Causality

Electroweak and GUT

Evervdav forces
are gravity and
electromagnetic

B Summary

The laws formulated by Newton are referred to as causal laws, By causality
we mean the idea that one occurrence can cause another. When a rock strikes a
window, we infer that the rock causes the window to break. This idea of “cause
and effect” relates to Newton’s laws: the acceleration ol an object was seen Lo
be caused by the net force acting on it.

mwpes of Forces in Nature

We have already discussed that Newton's law of universal gravitation, Eq. 5-4,
describes how a particular type of force—gravity—depends on the masses of the
objects involved and the distance between them, Newton’s second law, SF = ma,
on the other hand, tells how an object will accelerate due to any type of force.
But what are the types of forces that occur in nature besides gravity?

In the twentieth century, physicists came Lo recognize four fundamental
forces in nature: (1) the gravitational force; (2) the electromagnetic force (we
shall see later that electric and magnetic forces are intimately related); (3) the
strong nuclear force; and (4) the weak nuclear force. In this Chapter, we
discussed the gravitational force in detail. The nature of the electromagnetic
force will be discussed in Chapters 16 to 22. The strong and weak nuclear forces,
which are discussed in Chapters 30 to 32, operate at the level of the atomic
nucleus: although they manifest themselves in such phenomena as radioactivity
and nuclear energy, they are much less obvious in our daily lives.

Physicists have been working on theories that would unify these four
forces—that is, to consider some or all of these forces as different manifesta-
tions of the same basic force. So far, the electromagnetic and weak nuclear
forces have been theoretically united to form electroweak theory, in which the
electromagnetic and weak forces are seen as two different manifestations of a
single electroweak force. Attempts to further unify the forces, such as in grand
unified theories (GUT), are hot research topics today.

But where do everyday forces fit into this scheme? Ordinary forces, other
than gravity, such as pushes, pulls, and other contact forces like the normal force
and friction, are today considered to be due to the electromagnetic force acting
at the atomic level. For example, the force your fingers exert on a pencil is the
result of electrical repulsion between the outer electrons of the atoms of your
finger and those of the pencil.

An object moving in a circle of radius r with constant speed v

is said to be in uniform circular motion. It has a centripetal

acceleration ap that is directed radially toward the center of

the circle (also called radial acceleration), and has magnitude

. 5-1

aR = — (5-1)

The direction of the velocity vector and that of the accelera-

tion ag are continually changing in direction, but are perpen-
dicular to each other at each moment.

A force is needed to keep a particle revolving in a circle,
and the direction of this force is toward the center of the
circle. This force may be due to gravity, to tension in a cord, to
a component of the normal force. to another type of force, or
to a combination of forces.

[*When the speed of circular motion is not constant, the
acceleration has two components, tangential as well as
centripetal. |

Newton's law of universal gravitation states that every
particle in the universe attracts every other particle with a force
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proportional to the product of their masses and inversely
proportional to the square of the distance between them:

"y ms
F=G .

2 ‘5-4)
The direction of this force is along the line joining the two
particles. Tt is this gravitational force that keeps the Moon
revolving around the Earth, and the planets revolving around
the Sun.

Satellites revolving around the Earth are acted on by
gravity, but “stay up™ because of their high tangential speed.

[*Newton's three laws of motion, plus his law of universal
gravitation. constituted a wide-ranging theory of the universe.
With them. motion of objects on Earth and in the heavens
could be accurately described. And they provided a theoret-
ical base for Kepler's laws ol planetary motion. |

The four fundamental forces in nature are (1) the gravi-
tational force, (2) electromagnetic force, (3) strong nuclear
force, and (4) weak nuclear force. The first two fundamental
forces are responsible for nearly all “evervday™ forces.



