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1. 
A 2.5 m 2 m

9 m

D BC

Figure 1

 A non-uniform rod AB has length 9 m and mass M kg.

 The rod rests in equilibrium in a horizontal position on two supports, one at C where 
AC = 2.5 m and the other at D where DB = 2 m, as shown in Figure 1.

 The magnitude of the force acting on the rod at D is twice the magnitude of the force acting 
on the rod at C.

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

 Find the value of d.
(6)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Draw a diagram labelling all the forces

aR a2R
A C D B

Mg

2.5 d 2.5 7 d 2
d 9 d

a

Sinceit'sstatedinthequestion that thebeam isinequilibrium the sumof the
clockwise moments isequalto thesum of the

anticlockwisemoments therefore

Ʃmomentsclockwise Ʃmoments anticlockwise

where moment force perpendicular
distance

Theclockwiseforces are ones that goupwardsfromthe left or
downwards fromthe right of wheremomentsaretaken and anticlockwise
forces are ones that goupwardsfromtheright or downwardsfrom the
left of wheremoments are taken
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Question 1 continued
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___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Takingmomentsabout C

infioia.es

Mgd 2.5Mg 9R Mgd 9R 2.5mg

Takingmoments about D

R 9 2 25 Mg 7 d

45R 7mg Mgd Mgd 7mg 45R

Equate both expression of Mgd 9R 2.5mg 7mg 4.512

13SR 4.5mg R Mg

substitute R back into either moment equation

Mgd 2.5mg 9 Mg or 4.5 Mg Mg Mgd

Mgd 3mg 2.5mg Mgd 7mg 1.5mg

d 55m11 5.5mg d 57ft 5.5mg
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Question 1 continued
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Question 1 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________
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2. A particle P of mass 2m is moving on a rough horizontal plane when it collides directly 
with a particle Q of mass 4m which is at rest on the plane. The speed of P immediately 
before the collision is 3u. The speed of Q immediately after the collision is 2u.

 (a) Find, in terms of u, the speed of P immediately after the collision.
(3)

 (b) State clearly the direction of motion of P immediately after the collision.
(1)

 Following the collision, Q comes to rest after travelling a distance 
6 2u
g  along the plane.

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

 (c) Find the value of μ.
(6)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

x

a Draw a diagram labelling the speeds and masses
P Q P Q

2m 35 4m 2m s 4m

Before After

using the conservation of momentum formula

Mill Mallz MV Matz

2m 3u 4m 0 2m x 4m 2n
Gmu 2mx 8mu
x 6mIm8mI u speed up

b sincethe answer is negative the assumption that particle P
continues to therightwas wrong meaning after the collision
it bounced backwards This also means the speed is just U
Answer Opposite to original direction

c Draw a diagram of Q after the collision

Ep r

Fc um 35 4m

instantafterfusion atrestafter
travelingdistance
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Question 2 continued
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___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

ParticleQ is in equilibrium vertically so the sum of the vertical
forces is zero

EF 0 R 4mg 0 R 4mg

Friction formula F MR F px4mg 4mg

For consistency we will assume right as positive

since F is constant the acceleration is constant so
we can use SUVAT

S Equationwithout time v2 u 2as
u 21
v 0 02 2n 2a 4u 12 0
a

u 4 12,9 0

u 0 or 4 125 0 a 492 139
Notpossibleas
u o

Equation ofmotion EF ma takingright as positive

F 4mA 4mg 4mA

p 4g g 5
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Question 2 continued
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Question 2 continued
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___________________________________________________________________________

___________________________________________________________________________
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3. A car is moving at a constant speed of 25 m s–1 along a straight horizontal road.

 The car is modelled as a particle.

 At time t = 0, the car is at the point A and the driver sees a road sign 48 m ahead.

 Let t seconds be the time that elapses after the car passes A.

 In a first model, the car is assumed to decelerate uniformly at 6 m s–2 from A until the car 
reaches the road sign.

 (a) Use this first model to find the speed of the car as it reaches the sign.
(2)

 The road sign indicates that the speed limit immediately after the sign is 13 m s–1.

 In a second model, the car is assumed to decelerate uniformly at 6 m s–2 from A until it 
reaches a speed of 13 m s–1. The car then maintains this speed until it reaches the road sign.

 (b) Use this second model to find the value of t at which the car reaches the sign.
(4)

 In a third model, the car is assumed to move with constant speed 25 m s–1 from A until 
time t = 0.2, the car then decelerates uniformly at 6 m s–2 until it reaches a speed of 13 m s–1. 
The car then maintains this speed until it reaches the road sign.

