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1. A particle P has mass 3m and a particle Q has mass 5m.  The particles are moving towards 
each other in opposite directions along the same straight line on a smooth horizontal 
surface.  The particles collide directly. 

 Immediately before the collision the speed of P is ku, where k is a constant, and the speed 
of Q is 2u.

 Immediately after the collision the speed of P is u and the speed of Q is 3u. 

 The direction of motion of Q is reversed by the collision.

 (a) Find, in terms of m and u, the magnitude of the impulse exerted on Q by P in 
the collision.

(2)

 (b) Find the two possible values of k.
(5)
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2. A car moves along a straight horizontal road with constant acceleration a m s –2  
where a > 0

 The car is modelled as a particle.

 At time t = 0, the car passes point A and is moving with speed u m s –1

 In the first three seconds after passing A the car travels 20 m.

 In the fourth second after passing A the car travels 10 m.

 The speed of the car as it passes point B is 20 m s –1 

 Find the time taken for the car to travel from A to B.
(8)
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3. [In this question i and j are perpendicular horizontal unit vectors.]

 Three forces, F1, F2 and F3, are given by

F1 = (5i + 2j) N     F2 = (–3i + j) N     F3 = (ai + bj) N

 where a and b are constants.

 The forces F1, F2 and F3 act on a particle P of mass 4 kg.  

 Given that P rests in equilibrium on a smooth horizontal surface under the action of these 
three forces,

 (a) find the size of the angle between the direction of F3 and the direction of – j.
(4)

 The force F3 is now removed and replaced by the force F4 given by F4 = λ (i + 3j) N,  
where λ is a positive constant.

 When the three forces F1, F2 and F4 act on P,  the acceleration of P has magnitude  
3.25 m s –2 

 (b) Find the value of  λ.
(5)
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4.

Figure 1

 Figure 1 shows a large bucket used by a crane on a building site to move materials between 
the ground and the top of the building.  The mass of the bucket is 15 kg.

 The bucket is attached to a vertical cable with the bottom of the bucket horizontal.   
The cable is modelled as light and inextensible.

 When the bucket is on the ground, a bag of cement of mass 25 kg is placed in the bucket.

 The bucket with the bag of cement moves vertically upwards with constant acceleration  
0.2 m s –2.  Air resistance is modelled as being negligible.

 (a) Find the tension in the cable.
(3)

 At the top of the building, the bag of cement is removed. A box of tools of mass 12 kg is 
now placed in the bucket. 

 Later on the bucket with the box of tools is moving vertically downwards with constant 
deceleration 0.1 m s –2.  Air resistance is again modelled as being negligible.

 (b) Find the magnitude of the normal reaction between the bucket and the box of tools.
(3)
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Question 4 continued
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Question 4 continued
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5. [In this question i and j are perpendicular horizontal unit vectors.]

 A particle P is moving with constant acceleration.  At 2 pm, the velocity of P is  
(3i + 5j) km h –1 and at 2.30 pm the velocity of P is (i + 7j) km h –1

 At time T hours after 2 pm, P is moving in the direction of the vector (– i + 2j)

 (a) Find the value of T.
(6)

 Another particle, Q, has velocity vQ km h –1 at time t hours after 2 pm, where

 vQ = (– 4 –2t) i + ( μ + 3t) j

 and μ is a constant.

 Given that there is an instant when the velocity of P is equal to the velocity of Q,

 (b) find the value of  μ.
(3)
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a Theacceleration is constant so SUVATcan beusedfrom2pmto 2.30pm

Equationwithout s V U at
zits

v it 7 a v i ft5j Mithj
a a

t 0.5 hours

Velocity at time t givenby to at is

Vp 3it5j Mithj t 3 Mt it 57Mt

At time T thevelocity is in thedirection it 2 so the velocity
is a multiple of this such that 3 Mt it Stut k it 2

Equate the i and j components and solve

3 4T K k 8 and T or 2.75 hours
5 4T 2K
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Question 5 continued
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b If thevelocityof P and Q are equal we can equatethem and
solve for t and µ

Vp VQ 3 Mt it 51Mt 4 24 it p 3t j

Equate i and j components

3 Mt 4 21 57Mt p 3t
2t 7 p 5 t 5 3.5 8 5
t 3.5
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Question 5 continued
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Question 5 continued
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(Total 9 marks)
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6. A fixed rough plane is inclined at an angle θ to the horizontal, where  tan θ = 
5

12
 

 A particle of mass 6 kg is projected with speed 5 m s –1 from a point A on the plane, up a 
line of greatest slope of the plane.

