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Fort Trumbull
New London, Connecticut
April 7, 1965

Professor P. W. Dunphy
360 Huntington Avenue
Boston 15, Massachusetts

Dear Professor Dunphy:

In accordance with the requirements of the Department of
Co-operative Education, I am submitting this report entitled,
"Using A BombShot Analysis Technique To Determine Underwater
Acoustic Transmission Characteristics" covering my activities
as a Student Aid from February to April 1965 in the Systems
Development Branch at the U, S. Navy Underwater Sound Lab-
oratory. '

This report represents an attempt to determine acoustic
path characteristics by means of correlating known, underwater
acoustical data with that obtained experimentally. In doing
this, it was found that, for certain area of ocean, the trans-
mission characteristics were 'hormal" and therefore satisfactory.

Sincerely,

JEROME A, SCHWELL
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The Systems Deielopment Branch of the U, S. Navy Underwater Sound
Laboratory has undertaken\the project of inétalling a permanent acoustic
projector in the Atlantic ocean in order to facilitate future underwater
acoustic research.

Data from previous tests held in the area of interest have seemed to i
indicate that the acoustical characteristics in the immediate area of the
projector are not suitable for Laboratory use. There seemed to be a
sensitivity to high freﬁuencies; that is, an uﬁusually rapid rolloff. In
order to verify this supposition, a detailed study of underwater explosions
in the area of interest was conducted. These explosions were recorded on
magnetic tape several hundred miles away.‘ These recordings were analyzed
for frequency content and compared to other explosions detonated out of the
area in question, but of negligible distance when compared to the total |
range of transmissioﬁ. Bombs were dropped at 4 stations, henceforth labled i
as A-1, A-4, A-5 and A-6 respectively., Stations A-l and A-4 were within |
the area under scrutiny; the remaining two were to be used as standards.
Figure 11 is a diagram of the stations locations.

v In order to properly interpret the results of this analysis, several
factors must be known, such as the mechanics and spectrum of an underwater
bomb shot, the absorbtion characteristics of the ocean and the ambient noise 4
levels of the sea. |

When an explosion is detonated underwater, a spherically symmetrical

bubble 'is .formed by the high-pressure incandescent gasses of the explosion.

- This bubble appears almost instantly and expands outward until a point is

reached where a slightly negative radial pressure occurs. Due to the

inertia of the water, the bubble's radius slightly overshoots its
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equilibrium point, and a slight damped oscillation[Ebcurs, with the largev
initial bubble breaking into several smaller ones. Each of these smaller.
bubbles ﬂow contributes its own pressuré pulse whose amplitude is much
smaller than that of the initial pulse but whose duration is longer.
According to Fourier Analysis, the large initial pulée contains a wider
band of frequencies than any of the smaller secondary pulses. When all
the contributions are summed, the spectrum of the bomb is obtained. As
might be expected, the bulk of the energy lies in the lower frequencies.

An actual bomb spectrum is shown in figure 1.1

The graph shows an
approximate slope of —4.5 db/octave. The data for this plot was obtained
experimentally at a distance of 100 yards from the detonation point so
that transmission losses may be safely neglected. ‘

Other factors which must be known are characteristics of the medium.
The first of these is the absorbtion of sound in seawater as a function of
frequency. Figure 2. | l

Since the distances from the various points of detonation to the
point of reception are essentially the same for all cases, this factor
reduces to a function of frequency.

Large déeviations from this absorbtion curve would be functions of the
ocean bottom, since this curve was derived under conditions of a normal
ocean terrain.

The third and final condition of the medium which must be known is the
ambient noise level. Figure 55 shows the normal curve of ambient underwater:
noise for various sea states.. Meterological data taken at the time of the
bomb shots showed that the sea stétes werevconstant for each station and

the curves of ambient noise as obtained in the present analysis verifies

this.
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The analysis system consisted of a magnecord tape recorder to facilitate
repetition of the raw data, feeding a variable filter of 50 cycle bandwidth
(General Radio #1900-A). The output of this was fed to a General Radio
#1521 Graphic Level Recorder. A typical plot is shown in figure 4. The
upper curve is centered at 150 cycles and the lower is the same bomb shot
at 350 cycles. It can be readily seen that the level is considerably
attenuated and in the third plot, which is centered at 500 cycles the bomb's
energy is so low as to be "lest" in the noise.

In tabﬁlating the data from the above plots, a value of "O db" was
arbitrarily set on the center line since it is only the relative values of
signal and noise that are of interest.

