4.1a: A short version of MSOP exercise 4.1 
The fundamentals have been explained in the introduction to Chapter 4. In summary, the following should be remembered:

When a broadband signal is split up into narrower frequency bands with ideal band-pass filters, then

· the instantaneous amplitudes in the individual bands add up to the instantaneous amplitude of the broadband signal,

· the signal powers (or energies in case of transient signals) in the individual bands add up to the power (or energy) of the broadband signal, 
· the rms amplitudes in the individual bands DO NOT add up to the rms amplitude of the broadband signal. The rms amplitude must be calculated from the total power.

A specification of noise amplitudes without a definition of the bandwidth is meaningless. 

Also: Signal energy is the time-integral of power. Accordingly, transient signals have a finite energy while stationary (noise) signals have an infinite energy but a finite and, in the time average, constant power. Transient signals and stationary signals must therefore be treated differently. The spectrum of a transient signal cannot be expressed in the same units as the spectrum of a stationary signal. Earthquake spectra and noise spectra can, therefore, not be represented in the same plot unless a convention has been defined for the conversion between the units. Also, band-pass filtered amplitudes in different spectral ranges are comparable only when filtered with the same relative bandwidth (RBW). Note that in signal analysis the "power" of a signal is understood to be the mean square of its instantaneous amplitude. Physical power is proportional but not identical to what is called "power" in signal analysis. For example, the electric power is  W = U2/ R, not W = U2..

Tasks:

1 – Figure 1 is a historical compilation of  observed low noise spectra, now made obsolete by the USGS New Low Noise Model (NLNM). One of the two vertical scales has an incorrect label; both the name and the unit are incorrect. Try to correct it.

2 – Compare the lowermost curve (QC-AZ) to the NLNM, for example by plotting a few points of the NLNM curve into the figure.

3 – What would be the rms acceleration of the QC-AZ noise in a half-octave frequency band from 1 to (roughly) 1.4 Hz and in a half-octave period band from 30 to 42 seconds? Compare to figure 5.18 of the NLNM. Note that ½ octave and 1/6 decade are nearly the same.

You may use NOISECON to convert the noise spectra into different units.
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F1G. 1. Vertical Earth motion amplitude spectral density.




Figure 1  Compilation of various noise amplitude and power spectral densities at various stations and according to the Brune and Oliver (1959) noise model as published by Fix (1972).

