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1 

Review exercise 1
1 a For the first 3 s the cyclist is moving with constant acceleration. 
 
 b For the remaining 4 s the cyclist is moving with constant speed. 
 
 c area trapezium rectangle= +  

  
( )1

2 3 5 4
 10.5 20 30.5
The distance travelled by the cyclist is 30. m5

2 5s × + ×

= + =

= +

 

 
2 a  

     
 
 b Let time for which the train decelerates be 1 s.t  
  While decelerating  

  

1

1
12

1
2

2

1200
1 24

24 24
50

height
600 24

50

Acceleration is represente

area bas

d by the gradient.
0.48

The deceleration is 0

e

ms.48
t

t
t

a
−

= ×

= ×

= =

= − = − = −

 

 
 c For the whole journey 

  
( )
( )

1
2

1
27500 125 24
7500 1500 250

24
T

s a b h

T T ×

−
=

=

+

=

+

= +  

 
 d Total time is 1 s (75( 250 50)s 375) s75 T t = + + =+ +  
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3 a    

    
  Let the time for which the train accelerates be 1 st and the time for which it travels at a constant 

speed be 2 s.t  
 
   During acceleration 

   

16
1 0.4

2000
2 2 16

1 2

1 40

At constant speed
2000 16 125

The total 

16 0 0.4

s 1time is 8( 20)s (40 125 2 50 s)

t
v u at

t

t t

t t

⇒ = =

= × ⇒ = =

= +
= +

=+ + = + +

 

 
 b  1

2 ( )s a b h= +  

  
1
2 1 6 2480

24
(125 185)

m80AB
× =

=

= +
 

 
 c  

     
 
4 a Taking the upwards direction as positive. 

  
2 2

2 2

2

0, 9.8,40,

9.8 40
784 28

?
2

0 2

v a u
v u as
s

u
u u

= = − =

=

=

× ×

= ⇒

=

=

+

−
 

 
  The speed of projection is 28 m s–1 
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4 b 0, 28, 9.8, ?s u a t= = = − =  

  

21
2

2

28
4.9

0 28 4.9 (28 4.9 )
0, 5.714...

The time taken to return to  is 5.7s (2 s.f.)

s ut at

t t t t
t t

A

= +

= − = −
= = =  

 
5 Find the speed of projection. 
 Taking the upwards direction as positive. 
 
 0, 3, 9.8, ?v t a u= = = − =  
 
 v u at= +  

 

21
2

2

2

2

0 9.8

29.4, 9.8, ?

39.2 29.4 4.9
4.9 29.4 39.2 0

Dividing all terms by 4.9
6 8 0

( 2)( 4) 0
2,

3 29

4

.4

39.2,

u

s

u

u a t
s ut at

t t
t t

t t
t t

t

= −

= = − =

= +

= −

− + =

− + =
− =

× ⇒

=

=

−

=

 

  
 The ball is 39.2 m above its point of projection when t = 2 or when t = 4 
 
6   

  
   

 1tan 30
3

q
p

= =   

     
3

pq∴ =   

      2 240 p q= +  

 

2
2

2

2

2

40
3

4 40
3

30
40 30 10

pp

p

p
q

+ =

=

=

∴ = − =

  

 The values are: 30 and 10.p q= =  
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7   

   
   

 
2250
750

( 2250 75) 0
3

R a
a

F ma=
→ − =
= − = −

      

   25, 15, 3, ?u v a s= = = − =  

 

2 2

2 2

2 2
2
3

2
15 25 6

25 15 400 66
6 6

v u as
s

s

= +

= −

−
= = =

 

 
 The distance travelled by the car as its speed is reduced is 2

366 m. 
 
8  

    
 
 a  The resistance on the engine is 2 50 1 0 N5 25× =  

  

The resistance on the truck is 10

    
26000 1250 500 35000

26000 1250 500 97 0.6928...
35000 140

The acceleration of the engine and 

50 500 N
For the whole system, the engine and tr

truck is 0.6

uck
( ) F ma

a

a

R =
− − =

− −
= = =

× =

→

293ms  (3 s.f.)−

 

  
 b For the truck alone 

  
           

500 10000
5 0.00 10000 6928... 7428.57...

F ma
T a
T

=
−

=
=

×= +
 

  The tension in the coupling is 7430 N (3 s.f.) 
 

 c i Treating the engine and truck as particles allows us to assume the weight acts from the centre of 
mass of each object, and ignore wind resistance and rotational forces. 

 
  ii By assuming the coupling is a light horizontal rod, we treat it as if it had no mass and therefore  
   can assume it not only stays straight but that it has no weight and the tension is constant along  
   the entire length. 
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9  

    
 
 a From A to the greatest height, taking upwards as positive. 
  0, 9.8, 25.6, ?v a s u= = − = =  

  
2

2

22

2

0 ( 9.8) 25.6
2 9.8 25.6 501.76

501.76 22.4,  as require

2

.

