0 LL time o >time
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31. <HKDSE 2014 Paper JA - 10>

a1 o]

A particle is projected horizontally towards a vertical wall 1.0 m away. It hits the wall at a position 0.8 m vertically below its
point of projection. At what speed is it projected ? Neglect air resistance.

A. 2.0mst
B. 25ms™
C. 50ms!
D. 63ms™!

32. <HKDSE 2016 Paper JA - 10 >

125 cmi

-~
1.25 cm

The above stroboscopic picture shows a particle projected horizontally at position P into the air in a vertical plane.
Subsequently the particle reaches positions O and R such that the time interval between P and Q is equal to that between Q
and R. Each square of the grid measures 1.25 cm x 1.25 cm. Find the particle's speed of projection at 2. Neglect air

resistance.

A, 03ms™!
B. 04ms”
C. 05ms”
D. 0.6ms™

33. <HKDSE 2017 Paper IA -9 >

Marbles P and Q of the same mass are shot horizontally. They hit the hotizontal ground at points R and S respectively as
shown. Neglect air resistance. :
P

1
1
i
1
i
|
1
"

R S
‘Which of the following statements is INCORRECT ?
A. The initial speed of marble P is smaller than that of marble Q.
B. The time of flight of marble P is shorter than that of marble Q.
C. The potential energy loss of marble P is greater than that of marble Q.
D. The acceleration of marbles P and Q is the same during the flight.

There is question in next page

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. C 21. A 3. B
2. A 12. A 22. B 32. C
3. D 13. C 23. D 33. B
4. C 14. C 24. B 34. C
5. D 15. B 25. B 35 C
6. D 16. D 26. B
7. D 17. D 27. B
8. D 18. A 28. B
9. D 19. C 29. C
10. D 20. B 30. D
M.C. Solution
1 D

* (¢3) Vertical speed of 4 =0 ms™ ; Vertical speed of B=20 x sin 60°=17.3 ms"

Different initial vertical speed => travel different vertical distance in equal times

14 @ Horizontal speed of B =20 x cos 60° = 10 m s™! = Horizontal speed of 4.
Same initial horizontal speed => travel same horizontal distance in equal times

v 3) Balls 4 and B experience same acceleration due to gravity but different initial speed
= Bisalwaysabove 4 .. they never meet

2 A

FromQtoR:

y=ut+ Lat? L@ = O+L08)2 Lt = 0.6386s

X = uxt 2 (3) = u(0.6386) L u=470ms™!

FromPto O:

loss of P.E. = gain of K.E.

mgh = tmu? o (981 k= L@70) h=113m

3; D
Vettical direction: vy = uy+gt = (0)+(9.81) (3) = 29.43 ms!

Horizontal direction: v = u = 20ms™

Speed: v = 4/29.43* +20° = 356ms™!
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C
FromPto Q:
w=ul + 2ayy o vt = (10sin 30°) + 2 (10) (10) sy = 15ms!

Since the collision at Q is perfectly elastic, the vertical velocity of the sphere just after collision is also 15 ms™.
From Q to R, the vertical displacement is zero.
Byy=ut+ La? o (0) =5+ $(-10)¢2 L t=3s

Horizontal distance QR = vt = (10 x cos 30°) (3) = 26.0m

D

In order to hit the monkey, the angle 6 of projection must satisfy : tang = g ., 8 depends on /s and d.

Since both the bullet and the monkey have the same acceleration due to gravity,

thus, the bullet and the monkey must meet jrrespective of the value of the initial speed .

(1) Both 4 and B have zero initial vertical velocity and both have same acceleration due to gravity,
", they reach the ground at the same time.

v 2) Both 4 and B experience the same acceleration due to gravity g since the net force is the weight mg.

v 3) Both 4 and B have zero initial vertical velocity and both have same acceleration due to gravity,
they have the same final vertical velocity.

D
Bomber moves with constant velocity
. bombs and bomber always move with the same horizontal displacement
. all the bombs must always be vertically below the bomber
-, all the bombs and the bomber must be in a vertical line

Gravitational acceleration exists = bombs move for a longer vertical distance as time increases

. D is the correct answer.

D
The horizontal component of velocity is constant and is equal to u.
Consider the final velocity v :

By wl + w? =y?

U+ wt = vt Loy =V -

Consider the vertical component :

By vy = uy + at LW -ut = (O)+(g) !

11,

12.

D

Vertically: y = uyt+ La,r? oo (0.8) = (0) 1+ +(10) 2 oot = 04045
Vertically : vy = uy+g¢ = (0)+(9.81)(0.404) = 3.96 ms!

Horizontally : x = w ¢ s (12) = w(0.404) Sove = 29Tms™!

Finalspeed: v=,[y,> +v,” =297 +(3.96)" = 495ms"

D
As Eo = tmu?
kinetic energy of the horizontal component = % m (u cos 45°? = % mu?x % = —;—En
initial kinetic energy of the vertical component = Jz-Eq
‘When the ball is moving halfway up, half of the initial kinetic energy of vertical component is changed into P.E.
kinetic energy of the vertical component at halfway up = % Eo
total kinetic energy at halfwayup = L5, + LE, = 2 E,
OR

potential energy of the stone at halfway up = + E, x +=1E

total kinetic energy at halfway up = £, — -}Eo = %Ea

C

Assume T is the period of the strobe lamp, which is the time interval between two images of the particle.
By vy = uyt + -ZLaytz

@ (015 = u, (T) + L(10)(T')

@ 040y = u, 27) + $UOHQTY

Eliminate uy: T' = 0.1s

Frequency of the strobe lamp : f = 1. 10Hz
0.1
A
Assume the bullet takes time ¢ to reach the point vertically below P.
Consider the horizontal motion of the bullet : x = v ¢ .. (40sin @) = (50sin 8) ¢ S t=08s

Method @ : By the concept of Monkey and hunter experiment, the displacement of the monkey dropped from P is
s=4gtr=1(10)(08) =32m

Method @ : Consider the vertical motjon of the bullet :
y=ut+ Lgt? = (50cos 6)x(0.8)+ L (~10) (0.8)* = 40 cos § - 3.2

Vertical separation between P and the bullet: s = (40 cos &) — (40cos # —3.2) = 3.2m




DSE Physics - Section B : M.C. Solution PB - FM6 - MS / 04

FMBS6 : Projectile Motion

DSE Physics - Section B : M.C. Solution
FM6 : Projectile Motion

PB - FM6 - MS /05

14.

15.

16.

17.

C
1) Since every bomb has the same horizontal velocity as the airctaft, it must always be vertically under the aircraft.
Thus, at any instant, they lie on a vertical straight line.

(03] The spacing between the landing position of any two bombs is Ax = vy x At. Thus, Ax is a constant.
C

Since the collision may be elastic or not elastic, kinetic energy may or may not be conserved.
* B. The ball may or may not hit R at the topmost point,

thus it may or may not hit R with a horizontal velocity.
v C. Since the horizontal component of the velocity remains unchanged

o ©6+02) oo
(1.6)
* D. If the horizontal projected velocity is the same, the time of flight should remain unchanged.
B
Time taken to hit the wall : y = % gttt L (L5 = %(9.81)t2 ot =0.553s
Horizontal motion: x = vy ¢ o (2.5) = v (0.553) Lo = 4.52ms!
Vertical motion: w2 = 2gy Lt = 2(9.81) (L.5) Sow = 542ms
tng= Yo = 452 . 0= 40°
v, 5.42
y

b
x (03] From A to B and from B to C, the acceleration is equal to g and is constant,

However, during the impact with the slope at B,

the acceleration is not equal to g due to the normal reaction force acting on the ball by the slope.
v @ Time taken from 4 to Bis found by h = 1 g2

and time taken from B to C is also found by 4 = %g 2

as the initial vertical velocity is zero in both cases, thus the times taken are the same.
v 3) KE just before colliding B = loss of PE fromdto B = mgh

KE just before colliding C = loss of PE from A to C = los$ of PE fromAto B x 2 = mgx2h

(03] As the ball rebounds along the same path, it must hit the incline at B normally,

i.¢. perpendicular to the incline.
v ) As the ball can reach the original position, the collision must be perfectly elastic.

If it is not perfectly elastic, some KE is lost, the ball cannot reach the same maximum height.
v (©)) As the distance of the path is the same and the speed at cotresponding points ate the same,

the time taken must be the same.

18.

19.

20.

21.

22.

23.

A

Consider the vertical component. At the maximum height, v, = 0.

By w2 = u® + 2ayy

0) = u? + 2(~10)(1.8) 4y = 6ms™

Since there is no change of horizontal component of velocity, there is no change of horizontal momentum.

The change in momentum = change in vertical momentum

Initial vertical momentum

muy = (02)(6) = 1.2Ns

At highest point, the vertical momentum is zero, thus the change in vertical momentum = 1.2Ns

C

v (03] Both the vertical fall and the projectile motion have the same acceleration due to gravity.

v @) Since the projected ball starts the motion later, their vertical velocities would differ by a constant value.
% ?3) The difference in their vertical heights would increase with time.

B

At maximum height, the vertical component of the velocity is zero.

" KE = tmu?cos? @

o (108) = 1 (2) u? cos?30°

>

Yy = tan4so =1
vX

Vertical component :

Horizontal component :

Loy = Jz_gtl

B

Horizontal component ;

X = uxt
Vertical component :

Y =ut+ %aytz

L ou=12ms™
Yy =V =
vy=gt=10)¢=10¢
X = vt oo (40) = (109 ¢ Lt=28

sh=1(10)(2)% = 20m
S (55) = ux (2.5) S = 22mst

SL2-10) = w25 + L(981) (252 - ouy = 13.06ms

tan g = Y = 1306 6= 30.7°
u, 22
D
@ Time taken to reach the ground depends on the height of projection and is independent of the initial speed.

Thus the time taken is still .

@ Horizontal distance travelled is R = u 2.
If u— 2u,then R > 2R,
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24, B 29. C
By y = uyt + .% ay t? Consider the vertical component :
= Llgp2 . 3y = 1 2
L (0) = (usin35%) x (45) + +(-9.81) x (457 = 3848 ms! y=z8t L Ux10) = 5 (081
Horizontalrange : x = uxt = (38.48 cos 35°) x (4.5) = 142 m 4165 1431
25 B 30. D
The horizontal component of velocity is constant and is equal to 10 ms™, Al e TomE L (SareuE Al o, KE
Consider the final velocity v : the time variation of KE should also be a quadratic curve,
2o 2 gyl At the highest point, the speed is equal to # cos & which is not zero,
2= wd + vy ’ o PE
(15 = (107 + vy © v = 1L18ms" thus the KE at the highest point is not zero. 0 time
Consider the vertical component :
2 2 3L B
weo=ul + 2ayy
o (LI8) = (0) + 2(9.81)p sy =63Tm Vertical component: y = 3 g¢? o (0.8) = 1 (9.81)¢? .t = 04045
Horizontal component: x = u ¢ s (L0) = u(0.404) L u=25ms™
26. B
Let the distance PQ be d. 32. C
Consider the horizontal component : As the particle is projected horizontally at P, the initial vertical velocity is zero.
X = uxt Assume the time interval bstween two images be T.
. (dcos30°) = (25 cos 30%) x ¢ Lod=125¢ For the first two images, vertical displacement y is 1.25 cm and horizontal displacement x is 2.5 cm.
Consider the vertical component : By y= 4+g¢? 5 (0.0125) = 1(9.81) T2 . T =0.0505s
y=ut+ fayr By x = ut - (0.025) = u (0.0505) sou=05ms?
- (20+dsin30°) = (25sin30°) ¢ + L (10) 72 ‘
I 33,
. (20+25 % 5in 30°) = (25sin 3097 + (10) 2 i
v A, By x = u ¢, since the horizontal range x of P is shorter and the time of flight ¢ of P is longer,
20 = $(10) 2 the initial speed « of P must be smaller.
t=12s | * B. By y= % gt? as the vertical displacement y of P is greater, the time of flight ¢ of P should be longer.
liistinecliDH ) =280 SHm 4 C. Since P is at a higher height, by PE = mgh, P has a greater potential energy.
27 B D. During the projectile motion in air, both of them experience the same acceleration due to gravity.
By Conservation of energy :
Imu* +mgh = Tmv?
o312+ (9.81)(18) = 4v? v =223ms"
28. B

Let vy be the speed of the ball at position X.
By Conservation of energy :

Imvi=Lmw?+mgh

i = LA+ 08D @) v =181ms"
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The following list of formulae may be found useful :

For uniformly accelerated motion v=utat
=ut+tar?
W=y2+2as

Use the following data wherever necessary :

Acceleration due to gravity g = 98l ms™? (close to the Earth)

Part A : HKAL examination questions

1. <HKAL 1996 Paper 1-1>

ball

135m 1.35m

A ping-pong ball is struck at the point 4, which is 0.40 m vertically above the edge X of the table. The ball then moves with a
horizontal velocity #. It then just passes the net to reach the table at point B. After rebounding from the table, it reaches the
highest point C, which is 0.25 m above the table. The length of the table XY is 2.70 m. The net is 0.15 m high and it is
placed exactly at the middle of the table. Take gto be 10 m 52, Neglect the effect of air resistance.

