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1. Two particles, P and Q, with masses m and 2m respectively, are moving in the same 
direction along the same straight line when they collide directly.  Immediately before they 
collide, P is moving with speed 4u and Q is moving with speed u.  Immediately after they 
collide, both particles are moving in the same direction and the speed of Q is four times 
the speed of P.

 (a) Find the speed of Q immediately after the collision.
(3)

 (b) Find the magnitude of the impulse exerted by Q on P in the collision.
(3)

 (c) State clearly the direction of this impulse.
(1)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a Draw a diagram labelling the massesandspeeds

P Q P Q

m 2m Y m I 2m

Before After

Using conservationof linearmomentum MU Mall MV Matz

m 4u 2m u m V 2m ur
4mm 2mm mV 8mV
Gmu 9mV
v Game Zu Speedof Qafter 4v 4 u u

b Formula for impulse I mv mu

I mr m Mu
mZu m Yu 3mm 4mm 19mn III 19mn

c Opposite to thedirection of motion
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Question 1 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q1

(Total 7 marks)
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2. A small ball is thrown vertically upwards with speed 14.7 m s−1 from a point that is 19.6 m 
above horizontal ground.  The ball is modelled as a particle moving freely under gravity.

 Find

 (a) the total time from when the ball is thrown to when it first hits the ground,
(4)

 (b) the speed of the ball immediately before it first hits the ground,
(3)

 (c) the total distance travelled by the ball from when it is thrown to when it first hits 
the ground.

(4)

 (d) Sketch a velocity-time graph for the motion of the ball from when it is thrown to when 
it first hits the ground.

  State the coordinates of the start point and the coordinates of the end point of 
your graph.

(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a set up a SUVAT vertically only as the ballwon't move
horizontallytakingupwards aspositive fromthe instantit's released
till it hits theground SUVATmaybeused as the acceleration is constant

5 19.6 Equationwithout v S at at
M 14.7
V 19.6 14.7t 98 t

a 9.8 4.9 2 14.7 19.6 0
t t t 4 or t 1 too t L

b we can set upanother SUVAT to findthespeed of the ballbefore
ithitstheground V

5 19.6 Equationwithout t v2 u 2as
u 14.7
r v2 14.72 2 98 19.6

a 9.8 v2 600.25
t v V52 24.5ms
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Question 2 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

c To calculate the total distance travelled we can separate the
journey intothreeparts

starts atrelease endswhenchanges directionandgoesdown
Starts at change ofdirection endswhen the ball is levelwithstartingposition
Startswhenlevelat the start endswhenthe ball hits thefloor

Part 3 isalreadyknownas itsjustthe height at thestart and parts
and 2 are equal so wecanjustsetupa SUVATfor part 1

S h where h is the heightabove the starting position
µ 14.7
V 0 Equationwithout t v2 u 2as
a 9.8
t 02 14.72 2 98 h

19.6h 14.72 h 11.025m

Total distance 1 2 3 11.025 11.025 19.6 41.65 41.7m 35ft
d in

0 4 t

graphgoesnegativeas
24.5 constantacceleration it'svelocitytimeand r

thereforeconstantgradient calculatedwas a speedinthe
oppositedirection
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Question 2 continued

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________
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Question 2 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q2

(Total 14 marks)
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3.  

P N

α

Figure 1

 A particle of mass 10 kg is placed on a fixed rough inclined plane.  The plane is inclined 

to the horizontal at an angle α, where tan α = 
3

4
.  The particle is held in equilibrium by a 

force of magnitude P newtons, which acts up the plane, as shown in Figure 1.  The line of 

action of the force lies in a vertical plane that contains a line of greatest slope of the plane.  

The coefficient of friction between the particle and the plane is 1
2

.

 (a) Find the normal reaction between the particle and the plane.
(2)

 (b) Find the greatest possible value of P.
(4)

 (c) Find the least possible value of P.
(2)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a Drawa diagram labellingtheforces
r R

tana
P

Sinx 3 COS
I

10gcosα

α
10 logsinx

As there'sno movement perpendicular to the plane the sumofthe
perpendicular forces is zero

EF 0 R 10gcosx 0 R 10gcosx 10 9.8 45 78.4Ny
b Thegreatest valueof P occurs when the particle is on the
pointof slipping up the plane meaning friction is actingdown
the slope to oppose motion as shownbelow
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Question 3 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

r R F
As there's no movement

P perpendicularto the plane
thesumofthe perpendicularI

10gcost forcesis zero

α
10 Togsinx

Frictionformula F MR

EF 0 Pmax 10gsinx F 0 Pmax 10gsinx F

Pmax 10gsinx R 1098 3 78.4 98Ny
c To findthe leastvalueof P we simply do theoppositeof
findingthe largestvalue meaning friction is now acting up the
slope

