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Sec. 1-6

FIGURE I-14

Left: The allowed energies in a
classical system, oscillating sinus-
oidally with frequency », are con-
tinuously distributed. Right: The
allowed energies according to
Planck’s postulate are discretely dis-
tributed since they can only assume
the values nhv. We say that the
energy is quantized, n being the
quantum number of an allowed
quantum state.
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FIGURE I-14

Left: The allowed energies in a
classical system, oscillating sinus-
oidally with frequency », are con-
tinuously distributed. Right: The
allowed energies according to
Planck’s postulate are discretely dis-
tributed since they can only assume
the values nhv. We say that the
energy is quantized, n being the
quantum number of an allowed
quantum state.
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Example I-6. A pendulum consisting of a 0.01 kg mass is suspended from a string 0.1 m
in length. Let the amplitude of its oscillation be such that the string in its extreme positions
makes an angle of 0.1 rad with the vertical. The energy of the pendulum decreases 'due, for
instance, to frictional effects. Is the energy decrease observed to be continuous or dis-

continuous ?
The oscillation frequency of the pendulum is

1 5: 1 A/9.8 m/sec?
= — = = == e 1_6
b 2WA/1 2. 0.lm e
The energy of the pendulum is its maximum potential energy

mgh = mgl(1 — cos 0) = 0.01/kg % 9.8 mfsec? x 0.1 m X (1 — cos0.1)

=5 x 107 joule



The energy of the pendulum is quantized so that changes in energy take place in discontinuous
jumps of magnitude AE = hv, but

AE = hv = 6.63 x 1073 joule-sec x 1.6/sec = 10733 joule

whereas E = 5 x 1072 joule. Therefore, AE[E = 2 x 10~*°. Hence, to measure the discrete-
ness in the energy decrease we need to measure the energy to better than two parts in 10%. It is
apparent that even the most sensitive experimental equipment is totally incapable of this
energy resolution. <

We conclude that experiments involving an ordinary pendulum cannot determine
whether Planck’s postulate is valid or not. The same is true of experiments on all other
macroscopic mechanical systems. The smallness of /7 makes the graininess in the
energy too fine to be distinguished from an energy continuum. Indeed, / might as
well be zero for classical systems and, in fact, one way to reduce quantum formulas
to their classical limits would be to let # — 0 in these formulas. Only where we con-
sider systems in which » is so large and/or & is so small that A€ = /v is of the order
of & are we in a position to test Planck’s postulate. One example is, of course, the
high-frequency standing waves in blackbody radiation. Many other examples will be
considered in following chapters.