 (c) Use this third model to find the value of t at which the car reaches the sign.
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a Acceleration is constantthroughout so a SUVAT should be
set upfrom t 0 till the car reaches thesign

S 48 Equationwithout time v2 u 2as
u 25
v v2 252 2161148Va 6 v2 49 v 7ms

t

b Set up a SUVATduring the deceleration phase

s Equationwithout s v U at
S 25

13 25 Gt 6t 12 t 2

Deceleration phasetakes 2 seconds

www.mymathscloud.com
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Question 3 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

SUVAT formula to finddistancetravelled during deceleration

s at at S 25 2 1 6 2 50 12 38m

Distanceremaining while travelling at 13ms 48 38 10m

using S rt t 1,9 0.769s 357

Total time duringdeceleration andconstant speed

t 2 19 33 2.77 357

c Distance travelled in constant speedphase

s rt d 25 0.2 5m

we already calculated the distancetravelled during deceleration

from 25ms to 13ms at 6ms whichwas 38m and the
timetakentodeceleratewhich was 2s in part b

Totaldistance travelled before travelling at 13ms 5 38 43m

Remainingdistance to travel 48 43 5m

Timetaken travelling at 13ms

s rt t 48137 13 0.384615 S

Total time to reachsign 0.2 2 2.58 357
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Question 3 continued
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___________________________________________________________________________

___________________________________________________________________________
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Question 3 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________
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___________________________________________________________________________ Q3

(Total 10 marks)
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4. The position vector, r metres, of a particle P at time t seconds, relative to a fixed origin O, 
is given by

r = (t – 3)i + (1 – 2t)j

 (a) Find, to the nearest degree, the size of the angle between r and the vector j, when t = 2
(3)

 (b) Find the values of t for which the distance of P from O is 2.5 m.
(5)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a When t 2 r i 3

Draw a diagram to visualise the rectors
nj

There are twopossibleangles or 0

0 i To findO we can find α thenadd
β on 180 and for 0 we can find βr α and add on 90

For α
r

using tank IEEE
r

tanα α tan 18 nearestdegree

O 180 198 nearestdegree

Forp using tank IEEE
tanβ β tan 3 72 nearestdegree

0 90 72 162 nearestdegree

size of angle between r and j when t 2 162 or 198

Note In the examonlyone angle is sufficient for all 3 marks as
both answers are correct

www.mymathscloud.com
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Question 4 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

b Tofind thevalues of t forwhen P is 2.5m from 0 we
take themodulusof r andequate it to 2.5

i feet 2.5
t 3 1 2112 6.25
t2 6 9 1 4t 4 2 6.25
512 10 375 0

t2 2t 0.75 0
t 05 t 15 0
t 0.5 or t 1.5 y
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Question 4 continued

___________________________________________________________________________
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___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________
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Question 4 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q4

(Total 8 marks)
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5.

P

Q

α

Figure 2

 A small bead of mass 0.2 kg is attached to the end P of a light rod PQ. The bead is threaded 
onto a fixed vertical rough wire.

 The bead is held in equilibrium with the rod PQ inclined to the wire at an angle α, where 

tan α = 
4

3
, as shown in Figure 2.

 The thrust in the rod is T newtons.

 The bead is modelled as a particle.

 (a) Find the magnitude and direction of the friction force acting on the bead when 
T = 2.5 

(3)

 The coefficient of friction between the bead and the wire is μ.

 Given that the greatest possible value of T is 6.125

 (b) find the value of μ.
(7)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a Draw a diagram labelling relevant forces

F tanx sinx Us COSα
R some2.55inα n

og
a
2.5 25052 Frictionacts in theopposite direction of

desiredmotionand since thebead is in
equilibrium the upwards forces mustbe
equal to the downwards forces

Since 0.2g 2.5cosα the headwouldtendto move down so

friction acts upwards The bead is in verticalequilibrium

EF 0 Ft 25cosx 02g 0 F 0.219.8 2.53 0.46Ny
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Question 5 continued
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___________________________________________________________________________
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___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

b As there is no horizontal motion the sumof the
horizontal forces is zero

EF 0 R 6.125sinx 0
R some6.125sinan

Fyg6
1256125052 R 6.125 4.9N

When T is at a maximum the beadtends to more upwards so
frictionactsdownwards Thebead is still invertical equilibrium

EF 0 F 0.2g 6.125cosx 0 F 6.125cost 0.2g

F µR PR 6.125cost 0.2g

1 6.1250092 029 61513190219.81 0.35g
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Question 5 continued
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Question 5 continued
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___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________ Q5

(Total 10 marks)
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6.

t seconds

v m s–1

O
2.5 7

Figure 3

 A small ball is thrown vertically upwards at time t = 0 from a point A which is above 
horizontal ground. The ball hits the ground 7 s later.