(a) Calculate the initial velocity u of the ping-pong ball. (2 marks)

(b) Calculate the speed of the ball just before it hits the table at B. (2 marks)

(c) Ifpoint Cis at 0.25 m above the table, draw the graph of vertical velocity, vy, of the ball against time from 4 to C. Take
downward direction as positive. (¢4, s and 7c on the time axis are the times when the ball is at 4, B and C respectively.)
(3 marks)

vy/ms!

3

2

0 time

<HKAL 2000 Paper I-1>

road sign A

As shown in the above figure, a car travels on a horizontal road towards the left. When it hits the ramp, it takes off from the
ramp with an initial speed » and follows a projectile path to hit the top of the road sign which is 5 m high above the road and
30 m away from the ramp. Take the acceleration due to gravity to be 10 m 52

(2) Sketch the possible trajectories of the car in the air for a certain take-off speed in the above figure. (2 marks)
(b) Assume that the car hit the road sign at the highest point in its trajectory. Neglect air resistance and the size of the car.

() Calculate the time 7 of flight before the car hit the road sign. (2 marks)

(i) Calculate the take-off speed u and the projection angle & of the car. (3 marks)

(c) Braking marks of 39 m long was found on the road in front of the ramp. Forensic measurements on the marks by the
police indicated that the braking force was about 8000 N on the car of mass 1000 kg. Estimate the speed of the car just -
before applying the brakes. Assume that the speed of the car on hitting the ramp is equal to the projection speed of the
car from the ramp. (2 marks)

A AW VACLOUNL L7V SR e e
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<HKAL 2003 Paper I-7>

A ball is kicked to move with an initial velocity of 10 m s™, making an angle of 40° with the horizontal. The ball then just
passes a block of height 1.6 m, reaching the highest point D, and finally hits the ground at £ as shown in the below figure.
Neglect air resistance and the size of the ball,

1/

N goal

&
5

(=]

G
[

(a) Draw an arrow to indicate the direction of acceleration of the ball at C. (1 mark)

cO

(b) Calculate the speed of the ball at C. (2 marks)

(c) Calculate the height of the ball at D. (2 marks)

(d) The ball finaily reaches the point £. Calculate the distance between 4 and E. (3 marks)

4.

<HKAL 2007 Paper1-1>

u=20ms”

SRSASTERLEY
3

|
3
Billy’s i Roy’s
position { osition
e e >

As shown in the above figure, Billy tries to pass a ball to Roy, standing 38 m away from him. Biily throws the ball from a
point 2 m above the ground with an initial speed of 20 m s™! at an angle of elevation of 35°. The mass of the ball is 0.42 kg.
Take the acceleration due to gravity to be 10 m 572, Neglect air resistance and the size of the ball,

(a) Assume the throwing action of Billy starts from rest and the gain in gravitational potential energy of the ball during the
throwing action can be neglected.

(i) Find the work done on the ball by Billy in the throwing action. (2 marks)
(i) If the throwing action lasts for 0.15 s, calculate the average power that Billy delivers to the ball. (2 marks)
(b) Determine the height /s that Roy should place his hands there so as to catch the ball. (3 marks)
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5. <HKAL 2009 Paper 1-2 >
start point ramp covered
P with snow Diagram NOT
30m 5 drawn to scale

""" TN
,\sgec Ims path of

.~."(/theskier
g

As shown in the above figure, a skier of mass 84 kg slides down a ramp from rest at the start point which is 30 m above the
end of the ramp. The skier attains a speed of 21 m s when he leaves the ramp and makes the ski jump at an angle 10°
below the horizontal. He eventually lands on a slope at horizontal distance of 60 m from the lower end of the ramp. Neglect
air resistance and take the acceleration due to gravity to be 10 m s™.

(a) Find the work done against friction by the skier when he slides down the ramp. (3 marks)
(b) Calculate the skier’s time of flight in air after he leaves the ramp. (2 marks)
(¢) Find the magnitude and direction of the skier’s velocity at landing. (3 marks)

(d) For safety reasons, the direction of the skier’s velocity just before landing and the slope there should differ by no more
than 5°. Find the minimum value of the angle of inclination ¢ of the slope there. (1 mark)

DSE Physics - Section B : Question PB - FM6-Q/ 06
- FMBS6 : Projectile Motion
<HKAL 2011 Paper I-1>
ground

& 35m—>>

In the above figure, a player strikes a tennis ball of mass 60 g horizontally with a racket at P at a height of 1,25 m above the
ground. The ball then hits the ground at O and rebounds to that it just goes over an obstacle at R at its highest point of its
path. The horizontal distance between PQ is 3.5 m. Neglect air resistance and take g to be 10 m 572,

(a) Calculate the time of flight of the ball from P to Q. (2 marks)

(b) Find the horizontal and vertical components of the velocity of the ball at O just before it hits the ground. (2 marks)

(¢} During the impact with the ground at @, the vertical component of the ball’s velocity is reduced by 20%.

() Assume that the ground is smooth, calculate the speed of the ball just after impact at Q. (2 marks)

(i) Find the magnitude of the average force exerted by the ground on the ball during the impact at O if the contact time
of the ball and the ground is 0.04 s. (3 marks)

(d) Estimate the height k& of the obstacle. (2 marks)

(e} If friction exists between the ball and the ground, decide whether the ball would take path A or B as shown in the Figure
below. Explain your answer. (2 marks)

ground
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Part B : HKDSE examination questions

7. <HKDSE Practice Paper IB -3 >

P@ ballX

12m

A smooth curved rail PQR is fixed on a horizontal bench as shown. P is at a height 4 above the bench surface. A small metal
ball X of mass 0.03 kg is released from rest at P. When the ball X reaches R, it moves horizontally and collides head-on with
another metal ball ¥ of mass 0.04 kg which is initially at rest on the rail. Immediately after the collision, ball X comes to rest
while ball ¥ moves off the bench horizontally with a speed of 3 m s™'. Neglect air resistance.

(2) Whatis the speed of ball X just before it collides with ball ¥'7 (1 mark)

(b) Find the value of A. (2 marks)

(c) Ball ¥ lands on the ground at .S which is at a horizontal distance of 1.2 m from the bench. Find the height H of the
bench. (3 marks)

(d) Ball Xis now released at Q such that ball ¥ moves off the bench horizontally with a smaller speed after collision. Would
the time of flight of ball ¥ change ? Explain briefly. (2 marks)

8. <HKDSE 2012 Paper IB - 5>

(a) A bow and arrow is a kind of projectile weapon. The string of a bow is drawn taut by a hunter with a force of 60 N and
an arrow of mass 0.2 kg is held stationary as shown in the Figure below.

stiiiig bow
75° row
60N < s >
string
(i) Find the tension of the string. Neglect the weight of the arrow. (2 marks)

(ii) Estimate the energy stored in the taut string if the initial speed of the arrow is 45 m s™ when released. Assume that
the bow is rigid and neglect the mass of the string. (2 marks)

(b) The hunter stands at about 60 m away from a tree as shown in the Figure below. He uses the bow to release the arrow in
order to shoot a coconut held by a monkey (not shown in the figure) in the tree. The coconut is at a height of 25 m from
the ground. The hunter aims directly at the coconut and the arrow leaves the bow at a speed of 45 m s™! making an angle
of 20° to the horizontal. At the moment the hunter releases the arrow, the monkey drops the coconut such that it falls
vertically from rest. Neglect air resistance and the arrow’s size.

45mst "7

hunter’s ‘/_: 3_ L

position |

<

< 60 m >

(i) Find the time taken for the arrow to hit the coconut. (2 marks)

(ii) Find the height of the coconut from the ground at the moment the arrow hits it. (2 marks)
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<HKDSE 2017 Paper IB - 4 >

(a) A steel ball bearing is released from rest at time # = 0. A stroboscopic photo is taken at 0.05 s time intervals. The results
are shown in Figure 1. Neglect air resistance.

Figure 1

(i) Estimate the acceleration due to gravity using the data in Figure 1. (2 marks)

(ii) The bearing is now projected horizontally instead of released from rest. The bearing is projected at time ¢#= 0, and
a stroboscopic photo is taken at 0.05 s time intervals. The first and the last image of the stroboscopic photo are
shown using circles (Q) in Figure 2. For reference, the stroboscopic photo of the bearing released from rest is also
shown in the figure using crosses ().

Figure 2 S

(1) In Figure 2, mark the positions of the projected bearing in the stroboscopic photo using circles Q). (2 marks)

DSE Physics - Section B : Question
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9.

(@) (i) (2) Given that the bearing is projected horizontally with an initial speed of 1 m s, use the results of (a)(i) to
calculate the speed of the projected bearing when the last image was taken. (3 marks)

(b) If a small ball is released from rest from the top of a cliff, the speed of the ball becomes constant after a period of
time. By considering the forces acting on the ball and using Newton’s laws of motion, explain why the speed of the ball
becomes constant. (3 marks)

D O o W G S Ey i i
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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’I \\\
1. (@ Byy= % gt? (consider the motion from A4 to the net) '/ N
. (0.40-015) = } (10)2 m | T T
1= 02245
By x = ut AT AT AR AR AR 4TA T
. (1.35) = u(0.224) 30m
- u=603ms! [1 < one trajectory hits the road sign at a shorter time > [1]
(b) Conservation of energy from 4 to B : < one trajectory hits the road sign after reaching the highest point > [1]
wymut tmgh= §omv? i1 ®) () At the highest point, vy =0
. Lm(6.03) + m(10) x (0.40) = + mv? (1] By w? = ul + 2ay
© v = 6.66ms! (1] 5 (0 = uwt + 2(-10)(5)
"ty = 10ms! 1y
oR By v = uy + at
By w? =u? + 2as . (0) = (10) + (-10) ¢
v = (0) +2(10) (0.4 Lot=1s m
=2828mst 1
" ne s (i) By x = uyt
e -1
v = /(6.03)* +(2.828)* = 6.66ms [11 " (30) = (1)
Y\ tx = 30ms™! 1
© vy/ms! T h . (]
! ] " u= JU0P+ @0 = 31.6ms 1
3 Before collision :
erore collision By tan 0 = & _ 32
) vy = ¥2x10x0.4 =2.8ms"! u, 30
L 0= 184° m
1
b (¢) By F=ma
0 gA time (8000) = (1000) a
- . " a=8ms? <accept ~8ms?> [
-1
By vi=u?+2as
o After collision : (BLEY = u? + 2(~8) x (39)
vy = ¥2x10x0.25 =22ms™ © u=403ms! )
< OR
1 Initial KE = Final KE + work done against the braking force
< uniform acceleration shown > [1] tmut= Smv?+ Fs
< correct slope > 1] 1(1000) »? = £ (1000) (31.6)* + (8000) (39) [
< correct shape > {1 “ u =403ms™ [1]
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(@) c

{ 1}

< arrow should be vertically downwards, as it is the acceleration due to gravity >

®) imut=Lim?+mgh
Lm0y = L mv?+ m(9.81) (1.6)
w v =828ms?!
OR
v = (10 sin 40°)2 + 2 (-9.81) (1.6) Sy =315ms™t
vx = 10cos40° = 7.66 ms™

v = JB.157 +(7.66) = 828 ms™!

