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By Muhammad Shafig ur Rehman

Two uniform smooth spheres 4 and B of equal radii have masses m and km respge two
spheres are moving on a horizontal surface with speeds u and $u respectively. Imme ely Pefore the
spheres collide, A is travelling along the line of centres, and B's direction of méti Wewan angle a

with the line of centres (see diagram). The coefficient of restitution betweeRythe spheres is % and
tana =7
7

After the collision, the direction of motion of B is perpendig

(a) Find the value of k. [4]

(4]

(b) Find the loss in the total kinetic energy as a resul
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Two uniform smooth spheres 4 and B of cqual radii have masses m and m respectively.

spheres are moving on a horizontal surface when they collide. Immediately befgfe Uity
sphere A is travelling with speed w and its direction of motion makes an angle o wi f cc
Sphere B is travelling with speed 2w and its direction of motion makes an fic linc of

centres (see diagram). The coefficient of restitution between the spheres is § andya + 4= 90°.

L

(a) Find the component of the velocity of B parallel to the line of aftqgthe collision, giving
your answer in terms of u and a. [4]

The dircction of motion of B after the collision is paralle Non of motion of A before the
collision.

[5]

(b) Find the value of taner.
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6 Two uniform smooth spheres A and B of equal radii have masses m and km respectively. The two
spheres are on a horizontal surface. Sphere 4 is travelling with speed u towards sphere 3 which is at
rest, The spheres collide. Immediately before the collision, the direction of mation of A makes an angle

& with the line of centres. The coefficient of restitution between the spheres is 5.

(a) Show that the speed of B after the collision is ;"{T f{; and find also an expression for the speed of

A along the line of centres after the collision, in terms of &, u and @. [4]

After the collision, the kinetic energy of A is equal to the kinetic energy of B.

(b) Given that tana = $, find the possible values of £,
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s C
u
a 60°
A B

AB and BC are two fixed smooth vertical barriers on o smooth horizontal surface, with angle % )
d u on the surface. The particle strikes A8 Mgle 64

A particle of mass m is moving with spee . o
4B 1t then strikes BC and rebounds at an angle 8 with BC (see diagram). The coeffcient :
between the particle and each barrier is e and tan8 = 2.

The kinetic encrgy of the particle after the first collision is 40% of its energy before the first

collision.
(a) Find the value of e. \ (4]
[4]

(b) Find the size of angle 8.
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Two uniform smooth spheres 4 and B of equal radii each have mass m. The e ch
moving with speed u on a horizontal surface when they collide. Immediately befofe the cgllision, A's
direction of motion makes an angle a with the line of centres, and B8’s direction ofgotigh mukes an
angle 8 with the line of centres (see diagram). The coefficient of restitutiog, between e spheres is ;
and 2cosf = cosa. o

(8) Show that the direction of motion of A after the collisionfls pergihadi jne of centres.m

The total kinetic energy of the spheres after the collision is 2nu”

(b) Find the value of . [4]

Bafore tha Callislon

ga | - Lo “'é L cane i

- .,,,(.-t‘.-t@ﬁﬁ)
-+ "“rV;-}-‘?ﬂjl’;.'-"Tﬂ“q” o

V) $vi = Whiw =K Gz — @O

g = Ve, i

U Grw + UG L
L _ va-v
5 -

&t A P 4 Grm B
Shafig.mathematician@gmall.com (Aitchison College Lahore Pakistan) 6




=3V 4+ AV -

= U +A G — iy

G ukr '?4"-’F=t€-”<

V.—y'.h, = L s o _ﬂ{i- {nd}—_r .&4};-{

—
=V 43V, - Wbk o “+ U (S 4 = 2l — "
e B

(b

Vo2 = %
o
K E 4 g aﬁéé-ﬂ: m (USn)

/
z
. _ a
1E o 6 a%mfmw = & W((‘/(i‘ wer< ) tiusit)")

L F A S o L
S il L = " —
U S o L om ( -*-‘q {93 ﬁ[) - _!...z*'ﬂ 4

b= 1 iL
3-:56-9‘—;4}74.,:-;-}__4}-{}-; ay 2emf = Gox

HaiEm = L

=

- o

é“""" T J}:



