TEMPERATURE WAVES IN A CYLINDER
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We have derived the formulas for the determination of the rate of temperature-wave pro-
pagation and for the propagation of a heat-flow wave in a uniform isotropic cylinder. We
prove that these rates vary.

The solution of the differential equation
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has the following form:
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Having determined the amplitude of the temperature wave at the axis of the cylinder, after transforma-
tion, we can present the instantaneous values for the temperature and the heat flow by means of the follow-
ing formulas:
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where, in general form,
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The moduli of (5) and (6), respectively, determine the real amplitude of the temperature wave and the
real amplitude of the heat flow. The arguments of these expressions determine the phase shift, and the dif-
ference between the arguments of expressions (6) and (5) determines the mutual phase shift of these waves,
i.e.,
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it follows from (10) that the heat-flow wave precedes the phase
of the temperature wave by 1/8 of a period for rvw/a— < and by 1/4

2
\\ of a period for rvw/a—0.
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The maximum values in (5) and (6) are found for arguments equal
to zero. Equating the arguments to zero, from these equations we find
0 7 2 s o the value of the time 7; then aftejr calculating the deriv.ative with re.—
spect to the variable x and applying the theorem of the inverse-function
derivative, we derive the formulas by means of which we, respectively,
determine the rates of temperature-wave and heat-flow wave propaga-

Fig. 1. Relative rate for the
temperature and heat-flow
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these formulas can be written as follows:
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if we consider (11), we find the following solution as rvw/a — <
w; = w, =V 200. (18)

Consequently, the rates of propagation for the temperature and heat-flow waves tend toward a value
corresponding to propagation in a half-space.

Figure 1 shows the relative rates of propagation for these waves, i.e., the rate of wave propagation in
a cylinder (15) and (16) as a ratio of the rate of propagation for these waves in a half-space (18).

NOTATION

is the temperature;

is the coefficient of thermal diffusivity;
is the cylindrical coordinate;

is the time;

is the cylinder radius;

is an imaginary unit;

is the angular frequency;

E SR

643



N B o >

beryz, bei,z

W

644

is the thermal conductivity;

is the heat flow;

is a natural number;

is the general notation for the variable;
are Thomson functions of order n;

is the velocity.