© W =ul+2ay
(0) = (10 sin40%? + 2 (-9.81)
v h=211m

(d) AtE, the vertical displacement y is zero.
By y = uyt + Lar?
o (0) = (10sin40°) ¢ + (- 9.81)¢2
. t=131s

Distance AE : x = (10 cos 40°) x (1.31) = 10.0 m

@ ® W= 1tmu® = L042)000

= 84]
i) p= Fm 85
¢ .15
= 560 W
(b) Horizontally ;

x = ycos Oxt

o (38) = (20) cos 35°x ¢ Sor=232s

Vertically :
Y =uyt+ %ay 12
= (20sin35%) x (232) + 1 (-10)(232) = 0298 m

oo R'=12-0298 = 1.70m

{1

(1}

[

(1]

1

(1]

(1

1

(1]
(1

1

[11

(1]

{11
2]

5.

(@ mgh= %mv2 + W
(89 (10) 30) = @ QL2 + W

W = 66781 <accept 6670 to 6700 J >

(b) x = uxxt
oo (60) = (21 cos 10°) x ¢
t=290s

() w = (21)cos 10° = 20.7ms™"
vy = (21) sin 10°+ (10) (2.90) = 32.6 m 5!
Resultant speed :
v= \/(Z_OW = 38.6ms™

<accept 38.6ms™ to 39.1ms>

26
20.7

oo 6= 57.6° <accept 57.5° to 58.0°>

By tand =

d ¢ =576~ 5°
= 52.6° <accept 52.5° to 53.0°>

(® Byy= gt
s (125) = Loy

.t =05s

(b)y By x = wt
oo (3.5) = w (0.5
o = Tms™!
By vy = gt
Sovy = (10) (0.5) = 5ms™!

€ (@ w =5%x8%=4ms"!
vy = /4 +7* = 8.06 ms!

(ii) The average force acting on the ball by the ground is the normal reaction R.
my,' —my,
?

© R - (0.06)(10) = 0.06)4) ~ (0.06)(=5)
(0.04)

By R-mg=

S R=141N

Ry
[1]
(11

[11
{1

01

(1

11
[

(1]

1
1]
{1

[

{1

1
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(@ By v =u?+2ay 9. @ @) By s=ut+ fat?
. = (4y? A
L@ =@+ 2(-10)k [ L (0.11) = %g(().os x 3)2 1
. = 1
. h=08m & " g =9Tms? m
(¢) PathB. @ () %
Horizontal speed is reduced after impact at Q due to friction.ot | R M &
Ball rebounds at a larger angle with the horizontal, thus the ball takes the path B, 1 % )
(a) Conservation of momentum :
. (0.03) v = (0.04) (3) bt
v=4ms! (1]
) mgh= %m WV 13
0.03) 981k = 4 (0.03) (4)
 h=0815m 1 O
€ =t < correct horizontal positions > ol
. = p— 1
oD = @) ! S0 t < correct vertical positions > [1]
By y= 1g1? 11
1 (2) v =1lms’!
o H= 10981047 = 0. 1
H=7(08)(04)" = 0785m i _ V= uy +at=(0) + (9.78) x (0.05x3) = 1.47 ms™ [
|
(d) The time of flight remains unchanged 1 | Vo= () +(147) (1]
as the time of flight is independent of the horizontal speed of the projectile. [1] . v =178ms" [1]
OR OR
as the vertical speed and the vertical displacement remain unchanged, [1]
By imw+mgh=im¥? {1
Ly + 078011 = Ly? m
(@ () 2Tcos75° = 60 ) L ov=178ms? (1
T=116N [1]
. (b) The air resistance acting on the ball increases as its speed increases. [1]
ii) E tored in the taut string = kinetic encrgy of the arrow = £ m v [1]
63 Endhey SemCgie AUiate Sl 2 ‘When the air resistance equals to the weight of the ball, net force on the ball is zero. [1]
= 102 @5 =20257 < £203 > 1
2 (02) (45) — e By Newton's first law, the ball then travels with constant speed. [11
® @ Byx=ut OR . .
By Newton's second law, the ball will not accelerate and travels with constant speed. [1]
o (60) = (45 cos 20°) ¢ {11
L= 1425 [1
(if) Forcoconut:s = Lgt? = 1(9.81)(1.42)* = 9.89 m []
Height of coconut from the ground = 25 — 9.89 = 151 m [1]
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3. Medical imaging using non-ionizing radiation ( 9k i b #5 #¢ % 4 ¥ 1€ %)
4. Medical imaging using ionizing radiation (% & & 4 5 # %1% %)

DSE Physics - Section B : M.C. PB-FM7-M/ 01
FM7 : Circular Motion

| The following list of formulae may be found useful :

Centripetal acceleration a == @ty

! Use the following data wherever necessary :

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

Part A : HKAL examination questions

< HKAL 1980 Paper I - 37 >

In corners of some racing tracks for motor cars, the tracks are banked at an angle to the horizontal. Which of the following
is/are the advantage(s) for this feature 7

(1) To reduce the friction between the car and the track.

(2) To reduce the radius of curvature of the track that a car can travels safely at a given speed.

(3) Toincrease the component of the weight of the car towards the centre of its path.

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

<HKAL 1982 Paper I-5>

A particle of weight # tied to an inextensible string is swung in a vertical circle. At the topmost point of its path, the tension
in the string is 7" and the centripetal force is . Which of the following statements is true ?

F=W+T.

F=Ww=T.

The net force acting downwards on the stone is '+ T'+ W,

The net force acting downwards on the stone is ' - 7"+ W.

cowm»

< HKAL 1984 Paper 1- 4 >

Pe

The above diagram represents the front view of a vehicle moving on a level road at a constant speed around a bend of which
the centre of curvature is at . Which of the arrows below best represents the direction of the resultant force exerted by the
road on the car ?

A. B €

5 s D.
= L /'
<HKAL 1988 Paper I - 6 >

A toy car of mass m is travelling along a track which is an arc of a vertical circle with radius 7. At the bottom of this arc, the
speed of the car is v. What is the vertical force exerted on
the car by the track at this position ?

A mY
r

B. mg
2

c. PV _ g
r
2

D. ™ iy
r
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<HKAL 1989 Paper1-8>

marble

B

A small marble is rotating on a horizontal circle in a smooth conical container with vertical axis 4B as shown. The vertical
axis makes an angle of 30° with the side of the cone. If the speed of the marble is v and the radius of rotation is 7, which of
the following relation must be correct ?

A. v?= grsin30°
B ¥ = grtan30°,
C. v? = gr/tan30°
D

v? = grcos30°

<HKAL 1990 Paper 1- 6 >

A small particle of mass 0.25 kg is attached to an inextensible string, with the other end fixed to the ceiling. When the
particle is set to rotate in a horizontal circle, the tension of the string is 3.5 N. The angle between the string and the vertical is

A 255°

B. 325°
C. 455°
D. 58.5°

< HKAL 1995 Paper IIA - 5 >

A small particle of mass of 0.05 kg is released from rest at the rim of a
smooth semi-spherical bowl of radius 10 cm. Find the force acting on
the object by the bowl when it passes the bottom of the bowl.

A 05N
B. 10N
C. 15N
D. 20N

<HKAL 1995 Paper ITA - 6 >

An aircraft flies along a horizontal circle of radius 15 km with a constant speed of 175 m s™!, Calculate the angle between its
wings and the horizontal.

Take gto be 10 ms2,

A 115°
B. 12.5°
C. 13.0°
D. 13.5°

10.

11.

<HKAL 1997 Paper IIA - 4 >

The figure shows a car moving round a corner with a radius of 12 m
on a banked road of inclination 18°. At what speed would there be
no friction acting on the car along O4 ? Take g to be 10 ms72

A, 48ms™

B. 54ms!
C. 62ms!
D. 7.6ms™

<HKAL 1998 Paper IIA -7 >

Two small identical coins P and Q are placed on a horizontal turntable which is rotating at a constant angular speed about its
centre 0. The radius of Q from the centre is twice that of P. Which of the following statements is/are correct ?

(1) The kinetic energy of ( is four times that of P.
(2) The friction acting on Q is double that acting on P.
(3) If the angular speed of the turntable gradually increases, O will slip before P.

A. (3)only

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

< HKAL 2000 Paper ITA - 11 >

In the experiment of demonstrating centripetal force, a rubber bung is whirled in a horizontal circle. The rubber bung is
attached to one end of a string which passes through a glass tube with smooth openings, and attached to a load of weight
W hanging at its other end. The rubber bung is set to swirl with angular speed o while the length of the string beyond the
upper opening of the glass tube is L and this portion of the string makes an angle & with the vertical as shown. Which of the
following statements is/are correct ?

(1) If the length L is kept constant, G will decrease with w.

(2) Ifthe angle Gis kept constant, L will increase with .

(3) If the weight of the load W increases, & will increase.

A. (1)only
B. (2)only
C. (3)only
D. (1) & (2) only
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12, <HKAL 2000 Paper IIA - 8 > 15. <HKAL 2010 Paper IIA - 8 >
N smooth horizontal surface
N
r >!
g :
A vehicle of mass m is moving with speed v on a banked road along a circular path of horizontal radius ». The angle of
inclination of the road is 6. If the centripetal force is provided entirely from a component of the normal reaction R from the Two identical small particles 4 and B are connected by inextensible threads to a fixed point O as shown. The threads O4
road, which of the following relations is correct ? and AB are of the same length. Both 4 and B perform uniform horizontal circular motion about O with the same period.
A RcosO=mg Suppose T1 and T denote the tensions in the threads O4 and AB respectively. Find the ratio T} : 5.
B. R=mgcos £y i
C. i 87 B. 2:1
sin 6 € B3l
D. =87 D. 4:1
tan ¢
16. <HKAL 2011 Paper IiA - 6 >
13. <HKAL 2003 Paper IIA - 7> o A particle is performing uniform horizontal cireular motion about a fixed point on a smooth horizontal plane. Which of the
Py string with bob following physical quantities of the particle remain(s) unchanged 7
1 in horizontal : -
! position (1) the linear momentum of the particle
i (2) the centripetal acceleration of the particle
E (3) the kinetic energy of the particle
i A. (1) only
i B. (3)only
] C. (1) &(2) only
/'L D. (2) & (3) only
Y 1
A small bob is attached to an inextensible string. The string is pulled horizontally and then released from rest with the string 17. <HKAL 2012 Paper ITA - 9>
taut. Which of the following statements about the tension in the string is NOT cotrect when the string teaches its vertical
position ?
A. The tension equals the weight of the bob in magnitude.
B. The tension attains its greatest value,
C. The tension does not depend on the length of the string.
D. The tension depends on the mass of the bob.
14, <HKAL 2007 Paper IIA - 4>

lift force

aircraft
centre ofthe . lekm

horizontal circle 23.5°

An aircraft flies with a constant speed in a horizontal circle of radius 12 km, If its wings slant at an angle of 23.5° to the
horizontal, find the speed of the aircraft,

A. 280ms™
B. 226ms!
C. 140ms™

D. 100ms™

A heavy bob is suspended from a fixed point O by an inextensible thread of length L. A small peg P is fixed at a distance
%—L vertically below O. The bob is pulled to one side and then released from rest as shown. When the thread just touches
the peg, which of the following physical quantities will increase suddenly ?

(1) the linear speed of the bob

(2) the centripetal acceleration of the bob

(3) the tension in the thread

A. (1) only
B. (2)only
C. (1) & (3) only
D. (2)&3)only
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Part B : Supplemental exercise

18.

19.

20.

21.

22.

The maximum frictional force between the road surface and the wheels of a certain vehicle at a horizontal road is halved
when the road is wet. If the maximum safety speed for turning round the bend is 15 m s™! when the road is wet, what is the
maximum safety speed when the road is dry ?

A. 212ms!
B. 225mys?!
C. 260ms™!
D. 30.0ms™

‘Which of the following statements is correct for a particle moving in a horfzontal circle with constant angular velocity ?
A. The linear momentum is constant but the kinetic energy varies.

