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ABSTRACT

The purpose of this program was to investigate the feasi-
bility and develop techniques for air-coupling acoustic energy
into and through t'e soil. Acoustics, as well as mechanical
probes, thermal detectors, aerial photography, infrared scanners,
gravimetric anomaly, microwave radicmetry and sonic techniques,
have been used previously in experiments to establish their char-
acteristics for propagation through the soil. Possible applica-
tion of acoustic propagation in soil includes usage in detection,
surveiliance, or communications. The reason for pursuing acoustics
is that until now certain key modes of propagation have been over-
locked eg., the shear wave, which has great penetration capability
ard can sensitiveiy respond to ground stress anomalies. This pro-
gram tren was to investigate acoustic energy propagation with an
emphasis on shear wave propagation and air=coupling for obtaining
practical mobility in any intended application.

Within the framework of the Edo study, a Phase | program
was established to analyze and measure air attenuation coefficient,
airfearth interface attenuation and propagation losses in a variety

of soil types to depths of up to 25 feet and in the 1 - to 5~-kHz

acoustic frequency range. O0Oblique incidence of coupling of acous-
tical energy into and ‘through the scoil as determined by this in-
vestigation is considered to be a -highly practical method of prop-
agation and useful for che outlined applications.

Particularly the air coupling techniques deveioped in this
progrem proved satisfactory and clearly established the feasibil~
ity of propagation through the air/earth interface. Further work

in development and tésting of mobile equipment is recommended.
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OBLIQUE INCIDENCE OF COUPLING OF ACOUSTIC
ENERGY INTO AND THROUGH THE SOIL

INTRODUCT I ON

Acoustic pressure waves generated by high~-power sonar sys-
tems are propagated over great ranges in water. Returning echoes
from distant underwater objects are detected, localized and clas-
sified despite the extensive signal losses inherent in water trans-
mission and reception. Many factors indicate that acoustic wave
propagation is possibie in thc soil. For example, the propagation
parameters for density erd velocity in soil and water are siailar.
The specific gravity uf moist loose earth is 2.0-2.5, while that
of water is 1.0, and the velocity of sound in many soils is 4400
feet/second, while it is 4800 feet,/second in water (References |
and 2). Another indication of acisustic propagation into soil is
shown in figure 1, where a marine type sonar, ijocated on the water
surface and 14,000 feet above the e~ith's floor, produced sound
waves which penetrated several hundred feet into the earth's sub-
strata with enough energy to return excellent strata indications.
Experiments have shown tKat the sounids produced by a sledge hammer
can be heard by a human observer listening with an ordinary stetho-
scope some 3000 feet away through hard rock, 2000 feet away through
coal, LOO feet away through clay, and 550 feet away through mine
cover (Reference 3¥. With present day sonar technology, the siedge
hammer can be replaced by a high energy reproducible acoustic wave-
form generator &and the human observer can be augmented by sophis«
ticated signal processing equipm=ant,

In examining the application of present sonar technology,
a first consideration is to establish the methods for coupling the
acoustic energy to the soil and then test the propagation. Methods
previously explored are referenced in the "Selected Bibliography,"
of this report. Edo Corporation has now completed a Phase | re-
search investigation relatéd entirely to: "Propagation of Acoustic
Signals from the A:r to-and=-thru the Air/Earth Interface". The
program plan included the following specific items:

1. Analyse transducer to air matching and beam formstion
using modeling techniques.

2. Fabricate experimental transducers and breadboard
acoustic generator in the I« to 5-kHz acoustic fre-
quency range.

3. Determine air attenuation coefficients, air/esrth
interface attenuation (reflection coefficient) and
propagation losses in a variety of soil types up to
25 feet in the 1- to 5-kHz acoustic frequency range.
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[tems 1 and 2 of the program were accomplished fully, while item
3, because of specific research difficuities, was cnly parzially
accomplished. The general progress of this study is summarized

as follows:

* Obteined underground acoustic preopagation from an air-
coupled source:

a) with a five~inch, air-coupled separation

b) to a lateral range exceeding 20 feet

c) along an oblique underground path 3 feet deep
d) at frequencies from 50 Hz toc 5000 tz

* peveloped tests for detecting unwanted cross talk, hoth
eiectromagnetic and aceustic.

* Developed techniques for preventing and eliminating c¢ross
talk, botn electromagnetic and acoustic.

* Daveloped tests for identifying the underground acoustic
propagation modes, shear and pressure,

* Znalyzed ¢ransducer~to-2ir matching and beam formation,
using modeling techniques,

* Fabricated experimental transducers and breadboard
acoustic generators operating in the 1= to 5-kHz acous-
tic frequency range.

* The actual Adetermination of attenuation coefficients,
air/earth interface attenuation (reflection coefficient)
and prepagation losses in a variety of scil types to
depths of up to 25 feet in the 1- to 5-kHz acoustic fre~
quency range was partiaily accomplished. The necessity
to perform many of these messurements outdoors under
complete exposure to subzero temperatures, snow and high
winds, caused electronic failures, accidents and illness
to personnel and delayed the progyam, precluding comple-
tion of this measurement.

ANALYS1S OF PROPAGATION

in ~ompliance with the program cbjectives of transducer-to-
air rwtching and beam formation, extensive study was madz of the
literature and conferences with laboratory personnel at ECOM. As
a result, the follcwing basic principles were evolved regarding
underground acoustic propagation. Details of the analyss are
nresented in later sections of this report.

. When a pressure wave is generated above the ground it
coupies to the earth and generates a pressure and a split beam
shear wave. As the waves propagate away from the source, inter-
ference takes piace between the shear and pressure waves. At
still yreater distances,; surface Rayleigh waves continue to prop-
agate (Reference k). These waves travel only along the free

% ]

A O i et




R L St =

surface of an elastic solid. The particle motion, always in a
vertical plane, is elliptical and retrograde with respect to the
direction of propagation.

Since the ground supports both pressure and shear waves
while any eir void, such as a cavern, sinkhole or tunnel support
only pressure waves, the acoustic impedance mismatch and there-
fore acoustic reflections will be much greater from the shear
wave. Likewise, acoustic standing wave patterns would be more
dramatically effected by the shear wave than the pressure wave.
This points out the importance of experimentally identifying the
propagation mode. Three tests were postulated for this experi- :
mentation: :

Velocity Test
The shear wave velocity (1-3000 ft/sec) is less than the
pressure wave velocity (5-10,000 ft/sec).

Intensity Test
The shear wave amplitude should be greater several feet
under the ground than the pressure wave near the surface.

Phase Test

a) The phase balance between two receptors and one trans-
mitter should be dramatically altered by the introduc-
tion of an air void (hole in the ground) if 2 shear
wave is present.

b) Alternatively, one receptor between two transmitters
can be used for this test.