R
F As there'sno movement

P perpendicularto the plane
thesumofthe perpendicularI

10gcost forcesis zero

α
10 Togsinx

Frictionformula F HR

EF 0 Pmin 10gsinα F 0 Pmin 10gsinx F

Pmin 10gsinx IR 109.873 78.4 19.6Ny
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Question 3 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

www.mymathscloud.com



11

*P65760A01132* Turn over     

Leave 
blank

 

 

Question 3 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q3

(Total 8 marks)
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4. 

2.5 m 2 m

8 m

A DC B

Figure 2

 A non-uniform beam AB has length 8 m and mass M kg.

 The centre of mass of the beam is d metres from A.

 The beam is supported in equilibrium in a horizontal position by two vertical light ropes.  
One rope is attached to the beam at C, where AC = 2.5 m and the other rope is attached to 
the beam at D, where DB = 2 m, as shown in Figure 2.

 A gymnast, of mass 64 kg, stands on the beam at the point X, where AX = 1.875 m, and 
the beam remains in equilibrium in a horizontal position but is now on the point of tilting 
about C.

 The gymnast then dismounts from the beam.

 A second gymnast, of mass 48 kg, now stands on the beam at the point Y, where YB = 0.5 m, 
and the beam remains in equilibrium in a horizontal position but is now on the point of 
tilting about D.

 The beam is modelled as a non-uniform rod and the gymnasts are modelled as particles.

 Find the value of M.
(8)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Draw a diagram labelling all relevantforces in the first senario
at atz

A
og ng

D B

1.875 5 187 2

d
8 25 2

g

It'sstatedthatthebeam is horizontal andon thepointoftilting
about C meaning thetension in the rope at D is zero

www.mymathscloud.com
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Question 4 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Sinceit'sstatedinthequestion that thebeam isinequilibrium the sumof the
clockwise moments isequaltothesum of theanticlockwisemoments therefore

Ʃmomentsclockwise Ʃmoments anticlockwise

where moment force perpendicular distance

Theclockwiseforces are ones that goupwardsfromthe left or
downwards from the right of wheremomentsaretaken and anticlockwise
forces are ones that goupwardsfromtheright or downwardsfrom the
left of wheremoments are taken

Takingmomentsaround C

sina.EE

Mg 64
2
5 4

5
M 12s

Drawanotherdiagram for the second senario
a 5 a52

A c

ng
D

g
B

2.5 8 25
26

2 0.5 0.5
x 2

g

It'sstatedthatthebeam is horizontal andon thepointoftilting
aboutD meaning thetension in the rope at C is zero

Takingmomentsaround D

initiatite
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Question 4 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Mg 489ft 21 M Ea
Equating bothexpressionsof M togetherallowusto calculate d

25

720 722.5 406 401
1121 240 180 d 42 3.75

Wecannowsubstitutethis back to find M

M 6355 32K OR M 3,1 32k9g
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Question 4 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q4

(Total 8 marks)
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5. A particle P is moving in a plane with constant acceleration.
 The velocity, v m s−1, of P at time t seconds is given by

v = (7 − 5t )i + (12t − 20)j

 (a) Find the speed of P when t = 2
(3)

 (b) Find, to the nearest degree, the size of the angle between the direction of motion of P 
and the vector j, when t = 2

(3)

 The constant acceleration of P is a m s−2

 (c) Find a in terms of i and j
(3)

 (d) Find the value of t when P is moving in the direction of the vector (−5i + 8j)
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a we can firstfindthe velocity at t 2

V 7 52 i 12 2 20
v 3it4j speed v1 37714T 5ms

Weignorethenegativevalueafterrooting as speedis always positive

b Draw thedirection ofmotionof P at t 2 on an i j graph

Using SOHCANTOA

I 0 tan qq.fi
3

0 tan 36.86989 37

c a v 7 5t it 12 20 7i20 t sit 2

a 51 12

d Pmoves in thedirection of Sits when thevelocity is a positive
scalarmultiple k of Sit8
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Question 5 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

V k 5it8j
7 5t 5K AND 12 20 8K

K 7 AND K 12521
Equating both expressions for k

1 12521

56 401 60 100
20t 4M
t 2.2
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Question 5 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

www.mymathscloud.com



19

*P65760A01932* Turn over     

Leave 
blank

 

 

Question 5 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q5

(Total 13 marks)
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6. 

