
P8 – forces in balance
Big idea: forces predict motion

Key Vocabulary
Vector A quantity with both magnitude 

(size) and direction. 

Scalar A quantity with magnitude (size) 
but no direction. 

Resultant force The sum of all the forces acting on 
a body

Scale diagram A diagram where the dimensions 
are drawn to a predetermined 

ratio 

Newton’s first law If the resultant force on an object 
is 0N and the object is at rest then 
it will remain at rest. If the object 
is moving it will continue to move 

at the same speed and in the same 
direction

Newtons third law When two objects interact they 
exert equal and opposite forces on 

each other.

Moment The turning effect of a force. For 
example, pulling on a spanner 

results in a turning effect

Centre of mass The point at which an objects mass 
can be thought of as being 

concentrated. 

Free-body force 
diagram

A diagram to show the forces 
acting on an object with on other 

objects or forces shown.
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Vector and scalar

All quantities in physics can be grouped as 
either a scalar or a vector.

Both vectors and scalars have magnitude 
(size) but only vectors have direction. 

A good way to check is to add a direction and 
read it aloud to see if it makes sense. E.g. a 
force of 5N pushing to the right makes sense 
whereas 10J of energy going east does not 
make sense. Force is a vector, energy is scalar

Vector arrows

Vectors are often represented with an arrow. 
This is because an arrow can show magnitude 
(size), by how large the arrow is, and 
direction by where the arrow points.

Vector and Scalar examples

Moments

A moment is the turning effect as the result 
of a force being applied some distance away 
from a pivot.

The moment is equal to the force applied 
multiplied by the perpendicular distance to 
the pivot

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑁𝑁𝑀𝑀 = 𝑓𝑓𝑀𝑀𝑓𝑓𝑓𝑓𝑀𝑀 𝑁𝑁 × 𝑑𝑑𝑑𝑑𝑑𝑑𝑀𝑀𝑑𝑑𝑀𝑀𝑓𝑓𝑀𝑀 (𝑀𝑀)

We can increase the turning effect by 
increasing the force applied or by increasing 
the perpendicular distance to the pivot. 

You can test this by opening a door close to 
the hinge and far away from the hinge. 
Opening the door by pushing close to the 
hinge will be harder as the distance is less.

The principle of moments

The principle of moments states that for an 
object in equilibrium, the sum of the 
clockwise moments is equal to the sum of 
the anticlockwise moments.

𝐹𝐹1 × 𝑑𝑑1 = 𝐹𝐹2 × 𝑑𝑑2

Resultant force

A resultant force is the result of adding up 
all of the forces on an object.

If the forces are in the same direction they 
will add together.

If the forces are in opposite directions they 
will cancel out. You can think of it as a 
force to the right being positive and a force 
to the left as negative.

Vector Scalar
Force Speed

Displacement Distance

Velocity Mass

Acceleration Energy

momentum time

Free-body force diagram
A free-body force diagram helps to simplify 
a forces problem by only focusing on the 
forces on an object.

In the example below we can separate the 
forces on the object on the slop into the 
reaction force (N), tension (T), friction (f) 
and weight (Mg).
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Parallelogram of forces

If two forces are not acting in the same line it can be challenging to resolve their forces. In 
the photograph, two tug boats are pulling something through the water. Neither tugboat 
can pull the object straight forwards as they would collide. Each tug boat is pulling slightly 
away from the other as well as forward. The result of these two forces on the object is that 
it goes straight through the water.

The diagram below shows how we can resolve these forces. Using a compass we can have 
force Q coming from the tip of force P and force P coming from the tip of force Q. this forms 
a parallelogram of forces. We can then draw the resultant force R from the origin to the 
opposite corner. Providing the diagram is all drawn to scale we can measure the magnitude 
of the resultant force using a ruler and the direction of the force using a protractor.

Centre of mass

The centre of mass of an object is where an objects mass can be thought of as being 
concentrated. If you support an object at the centre of mass it will balance

In a symmetrical object the centre of mass will be where all of the lines of symmetry 
cross. you can test this by drawing the lines of symmetry on a piece of paper and 
balancing it on your finger.

If you need to find the centre of mass on an irregular object you will need to 
suspend it from one side. The centre of mass will hang below where it is supported 
from. If you use a plumb line to draw straight down from where it is supported the 
centre of mass will be somewhere on the line. Repeat the process but suspend it 
from a different side. Where the two lines meet you will find the centre of mass. You 
should do it a third time to check that you were accurate.

Triangle of forces

Any force (or other vector) can be split into two perpendicular 
forces. In the same way, two perpendicular forces can be added 
together to make a resultant force. 

In example A we have two perpendicular forces drawn to scale. 
In the second picture we have connected the two forces 
making a right angle triangle. Providing everything was drawn 
to scale we can measure the resultant force and the angle. We 
can use Pythagoras’ theorem to calculate the magnitude of the 
force.

In example B we have a block on a slope. The yellow arrow 
represents the weight (mg) of the block and has been split into 
two perpendicular vectors again making a right angle triangle. 
One of the vectors points directly into the slope and the other 
points parallel to the slope.

A

B
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