EXPERIMENTAL PROGRAM

Determining whether high frequency acoustic energy will

propagate through the ground from an air-coupled separation re-

quired experimentation in both lateral and vertical propagation

paths. The lateral path was, however, the primary subject of :
investigation because the strong excitation of the shear wave i
mode was considered essential for this propagation, and provides :
the means for identification of ground stress anomalies caused

by air voids.

Lateral Propagation Test Range and Equipment é

The laterai test range was established in a quiet field at
the ECOM-EVANS area and the electronic equipment was housed in an
adjacent army truck. A pictorial layout is shown in figure 2. A
lateral path length of 25'9" was used. |t was experimentally de-
termined by compromising between a range long enough for tunnel
detection over twenty feet, and short esnough for good signal re-
ception. A second lateral path of 2179" was used for auxiliary
signal monitoring. An oblique transmission path was created by
locating the receiving geophone four inches below the transmitt-
ing loudspeaker. However, a rather unusual arrangement was used
to 2ir couple the speaker to the ground without direct zir coupling

(XA

" il TR A i
Ll ||1!h;e.!1![w\,!ﬂ.'hlnl’llv:w! L




between the speaker and the geophone: both were buried in holes
with smaii air pockets around the speaker and geophone. Tlius,
air still coupied the speaker to ground, while filling in the
hole above the speaker, baffled it, and prevented direct air cou-
piing to the geophore.

A block diagram of the electronic transmission/reception
system is shown in figure 3. A CW osciliator, power amplifier and
loudspeaker comprise the transmitter. Two transmitters could be
vsed: a 25-watt unit or a 100-watt unit. The receiver was com-
prised of a geophone, transformer coupled to an operational ampli-
fier, a tuned amplifier and a dual-trace oscilloscope. The trans-
former-operational amplifier combination provided balanced two-
wire operation for the geophone as weli as high common mode noise
rejection. The operational amplifier, figure 4, was constructed
at Edo Corporation and provided wide band ampiification {50 Hz to
5000 Hz) and a gain of 30 db for input signals up to 0.2 VRMS. A
tuned amplifier was used to provide high signal detection of the
(W signal (a wave analyzer was used as a tunad voltmeter for this
purpose). The dual-trace oscilloscope was used to simultaneously
monitor the transmitter electrical drive and receiver output.

Time comparison was achieved by synchronizing channel B from the
channel A signal.

>

Lateral Measurements

— Received signal outputs were monitored on two occasions by
= recording the wave analyzer outputs on the oscilloscope and later
= reduced to the equiivalent sound pressure inputs to the geophone.
- Tables 1 and 2 summarize the oscilloscope recerded deta (Appendix
+ Aj. Tables 3 and 4 summarize the reduced data for the wave ana-
g : lyzer input voltages, and tables 5 and 6 the reduced data for the
. geophone input velocity.

A Since the normal signal output was much greater than under
i the open circuit, short circuit and dummy load conditions, true

= signal propagation through the ground was confirmed. The acoustic
4 propagation, plotted in figure 5; clearly indicates the feasibil-
+ 3 ity of high~frequency propagation. )

The data fits the exponential 1.22 x 10~10 }'1'85 extremely
well, within 5 percent from 250 Hz to 3000 Hz on two occasions and
from 250 Hz to 50C0 !z on one occasion., This type of increase
with frequency is characteristic of scattering phenomena and has
been observed in sound transmitted through water and back scattered
from the ocean bottom (Reference 5)}. With reference to bottom back
scattering strength over a sandy bottom, a frequency increase to
the 1.6 power was observed. Increased signal Tevel with frequency
has alsoc been observed in transmission through ice (Reference 6).
Here, superior quality vransmissions were obtained at high fre-
quencies (250 Hz and 1000 Hz) relative to low frequency ?88 Hz).

The propagation loss has been calculated (Appendix B) from
the ratio of intensity levels at the air interface, o inches from
the source, and the received intensity level at the geophone, 25
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feet, 9 inches (7.85 meters) away. Its value lies between 90 and
140 db over the 100 to 5000 Mz band. This includes air interface
loss @t the source which can be calculated from a simplified modet
of an ideal fluid and solid in contact at a rigid boundary. The
transmitted compressional wave energy at normal incidence across

the interface is (Reference 7):

1./1; = 4R/ (1 + R)*

where
1t = transmitted intensity
P = incident intzansity
R = acoustic impedance ratio in transmitted

medium to incident medium

The acoustic impedance is density times velocity. Since the sound
velocity in soil is close to that in air {(Reference 2), we can ap~
proximate the impedance ratio .: the density ratio. Further noting
that this ratio is much greater than unity, we have:

1/1, =4 A/ LA

where
_/pi//at is the air-to-soil density ratio.
Since
/9 = 2.7 gfcc, wet soil density of the tertiary
t Kirkwood soil at test site,
and
‘/ﬁ = 1.3 X 1073 g/cc, air,
we have

b X 1.3 X 1e™° /2.7
=1.93 X 1072

or an air interface loss of 27 db. This results in about 14 db/
meter propagation loss in the soil at 100 Hz and lies in a range
found by experiments for the near zone shear wave in permafrost
(Reference 4). Further investigation is required to identify
this mode of propagation clearly.

i

To determine the extent of subsurface propagation as op-
posed to surface propagation, a comparison of the received signal
levels was made with a surface geophune and one directly below it
(40 inches). This was done at both hole locations and the results
are recorded in table 7. The resuits indicate a comparable sianal
level for the far hole and a reduced subsurface signal level in
the near hole. Thus, a substantial transfer of acoustic energy
took place near the surface rather than below.

The same simplified model is again offered to explain the

low subsurface signal level, i.e., an ideal fluid and solid in
contact at a rigid boundary. The transmitted compressional wave
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energy across this boundary at normal incidence is again:
I,/I, = 4R/ (1 + R)Z.

The acoustic impedance is density times velocity. Since the den-
sity of ice is so close to that of water, 92 percent, we can as-
sume approximately equal densities of the frozen and unfrozen wet
soil, so that the impedance ratio can be approximated by the ve-
locity ratio. The longitudinal wave velocity in ice is (Reference
7) 11,500 ft/sec. Assuming a soil velocity of about half this,
the transmitted energy is about 90 percent of the incident energy.
Thus most of the energy is transmitted across the boundary. In-
deed, this condition prevails over a wide range of impedance ra-
tios;: e.g., 1/2 - 2, |f in addition to this efficient coupling
to the frozen soi! a very low attenuation relative to the natural
soil also exists, there will be a greater transmission to the
surface geophone than the subsurface one.

Vertical Propagation Test Range and Equipment

An electronic geophysical laboratory was fabricated and
instrumented for the purpose of investigating the acoustic prOﬁ'
agation of audio frequencies through the air and into the earth.

