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Extending the Connection

THE FOUR FUNDAMENTAL FORCES
In this chapter, you investigated the role of the force of gravity as a major factor 
responsible for reshaping the surface of Earth. A force is defined as a push or pull. 
It is an interaction between two objects that can result in an acceleration of either 
or both objects. 

Scientists recognize four fundamental forces that act throughout the universe: gravity, 
electromagnetic force, the strong force, and the weak force. One of science’s greatest 
challenges has been to try to discover relationships among the forces. Many scientists 
think that all four forces may actually be different aspects of a single force. The theory 
that would explain how all forces are related is called the grand unification theory. 

Gravity

The force everyone is probably familiar with is the force of gravity. Gravity is the force 
of attraction (the pull) between any two objects with mass. The greater the mass, the 
greater the force of attraction. You saw this force acting when you investigated the angle 
of repose of materials on a slope. You observed materials sliding down a slope because 
the large mass of Earth makes the force of attraction between the particles of material 
and Earth very evident. Gravity is also the force that holds the Sun, moons, planets, 
stars, and galaxies in their orbits. It works across tremendous distances and has an 
infinite range.

   

Gravity is the force responsible for mass movement.
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Sir Isaac Newton was one of the first to describe the law of universal gravitation. The law 
of universal gravitation states that every object in the universe attracts every other object 
with a force that is proportional to the product of their masses and inversely proportional 
to the square of the distance between them. Recall that the gravitational force can be 
described mathematically as

     

FG = Gm1m2

 d2

where  FG is the force between the objects,
 G is the gravitational constant,
 m1 and m2 are the masses of the objects, and
 d is the distance between their centers.

Electromagnetic Force

Another fundamental force with which you may 
be familiar is the electromagnetic force. You may 
have observed a magnetic force act when you 
placed a magnet on a refrigerator. You probably 
have also experienced an electrical force when 
you felt an “electric shock” when you touched 
something metallic after walking across a carpet.    

Electrical force can be a real nuisance if you 
get an unexpected “shock” when you touch a 
doorknob after walking across a room.Strong and Weak Force 

The other two fundamental forces are difficult to visualize but play critical roles in the 
nucleus of every atom. The electromagnetic force holds electrons in orbit around the 
nucleus. But this force cannot account for what holds the particles of the nucleus together. 
The strong nuclear force is the attraction between nucleons (protons and neutrons) and 
holds the nucleus together, because it is a very strong force at very close range. It is 
estimated to be about 100 times as strong as the electromagnetic force. However, it is a 
very short-range force—at distances greater than the size of a nucleus, the force is too 
small to measure.

The fourth force is called the weak force. It plays a role in the radioactive decay of unstable 
atoms, particularly in the transition of a neutron to a proton. During the latter half of the 
twentieth century, physicists were able to show that the electromagnetic force and the weak 
force were two aspects of the same force, described as the electroweak force. The weak 
force has a range of about 1/1000 of the strong force.

The following table summarizes the relative strengths and the ranges of the four 
fundamental forces.

Type of Force Relative Strength Range Nature of Force

gravitational force 10–39 infi nite attraction

electromagnetic force 0.0073 infi nite attraction/repulsion

nuclear (strong) force 1 10–15 m attraction

weak force 10–6 10–18 m neither
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