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1)

Two similar spheres, each of mass m and travelling with speed v, are moving towards each other.

% é

OO

The spheres have a head-on elastic collision.
Which statement is correct?

A The spheres stick together on impact.

B The total kinetic energy after impact is mv2.
C The total kinetic energy before impact is zero.
D

The total momentum before impact is 2mv.

2)

Two equal masses travel towards each other on a frictionless air track at speeds of 60cms~' and
30cms™'. They stick together on impact.

60cms™! 30cms™
— -

- -

What is the speed of the masses after impact?

A 15cms™ B 20cms™! c 30cms™ D 45cms™!
3)
Which of the following is a statement of the principle of conservation of momentum?

A Momentum is the product of mass and velocity.

B In an elastic collision, momentum is constant.

C The momentum of an isolated system is constant.
D

The force acting on a body is proportional to its rate of change of momentum.
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A molecule of mass m travelling horizontally with velocity u hits a vertical wall at right angles to the
wall. It then rebounds horizontally with the same speed.

What is its change in momentum?
A zero B mu C -mu D -2mu
5)
Two balls X and Y approach each other along the same straight line and collide elastically.

Their speeds are uy and u, respectively. After the collision they move apart with speeds v, and v,
respectively. Their directions are shown on the diagram.

after

Uy Uy
before @-’ ‘-@

Which of the following equations is correct?
A ug+uy=ve+ vy
B u+uy=w-v
C u—-uy=vw+w
D

Uy = Uy =Vy—Vy

6)

A particle of mass m strikes a vertical rigid wall perpendicularly from the left with velocity v.

v rigid wall
() . Ps gia w

If the collision is perfectly elastic, the total change in momentum of the particle that occurs as a
result of the collision is

2mv to the right.
B 2mvto the left.
C mvto the right.
D mvto the left.

@TOPhysicsTutor facebook.com/TheOnlinePhysicsTutor



http://facebook.com/TheOnlinePhysicsTutor
http://theonlinephysicstutor.com
https://twitter.com/TOPhysicsTutor

theonlinephysicstutor.com
7)

Which is a statement of the principle of conservation of momentum?

A Aforce is equal to the rate of change of momentum of the body upon which it acts.

B In a perfectly elastic collision, the relative momentum of the bodies before impact is equal to
their relative momentum after impact.

The momentum of a body is the product of the mass of the body and its velocity.

D The total momentum of a system of interacting bodies remains constant, providing no
external force acts.

8)

The diagram shows a situation just before a head-on collision. A lorry of mass 20000kg is
travelling at 20.0ms ' towards a car of mass 900 kg travelling at 30.0ms™' towards the lorry.

30.0ms™'
©O— —=T
w
mass of lorry mass of car
20000kg 900kg
What is the magnitude of the total momentum?
A 373kNs B 427kNs C 3600kNs D 4410kNs

9)

A body, initially at rest, explodes into two masses M, and M, that move apart with speeds v,
and v, respectively.

V.
What is the ratio —-?

Vo
1 1
A m s ® o () o [
M, M, M, M,

@TOPhysicsTutor facebook.com/TheOnlinePhysicsTutor



http://theonlinephysicstutor.com
https://twitter.com/TOPhysicsTutor
http://facebook.com/TheOnlinePhysicsTutor

theonlinephysicstutor.com
10)

Two spheres A and B approach each other along the same straight line with speeds u, and ug.

The spheres collide and move off with speeds v, and v, both in the same direction as the initial
direction of sphere A, as shown below.

- u u
before collision — A S5 < B
after collision _— _— >

Vs A

Which equation applies to an elastic collision?
A U +ug=vg-Vv,
B uy-Ug=Vvg—V,
C uy-ug=vg+V,
D u,+ug=vg+v,

11)

A ball of mass 2kg travelling at 8ms™" strikes a ball of mass 4 kg travelling at 2ms~". Both balls
are moving along the same straight line as shown.

8ms™ 2ms™ v
—_— —_— _—

After collision, both balls move at the same velocity v.
What is the magnitude of the velocity v?

A 4ms™ B 5ms™! C 6ms™! D 8ms™!

12)

Which is a statement of the principle of conservation of momentum?

A Aforce is equal to the rate of change of momentum of the body upon which it acts.

B In a perfectly elastic collision, the relative momentum of the bodies before impact is equal to
their relative momentum after impact.

The momentum of a body is the product of the mass of the body and its velocity.

