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1 Aim

The exercise aims at:
» deepening the understanding and developing makillalia using the related equations
presented in 4.1 of Chapter 4;
» application of the conversion program NOISECON Be4.1);
» demonstrating that the various data presentatives gn this Exercise and in Chapter 4
on signal and noise spectra or amplitudes in @iffelkinematic units are in fact all
compatible or — if not — that reasons for it cargiven.

2 Fundamentals

The underlying fundamentals have been outlinedetaildin the introduction to Chapter 4. In
summary, the following should be remembered:

When abroadband signal is split up into narrower freqyeands with ideal band-pass

filters, then

* the instantaneous amplitudes in the individual saadtl up to the instantaneous
amplitude of the broadband signal,

» the signal powers (or energies in cas&anfisient signals) in the individual bands add up
to the power (or energy) of the broadband signal,

« the RMS amplitudes in the individual bands DO NQ@@ ap to the RMS amplitude of the
broadband signal.

A specification of noise amplitudes without a defon of the bandwidth is meaningless!

Also: Signal energy is the time-integral of pow&ccordingly, transient signals have a finite
energy while stationary (noise) signals have amiief energy but a finite and, in the time
average, constant power. Transient signals antiséay signals must therefore be treated
differently. The spectrum of a transient signalra@nbe expressed in the same units as the
spectrum of a stationary signal. Earthquake spextthnoise spectra can, therefore, not be
represented in the same plot, unless the convetsbmeen the units is explained. Also,
band-pass filtered amplitudes in different spectasiges are comparable only when having
been filtered with the same relative bandwidth (RBWote that in signal analysis the
"power" of a signal is understood to be the meamass of its instantaneous amplitude.
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Physical power is proportional but not identicaltbat is called "power"” in signal analysis -
for example, the electric power is W Z/[R, not W = \¥.

3 Data, relationshipsand programs

The exercises are based on data presented iMBgs. 4.8 and the Figures 1 to 3 below.

AMBIENT EARTH MOTION IN THE PERIOD RANGE FROM 0.1 TO 2560 SEC
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Fi1G. 1. Vertical Earth motion amplitude spectral density.

Figure1l Compilation of various noise amplitude and powercsal densities at various stations
and according to the Brune and Oliver (1959) noisdel as published by Fix (1972).
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Figure2 Cut-out section of a record of the WWSSN-LP seisayolg of strong secondary ocean
microseisms caused by a winter storm over the Atlartean, reproduced at original scale (30
mm = 1 minute). The magnification at the dominagriqu is about 400 times.
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Figure 3 Output signal of an STS1 seismometer with the vachall valve open (upper trace)
and closed (lower trace), respectively. The norsghe top trace is caused by changes in
barometric pressure.

For manual solutions use the respective relatipssgiven in Egs. (4.4) to (4.17) of Chapter 4
and a pocket calculator with the required basicctions. Alternatively, you may use the
program NOISECON (see program description PD 4.1).
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4 Tasks
Task 1: Determine the relative bandwidth (RBW) of an
a) 2-octave filter
b) 2/3-octave filter
c) 1/3-octave filter
d) 1/6-decade filter
by using Eq. (4.15) in Chapter 4 and
e) express the bandwidth of an 1/3-decade fiitégrnms of octaves
by using Eq. (4.17).
Task 2: Calculate for the noise maximum of the upper cimigg. 4.5 the corresponding RMS
ground motion (velocity and displacement).
a) Estimate the velocity power maximum from Fig. 4Note the logarithmic scale!).
b) Give this value also in units of (nff$)z.
c) Estimate the frequencyrklated to this maximum.

d) Calculate the RMS-velocity amplitudgas by considering Egs. (4.15) and (4.16) and
a relative bandwidth of 2/3 octaves.

e) Transform this RMS velocity amplitude determlimeder d) into the corresponding
RMS displacement amplitudgs@s considering Eq. (4.4).
Task 3: Transform the displacement power values of Figa#ifé= 1 Hz and f = 10 Hz in
a) units of M/Hz,
b) acceleration power values with units @81z using Eq. (4.5),

c) the values determined under b) in units ofefBrred to 1 (mA%Hz according to Eq.
4.6) and

d) compare the result with the respective valudsg. 4.7 for the New Low Noise
Model (NLNM).

Task 4. Determine from Fig. 4.7 the respective ground @&raéibn power spectral density
values of the NHNM in units of (nnf}&/Hz for
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a)f=1Hz,
b)f=0.1Hz.
using Eq. (4.6)
Task 5: Select any period between 0.01 and 10,000 se¢ Tesg100s) and confirm

that the presentations in Figs. 4.7 and 4.8 inp@rat are equivalent when assuming
a relative bandwidth of 1/6 decades as used in4-8.

Task 6: Transform selected velocity PSD values given enltdwer curve of Fig. 4.23 into
acceleration PSP,[dB] = 10 log (R/ 1 (m/$)%Hz) via Eq. (4.5) and compare them
with the NLNM at
a) 1.5Hzand
b) 10 Hz.

Task 7: Figure 1 has two parallel vertical scales one loithv is obviously incorrect. Which

one? Using the correct scale and the lowermosecurv

a) compare the noise at 100 s and 1000 s period te#pective values given for
the NLNM in Fig. 4.7

b) discuss the difference.

