
Forces

1

Hooke’s Law
Students should be able to: 
• investigate experimentally the extension of a spring and how it is related to the applied force, and recall 

that the extension of a spring is directly proportional to the force applied, provided that the limit of 
proportionality is not exceeded (Prescribed Practical P2). 

1.2.12 recall and use the equation F = ke, where F is the applied force, e is the extension of the spring and k is 
called the spring constant;

1.2.13 demonstrate understanding that the gradient of the graph of force (y-axis) and extension (x-axis) is 
numerically equal to the spring constant;

Pressure
Students should be able to: 
1.2.14 demonstrate understanding that pressure is the force exerted per m2 and that the unit of pressure is 
the pascal (Pa), where:

1 Pa = 1 N/m2;

1.2.15 recall and use the equation 

P = 
F
A

to calculate pressure, force or area (questions may be set in which cm2 and mm2 are used but candidates will 
not be expected to convert mm2 or cm2 to m2); 

1.2.16 interpret the importance of pressure in a range of everyday situations, for example: 
• when using a sharp knife, the small area of the blade creates a large pressure, making cutting easier; and 
• having caterpillar tracks on vehicles means their weight acts over a large area, so reducing the pressure 

they exert on the ground.

FACTFILE:
GCSE 
DAS PHYSICS
Unit 1.2



FACTFILE:  GCE HISTORY OF ART / ARCHITECTUREFACTFILE:  GCSE DAS PHYSICS / UNIT 1.2 / FORCES

2

Moment of a Force
Students should be able to: 
1.2.17 define the moment of a force and recall and use the equation 

moment = force × perpendicular distance from the pivot or moment = F × d 

(problems will only be set in which the force and distance are perpendicular); and 

Principle of Moments
Students should be able to: 
• plan and carry out experiments to verify the Principle of Moments using a suspended metre rule and 

attached weights or a pivoted beam and square weights (Prescribed Practical P3). 

1.2.18 use the Principle of Moments to carry out a practical task to find the weight of an object;

1.2.19 use the Principle of Moments to calculate the size of a force, or its distance from the pivot, when an 
object is balanced under the turning effects of no more than two forces, one of which could be the object’s 
weight;

Centre of gravity
Students should be able to: 
1.2.20 investigate that the centre of gravity of an object is the point where all of the weight of the object can 
be considered as acting;

1.2.21 identify the position of the centre of gravity for a disc, a ring and a rectangle;

1.2.22 explain how the position of the centre of gravity and the width of an object’s base affects the stability 
of the object; and

1.2.23 demonstrate understanding as to when the weight of an object will have a turning effect.
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Hooke’s Law
When a spring or elastic material has a force (load) applied to it, it will stretch.
Robert Hooke investigated this in the 1600’s using helical springs and he noticed that if he doubled the 
force, the extension of the spring also doubled.

• The natural length of a spring is the original length of the spring without any force (load) on it.
• The extended length is the length of the spring with the load on it.
• The extension is the difference between these two lengths, i.e. how much the spring has extended due to 

the load.

Hooke’s law states that:

The extension of a spring is proportional to the load up to the elastic limit

This can be summarized in the following equation:

F = k e

Where:

F is the applied force in newtons (N)

e is the extension of the spring in centimetres (cm)

k is called the spring constant in newtons per centimetre (N/cm)

The elastic limit of a spring is the point up to which the spring will return to its original, natural length when 
the load has been removed. Beyond this, the spring cannot return to its natural length – this is called plastic 
deformation. It no longer obeys Hooke’s Law from this point.

The spring constant is the gradient of the graph of force (load) in newtons on the y-axis, and extension in 
centimetres on the x-axis. 

Different springs and elastic materials have different spring constants. It can be determined by carrying out 
an experiment. 

Apparatus to investigate Hooke’s Law:

Left – unloaded to measure natural 
length of the spring

Right – same spring with known mass 
suspended to measure extension (total 
length – natural length)
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Investigating Hooke’s Law
Prescribed Practical P2

• investigate experimentally the extension of a spring and how it is related to the applied force, and recall 
that the extension of a spring is directly proportional to the force applied, provided that the limit of 
proportionality is not exceeded. 

 
Method:

Force applied/N Extension/cm

1. Set up apparatus as shown in diagram.

2. Measure length of spring.

3. Add known weight.

4. Measure extension of the spring.

5. Repeat adding extra weights.

6. Record results in a table.

7. Draw graph of force (load) in newtons on the y-axis, and extension in centimetres on the x-axis.

8. Work out the spring constant k.

9. Identify on your graph the elastic limit if it is shown.
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Pressure
The diagrams below shows the same brick in 2 different positions, A and B, on the ground. The dimensions of 
the brick are shown and the brick weighs 25 N.

