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1. General Notes on Forces
Definition:

SI unit:

Examples of Forces:

Scalars and Vectors
Definitions:

Scalar quantities: Physical quantities that have magnitude only
E.g. a mass of 2 kg

Vector quantities: Physical quantities having magnitude and direction
E.g. a velocity of 20 m/s due east

Vector quantities can be represented by an arrow diagram. The length and direction of
the arrow represent the magnitude and direction of the vector.

Examples of Scalars and Vectors:

SCALAR VECTOR
mass
time

distance
speed

volume
density
work

displacement
velocity

acceleration
force

Addition of Scalars and Vectors
Adding Scalars:
Scalars can be added numerically
E.g. a mass of 100 g added to a mass of 200 g will give you a total mass of 300g
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Adding Vectors:
But for vectors we have to take the magnitude and direction into account.

When a number of forces act on an object, we can replace these forces with a single
called net force or resultant force.

Forces Acting on a Body Net Force

6 N2 N

6 N

6 N

4 N

4 N
3 N

4 N

4 N

Draw a force on the car (Porsche 911) below such that the resultant force on the car is
ZERO.

300 N

800 N

When we add vectors, we want to find a single vector such that this vector will
produce the same effect as the two vectors added together.

This single vector is called the resultant or net force.

Addition of Vectors by Law of Parallelogram
Consider the following problem…

Q. How do we find the resultant force?

A. We construct the force parallelogram to find
the resultant.
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Step 1: Choose an appropriate scale and represent the two forces by means of
“arrows”. In the figure below, OA represent the 5 N force and OB the 3
N force.

Step 2: Complete the parallelogram OABC such that AC is parallel to OB and
BC is parallel to OA.

Step 3: The diagonal of the parallelogram gives the resultant. Measure the
length to find the magnitude and the angle for the direction.

Examples:
1. The figure to the left shows two horizontal forces of

magnitude 15 N and 20 N, acting in perpendicular
directions on a mass, M. Determine the resultant
force acting on the mass.

2. A lorry has been stuck in muddy ground is
being pulled by two jeeps. Each jeep exerted
a force of 3000N at an angle of 20° to the
direction in which the lorry was supposed to
move. Find, by means of a scale diagram, the
resultant force pulling the lorry forward.
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2. Effects of Forces on Motion

Newton’s First Law

This tells us that:
•  no net force on a stationary object and it will remain at rest.
•  no net force on a moving object and it will travel at a constant velocity.

This law is applied when no forces are applied to an object or the net force applied is
zero.

Newton’s Second Law

This law is applied when forces are applied to an object.

Or the formula;

Where F =
m =
a =

Examples:
1. A boy pushes a large box of mass 5 kg with a force of 20 N. What is the

acceleration of the box?

F = m a
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2. A car of mass 1000 kg accelerates from rest to 20 m/s in a time of 5 seconds.
Calculate the forward thrust of the car.

3. The force on an aircraft of
mass 725 kg due to the
engine is 15 000 N. The air
resistance on the plane is
9925 N. Find the
acceleration of the plane.

Weight
A special case of Newton’s Second Law is for an object being pulled by gravity.

Where W =
m =
g =

Questions:
Assume g=10 m/s²
1. What is the weight of a 1 kg mass?

2. What is the mass of a girl who weighs 550 N?

W = m g
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Newton’s Third Law

(N3 is not included in the syllabus - you will not be examined on it)

Friction
•  Friction is a contact force that slows down moving objects.
•  Friction always acts in the opposite direction to the motion of the object.

Reducing Friction
Friction can be reduced by:

Examples:
1. A box is pushed with a force of 20 N and a frictional force of 5 N is acting

against the first force. The box has a mass of 10 kg.
a) Draw a force diagram to show the forces acting on the box.

b) State the resultant force acting on the box.

c) Calculate the acceleration the box is experiencing.
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2. The frictional force between a box of mass 4 kg and the floor is 15 N. It is
pushed across the floor with a constant force such that it accelerates at 0.8 m/s².
a) What is the force applied to the box?

The same force is applied to the box on a frictionless floor
b) What is the new acceleration produced?

Circular Motion

The diagram on the left shows a ball being
swung in a circle on a piece of string. The
ball is moving in an anti-clockwise
direction.

Indicate on the diagram the direction the
velocities of the ball at positions A and B.

Q1. Is the velocity of the ball changing as it goes around the circle? What proof do
you have of this?

Q2. Is a force acting on the ball? Explain.

Q3. Where does the force come from and what is the nature of the force.
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Centripetal Force:
For an object to move along a curved path a force must be applied to it. This force
only changes the direction, not the speed of the object and is called a centripetal
force. Note that the direction of the force (and hence the acceleration) is towards the
centre of the curve. Centripetal means “centre seeking.”

Examples of Centripetal Forces:

CIRCULAR MOTION CENTRIPETAL FORCE
1. Space shuttle orbiting the Earth

2. Car turning round a corner

3. Electron orbiting around inside an
atom

Q. What happens if we stop applying the centripetal force?

A. The object will continue to move in the same direction.

Consider the above case where the string suddenly breaks.
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3. Effects of Forces on Shape
Q. What happens when you squeeze a tennis ball, extend or compress a coiled

spring or stretch a rubber band?

Q. What happens to them when we let go of them?

Q. What caused them to change shape?

Elastic Limit
If the object goes back to its original size and shape after stretching, the elastic limit
has not been exceeded. This is elastic deformation.

If the elastic limit has been exceeded, the object will not return to its original size and
shape.