B. The linear momentum varies but the kinetic energy is constant.

C. Both the linear momentum and the kinetic energy are constant.

D. Both the linear momentum and the kinetic energy vary.

A mass of 2 kg rotates at constant speed in a horizontal circle of radius 5 m and the time for one complete revolution is 3 s.
The centripetal force acting on the mass is

A. 219N
B. 439N
C. 439N
D. 109.7N

A particle travels in uniform circular motion with constant radius of curvature. Which of the following statements concerning
the motion of the particle is/are correct ?

(1) The linear velocity is constant.
(2) The angular velocity is constant.
(3) The centripetal acceleration is constant.

A. (2) only

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

An aircraft is moving in a horizontal plane at a constant speed of 650 m s™'. The radius of its circular path is 80 km, What is
the ratio of the centripetal force to the weight of the aircraft ?

A, 0.019
B. 054
C. 185
D. 52

A particle is attached to an inextensible string and is set into circular motion in a horizontal plane. Which of the following
diagrams correctly shows the direction of the resultant force F acting on the particle 7
B. C. D.

I 24,

25,

27.

The minute hand of a large clock is 1.2 m long. What is its average angular speed ?
A, 0.87x107%rads™!
B, 145%x 107 rad s
C. 1.75% 103 rads™
D. 2.09x 102 rads!

A record on a turntable is rotating at a constant period. Which graph shows correctly the relation between the acceleration a
of particles fixed on the surface of the record and their distance » from the centre of rotation ?

a B. a
A
0 »r 0 r
C. a D. a
A
0 > 0 iz

An aircraft is travelling at constant speed in a horizontal circle with centre O. The diagrams below show the tail-view of the
aircraft, the dotted line representing the line of the wings and the circle representing the centre of gravity of the aircraft.
Which one of the diagrams correctly shows the forces acting on the aircraft 7

A. B.

A small ball bearing of mass 0.2 kg is whirling in a horizontal circle with radius 0.8 m inside a smooth inverted cone. What
is the linear speed of the ball bearing ?

A. 21ms"!
B. 3.0ms™!
C. 3.7ms’!
D. 40ms™!
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Part C : HKDSE examination questions

28,

29.

30.

<HKDSE Sample Paper IA - 10 >

1

N

| S S

A simple pendulum is pulled horizontally and then released from rest with the siring taut. Which of the following statements
about the tension in the string is not correct when the pendulum reaches its vertical position ?

A

B.
C.
D

The tension equals the weight of the pendulum bob in magnitude,
The tension attains its greatest value.

The tension does not depend on the length of the pendulum.

The tension depends on the mass of the pendulum bob,

<HKDSE Practice Paper 1A - 12 >

A man is rotating with constant speed inside a cylindrical ‘rotor’ and the he remains pressed against the wall, The floor of the
‘rotor” is smooth. Which of the following forces provides the centripetal force for the man ?

A.  the weight of the man
B. the frictional force from the wall
C. the normal reaction from the wall
D. the supporting force from the floor.
<HKDSE 2015 Paper IA - 6 >
=
*. ..................................
i
'
L -

The figure shows the rear view of a car of mass m which travels along a circular road banked with an angle 6 to the
horizontal. The car moves at a certain speed such that it experiences no frictional force along the inclined surface. Which of
the following represents the centripetal force on the car ?

A,
B.
C.
D.

mg siné

mg sing cos &
mg cosé/ sind
mg sind/ cos@

31,

32.

< HKDSE 2016 Paper IA - 13 >

Particles X and Y are fixed at distances » and #/2 respectively from the centre O of a horizontal circular platform which is
rotating uniformly as shown.

(%

TOP VIEW

The ratio of the acceleration of X to that of Yis

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

< HKDSE 2016 Paper IA - 5>

A car travelling at 80 km h™ due east changes direction and travels at 60 km h™! due north, Which diagram represents the
change in velocity of the car 7

1l 20 k-t
N
B.
w E
100 km !
s
C. ,
1153
<100 km b
D.




[ if centrifugal force is drawn, deduct 1 mark ]
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3. (b) (iv) vdecreases i ; ® f=m v
0 decreases as v decreases, ie. v = 64, from 3): V= gL -tan @ -sin @ [11 r
- _ (1800) (15 0]
From (2), T = — so T decreases,ie. 6 3 = cosfT = T | 1] (75
cos 8
= 5400 N [1]
4. (2 r () @
< Weight drawn, labelled with ¥ or mg > [1]
< Tension drawn, labelled with T'> [1] &
[ Deduct 1 mark if extra force or centripetal force is drawn ] O o e
w
(b) Resolve the tension 7 into two components.
Tsin 6 = m L sin 6 o? [ < normal reaction R acts on the car perpendicular to the inclined plane > 1
Tcos@=mg [1] < weight ¥ acts at G vertically downwards > [1]
[ if friction is drawn, deduct 1 mark ]
- o Lt C ot = £ ]
cosd " Lcos@ [ if centripetal force is drawn, deduct 1 mark ]
Period = 2n oy Leosd [1 (i) The centripetal force is provided by the horizontal component of the normal reaction. 1]
@ 4
! mv?
= (iii) Rsin @ = —— [1]
(©) Period = o [(0:8)c0s25° [1] ! r
08y Recos@=mg [1]
=171s 11 A2
Lotan = —— [1]
| gr
(d) () Ifthe angle & is increased, cos & would decrease, [11 |
thus the period would decrease. [1 (V) ® To give greater speed without skidding. (1
|
(ii) Ifthe angle & jsincreased, by T'cos 8 = mg 1] i @ A smaller radius of bending road can be designied for vehicles without skidding. [1]
the tension would increase. [13 I
|
I (a) Pcos36° = (4.5 x 10% (9.81) [1]
5. (@ j 5P =546x 106N [1]
N : (b) Centripetal force = P sind
M e o i e B e i
= (5.46 x 105 sin 36° [
[
- =321 x 105N 1
A 4
< weight W acts at G and points vertically downwards > W [1] © F=ma
< normal reaction R points vertically upwards > [1] i . (321x 105 = (45x 10 a [1]
< friction f'acts on the wheels and points lefiwards > [1] g =T713me? 8]
[ if the force towards O is labelled as centripetal force, no mark should be given 1
The direction of the acceleration is towards the centre O. [
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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

1.  (a) Fa: friction 1
Fp: normal reaction 1]
) Fa=mg [1]
maximum Fp, = 0.4 F
" mg=04xmrao? [11
9.81) = 0.4 x (3.2) 0?
o =277 rad s [11
(c) The result is unchanged. (1]
As the centripetal force is proportional to maximum Fa which is equal to the weight m g,
the minimum angular speed is independent of the mass n. 1
2 @ 0 R
3
| > T < Any two forces drawn correctly > [1]
f < i < All four forces drawn correctly > [1]
W
(ii) Applied horizontal force = T ~ fix 11
=10-3 =7N B
(b) (@) Minimum angular speed occurs when the maximum friction directs away from the centre,
so that the centripetal force is the minimum.
T — fox = mro? [1]
(10) - (3) = (0.5) x (0.1) w,®
o1 = 11.8rads™! m
(ii) Maximum angular speed occurs when the maximum friction directs towards the centre,
so that the centripetal force is the maximum.
T+ fowe = mr o
(10) + (3) = (0.5) % (0.1) w? (11
o7 = 16.11ads™ [1]

(c) The tension is unchanged.

[

13 (@
[1]
0 >t
As the toy increases its velocity, the air resistance on the toy increases. [13
The net force and thus the acceleration of the toy decrease. 1]
Finally, when the air resistance equals the propelling force of the fan, the toy reaches its final terminal velocity.  [1]
® @

EANANAANANAN SN

mg

R is air resistance
Fis propelling force

mg is weight and T is tension
[ Deduct 1 mark if “centripetal force” is drawn ]

[ Deduct 1 mark if the forces are only labelled without naming ]

() Tsing = my? (r=Lsin @)
Lsiné
2
Tsin? = 22 .. (D
05
Tcosd =mg ki (2)
gy O, 0 _ ¥
| () cos@ gL

1-cos’d _ (2
cosd  (10)(0.8)

. 2-2c08*6 = cos 6
2¢c08* @ +cosf—2=10
. cos & = 0.7808 . 6= 1387°

By(@ : I'=128N

[1
(1
(1]

(1

(1]

[1]

(1
(1]




10. <HKDSE 2019 Paper-1B-4>

(i) Indicate on Figure 4.1 the centripetal force Fe required for the motion of the beb. Find Fe. (3 marks)

(iii) Explain whether the magnitude of the tension in the string is greater than, equal to or smaller than the
centripetal force F found in (a)(ii). {2 marks)

{b) The moon is orbiting eround the Barth wniformly in & circular path under the inflience of the Earth’s
grevitationel atiraction. - i

(i) Expiain why the speed of the moon remains unchanged although it is acted upon by gravitational
force. : (2 marks)

(ii) A student claimed that as the moon is much Jess massive then the Barth, it exerts negligible force on
the Earth. Comment on the studert’s claim. (2 marks)
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8.

< HKDSE 2015 Paper IB - 3 >

IEiagram NOT drawn to scale

The above Figure shows two horizontal platforms with end points 4 and C. An acrobat tries to swing from 4 to C by using a
light rope of 8 m long and with one end fixed at point O, which is at the same level as 4. He leaves A4 by holding the end of
the rope and then releases it when reaching point B at which the angle between the rope and the vertical is 30°. The acrobat
can be treated as a point mass and the rope remains taut and not extended throughout the motion. Neglect air resistance.
(g=9.81 ms?)

(a) Mark on the above Figure the velocity vs of the acrobat at B. If the speed of the acrobat when leaving 4 is zero, find the
magnitude of va. (3 marks)

() (i) It takes 1.25 s for the acrobat to reach C after releasing the rope at B. By considering his horizontal motion, find
the horizontal separation x between B and C. (2 marks)

(if) Calculate the vertical distance of C below B. (3 marks)

(c) Before reaching the lower platform, is there any change to the acrobat's mechanical energy among the points 4, B
and C? (1 mark)

9. <HKDSE 2017 Paper IB - 5>

The photo shows a turntable commonly used in restaurants.

A teapot of mass 1 kg is put 30 cm from the centre of a horizontal turntable, and the Figure below shows the side view.
‘When the turntable is rotating, the teapot remains at the same position on the turntable.

centre

R RN

]' 30cm

| (a) On the above Figute, draw and label all the forces acting on the teapot when the turntable is rotating. (2 marks)

|
| (b) Taking the teapot as a point mass, estimate the net force acting on the teapot when the turntable is rotating at a rate of
| 0.5 revolutions per second. (3 marks)

(c) The turntable is suddenly stopped and the teapot slips. The turntable is rotating at a rate of 0.5 revolutions per second
just before it stops, and the frictional force acting on the teapot is 10 N when it is slipping. Determine the distance
travelled by the teapot after the turntable stops. (3 marks)
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An aircraft flies with its wings tilted 36° in order to fly in a horizontal circle of radius » as shown below. The aircraft has a
mass of 4.5 x 10° kg and it moves with a constant speed of 240 m s~'. The figure shows that there is a lift force P acting on

the aircraft.

@

®)

©

(@

©

Calculate the lift force P shown in the figure. (2 marks)
Determine the centripetal force acting on the aircraft. (2 marks)
Find the acceleration of the aircraft. What is the direction of the acceleration ? (3 marks)
Calculate the radius # of the circular path of the aircraft’s flight. (2 marks)
Suppose the aircraft moves with the same speed but tilts with a greater angle. What are the effects on the following :

(i) the lifi force P; (1 mark)

(ii) the centripetal acceleration | (1 mark)

(iii) the radius of the circular path . (1 mark)

Part C : HKDSE examination questions

7.  <HKDSE 2012 Paper IB - 3 >

TN [

The Figure above shows the top view of a horizontal road with two circular lanes. A car of mass 1200 kg moves with

constant speed in lane 1 of radius 45 m.

(@) (i) Name the force that provides the centripetal force for the car. If the maximum value of this force is 8000 N,

calculate the highest speed of the car such that it can keep in lane 1.

(3 marks)

| (ii) Suppose the car takes lane 2 instead of lane 1 and the maximum value of the force providing the centripetal force
is still 8000 N. Would the car’s highest speed in lane 2 be smaller than, larger than or the same as that found

in (a) (i) ? Explain.

(2 marks)

(b) Explain why the chance of skidding would increase if there are oil patches on the road surface in the above Figure.

