
TEACHER BACKGROUND INFORMATION 

FORCE 

 

WHAT IS FORCE? 

Force is anything that can change the state of motion of a body.  In 

simpler terms, force is a push or a pull.  For example, wind pushing on a 

flag is a force and a magnet pulling paper clips toward it is a force.   

Just like velocity and acceleration, force is usually described by its 

magnitude (strength) and by the direction in which it acts.  If you push a 

box, you exert a force in a different direction than if you were to pull on the 

box.  The magnitude (strength) of a force is measured in units called 

Newtons.  The direction and magnitude of a force can be represented by an 

arrow (a vector).  The arrow points in the direction of the force and the 

length of the arrow tells you the magnitude of the force (longer = stronger).   

 

BALANCED VERSUS UNBALANCED FORCES (NET FORCE) 

Generally, more than one force acts on an object at any given time.  The 

sum of all forces acting on an object is called the net force.  The net force 

determines whether an object moves and in which direction it moves.  

Sometimes these forces are applied in the same direction, such as two 

people pushing on the same side of a heavy piece of furniture to make it 
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move.  When forces are applied in the same direction (one-dimensional 

motion), the net force is determined by simply adding the individual forces 

(Fig. 1).  
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Fig 1. Diagram representing an adult and a child pushing on a box to the right  
(same direction).  The net force is calculated by adding the magnitude of forces of  
the adult and the child: 10N + 5N = 15 N to the right.  

 

When forces are applied in opposite directions, the net force is 

determined by subtracting the forces (Fig. 2).  For our purposes and to keep 

it simple, we will talk about forces acting in either the same or opposite 

directions. 
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Fig 2. Diagram representing an adult and a child pushing on a opposite sides  
of a box and moving it to the right.  The net force is calculated by subtracting the  
magnitude of forces of the adult and the child: 10N - 5N = 5 N to the right.  
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If the net force on an object is zero, the forces are said to be balanced 

(Fig.3).  When the forces are balanced, the velocity of an object does not 

change, therefore acceleration would be zero.  Balanced forces produce 

no change in the motion of an object.  If the forces acting on an object are 

balanced and the object is not moving it will remain that way.  If the forces 

acting on an object are balanced and the object is moving, it will continue to 

move at the same speed along a straight line.  In the case of Figure 3, the 

box on the left would not move because the forces on the left and the right 

are equal. 

When the net force on an object is not zero, the forces are said to be 

unbalanced as in the box on the right (Fig.3).   

 

 
Fig.3 – The box on the left is being pushed by two force vectors of equal 
magnitude but in opposite direction, so the net force is zero (balanced).  The box 
on the right is being pushed by two forces of unequal magnitude, so the net force 
is unbalanced and the box will move to the right. 
 

Unbalanced forces produce a change in the motion of an object.  If the 

object was at rest, unbalanced forces would cause it to start moving.  The 

motion (in a straight line) would be in the direction of the net force – the 

greater force.  In the case of Figure 3, the second box would move toward 

the right because the force coming from the left is greater than the force 

coming from the right.  If the object was moving, the unbalanced forces 
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would cause it to change speed and/or direction (change its velocity) 

perhaps even resulting in the object coming to rest.   

 

NEWTON’S LAWS OF MOTION 

Newton’s First Law of Motion:  INERTIA 

An object at rest will remain at rest, and an object in motion will 

continue moving at a constant velocity (in a straight line) unless 

acted upon by a net external force. 

 

Mathematically:  When the velocity of an object is constant (acceleration= 

zero), the magnitude of the net force acting on the object is equal to zero. 

This law states that if the forces are balanced, meaning the magnitude of 

the net force is equal to zero, then an object will remain at rest or move in a 

straight line with constant velocity (same direction, same speed).    

Newton described this tendency of objects to resist change in motion 

(remain in same motion or stay at rest) as inertia.  Inertia is the property 

of matter that tends to resist any change in motion.  The more massive an 

object is, the more difficult it is to change its motion.  Mass and inertia are 

directly related, the more mass an object has, the more inertia it has.  
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Newton’s Second Law of Motion:  FORCE 

The acceleration of an object depends on the size and 

direction of the net force acting on it and on the mass of the 

object.    

 

Mathematically:      

Magnitude of the Net Force = Mass   x  Magnitude of Acceleration 
 
F = m x a      
 
The S.I. Unit used here is Newton (N) and direction.  A force of one Newton 

(N) is the force that accelerates 1 kilogram by 1 meter/s2. 

