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Q1. 
(a)  Which of these is a scalar quantity? 

Tick one box. 
  

displacement 
 

distance 
 

force 
 

velocity 
 

(1) 

(b)  A woman cycled along a straight flat road. 

The graph below shows how the woman’s velocity changed with time. 

  

Which part of the graph shows the woman moving at constant velocity? 

Tick one box. 
  

BC 
 

CD 
 

DE 
 

(1) 

(c)  Which part of the graph shows the woman stationary? 
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BC 
 

CD 
 

DE 
 

(1) 

Between points A and B the woman was accelerating. 

(d)  Use the graph above to determine the total time for which she was accelerating. 

___________________________________________________________________ 

Time = _____________________ s 
(1) 

(e)  Use the graph above to determine her increase in velocity between points A and B. 

___________________________________________________________________ 

Increase in velocity = _____________________ m/s 
(1) 

(f)  Calculate her acceleration between points A and B. 

Use the equation: 

  

___________________________________________________________________ 

___________________________________________________________________ 

Acceleration = _____________________ m/s2 

(2) 

(g)  Estimate how a typical cycling speed of 6 m/s compares with a typical walking 
speed. 

Tick one box. 
  

about twice as fast 
 

about four times faster 
 

about eight times faster 
 

(1) 
(Total 8 marks) 

Q2. 
A student investigated the frictional force between an object and a surface. 
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The student used a string to pull a small wooden block across different surfaces. 
The block was pulled at a constant speed in a straight line. 

Pulling the block causes a tension force in the string. 

The student kept the angle of the string the same each time. 

The diagram below represents the block being pulled across a piece of carpet. 

  

(a)  Measure angle A on the diagram above. 

Angle A = _______________ degrees 
(1) 

(b)  Complete the sentences. 

Choose answers from the box. 
  

controlled dependent scalar valid vector 

Force has both magnitude and direction, so is a _____________________ quantity. 

A quantity with magnitude only is a _____________________ quantity. 
(2) 

(c)  Two forces acting on the block are tension and friction. 

Name one other force acting on the block. 

___________________________________________________________________ 
(1) 

(d)  When the student pulled the block with a constant force, the velocity of the block did 
not change. 

What is the best explanation for this? 

Tick one box. 
  

Force is directly proportional to velocity 
 

No work is done by the pulling force 
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The block is moving in a straight line 
 

The resultant force on the block is zero 
 

(1) 

The student pulled the block along four different surfaces: 

•   cardboard 
•   carpet 
•   glass 
•   sandpaper. 

(e)  Give two control variables for this investigation. 

1. _________________________________________________________________ 

2. _________________________________________________________________ 
(2) 

The table below shows the results. 
  

Surface 
Force to pull the block in 

newtons Mean force 
in newtons 

Trial 1 Trial 2 Trial 3 

cardboard 1.4 1.6 1.5 1.5 

carpet 2.5 3.0 3.9 3.2 

glass 0.7 0.8 0.6 0.7 

sandpaper 5.2 5.6 5.4 X 

(f)  Calculate value X in the table above. 

___________________________________________________________________ 

___________________________________________________________________ 

X = _____________ N 
(1) 

(g)  Which surface produced the lowest friction force? 

___________________________________________________________________ 
(1) 

(Total 9 marks) 

Q3. 
Forces are vector quantities. 
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(a)  What is the difference between a vector quantity and a scalar quantity? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(2) 

Figure 1 represents a wooden block being pulled across a surface at a constant speed in 
a straight line. 

The block is in contact with the surface. 

The arrow in Figure 1 represents the tension force in the string pulling the block. 

Figure 1 

  

(b)  Complete Figure 1 to show the other three forces acting on the block. 
(3) 

Figure 2 is a copy of Figure 1 to help you answer the following question. 

Figure 2 

  

(c)  Figure 2 is drawn to scale. The scale is 1 cm : 0.5 N 

Determine the horizontal and vertical components of the tension in the string. 

Show these components on Figure 2. 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Horizontal component = __________________ N 

Vertical component = __________________ N 
(3) 

A student collects data on the size of the force required to pull the block across different 
surfaces at a constant speed. 

The table below shows the results. 
  

Type of 
surface 

Force in N Mean force 
in N Trial 1 Trial 2 Trial 3 

Cardboard 1.4 1.6 1.5 1.5 

Carpet 2.6 3.1 3.9 3.2 

Glass 0.7 0.8 0.6 0.7 

Sandpaper 5.2 X 5.3 5.4 

(d)  Calculate value X in the table above. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

X = ______________ N 
(2) 

(e)  Give three control variables for this investigation. 

