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basic objectives of the tests were the determination of the transmission
loss and reflection coefficient of the rubber dome and their comparison

vwith the same properties of the stainless steel dome, which was used as
a reference.

The sample domes were contoured to the shape of the forward part of
a CW-553/9QS-4 100" sonar ?one, with the following dimensions:
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The stainless steel dome was of identical material properties as Standard
Navy sonar domes, but was only 1/16" thick and lacked the usual inside
bracing. The rubber dome supplied by B. F. Goodrich Company was 1" thick
and was a lamination of three distinct layers: the first layer was
composed of .29 inch neoprene rubber; the second a series of closely-spaced,
thin (.12 inch diameter) steel cables sandwiched throughout a .56 inch

thick layer (8 ply) of neoprene rubber; the third of .15 inch neoprene
frubber.

The domes were mounted with the transmitting (or receiving, as the
case may be) projector located within the dome area (see Figs. 1 and 2).
Three basic measurements were performed in these tests:

(1) Transmitting beam patterns were plotted for each dome, for
purposes of comparison of transmitting loss.

(2) Receiving beam patterns were plotted, primarily to check reci-
procity and to note any changes in the formed beanms.

(3) Pulsed reflection measurements were made in order to measure
the energy reflected from the dome surfaces and to determine the reflection
coefficients of the materials.

t A a

As shown in Figs. 1 and 2, a conically-baffled XU-1347 transducer
was used as the acoustic transmitting and receiving device within the
dome. The conical unit was mounted at the rear of the dome; the aperture
of the projector was on the axis of rotation of the dome fixture. Remote
control of the XU-1347 transducer position in the conical baffle was
accomplished by means of a flexible cable containing a calibrated rod.
This allowed positioning of the XU-1347 Transducer within the dome to
obtain peak response (see Fig. 3, below). The position of the transducer
for peak response was first determined for each of the test frequencies;
these positions, once determined, were held constant during tests.

HOSE CLAMPS
Xu-1347

I T d=THE POSITION OF TRANSDUCER
d

FOR PEAK RESULTS

Fig. 3 2
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A Massa 420 Receiving Hydrophone was placed in the far field to
receive the transmitted signals from the transducer mounted in the dome.
A J-9 transducer was also placed in the far field for transmitting toward
the dome in making receiving patterns. Patterns were made by rotating
the dome and the conical unit together as an integral package.

ran nj 8 S

Transmitting beam patterns were made at frequencies of 3.5, 5, 8, 10, 12
and 14 KC, for the stainless steel and the rubber domes. Figs. 4 through 9
show the horizontal beam patterns for the stainless steel dome at relative
bearings of 000°, 090°, and 180°, and at frequencies of 3.5 and 14 KC.

Figures 10 through 15 show the beam patterns for the rubber dome
for the same bearings and frequencies. Table I gives a comparison of the
relative transmission losses, beam widths, and side lobe levels for
3.5, 5, 8, 10, 12, and 14 KC.

By "relative transmission loss", reference is made to the difference
in the peak amplitudes of the 000° and 090° patterns compared to the
180° beam pattern, where at 000° and 090° beam patterns were made "look-
ing" through the dome, and at 180° the beam pattern was made "looking"
out the open rear (essentially, the same as with no dome present). The
major difference between the 000° and the 090° beam patterns arises from
the fact that the 000° pattern is obtained "looking" through the front
section of the dome (where the curvature is greatest), while the 090°
is obtained "looking" through the relatively flat side of the dome.

Table I shows that at the lower frequencies, of 3.5, 5, and 8 KC,
there was a negative transmission loss (actually a gain) through the
dome for the 000° bearing. One reason for this gain is that in making
the beam patterns, the input power to the transducer was not monitored,
and was assumed to be constant as long as the input voltage was held
constant. This assumption may have been false, as shown below. Another
reason may have involved wavefront distortion and focusing by the curved
surface of the dome.

