Summary

servations on subatomic particles, which have shown that no particles travel at
speeds greater than ¢. (In other words, ¢is the ultimate speed.) From this relativis-
tic point of view, the work—kinetic energy theorem says that v can only approach ¢
because it would take an infinite amount of work to attain the speed v = ¢

All formulas in the theory of relativity must reduce to those in Newtonian me-
chanics at low particle speeds. It is instructive to show that this is the case for the
kinetic energy relationship by analyzing Equation 7.19 when v is small compared
with ¢ In this case, we expect K to reduce to the Newtonian expression. We can
check this by using the binomial expansion (Appendix B.5) applied to the quan-
tity [1 — (v/¢)2]7V2, with v/¢<< 1. If we let x = (v/¢)?, the expansion gives
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Making use of this expansion in Equation 7.19 gives
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Thus, we see that the relativistic kinetic energy expression does indeed reduce to
the Newtonian expression for speeds that are small compared with ¢. We shall re-
turn to the subject of relativity in Chapter 39.

SUMMARY

The work done by a constant force F acting on a particle is defined as the product
of the component of the force in the direction of the particle’s displacement and
the magnitude of the displacement. Given a force F that makes an angle 6 with the
displacement vector d of a particle acted on by the force, you should be able to de-
termine the work done by F using the equation

W= Fdcos @ (7.1)

The scalar product (dot product) of two vectors A and B is defined by the re-
lationship

A'B = ABcos @ (7.3)

where the result is a scalar quantity and @ is the angle between the two vectors. The
scalar product obeys the commutative and distributive laws.

If a varying force does work on a particle as the particle moves along the x axis
from x; to x;, you must use the expression

%
W= J F, dx (7.7)
Xi
where F, is the component of force in the x direction. If several forces are acting

on the particle, the net work done by all of the forces is the sum of the amounts of
work done by all of the forces.
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