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E R R A T U M

The following corrections should be made on the pages
indicated.

Page 26: Change two callouts on f igure  10 to read: 358. 5° . P

Change figure caption to read:

Figure 10. Measured hydrophone phase differ-
ences. Periscope bearing of source
assumed to be 000° except where
indicated to be 358. 50~~

Page 30: Change figure caption to read :

Figure 11. Measured hydrophone phase differ-
ences corrected for curved wavefront .
Periscope bearing of source assumed
to be 000° except where indicated to
be 358. 5°.
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THE PROBLEM

Develop an active sonar (Lorad) for the detection of subma-
rines in deep water at ran ges of 100 miles or more , and in shallow
water in excess of 10 miles. Design , install , and evaluate the re-
ceiving system. Determine optimum array locations on
submarines.
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• RESULTS • f ~ 
•

1. The response of hydrophones is materially affected by
proximity to the hull. Least interference was observed in the
wing tips and at the bow. It is concluded that relocation of the
present receiving array to the vicinity of Frame 3 should improve
beam pattern response.

2. The array directivity patterns show high minor lobe
levels as observed in earlier tests. This is attributed to hull
shadowing.

3. The measured array gain is in good agreement with the
gain calculated from the measured hydrophone responses.

4. The measured phase relations between hydrophones
agree with phases calculated from the angle of arrival of sound, if
the curvature of the wave front Is taken into account.

5. A systematic difference of + 1 degree between the zero
points of the periscope and the acoustic bearings was established.
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RECOMMENDATIONS

1. Investigate the hull interference ef f e c t  in a systematic

manner , possibly by usi ng scale models.

2. Determine the optimum location for low—fr equency linear

receiving arrays aboard a su))mar lne .

AD MINISTRATIVE INFORMATION

Work was performed under SF 001 03 02 , Task ~01G (N1~L

E1-3) by members of the E1ectrod~~amlCS [)ivision. The l lfl)rt

.~.•rs work from July to September 19(i3 and was approved for

publica tion 15 November 19G3.

R.J.  Vachon , J. A. Thomson , and C .J .  t~riege r CondUClA’d

the st a  tests abord USS BAY :~, and F. A. .iohnston. , J .  J .  C ross .

and 1) . R. Lam bert operated the sound source aboard t’~~S

REX HUR O .

U. P. Kvmp fl COUt V II )UtPd  the sect ions dea ling w i t h  pl~asc i’e -

lation ship s bet~veen hydrophone s and the eOinparis°f l  of ‘c r ’  point ~.

of the rece iving array and the periscope .
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INT RO DUCTION

The response of the indivi d ual hydrophones of the Lorad re-
ceivi ng ar r ay to 1500-c/s pulses from relative bearing 0000 , and
direc tivity patterns at 1500 c/s using Dimus 11 and delay li nes
were determined in January 1963. ’

In the July 1963 tests , some of the above measurements
were repeated with a random noise signal In a 1450 to 1550 c/s
frequency band. In addition , array gain and phase measurem ent s
were made .

Certain of these data were desired in recommending opti-
mum array locations on submarines.

The primary objectives of the tests reported here were as
follows.

Using a random noise signal in the 1450 to i5;~O c /~ fre-
que ncy band:

I . I)etermine the responses of particular individual hydro—
phone s to noise pings from a source at a mean range of 2000
yards . from all relative bearings.

2 . Determine array directivitv patterns .

3. Determine the array gain and shading.

Using a 1500—c/s single frequency:

I . Examine phase relations between hydrophones.

5 . Compare the zero points of the receiving array and the
periscope.

Na vy Electronics Laboratory Technical Memorandum 595 , Beam
Format ion With DIM US Mar k TI - Sea Tria l of 24 January 1963 , by
C.J. Krieger , CON FIDENTIA L , 15 March 1963
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TEST PROCEDURE

The tests were conducted on 18 and 19 July 1963 aboard USS
BAYA (AGSS 318) and USS REX BURG (EPCER 855) in 700 fathoms
ot water. The REXBURG transmitted 1/2-second pulses spaced at
2 .5-second intervals , eithe r in the 1450 to 1550 c /s band of ran -
tiom noise , or at 1500 e/s , usi ng a 1368CR transducer lowered to
approximately 55-foot depth.