(2 marks)
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Part B : Supplemental exercise

4.  Abob is attached to a string and made to revolve in a horizontal circle as shown.

(2) Draw and label the forces acting on the bob at the instant shown. (2 marks)

(b) If the length of the string is L and the angle that the string made with the vertical is @, derive an expression for the
period of the circular motion. (Neglect air resistance.) (4 marks)

(¢) Calculate the period of the circular motion if the length of the string is 0.8 m and the string makes an angle of 25° during
the circular motior. (2 marks)

(d) Explain and describe the effects on
(i) the period of revolution ; and
(ii) the tension of the string,

if the angle made with the vertical is increased during the revolution. (4 marks)

54 The figure shows the rear view of a car with mass 1800 kg which turns round a horizontal circular road with a uniform speed

of 15m s, G is the centre of gravity of the car and O is the centre of its circular motion. The radius of the circular road is
75 m. Neglect air resistance.

Uy

(@) LetR be the normal reaction on the car, and let f'be the friction on the wheels, draw all the forces acting on the car in the
above figure. (3 marks)

(b) Calculate the magnitude of friction acting on the car. (2 marks)

(¢) Now the road is banked with an angle & to the horizontal as shown. The ideal banking angle is designed so that there is
no friction acting on the car.

.
O M === mmmmmm o e

(i) Draw the forces acting on the car in the figure. (2 marks)

(ii) State which force provides the centripetal force for the car to travel in circular motion, (1 mark)

(iii) Derive an expression for the ideal banking angle in terms of v and 7. (3 marks)

(iv) Give TWO advantages of banking at a bend in highways. (2 marks)

APV ACAL UL RV Sy e
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<HKAL 2003 Paper1-1>

A small block of mass 0.5 kg is placed at 10 cm from the centre of a horizontal turntable. The block is connected to one end
of a light inextensible string which passes over a small smooth pulley fixed at the centre of the turntable, as shown in the
below figure. The string runs through a hole at the centre of the tumtable and a weight of 10 N is suspended at its other end.
The maximum friction between the block and the turntable is 3 N.

(Note : The axle of the turntable is not shown in the diagram,)

block @W\

N A

[T\ 10N

(2) Suppose the turntable is stationary.

(i) Draw a diagram to show all the force(s) acting on the block. (2 marks)
(i) Find the minimum external force applied to the block that needs to keep the block stationary. (2 marks)

(b) Suppose the turntable is rotating with a certain angular speed about its centre.

(i) Calculate the minimum angular speed @ of the turntable such that the block can remain at jts original position
without slipping. (2 marks)

(if) Calculate the maximum angular speed @ of the turntable such that the block can remain at its original position
without slipping, (2 marks)

(¢) When the angular speed of the turntable is increased gradually from @ to @, and the block does not slip. State the
change, if any, of the tension in the string. (1 mark)

3.

<HKAL 2008 Paper I - 5>

In Figure 1, a toy is placed on a smooth horizontal surface. It is equipped with a fan powered by a battery. When the fan is
switched on, the toy starts moving to the right and it finally reaches a constant velocity.

Figure 1

(a) With the aid of a velocity-time graph, explain the motion of the toy after the fan is switched on. (4 marks)
velocity
0 — time

(b) The toy of mass m is now attached to a fixed point on the ceiling by a light string of length L. It is set into a uniform
horizontal circular motion as shown in Figure 2. The string makes an angle & to the vertical when the velocity of the toy
is v. Take gtobe 10 ms2.

Figure 2

(i) Draw and name all the force(s) acting on the toy in Figure 2. (3 marks)

(i) Write down TWO equations for the vertical and horizontal components of forces on the toy. (2 marks)

(i) Ifm=0.1kg, L=0.8 mand v=2 ms™, show that the angle &satisfy the equation: 2 cos?d -+ cos § — 2 = 0
Hence calculate the values of & and tension 7. (3 marks)

(iv) If the output voltage of the battery inside the toy drops slightly, describe and explain its subsequent motion in terms
of v, and T. (3 marks)
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! The following list of formulae may be found useful :

Centripetal acceleration a=— =@ty

. Use the following data wherever necessary :

| Acceleration due to gravity g = 9.8l ms™? (close to the Earth)

Part A : HKAL examination questions

1. <HKAL 2001 PaperI-1>

The figure below shows a man of mass 80 kg standing against the wall of a cylindrical compartment called a ‘rotor’. The

Jevel of the rotor’s floor can be adjusted. The diameter of the rotor is 6.4 m.

weight

Fp

The rotor is spun at a certain angular speed about its central vertical axis. At this angular speed, the man inside remains

‘pinned’ against the wall even if the floor of the rotor is pulled downwards.

(2 marks)

‘ (a) Name the forces Fa and Fp acting on the man.

| (b) It is known that the maximum value of Fx equals 0.4 Fy. Find the minimum angular speed, in rad s, of the rotor that

needed to keep the man ‘pinned’ against the wall.

(3 marks)

1 (c) If the mass of the man is greater than 80 kg, would the result in (b) increase, decrease or remain unchanged 7 Explain

briefly.

(2 marks)

[€ §% 1 °
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19.

20.

21.

22,

23,

24,

25.

26.

B
Since the direction of the velocity is always changing,

the direction of the linear momentum varies, thus linear momentum varies

As the magnitude of the velocity is constant, the kinetic energy is constant as kinetic energy is a scalar without direction.

C
= mro?
=mr 2y = @) (2 = 439N
T 3
A
* (03] As the direction of the velocity is always changing, the linear velocity varies.
v (3] The direction of angular velocity is constant (either always in clockwise or in anticlockwise direction),
and the magnitude of angular velocity (@ = v/#) is also constant, thus angular velocity is constant.
x 3) The direction of the centripetal acceleration is always towards the centre,
thus its direction is always changing, therefore, centripetal acceleration varies.
B
F_mdlr V(650 _ 0.54
w mg gr  (9.81)(80x10°)
(6

The resultant force is the centripetal force which must be directed towards the centre of the circular path.

c
The period of the minute hand of a clock is 60 minutes for one revolution.
Angular speed :
0=2% 0 2% 95107 rads™
T  (60x60)
B

Angular speed : @ = 2 n /7T, as period is constant, @ is constant,
By a = r ? as wfor the particle on the record is the same . v o« »

A graph of v against » should be a straight line through the origin.

B

There are two forces acting on the aircraft :
© the weight which is vertically downwards

@ the lift force which is perpendicular to the wings

£

27

28.

C
There is two forces acting on the ball bearing : the weight mg and the normal reaction R.
Vertically, Rsin30° =mg
2
Horizontally, ~ Rcos30° = MV
,.
tan30° = &7
_VZ
tan30° = (8D (0.8) v =37ms?
vl
A
2
x A. At the lowest point, 7~ W = ™Y Thus the tension should be greater than the weight.
Is

v B. The tension is the greatest at the lowest point

since it supports the weight and provide the greatest centripetal force as the speed of bob is maximum.
v C. During the swing from horizontal position to vertical position, mgr = 1 m? .V =2gr

2
At the vertical position, tension of the string : 7= W+ 7V = p ¢ + nQ2gr) _ 4 mg
r r

The tension is thus not affected by the length of the pendulum.
v D. The tension is 3 mg which depends on the mass of the bob m.
€

The centripetal force must be directed towards the centre.
This force should be provided by the normal reaction from the wall on the man,

The normal reaction by the wall is hotizontally acting on the back of the man away from the wall towards the centre.

D
There is two forces acting on the car : weight mg and normal reaction R.
Since the vertical forces are balanced :

Mg

Rcosf@=mg . R=
cosé

The horizontal component of the normal reaction provides the centripetal force.

Thus, the centripetal force on the car :

F = Rsing = ™8 xsing = mgsind
cosd cosé
B
Since the two particles are moving in the same rotating platform, their angular velocity @ must be the same .
Centripetal acceleration : a = r @?
Since @ is the same, thus a o« »

Loaxsay = rxiry = 2:1
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10.

c
If no friction is required, the horizontal component of the normal reaction force gives centripetal force.
Horizontally:  Rgin18° = ”’_"2
=
Vertically : Rcos18° =mg
18° = v sov=62ms?!
1012
D

Since coin P and coin Q are rotating on the same disc, they must have the same angular speed @ (also same period).

v [¢)] By v = r @, v, thus speed of Q is two times that of P,
By KE = % mv? kinetic energy of 0 is four times that of P.
v @ By f = mro? fo«r, thus friction acting on Q is double that acting on P.
v 3) If the angular speed gradually increases, the friction that provides the centripetal force must increase.
As the friction of Q is greater, the friction on @ would reach the maximum friction first, thus B slips first.
C
x [¢)] By Tsin@=m(Lsin0) * IfLiskeptconstant, T, 7T (I can beincreased by increasing )
By Tceosf=mg WhenTT, cosod . 6T - @shouldbe increased with w.
* @) By Tcos @ = mg, if @is constant, then T is also constant.
By Tsinf=mLsin6o?® . ot=L{ . L will decrease with .
v ® By T=W . Wt=T?t
By Tcos@=mg .. TT = cosfd = 67
A
Consider vertical component : Reos@=mg ..(1) . Ais correct but B is incorrect.
Consider hotizontal component:  Rsing = 7 il ()
¥

Combine (1) and (2): v* = grtan 8 . Cand D are incorrect.

A
2
* A, At the lowest point, T— W = ™" Thus the tension should be greater than the weight of the bob.
r

v B. The tension is the greatest at the lowest point

since it supports the weight bob and provides the greatest centripetal force.
v C. During the swing from horizontal position to vertical position, mgr = 1 m? . V=2gr

2
At the vertical position, tension of the string: T = W+ "™ = mg + m2gr) _ 30
r 7

Thus, the tension is not affected by the length of the string.

v D. The tension is 3 mg at the vertical position, thus it depends on the mass of the bob m.

16.

17.

18.

B
2
By tanf = 2
%
2
v
tan 235° = —— ¥
& ©81X12x10%)
.y =226 ms?!
A

Since the two particles have the same period, they must have the same angular speed @.
Let the mass of each particle be m, and let O4 be  and OB be 2r.

Consider 4 : Ty~ T2 = mr &*

Consider B: Tp = m (2r) ®*

Combine the two equations :

S 2(M-T) ="
i Tz =3 32
B
x [€))] Momentum is a vector. As the direction of velocity changes, direction of momentum also changes.
x 2) Centripetal acceleration is a vector. Its direction is always towards the centre.
Thus the direction of centripetal acceleration is always changing.
v 3) Kinetic energy is a scalar, For uniform circular motion, the speed is constant, thus KE is constant.
D

As the thread just touches the peg, the radius of the circular motion suddenly becomes halved.

x 1) The speed would not change as the kinetic energy does not change when the thread touches the peg.

2
v ) Centripetal acceleration : a = 12
r
As ris halved, a is doubled, thus the acceleration will increase.
2
v 3 Tension: T—mg = M™Y. Asrishalved, T will increase.
r
A
In a horizontal road, friction is the only force that can provide the centripetal force.
f=m_v2 S fw
r
L Se (l'm)l
Ja Ya
115,
2 (v )

Sove=212ms™t
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HKEAA's Marking Scheme is prepared for the markers' reference. . It should not be regarded as a set of mode] answers.
Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care,

The resultant of these two forces exerted by the road is shown.

