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Section A (36 marks)

1 Fig. 1 shows two blocks of masses 3 kg and 5 kg connected by a light string which passes over a smooth, 
fixed pulley.

 Initially the blocks are held at rest but then they are released.

5 kg3 kg

Fig. 1

 Find the acceleration of the blocks when they start to move, and the tension in the string. [5]

2 Fig. 2 shows a small object, P, of weight 20 N, suspended by two light strings. The strings are tied to points 
A and B on a sloping ceiling which is at an angle of 60o to the upward vertical. The string AP is at 60o to the 
downward vertical and the string BP makes an angle of 30o with the ceiling.

 The object is in equilibrium.

60°

60°

30°

A

B

P

Fig. 2

 (i) Show that �APB = 90°. [1]

 (ii) Draw a labelled triangle of forces to represent the three forces acting on P. [3]

 (iii) Hence, or otherwise, find the tensions in the two strings. [3]
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3 Two girls, Marie and Nina, are members of an Olympic hockey team. They are doing fitness training.

 Marie runs along a straight line at a constant speed of 6 m s–1.

 Nina is stationary at a point O on the line until Marie passes her. Nina immediately runs after Marie until she 
catches up with her.

 The time, t s, is measured from the moment when Nina starts running. So when t = 0, both girls are at O.

 Nina’s acceleration, a m s–2, is given by

    a = 4 − t for 0  t  4 ,

    a = 0 for t > 4 .

 (i) Show that Nina’s speed, v m s–1, is given by

    v = 4t − 1
2 t2 for 0  t  4 ,

    v = 8 for t > 4 . [3]

 (ii) Find an expression for the distance Nina has run at time t, for 0  t  4 .

  Find how far Nina has run when t = 4 and when t = 51
3 . [4]

 (iii) Show that Nina catches up with Marie when t = 51
3 . [1]

4 A projectile P travels in a vertical plane over level ground. Its position vector r at time t seconds after 
projection is modelled by

    r = � x
y � = � 0

5 � + �30
40 � t − � 0

5 � t2 ,

 where distances are in metres and the origin is a point on the level ground.

 (i) Write down

  (A) the height from which P is projected,

  (B) the value of g in this model. [2]

 (ii) Find the displacement of P from t = 3 to t = 5 . [2]

 (iii) Show that the equation of the trajectory is

    y = 5 + 4
3

 x − x2

180
 . [4]
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5 The vectors p and q are given by

    p = 8i + j and q = 4i − 7j.

 (i) Show that p and q are equal in magnitude. [3]

 (ii) Show that p + q is parallel to 2i − j. [2]

 (iii) Draw p + q and p − q on the grid.

  Write down the angle between these two vectors. [3]

    Section B (36 marks)

6 Robin is driving a car of mass 800 kg along a straight horizontal road at a speed of 40 m s–1.

 Robin applies the brakes and the car decelerates uniformly; it comes to rest after travelling a distance of 
125 m.

 (i) Show that the resistance force on the car when the brakes are applied is 5120 N. [4]

 (ii) Find the time the car takes to come to rest. [2]

 For the rest of this question, assume that when Robin applies the brakes there is a constant resistance force 
of 5120 N on the car.

 The car returns to its speed of 40 m s–1 and the road remains straight and horizontal.

 Robin sees a red light 155 m ahead, takes a short time to react and then applies the brakes.

 The car comes to rest before it reaches the red light.

 (iii) Show that Robin’s reaction time is less than 0.75 s. [2]

 The ‘stopping distance’ is the total distance travelled while a driver reacts and then applies the brakes to 
bring the car to rest. For the rest of this question, assume that Robin is still driving the car described above 
and has a reaction time of 0.675 s. (This is the figure used in calculating the stopping distances given in the 
Highway Code.)

 (iv) Calculate the stopping distance when Robin is driving at 20 m s–1 on a horizontal road. [3]

 The car then travels down a hill which has a slope of 5° to the horizontal.

 (v) Find the stopping distance when Robin is driving at 20 m s–1 down this hill. [6]

 (vi) By what percentage is the stopping distance increased by the fact that the car is going down the hill? 
Give your answer to the nearest 1%. [1]
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7 Fig. 7 shows the trajectory of an object which is projected from a point O on horizontal ground. Its initial 
velocity is 40 m s–1 at an angle of α to the horizontal.

