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A girl stands at the top of a cliff and throws a ball vertically upwards with a speed of 12ms™",

as illustrated in Fig. 3.1.

Fig. 3.1

At the time that the girl throws the ball, her hand is a height h above the horizontal ground at

the base of the cliff.

The variation with time ¢ of the speed v of

ball-is shown in Fig. 3.2.
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Fig. 3.2
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Speeds in the upward direction are shown as being positive. Speeds in the downward
direction are negative.

(a) State the feature of Fig. 3.2 that shows that the acceleration is constant.

.................................................................................................................................... 1]
(b) Use Fig. 3.2 to determine the time at which the ball
(i) reaches maximum height,
time = .. s
(ii) hits the ground at the base of the cliff.
time = ..., s
(2]
(c) Determine the maximum height above the base of the cliff to which the balll rises.
............................... m [3]
(d) The ball has mass 250g. DE;EC > change in momentum of the

ball between the time that itleaves.t ‘ totimet=4.0s.
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(e) (i) State the principle of conservation of momentum. B

Examiner's
................................................................................................................................... Use

...................................................................................................................................

...................................................................................................................................
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2 (a) State Newton's second law.

(b) A ball of mass 65g hits a wall with a velocity of 5.2ms™" perpendicular to the wall. The
ball rebounds perpendicularly from the wall with a speed of 3.7ms™". The contact time
of the ball with the wall is 7.5ms.

Calculate, for the ball hitting the wall,

() the change in momentum,

Mob: +974 55373670 / 33787500
E-mali:chymrc.muhammad@gmatl.com

change in momentum = .........cccceevvveeieeeeiciec e, Ns [2]

(i) the magnitude of the average force.

(c) (i) For the collision in (b) bgiween the-ball and the wall, state how the following apply:

1. Newton'’s third law,

..................................................................................................................................

R A o

..................................................................................................................................

.............................................................................................................................. [2]
2. the law of conservation of momentum
.............................................................................................................................. [1]
(ii) State, with a reason, whether the collision is elastic or inelastic
.............................................................................................................................. [1]
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3 Asmall ball is thrown horizontally with a speed of 4.0ms™. It falls through a vertical heightof
1.96 m before bouncing off a horizontal plate, as illustrated in Fig. 3.1 Examiner's
: Use

1.96m

Mob: +574 55373 3IBTHG0_
E-mall:chymzsathammad@gmall.com

plate 0.98m

Air resistance is negligible.
(@) For the ball, as it hits the horizontal plate,
(i) state the magnitude of the horizontal component of its velocity,
horizontal veloCity = .........cccovvveveeviveeecicnennen, ms~1 [1]

(i) show that the vertical component of the velocity is 6,.2ms™".

[1]
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(b) The components of the velocity in (a) are both vectors. -

Examiner's
Complete Fig. 3.2 to draw a vector diagram, to scale, to determine the velocity of the | Use
ball as it hits the horizontal plate.

R\

Fig. 3.2

VEIOCHY = oo ms™!

(3]
(c) After bouncing on the plate, the ball rises to a vertical height of 0.98 m.

() Calculate the vertical component of the velocity of the ball as it leaves the plate.

vertical VeloCity = .....cccevevervverevececicvevenes ms™ [2]
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(i) The ball of mass 34g is in contact with the plate for a time of 0.12s.

Use your answer in (c)(i) and the data in (a)(ii) to calculate, for the ball as it bounces
on the plate,

1.

© UCLES 2009

the change in momentum,

the magnitude of the average force exerted by the plate on the ball due to this
momentum change. :
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4 (a) State the principle of conservation of momentum.

(b) A ball X and a ball Y are travelling along the same straight line in the same direction, as
shown in Fig. 4.1.

X Y
e— ’——>
400g  0.65ms™! 600g  0.45ms™’

Fig. 4.1

Ball X has mass 400g and horizontal velocity 0.65ms™",
Ball' Y has mass 6009 and horizontal velocity 0.45ms™1, Mob: +074 55373670 /33767500

E-mall:chymsc.muhammad@gmall.com

Ball X catches up and collides with ball Y. After the collision, X has horizontal velocity 0.41ms™"

and Y has horizontal velocity v, as shown in Fig. 4.2,
Y
.- ©&—
0.41ms™’ 600g v
Calculate
(i) the total initial momen{uf’zﬁzq .
MOMENTUM = ..ot e sreeeeas Ns [3]
(i) the velocity v,
V E iricsiesieonsceessreesssreessestoneeassanennns ms~' [2]
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(i) the total initial kinetic energy of the two balls.