Question:
A piece of elastic of original length 1 m is stretched to 2 m. When let go of it length
reduces to 1.2 m. Had the elastic limit of the elastic been passed? Explain your answer.

Hooke’s Law

Or in the forma of an equation;

Where F =

e =

k =

F = k e
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Hooke’s Law Experiment and the Extension-Load Graph
A simple experiment can be performed to investigate Hooke’s Law.

Figure 1 Figure 2
Method

1. Set up the apparatus as shown in figure 1.
2. Take reading R1.
3. Place a load on the spring.
4. Take reading R2.
5. Repeat steps 3 and 4, increasing the load.
6. Plot a graph of extension against load.

Results
The following table gives the shape of the
graph that we would obtain.

Conclusions
In the region OA

In the region AB

Questions:
1. A spring has an extension of 10 cm when a weight of 150 N is hung on it.

Assume the elastic limit is not exceeded. Find
(i) the spring constant,
(ii) the force required to stretch the spring by 15 cm,
(iii) the force if the extension is 25 cm.

e

loadO

A
B



April 2000 Forces - 12  Physics@Xinmin

2. What is the weight in (c) if the weight in (b) is 5 Newtons?

3. State the forces need to extend each bar by 1 cm if the first bar requires a force
of 1 N to move the bar by 1 cm. All the springs are identical.

A.

B.

C.

Measuring Weight Using A Spring Balance
An application of Hooke’s Law is the use of a
spring balance for measuring weight.

The spring balance (sometimes called a
forcemeter) actually measures the force with
which gravity pulls an object. (i.e. weight)

Note:
Weight is proportional to mass. (W = mg)

When the value of g is constant (i.e. at any point on the surface of the Earth) then the
spring balance may be used to measure mass.
Thus many spring balances will have the scale in grams or kilograms. These work on
the surface of the Earth but would be of no use on the Moon!

(a) (b) (c)
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4. The Turning Effect of Forces
The turning effect of force is called the moment of a force or torque.

The Moment of a Force
Definition:

Units:

Notes:
•  A pivot is a turning point.
•  Moments are vectors; they have direction - clockwise and anticlockwise.

Example:
Calculate the moment of the 10 N force about the pivot O.

The Principle of Moments
The principle of moments states that;

Example:
The following picture shows a seesaw that is balanced. The boy weighs 300 N and is
sitting 1.5 m from the pivot. The father is sitting 0.5 m from the pivot.
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How much does the father weigh?

Adding Moments
When we have more than one force acting in the same direction then we add the
moments together.

Example:
Two forces act on a rod, a 10 newton force at A (16 cm from the pivot) and a 4 newton
force at B (40 cm from the pivot).

a) Calculate the total clockwise moments on the rod about the pivot.

b) The rod is to be balanced by the application of a 16 newton force at C.
Indicate on the above diagram a probable position of C.

c) Find the distance of C from the pivot.

pivot A B
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5. The Centre of Gravity and Stability
The centre of gravity of an object is:

Centre of Gravity and Rulers

Figure 1 Figure 2

Figure 3 Figure 4

Figure 5

Figure 1: Uniform metre rule will balance at its centre.
Figure 2: Metre rule will not balance at the 30 cm mark.
Figure 3: To find the CoG of the rule place fingers near each end…
Figure 4: …and slide them together - they will meet at the CoG.
Figure 5: This method works for non-uniform objects too.

Facts:
•  Treat Centre of Gravity and Centre of Mass as the same point.
•  For regular objects, centre of gravity is at its geometrical centre.
•  On object will balance if supported on its centre of gravity.

Exercise:
Show the CoGs for the following shapes:
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Finding the Centre of Gravity of an Irregular Lamina
A lamina is a thin sheet of material such as card.

Side View Front View
Method

1. Hang the ______________ from a pin.
2. Hang a ______________ from the same pin.
3. Draw a line down the lamina along the line of the bob.
4. Repeat from one or two more points around the ______________ of the

lamina.
Precautions

Lamina should be free to ______________ about the point of suspension.
Holes must be ______________ so as not too much lamina is removed.

The above experiment makes use of the fact that the centre of gravity of a freely
suspended object will always lie below the pivot. Many toys make use of this.

For the parrot, show the position of the centre of gravity of the toy.

weight
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Using Weight in Moments Calculations
So far, we’ve been dealing with pivots at the centre of gravity (i.e. pivot at the centre
of the ruler). What will happen if the pivot is not at the centre of gravity?
We must consider the weight of the ruler acting at the centre of gravity.

Questions:
Q1. The weight of the stone is 27 N. What is the weight of the plank?

Q2. What is the reaction force exerted by the pivot on the plank?

Stability
The stability of the object refers to the object’s ability to stay in its position. (i.e. to not
fall over.)

Types of Equilibrium

Neutral  Stable Unstable

NEUTRAL STABLE UNSTABLE
What happens when the
object is moved away
from equilibrium
position
What happens to the
centre of gravity when
moved away from
equilibrium position
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Q1. Identify the stable, unstable and neutral objects in the following example.

Factors Affecting Stability
For an object to be in stable equilibrium the centre of gravity must remain above the
base area. The following diagrams show how far these 3 objects can be tilted before
falling over.

Figure 1 Figure 2 Figure 3

The difference between figure 1 and figure 2 is that of area of the base.
Q. Which has the larger base area?

Q. Which is more stable (can be turned furthest without falling over)?

Both figure 2 and figure 3 have the same base area.
Q. Is the centre of gravity at the same height for these two? If not which is lower?

Q. Which is more stable?

Summary
The stability of an object can be increased by:

•  

•  