M.C. Answers
1. C 1l @ 21. A 31. B
2. A 12. A 22. B 32. D
3. D 13. A 23. C 33. D
4. D 14. B 24. C 34. A
5. C 15. A 25. B
6. C 16. B 26. B
7. C 17. D 27. C
8 A 18. A 28. A
9. C 19. B 29. C
10. D 20, C 30. D
M.C. Solution
1 €
(1) Horizontal component of the normal reaction R sin 8 can be used to provide the centripetal force,
thus the need of frictional force for providing the centripetal force is reduced.
v (2)  The horizontal component of the normal reaction helps to provide the centripetal force,
thus the centripetal acceleration can be increased.
As a=v/r,
the increase of centripetal acceleration a can give a smaller radius of curvature 7 of a circular path,
x (3)  Asthe direction of the weight is vertical,
it can never give a horizontal component to provide the centripetal acceleration which is horizontal.
2. A
There.are only two forces acting on the stone: /--n-.\
0} the weight ¥ i RS
i y LR
@ the tension I :“ r ‘: F
As centripetal force # is the net force, ‘\ L
F=w+r ESeSS
v 3. D
Friction exerted by the road provides the centripetal force, —— Normal reaction
thus its direction is towards the centre P to the left. oree
=]
Normal reaction exerted by the road acts to balance the weight. Pe
Friction

D
The vertical force exerted on the car by the track is the normal reaction R.
The centripetal force is the net force towards the centre, thus the centripetal force is R —mg.

mv’

R~ mg=

2

mv

R=mg+ —
=

(S
Consider vertical motion, Rsin30°=mg RS
Consider horizontal motion, R cos30°= LU @)
r
tan30° = g—; R 44
Vv tan30°

C
When the mass is set to rotate, it is a conical pendulum.
Tcos@=mg
(3.5) cos 6 = (0.25) (9.81)
g = 45.5°
C

Consider the motion from the rim to the bottom :
mgh= % mv:

L om(9.81)0.10) = $mv? v =140ms
At the bottom, the resultant of the normal reaction and the weight gives the centripetal force,

2
mv
R-mg=—
,

(0.05)(1.4)*
(0.10)

SR~ (0.05)(9.81) = L R=14IN~ 15N

A
The lift force L on the aircraft should be resolved into two components :
vertical component = L cos &

horizontal component = L sin 8

2 .
o Lsin@="Y_ and LeosG=mg
»
. tan0=i—&

= L 6= 11.5°
gr  (10)(15x10%)

PB-FM7-MS/02




34. <HKDSE 2020 Paper |A-9>

Partictes P and  are fixed on the surface of & sphere rotating about & vertical axis passing through the
centre O of the sphere as shown. The horizontal shaded region X divides the sphere into two halves.
P is at the edge of region X while @ is at an angle of clevation § sbove region X.

region X'
NN

33.<HKDSE 2020 Paper IA-8>

Find the ratio of the centripetal acceleration of P to that of £,

A T:eosd
B. 1:sing
. ecosd:
D. sin ;|
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3 v =
6. @ a=2= 8 (® O x =t
r = (11.7 cos 30°) x (1.25) [
i (240 =
S (713) = [1] =127m  <accept 12.6m to 12.8m> 1]
r
. r = 8080m 1] G) y=wt+ tat? i1
(&) () increase [11 = (11.75in30°) x (1.25) + 1 (-9.81) x (1257 [1]
(ii) increase 2} =-0352m [1]
(3ii) decrease [1] Cisat 0.352 mbelow B. <accept 0.352m to 0.414m>
|| (c) No! The mechanical energy is unchanged. [1]
7. (@) (i) Friction provides the centripetal force for the car. [1] J
f=n (1 9. @ R
r
. (8000) = (1200)v" E
(45) i centre
v =173ms? [ 4 i
(if) The car’s highest speed in lane 2 would be smaller. 11 |
For the same f; v* o r, as the radius » of lane 2 is smaller, the speed v is smaller. 1] E
| W :
(b) If there are ol patches, the maximum friction acting on the car by the road would decrease. [1] < Weight 7 and normal reaction R correctly drawn and labelied > [1
Thus the highest speed without skidding would decrease. 1] < Friction f correctly drawn and labelled > m
[ W can be labelled with mg or weight ]
[ R can be labelled with N or normal reaction |
8 (3 [ fcan be labelled with friction ]
b) F=mro? 1
= (1) (0.3) (0.5 x 2m)* (13
= 296N n
© v=ro=(03)(05x%2m) = 0.942ms" (1]
By imv?=fs
1(1) (0.942)* = (10) s [1]
< direction of va marked perpendicularly to the rope OB > [1] w5 =004d44m <accept 0.044m> [
OR
By Conservatjon of energy :
= . = La= -2 1
mgh = -;-mvz By f=ma S0 = a a=10ms 1]
By v¥=u?+2as
o (9.81)x (8 cos 30%) = L’ (1]
(0) = (0.3m?* + 2 (- 10) s {11
- =11.7ms™ 1
& me o s = 0.0444 m [1]




0. {a} (@}

()

E™
=0.795775 (rev s ™) w 0.80 (rev 57

<
s

T Al e, . e e (e S S o e et

IM/LA

"""""" Genitripetal force pon
{tension component)  of mass 30
F{; - Wﬂ!ﬁ
- (0.03X1 % cos 23.1°K3.0)° M
= 0,689866 N = 0,690 N 1A
(Fo= 07033402 N»0.703 N for g= 10 ms™)
8= Fc and Tsing=mg M
Fo =28 cos8 -a&sw&sxmﬁm N 1A
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The following list of formulae may be found useful :

Centripetal acceleration 4= pr
e
Newton’s law of gravitation F = G ”712 iy
P
Use the following data wherever necessary :
Acceleration due to gravity g =98lms? (close to the Farth)

Universal gravitational constant

G = 6.67 x 107" N m? kg2

Part A : HKAL examination questions

1

<HKAL 1980 Paper1-2 >

Two identical spheres, each of mass M and radius » are in contact. One sphere is displaced by a distance 4 7, along the line of
centres, away from the first sphere. What is the ratio of the final gravitational force between the sphere to the initial
gravitational force between them ?

A 1:3
B. 1:9
C. 1:16
D. 1:25

<HKAL 1984 Paper I - 40 >

Taking the Earth to be a perfect sphere with uniform density, which of the following statements conceming the gravitational
field g of the Earth is/are correct ?

(1) The gravitational field at the surface of the Earth is greater than that at the top of a high mountain.
(2) Ifthe density of the Earth increases with its radius remaining uncfxanged, g at the surface increases.

(3) If the radius of the Earth increases with its density remaining unchanged, g at the surface decreases.

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

<HKAL 1991 Paper 1-1>

In which of the following situations is the magnitude of the normal reaction R of the supporting surface equal to the weight
mg of the body ?

(1) Abody is resting on a rough inclined plane.
(2) A body placed on the floor inside a spacecraft in circular orbit around the Earth.
(3) A body placed on the floor of a lift moving upwards with uniform velocity.

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

DSE Physics - Section B : M.C. PB-FMS8-M/02

FMB8 : Gravitation

<HKAL 1993 Paper 1 -12 >

A parking satellite appears stationary vertically above an observer at the equator of the Earth. The radius of the satellite from
the Earth is 4.24 x 107 m. Calculate the mass of the Earth.

A 45x10%kg
B. 5.0x10%kg
C. 55x10%kg
D. 60x10%kg
<HKAL 1996 Paper IIA - 2 >

In which of the following cases would the tesultant force on the object become zero 7
(1) a satellite moving round the Barth
(2} afeather falling freely in a vacuum cylinder in a luboratory
(3) aparachutist falling with terminal velocity in air

A. (1) only

B. (3) only

C. (1) & (2) only

D. (2)&(3)only

< HKAL 1997 Paper IIA - 10 >

A close-orbit satellite near the Barth’s surface has a speed of 7900 m s™'. The radius of the Earth is 4 times that of the
Moon and the ratio of the average density of the Earth to that of the Moon is 5 : 4, What would be the speed of a close-orbit
satellite near the Moon’s surface ?

A. 1770ms™!
B. 2210ms™!
C. 2470ms!
D. 3570ms™!
< HKAL 2000 Paper IJA - 9 >

There are two planets X and Y. Each of them has a close-orbit satellite revolving close to the planet. If the two satellites are
observed to have the same period, then X and ¥ must have nearly the same

A. mass.

B. average density.

C. radius.

D. acceleration due to gravity at the planet’s surface.
< HKAL 2000 Paper HA -2 >

In the following situations, which of the cases would the normal reaction acting on a body and the weight of the body have
the same magnitude ?

(1) A ball bouncing vertically on a horizontal ground is in contact with the ground.
(2) Anastronaut in a spacecraft which performs circular motion around the Earth.
(3) Aboy standing in a lift which is moving vertically upward with a uniform velocity.

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

<HKAL 2003 Paper 1A - 11 >

Assume that the Earth is a perfect sphere. If the radius of the Barth is 6.4 x 10 m, what is its average density ?
A 55x10°kgm?

B. 7.3 x10°kg m

C. 23 x10%kgm™

D. 6.0x 10% kg™
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10.

11

12.

13.

14.

15.

< HKAL 2004 Paper IIA - 8>

There are many satellites revolving around the Saturn. Different satellites have different speed v and radius ». Which of the
following correctly express the relation between these two values 7

A vxr
B. Voc«/;
C. v:;cl
=
1
D. yc—=
Jr

< HKAL 2004 Paper IIA -7 >

A planet has a mass 3 times that of the Earth and a diameter 2 times that of the Earth. What is the gravitational field strength
on the planet’s surface 7

A, 7.36
B. 9.1
C. 147
D. 19.6
< HKAL 2005 Paper IIA - 28>

An abject of mass 25 kg has a weight of 41 N on the surface of the moon. The radius of the moon is R. What is the
gravitational field strength in N kg'!, at a point distance 2R from the centre of the moon ?

A. 1.64
B. 082
C. 041
D. 021

< HKAL 2006 Paper IIA - 28 >

The Earth is at a distance r from the centre of the Sun. It takes 365 days for the Earth to revolve once around the sunin a
ciroular path. Find the mass of the Sun in terms of .

A 245x107°
B. 595x 1077
C. 385x10%°
D. 1.75x 1067

< HKAL 2007 Paper TIA - 5>

In which of the following situations does the person concerned experience ‘weightlessness’ ?
(1) anastronautina spacecraft which is decelerating to make a soft landing on the moon
(2) a parachutist descending with a constant velocity in the air
(3) an astronaut in a spacecraft which is orbiting around the Earth with its rocket engines shut off

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

< HKAL 2008 Paper I1A - 27 >

Which of the following statements about parking orbits around the Barth are correct ?
(1) Allsatellites in a parking orbit must have the same speed.

(2) No satellite in a parking orbit can pass vertically above Hong Kong.

(3) There is only one parking orbit around the Earth.

(1) & (2) only

(1) & (3) only

(2) & (3) only

®0, &0

vowy
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16.

17.

< HKAL 2008 Paper IIA - 28>

The above figure shows 2 binaty star system in which X and Y are two stars revolving about O with uniform circular motion
under their mutual gravitational attraction. If the radius of the orbit of X is twice that of ¥, which of the following deductions
are correct ?

(1) The acceleration of X is twice that of Y.
(2) The orbital speed of X is equal to that of Y.
(3) The mass of X is half that of Y.

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

< HKAL 2010 Paper ITA - 12>

Ganymede is one of the satellites of Jupiter. The radius of Ganymede’s orbit around Jupiter is about 3 times that of the
Moon around the Earth. The mass of Jupiter is 318 times that of the Earth. If the period of the Moon around the Barth is
27.3 days, what is the period of Ganymede revolving around Jupiter ?

A. 2.7 days
B. 8.0 days
C. 91days

D. 273 days

Part B : Supplemental exercise

18.

19.

Two identical satellites X and ¥ are moving in two circular orbits
around the Earth as shown. Which statement is/are correct 7

(1) The period of X is greater than that of Y.
(2) The speed of X is smaller than that of Y.
(3) The gravitational force on X is smaller than that on ¥,

(1) & (2) only
(1) & (3) only
(2) & (3) only
W, @&

oWy

Given that the radius of the Earth is 6380 km. Find the acceleration due to gravity at a height of 3200 km.

A. 3.65Nkg!
B. 435Nkg!
C. 585Nkg!
D. 6.75Nkg!
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20.

21,

22.

23.

24,

The radius of the Earth is R, Satellite X orbits around the Barth at a height of R, while satellite ¥ orbits around the Farth at a
height of 2 R. Find the ratio of the speed of X to that of ¥,

A L
2
B. |2
1
c |2
3

On a certain planet, an object is thrown vertically upwards with an initial velocity of v; and it returns to the ground after
time £. If vz is the orbital speed of a satellite circling close to the planet, what is the radius of the planet ?

A 2yt
V2

B. 4vit
Va2

C 2vit
vy

2
D. v, !

2v,

If the gravitational constant G becomes larger while the orbital radius of the Moon around the Earth and the masses of the
Moon and the Barth remain unchanged, which physical quantity of the Moon would change ?