1. _________________________________________________________________ 

___________________________________________________________________ 

2. _________________________________________________________________ 

___________________________________________________________________ 

3. _________________________________________________________________ 

___________________________________________________________________ 
(3) 

(Total 13 marks) 

Q4. 
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Figure 1 shows a rollercoaster train as it is pulled up a slope on the track. 

The arrows, A, B, C and D, represent the forces acting on the rollercoaster train. 

Figure 1 

 

(a)     Give two ways that the force arrows show that forces are vector quantities. 

1. _________________________________________________________________ 

2. _________________________________________________________________ 
(2) 

(b)     Which arrow shows the weight of the rollercoaster train? 

Tick one box. 
  

A 
 

B 
 

C 
 

D 
 

(1) 

(c)     Which arrow shows the normal contact force? 

Tick one box. 
  

A 
 

B 
 

C 
 

D 
 

(1) 

Figure 2 shows the magnitude of the acceleration of the rollercoaster train during the ride. 

Figure 2 
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(d)     Why has a line graph been drawn instead of a bar chart? 

Tick one box. 
  

Acceleration is a control variable. 
 

Both variables are continuous. 
 

Line graphs are easier to read. 
 

Time is a categoric variable. 
 

(1) 

(e)     What conclusion can be made from Figure 2 about the motion of the rollercoaster 
train between 10 and 15 seconds? 

Tick one box. 
  

It is moving at a constant velocity. 
 

Its velocity is decreasing. 
 

Its velocity is increasing. 
 

(1) 

(f)      What is the maximum acceleration of the rollercoaster train? 

Use Figure 2. 

Acceleration = ____________________ m/s2 

(1) 

(g)     The maximum safe acceleration for most people is 5 times the acceleration due to 
gravity. 
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Acceleration due to gravity = 9.8 m/s2 

Explain whether the acceleration of this rollercoaster train is safe for most people 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(3) 

(h)     One of the passengers on the rollercoaster train has a mass of 58 kg 

Calculate the maximum force experienced by the passenger during the ride. 

Use the equation: 

force = mass × acceleration 

Give the unit. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Maximum force = ____________________ Unit ____________________ 
(3) 

(Total 13 marks) 

Q5. 
Figure 1 shows a skydiver training in an indoor wind tunnel. 

Large fans below the skydiver blow air upwards. 

Figure 1 
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(a)     The skydiver is in a stationary position. 

Complete the free body diagram for the skydiver. 

  

  

  

  

  

  
(2) 

(b)     The skydiver now straightens his legs to increase his surface area. 

This causes the skydiver to accelerate upwards. 

Explain why straightening his legs cause the skydiver to accelerate upwards. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(2) 

(c)     A small aeroplane used for skydiving moves along a runway. 

The aeroplane accelerates at 2 m / s2 from a velocity of 8 m / s. 

After a distance of 209 m it reaches its take-off velocity. 

Calculate the take-off velocity of the aeroplane. 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

Take-off velocity = __________________ m / s 
(3) 

(d)     A skydiver jumps from an aeroplane. 

There is a resultant vertical force of 300 N on the skydiver. 

There is a horizontal force from the wind of 60 N. 

Draw a vector diagram on Figure 2 to determine the magnitude and direction of the 
resultant force on the skydiver. 

Figure 2 

  

Magnitude of resultant force = ___________________ N 
(5) 
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(Total 12 marks) 

Q6. 
This question is about forces, quantities and vectors. 

(a)     Write down the equation that links gravitational field strength, mass and weight. 

___________________________________________________________________ 
(1) 

(b)     A small ball weighs 1.4 N. 

gravitational field strength, g = 9.8 N / kg 

Calculate the mass of the ball. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Mass = __________________ kg 
(3) 

(c)     A white ball with mass 143 g is moving at a velocity of 7.9 m / s. 

It collides with a red ball with mass of 150 g. 

The red ball is stationary before the collision. The white ball stops after the collision. 

Calculate the velocity of the red ball after the collision. 

Give your answer to two significant figures. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Velocity of red ball = __________________ m / s 
(4) 

(d)     The white ball is thrown high into the air. 

After it is released the ball moves up and then back down in a vertical line. 

The free body force diagram in the figure below shows the forces on the ball at one 
point in its flight. 
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The force arrows are drawn to scale. 