KINetic energy = ....ccooevvinenneaninnninens L s s J[3]

(c) Explain how you would check whether the collision is elastic.

...................................................................................................................................................

(d) Use Newton's third law to explain why, during the collision, the change in momentum of X is
equal and opposite to the change in momentum of Y.

© UCLES 2014 9702/23/0/N/14 [Turn over




| Q5 Francium-208 is radioactive and emits a-particles with a kinetic energy of 1.07x10-12J to

form nuclei of astatine, as illustrated in Fig. 3.1.

O astatine
nucleus

francium nucleus
before decay 7" ™,

O - particle

e

Fig. 3.1

(a) State the nature of an a-particle.

Y

.........................................

approximately 1.8 x10”m

(c) (i) State the principle of conservation of linear momentum.

© UCLES 2006 9702/02/0/N/06
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er the decay of a francium nucleus is
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..............................................................................................................................

Use

2]




(i) The Francium-208 nucleus is stationary before the decay. Estimate the speed of
the astatine nucleus immediately after the decay.

(d) Close examination of the decay of the francium nucleus indicates that the astatine
nucleus and the o-particle are not ejected exactly in opposite directions.

Suggest an explanation for this observation.
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a)é A ball B of mass 1.2kg travelling at constant velocity collides head-on with a stationary ball S
of mass 3.6kg, as shown in Fig. 2.1,

mass 1.2kg mass 3.6kg

Fig. 2.1

Frictional forces are negligible.

The variation with time t of the velocity v of ball B before, during and after colliding with ball S
is shown in Fig. 2.2.

»_ T T T T T T T e 2 ena0y
+4 e, ."hv
i N
+3 ” A5
vims-1 &
+2
lob: +974 55373670 / 33787500
napth:chymic b d@gmall.com
+1
0 i T
0 0.1 0.5 tls
-1 :
-2 i

Fig. 2.2

() State the significance of positive and negative values for vin Fig. 2.2.

------------------------------------------------------------------------------------------------------------------------------------------
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(b) Use Fig. 2.2 to determine, for ball B during the collision with ball S, For
Examiner's

() the change in momentum of ball B, Use

change in momentum =

(i) the magnitude of the force acting on ball B.

2 By

(c) Calculate the speed of bal

: B vk
P, B 4
e U T
B st %:?
3t =

© UCLES 2009 9702/21/M/J09




(d) Using your answer in (c) and information from Fig. 2.2, deduce quantitatively whether

- . . s . For
the collision is elastic or inelastic. Examiner’s
Use
............... e [2)
-
-
© UCLES 2009 9702/21/M/3109 [Turn over
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0 7 > (ay State Newton'’s second law of motion.

...................................................................................................................................................

(b) A constant resultant force F acts on an object A. The variation with time t of the velocity v for
the motion of A is shown in Fig. 2.1,

9.0
//
v/ims™ v
V
8.0
’/
//
7.0 ,/
4.0
t/'s
Fig. 2.1
The mass of Ais 840g.
Calculate, for the time t= 0 to t= 4.0s,
(i) the change in momentum of A,
change in MoMEeNtUM = .......c.ccceeveeviiceoneeeercreesrrceans kgms™[2]
(ii) the force F.
P e s e o ey s £ s . S N [1]
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(c) The force Fis removed at t = 4.0s. Object A continues at constant velocity before colliding
with an object B, as illustrated in Fig. 2.2.

A : B

840g 730g | atrest

Fig. 2.2

Object B is initially at rest. The mass of B is 730g.
The objects A and B join together and have a velocity of 4.7ms™".

() By calculation, show that the changes in momentum of A and of B during the collision are
equal and opposite.

(i) Explain how the answ

....................................

...........................................................................................................................................

..........................................................................................................................................

[Total: 9]
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(@ (i) Define force.

.............................................................................................................................. [
(i) State Newton's third law of motion.
.............................................................................................................................. [3]
(b) Two spheres approach one another along a line joining their centres, as illustrated in
Fig. 3.1. ‘
e B P
sphere
A
When they collide, the ave e A is F, and the average force
acting on sphere Bis Fg. |
The forces act for time t, mws@a%ér%@m ime-fg-on-sphiere B.
(i) State the relationship between
1. Fyand Fg,
.............................................................................................................................. [1]
2. tyand tg
v s s o s s s s SRS 5 SRR S GRRESEAS FE D s s SR 1 SRR URANE ¥4 ARSI [1]

(i) Use your answers in (i) to show that the change in momentum of sphere A is equal
in magnitude and opposite in direction to the change in momentum of sphere B.

