The Schroedinger equation is a linear equation, the principle of superposition applies.  A linear combination of plane wave solutions is also a solution.  


will be a solution as long as for each k we have  hk=h2k2/(2m).  
Since k is a continuous variable, the most general solution is not a sum, but an integral;
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Such a wave function is called a three-dimensional wave packet and can represent any non-pathological square-integrable function.
(g(k) can be complex: g(k)=|g(k)|exp(i(k)) ;  (k) changes the phase of the plane wave.)
Proper wave functions of free particles are wave packets.

One-dimensional wave packets representing free particles
Let us first concentrate on one-dimensional systems.
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is a superposition of plane waves traveling in the x direction.  At some instance of time, say t=0,
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;

g(k) is the Fourier transform of (x,0).