 
• In position A, the pressure on the ground is less than in position B. This is because the weight (force) of the 

brick is spread over a bigger area. 
• In position B, the pressure on the ground is 2.5 times greater than in position A even though the brick has 

the same weight. This is because the weight is spread over a smaller area, the pressure is greater.

Pressure is the force exerted per metre2 and can be summarized in the equation:

Pressure = 
FORCE
AREA                   P = 

F
A

Where:

Force is measured in newtons/N

Area can be measured in metres squared/m2

Pressure is then measured in N/m2 or Pascals/Pa

BRICK POSITION A B

Weight of brick (force) in N 25 25

Area in contact with the ground in mm2 220 × 50 = 
11,000

100 × 50 = 
5,000

Pressure in N/mm2 25 ÷ 11,000 = 
0.002

25 ÷ 5,000 = 
0.005

* Pressure can also be measured in N/cm2 and N/mm2

* Questions may be set in which cm2 and mm2 are used but candidates will not be expected to convert cm2 or 
mm2 to m2
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Pressure is important in a range of everyday situations

Having a small area means the pressure is high Having a large area means the pressure is low

When using a sharp knife, 
the small area of the blade 
creates a large pressure, 
making cutting easier.

Having caterpillar tracks on 
vehicles means their weight 
acts over a large area, so 
reducing the pressure they 
exert on the ground.

Studs on football boots 
have a small area to create 
enough pressure to sink into 
the ground.

Snow shoes make walking in 
deep snow easier since the 
person’s weight is spread 
over a bigger area, the 
pressure is reduced so they 
don’t sink in the snow.

Moment of a Force/Turning effect
When you pull open a door, the force you exert on the knob has a turning effect about the hinges. This 
turning effect is called a moment and it depends on 2 factors:
• the size of the force exerted (in newtons/N);
• the distance the force is from the turning point or pivot (in metres/m).

• Moments are calculated by multiplying the force (usually the weight of the object) by the perpendicular 
distance from the pivot.

moment of a force = force × perpendicular distance from pivot
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• Moments are either clockwise (CM) or anti-clockwise (ACM) in a direction.
• If a see saw is balanced the moments are equal to each other. 
• This is called the principle of moments which states that:

When a body is in equilibrium the sum of the clockwise moments about any point equals the 
sum of the anticlockwise moments about the same point

This can be summarized as: CM = ACM

   F1 × d1  =  F2 × d2

Worked example
A body builder lifts a weight of 300 N suspended from a long metal bar.

a) Calculate the moment created by the 300 N about the pivot.

   Anticlockwise moment =  Force × perpendicular distance from pivot
   ACM =  F2 × d2 
    =  300 × 1.5
   ACM =  450 Nm

b) The body builder exerts a force F1 to lift the weight off the floor. Use the principle of moments to find the 
force F1.

    CM = ACM
   F1 × d1 =  F2 × d2

   F1 × 2 =  450
   F1 =  450 ÷ 2
    F1 =  225 N

D1

F1 F2

D2
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Investigating the principle of moments
Prescribed Practical P3

• plan and carry out experiments to verify the Principle of Moments using a suspended metre rule and 
attached weights or a pivoted beam and square weights.

The apparatus needed for this investigation is shown below. Make a drawing in the space provided.

       

1. Suspend a metre ruler at the 50 cm mark using string.
2. Balance the ruler and adjust the string so the ruler doesn’t rotate.
3. Hang unequal masses from either side of the metre ruler.
4. Adjust the position of the masses until the metre ruler is balanced (in equilibrium) again.
5. Gravity exerts forces F1 and F2 on the masses m1 and m2.
6. Record the results in this table.

m1
/kg

F1
/N

d1
/m

F1 × d1
/Nm

m2
/kg

F2
/N

d2
/m

F2 × d2
/Nm

0.10 0.3 0.15

0.15 0.175

0.20 0.275

Did your investigation verify the principle of moments?

State a conclusion based on your results.
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Centre of Gravity
• The centre of gravity (also called the centre of mass) of an object is the point through which the entire 

weight of that object appears to act.
• Only in regularly shaped objects is the centre of gravity at the centre of the object.
• For flat triangular shapes lines called medians are drawn from the corners to the middle of the opposite 

line and the point where the lines intersect is the centre of gravity ( shows the centre of gravity/mass).

Rectangle Disc Triangle

Ring

Uniform rod

• You can see above that all these objects, except for the ring, could balance on the point shown. 
• This is where their weight appears to act and is known as the centre of gravity.