(1) orbital speed
(2) period revolving around the Earth
(3) acceleration

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

A small sphere X of mass M is placed at a distance d from a point mass. The gravitational force the sphere X is 120 N. The
sphere X is removed and another sphere ¥ of mass 3 is placed at a distance 2d from the same point mass. What would then
be the gravitational force on the sphere ¥ ?

A, 80N
B. 9N
C. 160N
D. 180N

A parking satellite is moving at a constant speed in a circular orbit around the Earth. At any instant, the resultant force acting
on the satellite is

A, zero.
B. equal to the gravitational force on the satellite.
C. equal to the resultant force of the gravitational force on the satellite and the centripetal force.

D.  equal to the force exerted by the rockets of the satellite.
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Part C : HKDSE examination questions

25. <HKDSE 2012 Paper IA - 14 >

Two satellites move in circular orbits of the same radius R around the Earth (mass M). The orbits are in two different planes
Pand Q as shown. Plane P coincides with the Earth’s equator while plane Q is inclined to the equator at &,

Plane Q

Plane P

Which of the following statement is INCORRECT ?
A. The speed of satellite Pis |GM .
R

B.  The centripetal force acting on satellite Q is pointing along the plane Q.
C.  The acceleration of both satellites is the same in magnitude,
D. The period of satellite Q is longer than that of satellite P,

26. <HKDSE 2013 Paper IA - 15 >

It is known that the mass of Mars is about -115 of that of the Earth while its radius is about -.L,L of the Earth’s radius. In terms
of the gravitational acceleration g on the Farth’s surface, the approximate gravitational acceleration on the surface of Mars is

A 02g
B. 04g
C. 25¢g
D. 4g

27. <HKDSE 2014 Paper 1A - 11 >
An astronaut inside a spacecraft moving in a circular orbit around the Earth is apparently weightless because
A.  the astronaut is too far from the Earth to feel the Earth’s gravitational force.
B. the astronaut and the spacecraft are both moving with the same acceleration due to gravity towards the Earth.
C.  the Earth’s gravitational force on the astronaut is balanced by the reaction force of the spacecraft’s floor.
D. the Earth’s gravitational force on the astronaut is balanced by the centripetal force.

28. <HKDSE 2014 Paper 1A - 12 >

An artificial satellite revolves in a circular orbit above the Earth’s surface at a height equal to the radius of the Earth. Find
the acceleration of the satellite in terms of the acceleration due to gravity g on the Earth’s surface.

A. %g
B. %g
(C] —%g
D. g
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29.

30.

31.

< HKDSE 2015 Paper IA - 11>
The gravitational force exetted on the Earth by the Sun is Fo. The gravitational force exerted on the Sun by the Earth is

A.

B.
[oN
D

equal to F, and in the same direction.

equal to F, and in the opposite direction.

much smaller than F, and in the same direction.
much smaller than F, and in the opposite direction.

< HKDSE 2016 Paper 1A - 14>
A satellite orbits the Harth in a circular path of radius 7.2 x 106 m. What is the period of the satellite ?
Given : mass of the Earth = 6.0 x 10* kg

A.

B.
C.
D

1.4 hours

1.7 hours

1 day

Answer cannot be found as the mass of the satellite is not known.

< HKDSE 2017 Paper IA - 13 >

A small object is released from rest at a point very far away from a planet X. The object then starts moving towards X.

X does not have an atmosphere. Neglect the effect of other celestial bodies.

l (% small object
|
1 [Eagam NOT shown to scale J

£

planet X

Which of the following graphs best shows the variation of the velocity v of the object with time ¢ before it hits X7

A.

B.
A -

>

—
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32. <HKDSE 2018 Paper IA - 13>

A satellite of mass m moves around a planet of mass M in circular orbit of radius ». What does the angular velocity of the
satellite depend on 7

@ r

@ m

3 M

(1) only

(2) only

(1) & (3) only

(2) & (3) only

gowx

33, <HKDSE 2020 Paper TA-10>

The diameter of Neptune is about 4 times that of the Earth and its mass is about 17 times that of the
Earth, Estimate the acceleration due to gravity on Neptunc’s surface.
Given: acceleration due to gravity on Earth's surface g = 9.81 m ™

: 23ms”
52 my?
104 ms™
417ms”

h

vowp
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M.C. Answers
. B 11. A 21. D 31. C
2y 1€ 12. C 22. D 32. C
3. B 13. B 23. B 33.C
4 D 14. B 24. B
5. B 15. D 25. D
6. A 16. B 26. B
7. B 17. B 27. B
8. B 18. D 28. B
9. A 19. B 29. B
10. D 20. D 30. B
M.C. Solution
1 B
GMM 1
F= 2 )
r »
F_ ¥ = rtr o _ 1
F 7 r+dr+r 9
2;
v ) By g « iz At the top of a high mountain, 7 is greater, thus g is smaller.
¥
v ) Let pbe the density of the Earth and ¥ be the volume of the Earth,
GM 14 V R®
R
As radius R is unchanged, g « p, thus g increases if density p increases.
x A3 As density pis unchanged, g « R, thus g should increase if radius R increases.
3 B
x (1) Resting on a rough inclined plane : R = geos = mg
* ) Since the weight is completely used to provide the centripetal force,
the body is not in contact with the floor, R = 0.
v @A) Moving upwards with uniform velocity means no acceleration, thus R = m g.
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D

rl

GMm ; (27:)2
=mro* =mr| 2

2
(6.67x10™) M = (4.24x107) [—A—)

24%60x 60

M= 6.0x10%kg

* )

X @
vi &)

GM (21:)’
:m: —

A satellite moving round the earth is in circular motion,
there must be a resultant force towards the centre (centripetal force) acting on the satellite.

The resultant force of a feather falling freely in vacuum is the gravitational attraction force (the weight).

For any object moving in terminal velocity {uniform velocity), acceleration = 0, thus, net force = 0

\/Zl L V= 1770 m st
5%

T
M

Same T = same — = same 14. = same p
R 14

(Volume : V' =
B

* (6]

x @

4 ®

inR3 o R®) (density; p = ﬂ)
3 Vv

‘When the bouncing ball is in contact with the ground,
normal reaction R is givenby R —m g = (mv-muy/t . R>mg.

Since the weight is completely used to provide the centripetal force in circular motion,
the body is not in contact with the floor, R=0.

Moving upwards with uniform velocity means no acceleration, thus R = m g
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10.

A
At the surface of the Earth,
_GM
g =pi

6.67x10"Y M
©.81) = QBI_E)T_
(6.4x10°%)

. M= 6.024x10* kg
Average density of the Earth :

M (6.024x10%)

M
=2 - o (602418 ) _ 5500 kg m™
P=%Y TR n(64x10°) -
D
GMm _mv
r? r
S OM
v
e
7
A
GM M
R
2
& _ (M) e :(3)x(l)2 3
8e Mg )\ d, 2 4
3
g, = —x9.81 =136
4
C
®© W=mg - G)=09g - g = 164 Nkg"
1 R ~
@ & = gl = 164 x () = 041 Nkg™
g% £ (ZR)
B
By bem =mro’
r
GM _ ., _ 2y
r - (T)
= antr an*r’

GT?  (667x1077)-(365x24x3600)"

= 595%x107*

14.

15.

16.

18.

B
x [¢)) When the spacecraft deceletates downwards, normal reaction acts on the astronaut
so that R —~mg = m a, the astronaut feels heavier.
* @ The air resistance that is equal to the weight acts on the parachutist to give him the feeling of weight.
v (€)] When the rocket engines are shut off,
the weight of the astronaut is used completely to provide his centripetal acceleration.
As no normal reaction acts on him, he experiences weightlessness.
D
" (O] Speed of satellites depends on the radius of the orbit, as the radius of parking orbit is fixed,
the speed is also a specified value.
2) Hong Kong is not at the equator of the Eatth, thus there is no parking satellite directly above HK.
[©) Parking orbit must be at the equatorial plane and at a certain height above the Earth surface,
thus there is only one orbit. Note that parking orbit is geostationary orbit.
B

Their mutual gravitational atraction forces F are the same since they are action and reaction pair.

Since both X and Y takes the same time to revolve 1 cycle, they must have the same period, thus the same angular speed .

v (1) By a = r & as the radius of X’ is twice that of ¥, the acceleration of X is also twice that of Y.
x [@))] By v = r o, as the radius of X is twice that of ¥, the speed of X should also be twice that of Y.
4 ®) By F = mra?*, asthe radius of X is twice that of ¥, the mass of X is half that of Y.
B
The satellite moves round the planet in circular motion, thug the gravitational force provides the centripetal force.
as & A{ " - omro?
N
G 3 27,
—— =@ =(—
= ( T )
2.3 3
poArr L
GM M
le_r_;aﬁ > 7;_2_33_1_
@ =GP G =GR
T = 8.0 days
D
v w g_.M=mrmz _C_;__=w;=(_2_7£)1 T2 P oy = Ix>Ty
2 3
r r T
v
v (03] G]‘{m —_-mv v? =__—G r>re = vx<w
1 r 7
4 ()] F=GMmoc- r>ry = Fx<Fy
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19.

20,

21.

22.

23,

GM

- w X
g =

rZ

6380

= (9.81)x (—2380
OB (e 3200

)t = 435N kg™

oq
|

v fry (R+2R)_\/§
v Ve V@&R+R) ~ V2

s=ut+ yar? SO =t gt .'.g=2‘i
o

mv,* v,

@ m = 2 = 2
4 g R
Combining the two expressions :
2 2
Y2 L2y L R=2t
R t 2v,
D
2

v 68} “Glgm i Lot = GM . v depends on G

r r 7

2.3

v @ SMm_ . G_M=a,z=(2_")z Lo 4nr

I r T GM
v B a=g-= G—ZM ', a depends on G

r
B
Let the mass of the point mass be 7.
By F = GMm
r

For sphere X: (120) = %

Forsphere 7: F = G@M)m _ >(G(M)m

@ay % @ %X(m) - N

. T depends on G
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24.

25,

26.

27.

28.

In circular motion, there is centripetal acceleration, thus the resultant force cannot be zero.

The only force acting on the satellite is the gravitational force (weight), thus it is the resultant force.
This force also provides the centripetal force for the circular motion,

Centripetal force itself is the resultant force towards the centre.

For a satellite moving in constant speed, the rockets of the satellite is shut down without exerting force.

GM
v= ,’—
R

The centripetal force must be directing towards the centre, thus along the orbital plane of Q.

GMm  mv*

R? R

Acceleration of the satellite is equal to the acceleration due to gravity at that position.

By g=g-= Ezﬂ Since they have the same radius 7, they must have the same acceleration 8.
s

2
%ﬂ =mRa? =m R(zy‘ﬁ) . They have the same period.

GEM) 4 GM

10 R

In circular orbit, the Earth’s gravitational force must provide the centripetal force for the circular motion.
Thus, the spacecraft and astronaut cannot be so far that the gravitational force is negligible.

Since the astronaut and the spacecraft are both moving with the same acceleration due to gravity,

their own weight provides their own acceleration, mg = ma, thus a = g.
Therefore, there is no normal reaction acting on the astronaut, and thus weightlessness is experienced.

At the state of weightlessness, there is no reaction force acting on the astronaut,

The gravitational force is the only force acting on the astronaut,
Centripetal force is the net force towards the centre,
Thus, the gravitational force provides the centripetal force, but not balanced.

The acceleration g at different position of the Earth is inversely proportional to the square of radius of that position,

L

&= yg

B
x A.
v
x
* D.
D
v A.
v B.
v C.
* D.
B
GM
8e = R =g
Em T o5 = ——x
M (%‘R)z
- g =04g: = 04g
B
x A.
v B.
* C.
x D,
B
1
g o
rZ

& [fLJ . B _ (_R_)
& % © R+R
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29.

30.

31

32.

B

These two forces are action and reaction pair, thus, they must be equal in magnitude but opposite in direction.