D The total momentum of a system of interacting bodies remains constant, providing no
external force acts.
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13)

Two trolleys, of masses 800g and 2400g, are free to move on a horizontal table. The
spring in (a) is placed between the trolleys and the trolleys are tied together using thread
so that the compression of the spring is 3.5¢cm, as shown in Fig. 2.3.

thread

sprin
trolley Ping—__|

mass 800g

trolley
mass 2400g

Fig. 2.3

Initially, the trolleys are not moving.
The thread is then cut and the trolleys move apart.

(i) Deduce that the ratio

speed of trolley of mass 800 g
speed of trolley of mass 2400 g

is equal to 3.0.

2]
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14)

A steel ball of mass 73 g is held 1.6 m above a horizontal steel plate, as illustrated in Fig. 4.1.

steel ball
_____Q/mass739
A
1.6m E
'h
steel
plate I

VLLLLL LA

Fig. 4.1
The ball is dropped from rest and it bounces on the plate, reaching a height h.

(a) Calculate the speed of the ball as it reaches the plate.

SPEEA = v ms~'  [2]

(b) As the ball loses contact with the plate after bouncing, the kinetic energy of the ball is
90% of that just before bouncing. Calculate

(i) the height h to which the ball bounces,

o BT m
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(ii) the speed of the ball as it leaves the plate after bouncing.

[4]

(c¢) Using your answers to (a) and (b), determine the change in momentum of the ball
during the bounce.

Change = ....ccccviiiiiieecee e Ns [3]

(d) With reference to the law of conservation of momentum, comment on your answer
to (c).
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15)

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

Ny
—

~~

0 0.1 0.2 0.3 0.4 0¥ 0.€ 0.7
/s
1
-2
\
-3 v 4
-4
|
Fig. 3.1
Use data from Fig. 3.1 to determine
(a) the distance travelled by the ball during the first 0.40 s,
distance = ......ccoiiiiiii m [2]
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(b) the change in momentum of the ball, of mass 45 g, during contact of the ball with the
surface,

(c) the average force acting on the ball during contact with the surface.

force = . N [2]
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16)

A ball has mass m. It is dropped onto a horizontal plate as shown in Fig.4.1.

plate

Fig. 4.1

Just as the ball makes contact with the plate, it has velocity v, momentum p and kinetic
energy E,.

(@) (i) Write down an expression for momentum pin terms of mand v.

3]
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(b) Just before impact with the plate, the ball of mass 35g 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,

(i) the average force, in addition to the weight of the ball, that the plate exerts on the
ball,

magnitude of force = .....cccccoeiiiiiiiiiiiiieee N

direction of force = .oonoveeeieieeeeeeeeeeeee e

(ii) the loss in kinetic energy of the ball.

0SS = oo J [2]

(c) State and explain whether linear momentum is conserved during the bounce.

------------------------------------------------------------------------------------------------------------------------------------------

....................................................................................................................................
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17)

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.

path of
ball

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 t of the speed v of the ball is shown in Fig. 3.2.

20

-1
vims

10

-10

=30

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.
INNG B L oiceisaseassssssnansenansnansenssnns s
(2]
(c) Determine the maximum height above the base of the cliff to which the ball rises.
height = ... m [3]

(d) The ball has mass 250 g. Calculate the magnitude of the change in momentum of the
ball between the time that it leaves the girl’s hand to time t=4.0s.

change = ....ovviiiiiiiiiieee, Ns [3]
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(e) (i) State the principle of conservation of momentum.

...................................................................................................................................
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18)

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.

LE

ball B

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.
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Fig. 2.2

(a) 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,

(i) the change in momentum of ball B,

change in momentum = .......cccovviiievieeenccieee e Ns [3]

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

fOrce = . N [3]

(c) Calculate the speed of ball S after the collision.
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(d) Using your answer in (c) and information from Fig. 2.2, deduce quantitatively whether
the collision is elastic or inelastic.
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19)

An experiment is conducted on the surface of the planet Mars.

A sphere of mass 0.78kg is projected almost vertically upwards from the surface of the

planet. The variation with time t of the vertical velocity v in the upward direction is shown in
Fig. 2.1.

10

v/ims-1

Fig. 2.1

The sphere lands on a small hill at time t= 4.0s.

(a) State the time t at which the sphere reaches its maximum height above the planet’s
surface.

| € s [1]

(b) Determine the vertical height above the point of projection at which the sphere finally
comes to rest on the hill.

height = ..o m [3]
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(c) Calculate, for the first 3.5s of the motion of the sphere,

(i) the change in momentum of the sphere,

change in mMomentum = .......ccccceeeeieiinienienieeie e Ns [2]

(ii) the force acting on the sphere.

force = ..o N [2]
(d) Using your answer in (c)(ii),
(i) state the weight of the sphere,
WeIght = e N [1]

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

acceleration = ......cccccceeeeeeveeeieeiieiesieennens ms—=2 [2]
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