Pressure waves were generated from several types of trans-
mitting and receiving transducers. Their separation was along a
vertical line with the receiving transducer -underground and the
projector on and above the ground. Signals were received from
an air-coupled projector, up to 6 inches above the ground, to an
underground receiving microphone 12 inches below the ground,
Measurements were made using a pulsed CW source driving a piezo-
electric AN/UQC transducer. A block diagram: of the measurement
equipment is shown in figure 6. The measured data (Appendix A)
is plotted in figure 7 and clearly illustratés the propagation
and relative attenuation for various earth :penetrations and air
separation. *

The voltage outputs can be related to the received ground

‘displacement by the microphone's calibration, figure 8. This

indicates a decreasing input/output amplitude response with fre-
quency (an approximate curve fit indicates an exponential de-
crease to the 2.5 power of frequency). Since the received volt-
age level is relatively constant with frequency, the ground dis-
placement at the microphone input decreases with frequency.

The propagation ioss can also be deduced by relating the
received power to the transmitted power. Since power is propor-
tional to dispiacement squared, we have a received power level
that decreases with frequency (approximately as the fifth power
of frequency). The electrical drive to the transmitting trans-
ducer was held constant with frequency. However, the character-
istic of the AN/UQC transducer below resonance provides an ex=
ponential rise with frequency for a constant electrical drive.
The propagation loss, transmitted power/receiver power, then in-
creases exponentially with frequency. *

L}

b O, s T

il 0 e

ok

Wy

ot il A

Sl G 5 B B S e e




L] N
[ e =

£ -
riguire 7.

1.

2.

The
A L4
B

C.
C.
E.
F.
G.

A.
8‘
C.

it i ‘gi‘,lll‘! IR Al

/
I
|
f
b
|
I

[
|
i
I
|
|
i

several tvpes of sound sources.

A comparison of the two penetrations is presented in

[/ 1]

Sevéral coficiusions may now e arawn:

Propagation is obtained throughout a 5-kHz band. The

loss increases exponentially with frequency.

The propagation loss increases with the receiver micro-
phone's depth. This loss is approximately 16 times
higher at 12" depthr than 6". Spherical spreading
would account for a loss factor of 4. The additional
factor of 4 could be caused by soil attenuation and/or

scattering.

The propagation loss decreases slightly with projector
height. This may be caused by near field operation of
the projector and microphone. Irregularities in the
responses may be due to multipath interferences as

well as airborne standing waves.

The frequency response becomes smocther at increased
soil depths. Variations in the propagation loss di-
minish at approximately the same rate (16) as the
propagation loss increases. This is to be expected
since decreasing signal amplitude proportionately de-

creases the signal amplitude variations.

These initial experiments were exploratory in nature, using
, Those experiments indicated that

sound can be coupled through the air/earth interface in the audio

frequency range with losses in the vicinity of 15 to 20 db.

projector transducers used were:
_£C0ﬁ»eiéctrcdyném¥c (figure 9).

Edo-fabricated éie:oeiectric mass-loaded stack -

Edo Profiling Transducer (figure I1).

Edo §eram§c ring (figure 12).

Edo ceramic piston AN/SQS-26 (figure 13).
Loudspeaker Oriver-High Power (figure 14).

Loudspeaker DriversLow Power (figure 15).

The microghone transducers us=d wire:

Electrodynamic geophone {figure 16).

Piezoelectric Microphone.

Piezoelectric LC 10 hydrophone.

7




Calibrations appear in Appendix C

MEASUREMENT PROBLEMS AND THEIR SOLUTION

Problems encountered are described in four main groupings.

1. a) Unwanted electromagnetic coupling between trans- %
mitter and receiver. Z
b} Signal loss and false signal gain due to short
circuiting by snow and its condensation at elec~
trical connectors at geophones and speakers. ;
2. Unwanted acoustic coupling between transmitter and E
receiver via a lateral airborne path instead of a
lateral underground path. : — 2
3. inclement weather - snow, coid, subzero temperatures, -
high winds, etc. (No solution; ultimately prevented
further work on this program phase.) ,
L, High ambient noise background:
a} near airport and other vehicular traffic
b} during wind or precipitation
Specific tests were established to certify data validity
against any unwanted coupling and a quiet location was chosen,.
ECOM/EVANS, to minimize the vehicular noise probilem:-encountered
in ‘New York City. ‘ ’
Dsta Validity Tests
i The following test critéria were established to determine
the presence of electromagnetic and*acgu&;EC*mE§$§?&§éﬁt;Qf@bﬂéms.
Electromagnetic
}. No reception shou!dvbe<obtaiﬁe&~wheﬁ the geophone is
replaced by a short circuit or dummy load, The dummy
load was a resistor comparable to the geophone coii :
resistance. :
2. No reception when the speaker is replaced by a short %
or open circuit. o :
Note :

To facilitate tests | .and 2, quick-disconnect plugs (GR
types) were used at the geophone and loudspeaker. To
cope with signal loss and false signal gain caused by
snow and its condensation, these connectors were wrapped
in plastic bags. Condensation witnin the bags and their
apparent conductivity in the snow and 20-degree -operating
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temperatures caused intermittent reception. Additionatl ;
insulation was obtained by plugjing the connectors into ’
“rethane blocks.

AT —

3. Ho reception when the speaker is acoustically baffled 2
{muted). i

e
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Reception should be obtained when an electromagnetic
shield (MU metal) is introduced between the speaker

and th. geophone.

Acoustic

1. The signal reception should remain constant when the
signal in the lateral airborne path is varied and the :
transmitter signal is held constant. This can be done i
by introducing an amp!ifier or attenuator into the
airborne path. Wooden planks were used in this test
to introduce attenuation between the speaker and geo-

phone.

2. The underground geophone signal should be much greater
than that of an above-ground geophone. The above
ground geophone was mounted in a urethane foam and
placed on the ground directly above the underground

geophone hole.

Decoupting Technigues

Electrical

, These signals were decoupled by: 1) driving the speaker
with a two~wire shielded cable from an ungrounded transformer
output. The speaker case was not connected. The shield was

- grounded- to one side of the input to the transformer, which was
also connected to the power line ground. 2) Receiving the geo- =
phone signals from a two~wire shielded cable to a transformer ’ :
whose secondary drives a differential operational asmpi{ifier., The g
cable's shield is tied to the secondary center tap and grounded.
3) Avoiding spurious oscillation frequencies. (Apperdix C)

\coustic

Both the geophone and speaker were placed underground at
the bottom of a pair of 3-foot holes. The geophone was impianted
at the bottom of its hole, but the speaker was suspended by a
string above the bottom of its hole to insure air coupling to the :
ground. The holes were then filled with acoustic damping material :
with special care taken to aveid pressure loading the top of the E
gecphone and also to avoid filling the air space under the speaker. )
’ Various acoustic damping materials were tested: Kapok, Styrofoam, :
urethane, foam rubber, soil-filled polyethelenc bags and finatlly
sand-filled polyethelene bags. The sand was by far the most ef-
fective sound dampener.
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When the speaker is suspended above the ground, an acoustic
standing wave is generated by the interference from the ground
reflection and the speaker transmission. At certain heights (odd
multiples of a quarter wavelength), the output is nullified. This
was easily observed by manually varying the speaker's height and
listening to its output. Thus, to maintain the full available
acoustic-output, these operating heights were avoided.