In order to achieve the peak response at the receiving hydrophone
when making the beam patterns, the XU-1347 transducer was moved along
the axis of the conical reflector until a peak amplitude was achieved.
The position where this peak occurred was the position of maximum focusing
of reflections from the interior walls of the dome. Although the input
voltage was held constant in this operation, the acoustic impedance load-
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ing the XI-1347 changed. This, in turn, gave rise to a change in the input
power P= -EE;-- (total). A protion of this loading impedance, Zt, is

dependent on the medium in which the transducer is located. The re-~
mainder of the loading impedance is dependent on the reflection from
the interior walls of the dome. The portion of the loading impedance
which is dependent upon reflections is out of phase with the impedance
of the medium, which gives rise to a reduction in the total vector im-
pedance (Z,= Z,+ 23 )

The acoustic impedance at a point in a medium is defined as the
complex ratio of .the sound pressure to the particle velocity. For
example, in & plane wave propagating in the X direction in a homogene-
ous medium (the water at Dodge Pond at a particular depth and time can
be taken to be a homogeneous body), the variation of pressure with time
and distance is:

~AX =X~
e PEN (x—cX)
vhore{ is the instantaneous excess pressure 4
is the distance traveled by the wave ~

P is the initial pressure amplitude i

t is time

ot is the attenuation constant of the medium :

¥BH/c 1s the phase constant

Similarly the particle velocity is

sl il B T =/ X 2
V=P --)(",("c(’ Alu/'g‘))z -

(1)

where /=ot+iB is the propagation constant
€ = density of the medium

¢y A - €€
Zo(X)= V) -4%% (3)

where Zo is the characteristic impedance of the medium.(Freefield)
(see reference (a))

Fig. 16 demonstrates how reflections may change the loading impedance
on the transmitting hydrophone.
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The acoustic pressure seen by the transmitting transducer, neglecting
secondary reflections (or assuming the dome has sero thickness), is:

| N
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Therefore, as can be observed from the above expressions, the initial
pressure and the reflected pressure add vectorily, the reflected pres-
sure being out of phase with the initial pressure. Thus, the loading
impedance is less than the characteristic impedance of the medium. As
a result, the power input will increase (voltage held constant) when
transmitting through the dome, compared to the case when the dome is
not present. Also, the pressure level at the receiving hydrophcne is
greater when the dome is present. (For this to be true, the trans-
mission loss through the dome must be small in order not to counteract
the effect of the reflections.) The increased pressure level at the
receiving hydrophone gives rise to the pseudo transmission gain observed
from the beam patterns. At the higher frequencies of 10, 12 and 14 KC,
reference to Table I shows that the pseudo gain disappears due to an
increase in the transmission loss, especially in the case of the rubber
dome because of its thickness. The effect of the change in input power
was thus masked by this increase in transmission loss.
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As a result of the previously mentioned change in input power, the
apparent transmission loss at the 000° bearing was quite erratic. Now,
referring to the transmission loss at the 090° bearing, where the focus-
ing effect of the reflections was not as great, it can be seen that at
the lower frequencies the loss in the rubber dome was comparable to
that in the reference stainless steel dome. As the frequency was in-
creased, the transmission loss in the rubber dome increased much faster
than that in the stainless steel dome.

Table 1 shows that as far as beam width and side lobe level are
concerned, the patterns associated with the stainless steel and rubber
domes are in pood agreement. It will be noticed that at 3.5 KC and
5 KC there was a considerable increase in beam width compared to the
higher frequencies. This is primarily due to the constant size of the
projector. The projector used was designed for smaller wave lengths
than those encountered at 3.5 and 5 KC. For example, at 5 KC the wave
length is approximately one foot, while the magor dimension of the pro-
Jector is 2.5 feet (see diagram of test set-up). From antenna theory,
a common rule-of-thumb is that the major dimension of the projector
should be at least five wave lengths in order to achieve a narrow beam
pattern (15° or less). This rule is not met by the projector used in
the test at the previously-mentioned lower frequencies.