Aboa rd the BAYA , an omnidirectional hydrophone (1 IC 15132)
was mounted on top of the bulinose as in the January 1963 test. In
addition , two 1327CR hydrophones were mounted 22 inches above
deck at Frame 3, one on the port side and the other on the star-
board side , each 24 inches from the ship centerline . They are
identical to the Lorad receiving array hydrophones, and served as
comparative reference hydrophones.

In parts 1 and 2 of this test , the BAYA described tight
counterclockwise circles at ran ges varying from about 1500 to
2500 yards from the source , which transmitted in the 1450 to 1550
e ~s f requency band.

In part s 3 to 5 , t he BAYA followed the R EXBURG , keeping
the latter ’s relative bearing close to 000 ” , at an approximate
range of from 900 to 1500 yards. The source transmitted both the
1150 to 1550 c /s band and the 1500 c/s single frequency in part 3,
and 1500 c / s single frequenc y in parts 1 and 5.

TE ST RESU LTS

1. Hydr ophone Amplitude Res ponses
to Direct Pings

The two 1327CR bow reference hydrophones were channeled
one at a time through preamplifier No. 28 , while the array hyd r o—
phones were measu red three at a time at their own preamplifier

6 CONFIDENTIAL
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hydrophone , and from about 030 0 to 050 0 relative for the port
reference hydrophone . It is apparent that there is no source of
strong diffraction effects on these bow reference hydrophones ,
although a general comparative loss of response of about 3 dB
relati ve to the nearl y free-field wing tip hydrophones (discussed
later) can probably be attributed to minor diffraction caused by the
bow superstructure . Conversely,  various portions of the BAYA’S

• forward structure could both occlude the signal and modify it with
strong diffraction effects for reception by the central region of the
present receiv ing array . The most probable contributors to strong

• attenuation are the transmitter transducer , which is air-filled and
should be virtually opaque to sound , and the combined effect of

• numerous superstructure bulkheads , frames , and various fairly
heavy and irregularly shaped items of ship’s machinery. The ir-
regular superstructure construction could also cause considerable
diffraction modification to the sound traveling through it to the
receiving array hydrophones , mainly those located in the center

• section and inboard portions of the wings .

For sound arriving from forward directions , it appears log-
• ical to attribute differences of response between the bow reference

hydrophones and the array hydrophones largely to the variable re-
sponse of the array hydrophones . This assumes a standard re-
sponse of the bow reference hydrophone .

For consideration of sound received from the regions
around 270 ° and 090 0 , the dissimilari ty of individual hydrophone
responses as they approach their directivity pattern nulls may be
a sign ificant contributing factor. Also , diff raction caused by the
transmitter transducer may cause moderate harm to the response
of the bow hydrophones , and at the same time reflections from the
pressure hull and superstructure items may cause harmful cl if—
frac tion effects at the array hydrophones. However , some
general inferences can be drawn .

For consideration of sound arriving from aft directions the
only generalized effe cts which are apparent are (1) the occlusion
of the sound by the conning tower and (2) the possibility of a
strong diffraction effect at particular ang les by reflec tion of the
sound from the Pressure hull , conning tower , and aft side of the
transmitter transducer .
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i i v d m nphi lne  ~ I ’  is 10 tect t a r t i l e r out in t i l t ’  St ;I  I’i ,tl a i’d W i n g  t h a n

