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M.Sc.(Physics), MCS, MBA-IT, B.Ed.
MIS, DCE, D AS/400e(IBM), OCP(PITB)
teacher_786@hotmail.com

1. The diagram shows two trolleys, X and Y, about to collide and gives the momentum of each
trolley before the collision.

Momentum, Conservation of momentum and Collision

20 Ns—— +— 12 Ns

After the collision, the directions of motion of both trolleys are reversed and the magnitude of
the momentum of X is then 2 Ns. What is the magnitude of the corresponding momentum of Y?
A6Ns B8Ns CI10Ns D30Ns

2. Three identical stationary discs, P, Q and R are placed in a line on a horizontal, flat, frictionless
surface. Disc P is projected straight towards disc Q.

If all consequent collisions are perfectly elastic, what will be the final motion of three discs?

P Q R
A | moving left moving left moving right
B moving left stationary moving right
C moving left moving right | moving right
D stationary stationary moving right

3. Which graph best shows the variation with time of the momentum of a body accelerated by a
constant force?
A 4 B * C 4 D
P P P

» [
»

[ t

v

v

0 t

4. A car accelerates uniformly along a straight horizontal road.
Which graph best represents how the resultant horizontal force F acting on the car varies with
the speed v of the car?

(R

5. What is the definition of force?
A the mass of a body multiplied by its acceleration
B the power input to a body divided by its velocity
C the rate of change of momentum
D the work done on a body divided by its displacement

v

6. A body of mass m traveling with speed Su collides with and sticks to a body of mass 5m
travelling in the same direction with speed u.
—> u

Su
>

©

What is the speed with which the two travel after sticking together?
A (3/10)u B u C (6/5)u D (10/6)u
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7. A car driver presses the accelerator sharply down when the traffic lights go green. The force on the car
varies with time as shown. A
force

0 > time
Which graph shows the variation of car’s speed against time?

A B C D
v v | 1% | \% ‘
L‘:>t t t t
8. A vehicle, initially at rest on a horizontal road, is subject to a horizontal resultant force " which
varies with time ¢ as shown.

0 >

Which one of the graphs below represents the vehicle’s speed v over the same period of time?
A B C D

0 t 0 t 0 t 0 ¢

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

v \4
—_— —

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 mv’
C The total kinetic energy before impact is zero. D The total momentum before impact is 2 mv

10. A body, initially at rest, explodes into two masses M; and M that move apart with speeds V;
and V> respectively. What is the ratio V;/ V> ?
A M/ M, B Ma/ M, C(Mi/My)” D ( M/ M, )”

11. Two spheres A and B approach each other along the same straight line with speeds Ua and Us.
The spheres collide and move off with speeds Vaand Vg, both in the same direction as the initial
direction of sphere A, as shown below.

Before collision Ua Us
After collision @
Va VB
Which equation applies to an elastic collision?
A Un+ Us=VB - Va BUar- Us=Vs - Va
CUa- U=V + Va DUAr+ Us=Vs +Va

12. Two equal masses travel towards each other on a frictionless air track at speeds of 60 cm s and
30 cm s, They stick together on impact.

—»60 cm s™! <+«—30cms’!

What is the speed of the masses after impact?
A 15cms?! B 20cms! C30cms’! D 45cms’!
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13. A ball of mass 2 kg 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 %
—_— g —_—

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™!

14. Two balls X and Y approach each other along the same straight line and collide elastically.
Their speeds are ux and uy respectively. After the collision they move apart with speeds vx and
vy respectively. Their directions are shown on the diagram.

Uy Uy
before
VX W
after ‘—® ®—’Y

Which of the following equations is correct?
Aux+uy=vx+vy B ux+ uy=vx—Vvwy
Cux—uy=vx+vwy D ux—uy=vx—Vvy

15. The diagram shows a situation just before a head-on collision. A lorry of mass 20 000 kg is
travelling at 20.0 m s™' towards a car of mass 900 kg travelling at 30.0 m s™' towards the lorry.

20.0ms™

P
—

mass of lorry 20 000 kg mass of car 900 kg

What is the magnitude of the total momentum?
A 373kN's B 427 kN's C 3600 kN s D 4410kN's

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

v rigid wall
( ) | // g

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

A 2mv to the right. B 2mv to the left.

