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6. [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 O.]

 At 12:00, a ship P sets sail from a harbour with position vector  (15i + 36j) km. 
At 12:30, P is at the point with position vector  (20i + 34j) km.

 Given that P moves with constant velocity,

 (a) show that the velocity of P is  (10i – 4j) km h–1

(2)

 At time t hours after 12:00, the position vector of P is p km.

 (b) Find an expression for p in terms of i, j and t.
(2)

 A second ship Q is also travelling at a constant velocity.

 At time t hours after 12:00, the position vector of Q is given by q km, where

q = (42 – 8t)i + (9 + 14t)j

 Ships P and Q are modelled as particles.

 If both ships maintained their course,

 (c) (i) verify that they would collide at 13:30

  (ii) find the position vector of the point at which the collision would occur.
(4)

 At 12:30 Q changes speed and direction to avoid the collision.

 Ship Q now travels due north with a constant speed of 15 km h–1

 Ship P maintains the same constant velocity throughout.

 (d) Find the exact distance between P and Q at 14:30
(7)
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a Formula for velocity is velocity 1sacement

velocity 201341151365 10145g

b The position of a vector is givenby r To Vt ro histifon

p 151 36 10 Mj t
15 10t i 36 Yt
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Question 6 continued
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c i At time 13 30 1.5 hours have past

At t 1 5 p 15 10 15 i 36411.5 301 30

At t 1.5 q 42 8 15 it 9 141.5 301 30

sinceboth at same position at 1330 they will collide

i Positionvector of collision 301 30

d At time 14 30 2.5 hours passed

At 1 2.5 p 15 102.5 i 364125 401 26

For q we can separate its movement into two parts on it'soriginal pathfrom
12 00 to 12 30 and when it moves 15km north from 12 30 to 1430

From 12 00 to 1230 g 42 8 05 it 9 140.5 381 16

From 12 30 to 1430 g 381 16 1st 381 16 2 15 381 46

P 401 26 Q 381 46

IPQI 387 26 462 5404 2501kmy

www.mymathscloud.com
www.mymathscloud.com



*P74321A02228*

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
  

 D
O

 N
O

T W
RITE IN

 TH
IS A

REA
  

 
 

 
 D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

  
 D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

  
 

 
 

 D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

22



Question 6 continued
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Question 6 continued
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(Total for Question 6 is 15 marks)
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7.

A (m)

B (km)

α

Figure 4

 Figure 4 shows a block A of mass m held at rest on a rough plane. 
The plane is inclined at an angle α to the horizontal and the coefficient of friction 
between the block and the plane is μ.

 One end of a light inextensible string is now attached to A. The string passes over a 
small smooth pulley which is fixed at the top of the plane. 
The other end of the string is attached to a block B of mass km. 
Block B hangs vertically below the pulley, with the string taut.

 The string from A to the pulley lies along a line of greatest slope of the plane.

 Both A and B are modelled as particles.

 When the system is released from rest, A moves up the plane and the tension in the 

string is 4
3

mg

 Given that  μ = 
1

3
  and  tan α = 

7

24

 (a) (i) find the magnitude of the acceleration of A, giving your answer in terms of g,

  (ii) find the value of k.
(9)

 (b) Find the magnitude of the resultant force exerted on the pulley by the string, giving 
your answer in terms of m and g.

(4)
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a Draw a diagram labelling all relevantforces
tan I

am 7242 25 7
R 139 a 4m31

Am
FPR e at km 24

mycosa vkmg sinx 2g cost 21s

α m9v ingsina
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Question 7 continued
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Ii Since block A isn't moving perpendicular to the plane EF 0

R mycosa 0 R mycosa

Considering EF ma on block A and taking up the slope as positive
as this is the direction it accelerates

4mg F mgsina ma

4mg R mgsinx ma 4mg mycosa mgsina ma

4mg mgEs mg ma

439 8295 7g a
Jim

a g 531 7 19m52 3.5.7

ii considering EF ma on block B with a calculated and taking
downwards as positive as this is the direction it accelerates

Kmg 4mg Kmx

kg 4,9 11 9 kg 11,19

n 9 11,9 4,9 k 113g 5

b Redrawing the diagram and resolving the tension

Tsing
a
Tosa

T
T

M

F 2 5m

Mgv 5mg
α
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Question 7 continued
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The forces on the pulley are due to the tensions from blocks A and B
The horizontal component of the tension from block A is Tcosx
The vertical component of the tension from block A is Tsinx
The tension from block B acts vertically downwards

Sum of the horizontal forces acting onpulley Tcosα
sum of the vertical forces acting onpulley Tsinα T

Resultantforceacting on pulley FFTsinαttp
Substitute in T 4mg sink Is cost 21g

Fresultant
9 2517179 2 45

_smgmg 19g

smg mg

F7t y
198mg 3,3mg
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Question 7 continued
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Question 7 continued
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(Total for Question 7 is 13 marks)
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