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1. Two particles P and Q have masses m and 4m respectively.  The particles are at rest on a 
smooth horizontal plane.  Particle P is given a horizontal impulse, of magnitude I, in the 
direction PQ.  Particle P then collides directly with Q.  Immediately after this collision, 
P is at rest and Q has speed w.  The coefficient of restitution between the particles is e.

 (a) Find I in terms of m and w.
(2)

 (b) Show that e = 
1

4 (1)

 (c) Find, in terms of m and w, the total kinetic energy lost in the collision between P and Q.
(2)
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Initially Impulsegiven

AffercopisionEst Iiiam4m on 4m on 4m

a

iii immsesmom.iefimoii iiiiiiia
me

b consider QanduseNLR
We can use Newton's Law of Restitution to get e
Newton's Law of Restitution states that when twoobjectscollide theirspeedsafter
thecollision dependon speedsbeforethecollisionand thematerialfromwhichthey'remade
MM

coefficientof
restitution initial's'peeYItalspeed

substitute

e up o w 0

Togetupconsiderimpulse I 4mW 4Ñwm up o cancelm's
4W Up

i e If divideup downbyw
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Question 1 continued
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 (Total for Question 1 is 5 marks)

c Formula forKElost
SKE KEinitKffin

Substitute

AKE mlupl 114miUat Émivp IHmINQ1 MY

Imlupl Hmllval
MAW 14miW1
8mW 2mW
6MW J lost

unitsfor
Energy

Joules
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2. A car of mass 1000 kg moves along a straight horizontal road.

 In all circumstances, when the speed of the car is v m s–1, the resistance to the motion of 
the car is modelled as a force of magnitude cv2 N, where c is a constant.

 The maximum power that can be developed by the engine of the car is 50 kW.

 At the instant when the speed of the car is 72 km h–1 and the engine is working at its 
maximum power, the acceleration of the car is 2.25 m s–2

 (a) Convert 72 km h–1 into m s–1

(1)

 (b) Find the acceleration of the car at the instant when the speed of the car is 144 km h–1 
and the engine is working at its maximum power.

(7)

 The maximum speed of the car when the engine is working at its maximum power 
is V  km h–1.

 (c) Find, to the nearest whole number, the value of V.
(4)
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1min91 p
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Question 2 continued
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b 144kmh 2x72km5 40ms getspeedin mi
Diagram28ms2,25ms

do
good

P 50kW 1000 50000W 500002001

1 20th DF5900 2500N MI

Now we can use Efx ma toget c
D 400 1000 2.25 MIA
4001 2500 2250
400C 250

Diagram45msam
adds D2

78009
P 50kW 1000 50000W 500004002

1 42pm 125901250N

Now we can use Fx maagainnow togeta when u coms
Dz 1401 1000at MAI
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250 10009
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Question 2 continued
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Question 2 continued
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 (Total for Question 2 is 12 marks)
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3. Three particles A, B and C are at rest on a smooth horizontal plane.  The particles lie along 
a straight line with B between A and C. 

 Particle B has mass 4m and particle C has mass km, where k is a positive constant. 
Particle B is projected with speed u along the plane towards C and they collide directly.

 The coefficient of restitution between B and C is 1
4

 (a) Find the range of values of k for which there would be no further collisions.
(8)

 The magnitude of the impulse on B in the collision between B and C is 3mu

 (b) Find the value of k.
(4)
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Question 3 continued
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a Diagram
Before After drawout all 3partiestovisualizethe

I 1 s situation Ifoneoftheparticlesisnot
involvedin acollisiondon'tincludeitin

4m km 4m km
yourcalculation

We can use the conservationoflinearmomentum to get anequation
conservationoflinearmomentum means the total momentumbeforethe
collisionis thesame asthe totalmomentumafter
Formula

Maya amYou't makfnaleYoity
substitute onlyconsider Band11

4mn KMIOP 4MtUBI Kalval cancelm's MIA
44 4Up KVc 9.1

substitute onlyconsider Band11

a

sothatwecan
eliminate

µIkily
useeliminationmethod

I am14 14 kVB
Iou Ku 414 KVB

MIAT UpspeedofBafter
Forno furthercollisionstonotoccur upneedsto notchangedirection VB0

Iii
K 16

Wearetoldthat K is positive
Ock 16 rangefor K Al
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Question 3 continued
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Question 3 continued
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 (Total for Question 3 is 12 marks)
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4. A small ball, of mass m, is thrown vertically upwards with speed 8gH  from a point O 
on a smooth horizontal floor.  The ball moves towards a smooth horizontal ceiling that is 
a vertical distance H above O.  The coefficient of restitution between the ball and the

 ceiling is 1
2

 In a model of the motion of the ball, it is assumed that the ball, as it moves up or down, is

 subject to air resistance of constant magnitude 1
2

mg.

 Using this model,

 (a) use the work-energy principle to find, in terms of g and H, the speed of the ball 
immediately before it strikes the ceiling,

(5)

 (b) find, in terms of g and H, the speed of the ball immediately before it strikes the floor at 
O for the first time.

(5)

 In a simplified model of the motion of the ball, it is assumed that the ball, as it moves up 
or down, is subject to no air resistance.

 Using this simplified model,

 (c) explain, without any detailed calculation, why the speed of the ball, immediately before 
it strikes the floor at O for the first time, would still be less than 8gH

(1)
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WorkEnergyPrinciple anincrease ofKEGPE iscausedby an equalamountof
positiveworkdoneonthebodyegengineanda decrease of KEGPE iscausedby an
equalamountofnegativeworkdoneon thebodye.g friction
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Question 4 continued
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Question 4 continued
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 (Total for Question 4 is 11 marks)

TOTAL FOR FURTHER MECHANICS 1 IS 40 MARKS
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