CONCLUS {ONS

Underground acoustic propagatton from an aar-coupled source
under the conditions of this investigation was successfully accom-
plished:

. With a five~inch air-coupled separation.

2. To a leteral range exceeding 20 feet.

3. Along an oblique underground path 3 feet deep.

k., At frequencies from 50 Hz to 5000 Hz.

Lateral propagat:an increasing with frequency is consistent
with other ECOM investigations. (Needs further invest:gataen )

The large magnitude of prcpagation ioss measured in the
exper iment characterizes a shear wave (near zone) prOpagigién -as
defined by other ECOM =xper:ments. This conclusion requires

further study. i

Of the various transducers tested, optimal results £rom
air couplang ware «obtainied from a loudspeaker and from. & :piezo-
ansducer element). The IOUGSpeaker re-
suits were superior to all other transducers used in the .experi-

ment.

iRECGMMENDAT!ONS

The present program has preven the feasibility of and de=

veloped techmiques for air=coupling acoustic energy .into and

through the soil. Additional experimental propagation loss data
is required to quantitatively suppcrt the use of this propagation
method for specific app¥s¢ét:ons‘ txperimentation should be ac~

‘complished with Evans Area type soil as well as other soil types.

Repeated testing with soil of the type at the Evans Area is nec-
essary tc obtain repeatability of data under varying soil con-

~ditions. Program objectives should definitely irclude devedoping

techniques for propagating shear waves from above the grsuﬁd with-

“out acoustic cross=caupling.

To realize this a quan.itative model is requ;red for-air/

.earth coupled sound propagation systems. Several investigators
{ikrath, Ewing) have developed mathematical models for ground/

P, Yo allty sy 90 g o
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ground coupling in elastic layered media which can form the basis
for further extranolation. Exnerimentzl data ig then reguired to
establish and verify the parameters of the analytic model. Com-
puter simulation would be useful in determining the effect of all
parameters; e.g., propagation loss, soil layer depth, attenuation
coefficient, Finally, application for detecting and classifying
targets {air cavities) should be made using echo sounding tech-
niques. Areas of investigation are outlined below to meet these
objectives:

ASDAC INVESTIGAT ION

(Air-coupled Sound Detection And Classification)
1. Mathematical Model
A. Geometiic parameters

Soil layer depth
Scil layer boundaries
Source/Receiver location

8. Medium parameters - Geophysical

Layer composition (density, Young's modulus)
Meteorological (temperature, humidity, pre-
cipitation, wind)

C. Medium Parameters - Geoacoustic

Layer acoustic impedance
Layer acoustic velocity
Boundary reflection/scattering coefficient
Attenuation coefficient
Ambient acoustic noise (coupled to ground)

0. Electroacoustic Parameters

Transmitted waveform

Transmitted frequency. amplitude, phase
Electrical noise {(noise figure)

Received signal/noise

Received wavetype (longitudinal, transverse)
Rece ived waveform fidelity

Received wave amplitude, frequency, etc.
Mean value, mean variability

Propagation loss

Reverberation

Sound Ray Paths

2. Computer Model

ASDAL ramnging equation model
Sound ray path/normal mode model
Reverberation model

Propagation -Loss modei

11




3. Experimental Model - Electroacoustic

; CW Transmission
E Pulsed CW transmission

4. Tunnel Detection and Classification

A. Detecticn

Source/Receiver stationary
Source/Receiver moving

B. Classification

s e

Spatial pattern recognition
Temporal pattern recognition

it
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GAIN=30db S50Hz - 50KHz
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Fig. 4 Operational Amplifier
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RECEIVER
INPUT VELOCITY 1PS

1o

DATA TAXEW ON TWO
4 OCZASIONS.

- e 1/22/69
O1/23/6d

10 00 ' 1,000 10,000
FREQUENCY Hz

Fig. 5 Lateral Propagation Frequency Response
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TRIGGER
®
DECADE
L AMPL
MEMOSCOPE
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PROJECTOR
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l
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-
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l
®
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Fig. 6 Vertical Propagation Block Diagram
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=a"
INPUT /OUTPUT
DISPLACEMENT/ VOLTAGE =0/0.5
—— D 23,02 x 108¢72-52= 6,0 x103¢2.52
=302 s vout
000 \
\
[ A
\
100 Conditipns: !
put-it i jl H AN
constant midroghohe cutpml voltage (50 MV
\
L
]
10 L4 }
i0 100 1000

FREQUENCY, M2 (f}

Fig. 8 Crystal Microphone Calibration
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Figure 9. ECOM Electrodynamic Figure 10. Edo Piezoelectric
Transducer Mass-Loaded Stack

Figure 11. Edo Profiling Figure 12. Edo Ceramic Ring,
Transducer AN/UQC Element
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Figure 13. Edo Ceramic Piston.
AN/SQS-26

Figure 15. Loudspeaker Driver-
Low Power
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Figure 14. Loudspeaker Driver-
High Power

Figure 16, Elelctrodynamic Geophone




APPENDIX A
PROPAGATION DATA

PROPAGATION FREQUENCY RESPONSE TEST SETUP

Test Condition A% .

Spatial

Electrical

Transducer

*
.

Test Condition B*+*.

Spatial

Electrical

Transducer

an

Projector in hole § inches above bottom and
3 feet below surface.

Geophones 20 feet and 25 feet away at bottom
of 40 inch hole,

Both holes acoustically insuiated above
transducers,

Loudspeaker drive: 80 VPP.
Loudspeaker impedance: 12.5 ohms,

UQC eiement. Receiver element: crystal.

Projector height above ground (inches):
0, 2, 4, 6

2ec$%ver depth below ground (inches):
3 [

UQC drive:200 VPP, except as noted
Pulse repetition rates 1.25 sec.
Pulse width: 0.1 sec.

Loudspeaker, high power; receiving element,
geophone

* Reference data tabies | through 6 for data collected under test

condition A.

*% Reference data tables 8 through 15 for data collected under test

condgl tion B.

