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1.
O

P

F N60°

Figure 1

 A particle P of weight 5 N is attached to one end of a light inextensible string.  The other 
end of the string is attached to a fixed point O.  The particle P is held in equilibrium by a 
force of magnitude F newtons.  The direction of this force is perpendicular to the string 
and OP makes an angle of 60° with the vertical, as shown in Figure 1.

 Find 

 (a) the value of F
(3)

 (b) the tension in the string.
(3)
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a Redraw the diagram labelling forces

Theparticle is in equilibriumso the sum
60

rT of the forces paralleland perpendicular

scoso to the string is zero

5k
Ssin60

Perpendicular F 5sin60 0 F 5sin60 5 52 552N

b Parallel T 50560 0 T 50560 5 21 52N
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Question 1 continued
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2. A particle P has mass km and a particle Q has mass m.  The particles are moving towards 
each other in opposite directions along the same straight line when they collide directly. 

 Immediately before the collision, P has speed 3u and Q has speed u.

 As a result of the collision, the direction of motion of each particle is reversed and the 
speed of each particle is halved. 

 (a) Find the value of k.
(4)

 (b) Find, in terms of m and u, the magnitude of the impulse exerted on Q in the collision.
(3)
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a Draw a diagramshowingmasses and speeds before and after

um 35 i m EE rm m 52

Before After

Using the conservation ofmomentum formula MM Mallz M V MzVz

km 3u m u km 31 m

3ukm mu Zukm mu

3k 1 32K

3kt k 1 1 9k k

b Impulse formula I MV mu

I m m u 3mu III mu
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Question 2 continued
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3.

A D C B

5 m

1.3 m

0.5 m

Figure 2

 A beam ADCB has length 5 m.  The beam lies on a horizontal step with the end A on the 
step and the end B projecting over the edge of the step.  The edge of the step is at the point 
D where DB = 1.3 m, as shown in Figure 2.

 When a small boy of mass 30 kg stands on the beam at C, where CB = 0.5 m, the beam is 
on the point of tilting.

 The boy is modelled as a particle and the beam is modelled as a uniform rod.

 (a) Find the mass of the beam.
(3)

 A block of mass X kg is now placed on the beam at A.

 The block is modelled as a particle.

 (b) Find the smallest value of X that will enable the boy to stand on the beam at B without 
the beam tilting.

(3)

 (c) State how you have used the modelling assumption that the block is a particle in your 
calculations.

(1)
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a Draw the diagram labelling the relevantforces
NRD

A
p B

Mg v30g

2.5 1.2 13085 0.5

5

Sinceit'sstatedin the question that thebeam isinequilibrium the sumof the clockwise
moments is equaltothesum of the anticlockwisemoments therefore

Ʃmoments clockwise Emoments anticlockwise where moment force perpendiculardistance
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Question 3 continued
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Theclockwiseforces are ones that goupwardsfrom the left or downwardsfrom
the right of wheremoments are taken and anticlockwise forces are ones that

go upwardsfromtheright or downwardsfrom the left of wheremoments are taken

takingmoments around D setInsights

M 08,131 20kg

b Redrawthediagram labellingthe new forces

RD
A B

vXg v20g v30g

2.5 1.2 1.3

5

If the beam isn'tgoing to tilt with the blockplaced at A the beam is on
the point of tilting at D andtheboymuststand at B to counteract the
moment created by the block by the greatestamount

takingmomentsaround D

Iiiife
3.7kg 24g 39g X 399131 15 4.05kg 357

C Theweightof theblock acts at a single point
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Question 3 continued
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Question 3 continued
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4. At time t = 0, a small ball is projected vertically upwards from a point A which is 
24.5 m above the ground.  The ball first comes to instantaneous rest at the point B, 
where AB = 19.6 m and first hits the ground at time t = T seconds.

 The ball is modelled as a particle moving freely under gravity.

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

 (b) Sketch a speed-time graph for the motion of the ball from t = 0 to t = T seconds.