This law states that if forces are unbalanced (the magnitude of the net 

force is not zero), then an object will undergo accelerated motion (change 

its velocity with respect to time; different speed and/or different direction).  

Also, the motion will be such that the net force points in the same direction 

as the acceleration.  Newton’s second law explains that acceleration cannot 

occur without a force (Fig. 4).   

                 
Force

Mass

Acceleration

Fig.4 – Force acting on a mass produces acceleration in the direction of  
the net force.  (Acceleration is parallel to the net force). 

 

A second part of this law is that a greater force is required to accelerate 

an object with greater inertia, meaning that mass resists acceleration.  The 
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more mass an object has the greater the force is needed to cause the mass 

to accelerate.  Think about pushing a shopping cart, the harder you push it 

the faster it moves.  Now, if the cart is empty, it does not require much force 

to make it move fast.  On the other hand, a cart filled with heavy items has 

more mass, and therefore more inertia. Consequently this cart requires 

more force to move it at the same speed as that of an empty cart.    

 

  Newton’s Third Law of Motion:   ACTION-REACTION 

For every action force there is an equal and opposite reaction 

force. 

This basically says that forces always occur in pairs.  For every force 

exerted on an object, there is a force exerted by the object.  The third law 

applies to every known kind of force - gravitational, electromagnetic, 

nuclear, etc.  In each case, one of the forces is designated as the action 

force and the other equal and opposite force is called the reaction force.   

Remember:  When considering the motion of an object, it is important to 

only take into account the forces that are being exerted on the object.  

Disregard internal motion. 

Everyday examples of action-reaction forces include walking and 

driving.  Walking is possible because as we push against the floor the floor 

pushes against us.  The same applies for driving.  The road is pushing 
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against the car tires.  This action-reaction force is also felt when we 

accidentally hit our knee on a desk.  The reaction force exerted by the desk 

on our knee is quite unpleasant!  The same action-reaction principle is the 

basis of rocket propulsion.  The rocket pushes gases backward and the 

equal and opposite recoil force is exerted by the gases on the rocket which 

push the rocket forward (even in the vacuum of space). 

 

TYPES OF FORCES  

Regardless of its origin, each force plays the same role - it accelerates 

something that is sensitive to it. 

 

• Gravitational Force (Gravity) is a force of attraction between two 

objects that have mass (including people!).  Gravity acts everywhere in the 

universe, not just on Earth.  It is the force that keeps the moon orbiting 

around the Earth and the planets orbiting around the sun.   

The two main factors that affect gravity are:  mass and distance.  The 

more mass an object has, the greater the magnitude of the gravitational 

force.  Because the sun’s mass is so great, it exerts a large gravitational force 

on the planets.  That is one reason why the planets orbit the sun.   

In addition to mass, the magnitude of gravitational force depends on the 

distance between objects.  The farther apart the objects are, the lesser the 
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gravitational force between them.   For a spacecraft traveling toward Mars, 

Earth’s gravitational pull decreases as the spacecraft’s distance from Earth 

increases.  Eventually, the gravitational pull of Mars becomes greater than 

Earth’s, and the spacecraft is more attracted toward Mars. 

The concept of weight is directly related to the Earth’s gravitational pull.  

Weight and mass are often confused.  Mass is a measure of the amount of 

matter in an object; weight is a measure of the gravitational force exerted 

on an object.  The force of gravity on a person or object at the surface of a 

planet is known as weight.  There is no such thing as weightlessness, since 

gravity exists everywhere in the universe!  When you step on a bathroom 

scale (spring scale), you are determining the magnitude of the gravitational 

force Earth is exerting on you.  The greater the mass of a body, the greater 

its weight and the harder it is to lift.  The force of gravity decreases as 

altitude increases – as you get farther away from the earth’s mass.  It is 

slightly easier to lift something in Denver, CO than to lift it in Fort 

Lauderdale, FL.  The gravitational force of the moon is 1/6th of that on the 

earth’s surface.  It requires about 1/6th the force to lift something on the 

moon as it does to lift the same thing on the earth. 

Remember:  On Earth, gravity is a downward force that affects all objects.  

When you hold a book, you exert a force that balances the force of gravity.  
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When you let go of the book, gravity becomes an unbalanced force and the 

book falls.   

 

• Electromagnetic Force (Electric and Magnetic Force) is 

associated with charged particles.  Electric and magnetic forces are closely 

related because both are caused by the negative and positive charges in 

matter.  Matter is made up of atoms that contain positively charged protons 

in their nucleus and a cloud of negatively charged electrons.   When charges 

from an object interact with those of another object, they produce both 

electric and magnetic forces.  Objects with opposite charges (positive and 

negative) attract one another (attractive force) and objects with opposite 

charges repel one another (repulsive force).   

