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To understand further the difference between work done by cexternal forces and
internal forces, consider a spring—mass system in static equilibrium (see Fig. 4.2a).
Suppose that the mass m is placed slowly (to eliminate dynamic effects) at the end
of the spring. The spring will elongate by an amount ¢y, measurad from its unde-
formed state. In this case, the force is due to gravity and it is equal to F = mg.
Clearly, F is independent of the extension g in the spring, and F does not change

() de

Figure 4.2 A spring-mass system in equilibrium. (a} Elongation due te waight mg. (b) External
work dene. (¢} Infernal work done.

(b)
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during the course of the extension e, going from O to its final value ey (see Fig. 4.2b).
The work done by F is

Wi = —{Feq).

Next consider the force in the spring F;. 1t goes from O to its final valuc as e goes
from O to ey (see Fig. 4.2¢). The work done by F; in moving through de is Fide. To
obtain the total work done, we must integrate, because F; depends on e, from 0 to eg:

€o
Wi :f Fi(e) de,
0

“the spring is assumed to be linearly elastic with spring constant k, we have F; = ke.
lence

1
Wr = Eke%.
t equilibriem we have F}f =F . where E;.f denotes the final force in the spring.
Now suppose that we wish to elongate the spring from e to eg + Ae, Ae being
ifinitesimally small. Then the additional {or incremental} work done by F = mg
ad Fy = Fy(ep) are simply
AWgp = —FAeg = —mgAe, AWr = E,Ae = kegAe,

which shows that AW, = —AWp since F = F,.
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