B
As GAfm =l mrm2
r
G 4 27,
—_— = = (—
3 ( T)
(6.67x107)(6.0x10™) _ (2_71)2
(7.2x10%)* T
T = 6067s = 1.7 hours
C
The acceleration due to gravity : a = g = g
N

Thus, when the object is closer to the planet, » decreases, the acceleration due to gravity g increases.
As the slope of the v - ¢ graph represents acceleration,
greater acceleration means greater slope,

thus, the slope of the graph should gradually increase, as shown inC.

&

By —G—@ =mrot
r

., _ GM
s
B

. w? depends on 7 and M only but not depend on .

FMS : Gravitation
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The following list of formulae may be found useful :

2
Centripetal acceleration a=-"=a'r
r

Newton’s law of gravitation F = G '"12 ki)

I

Use the following data wherever necessary :
Acceleration due to gravity g=98im e (close to the Earth)

Universal gravitational constant G = 6.67x 10 Nm? kg

Part A : HKAL examination questions

1. <HKAL 1985 Paper IIB -2 >

(a) Billy and Lily have heard about the possibility of placing a communications satellite in an orbit such that it remains

vertically above the same place on the surface of the Earth. Comment on each of the following statements.
(1) Billy said, "The satellite must be so far away that it is not affected by the Earth's gravity."

(2) Lily said, "There is a communication satellite directly above Hong Kong."

(b) Newton once argued that if a cannon-ball were fired horizontally at high enough speed from any point on the Earth
surface, it would eventually retun and strike the cannon from behind, by considering the Earth to be a non-rotating

sphere.

(i) Take the radius of the Earth to be 6400 km, and assume that the cannon-ball moves close to the Barth's surface,

what would be the least time for it to arrive at the cannon again ?

(ii) Give any three reasons with brief explanations that in reality, why the cannon-ball would not arrive at the cannon

again.
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< HKAL 1990 Paper IIB -7 > 5. <HKAL 2002 Paper1-6>

(@) Explain the meaning of the ‘parking orbit’ for satellites moving around the Earth, (2 marks) A space shuttle is launched into a circular orbit around the Barth at an altiftude of 2.4 x 10° m. Given that the radius of the
Earth is 6.4 x 106 m,
(a) Calculate the orbital speed of the shuttle in the orbit, (3 marks)
(b) Assume the Earth to be a sphere of uniform density. Calculate the height of a satellite which is in a ‘parking orbit’,
given that the radius of the Earth is 6400 km. (4 marks)
[ (b) Calculate the gravitational force acting on an astronaut of mass 80 kg in the shuttle. (2 marks)
|
<HKAL 1991 Paper IIB -7 >

A spacecraft has just finished its mission and is returning to the earth. As the spacecraft is moving at a very high speed, air
resistance acting on the spacecraft by the atmosphere would cause its surface to reach a very high temperature. State and
explain one property of the surface material of the spacecraft for protecting the astronauts inside the spacecraff. (2 marks)

6.  <HKAL 2005 Paper I - 6 >

(&) A spacecraft is launched with a total initial mass of 4.80 x 10° kg at take-off. The rocket
| engine propels hot exhaust gas at 2 constant speed of 2600 m s™! relative to the rocket in a
downward direction. Assume that 2300 kg of gas is expelled in the first second. Neglect air
resistance,

<HKAL 1998 Paper -1 >

A space shuttle S is sent to service the Hubble Space Telescope A which is in a circular orbit 6.0 x 10° m above the Earth’s . ; during th
surface. The space shuttle finally reaches the same orbit as & and its thrust rockets are shut down. Given that the radius of () Calculate the average upward force acting on the rocket due to the exhaust gas during the
the Earth is 6.4 x 105 m. \ first second. (2 marks)

T
ik \ |
4P N\,

/ |
\\ / |
N 7/
N, e &
(@) What is the apparent weight (feeling of weight) of an astronaut of mass 70 kg inside the shuttle 7 (1 mark) |
(i) Calculate the acceleration of the rocket during the first second, if the change of mass of the rocket is assumed to be

; negligible in the first second. (2 marks)
(b) () Calculate the value of the gravitational field strength in the orbit, (3 marks) |
[
(i) Calculate the speed of the space-shuttle § in the orbit, (2 marks) )

| (i) If the rocket keeps expelling exhaust gas at the same rate for the first 20 s, explain how the acceleration of the
rocket will change, (2 marks)

(i) Calculate the time take for the space-shuttle § to revolve one revolution in the orbit, (2 marks) |
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6. (b) The spacecraft of mass 7800 kg then enters a circular orbit around the Earth at a height of 3.43 x 10° m above the | 8. <HKDSE Practice Paper 1B -4 >

surface of the Earth. The radius of the Earth is 6,37 x 105 m. | o . . . . . . . .
| A communication satellite moves in a circular orbit around the Barth with a period of 24 hours and remains above a certain

(i) Calculate the speed of the spacecraft in the orbit. (4 marks) | place on the equatot.

Given ; radius of the Earth 7z = 6400 km

(a) (i) Findthe orbital radius of the communication satellite, (3 marks)

(i) Calculate the time taken for the spacecraft to orbit around the Earth for 24 times. (2 marks)

(c) Give TWO reasons why an aircraft is unable to fly in space where there is no air, (2 marks)
(ii) Determine the orbital speed of the communication satellite. (2 marks)

Part B : HKDSE examination questions |

7. < HKDSE Sample Paper IB -11>

A spacecraft of mass 7.80 x 107 kg enters a circular orbit of radius r around the Earth. | . . . )
| (b) In the Figure below, X is a point in space and O is the centre of the Earth.

| aE \*?aCecraﬁ .

7z
\
| // \

'y orbit 4
P

equator

r
Earth's surface and Ry is the radius of the Barth, (2 marks)

|
(@) Show that the speed of the spacecraft in the orbit is given by Jg Ry where g is the acceleration due fo gravity at the

| Barth’s rotational axis

! (i) AsatelliteisatX. In the above Figure, draw the gravitational force acting on the satellite due to the Earth.
' ' (1 mark)

i . . (if) Briefly explain why the satellites cannot move in a circular orbit 4 as shown in the Figure under the influence of the
(b) How long does it take for the spacecraft to orbit the Earth 14 times ? (3 marks) Earth’s gravitational force only. (1 mark)

Given : radius of the orbit »=6.71 x 10° m ; radjus of the Earth Rg = 6.37 x 10°m
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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. | 3. Itshould have poor thermal conductivity (11
g s that heat will hardly be conducted into spacecraft, [1]
Questlon Solution 50 that heat will hardly be conduc p
<OR>
1. a) (1) Billyis wrong,
. ) " ; . . . —_ . i It should have high specific heat capacity m
since the satellite moves in circular orbit, it needs a centripetal force to provide its centripetal acceleration,  [1]
i i 1
50 it must be in the Earth’s gravitational field so that the gravitational force provides the centripetal force. 11 so that the tise of temperature is smaller. (1
<0OR>
(2) Lilyis wrong,
since the orbit of a communication satellite must be on the equatorial plane of the Earth, [1] Tt should have high melting point 1]
but Hong Kong is not at the equator, thus no communication satellite is directly above Hong Kong. [ | so that the surface of the spacecraft would not melt easily. [1]
: my?
® @ mg= 2 {11
e — | 4. (a) Feelingof weight = ON  OR  He feels weightless. [1]
v =R = JO81)(64x10%) = 7924ms" ,
[ : G M 1
f ® O g= E oo — {1
Time: 7 = ZLR [1] | g rl r2
4 . L& 64x10° 1
6 | F b 6 + 05
o 27r><6;x10 = 50705 ¥ 1 ’ (9.81) 6.4x10° +6x1
e | . & = 820Nkg?! 1
<OR> |
2 2
| - mv v
| ii = B (3 1) L e A i
mg =mR o? = mR(ZT”)‘ 1] | 0 mge = {820 (6.4x10°+6x10°)
R 6.4x10° | Sv =T7580ms?  <accept 7570 to 7600 ms-l> [1]
T=2r |~ =271 9.8 [1] |
d ' | Gii) 7 = 277 _ 25(64x10° +6x10%) 1
= 5070s 1] ‘ v - (7580)
(i) Reasons: (Any 3 of the following) [3] | = 5800s <accept 57905 to 5810s> [1]
*  Earth is not a perfect sphere; £ varies over the Barth’s surface, !
% Earth rotates; when cannon-ball comes back, the cannon may have moved to a different location.
*  Air resistance may reduce the speed of the cannon-ball, thus the speed cannot be constant, 5 () . G]ZW 5 GM = gR? = (9.81) (6.4 x 1052 = 4,018 x 10" (1]
% The cannon may hit high buildings (OR high mountains), thus it cannot reach the final position. R
2
By Gﬂf m _ my 1
r ”
2. (2) These satellites appear stationary relative to observers on Earth, 2] ' Loy |OM 4.01$3>< 10" — = 7780 ms™  <accept 7800 m s > [
r (24x10° +6.4x10%)
® g- %4 S GM = gR? = (9.81) (6.4 x 105)2 = 4,018 x 10™ 1] . OR
| 2
10°
GMm _ 2 GM _2m, 5 £ = (9.81)x _6.4__~>< = 9114 11
@y~ mRrBe @eny "= i | OO G0t s 2t
14 | 2
(4.018>;10 )3 - ¢ 2n 2 o | By mg = MV i1
(6.4x10°+ 1) 243600 4
i o = = JOL1A6.4x10° 224107 = =
B =3.60x10"m  <accept3.58 - 3.62x 107m> [ Y ENET = JOL4)(64x10°+24x10%) = 7780m s o
!




DSE Physics - Section B : Question Solution

FMBS : Gravitation

PB -FM8-QS /04

DSE Physics - Section B : Question Solution PB-FMS-QS /03
FMBS : Gravitation
s, ) poMYo (80)(7780)° i
(2.4x10° +6.4x10%)
= T29N [1]
OR
632
R g
r (9.81) (6.4x10° +24x10°)
g =911 Nkg”
F=mg=(80)x(9.11) = 729N [1]
6. (a) (i) Force on exhaust gas by rocket :
F = ﬁ’—;ﬂ = ?(v —u) = (230x10°)(2600-0) 1
= 5.98 x 10°N [11
By Newton's 3rd law, force on rocket by exhaust gas is also 5.98 x 106 N
() F-mg=ma [1]
. (5.98 x 10) - (4.80 x 10%) (9.81) = (4.80 x 109 a
= 2.65ms? !
(i) Since the average thrust remains unchanged, as the mass of the rocket gradually decreases, [1]
the acceleration of the rocket would gradually increase. [11
(b) (1) Atthe Earth’s surface,
GM . =
g=" . GM=gR 1]
For circular motion, _G_A_{ m_ _m_ﬁ (1]
GM _ gR2 _ (9.81)(637x10 )Z 1]
(3.43%x10° +6. 37><106
= 7700 ms™ [1]
@ 1= 24
v
5 6
_ 21x(3.43x10° +6.37x10 ))<24 1
7700
= 1.31x10%s <accept 1.3 x 10°s>  <accept 36.5h> 11
(c) @ Aircraft needs air to provide a lift force on its wings. m
®  Aircraft draws air into the engine for combustion of the fuel. [1]

(i) Any ONE of the followings :
% The centre of the orbit is not at the centre
% The direction of the centripetal force is di

%  The plane of orbit of a satellite must pass

i. B p=SY . GM = gRé
R}
G]\/fm _my 1]
b
2
- [GM _ /—"’ﬁjﬁ& 3y
¥ 4 ¥
(b) gRE (9 81)(6. 37><106) - 7702ms" [
T e71x109
]
. 21t-rx14 _ 2mx(6.71x10 )x14 A
v 7702
= 7.66x10%s <accept 7.7 x 10*s>  <accept 21.3 hr> 1]
8 @ 0 g-= Gﬁl GM = gre? = (9.81) (64 x 105)2 = 4,018 x 104 i
hy
G}:fm = mro? —(iTM =’ = —2%2 (1
(4.018x10") _ 2n 2
I 24x%3600
r=424x107m  <acoept4.26 x 107 m> 1
@ v - 287 1
T
- 2m(4.24%10") _ 3080 m st i1
(24%3600)
® O : (1]
orbitd
equator
' Earth’s rotational axis
[1]

of the Earth.
fferent from the direction of the gravitational force on the satellite.

through the centre of the Earth.