  

Explain what is happening to the ball at this point in its flight. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(4) 

(Total 12 marks) 
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Mark schemes 

Q1. 
(a)  distance 

1 

(b)  BC 
1 

(c)  DE 
1 

(d)  5.0 (s) 
allow 5 (s) 

1 

(e)  6.0 (m/s) 
allow 6 (m/s) 

1 

(f)  6.0 / 5.0 
allow ecf from parts (d) and (e) 

1 

= 1.2 (m/s2) 
1 

an answer of 1.2 scores 2 marks 

(g)  about four times faster 
1 

[8] 

Q2. 
(a)  20 (degrees) 

allow answers in the range 19−21 (degrees) 
1 

(b)  vector 
1 

scalar 
1 

in this order only 

(c)  weight 
allow gravity 
do not accept gravitational potential energy 

or 

(normal) contact (force) 
allow (normal) reaction (force) 
allow air resistance 
allow drag 
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1 

(d)  the resultant force on the block is zero 
1 

(e)  any two from: 
do not accept force 

•   the (same) block 
allow named feature of block e.g. mass / weight 

•   speed (at which block is pulled) 
•   angle (of string) 

2 

(f)   
1 

(g)  glass 
allow ecf from part (f) if glass not given 

1 
[9] 

Q3. 
(a)  scalars have magnitude only 

allow size for magnitude 
1 

vectors have magnitude and direction 
1 

(b)  any three from: 

•   arrow pointing vertically downwards originating in the block, labelled 
weight 

allow gravity 

•   arrow pointing left along the surface labelled friction; part of the arrow 
must be between the block and the carpet 

•   arrow pointing to the left touching block labelled air resistance or drag 

•   arrow pointing vertically upwards from bottom surface of block, labelled 
(normal) contact force 

allow reaction (force) for contact (force) 
judge horizontal and vertical by eye 
allow 1 mark for three correctly labelled arrows, 
in correct directions but in incorrect positions 

3 

(c)  clear attempt to draw horizontal and vertical components 
horizontal line should extend beyond dashed line 
on diagram 

1 
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horizontal component: 2.6 (N) 
allow a range from 2.5 to 2.7 

1 

vertical component: 1.7 (N) 
allow a range from 1.6 to 1.8 

1 
if 2nd and 3rd marking points not awarded, allow 
1 mark for clear measurements of both 5.2 ± 0.2 
cm and 3.4 ± 0.2 cm 

(d)   
1 

(X =) 5.7 (N) 
1 

allow 5.6 (N) or 5.8 (N) for 2 marks 
an answer of 5.7 (N) scores 2 marks 

(e)  any three from: 
•   angle (of string) 
•   speed (at which block is pulled) 

allow velocity (at which block is pulled) 

•   area of block in contact with surface 
•   mass / weight of block 

ignore same block 
3 

[13] 

Q4. 
(a)     the arrows have different lengths 

allow forces can have different sizes 
1 

the arrows point in different directions 
allow forces can have different directions 

1 

(b)     D 
1 

(c)     B 
1 

(d)     both variables are continuous 
1 

(e)     it is moving at a constant velocity 
1 

(f)      24.5 (m/s2) 
1 

(g)     5 g = 49 (m/s2) 
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1 

49 m/s2 > 24.5 m/s2 

1 

so the ride is safe 
allow ecf from (f) (ie if their answer to (f) was greater than 49, 
then the ride is unsafe) 

1 

(h)     force = 58 × 24.5 
allow ecf from (f) 

1 

force = 1421 
1 

Newtons 
allow N 

1 
[13] 

Q5. 
(a)     arrow of equal size pointing vertically downwards 

judged by eye 
1 

labelled ‘weight’ 
1 

(b)     the upwards force is greater than the downwards force 
1 

because air resistance increases 
1 

(c)     v2 = (2 × 2 × 209) + 82 

1 

v =   
1 

v = 30 (m / s) 
1 

allow 30 (m / s) without working shown for 3 calculation 
marks 

(d)     vertical force (300 N) drawn with a suitable scale 
1 

horizontal force (60 N) drawn to the same scale 
1 

resultant force drawn in correct direction 
1 

value of resultant in the range 304 N – 308 N 
1 
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[11] 

Q6. 
(a)    weight = mass × gravitational field strength 

1 

(b)     mass = weight ÷ g 
1 

= 1.4 ÷ 9.8 
1 

= 0.143 (kg) 
allow 0.143 with no working shown for 3 marks 

1 

(c)     momentum = mass × velocity 

momentum before = momentum after 
1 

143 × 7.9 = 150 × v 
1 

v =   
1 

= 7.5 (m / s) 
allow 7.5 (m / s) with no working shown for 4 marks 

1 
incorrect number of sig. figs max. 3 marks 

(d)     ball is falling / moving down 
1 

at terminal velocity 
1 

air resistance and weight have the same magnitude / size 
1 

so no acceleration / constant speed 
1 

[12] 
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Examiner reports 

Q1. 
(a)  Nearly 34% scored this mark. The most common incorrect response was velocity. 

(b)  Almost 74% of students were able to identify the part of the graph that showed the 
woman moving at a constant velocity. 

(c)  68% of students selected the correct response for the part of the graph where the 
woman was stationary. The most common incorrect response was BC. 

