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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>
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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™
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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
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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)
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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]