[ in a attern

Receiving beam patterns were made for bearings of 0009, 090°, and
180° relative to the center of the dome. These tests were performed
in a similar manner to those for the transmitting response except that
the XU-1347 hydrophone was used for the receiving hydrophone and a J-9
transducer placed in the far field was used for transmitting. The
position of the XU-1347 hydrophone within the cone wes kept the same
as in making the corresponding transmitting patterns. Figures 17
through 22 11lustrate the receiving beam patterns for 3.5 and 14 KC
for the stainless steel dome. Figures 23 through 28 illustrate the
receiving beam patterns for the rubber dome for the above bearings and
frequencies.

Comparing the C00° patterns of the stainless steel dome with those
of the rubber dome, it is observed that, as with the transmitting
patterns, the difference in transmission loss is small at the lower
frequencies; but, as the frequency is increased, the transmission loss
in the rubber dome increased much faster than in the stainless steel
dome. Again, as with the transmi "<ing patterns, there was a pseudo
gain through the dome at the lower frequencies.




USL Tech Memo
No. 932-622-66

In making the receiving patterns, the transmitting transducer was
maintained at a relatively large distance (18') from the dome surface.
Thus, the reflections of the dome cannot be considered as changing the
loading impedance on the transmitting projector, as was the case with
the transmitting patterns. Therefore, although input power was not
monitored, we can postulate that the input power remained considerably
more constant than in the case of the transmitting patterns. The
principle reason for this is that, in making the transmitting patterns,
the distance between the reflecting surface and transmitting transducer
was comparatively small (2'). This small distance resulted in very
little spreading loss in the reflected energy, whereas in the case of
the receiving patterns, the spreading loss is much greater, causing the
effect of the reflected wave on the loading impedance to be negligible.

But, due to the curvature of the dome, we can again postulate that
at the lower frequencies, where the transmission loss is small, most
of the impinging energy is transmitted through the dome. The energy,
in passing through the curved section of the dome, is refracted inward
toward the projector, causing a focusing effect to occur. This focusing
effect then causes the pressure level seen by the receiving hydrophone
to be higher than it would be normally without focusing. This, in turn,
gives rise to the pseudo gain.

Reference to Table II shows that there was no appreciable difference
between the two domes as far as side lobe levels and beam widths are
concerned. Comparing the receiving and transmitting beam patterns of
both domes, it can be observed that the basic structures of the patterns
are the same.

t a n

Reflection measurements were made for both the stainless steel and
the rubber dome at a bearing of 090°. A J-9 transducer was used as the
transmitting source and a Massa 420 hydrophone was used as the receiver.
The signal input to the J-9 was taken from a variable digital pulser,
the output of which was a pulsed sine wave at the desired frequency.

In performing the reflection measurements, the pulser was programmed to
give a pulse of 1/2 millisecond duration, at an interval of 1 second.
This enabled the Massa hydrophone, which was suspended six feet from
the dome's surface, to detect the transmitted pulse and the reflected
pulse before a second pulse was transmitted and interferred with the
returning reflected pulse (see Fig. 29, below).
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As can be seen in the sketch, the actual measurements were read from
an oscilloscope which was set up to display one complete interval
(Figure 30 shows the transmitted and reflected pulses). The amplitudes
of the transmitted and reflected pulses, as read from the oscilloscope,
were corrected for spreading loss in order to obtain a true measure of
the reflection coefficient and make possible a comparison between
measured and calculated values of the reflection coefficient (see

MASSA -420 HYDOPHONE
Fig. 29

Fig. 31, below).
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is the relative source level of the impinging pulse
measured at the Massa hydrophone.