The value of the signal was taken to be that of the average of the
peaks, since two similar bombs were dropped in each case. The value of
ambient noise was similary derived as the average level. The tabulated
values for all the stations are shown in figure 5. Figures 6 through 9
are of both signal and noise at each of the four stations. These plots
show a definite peaking in the vicinity of 200 cycles, but since the same
peaking occurs in the noise levels, it ié probably due to the response of
the recéiving system rather than that of the transmission characteristics
of the acoustic range.

Figure 10 is a summary of the above data, the various signal—to?noise
ratios at each station. It can be readily seen from this plot that there
is no significant difference between the reception from stations A-l and
A-4, and A-5 and A-6, therefore it can be concluded that the acoustic
range under question is suitable for experimental use. Because of the

expanded vertical scale apparent irregularities appear, but these deviations

SR

P

ES




SPECTRA L BOMB: PLOIS .

/50 CHULES CENTER FREG.

e A .4/ o 520 10/ All IEES
- O—C VAT RO OT

L.

Y
N
-
: \ 1
A -\ :
% J1 | | A \\q e
e —20 ATk f! @%Nﬂﬂ
&
r 4 2T HC }/Zf
‘%;m g 9
> §:3

-—ﬂ\t‘ CYCnce
{ { revef
\ %
\ 1.
i
n LA |
A Y

BE o ad

=

LY

T 7pgFe [

S5 CyclegS- €. F.

N P L

IS4

D
S
™N
N

o
Ancl 87N
eues




D0 Cocles O -

O 4 Bl
@, Retefene | Jepdl
>
b
; =
|
=20
' I T 7HATTE
@ x
(‘..’ J
T 30 SN SR
el




s

St O | '
T Stedus .
i | S/G-- Noise Jig Noise 519'(- Noise ﬁg_/c's Loise |

so | A3 |3 |=a|er |~ | £1 |3 |
vooib |5 /3 |t | gl e | i i

250 |25 | | AT\ = Al |y s T

Sy
gl
l
R
(
N
Q
L
W
c
N
D‘
o
!
N
)
V\
3

800 | <0 |78 | ~0o |-20|~7 |Ro |0 |12 |

Ccaienc) (Ch). | -
: o
0
Q)
\’\
[N
I
h S
By,
}
A\
0
x’ i
N
\'e}
&
=
N
|
%
N

.. ( )'..

g0 > | Ra |2y | ~as |-asi=2s |e0s | =23 |24
o |~ |20 | —ap =2 |22 |22 | 29 |26

| S5oo |£-28|-28 | 2-29|-39 | <g|-as |c-28|2g |

20 |\=vo | 48 |\~ |ps | =R | #5 |~4i].




46 1323

MADE IN U/ 6. 3,

10 X 10 TO V2 INCH
7 X 10 INCHES
KEUFFEL & ESSER CO.

Ko

= 3 ,,
1&.—“
TRy
¥ mes | %
- t5a
o
™
—t
! : : :
=t 44 it =
Gann X - ,
: 13 4 + + i
H FH 9
-4 L] 1 S
R 1 14 o 1 1 (0 1
R YERam ! T
[ . I
r
Bw% T {
BEI S NUBES v : T = T
SHNSENARNE AR 141 T 5 i
| W | t B . 1 .
B 1 ! et 4] 1
|-+ - 3 B s T t BB a5 }
ana ] T T 5 T nus "
hrt s wRssE A 1
i SR SR D
+ b : H H H
e XA - - ~ zes 1 .
A.ri.. t REREEE + + Q)
T L i - %
T ;
1 T 3 T
- - p - — .
Y 8 I I
s B + __
joas. Sun : 5
i 8z o 5 3
ST Bwua nnang e H
t e HF }ﬁ.l T T B WS R A t
Ew 1 HESSABRANKNRLEY : W ]
¢ 55 > I R R ;H, i I Ena [ N
TP -+ e us /
R SEENgSaNENRuNSN NANES LD L !
SN . + . 4 j
1 b xJ
EREias: L5 : : ¥ 1 /\
ERR N E i - e
HHH sean S5 B O
- — - L
1§ nmn & 3 T 1 3
HHEH o
C r 1r
T i1 auEn: N
T T i
= e
' WHE + o /&
5 1
BEEE ~+=+H4 + 4 4 4 ,
-1+ 3 + * ++ + RN H+HH O
T T T
1 i 4 N : T : S
SRS EEENS - ans }
- T T
" 3 1 1 ' I I T P E
o i 1 % TH
: T { 1 I i H 1 1 i ﬁ
T ms ; T iz . : )
1T a1 T T HH <
i 1 o1 T T (S
: - T : o : :
S i , us 2
i ] t T i I
gesisiciiess A i e ‘
nEE 1 4 1
50N %518 ] IESBERSEN 88 I
FHHAH HH n S .
A + s Ho 4 1 4 -
i B
4 t ¥ - e &
H T LA X I
! 6 E AR ! T s
$ HH+HH +
I
ENGNR R i ! 1
: I 1
HHF " s T T
% % 1 T T ;ﬁ
i ; B 4 w.
I t T 1
- L L H
T w2 T T T N
L T VR Bt 1 nEsR /
1 - t 1 Hr HH +
! I H :
. T
4
=== D
-
1
S
e -
H " -
e o
111 L 3
ﬂ T1 1 4+ 1 3