 The coefficient of friction between the particle and the plane is 1
4

 

 (a) Find the magnitude of the frictional force acting on the particle as it moves up 
the plane.

(3)

 The particle comes to instantaneous rest at the point B.

 (b) Find the distance AB.
(5)

 The particle now slides down the plane from B.  At the instant when the particle passes 
through the point C on the plane, the speed of the particle is again 5 m s –1

 (c) Find the distance BC.
(5)
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a Draw a diagram labelling the forces tano 12 sino Coso 13

r R sincethere'snomovement perpendicular
to theplane the sumof theforces

I in thisdirection is zero

69050
10 69k Ggsino E F 0 R Ggcoso 0

R Ggcoso

usingthefrictionformula F MR F x6gcoso 189Ne

b To calculate thedistance travelled we need to conserve energy and use
diagrams tables or SUVAT

WAY I

NorelativeGPE andnoworkdoneto Anincreaseofrelative GPEandwork
Rrfriction at A donebyfrictionat B

Kineticenergy
only

p B Nokineticenergy at rest jgB
GPE 0 GPEO

FL 8
start End
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Question 6 continued
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The formula forkineticenergy KE mr

KE at A 12 6 52 75

Theformulafor GPE GPE mgoh

GPE at B 6 gxsesino 3,9goc where x is thedistanceAB

The formulaforwork done W Fd

Workdonebyfriction from A to B 18,39 xx 1,83gal

Usingconservationof energy where theenergy at the start equalsenergy
at the end

75 39gal 1 92

75 485gal x 75 1,3 784 20727 2.07m 3571

WAY2

We can put the calculatedenergies in a table and comparethem

KE GPE Workbyfriction

Start 1 6 52 Gxgxxsi.no 0

End 0 0 18,93 xx

Now we equate the total energy at the start to end to conserveenergy

1 6 52 Gxgxxsi.no 1 9 2 75 33gal 1 gx

75 485gal x 75 13 20727 2.07m 3571
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Question 6 continued
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WAY3

Use the equationof motionto calculate the acceleration of the particle

EF ma F Ggsino Ga takinguptheslopeas positive

a _F 6gsin
1

616981537 8,3g

Now we can set up a SUVAT from A to B

S X Formula without time V2 U 2 as
u 5

02 52 2 Eg x 16,39k 25
1 3

t x 218 2.07 2.07m 3571

c Redrawthe diagram labellingthe forces
R

F The directionof friction has
beenreversed as theparticleis

ogcoso now moving down theslope
69LGgsino

10

Equation of motionparallel to the plane EF ma

F Ggsino Ga a FtGgsI 1 98153 29,3

Now we can set up a SUVAT from B to C

S S Formula without time V2 U 2as
u O

52 02 2 39,3 5 s 25 2 71

t S 25 4191 8.29 8.30m 3sf y

www.mymathscloud.com
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Question 6 continued
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(Total 13 marks)
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7.
8a mC D

2a ma m
A B

Figure 2

 A non-uniform beam AB, of mass 60 kg and length 8a metres, rests in equilibrium in a 
horizontal position on two vertical supports.  One support is at C, where AC = a metres 
and the other support is at D, where DB = 2a metres, as shown in Figure 2.  

 The magnitude of the normal reaction between the beam and the support at D is three 
times the magnitude of the normal reaction between the beam and the support at C.

 By modelling the beam as a non-uniform rod whose centre of mass is at a distance  
x metres from A,

 (a) find an expression for x in terms of a.
(5)

 A box of mass M kg is placed on the beam at E, where AE = 2a metres. 

 The beam remains in equilibrium in a horizontal position.

 The magnitude of the normal reaction between the beam and the support at C is now equal 
to the magnitude of the normal reaction between the beam and the support at D.