Lp - is the relative source level of the reflected pulse
measured at the Massa hydrophone

R - is the reflection coefficient

Table III gives a comparison of the corrected measured values at
a bearing of 090%, and the related calculated values (see Appendices A
and B) for both the stainless steel and rubber domes. (In Appendix A,
the expression for the reflection coefficient is derived for a three-
layer problem which is an analogy to the stainless steel dome; in
Appendix B, the expression for the reflection coefficient is derived
for a five-layer problem which is an analogy to the rubber dome.) In
Figure 32, their values are plotted. The graph shows that the measured
values of the reflection coefficient are lower than the calculated
values, 2 db for the stainless steel dome and 1.5 db for the rubber
dome. There are basically two reasons for this:

(1) In comparing the measured and calculated reflection coeffi-
cients, it wvas assumed that the measurements were made at normal in-
cidence where maximum reflection occurs. In reality, the impinging
energy may have been incident at some small angle (95 other than 09,
which would have caused the measured value of the reflection coefficient
to be less than the calculated value.

(2) The calculation did not take into consideration the curvature
of the dome (see Appendices A and B).

Comparing the reflection coefficients of the stainless steel and
rubber domes from Table III, it is observed that the reflection co-
efficients of the stainless steel dome is approximately 8 db lower than
those of the rubber dome, at all frequencies concerned. This apparent
superiority of the stainless steel dome as far as reflectivity is
concerned is due to two factors:

(1) the difference in the thickness of the domes, and

(2) the particular stainless steel dome did not have bracing to
give the skin added strength. The addition of the bracing would have
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caused the reflection coefficient to rise substantially. The rubber
dome, on the other hand, had structural strength built in by means of
the embedded steel wires in the center layer. These imbedded wires
vere probably the main contributor to the reflection in the rubber
dome. This can be illustrated by calculating the reflection coeffi-
cient for a mythical pure neoprene rubber dome, of the same thickness
as the actual rubber dome, and comparing the reflection coefficients
with those of the actual rubber dome used in the test. The results of
these calculations are listed below (normal incidence assumed):

Frequency R actual R mvthical
315 KC -11.5 db -50 db
5 KC -8.8 db -47 db
8 KC -6 db -43 db
10 KC -4.8 db -41 db
12 KC =4.2 db =37 db
14 XC -3.7 db -35 db

It can be seen from the above table that, if a dome could be made of
pure neoprene rubber, the reflection from this dome would be negligible
since the acoustic impedence of the pure rubber (Z-: €~ ) is closely
matched to that of water.

Z (Water) = 1.51 8/, 2 sec  Z (reoprene rubber) = 2.1 €/., 2 sec

From an examination of the calculations in Appendices A and B, a
number of interesting facts are apparent. For example, refer to the
expression for the stainless steel dome reflection coefficient at
normal incidence:

€4 i'i'_\,' o 2 s 1
gt T w
¥ oy (urrA) 1\9‘41_;“ Ji‘J/'f-> J

The amplitude of the above expression depends not only on the acoustic
resistance, but on the thickness of the dome and the frequency of the
incident wave, The frequency and thickness dependence are represented
in the coa"rA and sinZf4 terms. If the thickness (h) is held
constant, the amplitude of ‘the reflection coefficient will go through

1C
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a series of alternate maximum and minimum values as a function of
frequency. Now, if the frequency is held constant and the thicknesa
is increased, the reflection coefficient will increase. This is
demonstrated in Table IV, where the reflection coefficients for stain-
less steel domes of various thicknesses are listed. For example, the
difference between the reflection coefficient of a dome 1/16 inch thick
and that of one 1/4 inch thick, at a frequency of 3.5 KC, is 10 db.
This is also shown in Figure 32, which is a plot of the reflection
coefficient (normal incidence) vs. frequency. The six curves on this
plot represent the calculated values of the reflection coefficient

for the one-inch rubber dome, and for three different thicknesses
(1/16", 1/4" and 3/8") for the stainless steel dome. Also given for
comparison are the measured values of the reflection coefficient for
the reference stainless steel dome and the one-inch rubber dome. From
this figure, it can also be seen that the reflection coefficient of
the rubber dome is 2 db better than that of the 1/4" thick stainless
steel dome, and 4 db better than a 3/8" thick stainless steel dome,
where the 1/4" stainless steel is the type skin which is used for the
construction of present sonar domes.