CAIE AS Level Further Mathematics Momentum By Muhammad Shafig ur Rehman

Q.6 May/June/P33/2021

6
Two uniform smooth spheres A and B of equal radii have masses i1 and fon respectively. Sp
moving with speed u on a smooth horizontal surface when it collides with sphere 8 which isj
hlnrned:alely before the collision, A's direction of motion makes an angle @ with the line of
diagram). The coefficient of restitution between the spheres is §.
(a) Show that the speed of B after the collision is ﬁ B3
70% of the total kinetic energy of the spheres is lost as a result of the collision.
(b) Given that tan® =1, find the value of k o (6]
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The smooth vertical walls A8 and CB are at right angles to each other. A particle ith
speed 1 on a smooth horizontal floor and strikes the wall CB at an angle @. It rebound§gt an gle B to
the wall CB. The particle then strikes the wall A8 and rebounds at an angle ¥ 1o that wa diagram)
The coeflicient of restitution between each wall and P is e. ®
(a) Show that tanf = etana. [3]
(b) Express ¥ in terms of & and explain what this result means { the direction of motion uf[ i’;l
As a result of the two impacts the particle loses % of its iflti ¢ energy.
(c) Given that @+ = 90°, find the value of e tana. 4]
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o
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Two uniform smooth spheres A and B of equal radii have masses m and %m respecliv

spheres are each moving with speed u on a horizontal surface when they _cnlli'dr.. I _i:l fore
the collision A's direction of molion is along the line of centres, and B's direction o motio makes an

angle of 60° with the line of centres (see diagram). The coefficient of restitution bel e spheres

- 2
ISl.

{a) Find the angle through which the direction of motion of e ision. (6]
(b) Find the loss in the total kinelic energy of the system as a t of llision. [3]
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6 A particle P of mass m is moving with speed 1 on a fixed smooth horizontal surface. The particle
strikes a fixed vertical barrier. At the instant of impact the direction of motion of P makes an angle &
with the barrier. The coefficient of restitution between P and the barrier is €. As a result of the impact,
the direction of motion of £ is tumed through 90°,

(8) Show that ana = 1. 3)

The particle P loses two-thirds of its kinetic energy in the impact,

(b) Find the value of & and the value of e.
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with speed u on a horizontal surface when they collide. Immediately before the follisio A's direction
of motion makes an angle of a® with the line of centres, and B's direction of moticiy ndicular to
that of 4 (see diagram). The coefTicient of restitution between the sphergslige. °

Two uniform smooth spheres A and 8 of equal radii each have mass m. The two SPE anving

Immediately after the collision, B moves in a direction at ri centres
(a) Show that tana = 15, (4]

(b) Given that tana = 2, find the speed of 4 afier lhe% [4]
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6 Two smooth spheres 4 and B have equal radii and masses m and 2m respectively. Sphere 8 is at rest on

a smooth horizontal floor. Sphere A is moving on the floor with velocity u and collides directly with B.
The coefTicient of restitution between the spheres is e.

(a) Find, in terms of 1 and e, the velocities of A and B after the collision. [3]

Subsequently, 8 collides with a fixed vertical wall which makes an angle 8 with the direction of motion
of B, where tan8 = 3

The coeflicient of restitution between 8 and the wall is %- Immediately after 8 collides with the
the kinetic energy of 4 is 351- of the kinetic energy of B.

(b) Find the possible values of e, [7
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Two uniform smooth spheres A and B of equal radii have masses 2m and m respectively. §
at rest on a smooth horizontal surface. Sphere 4 is moving on the surface with speed u alid
with 8. Immediately before the collision, the direction of motion of 4 makes an ang

of centres of the spheres, where tana =§ (see diagram). The coeflicient of restitdgion
spheres is 1.

Find the speed of A afier the collision. L [5]
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3 Three uniform small spheres A, B and € have equal radii and masses 2m, 4m and m respectively, The
spheres are moving in a straight line on a smooth horizontal surface, with B between A and C. The
coefficient of restitution between each pair of spheres is &. Spheres A and B are moving towards each
other with speeds 2u and i respectively. The first collision is between A and B,

(i) Find the velocities of A and B after this collision. 3]
Sphere C is moving towards B with speed Su and now collides with it. As a result of this collision, B
is brought to rest.

