[image: image1.png]The bar element shown in Figure 10.7a is the same as the bar element intro-
duced in Chapter 2 with the very important difference that displacements and ap-
plied forces are now assumed to be time dependent, as indicated. The free-body
diagram of a differential element of length dx is shown in Figure 10.7b, where
cross-sectional area A is assumed constant. Applying Newton’s second law to the
differential element gives
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Figure 10.7
(@) Bar element exhibiting time-dependent displacement. (b) Free-bodly diagram of a
differential element.

where p is density of the bar material. Note the use of partial derivative operators,
since displacement is now considered to depend on both position and time. Sub-

stituting the stress-strain relation o = Ee = E(du/dx), Equation 10.51 becomes
%u 9%u (10.52)
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Equation 10.52 is the one-dimensional wave equation, the governing equation
for propagation of elastic displacement waves in the axial bar.