In retrospect, it should be remembered that, when making compari-
sons between the rubber and stainless steel domes, the stainless steel
dome skin tested did not have the internal lattice bracing which is an
integral part of an operational stainless steel dome. In turm, the
rubber dome tested did have structural strength built in by means of
the embedded steel wires. When a prototype of the tested rubber dome
is inatalled on a naval vessel, it will not have internal lattice
bracing, which would increase the reflection coefficient, but ubstead
will be pressurized to add strength.

CONCLUSIONS

Due to the oversight of not monitoring and keeping constant the
input power, no concrete conclusion can be drawn in regard to the
transmission loss of either of the domes tested. However, there remain
certain general conclusions that may be drawn concerning the trend of
transmission loss with increases in frequency. At 3.5 KC and 5 KC,
the transmission loss of both domes was relatively low, but as the
frequency was increased, the transmission loss in the rubber dome
increased faster than that in the stainless steel dome.

A comparison of the transmit and receive beam patterns shows that
there was no appreciable deformation in the beam patterns of either

11
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dome, which indicates that the domes are equally good two-way channels.

Reflection measurements show that the reflection coefficient of
the rubber dome tested was 10 db higher than that of the reference
stainless steel dome skin, and 2 db lower than that calculated for a
1/4" stainless steel dome skin. Taking into account that the stainless
steel dome skins in actual use need extensive internal lattice bracing
for structual support, which increases the reflection coefficient, and
that the rubber dome tested had its strucural strength built in by
means of the embedded steel wires, it can be concluded that the rubber
dome tested is superior to the 1/4" stainless steel dome skin, and
inferior to the 1/16" reference stainless steel dome skin in regard
to reflectivity.

. B. DONALD
“Electronic Engineer
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VARIATION OF REFLECTION COEFFICIENT WITH ANGLE OF INCIDENCE AND THICKNESS

Prequency Angle of
—iKc)

3.5 oo
150

300

45°
o (-] (]
€00 -26.5 -88 -14.9 -80° -11.4 76" -17 -77°

75° -3 -89° -19 -86° -15.4 -84° -21.7 -84°

90° 0 180° 0 180° o0 180° © 180°
5 o° -17.6 -820 -6.8  -63° 4.3 -520 4.8 -51°
150 -18.% -830 7.2  -640 -4.5 -53° -9.2  -520 r
30° -19 -84° -7.7  -66° -5 -56° -9.8 -s560
450 -20.3 -85° -9 -70° -6.4 -62° -11.5 -62°

60° -23.5 -86° -11.7 -76° -8.6 -70° -12 -n°

750 -28 -8R -15.8  -84° -12.5 -81° -18.5 -g2°
8 0° -14 -78° -4 -510 2.2 -39° -6 -30°
15° -14.5 -79° 4.2 -52° -2.3  -40° -6.2 .32°
30° -14.9 -80° 4.7 =58 2.7 ~43° -6.7 -3°
45° -16.5 -82°0 -5.8  -61° -3.6 -50° -8 -47°
60° -20 -84° -8 -69° -54  -60° -10.2 -60° ,
75° -23.8 -#7° -12 -81° -8.8  -760 -14.6 -77° 3
10 00 -12 -76° -3 -45° -1.5 <330 (.8 -1g° i
190 <124 MO <31 48P <186 -M® o5 -20° !