(ii) Find the value of e, [

(iif) Find the total kinetic energy lost by the three spheres as a result of the two collisions.
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3 Three uniform small spheres A, B and C have equal radil and masses 3m, 1 and m respectively. The
spheres are at rest in a straight line on a smooth horizontal surface, with B between A and C, The
coefficient of restitution between each pair of spheres is e. Sphere A is projected directly towards B
with spead 1.

(1) Find, in terms of u and e, expressions for the speeds of A, B and C after the first two collisions.
(6]

(i) Given that A and C are moving with equal speeds after these two collisions, find the value of e.
(3
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3 Three uniform small spheres A, B and C have equal radii and masses Sm, 5m and 3m respectively
% splu;iru are al rest on a smooth horizontal surface, in a straight line, with B berween A and C"
coefficient of restitution between each pair of spheres is e. Sphere A is projected directl tuwn:d;

B with speed u. o » e i

(i) Show that the speed of A after its collision with B is fu(1 - ) and find the speed of B. 3]

Sp:ll:n: B now collides with sphere C. Subsequently there are no further collisions between any of the
spheres.

(ii) Find the set of possible values of e.
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3 Two identical uniform small spheres A and B, each of mass m, are moving towards each other in a

straight line on a smooth horizontal surface. Their speeds are u and ku respectively, and they collide
directly. The coefficient of restitution between the spheres is e. Sphere B is brought to rest by the

callision.
k-1
(i) Show thate = k__l- [3]

&
(ii) Given that 60% of the total initial kinetic energy is lost in the collision, find the values of k and e.
(6]

28

w ’®
— —

e 4lv

1-
S—jek tsk =a+R&NK

17

Shafig.mathematlician@gmail,com (Aitchison College Lahore Pakistan)



3L -fok $3 =~ &

BE-1) (K-3) =,



CAIE AS Level Further Mathematics Mo tum
Q.17 May/June/P33/2018

By M mmad Sh
2

r Rehman
Two uniform small spheres A and B have equal radii and massas dns and m respectively. Sphere A is
moving with spced u on a smooth horizontal surface when it collides directly with sphere 8 which is
at rest. The coefficient of restimution between the spheres is e,

(i) Show that after the collision A moves with speed $u(4 — ) and find the speed of B. (4]

Sphere B continues to move until it collides with a fixed smooth vertical barrier which is perpendicular
to the direction of motion of B. The coefficient of restitution between B and the barrier is Je. Afer
this collision, the speeds of A and B are equal.

(ii) Find the value of e.

The spheres A and B now collide directly again.

(ili) Determine whether sphere B collides with the barrier for a second time.,
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CAIE AS Level Further Mathematics Momentum By Muhammad Shafig ur Rehman
Q.18 Oct/Nov/F31+P33/2018

2 Two uniform small smooth spheres A and B have equal radii and masses Sm and 2m respectively.
Sphere A is maving with speed u on a smooth horizontal surface when it collides directly with sphere
B which is moving towards it with speed 2u. The coefficient of restinnion between the spheres is e,
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of A. (4]

In the collision, the speed of A is halved and its direction of motion is reversed.
(ii) Find the value of e. 2

(iii) For this collision, find the ratio of the loss of kinetic energy of A to the Joss of kinetic
of B.
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Q.19 Oct/Nov/P32/2018

2 Two uniform small smooth spheres A and B have equal rodli and masses 2m and m respectively.
Sphere A Is moving with speed i on a smooth horlzantal surface when It collides directly with sphere

B which is at rest. The coefMiclent of restitution between the spheres is §.

(1) Find, in terms of u, the speeds of A and B after this collislon. (4)

Sphere B Is Initially at o distance d from a fixed smooth vertical wall which Is perpendicular to the
direction of motion of A. The coefficient of restitution between B and the wall Is 4.

(i) Find, in terms of d and i, the time that elapses between the first and second colllsions between
Aand B.
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