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

 The velocity-time graph shown in Figure 3 represents the motion of the ball for 0  t  7

 (a) Find the speed with which the ball is thrown.
(2)

 (b) Find the height of A above the ground.
(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

µ

u

h

a Theaccelerationof the ball is constant so SUVAT can beused
SUVATfrom t 0 to t 2.5
S

YY
Equationwithout s v U at

a 9.8 0 u 98 2.5 u 9.8 2.5 24.5ms
t 2.5

b Settingup a SUVAT from t 0 to t 7

S h Negativeas s is displacement andpositiveis up

Y
24.5 initialvelocityof ball

a 9.8 Negative as acceleration is downandpositiveis takenasup
t 7 Timeinterval of SUVAT

Equationwithout v S at at

h 24.5 7 98 72 68.6 h 68.6mg
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Question 6 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q6

(Total 5 marks)
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7.
P

A (2m)

B (3m)

α

Figure 4

 One end of a light inextensible string is attached to a particle A of mass 2m. The other end 
of the string is attached to a particle B of mass 3m. The string passes over a small, smooth, 
light pulley P which is fixed at the top of a rough inclined plane. The plane is inclined to 

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

4

 Particle A is held at rest on the plane with the string taut and B hanging freely below P, as 
shown in Figure 4. The section of the string AP is parallel to a line of greatest slope of the 
plane.

 The coefficient of friction between A and the plane is 
1

2

 Particle A is released and begins to move up the plane.

 For the motion before A reaches the pulley,

 (a) (i) write down an equation of motion for A,

  (ii) write down an equation of motion for B,
(4)

 (b) find, in terms of g, the acceleration of A,
(5)

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

 (d) State how you have used the information that P is a smooth pulley.
(1)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a Draw a diagram labelling all theforces

r R T at tanx

2m

IF sinx COSX
3mα 2mgcost

3mg2mgv Imgsinaα
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Question 7 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Equationofmotion formula EF ma

i For particle A T 2mgsinα F 2mA

i For particle B 3mg T 3mA

b Use the equationof motion formulafor theentiresystem

EF ma 3mg T T 2mgsina F 2m 3m a

3mg 2mgsine F 5mA

Nomovementofparticle A perpendicular to theplane so the sum
of the perpendicular forces is zero

EF 0 R 2mgcosa 0 R 2mg t 85mg

Frictionformula to calculate F F µR F Emg 43mg

Substitute F backintooriginalequation and solve for a

3mg 2mgsina mg Sma

a 21319 3 19 59 masm egg
c Theforceexerted on the pulley by the string is the
resultantof the twotensions which can be drawn in a
diagram where X is the resutant magnitude of the tensions

A
Whether thevertical or

T diagonal tension is drawn

first is irrelevant as this
α doesn'taffect X as seen
T T in the diagram

α
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Question 7 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

calculate T using the equation ofmotionof B

3mg T 3mA T 3mg 3mbg 125mg

Using CosineRule a b c 2bcCOSA

X2 T2 T2 2 T T cos 90 2

X2 2T 2T cos90 2

UsingCosineAngleAddition Identity cosA B cosAcosB sinAsinB

cos90 α cos90cost sin90sinx sinα

X2 2T 2T sinx
2T Itsinx
212 13 16572

X TF Is Is 13mg going 4827mg

d Tension is the same on eitherside of the pulley
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Question 7 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q7

(Total 14 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.]

 At 7 am a ship leaves a port and moves with constant velocity. The position vector of the 
port is (–2i + 9j) km.

 At 7.36 am the ship is at the point with position vector (4i + 6j) km.

 (a) Show that the velocity of the ship is (10i – 5j) km h–1

(2)

 (b) Find the position vector of the ship t hours after leaving port.
(2)

 At 8.48 am a passenger on the ship notices that a lighthouse is due east of the ship.

 At 9 am the same passenger notices that the lighthouse is now north east of the ship.

 (c) Find the position vector of the lighthouse.
(4)

 (d) Find the position vector of the ship when it is due south of the lighthouse.
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a First calculate the displacement and timetaken in hours

Displacement 4it6j 21 9 Gi 3j Time 36min 0.6hrs

velocity formula S rt

v I 6E 101 Sj
b Position vector formula I to Vt

I 21 9 101 5 OR I 2 101 it 9 5t

c At 848am Timeafter 7 00 1hr48min 18h

Positionofship 2it9j 1.8 10i Sj 2it9j 181 9 16i

Position 16,0

The lighthouse is dueeast so it will have the same y coordinate
but larger x coordinate

Lighthouse coordinate L 0 where L 16
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Question 8 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

At 9 00am Time after 7 00 2hrs

Positionofship 2it9j 2 101 5 2it9j 20 10 18i j

The lighthouse is northeast so we mustadd an equalamount
to the x and y coordinate to go in the north east direction
The amountaddedshould be enough so the y coordinate is zero
which is just 1 as theship is at 18 1 meaning the
lighthouse is at 19 0

Position vectorof lighthouse 1911
d Duesouth means the ship has the same x coordinate as
the lighthouse 191

Position rector of ship I 2 101 it 9 5t

Equate i component of positionvectorof ship to 19 tofind t

2 10t 19 10t 21 t 2.1 whenship is duesouth

Substitute thevalueof t to find the y coordinate of theship

y coordinate 9 5t 9 5 2 1 1.5

Position of ship when due south of lighthouse 19 1.5
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Question 8 continued
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 8 continued
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 8 continued
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TOTAL FOR PAPER: 75 MARKS
END

Q8

(Total 12 marks)
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