..................................................................................................................................
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(c) For the spheres in (b), the variation with time of the momentum of sphere A before, For

during and after the collision with sphere B is shown in Fig. 3.2. Examiner's
' Use

|¥§iliiT15
Forrr
ERARRRR

momentum
toright/Ns

10

4

The momentum of sphere B before the collision is also shown on Fig. 3.2.

Complete Fig. 3.2 to show the variation with time of the momentum of sphere B during
and after the collision with sphere A. [3]

© UCLES 2010 9702/22/M/1J110 [Turn over
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0 9 (@ (i) Statethe principle of conservation of momentum.

..................................................................................................................................

(b) An object A of mass 4.2kg and horizontal velocity 3.6ms=" moves towards object B as
shown in Fig. 3.1.

A B
3.6ms-! 1.2ms-?

4.2kg f— 1.5kg before collision

Fig. 3.1

Object B of mass 1.5kg; is moving. with

@ horizontal velocity of 1.2ms™! towards
object A. >

The objects collide and then both n ht, as shown in Fig. 3.2.

A

4.2kg — collision

Object A has velocity v and object B has velocity 3.0ms-".

- (i) Calculate the velocity v of object A after the collision.

VElOCIY = .o ms™ [3]

(ii) Determine whether the collision is elastic or inelastic.

3]
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é 0 (a) State the law of conservation of momentum.

...................................................................................................................................................
...................................................................................................................................................

..............................................................................................................................................

(b) Two particles A and B collide elastically, as illustrated in Fig. 5.1.

T y-direction
A B x-direction
> () —_————
500ms™’ at rest :
before collision
The initial velocity of A is 5 DQ%mf f ahd%B is at rest.
mbernali i .
The velocity of A after the colligion the x%irection. The velocity of B after the
collision is v at 30° to the ix-directio : |
The mass m of each particle is 1.67 x 102" kg.
(i) Explain what is meant by the particles colliding elastically.
...................................................................................................................................... [1]
(ii) Calculate the total initial momentum of A and B.
momentum = .............. Ns[1]
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(i

ii) State an expression in terms of m, v, and v for the total momentum of A and B after the
collision

1. in the x-direction,

(iv) Calculate the magnitudes of the velocities v, and vg after the collision.

© UCLES 2016 9702/23/M/J/16 [Turn over




1 1 @ A gas molecule has a mass of 6.64 x 10-27kg and a speed of 1250ms-'. The molecule
collides normally with a flat surface and rebounds with the same speed, as shown in Fig. 4.1,

flat surface [~ _flat surface
72 7
molecule molecule |~
o — < 9
%
2
/ 7/
before collision after collision
Fig. 4.1

Calculate the change in momentum of the molecule.

............................................................... Vssseseresesestaessaesantanan

.......................................... [3]

(i) Explain the effect of an increase in density, at constant temperature, on the pressure of

a gas.

.............................................................................................

.............................................................................................

© UCLES 2015 9702/22/M/JI15
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)1 ' 2 Two balls X and Y are supported by long strings, as shown in Fig. 3.1.

X Y
—_®<—
4.5ms-T 2.8ms-?

Fig. 3.1

The balls are each pulled back and pushed towards each other. When the balls collide at the
position shown in Fig. 3.1, the strings are vertical. The balls rebound in opposite directions.

Fig. 3.2 shows data for X and Y during this collision.

ball mass velocity just before velocity just after
collision/msz!, collision/ms™"
509 -1.8
M +1.4
s The positive direction is horizor:
(a) Use the conservation of Iineé%f}émdﬁ‘remu 1 1e mass MofY.
Bloby 2074 S824070Y
M= i g3l

© UCLES 2015 9702/21/M/JN5




(b) State and explain whether the collision is elastic.

.........................................................................................

.................................................................................................................

(c) Use Newton's second and third laws to explain why the magnitude of the change in momentum
of each ball is the same.

© UCLES 2015 9702/21/M/JN 5 [Turn over




13 A ball is thrown vertically down towards the ground with an initial velocity of 4.23ms-'. The
ball falls for a time of 1.51s before hitting the ground. Air resistance is negligible.

(@ (i) Show that the downwards velocity of the ball when it hits the ground is 19.0ms™1.

(2]

(i) Calculate, to three significant figures, the distance the ball falls to the ground.

distance = .......cooociiiiieeeeee s m [2]

(b) The ball makes contact with the ground for 12.5ms and rebounds with an upwards
velocity of 18.6ms™1. The mass of the ball is 46.5g.

