An application of the time-convolution theorem
The typical reflection seismic experiment is to generate a disturbance at the surface of the earth and record reflections from the interior of the earth at var​ious offset distances. If w(t) is the disturbance generated, then this "wavelet" from the surface source will be reflected from subsurface contrasts in acoustic impedance, and recorded at various receiver positions at the surface at succes​sively later times, as shown in Figure 1. Reflected source wavelets w(t) return to the surface at successively later times from deeper reflectors, or if reflected from the same interface, to farther offset distances.
Finding the model parameters (reflection coefficients and wavelet, for ex​ample) from the recorded data is one of the objectives of reflection seismology. Once the subsurface distribution of the reflection coefficients is known, we have imaged the geologic structure. Suppose we equate w(t) with a wavelet generated by a source of energy at the surface of the Earth, and r(t) with a (continuous) sequence of reflection coefficients. Then the seismogram o(t) that is recorded is

o(t) = 
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which is a convolution, or because O(u) = R(u}W(u] from the time-convolution theorem, 
o(t) = 
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The function most closely associated with the geology is r(t), the time-sequence of reflection coefficients from successively deeper interfaces between materials of different acoustic impedance contrast. The process of convolution (superposition) has filtered r(t) so that we record a "smeared-out" version of the reflection coefficients, as shown in Figure 2. That is, the reflection process of smoothing with w(t) has filtered out the high frequencies present in the rapidly changing sequence of reflection coefficients ("spikes"). The process of convolution in the time is equivalent to multiplication in the frequency domain:
If we could recover r(t) at each receiver station, and display each r(f) side- by-side at their time coordinates, we would have a graphic image of the subsurface geology, complete with any faults and folds.
If the shape of the seismic wavelet w(t) were known, then this might be possible because

R(w) = 
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The sequence of reflection coefficients is then simply

R(t) =  
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Alas, it is not that easy. Of course, this will be possible with noise-free synthetic data, as illustrated in Figure 2 where we have convolved a (known) source wavelet w(t) with a reflectivity function r(t) to give a synthetic seismogram o(i); however, the spectrum W(w) of the shot pulse is not generally known.
In the real world much more is recorded than just the reflections of interest from geologic interfaces. There are multiples, refractions, wind noise, surface waves, traffic noise, electrical interfer​ence from power lines, and a host of unidentified other signals, some of which could tell us much about the geology if only we could decipher them; however, there is some important conceptual insight to be obtained by examining what might be done with clean (synthetic) data. Equation (5) is a simple example of an inverse problem. We have the recorded data o(t) and we want the model parameters r(t) that produced the data.

Figure 1: The source wavelet w(t) leaves the source point, is reflected from sub​surface discontinuities, and returns to the surface at successively later times from deeper reflectors and/or farther offset distances. If the reflec​tion coefficient associated with the first reflector is r(n), and that for the deeper reflector is r(T2), then the events recorded at a receiver are r(Ti)u»(t — ti) + r(T2)w(t — T2). ti and T2 are defined by the depth to the reflectors, the velocity of the media, and the distance between the source point and the receivers. For many reflectors at a particular offset, the events recorded as a seismic trace o(t) are o(t) = y^ r(Ti)w(t — Ti), which is a convolution, (hg explore —» modell)
Those model parameters r(t) are completely defined in our simple case by the inverse filtering operation of computing the inverse Fourier transform of the ratio
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(5)
Recovery of r(t) will require restoration of the high frequencies that are present in the random reflection coefficients (a Dirac delta function contains all fre​quencies of equal amplitude). In practice, it is necessary to resort to indirect methods to determine w(t), but it can be done with impressive results.
The computational process of recovering r(t) from the recorded data o(t) where
is called, appropriately,  deconvolution.
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