Transforming displacement response into velocity response

The transfer function H(s) is represented in the SEED header as follows:
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where F(s) describes the dependence on frequency, N is a normalization factor, and G is a gain factor. s = j is the frequency variable of the Laplace transformation. F(s) has the mathematical form
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where m is the number of zeros at zero frequency (we do not consider other zeros here) and   si for i=1 .. n are the poles of the transfer function.

The normalization factor has to be determined so that at a reference (normalization) frequency s0 = 2j f0 the absolute value of N ∙ F(s0 ) equals 1. The representation of N in the SEED header is however incomplete because only the numerical value of N is stored while in general (when m ≠ n) N has a physical dimension (some power of frequency). The gain factor G has its commonly understood meaning only if the normalization frequency lies in a frequency band where the response is flat. This depends on the choice of the input units (the units in which the ground motion is measured). 

For example, the response Y(s) (in Volts) of a broadband seismometer to a velocity input would typically be described by
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EMBED Equation.3[image: image4.wmf]
where X(s) is the amplitude of ground displacement, s X(s) that of ground velocity, si are the four poles of the transfer function, and G is the generator constant in Vs/m (volts per meter per second). Here G ∙ sX has the dimension Volts, so NV must have the dimension 1/seconds2.

NV would be determined so that the absolute numerical value of

NV ∙ s02 / (s0 – s1 ) (s0 – s2 ) (s0 – s3 ) (s0 – s4 )

equals 1, and GV is then the actual generator constant at the normalization frequency. Note that GV is not identical to the asymptotic generator constant that goes with an asymptotical normalization of F(s) at zero or infinite frequency.

The response of the same seismometer to a displacement input is
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Obviously this would be correct with  ND = NV and GD = GV but the SEED convention now requires that the absolute numerical value of

ND ∙ s0 3/ (s0 – s1 ) (s0 – s2 ) (s0 – s3 ) (s0 – s4 ) 

equals 1, so we must choose ND = s0-1 NV and GD = s0 GV. 

Vice versa, if a displacement response has been defined with ND and GD, then we obtain the velocity response of the same instrument by cancelling one factor of s (a zero at zero frequency) in the numerator, multiplying the normalization factor with the absolute value of the normalization frequency s0, and dividing the gain by the same factor. The cancelled factor s is now part of the input amplitude, and the output amplitude is the same as before.
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