 By modelling the box as a particle,

 (b) find the value of M.
(5)
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PMT

a Draw a diagramlabelling all the relevant forces
R a 3R

As a 60g 2 za

2
Sa

Sinceit'sstated in the question that the beam is in equilibrium the sum of the
clockwise moments is equal to the sum of the

anticlockwisemoments therefore

Ʃmoments clockwise Ʃmoments anticlockwise

where moment force perpendicular
distance

www.mymathscloud.com
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Question 7 continued
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The clockwiseforces are ones that goupwardsfrom the left or
downwards from the right of wheremoments are taken and anticlockwise

forces are ones that go upwards fromthe right or downwardsfrom the

left of where moments are taken

Takingmomentsabout A

mail.si
G0gx Rat18Ra 60gx 19Pa

Sincethere's no verticalmotion the sumof thevertical forces is zero

EF 0 R 3R 60g 0 YR 60g R 159

Gogx 19 15g a x
1948ft Ia

b Redrawnewdiagramwith theadded forces
as as

As a x as sigmas v60 I za

Sa

Takingmomentsabout A

EEE.IE scaiitaE
2aMg 2859g Sat Gsa 75 a

sincethere's no verticalmotion the sumof thevertical forces is zero

EF 0 5 5 60g Mg 0 25 60g Mg S 60911
2
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Question 7 continued
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Substitutingthe valueof S into themoment equation

2aMg 2859g 7 6012M a

LaMg 285dg 420ag7Mg_

4aMg 570ag 420ag 7aMg

39mg 150cg M 15,1 50g
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Question 7 continued
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8. Two trams, tram A and tram B, run on parallel straight horizontal tracks. Initially the two 
trams are at rest in the depot and level with each other.  

 At time t = 0, tram A starts to move. Tram A moves with constant acceleration 2 m s –2 for 
5 seconds and then continues to move along the track at constant speed.  

 At time t = 20 seconds, tram B starts from rest and moves in the same direction as  
tram A.  Tram B moves with constant acceleration 3 m s –2  for 4 seconds and then continues 
to move along the track at constant speed. 

 The trams are modelled as particles.

 (a) Sketch, on the same axes, a speed-time graph for the motion of tram A and a  
speed-time graph for the motion of tram B, from t = 0 to the instant when tram B 
overtakes tram A.

(3)

 At the instant when the two trams are moving with the same speed, tram A is d metres in 
front of tram B. 

 (b) Find the value of d.
(5)                                                                                                               

 (c) Find the distance of the trams from the depot at the instant when tram B overtakes 
tram A.

(5)
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t 24

a V

12 B
10 A

5 20 24
t

As the acceleration for B 3m52 is greater than A's 2ms2 thegradient
needsto besteeper for B

b We first need the time they'retravelling at the same speed

Using V M at for B v 0 3t Vp 3t

which is onlyapplicable between 1 20 and t 2M as it'sonly
accelerating during thesetimes

www.mymathscloud.com
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Question 8 continued
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Equate the velocity of A 10ms and B for 20 t 24

10 3t t 103 Time at same speed 19 20

Now we find thedistance travelled by each tram at t
which can be found by calculating the area under the graph

r a r

12 B 12 B
10 A 10 A

0 5 20 30 24
ᵗ

0 5 20 30 24
ᵗ

Distancetravelled by A Distance travelled by B

5
11 53 10 625m

1521 m

Difference in distancetravelled d 6235 53 5733m

c We firstmustcalculate the time t x at which B overtakes A
which occurs when the distance travelled by each tram is the same
V

12 B
10 A

5 20 24
t

We can create expressions for the distance travelled by each
tram using a similarconcept in part b using the area underthegraph
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Question 8 continued
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PMT

da 521 2 5 10 25 10 x 5

dB 4212 2 24 12 24 12 2 24

We can now equate the expressions for the distance travelled

25 10 x 5 24 12 2 24

10 25 12 264

2x 239 x 119.5seconds

Distance of trams at t x t 119.5

da 25 10 119.5 5 1170

dB 24 12 119.5 24 1170

Distanceof trams at the overtake from the depot 1170mg
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Question 8 continued
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Question 8 continued
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TOTAL FOR PAPER: 75 MARKS
END

Q8

(Total 13 marks)
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