l’ht ’ s l i i : i l l  i l l lp l ’ o \  ( ‘I i l t ’Ilt i l l  i’t ’ I a t  i \  0 S i i ~, l l I l  l’(’$))olls(’ in t h i s
1oct11 Ii ~ T i t o  sO t I l l i l  I P0111 j nit’ t a It  i i i  t’ t ’t ’t iO flS 11’IaV i iitl ieat t ’ (h a t  ( l i t ’
S ( ) l I I 1tI I S  l ’I’~~l I l I l I  I11.~ t o I tet i t i  a l i t ’  t’ f i t I S s i l l , aroiinil I l i t ’  11(111 ~I I i t I  t ’Oll

fling t ower ,  and that ° 12 is ha m enougil out to so,’ h h~ l n ’ g i n n h l l g  oh
t h i s  t ’ t  to t - I i ’t’h t ’r (kii~ (in’ how I1\’ tll ’ophone
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i”a rthe r out on the wing, at the m id poi t it a ivl 1( 1 loot fa rt h( ’ r
out than # 12 , h ydrophone # -15 shows a response gene ma l iv  2 to :t d U
hi ghe t’ th an  t hat of the sta rhoa r I I ow reference hy I rophono (fig -

I I”) as does hyiirophone GO at the starboard IV ing’ t (p . tvi i it’ii is
s t i l l  anothet’ 21) feet f a r t he r  out ( f i g. i G ) .  Thi s  indicates that
gene i’:t ( I V these iattt ’ I’ t IV O liyd t’ophones are i l l  ~ non rh y li’e’e’ sotI
f ie ld . I i t l l  i t e t i  t lia in lv  by the wing  stt’uctut ’e - Oue except ion is tilt ’
region of sound : t r r iv : t l  from about 121) ’ to I 71) . ‘I’Ile s l ight ly
pooret’ relative’ response of is and I~Uh) in  th is region is possibly
clue to reflections from along I he hull cotubini ng Wi Lii the tlj t’ ’ct
s ig’nab to y ie ld  slightl y destructive di f f rac t ion  helds ’at ‘I •t~ and - f lU .
The sharp bump at I 7t) ’ relati Vt’ is appare t i t lv h O t  dUO to di ift ’ac -

t ion at I S and ‘ fi t ) cau sed by anything on tiit ’ aht et’  hUl l , SO it may
be constructive diffraction at ti le starboard bow hyd ropilone . p05 -

s ii) l f rom the etige of the t ran sduv’e L’.

F ’igure -l summat’ii.os the responses oh the ar ray elements
and bow r( ’ference hvdrophones to dit ’ect - -pat ll  hon zontal flings an —

riling from 000” relative hear ing ,  :ts measured in . Ianuary  I 962 .

~i anuary 963,~ and ill th is test. The st ) l i t I  lint ’ ii~ tit’:itt’s the pro’---
(licted responses (smoothed) a tong the a r r ay ,  ~~1(h the assumption
that the L’eee IV ing at’ ray would be ro’ located to the t i c  i ni Lv of
t” ramt ’ 3, based on the July I 9(13 sea test mvasu i’enieiits , ~t’ hii& ’h
are intlicate d by the cross ’s. It is doubtfu l  that  a si g n i f i c a n t  ii i i- -
prove mont in the i’es I)0115(’5 Of the ill board ~vi ag hyd rophones wi l l
he achieved ~‘ith the tv lags at Frame 3: thei’elor e , thoi 1’ prt ’seflt
responses were used , as %Voi’ e those of t h e  outboarti IV lag hyt l i’O -

phones ~vh ichi a me expected to menial ii generally unchanged -

I,

-, N avy Elect monies l aboratory ‘I’echnlcai  Memorandum 136 , 10 I ; UI

Receiving Arra y Patterns , I l ydroph one Responses and So if - - Noise
Measu z’einents During I~SS UA YA Sea Trials  ol’ 9 I ~1 Octobe r I 96 1
and 2~T? - 26 ,J anuar v I 962 , by I,. I) . M organ anti I) . V. l~vnnett ,
CON rnwN ’r IAL. ~ April I 962
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~ O& T.& FROM SE A TESTS OH 25 JANUARY 1962; 1500-C S PINGS USED