  (No further calculations are needed in order to draw this sketch.)
(2)
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a Thequestion states that the ball is modelled as a particlethat falls
freelyundergravity meaning the acceleration is constant so SUVAT can beused

Sincethere are two unknowns we need to form two equationsand solve
them simultaneously to calculate T

SUVAT from A to B Positive as upwards
5 19.6

Equationwithout time V2 m 2 as

a 9.8 02 u 2 9.8 19.6
t u 384.16 u 19.6ms

SUVATfromA to the ground Positive as upwards
5 24.5
u 19.6 Equation without v S at at 2

V

a 9.8 24.5 19.6 T 98 T2

t T 4.9 2 19 6T 24.5 0

TES T 1 t o 7 5

b aspeedms

The initialspeed was in

19.6 whichwas calculated to be19.6ms

however isn't requiredto be
labelled Thefinalspeedmust
bemorethantheinitialspeed to

time s
conserveenergy
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Question 4 continued
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Question 4 continued
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Question 4 continued
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5.

X

α

Figure 3

 A particle of mass m rests in equilibrium on a fixed rough plane under the action of a 
force of magnitude X.  The force acts up a line of greatest slope of the plane, as shown in 
Figure 3.

 The plane is inclined at an angle α to the horizontal, where  tan α = 
3

4

 The coefficient of friction between the particle and the plane is μ.

• When X = 2P, the particle is on the point of sliding up the plane.

• When X = P, the particle is on the point of sliding down the plane.

 Find the value of μ.
(8)
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I

2

Redraw thediagramlabellingthe forces tanx 3g sinx cosα Us

rR
F sincethere'snomovementperpendicular

to theplane thesumoftheforces
perpendicularto the plane is zero

mg mycosa

1 α k mgsinx E F 0 R mycosx 0

R mycosh
In situation 1 the particleis on thepoint of slidinguptheplaneso frictionacts
in theopposite directiondown theplane andremains at restso the sumoftheparallel

forces iszero Takinguptheslopeas positive

EF 0 X F mgsinx 0 X Ftmgsina where X 2P

For situation 2 the oppositeeffect istaking place so frictionactsuptheplane
becausetheparticlewantstoslidedowntheslope The particleremains at rest so
thesumoftheparallelforcesis zero Takinguptheslopeas positive

EF 0 X F mgsinx 0 X mgsina F where X P
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Question 5 continued
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F MR so we can rewritethe equations as

2P pR mgsinx P mgsina pR replacing withtheircorrespondingvalue

P pRtmgsinx mgsinx pR pRtmgsinα

2mgsinx 2pR pRtmgsinα Substitute mycosa for R
2mgsinx 2ymgcosα pmgcosxtmgsinx
2sinx 2ycosx
pcosxtsinx.bycosα sinx

µ 38 tax 0.25
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Question 5 continued
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Question 5 continued
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6. [In this question i and j are horizontal unit vectors.]

 A particle P of mass 2 kg moves under the action of two forces,  ( pi + qj) N  and  
(2qi + pj) N ,  where p and q are constants.

 Given that the acceleration of P is (i − j) m s−2

 (a) find the value of p and the value of q.
(5)

 (b) Find the size of the angle between the direction of the acceleration and the vector j.
(2)

 At time t = 0, the velocity of P is (3i − 4j) m s−1

 At t = T seconds, P is moving in the direction of the vector (11i − 13j).

 (c) Find the value of T.
(5)
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a We are given mass forceand accelerationandtheequation linkingthese is

EF ma pitgj 2gitpj 2 i i

2qtp i gtp 21 2

Equate i and j components

2qtp 2 qtp 2 p 6 g 4

b Drawthevectors tovisualise the anglebetter
I

α we cansplitup α into 907 β
β and calculate β using a triangle

15

i j

tamp 1 1 β tan i 45 α 90 45 135

c Equation for velocity withconstantacceleration to at

where Vo u is the initial velocitywhen t 0

V t 3iMj i j t V T 3 T it M T

Thevelocity rector at time T must be a scalarmultipleof 111 13 so the
ratio of their i componentsmustbeequalto theratio ofthe j components

It 1 39 13T 44 11T 25 5

13T 11T 44 39 T 2.5 seconds
y

www.mymathscloud.com



*P68783A01928* Turn over      

19

 

 

����������

Leave 
blank

Question 6 continued
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Question 6 continued
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Question 6 continued
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7.