30° -13.8 -7° -3.5 =49° -1.8  -37° 5.5 260
45° -14.9 -80° -4.5 =559 =2.5  -® -6.6 -3°
60° -17.6  -83° -6.5 -64° -4 -55° -8.6 -53°
75° 218 -87° -10.2 -78° 7.2 -73° 127 -0

12 o° -10.7 -73° -2.3 -39° 1.2 280 4.2 60

150 -11.1 -73 -2.4  -40% 1.2 -29° 4.3 9O
302 117N 78% 27 430 13 <380 16 =160
45° -13.8 -78° 3.6 -50° -1.8  -38° 5.5 .28°
60° -15.8  -82° -5.4  -60° - .3 -50° 9.7 4O

o
75 -20.4 -86 -9.8 =76 -5.9 -70° -11.3 -mMm°

14 0 =93 70° 1.6 =35° < .9 <250 .39 480
150 -9.3 -n° 1.7 =%° ) -26° 3.8  +3°
& 30° 1.4 =730 =21 -39° 1.2 <299 4.2 -0
450 12 76° 2.8 <46° -1.3 -35° 4.8 -20°
600 “14.9 -A0° “4.3  =56° 2.4 -46° 6.5  -40°
750 -19 -R6° =75 =14° <47 -68° -10.2 -68°
TABLE IV
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Fig. 1 - Stainless Steel Dome Section

Skin Thickness = 1/16"
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U. S. Navy Underwater Sound Laboratory Official Photograph
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POSITION
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Fig. 2 - B. F. Goodrich Rubber Dome Section
Skin Thickness - 1"
USL Tech Memo No. 932-822-66
U. S. Navy Underwater Sound Laboratory Official Photograph
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Fig. 30 - Reflection Measurements (090° Bearing)
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NP24 - 26316 - 7 - 65




e

Appendix A

USL Tech Memo
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The behavior of a sound wave in a homogeneous medium can be des-

cribed by a partial differential equation,

A o Ay
V2

commonly called the wave equation. A few of the general properties
of this equation are: (1) It is a linear equation, thus it obeys
the principle of superposition and, (2) The general solution of this
type equation involves arbitrary functions (A;, Ay ... etc.). This
corresponds physically to the fact that there are an infinite variety
of waves. Therefore, to get a solution for a specific type of wave
necessitates the introduction of boundary conditions on the wave-
bearing medium. The nature of ¥, the acoustic potential, also calls
for some comment. It is essentially a mathematical tool by which

the combined effects of acoustic pressure and particle velocity, the
tvo main parameters effecting wave motion5 can be expressed in a

single quantity y, where (see reference a
V(e Vilesy) = 7 v
fmmeQ:-Awew

To obtain a general solution to the wave equation, employ the
method of separation of variables. 1In employing this method of
solution, assume a solution for ¥ in the form of a product of ar-

bitrary functions,

=X Ys) 73T

Now, to find the conditions they must satisfy in order to satisfy
the wvave equation, substitute the above expression into the wave

equation,

2 2 A

J’ S axyred o« X¥Z T
}’2779{1)(27‘55{”#3? = _g 55

Dividing both sides of the above equation by XYZT,

’ - SR e
ke J X N e J RS
X Jx? ) >/ Jf}l‘r Z (-?9’ /% c;f}

Pg. 1 of Avp. A
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Now, the expression on the right side of the above equation is
a function of T, exclusively. The only way it can be identically
equal to the left hand side, which is a function of X, Y, and 2,
exclusively, is for both sides to bs equal to the same constant. For
convenience, let this constant be-K< (the propogation constant or
wave number). Thus, the equation for T becomes the second order
differential equation,

317; + CAKiT=0 (84)
which has a solution of the form,
7—: AU»ZACKT B[/ICKT (94)

It can be seen from the exponent of the exponential, which must have
the dimensions of radians, that the product CK must have the dimen-
siona of radians per unit time, which is angular velocity W, therefore

Now substituting -K2 into equation (7A), we have,

_2_1 ))Z -__k«’__}_ .
7 Yy’ Z a5 X c;.,,,x (104)