The magnitude of electric and magnetic forces decrease as the distance 

between the interacting objects increases.  In other words, the further the 

objects move apart, the weaker the electric and magnetic forces become, 

just like gravity.  

• Friction is a force that opposes motion between two surfaces that are in 

contact with each other (Newton’s Third Law).  The strength of the force of 

friction depends on two factors: how hard the surfaces push together, and 

the type of surfaces involved.  For example, you will feel more friction if you 

rub your hands together very hard than if you rub them lightly against each 
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other.  Also, the rougher the surface of the objects is, the stronger the 

friction.  Another example of friction is air resistance, which is basically 

an upward force acting on falling objects.  Air resistance depends on an 

object’s surface area. The larger the surface area on an object the more air 

resistance it will feel (Fig.5). 

 

 

 

Fig.5 - The flat piece of paper on the left, if dropped, will have air molecules 
crashing into its large surface, pushing up on it and causing it to fall slowly.  If you 
drop the same piece of paper crumpled up (on the right), a smaller surface will be 
exposed to air molecules.  This means that there will be a smaller net force 
pushing on the paper, and it will fall more quickly. 

 

Nuclear Forces (Weak and Strong Forces) hold protons and 

neutrons together within an atom’s nucleus.  There are two different 

nuclear forces at work inside an atom.  The weak, or repulsive, nuclear 

force tries to push the protons apart.  It is related to the magnetic force that 

pushes like charges apart in magnets.  The strong, or attractive, nuclear 

force pulls the protons and neutrons together.  As its name implies, it is the 

stronger of the two forces.  The strong force overpowers the weak force, 

keeping the atom’s nucleus together.  
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MOMENTUM 

Two of the most powerful concepts in physical science are: 

conservation of momentum and conservation of energy.  All 

moving objects have what Newton called a “quantity of motion,” also 

known as momentum.  The momentum of an object can be calculated by 

multiplying the object’s mass and velocity: 

Momentum = Mass x Velocity 

The S.I. Units are kilograms multiplied by meter per second (kg. m/s) and 

direction. 

Looking at the formula, it is easy to see that the greater the mass or 

velocity the greater the momentum.  Like velocity, acceleration, and force, 

momentum is described by its direction and quantity.    

Note: An object at rest has no momentum since it has zero velocity.  A 

moving object will have a large momentum if its mass is large, its speed is 

large, or both its mass and speed are large.   The more momentum an object 

has, the harder it is to stop.  For example, you can stop a tennis ball moving 

at 20 miles/hour with your hand, but you cannot stop a car moving at 20 

miles/hour with your hand (and don’t even think of trying this at home).  

The car has more momentum because it has more mass than a tennis ball. 

 In physical science, the word conserved refers to the conditions before 

and after some event being equal (at least numerically).  A quantity whose 
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total amount does not change (remains constant) in some process or event 

with time is said to be conserved.  This is slightly different than how we talk 

about conservation in the ecological sense.  The law of conservation of 

momentum states that in the absence of external forces (e.g. gravity, 

friction etc…), the total momentum of a system remains unchanged.                 

  In the absence of friction, momentum is conserved when two objects 

collide.  This means that the total momentum before collision will equal the 

total momentum after collision. 

Here are some examples of different types of collisions: 

- Elastic collisions:  Two objects colliding without being permanently 

deformed and without generating heat (from friction) is an example of an 

elastic collision.  For example, when a moving marble hits another marble 

at rest, the first marble comes to a rest and the second marble moves with 

a velocity equal to the initial velocity of the first marble.  Momentum is 

transferred from the first marble to the second marble and the total 

momentum is conserved. 

- Inelastic collisions: Two objects colliding, sometimes with deformation 

and heat generation, and sticking together after collision is an example of 

inelastic collision.  Momentum is still conserved provided there is no net 

external force.  For example, a moving car crashing into the back of a car 

at rest will cause deformation of the cars and heat generation, but the cars 
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will stick together and keep moving due to the conservation of 

momentum.   

 

Note:  Perfectly elastic collisions are not common in everyday world.  

Usually some heat is generated in collisions.  Drop a ball from a certain 

height, both the ball and the floor feel a bit warmer.  Also, the ball will not 

bounce back to the height it was dropped from.  Momentum is not totally 

conserved since some energy is lost as heat energy and there are external 

forces acting on the objects (gravity and air resistance). 
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