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  

1. A particle P of mass 2 kg is moving with velocity ( )! "4 3i j m s−1when it receives an 
impulse ( )! "6 42i j N s.

 (a) Find the speed of P immediately after receiving the impulse.
(4)

 The angle through which the direction of motion of P has been deflected by the impulse 
is α°

 (b) Find the value of α
(2)
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Question 1 continued
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  

2. A car of mass 1000 kg moves in a straight line along a horizontal road at a constant 
speed U m s−1. The resistance to the motion of the car is a constant force of magnitude 
400 N.

 The engine of the car is working at a constant rate of 16 kW.

 (a) Find the value of U.
(3)

 The car now pulls a trailer of mass 600 kg in a straight line along the road using a tow 
rope which is parallel to the direction of motion. The resistance to the motion of the car 
is again a constant force of magnitude 400 N. The resistance to the motion of the trailer 
is a constant force of magnitude 300 N.

 The engine of the car is working at a constant rate of 16 kW.

 The tow rope is modelled as being light and inextensible.

 Using the model,

 (b) find the tension in the tow rope at the instant when the speed of the car is 20

3
 m s−1

(5)
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Question 2 continued
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Question 2 continued
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Question 2 continued
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  

3. A particle P of mass 2m is moving in a straight line with speed 3u on a smooth 
horizontal plane. It collides directly with a particle Q of mass m that is moving on the 
plane with speed 2u in the opposite direction to P.

 The coefficient of restitution between P and Q is e, where e > 4

5

 (a) Show that the speed of Q immediately after the collision is ( )4 10

3

+ e u

(6)

 After the collision Q hits a smooth fixed vertical wall that is perpendicular to the 
direction of motion of Q. The coefficient of restitution between Q and the wall is f.

 (b) Find, in terms of e, the set of values of f for which there will be a second collision 
between P and Q.

(4)
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Question 3 continued
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For P andQ to collideagainthespeedofQmustbelargerthanthespeedof P
Sinie Wa is movingin the negative direction Wq tucative
Botharemovingin the negativedirectionso we want w to be more
negative and smaller thanVp so that itsmagnitudeandhencespeedis
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Question 3 continued
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Question 3 continued
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  

4. A light elastic string has natural length 2a and modulus of elasticity 4mg. 
One end of the elastic string is attached to a fixed point O. A particle P of mass m is 
attached to the other end of the elastic string. 
The particle P hangs freely in equilibrium at the point E, which is vertically below O

 (a) Find the length OE.
(4)

 Particle P is now pulled vertically downwards to the point A, where OA = 4a,  
and released from rest. The resistance to the motion of P is a constant force of 

 magnitude 1

4
mg.

 (b) Find, in terms of a and g, the speed of P after it has moved a distance a.
(7)

 Particle P is now held at O 
Particle P is released from rest and reaches its maximum speed at the point B.

 The resistance to the motion of P is again a constant force of magnitude 1

4
mg.

 (c) Find the distance OB.
(4)
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Question 4 continued
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Question 4 continued
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5. 

U
S (m) (M)

α

ß

Figure 1

 A smooth uniform sphere S of mass m is moving with speed U on a smooth horizontal 
plane. The sphere S collides obliquely with another uniform sphere of mass M which is 
at rest on the plane. The two spheres have the same radius.

 Immediately before the collision the direction of motion of S makes an angle α,  
where 0 < α < 90o, with the line joining the centres of the spheres.

 Immediately after the collision the direction of motion of S makes an angle β with the 
line joining the centres of the spheres, as shown in Figure 1.

 The coefficient of restitution between the spheres is e.

 (a) Show that tan
( ) tan

( )
! "# $

%
m M
m eM (8)

 Given that m = eM,

 (b) show that the directions of motion of the two spheres immediately after the collision 
are perpendicular.

(2)
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m M m M

1aUcog V1
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usina vs
I Paralleltothelineofcenters velocityChiahges

substitute mucosal MM Mlv MV2
mucosa mV Muz fal

ecucosa Vz V 92
Visualize tane rousingusing tano

Let'sget v by solvingEglandEgl simultaneously

my ME I v Iucosav
Mucosa mv Mleucosa V1

mucosa Mucosa Vy m Ml

ucosqhfiteljthna.si
substituteinto tano tano

m.me
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Question 5 continued
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1h1 If m em
tanoMtm tanαlem e

0

As the denominator endsup equal to0
tano 0 6 90 fromtheasymptoteof angraph

So after thecollision S movesperpendicular to the lineofcentersTheother
spheremovesparallel tothelineof centers

S

Hencethe spheresmoveperpendicularly toeachother
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Question 5 continued
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6. A particle P of mass m is falling vertically when it strikes a fixed smooth inclined plane. 
The plane is inclined to the horizontal at an angle α, where 0 < !  45"

 At the instant immediately before the impact, the speed of P is u.

 At the instant immediately after the impact, P is moving horizontally with speed v.