26
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System linsar Ssy
drive.

ity is
to 200 VFP projector
puted rrom

microphone output {mv)

umed; Fig. Al and the recelver output 1s normalized

R

The microphone output voltage is then com-

= scope voltage » filter input/output response x

amplifier gain x 200 x 10 ——
Frojector drive

where: scope voltage = scope voltage scale x deflection

amplifier gain = 10°

SKL Filter input/output response, Fig. C2
SURFACE-SUBSURFACE PROPAGATION COMPARISON YEST SETUP

Test Condi tion¥u*,

Spatial

Projector in hole 5 inches above bottom and
3 feet below surface.

Four geophones 20 feet and 25 feet away at
bottom and top of 40 inch holes,

glectrical

*k* Reference dats table

Both holes filled with acoustic insulation,
but with small alr gap abov2 bottom geophone,

Loudspeaker drive: 80 VPP

Loudspeaker impedance: 12.5 ohms

7 for data collected under this test condition.,




TABLE 1 ~ RECEIVER OUTPUT « WAVE ANALYZER OUTPUT

1/22/69
Geophone Replaced
Normal Output Xmitter Open Ckt by Dummy Load (8261)
Wave Anal, Wave Anal. Wave Anal.
Freq Oscill Rng, Scale Oscill Rng. Scale  Oscill Rng. Scale
(Hz) (Volts) (-db/volt)  (Volts)  {(-db/volt)  (Volts)  {~db/voll)
100 L5 90 2.0 90 .0 90
250 2.0 90 0.6 g0 0.4 90
500 2.0 80 1.4 90 0.3 90
1000 2.0 70 1.4 80 0.4 90
2000 2.4 60 1.6 70 0.4 90
3000 1.6 50 2.5 70 3.1 90
4000 1.4 40 1.6 60 3.0 90
5000 2.8 50 2.4 60 3.0 90
Conditicns:
(1) Receiver ouiput recorded by oscilioscope from wave analyzer
output.

(2) Transmitier oufput voltage constant at 80 VPP.

it "V"Iz'}li‘l' n!;v,||| !
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1/23/69
Normasl Output Output with Xmitter
Wave Anal Open Ckt Analzr. Dummy

¥rea  Oscill Rng. Scale Range

(Hz)  (volts) (-db/volt) (volts) (-db/volt) (8£2)

100 2.0 90 - -

250 1.8 90 3 90 0.4

500 2.0 80 3 90 0.4
1000 2.0 70 3 90 1.0
20069 2.4 60 3 30 2.4
3000 1.6 50 2 80 1.4
4000 2.8 50 3 80 3.0
5000 1.4 490 3 60 1.5

Conditions:

29

TABLE 2 -~ RECEIVER OUTPUT ~ WAVE ANALYZER OUTPUT

Ckt

0.4
0.4
0.7
1.7
2.8
4,0

Receiver ouput refers to wave analyzer output.
Transmitter output constant at 80 VPP whenr driving speaker.
Transmitter output constant at 60 VPP when driving dummy

Output with Geophone
Replaced by

Anal Dummy
Loaded Short Range
(~db/v) (828L)

Load

0.4
0.1
0.4
1.4
0.9
1.4
2.0

(AR

oo L o T



N e
i R ]

TABLE 3 - RECEIVER CUTPUT ~ OPERATIONAL AMPLIFIER OUTPUT

'requency

(Hz)

100

25¢

500
1000
2009
30090
4000
5600

Conditions:

Normal
Output

(vulte)
3.0 % 107
4.0 %1070
1.3 x 1074
1,0 x 1074
1.6 x 1973
3.2 x 10793
0.93 x 1072
5.6 % 107°

1/22/69

Output (volts)
with Xmitter
Open Circuited

-y
4.0%x10°
1.2 x 1079
2.8 % 10™9
0.93 x 1074
3.2 %104
7.0x 10°%

-3
1.07 X 10

1.6 x107°

(2) Transmitter cutput voltage constant at 8¢ VPP,

30

Output (Volts)
Replaced with
Dummy Load (8241)

2.0 x 1070
0.8 X 107
- by
0.6 x10 °
-5
0.8 X 10
0.8 x107°

6.0% 109

6.0x107° .

6.0 % 1072

(1) Receiver cufpui refers to operational amplifier cutput.

ot a0, el LI e B
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TABLE 4 - RECEIVER OUTPUT - CPERATIONAL AMPLIFIER QUTPUT

Output (volts)
with Transmitter

Normal

Frequency Output Open
(Hz) (volts) Cir.
100 4,0x107° -
250 3.6 x107° 6x107°
500 Lsx10% 6x107°
1000 4.0x10°% 6x1070
2000 1.6 1073 6x1075
3000 3.2x1078 2x1074
4000 5.6 x1073 2x107%
5000 0.93 x 1072 3 x 1072
Conditions:

@)
2)
(3)
(4)

1/23/69

Dumny Load‘g

(85)
1.1x10°°
1.1x10°°
2.7 x107°
6.4x107°
1.2 x107%
2.7 x107%
1.3x 1073

Output (volts)
with Geophone Re-

Recziver ouiput refers to operational ampiifier output.

placed by
Shert Dummy Load
Circuit (8241)

— 0.8 x107°
0.8 x10™° 0,2 x10°9
0.8 x10°° 0.8x 107
1.4x107% 2,4x107°
3.4x10°° 1,8x107
3.6x107% 2,8x107
8.0 x10"5 4.0x107°

Transmitter output constant at 80 VPP when driving speaker.

Transmitter output constant at 60 VPP when driving dummy load.

Voltages normalized (multiplied hy 80/60) for comparison with

80 VPP drive.
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TABLE 5 ~ RECEIVER INPUT VELOCITY
1/22/69

Input (ips) Input (ips) with :
Frequency Normal with Transmitter  Geophone Replaced with -
(Hz} Input (ips) Open Circuited Dummy Load (82.2) :

[

100 3.0x 1079 4.0 x 10-5 2.0%10-9
230 4.0 x 10-6 1.2 x 10~6 0.8 x 1079
500 1.3X 1077 2.8 x10°9 0.6 x 10" ©
= £ "5 -5 -6
1000 4.0 X 10 0.93 % 10 0.8 X 10
2000 1.6 x 1072 3.2 x 1979 0.8 x 1076

3000 3.2 %1074 7.0 X 16™9 6.0x10°6
6

AR
g

4060 0.93 % 10™° 1.¢7 x 1074 6.0%x10"
5000 5.8 x 103 1.6 x 10°4 6.0 x 166

A

Condition: E
Transmitter output voltage constant at 80 VPP, :

