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ABSTRACT
Terracable accelerometers and Mark Products L40 100 Hz geophones
were compared in a side-by-side test to determine the feasibility of improving
high-frequency signal response by using accelerometers instead of geophones.
The following conclusions are made:

(1) Accelerometers require substantially less recording gain than
geophones because of a built-in preamplifier. This difference is
about 20 dB.

(2) At frequencies greater than 200 Hz, the accelerometer appears to
be modestly more sensitive than an accelerometer-converted
geophone by 1-3 dB; however, this apparent increase may be
mostly noise perhaps due to the preamplifier.

(3) The geophone output is more stable than the accelerometer
output.

(4) The geophone is more convenient to use.

INTRODUCTION

Accelerometers are more sensitive at high frequencies than geophones
for two basic reasons: (1) The output of an accelerometer is approximately the
derivative of the velocity-sensitive geophone and, hence, has a sensitivity
increase of 6 dB/octave; (2) the accelerometer has a smaller mass than the
geophone and, hence, has less of an inertial resistance at high frequencies.
Within the second advantage lies the true potential value of the
accelerometer. Is it a better receiving device?

The first advantage of accelerometers is easily overcome by
differentiating the output of the geophone. This is accomplished by one of
two methods:

(1) The geophone output can be convolved with a difference operator
such as (1, -1) or (1, 0, -1). The latter is preferred because it
reduces the amplification of high-frequency noise and does not
time shift the data. It accurately approximates differentiation to
about one-fourth the Nyquist frequency.

(2) In the frequency domain, differentiation is accomplished by
multiplying each frequency component by the frequency value
and shifting phase by 90 degrees. Phase shifting is accomplished
by mapping real to imaginary and imaginary to negative real.
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F(w) = FFTIf(t)]
F* (0) = Imag [F(w)] + i (Real[F(w)].
£4(t) = FFT-1 [F(w)]
Note that £*(t) is the quadrature trace.

FIELD METHOD
Geophones and accelerometers were placed side-by-side at 5-meter

group intervals. The accelerometers came three on a string and were bunched
together. Single geophones were used. A .50-caliber rifle fired into a 30-inch
deep auger hole was used as the source. The source was 29.5 m from the near
geophone-accelerometer pair. Figure 1 is the field notes for the project. To
compare different frequency bands, four different low-cut filter settings were
used. They were low-cut open, 240 Hz, 340 Hz, and 480 Hz. Filter slope is 24
dB/octave. Sample interval is 0.25 milliseconds.

PROCEDURE

Four files were selected; one for each filter setting. These are plotted as
Figures 2, 5, 8, and 11. The geophone response traces were converted to
acceleration using time domain differentiation [(-1, 0, 1) operator]. These are
Figures 3, 6, 9, and 12. Note the visual similarity between accelerometer and
accelerometer-converted geophone output responses.

Amplitude spectra were plotted for both accelerometers and
accelerometer-converted geophones. A 16 ms window, centered on the strong
reflector at 85 ms, was used for the comparison. The spectra are normalized
and plotted side-by-side. The difference between the two spectra is also plotted.
These are Figures 4, 7, 10, and 13.

The spectra are an average of all traces over a window between 70 and
134 ms designed to test reflection response.

RESULTS
Except on Figure 13, the differences between accelerometer and
geophone response are negligible. The extreme difference on Figure 13, due to
a "bump" in the accelerometer curve, is interpreted to be a noise instability of
the accelerometers. Note on Figure 12 that the accelerometer response appears
to be noisier than the geophone response.
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CONCLUSIONS

Because accelerometers require batteries and are more fragile than
geophones, the use of accelerometers is judged to be less desirable compared to
the use of geophones. They are less durable and more prone to physical
damage and breakage than geophones. The field durability of geophones is
well established.

As expected, accelerometers appear to be more sensitive than geophones
at frequencies greater than 200 Hz; however, this sensitivity increase is
extremely slight (not greater than 3 dB) and does not offset the hassle factor of
the accelerometers. The suspicion that accelerometers have an unstable,
inconsistent response is damning in comparison to the very stable and
consistent response of geophones.
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FIGURE CAPTIONS

Observer notes for test. Files used for this report are 3, 5, 8, and
11.

Field files comparing accelerometers and geophones Low-cut
filters are open.

Field files comparing accelerometers and differentiated
geophones. Low-cut filters are open. Dark window for Figure 4 is
indicated by the box. Note that the geophone appears to be less
susceptible to ground-roll noise.

Average amplitude spectra of accelerometers and differentiated
geophones for the time window indicated in Figure 3. The
difference in dB is also plotted.

Field files comparing accelerometers and geophones. Low-cut
filters are 240 Hz, 24 dB/octave.

Field files comparing accelerometers and differentiated
geophones. Low-cut filters are 240 Hz.

Average amplitude spectra of accelerometers and differentiated
geophones. The difference in dB is also plotted.

Field files comparing accelerometers and geophones. Low-cut
filters are 340 Hz, 24 dB/octave.

Field files comparing accelerometers and differentiated
geophones. Low-cut filters are 340 Hz. Note that the data appear
to be noisier on the accelerometers beneath 130 ms.

Average amplitude spectra of accelerometers and accelerometer-
converted geophones for the time window

Field files comparing accelerometers and geophones. Low-cut
filters are 480 Hz, 24 dB/octave.

Field files comparing accelerometers and differentiated
geophones, low-cut filters, are 480 Hz. Note that the
accelerometer output appears to be noisier than the geophone
output.

Average amplitude spectra of accelerometers and differentiated
geophones. The difference in dB is also plotted. Note the



anomalous "bulge" in the accelerometer spectrum between 400
and 1000 Hz. Because it is radically different than the other
spectra plotted (Figures 4, 7, and 10), it indicates an instability of
the accelerometer output. It is probably the noise seen on Figure
12
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