Using the same technique as previously, it is seen that both sides
of the above equation must be equal to the same constant which we
will call -K? + k12 (where ky is the component of the wave number in
the X direction). This gires us,

_J_f}_

7
+A, % =¢ (s
Si-ilarly, we introduce two other constants kg and k3 which give, (124)
)35 5
731 fﬁ Y=0 (124) ‘j_J__ *A}L %, (134) (134)

where, Ki=4 +A FAL (144)
The solutions of the second order linear equations for X, Y, and 2
are,

: ~ A4 )

X=A< 'X-/*/)’,Je""" (154)
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)/: AJ’("{A)'?'*BA{IAA’} (16A)

= ,45“["/*"}7‘5} Ay (17A)

where the A;s and B's are arbitrary constants. The complete solution
to the wave equation is,

-k T | ~ACAX  ~ACkR
W= (h 4% g A NA ’&/34441”7}*‘;4”’37‘5; I a2 (184)

As can be observed from the above expression, the possible number of
solutions to the wave equation is very large (remembering super-
position). But in our case, we are interested in a plane harmonic
progressive wave which is one of the above cases. Therefore, arbi-
trarily set BO, Bl, B2 and B3 equal to zero, and assume that

‘4,?’&0‘) -’/h:": K\B) “"V( A} =K/

vhere  , ﬂ, and / are direction cosines and o('z-fﬂ 24 /“?: /
Thus our solution takes the desired form,

W o ‘e--Am‘I-k(é(ﬂf \8.71’/—')_)] (194)

From the solution of the wave equation, we know the general form
of the expressions for the incident and transmitted waves on a flat
surface. Let us now take the case of the stainless steel dome skin
which is essentially a three-layer problem (see Figure A below).

Y=0 Pz C2 Y=h p3C3

e, /93' 5

V’-..4

5, Pi(wt-a,x*b,y)

A'pi{wt-a.rbm)

FIG. A

Pg‘ 3 of Appc .A.
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The solutions to the wave equation for the general case of oblique
incidence are,

Y= hy 1 WT=ax=ty) B! r~an+4y) (208)
(4\:A},M(W’T""K“/ﬁy)_,ﬁ‘\_@4(WT—M+4,.7) (218)
Ws = Ay AWER-ax-457) (224)

from the above figure, the quantities by, b2, b3, and a are defined as,
) = =47 - = r '
’6‘,041@46-—(;60'56’ ’@d-—?}ﬁ@dé} ’6{3: Z . 93

3

A= byt 6,7 2 tanty = AL ity = ATE 406,
LET ,(,5‘-0541- ‘SRSl ey Y

é, 47 6, G4 6
4= 2Zf  4,=22f 4 - 2rf
/= / SA 3 >'}

Now, applying the boundary conditions (See reference (1)):
1. the pressure must be continuous across the boundary.

2. the vertical component of velocity must be continuous across
the boundary.

ﬁ%:(j%‘% (234) e, i?: s‘ff} s (231)
afg:ﬁ

%:0 ’
J% = [) ", JV)— C) /

Substituting the expressions for \91 ’ \lfz, and |P3 into the boundary
conditions, we have,

CfA,*‘)/B/:GAJ'f{:\/SA
S A =5B=5A~5 b,
ﬁi-A{‘/‘AffG-(”'ABA=(§(-’443'/‘A>
;} —é-'(‘(”)/\AA_ 531411“/%)\: }AI/{'{'JA A3

A (244)

Pg. 4 of App. A 1
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Rearanging the above equations in determinant form,
-~CB+86 A1+r’/3 +0= (’A, (250)
0 + 62" 1“142“1‘\/3 e ik Ay= 0 (274)

O+ 5344““‘;4 r{# )‘/3 -5 .e“sl\,h ¢ (284)
Now, solving for the reflection coefficient

e, e) e), C'