>

ReE

3

.

46 1323

MARE IN U E, A

10 X 10 TO Va2 INCH
7 X 10 INCHES

S0o

30

=200

KEUFFEL & ESSER CO.

/00

i b
+
aNEE 1 =
BRERE = T I
1 3
i
T
2% -
4
W
[ 1 {
EsRzERcE
w i _
ERE N - 1 11
EEEN] T LT # “
- T
BREE i T t 25 - T
o BESLEN I 1 1 T T 1
1 1 i 4
B e T ™ : pans
-1+ .[ t -
o Tl Ey tH Tt ; :
3 1 b
I 1
it 1
1 i
Ll
T
5 d
T T
+]
, fasr:
:
T
1
T
r
:
i
i
T
¢ =
t (X T
t *
T T
t
it
i
1
T
t
t
: T
T : 1
T T 1
N | 1
; + -
AW I .
1 T
T
4
&
i
o v
1
EaN
T
T 1 s
- : I
+ T
i 1
1
T
! I
1 N 1 )
1 1
| r
HH -
+
T
¥
1
3ame
2
|
9 11
11
A
J g

o &

1957

Ko

FREQUENC /c/g/




.

46 1323

MADE IN U, 5. A

10 X 10 TO Y2 INCH
7 X 10 INCHES

.

K&

KEUFFEL & ESSER CO.

» ey ) =
m 4
1
4+ p_ %
e
T tirr = NBEE PEA
3 i “PLETL " e i
- Hh 1
: = T 1
] T 2 Wr 2 X
ENBESGN ¥ t + -
;i T T = T 1
! (B NABE FE : WEAE 5 man )
i i NEREE !
R T : + ~
ENSENENENL INE 5 - .
5 G
Emns i by ot )
AN + s
HSEEE B T I s 1 | Iy JEE. 1 -
& THaT EEWENE SN T1H
GEERAEES. Vg o : S :
- — - o - - -
i T
X T : i T 3
h 1 SEEREEEE 8 27N
.3 T puw WS
2 ! wuu
I 4+ H
AEEHAGEN ILBB! 1 1
EauRE SRR B +
HEHH T
wEpANES A SEEE K 0
H _ Saeaifas :
7 RREEE R W N ¥ RN
H H jEascigmsmagaacils : =
o g
I
2% T HE TR s 3
ENE I i 1 s
" i s @8 1 1 1 X
i1
-
3 : i DR BB i e
i i @
I 4 TE@EE B T
EESHR FHER) Bax i
ANERE I i’
SeuEsRuas & HHHE
i %
1 528 .
EEERED AR €8]
¢ T N
CAN T ~
BENA! t T 1 N
i L
EaauR N H )
. N
ks 2
X )
T ++ <444+
Tt 3
2 HH
i ¥ it i
n e }
% @
] T 6 EEBY AN
! T R
FEARRANE BREAE NN
i
ENEESES® LSS A i F
i 0 BREENREE 8 &
T HT ] 4.\ - X
! 191 & S
H - —
{4 TR Z
! it o e
1 B RS #3 B Hlun i Eut
1
I IBESRS AT A
<4 1 - T L i
{
I = S aREs .
$ t ER RS mim | R :
A 7
T
1
t
i
I
i
ERER AT
- !
HHEH H T H
g !
I ! BUSEE L Guw } &
18 55 JF_I wﬂu EEmE S
- = T AN
1 TG / 3
X T
A 44+ i
e ' 5"y
! A
3
N -
1 2
1
1 1
nY. & m N
= = H o
T
11 11 :
i i B




-

46 1323

Y2 INCH
MADE IN U. 5, A,

7 X tC INCHES
KEUFFEL & ESSER CO.

10 X 1@ TO

K-E

4

1

A~

!

