The transport equation
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If u(x, t) is a continuously differentiable solution, then by the several variable chain rule
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for any x,, t € R. This means that any solution is constant along the lines x(t) = x, + ct(t € R). A {er — o
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The initial value problem

Suppose we are given the values u(x, 0) = F(x) of the solution at time t = 0 for all x € R.
Then for any (x,t) € R? one has u(x, t) = u(x — ct,0) = F(x — ct).

In other words, if there is a solution with the prescribed initial values then it must be u(x,t) =
F(x —ct). VV\IL;"\JZF(K\ kT () ave confnuons

On the other hand, if F: R - R is@ then you can verify by substituting that u(x, t) = F(x —
ct) satisfies the transport equation u; = cu,.
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