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About PDE:

Walter A. Strauss, Partial Differential Equations, An Introduction, 2nd Edi-
tion P.41

Show that the wave equation (uy = c*u,,) has the following invariance prop-
erties.

(a) Any translate u(z—y, t), where y is fixed, is also a solution.
SOLUTION:

Let v(z, t) = u(x — yo, t), then vy = w(x — o, t), and vy = uy(x —yo, t) =
gy (T — Yo, t)

Vp = U (T — Yo, 1), Vaw = Uz (T — Yo, 1),

So vyt = U (T — Yo, t) = A (Uge(T — Yo, t)) = CVps Q.E.D.
(b) Any derivative, say u,, of a solution is also a solution.

SOLUTION:

For uy = Pgy, let v = ug, then vy = gy = (Ugt)e = (CUpr)s = Clper =
A (Ug)pe = Vs Q.E.D.
(c) The dilated function u(azx, at) is also a solution, for any constant a.
SOLUTION:

For uy = C*Uge, Let v(z, t) = u(azw, at), then v; = aws(axw, at), vy =
(aus(azx, at)); = a*uy(az, at) = a*cPug,(az, at),

v, = (waz, at)), = aug(az, at), v, = (auy(az, at)), = a*ug,(ax, at)

So vy = a’Pug,(ax, at) = (aPug.(az, at)) = vy, Q.E.D.