• DATA FROM S EA TESTS OH 24 JANUARY 1963; 1500-C S PINGS US ED
x DATA FROM 18 - 19 JULY 1963 SEA TE STS I 1450 -15 50 C S BAND RANDOM

NOISE PI N GS US E D
— A RR A Y E L E M E N T  RESPONSE USED TO CALC ULATE EXPECTED

I MPRO V ED B E A N  P A T T E R N
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2. Beam Direct iv ity Patterns
The outputs of the omn idi  meet iona 1 hytirop ilone ;it it l ot I i i  ret’

( lel :Iv l ine  I)eatiis (3 17” . 000 . and 01:1 i~ i’o’spotise to t ’alldofll
110) 150’ pulses ( I lao to I 3.•i( ) c ~~ wore reeordt ’d on I ho’ S:iiil Ot ’ii 1. 4 ’
eortle i’s dese p 11)0( 1 en i~I ion ,  a I tem :lhi lp h i  licat iott a ad fi i t t ’ r i ng  in :i
I 230 to I 70) 1) c/s bant i —pass t i h t t ’r .

Ilie beam i’cSpOilses Were t ior l i l a  Ii> ’ o’d \v it Ii respect to t lit ’
omnid i roet ional hVdL’Ophoile . by :~ssu Ill  lag th a t  the iit ’ossii i’e Va r i:t - -

tkiii ~ t h e  array. tiuc to van i : i t i ons  i l l  range ~iiid pt ’opiu at loll .

~vOU Ed lit ’ tin ’ Sn lilt’ :is at t h e  011111kb r ’&’t lottal hvdrtipilont’ . .\ por
t ion (11 the di t’eeti ~ ttY patto’ i’n of tIit ’ 00(Y lW ’anl  i s  shio~t-n i l l  ii gu no
.3 . Note that the 111:1 in lobe Was ohser~ t’d \ViR’n thi t ’ r e l a t i v e  l~~’tt r i n g
\v:is i’opo i’ted I) V the t’onning to lV e r as 1) 1) 1 ~ . Tho’ highest minor
101)0’ level ~-as -3 t i1~ below ( lit ’ mit it i loin ’
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I 20 ~~~~~~~~~~
000 ° 010 0

R ELATIVE BEARING (PERISCOPE )

‘~~~~~~~ - ~ L - ’”’ ! “ - ‘ - 
~ ‘ ‘ ‘ - ‘ - “ r ~ - ? ‘ i t ? , 1 I ” ~.-

‘ - - ‘ i  ‘ ‘ ‘ t ’ - t~~ t - r ’’ : r R: ~~’- ’ - -~e
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~ 1- — - ~ I - ‘ i- ‘~~‘- I - i ’- ,-~ ~
- 

-~ “ - .-

. s ’ ’ : ‘ ~~~~~~~~~~~~~~~~~~~~ C - ~L’r s - - - ’ i -  t ’ i t ‘ ‘1

A portion of the dire ct ivitv pattern of the 0i3~ beam is
shown in f igure  (3. Note that the ma in lobe was observed ~vhen the
reIati~-e bearing ~vas reported as 013 . 5 0 by conning to~ver. The
highest minor lobe level was 5. 5 cIB below the ma in lobe.

It may be seen readily in figure 4 that the response of the ten
center hydrophones in their present locations falls as much as 10
dB below that of the wing hydrophones. Ten amplifiers with in—
dividually adjustable gains were inserted between the existing pvc—
amplifiers and the delay lines , and direct ivit y—patt ern runs were
made. The improvement hoped for in the dir ectiv ity patterns was
not achieved , however. The reason is not I~ ioivn clearly: ho~vever ,
the signal—to—noise and reverberation ratio was so low that in
these ten center hydrophone channels the principal contribution of
the amplifiers to the beam formation was waterborne noise and
reverberation. The latter situation probably contributed to the
degradation of the directivity patterns , which are not presented
here.
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-J 1c
~ Oos ° 010° 015 0 0200

RELATIVE BEA RING (PERISCOPE)
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‘
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-~c~~I ) ‘~ ~ ‘!  )7 ’  .11 : 1  ~~~~~~~~~ ~: - l :s r- .