P(4m)

Q(m)

α

Figure 4

 A particle P of mass 4m lies on the surface of a fixed rough inclined plane.  

 The plane is inclined to the horizontal at an angle α where  tan α = 
3

4

 The particle P is attached to one end of a light inextensible string.

 The string passes over a small smooth pulley that is fixed at the top of the plane.  
The other end of the string is attached to a particle Q of mass m which lies on a smooth 
horizontal plane. 

 The string lies along the horizontal plane and in the vertical plane that contains the pulley 
and a line of greatest slope of the inclined plane.

 The system is released from rest with the string taut, as shown in Figure 4, and P moves 
down the plane.

 The coefficient of friction between P and the plane is 
1

4

 For the motion before Q reaches the pulley

 (a) write down an equation of motion for Q,
(1)

 (b) find, in terms of m and g, the tension in the string,
(7)

 (c) find the magnitude of the force exerted on the pulley by the string. 
(4)

 (d) State where in your working you have used the information that the string                             
is light.

(1)
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PMT

a Draw the diagram labellingforces tanx sinx Cos

R F T
R2

P Using EF ma for

α
4mg 4mg

cost theforces on Q which

4mgsing

9

contributeto its acceleration

T may
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Question 7 continued
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b we can use the formula EF ma to set upequations to find
the acceleration which can be used to find the tension

EF ma for particle P withdowntheslopeas positive

4mgsinx F T Mma Using F MR F YR x4mgcost

4mgsinα mycosa T Mma mgcosα
T 4mgsinx mycosa Uma where R 4mgcosa since the forces perpendicular

to theslopemust beequal inmagnitude as there
isn'tany movement in thisdirection

We can nowequatethis withthe tensionequation from part a

4mgsinx mycosa Uma ma

Sma Umgsina mycosa
Sma 4mg mg E
sa 125g 3g g a g T ma mx 829g 82

C Redrawthe diagram but only includeforcesapplied on the pulley

itTsina too

Resultanthorizontal force positiveleft T Tosa
α Resultantverticalforcepositiveup Tsina

Magnitudeof resultantforce
p

d Tensionwill bethesame throughout any sectionof thestring
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Question 7 continued
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Question 7 continued
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(Total 13 marks)
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8. [In this question i and j are horizontal unit vectors directed due east and due north 
respectively and position vectors are given relative to a fixed origin.]

 A ship A moves with constant velocity (3i – 10j) km h−1

 At time t hours, the position vector of A is r km.

 At time t = 0, A is at the point with position vector (13i + 5j) km.

 (a) Find r in terms of t.
(2)

 Another ship B moves with constant velocity (15i + 14j) km h−1

 At time t = 0, B is at the point with position vector (3i – 5j) km.

 (b) Show that, at time t hours,

AB
→

 = [ (12t − 10)i + (24t − 10)j ] km
(4)

 Given that the two ships do not change course,

 (c) find the shortest distance between the two ships,
(6)

 (d) find the bearing of ship B from ship A when the ships are closest.
(2)
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a Formula for position I o Vt a 13155 31 105 t

b Using the aboveformula we can also make an equation for ShipB

b 3i 5 i5itl4j t Using the formula XY y x

AB b a AB 3 15e i 5 141 13 31 it 5 101
3 1315 3A i 5 5 14 10t

12 10 it 241 10 km

c we can modulus AB to find the time at the minimum distance

IAB 1012 241107
AÉ

12 1012 24 10 14Mt240 100 5762480 100 72027201 200

Theminimumdistanceoccurs when the derivativeof the quadratic is zero

G 720 2720 200 14401 720 0 t 72 0.5
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Question 8 continued
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We can nowsubstitutethe valueof t to findthe minimumdistance

IAB 51105 2410.5110 1617 520 255 km

d Thebearing is theangle of ABrelative tonorth measuredclockwise

t 0.5 AB Mit2

Now we find the angle 0 that ABmakes with the positive j axis north

tan0 1 1 1 I 2 0 tan 2 63.43

Sincethe eastcomponent is negative andthe northcomponent is positive
AB pointsnorthwest However bearings are measured clockwise fromnorth

Bearing 360 0 360163.43 296.570 Bearing 297
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Question 8 continued
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