32
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TABLE 6 - RECEIVER INPUT VELOCITY
1/23/69
- Input (ips)
Input (ips) with Geophone
g : with Transmitter Replaced by
= L Normal Short
s Frequency Input Open Cir. Dummy Load Circuit Dummy Load
- {tlz) {ips;} (8. (828
3 100 4051070 mmmeom mmmmemmmmeee mmmees
3 250 2.6x10°6 6x107° TR S L I — 0.8 x 1079
3 500  1.3x10°% 6x107 1.1%x10°% 0.8x107®  0.2x10°6
1000 £0x105 6x107° 2.7x10 0 0.8x10%  0.8x107°
3 s000  1.6x107%* 6x107° 6.4x1078 1.4x106  2.4%1070
B 3000 3.2x107% 2x1079 1.2x10°% 3.4x10°% 1.8x107®
e 4000 5.6x107% 2x107° 2.7x10°5 3.6x10¢  2.8x307®
4 5000  0,93x10°3 3x107" 1.3x1067¢ gox10®  4.0x107C
Conditions:

PSSR MDA
o

e

=
=
E=
=
=
=
E
=
=

(1) Transmitter ontput constant at 80 VPP when driving speaker.
(2) Transmitter output constant at 60 VPP when driving dummy load.
(3 Voltage normalized (muliiplied by 80/60) for comparison with

80 VEP drive.
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Geophone
Depth below
Surface (in.)
0
40
]

40

i ik e

Oscilloscope Wave Analyzer
Range Scale
b/ volt)

Output
(volis)

2.0
2.0
4.0
1.0

-10
-10

34

Operational
Amplifier Outpui
{volts)

0.42
0. 42
0. 267
0. 0067

TABLE 7 - RECEIVED SIGN AL COMPARISON ON TI!E SURFACE AND BELOW

Distance befween
Geophone and
Loudspeaker

25' 9"
25 o
21' 9
21t gv
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TABLE 8
Nov. 24, 1969 RECEIVER QuTRPUT weather
MICROPHONE 6" BELOW GROUND clear
temp. 30's
PROJECTOR ON GROUND dry *
a b c column axbxex10
Projector
Normalizing
Oscilloscope Projector Filier Factor Microphone
Frequency Voltage Scale Deflection Voltage  Drive Response Proj. Output
Hz Volts/Div  Divisions PP Volts PP In/Out 200/Drive MV
50 0.02 6.0 0,12 260 1.67 1.00 2.00
75 ve 02 4.0 0.08 200 2.00 1.00 1,60
100 0.02 3.0 0. 06 200 2.00 1.00 1.20
150 0,02 4.0 0.08 200 2.50 1.00 2. 00
200 0.02 4.0 0.08 200 2.50 1.00 2.00
300 0.02 6.0 0.12 200 1.11 1.00 1.33
& 500 0.02 6.0 0.12 200 1.11 1.00 1.33
= 750 9.02 2.5 0.05 200 1.17 1.00 0.585
; 1000 0.05 3.0 0.15 200 1.00 1.00 1.50
i 2000 0.02 4.0 0.08 200 1.33 1. 00 1. 064
4 3000 0. 02 2.0 0.04 200 1.25 1.00 0.500
" 4000 0.01 3.0 0.03 200 1.41 1.90 0. 423
5000 0.01 3.0 0. 03 200 i.41 1.00 0.423
3 35




? ! wealner
MICROPHONE 6" BELOW GROUND clear
temp 40's
PROJECTOR 2" ABOVE GROUND dry
a b c column axbxcx10
Projector
Normalizing
Oscilloscope Projector  Filter Factor Microphone
Frequency Voltage Scale Deflection Voltage Drive Response Proj. Output

Hz Voits/Div  Divisions PP Volts PP In/Out 200/Drive MV

50 0,02 4.0 0.08 200 1,67 1,00 1. 34

75 0.02 3.0 ¢. 06 200 2.60 1.00 1.20

100 0.02 2.5 0.05 200 2.00 1,00 1.00

150 0.02 4,0 0.08 200 2.50 1.00 2.00

260 0.02 4.0 0.08 200 2.50 1.00 2.09

g 300 0.02 5.5 0.11 200 1.11 1,00 1.21
& 500 0.01 6.0 0.06 200 1.11 1.0¢ 0.67
750 2,01 6.0 0.06 200 1.17 1.0C 0.77
- 1000 0.01 7.0 0.07 200 1.00 1.00 0.70
b 2000 0.01 6.5 0,06 200 1.33 1.00 0.56
E 3600 0.01 5.0 0.05 200 1.25 1. 00 0.62
= 4000 0.01 4.2 0.042 200 1.41 1.00 0.60
_ 5000 0.01 2.2 0.0225 150 1.41 _ 1,33 0.42

0 P 1 0 ) S S B R
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TABLE 10
Nov. 25, 1969 RECEIVER OUTPUT weather
MICROPHONE 6" BELOW GROUND fii‘f sgrg
PROJECTOR 4" ABOVE GROUND dey
a b ¢ columi axhxexi0
Projector
Normalizing
Oscilloscope Projector Filter Factor Microphone
Frequency Voltage Scale Deflection Voliage Drive Response Proji. Output

Hz Volts/Div  Divisions PP Voits PP In/Out 200/Drive MV
oL 6.02 5.0 0.10 200 1,67 1.00 1.67
75 0.02 4.0 0.08 200 2.00 1.00 1.60
100 0.02 4.0 0. 08 200 2. 00 1.90 1.60
150 0.02 4.0 0,08 200 2.50 1.00 2. 00
200 0.02 4.0 0.08 200 2,50 1.C60 2.00
300 0.02 7.0 0.14 200 1,11 1,090 1.55
500 0.02 7.0 0.14 200 1.11 1.00 1,556
750 0.02 8.0 0.16 200 1,17 1.06 1.87
1000 0.02 8.0 0.16 200 i.00 1. 06 1.66
2000 0.02 7.0 0.14 200 1.33 1.00 1.3¢
3000 0.02 6.0 0.12 200 1,25 1.00 1,50
4000 0.02 6.0 0.12 200 1.41 1.00 1.69
5000 0.02 5.0 0.10 200 1.4} 1.00 1,41
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TABLE 11
RECEIVER OUTPUT
MICROPIHONE 6" BELOW GROUND
PROJECTOR 6" ABOVE GROUND

a b

Oscilloscope Prejector  Filter

Frequency VYoltage Scale Geflectien Voltage  Drive Response
Hz Volts/Div  Divisions PP Volts PP In/Out
50 0,02 2.0 0. 10 200 1,67
75 0.02 5.0 5. 10 200 2.00
100 0.02 5.0 0.19 200 2.00
150 0,02 6.0 0.12 200 2.50
200 0.02 5.0 0.10 200 2.50
300 0.05 4.0 8. 20 200 1.11
500 0.05 4,0 0. 20 200 1.11
750 0,02 8.0 0. 16 200 1.17
1000 6.02 8.0 0. 16 200 1.00
2000 0.02 8.0 0. 18 200 1.33
3000 ¢.02 7.5 0. 13 206 1.25
4000 0.02 6.0 0.12 200 1.41
5000 0.02 6.0 0.12 200 1.41