5 S5 ~5, O
Yk G gthk @ AL
© Q{/([ A K =tk
i N

3

Fi~€ € € o

Wk =5 0
G C Mk ¢ ik -G {4

“ il '5163‘

=
|
Q

(294)

Where the solution to the above determinant is:

R= B _ (6s-65Y-6Sa- &) f(r’s,rr’m’ 6% +G5:)4 “ak

A (585X 65 g5,)e 4 FEisr)as+65, ) oA

The above expression is general for any three-layer probl If the
velocity (c), the density (e), the thickness of the center layer (h),
and the angle of initial incidence are known, the reflection coeffi-
cient can be calculated for any frequency.

(304)

Pge 5 of App. 4
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Now, expressing equation 30A 1n‘ ras of sines and cosines by
means of the following identities, ¢/ =cadX—fam x and 4% =,y
+4 4 X, and ainplitying, we have

K m, A (g =ma) Lan o A (31a)
vhere 2: (IfM'M’ 604(1,,/)+ 4(/"‘,*‘4*",),444« (4}

Mz 65, /¢ mmyz 65
In our particul cade, ‘medium 1 and neéiu- 3 are identical (water),

therefore, C=(3 (,=C3.,m= Jm, Under these conditions, the reflection
coefficient becomes,

/8 4(?3‘7 c’;ﬁ)““‘(ﬁ‘)

)éod(é/l)-u(e' ; + 65; )W(‘M)

(324)

£

b ((" : f;“)/-th“%u/() >
/,Q’ x (7% (efs ‘ gsg)‘w‘ @‘Z‘f‘{‘)( J

(334)

T
'gl 15,\

®: ek [(“‘ (R_”tﬂﬂ (344)

Pg. 6 of ADD A
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For the stainless steel dome (assuming normal incidence, which was the
condition in the actual tests) we have,

m, = S‘c“ _ 270K 5. 2x0° M fuse =07
1 < / ‘%} /'S.X/ﬁ'gmA“

RS AP ; / .
MA——-—'LS’?g /A:/’" = e T

m,

AT fA
A

IRJ' 3 a1y iibE) s (354)

T G /ix/z?f)f7/3.m%(£/fx15‘f)

=./7X/c7;-f

¢: 76/0__ /;'V‘\-/(/‘S.‘fw("/s X/g;f)] (364)
. T=3.6ckc  JR)=:05% nd ¢>: §c0

See Table IV for the results with other frequencies, angles of in-
cidence, and thicknesses.
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Appendix B

Now, we will consider the reflection coefficient from the rubber
dome. The material which makes up the dome has three distinct layers
(see Pigure B, below).

¥ ¥, Vs Yy )
Ac By Pac3 AN Pscs
y
6 _%
62
6
r—h —te—m —Jﬂ-—l-—-ﬂ X

y:o y:h y=h+k Y=h+k+' u‘. .

Characterize the sound field by the acoustic potential y . The particle
velocity and acoustic pressure in the sound wave will be expressed
through v by,

V(farTicte Yoty )= =T (1B)
f(MfW)=-4¢'V'€W (28B)

The acoustic potential, ¢, is a derived term which is used as a mathe-
matical tool. The assumed solutions to the wave equation in the dif-
erent layers are:
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The boundary conditions which hold for this case are the continuity

of pressure and the vertical component of particle velocity across each

boundary,
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Applying the boundary conditions, we have,
¢ [ar5)= G[4r5] (125)
AT /9 ',
%B/“ij 5 [A;—-/S,\] (13B)
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Now, putting the above equation in determinant form, and solving for
the reflection coefficient,
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The above matrix, which would be very tedious to solve longhand, was
programmed on the computer. The parameters which are needed by the
computer for this computation are @, c and the thickness of each layer,
along with the initial angle of incidence. The results of this com-
putation for the desired frequencies are shown in Table Iv.
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