2

d

as

u

u

v u
u

= +

= × − ×

=

= =

+

× × =
 

 
 b 1.5, 9.82 ,2 .4, s a t Tu = − == − =  

  

( )

21
2

21
2

2

2

1.5 22.4 ( 9.8)

4.9 22.4 1.5 0

2 4.92.4 22.4 4
2

 4.637... 4.64 (3 s.f.

1.5

)
4.9

s ut at

T T

T T

T
× ×−

= +

− = + −

− − =

+ − −
=

= =
×

 

 
 c  

    
 
  To find the speed of the ball as it reaches the ground. 

  

2 2 2

2 2

2

2

531.16
0.05

22.4,
( 9.8) ( 1.5) 531.16

To find the deceleration as the ball si

1.5, 9.8, ?
2 22.4 2

0, 0.
nks into the ground.

531.16,
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025, ?
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2

u

u
a

a

F

s a v
v u as

v s

m

a
v u as

= − = − =

= + = +

= = =

=

=

× − × − =

=

⇒ = + × ×
= −

+
− =

=
623.2)

0.6 0.6 623.2 6380 (3 s.f.
0.6 0

10 )
.6 ( 10

F g

a
g F− = × −
= + =×
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9 d  

   
    
 
 e Consider air resistance during motion under gravity. 
 
10   

      
 
 a For A 

  

( )

(          0.8 ( )

For 

     0.6 0.6 ( )

)R T a

B

R g T a

=→

↓ − =

1

2

 

 
  ( ) ( )+1 2  

  
0.6 1.4

0. 9.86 4.2
1.4

g a

a

=

= =
×  

  The acceleration of A is 4.2 m s–2 
 
 b Substitute 4.2 into (1)a =  

  
4.2 3.36

The tension in the string is 3.4 N (2
0

 . .)
.

f
8

s
T = × =

 

 
 c 4.2, , ?0 1,a s vu == = =  

  

2 2

2 4.2 1 8.4

8.4 2.89

0

8..

2

.

2

v

v u as
× ×

=

=

= =

+

=

+  

 
  The speed of B when it hits the ground is 2.9 m s–1 (2 s.f.)   
 



  

© Pearson Education Ltd 2019. Copying permitted for purchasing institution only. This material is not copyright free. 7 

10 d 4.2, , ?0 1,a s tu == = =  

  

21
2

2

2 1
2.1

1 0 2.1
0.690...

s ut at

t
t t

= +

= +

= ⇒ =

 

 
  The time taken for  to reach the ground is s (2 s0.69 .f.)B  
 
 e i Describing the string as ‘light’ means it has no mass (and therefore no weight). 
 
  ii This fact allows us to assume that the tension is constant in all parts of the string. 
 
11   

   
    
 a F = ma 
  For P ↓ positive:   0.6a = 0.6g – T  (1) 
  For Q ↑ positive:  0.2a = T – 0.2g   (2) 
  3 × (2):  0.6a = 3T – 0.6g 
  Subtracting (1) from this: 0 = 4T – 1.2g 
  4T = 1.2g = 1.2 × 9.8 
  The tension in the string is 2.9 N (2 s.f.) 
 
 b (1) + (2): 0.8a = 0.4g 

  9.8
2 2
ga = =   

  The acceleration is 4.9 m s−2.  
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11 c For P, before string breaks, taking up as positive: 
  s = ?, u = 0, a = 4.9, t = 0.4  
  21

2s ut at= +  

  

21
2

1
2

(0 0.4) (4.9 0.4 )
(0.784)

0.392m

s = × + ×

=

=

 

  The total distance P has to fall is therefore 1 − 0.392 = 0.608 m. 
 
  v = u + at 
  v = 0 + (0.4 × 4.9) = 1.96 m s−1 

  Before the string breaks, P is moving downwards at 1.96 m s−1. After string breaks, taking down as  
  positive, P moves under gravity. 
   
  s = 0.608, u = 1.96, a = 9.8, t = ? 
 
  21

2s ut at= +  

  
21

2
2

0.608 1.96 (9.8 )

0 4.9 1.96 0.608

t t

t t

= + ×

= − −
 

  
2 4

2
b b act

a
− ± −

=  

 

  
( )21.96 1.96 (4 4.9 0.608)

2 4.9
t

− ± − − × ×−
=

×
 

    
1.96 15.76

9.8
0.205 s or 0.605 s (3 d. p.)