38

weather
ciear
temp 40's
dry
c column axbxex10
Projector
Normalizing
Factor Microphone
Proj. Output
200/ Drive MV
1.00 1.67
1.00 2. 00
1.00 2.00
1.00 3.00
1.00 2.50
1.00 2.22
1.00 2.22
1.00 1. 87
1,00 1.60
1.00 2.13
1.00 1.87
1.00 1.69
1,00 1.69
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MICROPIHONE 177

TABLE 12

RECEIVER OUTPUT

BELOW GROUND

PROJEC'TOR ON GROUND

a

Frequency Voliage Scale Deflection Voltage

Hz

Oscilloscope

Volts/Div  Divisions
0,01 3.5
0.01 3.6
0.01 3.8
0.01 4.6
0.01 5.6
2,02 5.5
¢.02 1.8
0.05 2.6
9,05 2.0
0.05 2.0
0.02 3.2
0.02 2.8
0.02 2.0

pp

0.035
0. 036
0.038
0. 046
0. 056
0.110
0.036
0. 13¢
6. 100
0. 100
0,064
0. 056
G.049

Projector
Drive
Volis PP

39

Filter
Respoase
In/Gut

1.67
2,00
2.060
2.50

2.5C

weather
clear
temp 30's
dry
c columa axbxex10
Projector
Normalizing
Factor Microphone
Proj. Output
200/ Drive MV
0.572 0,33
0.250 0,18
0. 250 0.19
0. 250 0.29
0, 250 0.35
0. 250 0.31
0. 250 0.10
0. 250 0,38
0.250 0,25
0.250 0.33
0.250 8. 20
0.250 0. 20
0,333 0.18




ee, Z, 1009 RECEIVER OUTPUT Weatlier

A DL " clear =

MICROPHONE 12'"" BELOW GROUND temp 35° F =

PROJECTOR 2" ABOVE GROUND dry
a h c column axbxcx190

Projector .

Normalizing

Oscilloscope Projector Filter Factor Microphone -

Frequency Voeltage Scale Defleciton Voltage Drive Response Proj. Output
Hz Voits/Div  Devisions PP Volts PP In/Out 200/Drive MV

50 0.01 4.2 0.042 350 1.67 0.571 0. 40
75 0.01 1,2 0. 042 800 2.00 0.250 0.21
100 0.01 4,6 0. 046 80G 2.00 0.250 0.23
150 0.02 2.4 0.048 800 2.50 0. 250 0.30
200 ¢. 02 2.6 0.052 800 2,50 0.250 0.32
300 0.05 2.0 0. 100 800 1.11 0.250 0.28
500 0.02 4,0 0.080 800 1.11 0, 250 0. 22
750 0.02 4,8 0.096 800 1.17 0. 250 0.28
1000 0,05 2.0 0. 100 800 1,00 0.250 0.25
2000 0.05 2.0 0. 100 800 1.33 0. 259 0.33
3000 0,05 1.8 0.090 800 1.25 0.2:0 0,28

4000 0.05 2.0 0.100 800 1.41 0. 250 0.35 .
5000 0.02 3.0 0.060 600 1.41 0.333 0.28

40
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Hz

50
75
166
150
200
300
596
750
1000
2000
2000
4000
5000

MICROPHON
PROJECTOR

a

Oscilloscope

Frequency Voltage Scale Deflection Voltage

Volts/Div  Divisions PP
0,01 2.0 0.025
0.01 3.8 0.038
0.01 4,4 0. 044
0.02 3.5 0.070
0.02 3.8 0.076
0.05 2.0 0,100
0.02 6.0 0.120
0.02 6.0 0. 120
0.05 3.0 0. 359
0.05 2.6 0. 130
J. 05 2.4 0.120
0.02 6.8 0.136
0,02 5.0 0. 169

Dec 2, 1968

TABLE 14

B iz

Projector
Drive
Volis PP
300
625
800
800
800
8G0
800
800
800
800
800
800
600

41

RECEIVER CUTPUT

Filter
Response
In/Out
1.67
2.00
2,00
2,50
2.50
1,11
1,11
1.17
1.00
1.33
1.25
1.41
1.41

¢ column sxuxexi0

Projector
Normalizing
Factor

Proj.

200/Drive
0.667
0.320
0.250
0. 250
0.250
0.250
0. 250
0. 250
0.250
0.250
0.250
0.250
0.333

weather

5 e~

clear
temp 23°
windy, dry

Microphone
Output
MV
0. 28
0. 24
0. 22
0.44
0,47
0. 28
0.33
0.35
0. 37
0. 42
0.37
0. 48
C. 47

.




TABLE 15

Dee. 2, 1069 RECEIVER CUTPUT weather
MICROPHONE 12 RELOW GROUND clear
temp 35
PROJECTOR 6" ABOV™ GROUND dry
a b c column axbxex10
Projector
Normalizing
Oscilloscope Projector Filter Factor Microphone
Frequency Voltage Scale Deflection Voltage  Drive Response Proj. Output
Hz Volts Div Divisions PP Volts PP In/Cut 200/Drive MV

50 0.01 3.0 0.030 300 .67 0.667 0.33
7o 0.01 3.6 0. 030 650 2. 00 0,307 0.18
100 0.01 4,6 0. 046 650 2.00 0.307 0. 28
150 0.02 3.4 0.068 650 2.50 0. 307 0.52
200 0.02 3.8 0.076 650 2.50 0,307 0.56%
300 0.05 2.0 0. 1590 650 1.11 0.307 0.54
500 0.02 7.0 0. 140 650 1.11 0.307 0.48
7590 0.05 3.0 0.150 650 1.17 0.307 G.54
1030 0.05 3.2 0.160 650 1,00 0.307 0.49
2000 0,05 3.0 0.150 650 1.33 0.307 0.61
3600 0.05 3.0 0. 150 650 1.25 0. 307 0.57

4000 0.05 3.5 0. 175 650 1.41 0.3067 0.76 -
5000 V.02 6.0 0.120 600 1.41 0.333 (.56
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APrEnuUiIX B

Propugation Loss Calculation

The propagation loss between loudspeaker and geophone is their

intensity racio | (source)/tz (receiver):
I, = Pz x 0!
I, = P.2/1,x 16/
Where F} = transmitted loudspeaker pressure
P, = geophone pressure