(i) Calculate the average force acting.en:-the ball on impact with the ground.

(i) Use conservation of energy to determine the maximum height the ball reaches
after it hits the ground.

(c) State and explain whether the collision the ball makes with the ground is elastic or
inelastic.

..........................................................................................................................................

..........................................................................................................................................
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A ball falls from rest onto a flat horizontal surface. Fig. 3.1 shows the variation with time t of v
‘¢ the velocity v of the ball as it approaches and rebounds from the surface.

a1

'v/ms™

‘)
C
O
—s
)
N
o
w
()
N
o
0
(=
o
o
N
1

N

Use data from Fig. 3.1 to determine’

(a) the distance travelled by the ball:during ttie first 0.40 s,

diStanCe = ....ocoovviiiiii m [2]

9702/2/0/N/02
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(b) the change in momentum of the ball, of mass 45 g, during contact of the ball with the vee
surface,
change = .....cooovviiiiiiii e, Ns [4]
(c) the average force acting on the ball during contact with the surface.
4 (a) Explain whatis meant by tneit;'bﬁéép‘ of v ork
...................................................................................................................................... [2]
(b) Using your answer to (a), derive an expression for the increase in gravitational potential
energy AE; when an object of mass m is raised vertically through a distance Ah near
the Earth’s surface.
The acceleration of free fall near the Earth’s surface is g. [2]

9702/2/0/N/02 [Turn over




% 5 An experiment is conducted on the surface of the planet Mars, : For
; A sphere of mass 0.78kg is projected almost vertically upwards from the surface of the |xamiers
planet. The variation with time ¢ of the vertical velocity v in the upward direction is shown in | Use
Fig. 2.1.
N 10
vims1 A .
5 A
0 1 2 13 14 tls
-5 ~C
E 3
-10
(@) State the time t at which imum height above the planet's
surface.
(b) Determine the vertical height-above.th point-ol-projection at which the sphere finally
comes to rest on the hill.
height = ... m [3]

© UCLES 2009 9702/22/M/J109 [Turn over




(c) Calculate, for the first 3.5 of the motion of the sphere,

For
Examiner's

() the change in momentum of the sphere, U

change in momentum = .............c.cooovvvorevireos Ns [2]

(i) the force acting on the sphere.

(d) Using your answer in (c)(ii)

(i) state the weight of the

(i) determine the acceleration of free fall on the surface of Mars.

acceleration = ..........cooeoeoviecoi ms=2 [2]

© UCLES 2009 9702/22/M/J109
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[ é (b) Just before impact with the plate, the ball of mass 359 has speed 4.5ms™*. It bounces
from the plate so that its speed immediately after losing contact with the plate is
3.5ms™". The ball is in contact with the plate for 0.14s.
Calculate, for the time that the ball is in contact with the plate,
T () the average force, in addition to the weight of the ball, that the plate exerts on the
ball,
magnitude of force = .........cccoeiieeiice N
. [4]
0SS = eoieeerreeee s J [2]
(c) State and explain whether linear momentum is conserved during the bounce.
.................................................................................................................................... [3]
* © UCLES 2004 9702/02/M1J/04 — 1y [Turn over




6
3  Aball of mass 150g is at rest on a horizontal floor, as shown in Fig. 3.1.
* ball
Fig. 3.1
(@) (i) Calculate the magnitude of the normal contact force from the floor acting on the ball.
fOrCe = o, N [1]
(ii) Explain your working in (i).
........................................................................................................... [1]
(b) The ball is now lifted abo opped so that it falls vertically, as illustrated in
Fig. 3.2.
just before contact just after losing contact
Fig. 3.2
Just before contact with the floor, the ball has velocity 6.2ms~' downwards. The ball bounces
from the floor and its velocity just after losing contact with the floor is 2.5ms™! upwards. The
ball is in contact with the floor for 0.12s.
© UCLES 2016 9702/21/M/J/16
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(i) State Newton’s second law of motion.

........................... st ee e sreneseesenens |1 ]

(i) Calculate the average resultant force on the ball when it is in contact with the floor.
magnitude of force = .......cccovviecieeececee e .. N
direction of force .....c.cccccvuververnnnnee. S RS S EHES e e s e s e s
. [3]
(iii) State and explain whetherdinear-momentum-is-conserved during the collision of the ball

with the floor. " '

......................................................... [2]
[Total: 8]
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