C mv to the right. D mv to the left.
Answers
1. C 2. D 3. A 4. D 5. C 6. D 7. B
8. B 9. B 10. B 11. A 12. A 13. A 14. A

15. A 16. B
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1. Two blocks X and Y, of masses m and 3m respectively, are accelerated along a smooth horizontal surface by

a force F applied to block X as shown. Force o ' loa X | Fowa aneled
! SpGn~ (oot ek .
Accallogelin a% onn e - -y Am'
= me + m‘\') o E X v — (3¢)<£') EC :me)(.q>
F = (Nn+2m)aq U
_ F Y = = L
a = = Y r
Lm - €
What is the magnitude of the force exerted by block X on block Y during this acceleration? L
AF/4 BF/3 CF/2 (D3F/4 T Foi £

F= = B 2F
2. Which is not one of Newton's laws of motion? F;‘ * FY (4_"‘-? =F

@The total momentum of a system of interacting bodies remains constant, providing no external force acts.
B The rate of change of momentum of a body is directly proportional to the external force acting on the
body and takes place in the direction of the force. Newhm cecond lavs QO T™otion N 3d b
C Ifbody A exerts a force on body B, then body B exerts an equal and oppositely-directed force on body A.
D A body continues in a state of rest or of uniform motion in a straight line unless acted upon by some
externalforce. N 37 Xowo
resulonk
3. A motorist travelling at 10ms ' can bring his car to rest in a distance of 10 m. If he had been travelling at _ I
30ms ', in what distance could he bring the car to rest using the same braking force? Do wn Fineeolicq depld]
Al7m B30m C52m (D)90m

4. A child (mass m) sits on a car seat which is accelerating horizontally at 0.50 g (where g is the acceleration of
free fall) F, < mg y Fl:‘_.q ma
= m (O'Soa) e o»Soma

What is the magnitude of the total force F exerted by the car seat on the child?
A 0.50 mg B 1.0 mg @1.1 mg D 1.5 mg

T L
F= [(mg) + (0-50™4)
= \'IMG

5. Which is a statement of the principle of conservation of momentum?
A A force is equal to the rate of change of momentum of the body upon which it acts'Dep ‘d) R)f(Q
BlIna perfec(E tﬁg?ic collision, th e relative mo_in‘fqrgff(n:mn of the bodies before impact is equal to their
relative momentum after impact. A
C The momentum of a body is the product of the mass of the body and its Velocity.’DeP» ﬂD Momenlin,
@The total momentum of a system of interacting bodies remains constant, providing no external force

acts.
6. A mass accelerates uniformly when the resultant force acting on it FX a
A is zero. B)is constant but not zero.

C increases uniformly with respect to time. D is proportional to the displacement from a fixed point.

8. 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? "\: U
A zero B mu C —mu @ —2mu @
AP= ~mU~mu = ~omuy ~U <0
9. A force F'is applied to a freely moving object. At one instant of time, the object has velocity v and
acceleration a. Which quantities must be in the same direction?

A a and v only @a and F only C v and F only Dv, Fanda
Q (a) Distinguish between mass and weight. [3]
(b) State two situations where a body of constant mass experience a change in its apparent weight. (2]

d) O walsr dve b btk adivg m

(D dm T vevidel V5 4 gy Wemg G0 Aug&bu%f d@zeg’v\g (T2
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1. A resultant force of 100 N is applied to an object placed on a roof whose weight is 500 N as
shown in fig.1.

mass  ————100 N

Fig 1

What is the acceleration of the mass?

2. A net force of 10 N is applied to a 2.0 kg mass, initially at rest for a time of 10 s.
(a) What is the speed of the mass after the interval of acceleration.
(b) What distance does the mass move during the period of acceleration.

3. In fig. 3, find the acceleration of the system and the tension in the string between the two masses
ifm=10kgand F=12N

m T T F

4
A
3

4. In fig. 4, find the acceleration of the system and the tension in the string between the two masses
ifm=1.okgand F=12N. TF

2m |Fig. 4

T

m

5. In fig. 5, the surface and pulley are ideal. Let m; = 1.0 kg and my = 4.0 kg.

P

mi

my

Fig. 5

(a) Calculate the acceleration of the system;
(b) Calculate the tension in the string connecting the masses.

6. A box of mass 8.0 kg rests on a horizontal, rough surface. A string attached to the box passes
over a smooth pulley and supports a 2.0 kg mass at its other end.

8.0 kg

box smooth pulley
7
rough surface

2.0kg

When the box is released, a friction force of 6.0 N acts on it. What is the acceleration of the box?
A 1.4 ms? B 1.7 ms? C 2.0 ms? D 2.5 ms?