Zy = acoustic impedance at speaker (air) = gﬁcél

Ly = acoustic impedance at geophone (ground) = ;po)z

S = density
L = sound veiocity
Since the particle velocity s« at the geophone is

we have I; = (}%#&) 2 % (Z]/Zg)
I
At & pcint in air 6" from the source, the particle velocity is
uj = 62 cm/sec
= 244 ips

The signal level at the geophone is

ug = 1,22 x 16710 1.85

This results in a particle velocity ratio uj;u, of 2 x ?0"jp‘3-85

The wet soil dens*ty (tertiery kirkwood) has been measured by
the Institute for Expi?ratory Research as 2.7 g/cc. The density of
air is about 1.3 x 1072 g/cc, This results in a density ratio

J1:fp of 182 x 1074,

The velocity of sound in air is about 344 meters/sec and in
sandy snil lies between 200 - 1100 meters/sec (Heiland)., Choosing
a velocity ratio of | we have an approximaste proupagation loss of

I1/1; = 2 x 1019 2.7

193 - 27 log# {decibeis)
= 1i{2db at 1KHZ

10 log 11/1y

L




APPENDIX C

Calibration Datea
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Loudspeaker Calibrati

on - Transmitted Power Level

The sound pressure level (SPL) of the loudspeaker source is
cermoa~t biod i, ek e F i TS Lo pbom £V Vme Yoo mmemAdiatosem
e Sl ] L U7 (R gl raL Ly Ot [ Y21 LG !UIIU\V!IIH LLWIILIT L VIO
2

SPL = 100db

ref 0,0002 dyne/cm

distance 10C ft.

electrical power
The conditions under

electrical drive

input 100 watts
which it was used are:

BOVPP at 12.5.1

electrical power input (80/2.832/12.5 = 65.1 watts
SPL at 100! = 100 - 10 log (100/65.1) = 98.2db
SPL at ' = 98.2 + 20 log {1C0/%) =14k, 2db

re O.GOOZdb/cm2

SPL at 3" = i50,2db
SPL at 1" = 159,7db

These results are summarized below.

Distance SPL Pressure ratio 2 Pressur Velocity*
db re 0.0002 dyne/cm dyne/cm cm/sec
106 ft 98.2  0.65 x 10° 1.3 x 10 32
6 in 1l 2 1.3 x 10/ 2.6 x 103 62
3 in 150, 2 2.6 x 107 5.2 x 103 123
vin 159.7 7.8 x 107 " 1.56 x 10% 3710

* Displacement veloc

Operational Amplifie

Table Cl1 Sound Pressure Level
ity = Pressure/Acoustic Impedance of air (h%gg7§€c)

r Calibration

The operational amplifier and transformer response were measured

and the results indi

S0HZ - S5C0O0HZ with a

C.2Vrms,

Geophone Calibration
Response charact

cated a flat response over the band of interest
gain of 20cb and & maximum input signal of

eristics for the geophone appear in Fig Cl.

They were extrapolated for the high frequencies and consideread
approximately flat from 300 HZ - 5000 HZ. This was confirmed b

the manufacturer,
ips was assumed,

A receiving response of approximately 0.3vo¥ts/,
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IC results. This was the value used to determine the received
particle velocity.
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120 - g

LS e S
MATURAL FREQUENGY = 202PS
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H
e

t

e - g v g

e 1000 OriM SHUNT 28 CRITICAL

N e 200 ONM SHUNT .36 CRITICAL
{250 OWM SHUNT 46 SRITICAL
v - .

[ Yooy

(125 OWN SHUNT ST Ck TiAL

—

H ——
e e

S St S T ISR B N
FREQUENCY — cps |
i i H H i .
26 30 4C 20 €0 80 100 30530

QUIPUT V4 FREQUENCY

Fig. Cl Geophone Calibration.

Wave Analyzer Calibration

Wave Analyzer output voltages were converted to their equivalent
input voltage by multiplying the full scale (FS) range setting by
Qutput Amplitude centrol setting/instrument Gain. The Instrument
Gain (Output/!Input) was measured by applying a IVRMS, 2KHZ sine
wave at the input, setting the range scale to 1VRMS and output ampli-
tude control at F.S. The output voltage was 3 volts so that the
instrument gain was 3 times. Since the output control was at 1/2 F.S.
during all the measurements the Wave Analyzer output was multiplied
by Range Settin-/1.5.

The wave analyzer frequency response was flat within & fraction
of a decibel. This response was maintained despite drift in the
"normal" cperating condition by frequent retuning. Direct connectioan
to the CW source facilitated proper tuning while disconnection, no
input, enabled determination of false outputs, spurious oscillations,
from the wave analyzer. Operating at a slightly different frequency
eliminated this error.
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Table C2 Filter Response

SKL (Spencer-Kennedy Labs} Filter

Frequency Voltage input Voltage output Ratio BANDPASS SETTINGS Ratio
Hertz volts PP volts PP out/in Low Pass High Pass in/out
50 2.0V. 1. 2V. 0.60 60112 40HZ 1. 67
75 2.0V, 1. oV, 0.50 85 65 2.900
100 2.0V, i. OV, 0.50 110 90 2.00
150 2.0V, 0. 8V. 0.40 160 140 2.50
200 2.0V. 0.8V. 0.40 210 190 2.50
300 2.0v. 1. 8V. 0.90 310 290 1. 11
500 2.0V. 1.8V, 0.90 510 490 1. 11
750 2.0V. L7V, ,0.85 775 728 1. 17
IKHZ 2.0V. 2.0V, 1. 00 1100 900 1. 00
ZKHZ 2.0V. 1.5V, 0.75 2100 1909 1.33
IKHZ 2.0V, 1. 6V. 0.80 3100 2900 1,25
4KHZ 2.0V, 1.4V, 0.70 4100 3900 1.41
5KHZ 2.0V, 1.4V, 0.70 5100 4900 1.41
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Fig. C4 Admittance of AN/UQC I'ransducer Element Lying on the Ground
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Fig. C6 Admittance of AN UQC Transducer Flement Lying on the Ground
(Frequency below Resonance)
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JT3_ADSTRACT

"} and develop techniques for air-coupling acoustic. energy into and through}

i.radiometry~and soni¢ techniques, have been used previously in experi=

Y soil. Possible application of acoustic propagation in soil inciudes

1 on shear wave propagation and air-coupling for obtaining practical mo~
fbility in any intended applicetion. - : - F

~ The purpose of this program was;td,inves;}gate the~ﬁgqsibiljtyt§

“the soil. TAcoustics, as well as mechanical iprobes, thermal detectors, [
aerial photography, infrared scanners, gravimetric -anomaly, microwave

“ments to establish their characteristics for propagation through the

usage in detection, surveillance, or communications. The reason for
pursuing acoustics is that until now certein key nmodes of propagation
have been overlooked eg., the shear wave, which has great penetrstion }
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