− ±
=

= −
 

 
  Only positive answers are relevant in this context. ∴ P hits the floor 0.21 s (2 s.f.) after the string  
  breaks. 
 
 d This fact allows us to assume that the tension is constant in all parts of the string and that the  
  acceleration of the two particles is the same. 
 
12   

    
 
 a i For the whole system: 

   

                                
( ) 0.4

                           1050

The tractive force exerted by the engin

30

e of the car is 105

0 150 1500

.0 N

F ma
R

P
P

=
→ − ×− =

=  
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12 a ii For the trailer alone: 

         
 

 15
         

0 600
                 

( ) 0.4
                           390

F
T

T

ma
R − ×

=
=
=

→  

 
   The tension in the tow bar is 390 N. 
 
 b For the trailer alone: 
 

   

  1500
600

2

                           
( )

                           2.5

The greatest possible deceleration

1650 150 6

 of the car 

00

is 2.5ms

F ma
R a

a

−

− =
=

→
= − = −  

 
13   

   
   
 a F = ma 
  Taking up as positive: 
  (1050 + 45 + 20) × −2 = T − (1050 + 45 + 20)g 
  T = 1115(g −2) 
  T = 1115 × 7.8 
  The tension in the cable is 8697 N. 
 
 b  From Newton’s third law of motion: 
  |Force exerted on boy by box| = |Force exerted on box by boy| = |R1| 
  For the boy, taking up as positive: 
  45 × −2 = R1 − 45g 
  R1 = 45(g −2) 
  R1 = 45 × 7.8 
  The boy exerts a force of 351 N on the box. 
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13 c From Newton’s third law of motion: 
  |Force exerted on box by lift| = |Force exerted on lift by box| = |R2| 
  For the box, taking up as positive: 
  20 × −2 = R2 − 20g − 351 
  R2 = 351 + 20(g −2) 
  R2 = 351 + (20 × 7.8) = 351 + 156 
  The box exerts a force of 507 N on the lift. 
 
14 a  

   
   
  Let the required angle be .α  

  
Then tan 2

63º (2s.f .)
α

α
=

∴ =
 

 
 b 1 2As + =F F R  
  (2 3 ) ( ) ( 2 )kλ µ+ + + = +i j i j i j  
 
  where k is a constant. 
  2  and 3 2 *k kλ µ∴ + = + =  
 
  Eliminate k from these two equations. 
  Then    2(2 ) 3λ µ+ = +  
       2 1 0λ µ∴ − + =  
 
 c If  2F  is parallel to j then 0λ =  

  
2 2

Substituting = 0 into * gives

1 and 2
2 4

2 4

        20
        4.47 (3 s.f.)

k

λ

µ = =
∴ = +

∴ = +

=
=

R i j

R
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15   

      
 
 a The magnitude of 
   

  
2 27 16

17.5 (1 d.p.)
= +
=

R  

 
 b 16

7tanα =  

   
( )1 16

7tan
66º  (nearest degree)

α −=

=
 

 
 c Let ( 4 ) and ( )λ µ= + = +P i j Q i j  

  

As 
( 4 ) ( ) (7 16 )

Equating  components
7 ( )

λ µ

λ µ

+ =
∴ + + + = +

+ =

P Q R
i j i j i j

i
1

 

 
  Equating j components 

  

4 16 ( )

Subtract ( ) ( )
3 9

3

λ µ

λ
λ

+ =

−
=

∴ =

2

2 1  

 
  Substitute into equation ( )1  

  

3 7
4

3( 4 ) 3 12     and    4( ) 4 4

µ
µ

∴ + =
∴ =

∴ = + = + = + = +P i j i j Q i j i j
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16 Rich has position vector 6−i j .  
 Dev has position vector 2+9i j . 
  
 a Dev’s position relative to Rich’s position is 
  ( )9 2 6 8 8+ − − = +i j i j i j  
  The distance d between Rich and Dev is  

  
2 28 8

8 2 km

d = +

=
 

     11.3 km (3 s.f.)=   
 
 b ( )

( )
6 6

2 3 2
R

D

t

t

− + +

= + + − +

r = i j i j

r 9i j i j
 

  If Rich and Dev meet at time t, 
   ( ) ( )6 6 2 3 2t t− + + = + + − +i j i j 9i j i j  
  4 4 8 8t t+ = +i j i j  

  
This will be true when 4 8

2 hours
t

t
=

=
 

  Therefore, they meet at 14:00. 
 