F,eé@ugwc e R

200

i

/00

23
M )
i
N8 n
E g
+ b
i ]
! 11 e O
+ 4
1 1
1 H +
mr io 3
I Ee%
t i
1 AREEE N T H
- . 1
e I
B r +
anga
] H
- i -+
1 was
I +
) T
L1 N T L .
no: 50 ASHEE unE
- —t 4 !
b+ “H ._Hr
! ; i & F
3 , - H ] :
e b
H- . | - "
t
3
T
juass
WA S Lilt
=N )
e T =T
T { . 1
5 1 i
L .
=+ =
1] N T
i 11t
THH. T SRP. 4+
1l | 1
i T 18 & T
< F T
H 1 +4H4 Yo a
i ! HHH A u S
mEN A
T
‘\..
=R L
]
EEENEERS
71
EESEE RSN
B EPa
- e HH
2 - e T T
B T T T
i it
T T 1
13 ¥ ﬂ
ERAsE 1 ¢
1 WJ ) uH
T ot T- f +4
3 EAEE SRNES i- Ht ﬁ..l 1
! t L S ARBESns
T T T (0t 2 T
! L : |
ol T I
i
I
|
1
1 BREAY
jies _
™ T’ —
B
X
1
1




46 1323

MADE IN U.§. A

10 X 10 TO V2 INCH
7 X 10 INCHES

K-E

A6 /D

520

1
3
Y T TT
3 1 § 8
1t
%
BE + i & r
5 Jal _ 4
1 W S
{ i
T 1 i
H ; ! 5 o
1 1 T
BG”, iNEBAN i W + HE R !
HEsE AN 11 6 5 B ! TECET ¥
= 1 + 1 -
- -4 4 s 67> !
i = Il 1 i T 1 ~
EN DS s ay 4 H 1 1
» - - 4
1 T
1
- PN I ] 1
L 1 “ 1
am 1 i {
X i | ! N }
o= Mﬂ, 3 )
]

KEUFFEL & ESSER CO,

e
J.T]wx
-
e
i
T
S . 3
}
1
% I !
g =
HH Es
3 ¢ o
- (@ v....:JAJ 5N
-
H
Ine
-~
T
1
Tt
A
B -
T H
§ 2 BEEG \VU
T
e R EEE I +11 v
T ittt v
e P H A 3
L1l NS RSN R T
HER T
HHH i
11 I R i 4
- + 1
hT _:r, AE _h
S 11T
91 1
t
3
i e | i
. I
t
1 oG L - 1 i ; I I I
; i : ! : assaerat :
i t
! -
“HES 5
- + +
[I 1 ;W A 3 2 iE0 8 O
p T
8 L { - ! sny NS}
T E8 ! T i ! 1 t
1 4 N EE D EAR ERNES KN f£d
1 T - :
r me = Sl s o 4
j 8 Wi i FHE SR
i y ] i
; - Lo ] 4 58 4 :
.. it ! ! e !
b +3 i T T BuER 1 i
S Am- o) 1 t = 2EBamas
1 1
¥ = ! 7 i 1 F B Soa
BB I e
P fummﬁ: 03
ES)
jau,
} . 5 + Saa . ean: SEaRErEN |
a pil } R 2
- - ; 1 T  EERES Annaa has ,
T 8 Y RSN 1 T 1 t HEES BN NAE) N~ EE ,
3 - X s i e TR
runs . T 2 Epamnm T i W 1
(" ] % B ! I + |8 S I //
1 b Tt -+
b4 4 b 4T + H = o of b} 1 . 444
m'.||.ﬁ AW.A N T wﬁn‘ i 8 mr L M .
7 T
— s -
¥ ] “ =3 )
= N i :
: ae*Yan
&
]
= A%}
“
—_—
i : \.

15—




o e

g



~

T

FOOT NOTES

1 o, E. Weston,"Underwater Explosions as dcoustic Sources,ﬁ
Proceedings of the Physical Society; 1960 :p. 243

2 7. W, Horton, "Fundamentals of Sonar! U. S. Naval Institute,
1961: p.81

3 Files of U, S. Navy Underwater Sound Lab, Spec. No.306
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