7. In fig. 7, calculate the acceleration of the system and the tension in the connecting strings. Take
m = 2.0 kg.( neglect friction and mass of the pulley)

Fig. 7

2m
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Answers

1. given: =100 N; W =500 N
first find the mass: W=mg; 500 =m (9.81); m=51.0Kg
now use Newton's 2" [aw: F =ma; 100 = (51.0 )a; a = 1.96 ms?

2.given: F=10N; m=2.0Kkg
first find the acceleration : F =ma; 10 = (2.0)a; a = 5.0 ms?
constant force produce constant acceleration ;
@v=u+at ; v=0+(50)10) ; v =50 ms™!
G)S=ut+(1/2)at? ; S=0+12(50[10F ; S=25x1Fm

3. Note: Only forces in the horizontal direction should be considered
Form : F—T=ma

For2m: T =2ma
Adding both these equations
ma+2ma=F ; 3ma=F ; 3(1.0)a=12 ; a=4.0ms?
To find T, substitute a = 4.0 ms? in any equation.
2(1.0)4.0) =T ; T=80N

4. For top mass, one upward force and two downward forces
F-T-2mg=2ma
For bottom mass, one upward force and one downward force
T—mg =ma
Adding both these equations,
F—3mg = 3ma
12-3(1.0)(9.81)=3(1.0)(a)
a=-58ms?
Note: The negative sign means the system is accelerating downward instead of upward. The upward force is

less than the total weight of the system.

S. Since the surface is frictionless, the mass m; moves downward and m; to the right.

Form; . mig—T=mia
Formy . T=ma
Adding these equations:
mg=mpatma
(1.0)(9.81)=(1.0)a +(4.0)a
a=2.0ms?

To find T, substitute a = 2.0 ms? in equation for mass mp.
T=mza ; T=(4.0(20) ; T=80N

6. Vertical forces on 2 Rg mass
downward weight — upward tension = ma ; mg —T=ma ; 29—T=2a
Horizontal forces on box of mass 8 Rg
Rightward tension — Leftward friction = ma ; T—f=ma ; T—-6=38a
Adding both these equations,
29-6=10a  ; 2(9.81)-6=10(a) ; a =136 ms?
So Answer is option A4

7. Vertical force on 2 m mass :
2mg—T=2ma ;0 2(2)g—-T=2(2)a

downward weight — upward tension = ma ;
Vertical force on m mass :
upward tension - downward weight = ma ;  T-mg=ma ; T-2)=(2)a
Adding both these equations,
4g-2g=4a+2a ; 2g=6a ;5 2(981)=6a ; a=327=33ms?
To find T, substitute a = 3.3 ms? in any equation.
T=6.6+19.6 ; T=262N

T-2g=2a  ; T-2(981)=2(33) ;
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Q. A steel ball of mass 73 g is held 1.6 m above a horizontal steel plate, as illustrated in Figure.
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The ball is dropped from rest and it bounces on the plate, reaching a height 4.
(a) Calculate the speed of the ball as it reaches the plate. c -
9 P = =k

248 = V- U e At
209.20(1-6) = vt~ (oF szzf_
N = [2ca-8)(1€)

N = 5-6
speed = N = Y1 S ms—1 [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 4 to which the ball bounces,

Qo/, B Kindh emergye Grevirlind pribrliel everyy
.q_o_. 1 '\Il = %
(O’J;A«} " P o e
5 > T e
(ii) the speed of the ball as it leaves the plate after bouncing.

208 = VP - W e = &
2(q.20(1. U = 0 ~ U

U /U386 (- )

speed = .......... S 30 .................... ms '[4]
(¢) Using your answers to (a) and (b), determine the change in momentum of the ball during the bounce.

AP: My - 'l 2
= (732163 (~5-20) —(72x15°) ( 56)

6:6 S'ZOM.g‘
mg?

)
3
n

-~ change = .....cccooeiiie e Ns [3]
(d) With reference to the law of conservation of momentum, comment on your answer to (c).
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Q. A ball falls from rest onto a flat horizontal surface. Fig. 1.1 shows the variation with time ¢ of the velocity v
of the ball as it approaches and rebounds from the surface.
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Use data from Fig. 1.1 to determine
(a) the distance travelled by the ball during the first 0.40 s,

dislomee = Aves  umdal
= %COL(O)CL‘.O‘)

distance = O ) 80 m [2]

(b) the change in momentum of the ball, of mass 45 g, during contact of the ball with the surface,

AP = myv - ™MU

- (usx169(~3:6) — (usxip)(we)
= — 0- 342 N4K

change = .......ccooiiiiiiii Ns [4]
(¢) the average force acting on the ball during contact with the surface.