 (a) Show that the magnitude of the impulse exerted on the plane by P is mu secα
(5)

 The coefficient of restitution between P and the plane is e, where e > 0

 (b) Show that v u e2 2 2 2 2! "(sin cos )# #
(3)

 (c) Show that the kinetic energy lost by P in the impact is

1

2
12 2 2mu e( ) cos! "

(2)

 (d) Hence find, in terms of m, u and e only, the kinetic energy lost by P in the impact.
(2)
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a Method1

We can use the conservationoflinearmomentum alongtheplane
conservationoflinearmomentum means the total momentumbeforethe
collisionis thesame asthe totalmomentumafter
Formula MAUA MBUB MAVA MBVB
Diagram initialvelocity finalvelocity

substitute
EiUcosa Alusina Alucosal M1A1

sina.IE usina usina vcosa

Perpendicularto theplanewe will u th pulse momentumprinciple

Impulseis thechangeinmomentum
Formulaforchange inmomentum

I momentummtiii my.in
Substitute I mu mu m v u M1

in I
fromabove

m tacos
cost Kiosa cost

factorize MY sink cosat trigidentity sink coin

g sec ffg museca henceshownAn
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Question 6 continued
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Method2 Wewill use the Impulse Momentumprinciple vertically mn
Diagram Impulseis thechangeinmomentum

ru YuliaFormulaforchange inmomentum
m I smomentummillion

my

Icosa MY
p

vertically
is sincetheparticle

Icosa mu moveshorizontally

I My museca henceshown Al
Method3

I
yeucosα

Theperpendicularcomponentof v isfoundusingNewton's
lawof Restitution

euros usi inchangefusing
am

exucosa eucosa

Fromthediagramweseethat
tana it e

i e tana ing tank e MI
Usethe Impulse Momentumprinciple perpendicularly

I mu mu mor u
I m eucosa t ucosa

tank sink
I m tan'ducosa tucosa an

s.IE fEdsataEEEkosax cosa

factorize TY sink cosat trigidentity sink coin a

g
sÉc frosty museca henceshown Al

Method 4 Vectors UseCLMalongtheplane M1
musina Mucosa
At v using utana lusingtrig tano scion

1aug crooksina Impulseis thechangeinmomentum
Formulaforchange inmomentum

I momentummirin
mini

I mi 8 E m t M1
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Question 6 continued
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Apply Pythagoras Theorem togetthemagnitudeoftheimpulse
III MyV2 U
mylutana4w̅v utanα seeabove

Al mVU'tanktur usetrigidentity
Mukti it tank seek

mudseck museca I henceshown A

bWe can use Newton's Law of Restitution to get an equationperpendicularly
Newton's Law of Restitution states that when twoobjectscollide theirspeedsafter
thecollision dependon speedsbeforethecollisionand thematerialfromwhichthey'remade
mm

coefficientof
restitution hit's'peld Intelspeed

substitute MI eucosa usina
Alongtheplane usina vcosat fd.fm

e'u'costatu'sin'α V'sin'α v ios'α
u e'cos α sin'a v Isin a ios'Ttrig identity
i u e'cos α sink v shown sink cost 1

Al

c TogetKElost AKE KEI KEF

Substitute SKE Imu Imu found in bl
mu Imu sinta e'cos'd MI

factorize Imu 1 sinza e'cos's
Isin'd cos2 1 cos'a 1 sink

12mm cos α e'cos'a

Imucos'a e e't henceshown Al

d We foundthat e tantain lalMethod3 tank seca 1 e t
substitute Kfa MU 11 e

n fcos a

MAI
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Question 6 continued
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(Total for Question 6 is 12 marks)
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7. 

α ȕ

Ȗ

Q

CPD

A B

W

V

U

Figure 2

 A small smooth snooker ball is projected from the corner A of a horizontal rectangular 
snooker table ABCD.

 The ball is projected so it first hits the side DC at the point P, then hits the side CB at 
the point Q and then returns to A.

 Angle APD = α, Angle QPC = β, Angle AQB = γ
 The ball moves along AP with speed U, along PQ with speed V and along QA with 

speed W, as shown in Figure 2.

 The coefficient of restitution between the ball and side DC is e1

 The coefficient of restitution between the ball and side CB is e2

 The ball is modelled as a particle.

Use the model to answer all parts of this question.

 (a) Show that tan tan! "# e1

(4)

 (b) Hence show that e e1 2tan cot! "#
(3)

 (c) By considering (angle APQ + angle AQP) or otherwise, show that it would be 
possible for the ball to return to A only if e2 > e1

(6)

 If instead e1 = e2, the ball would not return to A.

 Given that e1 = e2

 (d) use the result from part (b) to describe the path of the ball after it hits CB at Q, 
explaining your answer.

(1)

_____________________________________________________________________________________
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Question 7 continued
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Question 7 continued
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Question 7 continued
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Question 7 continued
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(Total for Question 7 is 14 marks)
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