O

40 m s–1

R
x

Fig. 7

 (i) Show that, according to the standard projectile model in which air resistance is neglected, the flight 
time, T s, and the range, R m, are given by

    T = 
80 sin α

g  and R = 
3200 sin α cos α

g  . [6]

 A company is designing a new type of ball and wants to model its flight.

 (ii) Initially the company uses the standard projectile model.

  Use this model to show that when α = 30° and the initial speed is 40 m s–1, T is approximately 4.08 and 
R is approximately 141.4.

  Find the values of T and R when α = 45°. [3]

 The company tests the ball using a machine that projects it from ground level across horizontal ground. The 
speed of projection is set at 40 m s–1.

 When the angle of projection is set at 30°, the range is found to be 125 m.

 (iii) Comment briefly on the accuracy of the standard projectile model in this situation. [1]

 The company refines the model by assuming that the ball has a constant deceleration of 2 m s–2 in the 
horizontal direction.

 In this new model, the resistance to the vertical motion is still neglected and so the flight time is still 4.08 s 
when the angle of projection is 30°.

 (iv) Using the new model, with α = 30°, show that the horizontal displacement from the point of projection, 
x m at time t s, is given by

    x = 40t cos 30° − t2.

  Find the range and hence show that this new model is reasonably accurate in this case. [4]

 The company then sets the angle of projection to 45° while retaining a projection speed of 40 m s–1. With 
this setting the range of the ball is found to be 135 m.

 (v) Investigate whether the new model is also accurate for this angle of projection. [3]

 (vi) Make one suggestion as to how the model could be further refined. [1]
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5 (iii)
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Question Answer Marks Guidance 
1   Let the tension in the string be T N and the 

acceleration be a m s-2 M1 One correct equation which must involving a and a weight 
 

   3 kg block:  3 3T g a   M1 A second correct equation; this one must involve a, T and a weight  

   5kg block:   5 5g T a      

   
            2 8g a  M1 

Elimination of both T and a from their equations or substitution of their a in 
their 3-term equation 

 

   / 4 2.45a g   (m s-2) A1 Cao dependent on at least one of the first two M marks  

   36.75  (N)T   A1 Cao dependent on at least one of the first two M marks  

    [5]   
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2 (i)                                   

 

 

 

 

 

 
BAD 60  and PAE 60 PAB 60         

(Angles on straight line) 
PAB 60  and ABP 30 APB 90         

(Angles in triangle)  

 
 
 
 
 
 
 
 

B1 

 

 

 

 

 

 

 

Any valid argument 

Allow an “argument” containing only numbers and no words 

 

    [1]   

2 (ii)  

B1 

Diagram 
A triangle with angles of approximately 90o, 60o and 30o. No mark 
for an isosceles or equilateral triangle. No extra forces. 

 Do not award this mark to candidates who draw a force diagram, ie 
showing 3 concurrent forces. 

 

   

B1 

Arrows 
Triangle: the sides are marked with arrows following a cycle round the 
triangle 

Force diagram: the directions of the three forces are indicated by arrows. 
No extra forces. 

 

   

 

 

 

 

 

B1 

Labels  
Triangle: all sides are labelled consistently and unambiguously with 
the angles, ie 20 opposite 90o, TAP opposite 30o and TBP opposite 60o. 
 
Force diagram: all forces labelled 
Condone 20g or W 

 

E P 

B

A 

  D D 

 
20 

T2 

T1 
60o 

30o 
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   T1 = Tension in AP.  

T2 = Tension in BP 
   

    [3]   
 (iii)  

2 20cos30T    M1 
An attempt to apply trigonometry to a triangle of forces to find the 
tension in either string 

 

   Tension in string BP is 17.3 N A1 No mark if derived from “weight = 20g” (giving 169.7)  

   Tension in string AP is 10 N A1 FT for “weight = 20g” (giving 98)  

    [3]   

 
2. (iii)  Alternative  Award  up to all 3 marks for using horizontal and vertical equilibrium  

   Horizontal equilibrium: 
2 1cos60 cos30T T    (M1) An attempt at both horizontal and vertical equilibrium equations 

 

   Vertical equilibrium: 
2 1sin 60 sin30 20T T       

 

   Tension in BP is 17.3 N (A1) No mark if derived from “weight = 20g” (giving 169.7)  