α

Figure 3

 A railway engine of mass 1500 kg is attached to a railway truck of mass 500 kg by a 
straight rigid coupling.  The engine pushes the truck up a straight track, which is inclined 

to the horizontal at an angle α, where sin α = 
7

25
.  The coupling is parallel to the track and 

parallel to the direction of motion, as shown in Figure 3.

 The engine produces a constant driving force of magnitude D newtons.  The engine and 
the truck experience constant resistances to motion, from non-gravitational forces, of 
magnitude 1200 N and 500 N respectively.

 The thrust in the coupling is 2000 N.

 The coupling is modelled as a light rod.

 (a) Find the acceleration of the engine and the truck.
(4)

 (b) Find the value of D.
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a Draw a diagram labelling all relevantforces

R r
R2 500

2000 500

1200
g

1500
500g 5009052

2 15009052 ve 50095in

α 15002 isoogsina

Wecanonlyconsiderforceson the truckonly as D is unknown The
coupling is alsorigid so the acceleration of the truckandengine are
the same whichcan becalculatedusing the equationofmotion

EF ma 2000 500 500gsinx 500a
a 1 599698

725 0.256ms
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Question 6 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

b To find D we consider forces on the engineonly to simplify
theequation

EF ma D 1200 1500gsinx 2000 1500A

D 15000.256 1200 1500g3 2000 7700Ny
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Question 6 continued

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

www.mymathscloud.com



23

*P65760A02332* Turn over     

Leave 
blank

 

 

Question 6 continued
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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7. 

A (5m)

B (3m)

Figure 4

 One end of a light inextensible string is attached to a particle A of mass 5m.  The other 
end of the string is attached to a particle B of mass 3m.  The string passes over a small, 
smooth, light fixed pulley.  Particle A is held at rest with the string taut and the hanging 
parts of the string vertical, as shown in Figure 4. 

 Particle A is released.  

 (a) Find, in terms of m and g, the magnitude of the force exerted on the pulley by the 
string while A is falling and before B hits the pulley.

(8)

 (b) State how, in your solution to part (a), you have used the fact that the pulley is smooth.
(1)
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a Drawa diagramlabellingall relevant forces

Usingtheequation ofmotion on eachparticle
at taking downwards as positive Ef ma

Particle A 5mg T 5mA T 5mg Sma
3m BIn Particle B 3mg T 3m a T 3mg 3mA
3mg

5mg Sma 3mg 3mA
A 5M Sma 2mg

v 5mg a 221 149

T 5mg 5m9 1511 or T 3mg 3m 119
The total force acting on the pulley duringdescentis 2T

IF I 2 1511 3071 15129Nf
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Question 7 continued
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b Tensionon both sidesof the pulley areequal
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Question 7 continued
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Question 7 continued
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8. 
Acceleration 

(m s−2)

Time 
(t seconds)

3

O

1.5

−4

4 2624

Figure 5

 The acceleration-time graph shown in Figure 5 represents part of a journey made by a car 
along a straight horizontal road.  The car accelerated from rest at time t = 0 

 (a) Find the distance travelled by the car during the first 4 s of its journey.
(2)

 (b) Find the total distance travelled by the car during the first 26 s of its journey.
(6)
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a The acceleration of the car is constant so SUVATcan beused

ineiiaiiei.deprofit
seconds

Accelerationfrom t 0 to t 4
timeintervalof SUVAT

SUVAT formulawithout v s at at2

5 0 4 3 4 24m

b Wecanjustrepeat the abovesteps to find the remainingdistances
usingSUVAT
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Question 8 continued
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For t 4 to t 24

S d Distancetravelledfrom t 4 to t 24

4
3 4 velocityat t u using v utat

Accelerationfrom t 4 to t 24L 4 timeinterval forSUVAT

SUVATformula without v S at at

d 3 4 24 4 15 24 412 240 300 540m

For t 24 to t 26

Batiscan
u ipiiiiija.ttYdustgtiat

t 26

Accelerationfrom 24 to 1 26
2 24 Time interval for SUVAT

SUVATformula without v S at at

p 121.52441 2624 4 2624 84 8 76m

Total distancetravelled d 24 540 76 640mg
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Question 8 continued
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Question 8 continued
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Question 8 continued
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