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EXAMPLE: Using Action to Find the Worldline

See how the action principle can help construct the worldline of an apple thrown verti-

cally upward in a uniform gravitational field. We use an approximation that can be gen- QARG POk foimove, pAthe 7t :Click o sccomove; paths.
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eralized to an automatic computer program. Divide a portion of the worldline into four Log[mass] mass=3.98107x 1022 (kg).
adjacent straight line segments, each of duration Ay, as shown in Fig. 5. =
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Take the potential energy on each segment to be the value at its center. Then the straight-segment approximation A
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with similar expressions for segments B, C, and D. The total action along all four segments is 6l
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We fix initial and final events 1 and 5 and ask: What should be the positions of events 2, 3, and 4 in order to minimize
the value of S, in our straight-segment approximation? Answer: The derivatives of S, with respect to each of the
three intermediate coordinates should vanish. Take the derivative with respect to x, and set the result equal to zero to
obtain

0.0 0.2 0.4 0.6 0.8 1.0
(x2 —xl)—(x3 _xz)

dv, As

—mgAt.

Similar expressions result from setting equal to zero derivatives of S, with respect to x3 and x4. The result is three equa-
tions in the three unknowns x,, x3, and x4. Divide each equation through by 7 and multiply through by Az to obtain

—x, +2x, —x, = g(At)2
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