Chapter 4

Forces and Newton @
Laws of Motion



4.6 Types of Forces: An Overview

In nature there are two general types of forces,
fundamental and nonfundamental .

Fundamental Forces -- three have been identified,
all other forces are derived from them.

1. Gravitational force (e.g. downward force on
objects near the Earth@ surface)

2. Strong Nuclear force (e.g. force that binds protons
and neutrons together in the atomic nucleus)

3. Electroweak force (e.g. force between objects
which are electrically charged)




4.6 Types of Forces: An Overview

Examples of Nonfundamental Forces --
All of these are derived from the electroweak force:

normal or support forces

friction

tension in a rope




4.7 The Gravitational Force

Newton@® Law of Universal Gravitation

Every particle in the universe exerts an attractive force on every
other particle.

A particle is a piece of matter, small enough in size to be
regarded as a mathematical point.

The force that each exerts on the other is directed along the line
joining the particles.



4.7 The Gravitational Force

For two particles that have masses m, and m, and are
separated by a distance r, the force has a magnitude
given by
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4.7 The Gravitational Force

Example. Find the gravitational force between a bicycle of mass
12 kg and a lawnmower of mass 25 kg sitting 1.2 m away from each
other in a garden shed.
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= (6.67 x10™"" N-m?*/kg’ )(12 ngZS kg)

(1.2m)

— -8 very small, considering it takes a force of
=1.4x10™ N about 1 N to lift a pen!




4.7 The Gravitational Force

Even though the Earth and Moon are not point particles,
because they are mostly spherical, Newton® law of
Gravitation may be applied using the distance between
their centers as if they were point particles.
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4.7 The Gravitational Force
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Find the average gravitational force between
The Earth (mass = 5.98 x 10%* kg) and Moon
(mass = 7.35 x 1022 kg) if their mean distance

apart is 3.85 x 108 m.

= (6.67 x 10-11)(7.35 x 1022)(5.98 x 1024)/(3.85 x 108)?

=198 x 102 N very large!



4.7 The Gravitational Force

Definition of Weight

The weight of an object on or above the earth is the
gravitational force that the earth exerts on the object.
The weight always acts downwards, toward the center
of the earth.

On or above another astronomical body, the weight is the
gravitational force exerted on the object by that body.

S| Unit of Weight: newton (N)



4.7 The Gravitational Force

Relation Between Mass and Weight

Object of mass m
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The acceleration of gravity
depends on the mass of the planet

and the distance from its center. Mass of earth = M



4.7 The Gravitational Force

On the earth® surface:

=G
g R

(5.98x10% kg )

— (6.67><10'11 N°m2/kg2 )(6.38><106 m)

=9.80 m/s’