 c Substituting t = 2 into the equation for rR (equation for rD could be used instead)    

 gives meeting point: 

  
( )

( )

6 2 6
6 2 12

3 6  km

= − + +

= − + +

+

r i j i j
i j i j

= i j
 

 
17 a R = 2i − 5j + i + j 
      = 3i − 4j  
  |R| = 2 23 4 25 5 N+ = =  
 
 b Rnew = 3i − 4j + kj 
  tan 45° = 1, so the coefficients of i and j are equal. 
  So −4j + kj = 3i 
          So k = 7 
 

18  sin 60° = 
100
m  

  m = 100 sin 60° 
     = 50 3  
  Using Pythagoras' theorem: 

  ( )2
2100 50 3 30 2500 30 50 30 80n = − + = + = + =  

  or using n = 100 cos 60° + 30 = 80 
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19 a Call the finish line F: 
  AF



= −65i + 180j − 10i = −75i + 180j 
  AF = 2 275 80 38025 195+ = =  
  BF



= 100i + 120j − 10i = 90i + 120j 
  BF = 2 290 120 22500 150+ = =  
  150 < 195, so boat B is closer to the finish line. 
 
 b Speed of boat A 2 22.5 6= +  

     42.25
6.5 m/s

=
=

 

  Speed of boat B 2 23 4= +  

     25
5 m/s

=
=

 

  DistanceTime
Speed

=  

  Time taken for boat A to reach the finish line 195 30 s
6.5

= =  

  Time taken for boat B to reach the finish line 150 30 s
5

= =  

  Both boats reach the finish line at the same time. 
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Challenge  
 
1 t1 + t2 + t3 = 7 × 60 = 420 
 3t1 = 4t3  

 t3 = 0.75t1 
 
 Considering time t1 

 

1

1

1

2
01750

2
3500

u vs t

v t

v
t

+ =  
 

+ =  
 

=

  

 
 Considering time t2 
 s2 = vt2 

 
2

1

2 1

350017500

5

t
t

t t

=

=

  

 
 Considering total time: 
 t1 + 5t1 + 0.75 t1 = 420 

 1
420 62.22
6.75

t = =  s 

 ∴ t2 = 311.11 s 
 & t3 = 46.67 s 
 
 Distance travelled during time t3 is s3 

 3 32
u vs t+ =  

 
 

 
1

3500 3500 56.25
62.22

u
t

= = = , v = 0, t = 46.67  

 
3

3

56.25 0 46.67
2

28.125 46.67 1312.6

s

s

+ =  
 

= × =
 

 

 Total distance = 1750 + 17 500 + 1312.6  
 The distance between the two stations is 20.6 km (3 s.f.). 
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Challenge  
 
2  

   
  
 
 a Considering A, → positive: T – 2 = 5a 
  Considering entire pan, ↓ positive: (5 + 10)g – T = 15a 
  So 150 – T = 15a 
 
  Adding these gives: 
  148 = 20a 
  The acceleration of the pan is 7.4 m s −2. 
 
 b Substituting this value into the first equation gives: 
  T – 2 = 5 × 7.4 = 37 
  The tension in the string is 39 N.  
 
 c Block C exerts a normal reaction force R on block B. 
  Considering block B only, ↓ positive:  
  5g – R = 5a 
  50 – R = 37 
  Block C exerts a force of 13 N on block B. 
 
 d The force the string exerts on the pulley has two perpendicular components, each of magnitude T. 
  The magnitude of the total force, F, is therefore given by: 

  
2 2 2

2 239 39 3042

F T T

F

= +

= + =
  

  The string exerts a force of magnitude 55 N (2 s.f.) on the pulley. 
 
 e The fact that the string is inextensible allows us to assume that the tension is constant in all parts  
  of the string and that the acceleration of Block A and the scale pan are the same. 
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16 Rich has position vector 6−i j   
 Dev has position vector 2+9i j  
 a Dev’s position relative to Rich’s position is 

  ( )9 2 6 8 8+ − − = +i j i j i j  
  The distance d between Rich and Dev is  

  

82 82

128

8 2 km

d = +

=

=  
 b ( ) ( )6 6 2 3 2t t− + + = + + − +i j i j 9i j i j  

  4 4 8 8t t+ = +i j i j  
  Comparing coefficients for i  

  

4 8
2 hours

t
t
=
=  

  Therefore they meet at 2 pm 
 c They meet at 

  

( )

( )

6 2 6
6 2 12

3 6  km

= − + +

= − + +

+

r i j i j
i j i j

= i j  
 

 


