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Can we justify term-by-term differentiation with respect to the parameter ¢t7 The
following theorem states the conditions under which this operation is valid:
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The Fourier series of a continuous fun(tlon u(x,t) (depending on a parameter t)
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u(xz,t) = ap(t) + Z [a,, CoS + by, (t) sin 7 ]
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can be differentiated term by term w 1th respect to the parameter ¢, yielding
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;u(z t) ~ ag(t +Zl [(1” cos = +b“( ) sin

if Ju /0t is piecewise smooth.

Il7".l:|

We omit its proof (see Exercise 3.4.7), which depends on the fact that
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Proof on integrating Fourier series. Consider
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term if f’(z) is piecewise smooth.

“1(’,( funetién f(r) can be differentiated term by term if f(—L) = f(L).
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1If f(z) i§ piecewise smooth, then the Fourier series of a continuous

of f(z) can be differentiated term by term.

\m ' > If f'(x) is piecewise smooth, then a continuous Fourier cosine series

If f'(x) is piecewise smooth, then the Fourier cosine series of a

e - 6_ Q continuous function f(z) can be differentiated term by term. .
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) If f'(z) is piecewise smooth, then a continuous Fourier sine series
of f(x) can be differentiated term by term.
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If f'(x) is piecewise smooth, then the Fourier sine series of a con-

) ‘ tinuous function f(x) can be differentiated term by term only if

f(0)=0and f(L)=0.
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