Task 8: Assess the noise level of the microseism stormgarg 2 with respect to the NLNM
a) Determine the range of periods of the microseisms.
b) Estimate the bandwidth of the microseisms, theiteefrequencysfand RBW.

c) Estimate the displacement\g from theaverage peak amplitudes (which are
about 1.25gus). The magnification of the record is about 400, at

d) Transform the displacemenyginto accelerationmgys andP, [dB].

e) Compare with Fig. 4.7 and discuss possible diffeesn

Taks 9: Compare the noise level for the acceleration recofcan STS1 seismometer
shown in Figure 3 and compare it with the NLNWate that 1 gal = I6m/<.

a) Estimate avs from theaverage peak amplitudes in Figure 3, upper trace.
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b) Estimate the upper limit okas for the lower trace in Figure 3.
c) Estimate the periods and bandwidth of the noidégare 3.

d) Compare thegys for the upper and the lower trace with the NLNM
presentation in Fig. 4.8.

e) Discuss the differences.

5 Solutions
Note: The errors in eye readings of the required parasétem the diagrams may be 10 to 30
%. Therefore, it is acceptable if your solutionBedifrom the ones given below in the same
order or by about 1 to 3 dB in power. In case ofda deviations check your readings and
calculations. Also: all power values given belovdBirelate to the respective units in Fig. 4.7.
Task 1: a) 1.5

b) 0.466

c) 0.231

d) 0.386

e) 1.1 octaves

Task 2: a) &10° (cm/s¥/Hz
b) 102 (m/sf/Hz
c) 0.16 Hz
d) arws= 7x107 m/s

e) ARMSS 7><107 m

Task 3; a) 210 m*Hz at 1 Hz and 1:8.0%* m’/Hz at 10 Hz
b) 3.1% 10 (m/)YHz at 1 HZ and 2:810%°(m/$)?/Hz at 10 Hz
C) - 145 dB for 1 Hz and -146 dB for 10 Hz

d) The noise power at this site is for the cozrgd frequencies about 20 dB
higher than for the NLNM.
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Task 4: a) and b} -117 dB, i.e.,= 2x10° (nm/€)?/Hz ;
Task 5: For T = 100 s we get from Fig. 4P [dB] = -185 dB. With RBW = 0.3861 for
1/6 octave bandwidth and f = 0.01 Hz we calculaité &q. (4.16) aus” = 1.1
x 10%! (m/)?which is about —210 dB, in agreement with Fig. 4.8.
Task 6: a)P,=-153 db, 16 dB above the NLNM
b) P,=-153 db, 15 dB above the NLNM
Task 7: The amplitude-density scale in Figure 1 is inagglle to noise and cannot be
related to the power-density scale, which is carrec
a) at 0.01 Hz p=2x10*corresponds t®q = -137 dB
at 0.001 Hz P= 2x10°corresponds t@q = -57 dB
b) The NLNM gives, according to Fig. 4F4 =-137 dB for T = 100 s (see
also Tab. 4.2) anBq =-90 dB for T = 1000 s, i.e., the agreement with th
Fix (1972 ) noise spectra is perfect for a) buttfpthe noise level of NLNM
at T =1000 s is —33 dB lower.
Task 8: a) The periods of the microseisms in Figure 2 \matyveen T = 7 s (for the

smaller amplitudes) and T = 10 s (for the largespl#udes).

b) From this upper and lower period follows with.E4,13) n= 0.5 octaves or
m = 1/6 decade, a center frequencyo$0.119 Hz (T = 8.4 s) and an RBW
of =0.36

¢) Maximum double trace amplitudes of the micrassisange between about
6 and 3 mm, average about 4.5 mm, correspondiadtroie” average peak
groundamplitude of about 5.6< 10° m and thus to a displacemeata= 4.5
x 10° m.

d) The accelerationzgis = 2.5% 10° m for f,= 0.119 Hz andP, = -98 dB.

e) P, = -98 dB for this microseismic storm is close to goaver at the NHNM
peak around T =5 s (-96.5 dB) but about 15 dBhémighan the NHNM
values at T= 8 s. Thus, the record corresponds to a reallygtroicroseism
storm.
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Task 9:

a) From Figure 3, upper trace, the estimateiage peak amplitude is about
2.5pgal and thusrus about 2x 10% m/<,

b) The related upper limit of about 1/f0@f a), i.e., aus< 2 x 10° m/<.

¢) The periods of the noise in Figure 3 rangaben roughly 180 s and 750 s.
This corresponds to a bandwidth of about 2vesar an RBW of 1.5.

d) The aws for the open valve corresponds to — 154 dB, thiatife closed
valve to < -194 dB.

e) Taking into account that Fig. 4.8 was calculdted./6 decade bandwidth
only but the bandwidth of the considered naigmals being about 3 times
larger we have to assume an about 5 dB higher reis# in Fig. 4.8.
Therefore, for periods < 30 s the barometric presswise is surely well
below the NLNM when the sensor operates in a vacluhigher resolution
of the record with the vacuum bell valve closed lddae required in order to
determine the noise level distance to the NLNMTor 30 s.