   Tension in AP is 10 N (A1) FT from “weight = 20g” (giving 98)  

    ([3])   

2. (iii)  
Alternative  Award  up to all 3 marks for using equilibrium in directions PA and 

PB 

   
1 220cos60 ,   20cos30T T     (M1) 

An attempt to resolve the weight in the directions PA and PB. This 
method may be implied by subsequent work  

   Tension in BP is 17.3 N (A1) No mark if derived from “weight = 20g” (giving 169.7) 

   Tension in AP is 10 N (A1) FT from “weight = 20g” (giving 98) 

    ([3])  
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3 (i)  (4 - )dv t t   M1 Attempt to integrate  

   
21

4
2

v t t c      ( 0, 0 0)t v c     

21
4

2
v t t   for 0 4t   

 
 

A1 
Condone no mention of arbitrary constant 

 

   When 4t  , 8v   and  for 4t  , 0a   so 
8v   for 4t   

B1 0a   must be seen or implied 
 

    [3]   

 (ii)  21
2(4 - )ds t t t   M1   

   
2 31

2
6

s t t   A1 Again condone no mention of arbitrary constant 
 

   When 4t  , Nina has travelled 
2 31 1

2 4 4 21
6 3

    m A1  

 

   When 1
35t  , Nina has travelled 

1
3

1
21 8 1 32

3
   m 

F1 
Allow follow through from their 

1
21

3
 

Exact answer required; if rounded to 32, award 0 

 

    [4]   

 (iii)  
When 

1
5

3
t  , Marie has run 1

36 5 32  m.  
Allow an equivalent argument that when Marie has run 32 m, 

1
5

3
t  , 

as for Nina 

 

   
Nina has also run 32 m so caught up Marie B1 

This mark is dependent on an answer 32 in part (ii) but allow this 
where it is a rounded answer and in this particular case the rounding 
can be in part (iii) 

 

    [1]   
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4 (i) (A)  Height 5 m B1 No units required; apply ISW if incorrect units given   

  (B)
g has been taken to be 10 m s-2 B1 

Allow +10 or –10. No units required; apply ISW if incorrect units 
given 

 

    [2]   

4 (ii)  
Displacement is 

150 90

80 80

   
   

   
 M1 

Displacement must be given as a vector. Allow a description of a 
vector in words. Attempts at substitution for t and subtraction of 
vectors must be seen 

 

   
60

0

 
  
 

 A1 
Cao 
If the candidate then goes on to give a non-vector answer of “60 m”, 
apply ISW. 

 

    [2]   

4 (iii)  30x t  B1   

   25 40 5y t t    B1   

   2

5 40 5
30 30

x xy           
   

 M1 Attempt to eliminate t 
 

   24
5

3 180

xy x    A1 No errors 
 

    [4]   
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5 (i)  2 28 1 p  M1 For applying Pythagoras theorem  

   65p  A1   

   2 24 ( 7) 65   q   They are equal A1 Condone no explicit statement that they are equal  

    [3]   

5 (ii)  12 6  p q i j  M1   

   6(2  p q i j)    

so p q is parallel to 2 i j  E1 
Accept argument based on gradients being equal. 
“Parallel” may be implied 

 

    [2]   

5 (iii)  

 

B1 
B1 

One mark for each of p q and p - q drawn correctly 

SC1 if arrows missing or incorrect from otherwise correct vectors 

 

   The angle is 90o B1 Cao  

    [3]   
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6 (i)  2 2 2v u as   

2 20 40 2 125a     

 

M1 

 

Substitution required. For u v interchange award up to M1 A0 

 

   6 .4a    A1 Condone no – sign  

   F ma  M1   

   800 ( )6.4 ( )5120F       E1 Allow +5120 or –5120  

    [4]   

6 (ii)  v u at   

0 40 6.4 t    
 

M1 

 

FT for a 

 

   6.25t     It takes 6.25 seconds to stop A1   

    [2]   

   Alternative    

   1
( )

2
1

125 (40 0)
2

6.25  it takes 6.25 seconds to stop

s u v t

t

t

 

  



 

 
 

(M1)
 

(A1) 

 

 

    [2]   

   Alternative   

   21
2s ut at     

   21
2125 40 ( 6.4)t t     (M1)   

   23.2 40 125 0t t      

   6.25t   (A1)   