(d)  The most common response was to misread the scale with incorrect values of 2.5 or 
4 often given. Nearly 45% gave the correct answer. A significant minority tried to use 
various equations of motion, producing incorrect answers. 

(e)  This required a more straightforward graph reading and almost 72% gave the 
correct answer. 

(f)  66% gained two marks, with students either using the correct values read from the 
graph or correctly calculating using their previously incorrect values. A small number 
multiplied instead of dividing, despite the equation being shown. 

(g)  Almost 53% correctly stated that typical cycling speed would be about four times 
faster than the typical walking speed. The most common wrong answer was about 
twice as fast. 

Q2. 
(a)  Around two thirds of students were able to measure the angle (20°) correctly. 

A large proportion of the incorrect answers were either 70° (90 − 20) or 160° (180 − 
20), indicating that students were measuring the correct angle but were not too 
familiar with reading a protractor. Around 3% of students did not attempt this 
question. 

(b)  Less than one third of students achieved both marks for this question. A fair number 
realised that vector and scalar went together but got the words in the wrong order. 

All of the given words were used in a variety of combinations. 

(c)  Around 12% of students did not attempt this question. Of those who did, the most 
popular correct answers given were gravity and weight. 

Incorrect answers included quantities which were not forces but were linked to the 
investigation in some way, such as kinetic energy, movement and mass. Also seen 
were words which appeared to be totally unrelated to the situation, such as 
electricity, light and fractional distillation. 

(d)  Twice as many students selected the incorrect response of ‘force is directly 
proportional to velocity’ than chose the correct response of ‘the resultant force on 
the block is zero’. The other two incorrect options had about the same number of 
responses as the correct one. 

(e)  Students who understood the term ‘control variable’ were usually able to give at 
least one correct answer. Around 9% of students gained both marks, with a further 
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40% scoring one mark. 

A large number of students thought that the nature of the surface and the force 
would be control variables, showing some confusion with independent and 
dependent variables. A small number of students gave random answers such as 
‘oxygen’ and ‘valid’. 

(f)  Around 70% of students gained the mark for the correct calculation of the mean. The 
most frequent incorrect response was 16.2 N, the sum of the three numbers. 

(g)  Around 85% of students were able to identify glass as the surface with the lowest 
frictional force. The most common incorrect answer was ‘cardboard’. Nearly 10% did 
not answer this question. 

Q3. 
(a)  Around one quarter knew the correct definitions of vector and scalar quantities, 

thereby scoring two marks. 

Some students knew that vectors had both magnitude and direction, and realised 
that scalars don’t, but opted for them having direction rather than magnitude. 

A number of students defined a scalar as speed and a vector as velocity, rather than 
these being examples of the different types of quantity. 

(b)  Fewer than 2% of students scored two or three marks, with a further 15% picking up 
one mark. 

Many did not appear to be familiar with representing forces on diagrams, so did not 
realise that they were expected to draw labelled arrows to show the forces. A large 
number did not know what forces were acting in this situation, many indicating 
different types of energy, motion, speed or momentum. 

Of those who were aware of forces, the most common ones shown were weight / 
gravity, air resistance and friction. Many did not realise that friction and air 
resistance act in the opposite direction to motion. In addition, a few seemed to think 
that gravity acts upwards or horizontally. 

The main error amongst those who knew the forces and their directions, was to 
show them acting in random positions around the block rather than on the block 
itself; in such cases one mark was awarded. 

(c)  It appeared that many students did not know what components of a force are. 

Of those who made some attempt, very few showed the components on the 
diagram. Some lines on the diagram were measured, usually the dotted horizontal 
line and the line representing the tension force, and the forces were calculated using 
the scaling factor. 

Around 9 % gained all three marks. 

(d)  More than three quarters of students were able to calculate the missing value 
correctly, thereby gaining the two marks for this question. The method used by 
some students was to multiply the mean force by 3, then subtract the other two 
values from this figure. An alternative method, done by many more students, was a 
trial-and-error approach, substituting various values in turn as the missing ‘X’ and 
working out the mean, until they found a value of 5.4 N. 
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Some students who did not know how to do this calculation ended up with very odd 
values, indicating that they either did not understand the concept of a mean value or 
they had not thought about whether their answer was sensible. 

(e)  Approximately 45 %of students achieved 1 mark, with a further 13 % gaining 2 
marks, but very few gained all three marks. The most common answer was the 
weight of the block, with few students opting for the angle between the block and the 
string. 

When asked for control variables, answers which include the same equipment or the 
same person doing the experiment are unlikely to gain credit. A large number of 
students included the independent variable, i.e. the type of surface, and / or the 
dependent variable, i.e. the force, as control variables. 
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