Stability
The stability of an object depends on two factors:
• The position (height) of the centre of gravity; and
• The width of the base of the object.

An object is in equilibrium when the resultant force and resultant moment (turning effect) are zero. There are 
three types of equilibrium based on how the object behaves when it is displaced.

Neutral equilibrium: 

The flask on its side when pushed, will roll keeping 
its centre of gravity at the same height above the 
ground.
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Unstable equilibrium: 

The flask positioned upside down when 
given a small push will topple over. This 
is due to the centre of gravity being high 
above the base and the base is narrow. 

When the flask is pushed slightly, the 
weight acting downwards creates a 
moment (turning effect) about the base 
which causes the flask to topple over.

Stable equilibrium:

This flask is in stable equilibrium. 

Even if the flask is given a small push to 
displace it slightly, it will not topple over, 
as long as the centre of gravity stays 
within the width of the base.

As the flask tilts further it becomes more unstable 
until eventually it topples over. This is due to the 
weight of the flask acting downwards provides the 
moment (turning effect) about the base. 
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This wobbly children’s toy has a hollow centre 
with a weight placed at the bottom giving it a 
low centre of gravity. When it is pushed either 
left or right as shown, it will spring up again 
when it is released and return to its original 
position.

Racing cars have a low centre of gravity and a 
wide wheelbase so they have better stability 
when going around corners, otherwise the car 
would topple over.
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Questions

9836

6 The photograph shows a gymnast on a horizontal beam.

Source: Thinkstock 165124634

 (a) Explain why the gymnast stays balanced.

  

    [1]

 (b) A uniform bar, of length 1.0 m, balances with a 15 N weight attached to the left 
hand end.

0.2 m

1.0 m

pivot

*20GSD3212*

*20GSD3212*

1
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9836
[Turn over

  (i) On the diagram draw and label arrows to show the positions and directions 
of the following forces:

   • the 15 N weight;
   • the weight of the bar labelled W;
   • the force at the pivot labelled F.  [3]

  (ii) Calculate the distance between the centre of gravity of the bar and the pivot.

    Distance   m [1]

    Now use the principle of moments to find the weight of the bar.

    You are advised to show your working out.

    Weight   N [4]

*20GSD3213*

*20GSD3213*
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Examiner Only
Marks Remark

10200.02R 11 [Turn over

7 Describe an experiment to verify the Principle of Moments.
 
 In your description you should:

 • describe how you would carry out the experiment;
 • state the measurements you would make;
 • state how you would use these measurements to verify the Principle  

 of Moments.

 You will be assessed on your written communication skills including 
the use of specialist scientific terms.

 The following diagram may help you.

pivot

beam

  __________________________________________________________

  __________________________________________________________

  __________________________________________________________

  __________________________________________________________

  __________________________________________________________

  __________________________________________________________

  __________________________________________________________

  __________________________________________________________

  __________________________________________________________

  __________________________________________________________

  __________________________________________________________

  __________________________________________________________

  __________________________________________________________

  __________________________________________________________

  __________________________________________________________

  ________________________________________________________ [6]

2
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8 (a) State the Principle of Moments.

   

    [2]

 (b) (i) A non-uniform plank of wood of length 80 cm is balanced on a 
   pivot as shown.  

80 cm

30 cm

   We now know that the position of the centre of gravity of the plank 
   is 30 cm from the left-hand end and this is indicated by a dot as 
   shown.

   The plank is now moved and rebalanced at its mid-point using a 
   5 N weight placed 8 cm from the right-hand end.

8 cm30 cm

5 NMid-point

   Calculate the weight of the plank.

   You are advised to show your working out.

Weight of plank 5 ______________ N  [3]

  (ii) Calculate the upward force which is now exerted by the triangular 
   support.

Upward force 5 ______________ N  [1]

3
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4. State Hooke’s Law. [2 marks]

5. The table below shows the total length of a spring when various weights are applied.

 

Load in N Total Length of Spring in cm

2 10

3 12

4 14

5 16

 (a) What extension is produced by a load of 1N? [1 mark]

 (b) What is the natural length of the spring? [1 mark]

6. In an investigation into Hooke’s Law on a helical spring, the following results were obtained.

 

Weight in N Length of Spring in cm Extension of Spring in cm

0 8

3 10

6 12

9 14

12 16

 (a) Complete the table. [2 marks]

 (b) Plot a graph of weight in newtons on the y-axis, and extension in centimetres on the x-axis.
    [3 marks]

 (c) Explain whether or not the spring obeys Hooke’s Law. [2 marks]