    ([2])   
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6 (iii)  Reaction distance 155 125  = 30 m M1 30 must be seen and used  

   Time taken to travel 30 m at 40 m s-1 is 
0.75 s 

E1  
 

    [2]   

6 (iv)  Distance travelled before braking 
20 0.675 13.5   m 

 

B1 

  

   Distance travelled while braking 
220

31.25
2 6.4

 


 
B1 

 

 

 

   Stopping distance 13.5 31.25 44.75   m B1 Cao  

    [3]   
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6 (v)  The distance travelled during the reaction 
time is not affected by the slope. It is 
20 0.675 13.5  m 

 

 

 

13.5 is rewarded later 

 

   Component of the car’s weight down the 
slope  

M1 Allow cos for sin for M1 Allow omission of g for this mark only  

   sin 800 9.8 sin 5mg      ( 683.3 N ) A1 Cao  

   Force opposing motion when the brakes 
are applied 5120 683.3 4436.9    

M1 The resistance (5120) and their weight component (683.3) must have 
opposite signs. 

 

   
Acceleration 

4436.7
( ) ( )5.546

800
    ms-2 

Distance travelled while braking 

 

A1 

 

 

 

 

 

   
2 400

36.06
2 2 ( )5.546

u
a

    
 

m 

Stopping distance 13.5 36.06 49.56   m 

 
A1 

 

F1 

 

 

Allow FT for 36.06 from previous answer. Allow FT of 13.5 from 
part (iv) 

 

    [6]   

6 (vi)  Increase in stopping distance on account of 
slope 

49.56 44.75 4.81   m 

Percentage increase 
4.81

100 11%
44.75

    

 
 
 

B1 

 

 

 

Cao  This mark is dependent on a correct final answer to part (v) 

 

    [1]   
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7 (i)  Vertical motion: initial speed 40sin  B1   

   21
2(40sin )h t gt      

   2 40 sin
0 0 or h t

g
 

    M1 
Correct expression for h must be seen. Condone omission of the case 

0t   

 

   
 

80sinT
g


   E1 Perfect argument (but still condone omission of 0t  ) 
 

   Alternative    

   Vertical motion: initial speed 40sin  (B1)   

   40sinv gt      

   
When 0v  , 

2

Tt   (M1) Correct expression for v must be seen 
 

   80sinT
g


   (E1) Perfect argument 
 

   Horizontal motion: initial speed 40cos  B1   

   
40cosR T   M1 

 
There must be evidence of intention to use T  

 

   3200sin cosR
g
 

   E1 Perfect argument 
 

    [6]   

7 (ii)  
30 :    
80sin 30

4.08
9.8

T 
   

3200 sin 30 cos30
141.4

9.8
R   

    

 
 
 
 

B1 

 
 
 
 
Both answers required for the mark. Evidence of substitution 
required 

 

   45 :  5.77T     B1   
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   45 :  163.3R     B1 Accept 3 significant figures  

    [3]   

7 (iii)  The standard model is not accurate; 125 is 
much less than 141.4 

B1 The comment must be based on the figures given in the question 
 

    [1]   

7 (iv)  Horizontal motion:  21
2s ut at   M1 Use of correct formula  

   21
240cos30 2x t t      

240 cos30x t t    

 
A1  

 

   Flight time = 4.08 s    

   21
240 cos30 4.08 2 4.08R        M1   

   124.7R  This is close to the experimental 
result of 125 m 

E1 A comparison with 125 m is required 
 

    [4]   
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7 (v)  
When 45 ,   5.77T   M1 

Use of correct formula, with substitution for  and T. FT their T from 
(ii) but not 4.08. 

SC1 for substituting for T but using 30o for  

 

   21
240 cos45 5.77 2 5.77R           

   129.9R   A1   

   

129.9 m is not very close to 135 m so the 
model is not very accurate for this angle. 

B1 

Comparison of their 129.9 with 135 
If 4.08 used for T and answer 98.8 obtained for R allow FT for this 
mark 
Allow argument that to get to 135m takes 6.07 s which is greater than 
5.77 s 

 

    [3]   

7 (vi)  Allow for resistance in the vertical 
direction as well 

B1 
Any sensible comment, but do not award a mark for “Allow for air 
resistance” without mention of the vertical direction. 

 

    [1]   
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