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1. THE presence of a non-steady state of temperature in an elastic solid gives
rise to an additional term in the generalised Hooke's Law connecting the
stress and strain tensors and terms involving the time rate of change of the
dilatation. This time-dependent dilatation may produce so-called thermo-
elastic stress waves. The present note is concerned with the effects produced
by these additional terms in a simple situation, in which the elastic solid is
regarded as a thin plate of infinite extent. The distribution of temperature in
the plate is produced by a point heat source of Dirac type.

2. The temperature field is determined by the equation

K at

where, in cylindrical coordinates,

rdr

The solution has to satisfy the initial condition T(r, t)\t-0 = 0 and the
temperature, when r-*oo, must tend to zero. Such a solution is well known
[see, for instance (2), (3), (4)], and has the form

T(r, 0 = ̂ (0 T^-expf--^) (2)
4 t \ 4tJ

The equations of thermo-elasticity reduce in our case to one equation in
the displacement u [see (3)]:

d2u 1 du _ u _ 2 32M _ dT

d?+rTr ? ° d? ~SJr' ()

where a2 = —, s = (l + v)ar.
c2

The solution of the equation (3) has to satisfy the initial conditions

u(r, t) = 0 and —
l = 0

= 0 (4)
r = 0 8t

and two boundary conditions

u(r, 0|r = o = 0 a n d u(r,t)<co when r-*oo (5)
E.M.S.—E.
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The initial conditions (4) enable us to apply the Laplace transform defined
by the following integral

Jo
u(r, t)e~"'dt.

Jo

FIG. J.—Displacement represented as a function of time for — = 2.

Applying the Laplace transform to both sides of the equation (3), we find (5)

\ d u L ( \
dr2 r dr \r

Performing the Hankel transform, defined by the integral

dT
—
dr

(6)

Jo
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and taking into account the formula (2), we get the result in the form

71

•(7)

EQs

- l

FIG. 2.—Stress represented as a function of time for — = 2.
KO

The inverse Hankel transform leads to the following integrals

sQ

u, —2«p(ff2icp-l)Uo «

Evaluating these integrals by known relations for modified Bessel functions
of the second kind (6), we can write this formula in the form

2np(K<r2p-l)
.(8)
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Taking into account the convolution theorem, the inverse Laplace trans-
form (1) gives the following form to the solution

„ = _ {,(0 exp ( - J-\ f exp (- £ + ±\2r { \ KG2) Jo \ 4 ^ K(72J2nKO2

(9)

The thermal stresses associated with the displacement (9), are obtained by
substitution of (9) and (2) into well-known relations

l-v2\dr rj

E (u , du\

r +VT)-
5

1 - v2 V r 5r/ 1 + v

and the results become:

EQs
a. = —

2T:(1-V2)

_LexPf- <) x ("lexpf- ^1 + « W ^ ^ ^
Ka2 FV KffV JO 2^ V 4K^ KffV 2K(l + v

- x) f v«
/C<T2/ ]Sr

W
-a2r2)

(10)

<7S =
- V 2 )

exP ( - -L) P exp ( - l ! + J -(

J ) f' 1 exp f _ Zl + ±\ ds_ exp f - - l l
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We turn, finally, to the discussion of certain numerical results based on
the dynamic solution to the transient thermoelastic problem treated in this
paper. Our main objective is to determine the character of the results. The
space and time dependence of the temperature field (2), as well as of the
quasi-static displacement and stresses, were discussed extensively by E. Melan
(4) and the corresponding diagrams need not be reproduced here.

Our graphs refer to the constant radius — —2 and depend only on /.
KO

The dynamic solution involves also Poisson's ratio v, which is taken to have
the value 0 25.

Fig. 2 shows, that in the case of a perfect elastic body, the stresses exhibit
infinite jump-discontinuities at the wave-front.
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