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1. A car of mass 1200 kg moves up a straight road that is inclined to the horizontal at an 

angle α , where sin α = 
1

15

 The total resistance to the motion of the car from non-gravitational forces is modelled as 
a constant force of magnitude R newtons.

 At the instant when the engine of the car is working at a rate of 32 kW and the speed of 
the car is 20 m s–1 , the acceleration of the car is 0.5 m s–2

 Find the value of R
(5)
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Diagram

min

P 32kW 1000 32000W substitute

32000

20DE.int D 1600N MI
sincethe car is accelerating use EFx ma

D R 1200ginx 120010.5 MIAS
1600 R 1200g 600 dm
1600 80g 600 R

1000 8019.8 R
1000 784 216
R 216N valueof R A1
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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2. Two particles, A and B, have masses m and 3m respectively. The particles are moving in 
opposite directions along the same straight line on a smooth horizontal plane when they 
collide directly. 

 Immediately before they collide, A is moving with speed 2u and B is moving with 
speed u. 

 The direction of motion of each particle is reversed by the collision. 

 In the collision, the magnitude of the impulse exerted on A by B is 
9

2

mu

 (a) Find the value of the coefficient of restitution between A and B.
(7)

 (b) Hence, write down the total loss in kinetic energy due to the collision, giving a 
reason for your answer.

(1)
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laDiagram
Before

off Yi we'regiventhat theparticleschangedirection
i assumethat inyourdiagramm 3m m 3m

M1

substitute

milul 3mius MI VA 3mVBI cancelm's An
24 34 VA SUB

U 3VBVAEa 1
M1

WEYEsubstitute

e zu 1us up CVA
3eu VA VB Ea 2
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Question 2 continued
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u 3VB VA
Seu upVat

use eliminationmethod

3eu u 4up
130 1 Up speedof B after

Formula for Impulse
I m

jocityafter

velocitybefore

Let'suseparticle B sinie the magnitude ofthe impulseisthesame forbothparticles
Substitute

I 3m 131 11 t all MIAI

1FI 1 tutuscancelm
cancelu's AI

T.it
1Ieer valueofe A1 titution

blsincethevalueofe is 1 thecollisionisperfectlyelasti and no kineticenergy islost dB
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Question 2 continued
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Question 2 continued
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3. A plane is inclined to the horizontal at an angle α , where tan α = 
3

4

 A particle P is held at rest at a point A on the plane. 

 The particle P is then projected with speed 25 m s–1 from A, up a line of greatest slope of 
the plane.

 In an initial model, the plane is modelled as being smooth and air resistance is modelled 
as being negligible.

 Using this model and the principle of conservation of mechanical energy,

 (a) find the speed of P at the instant when it has travelled a distance 
25

6
m up the plane  

 
from A.

(4)

 In a refined model, the plane is now modelled as being rough, with the coefficient of  
 
friction between P and the plane being 

3

5

 Air resistance is still modelled as being negligible.

 Using this refined model and the work-energy principle,

 (b) find the speed of P at the instant when it has travelled a distance 
25

6
m up the plane  

 
from A.

(8)
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Question 3 continued
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a Diagram to get h
n Equate

1mi
m a

3

1 gg
3 hEth

EmB149eienEointtana
sinx

Rememberthemechanical
p.iqf rmyqiarpefnatgrav

potential

initialkinetic initidegu finalkinetic

substitute

EM2512mg Emv mgh cancelm's MIAI

91 cancel

v 24ms speed AT
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Question 3 continued
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b
WorkEnergyPrinciple anincrease of KEGPE iscausedby an equalamountof
positiveworkdoneonthebodyegengineanda decrease of KEGPE iscausedby an
equalamountofnegativeworkdoneon thebodye.g friction

Diagram includefriction

Sinceit'smoving Fmax MR
1mi Em T usingEFy 0 R mgcosx Img MIAI

9 is
mtromcas

E1EmYEm9Ingmycosa workdonebyfriction is Fxdistancemoved
WD mgx2 2mg J B1

Now wecan substituteinto WEprinciple workdonebytri
Emizsitmgioi Img.myiifiI

I'mtromca
an

solveforV

621m 2mg MV Emg cancelm's At
625 4g 5g v2 multiplybothsidesby2
6259g V2
V 23.2ms to311 A
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Question 3 continued
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(Total for Question 3 is 12 marks)
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4. A particle P of mass 2m kg is moving with speed 2u m s–1 on a smooth horizontal 
plane. Particle P collides with a particle Q of mass 3m kg which is at rest on the plane. 
The coefficient of restitution between P and Q is e. Immediately after the collision the 
speed of Q is v m s–1

 (a) Show that   v = 
4 1

5

u e+( )

(6)

 (b) Show that   
4

5

u
  v  

8

5

u

(2)

 Given that the direction of motion of P is reversed by the collision,

 (c) find, in terms of u and e, the speed of P immediately after the collision.
(2)

 After the collision, Q hits a wall, that is fixed at right angles to the direction of motion 
of Q, and rebounds. 

 The coefficient of restitution between Q and the wall is 
1

6

 Given that P and Q collide again,

 (d) find the full range of possible values of e.
(5)
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Question 4 continued
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a Diagram e

Before After

2m 3m 2m 3m

We can use the conservationoflinearmomentum to get anequation M1
conservationoflinearmomentum means the total momentumbeforethe
collisionis thesame asthe totalmomentumafter
Formula Malla MBUB MAVA MBVB

initialvelocity finalvelocity
substitute

2m241 3m10 2mVp 3mVQ cancelm's
44 2up 30g Ea1 A1

M1

substitute

e 24 0 VQUp
Zen VQup Eq2 AT

44 2Vp3VQ
2m VQ up1 21 4en 2vq 2up If

eliminationmethod

44 ten 5VQ

F i tel Va hence shown Al

in weknowthat of
agito eve ite

4,1 v 8 henceshown At
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Question 4 continued
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c Let'sgetUp
au 2up 3 Inlife

Ye're
usingtheCLMequationfromcal

4u Full e 2up
24 Full e up
4 Eeu up
Eu 2 se up speedof P MIAI

p changesdirection VP
zuez se co

23eco

Togetthespeedof Q afterthecollision
with waitinitiptybj e f andreversethe

directionbymultiplyingby 1
WQ toxva
Exfull e
Full e Wa MI

For PandQtocollideagain Wemustbemorenegativethanupsincebotharemovingin
thenegativedirectionandwewantthe magnitudeofWatobe larger

WaCup MI
Full e ml2 set cancelu'sMI

i e 6 9e

8ec7
AI ec part2 oftheinequality

Putthe 2partsoftheinequalitytogether
et I fullrangeofe At
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Question 4 continued
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Question 4 continued
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(Total for Question 4 is 15 marks)

TOTAL FOR FURTHER MECHANICS 1 IS 40 MARKS
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