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P1 Understand and use fundamental quantities and units in the S.I. system: length, time, mass 
 Understand and use derived quantities and units: velocity, acceleration, force, weight 
R1 Understand the concept of a force; understand and use Newton’s first law 
R2 Understand and use Newton’s second law for motion in a straight line (restricted to forces in  
  two perpendicular directions or simple cases of forces given as 2-D vectors 
R3 Understand and use weight and motion in a straight line under gravity; gravitational  
  acceleration, g, and its value in S.I. units to varying degrees of accuracy 
R4 Understand and use Newton’s third law; equilibrium of forces on a particle and motion in a  
  straight line (restricted to forces in two perpendicular directions or simple cases of forces  
  given as 2-D vectors); application to problems involving smooth pulleys and connected  
  particles 

 
 

Quantities and units 
 
In the Kinematics topic, you worked with two of the fundamental quantities: length and time, and also 
used quantities such as velocity and acceleration that can be derived from these. 
 
Another fundamental quantity is mass (usually measured in kilograms). 
In this topic you work with force and weight (both measured in Newtons), which are derived quantities 
(see Newton’s Second Law below). 
 

Newton’s laws of motion 
 
Newton’s First law 

 Every object continues in a state of rest or uniform motion in a straight line unless acted on by a 
resultant external force. 

 
Note that this means that if an object is moving in a straight line with constant velocity, it will continue 
to do so unless a force acts on it to change the velocity. This isn’t something that you observe in ‘real 
life’ since in everyday situations there are always forces such as friction or air resistance to slow an 
object down. 
 
Newton’s Second law 

 Resultant force = mass  acceleration. 
 
This law tells you about the effect of a resultant force (the total of all the forces acting on the object) in 
changing the motion of an object.  
Force is measured in Newtons. Since mass is usually measured in kg and acceleration is usually 
measured in ms-2, this law means that one Newton is the force needed to give an object of mass 1 kg an 
acceleration of 1 ms-2.  
 

Newton’s Second law can also be used in vector form. For example, if a force 
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Newton’s 2nd law is sometimes written as F = ma. It is 

important to remember that F refers to the resultant force 

and not an individual force that might be labelled as F. 
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Mass, weight and gravity 
The mass of an object is a scalar quantity, usually measured in kg. The weight of an object is a force, and 
is therefore a vector quantity, usually measured in Newtons. The weight W of an object of mass m (on 
the Earth) is given by W mg , where g is the acceleration due to gravity. This is a constant which is 

usually taken to be 9.8 ms-2. This is a particular application of Newton’s Second law. 
 
Newton’s Third law 

 When one object exerts a force on another there is always a reaction which is equal and 
opposite in direction to the acting force. 

 
For example, if you place a book on a table, the book (due to its weight) exerts a force on the table, and 
the table exerts a force on the book (which stops the book from falling). The force that the table exerts 
on the book is often called the normal reaction force. It acts in the direction perpendicular to the 
surface. 
 

Modelling with forces 
When working with situations involving forces, you usually make some modelling assumptions which 
simplify the problem. 
For example: 

 strings are usually modelled as light 

 air resistance is usually ignored 

 sometimes (not always!) a surface is modelled as smooth, which means that you can ignore 
friction 

 

Forces and force diagrams 
Some of the forces that might be involved in Mechanics problems include: 

 weight 

 normal reaction force 

 tension in a string 

 thrust in a solid bar (a solid bar could have tension or thrust) 

 driving force from an engine 

 friction and other resistance forces 
 
It is important to get into the habit of drawing a clear diagram showing all the forces acting on an object. 
e.g. the diagram shows a box of mass m being pulled along by a string. 

 
 

Equilibrium of forces 
Newton’s second law shows that if the resultant force on an object is zero, the acceleration of the object 
is zero. This means that the object is either at rest, or moving with constant velocity (Newton’s first law). 
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T is the tension in the string, mg is the 

weight of the box, R is the normal reaction 

force, and F is the frictional force. 
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If this is the case, the object is in equilibrium. 
 
In the force diagram above, the normal reaction force R must be equal to the weight mg, otherwise 
there would be acceleration in the vertical direction. 
If the tension T is equal to the frictional force F, the acceleration is zero and so the box is either at rest 
or moving with constant velocity. However, if T is greater than F, the box will accelerate. 
Newton’s 2nd law gives T F ma  . 
 
 
 
 

 
Connected particles 
If two objects are connected, e.g. by a string, Newton’s third law tells you that the tensions in the string 
acting on each of the objects must be equal. 
 
e.g. a car of mass m kg towing a caravan of mass M kg 

 
You can apply Newton’s 2nd law to the car: 

 
1D F T ma     

and to the caravan: 

 
2T F Ma    

You can also think about the whole system of car and caravan. In that case, the tension in the string is an 
internal force so is not part of the resultant force. 

 
1 2 ( )D F F m M a     

 
Pulleys 
If a string passes over a pulley, the tension in both parts of the string is the same, if the pulley is 
modelled as smooth. 
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T – F is the resultant 

force on the box 

This example shows why it can be confusing to 

write F = ma for Newton’s 2nd law. It’s clearer to 

write Resultant force = ma. 

D is the driving force from the car’s engine. 

T is the tension in the towbar. F1 and F2 

are the resistances, and R1 and R2 are the 

normal reaction forces. Acceleration a is 

shown as a double arrow. 

When dealing with 

connected objects 

involving pulleys, it is best 

to think about the forces 

on each object separately. 

Don’t try to consider the 

forces on the system as a 

whole, because the forces 

don’t act in a straight line. 