F- AP - 0-30
At 0'57-0'R
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Q. An experiment is carried out to determine the speed of a bullet. The bullet, of mass 15 g and speed v, is fired
horizontally at a box of sand of mass 6000 g, suspended by strings as shown in Fig. 1.1.
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Fig. 1.1 Fig. 1.2

The bullet becomes embedded in the sand in the box and causes the box to rise to a maximum height of 4.6 cm, as
shown in Fig. 1.2.

(a) State with a reasqn whether the collision is elastic or inelgstic. . ’
1 U 1
Saeleslic’. oecanss. . volabiv &p&dﬂ{ ...... Ropeler &
(b) Use the principle of conservation of energy to show that the initial speed of the box, immediately after the bullet has
become embedded, is 0.95 ms™. [3]
~ t
Luggg{)Elc_ﬂDmeQck Cons v Ep o loudllok and sk
A vt \7( 'R = N-= ,.l P\
> -

Gs me
N o= {202 ) (kensD) = ©
C‘.rv\&ew%& 0% rromeriwe. Prindiel

(c) Calculate the initial speed of the bullet. m

Qz)(v) ~(8ood)(0) = 1§ & 6ooo)(0-99)
15y = &o1§)(e-29)
N = 28\ §peed = o 2B m s 3]

Q.(a) Collisions can be described as elastic or inelastic

QN\QV% ..... \oapaeezvxdaxb\tuce%tmmmtmnsewed ..............................

(b) A ball of mass 0.12 kg strikes a stationary cricket bat with a speed of 18ms™". The ball is in contact with the bat for
0.14 s and returns along its original path with a speed of 15ms™". Calculate
(i) the momentum of the ball before the collision,

he mu-co)gy 2:16 N& .

(ii) the momentum of the ball after the collision,

e mve (or2)(-1S) =18 NA

(iii) the total change of momentum of the ball,

AP= 18 ~2.14 ~2.9¢ \&

(iv) the average force acting on the ball during contact with the bat,

F- AP - 2.96 283N

O VP S ) R
(v) the kinetic energy lost by the ball as a result of the collision.

N : -\—M[\I"~u‘] = L (o m[ (15-) (\gﬂ = -..5.'. ..... I
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2 (a) State the principle of conservation of momentum.

(b) A stationary firework explodes into three different fragments that move in a horizontal plane,
as illustrated in Fig. 2.1.
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Fig. 2.1
The fragment of mass 3.0M has a velocity of 7.0ms™" perpendicular to line AB.

The fragment of mass 2.0M has a velocity of 6.0ms™" at angle 6to line AB.
The fragment of mass 1.5M has a velocity of 8.0ms™ at angle 6to line AB.

(i) Use the principle of conservation of momentum to determine 6.
ﬂ) ‘mom%v\hhn

Conidor. Narhal crtenaus
Bom)(7.0) = (2oM)(608mm0) * (1-5M) (8045
g - 6)°

(ii) Calculate the ratio

kinetic energy of fragment of mass 2.0M
kinetic energy of fragment of mass 1.5M"

L (2.0M)(6-0)"
L (e (g0)

[Total: 7]
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3 (a) State the principle of conservation of momentum.

o\QQ'\e\Q\aﬁh@X\m&n

e ond 1 on

(b) Ball A moves with speed v along a horizontal frictionless surface towards a stationary ball B,

as shown in Fig.3.1.
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Fig. 3.1 Fig. 3.2 (not to scale)

Ball A has mass 4.0kg and ball B has mass 12kg.

The balls collide and then move apart as shown in Fig. 3.2.

Ball A has velocity 6.0ms™" at an angle of 6 to the direction of its initial path.

Ball B has velocity 3.5ms™" at an angle of 30° to the direction of the initial path of ball A.

(i) By considering the components of momentum at right-angles to the direction of the initial
path of ball A, calculate 6.

eofore inkerndes = ARBL irereds’
Ox 0 - (o) (603umb)t () (25 (8820
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(i) Use your answer in (i) to show that the initial speed v of ball Ais 12ms™.

T Cgidge . Rolied Crgeielnd o vromenim
L) + 00 < (we)(6 ol +(12) (25 @)

~\

V = 12msg

[2]

(iii) By calculation of kinetic energies, state and explain whether the collision is elastic or
inelastic.

Wl ICinelid emeny \DBWQ inferacl,

= -;L— Ch-o)(\zjl ’\'-.-;: Cn}(o) =28€)
Firel Windl 2regy Al inkevodiia

= L (e (60] + L () (3-5)°

20 callicion w  nelelse
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