Figure 7 compares a calculated beam pattern of the present
array with that expected if the array were relocated near Frame
3. The beam pattern was calculated from the array element re-
sponses shown in figure 4; the dotted curve shows the present , and
the solid curve , the expected improved array element responses.
Both curves are derived from smoothed data.

3. Array Gain an d Shading
To measure the array gain , the received signals from one

hydrophone preamplifier and the 000° beam output were recorded
simultaneously on a 2-channel Sanborn recorder. Hydrophones
Nos. 1, 42 , ni-sd 00 with 0000 beam output were also recorded as
describe d above . The shading factors for these three hydrophones
were also measured. This was done by recording one hydrophone
preamplifier output and the 0000 beam output simultaneousl y, but
feeding only the selected hydrophone signal into the 000° beam de-
lay line Instead of all GO hydrophone signals that are normally
used to form a beam.
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PRESENT ARR AY

— EXPECTED PATTERN OF
ARRAY MOV ED TO V ICINITY OF
FRAME 3 ON USS BA Y A

_~/t ’ \ 1
-20 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Normally the measured array gain is defined as the t ilax i—
mum lt ’vt ’ l of I he 111 1i11 beam loix’ above the average level of the
an m v  hvtirophone e Ic meats . Uce an so of the noun iii form hi y d ma
pilolle elenieiit respons(’s alOfl~ the prt ’sent I’SS BAVA l i near a r ray
(set’ fi gs. I and 5) . the nlo ’asu red and calculate d at’ m v  ga in is do —
ti iied here :t s tile maximum love I ot the ma in henna lobe above the
average level of the hvdt ’ophone elements neat ’ the \v ing t ip .  r~ ther
than refe r r ing to an ave rage level of a l l  010 ) hydrophone element s,
The measured at ’rnv gain is coi’reeted for electrical  system gains
aflOl losses so that dh’t.’ct comparison can be made with the calcu—
litted a ri’:tv git It i . ‘ru e nien su red and cah’u lated at ’ ray ga ins of the
0000 h enna are shown in figure 5 and table I . The calculated am -
ray gain al -f 28. 1 dB was obtained by using the measured relative
ar ray element responses of t igure -I. I ’epl’OdUced ill figure 8. and the
theoretical shading factors. The measured a i’m gain of 2 5, 5 dll
was obtained by averaging 2:1 signal pul ses. Th is indicat ed that  th e
measured array gain is 2 . (1 dli lowet ’ th an the calculated.  T h i s  di f—
to me h ot’ is p robab lv due elt her to I h it ’ ía I In ye of the I l A \‘,-\ to ma I lit a in
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,HIGH EST MEASURED CA L C.  ARRAY GAIN
/ ARRAY CAIN /USINC PRESENT ARRAY
/ 27 - 8 DB I ELE M E N T RESPONSE
/ / A ND SH A DING

- 2 8.4DB

~~::~~~~~~~~~~~i~~=ii ~~~~:- M E A S U R E D  A RR AY GA I N  -e IA V E R A G E  OF 23 —

SIGNAL PU L SES 1 -
25. 8 DB

~ 
10 — I t - - - - - — - - -+ . -

I PRESENT ARRA Y
I/ E L E M E N T  R ESPONSE
/ TO F A R F I E L D

~/-t 
~SiG~ A 

__________

1 60

HY D R O P H O N E  E L E M E N T  NU M B E R

he con ye ct ro ’lztt iv e b eaming of ti lt ’ Ill- ’ Xl  1’ ll~ , or to a o h i I t o ’ t ’cnce
betiiet ’n the I I AYA peri scope ht ’aring and tilt ’ arl’a~ ao’oust ic hear —

lag . Probably Lxith of tht ’st’ factor s  col lt r ihu t eol .  in the ht ’:tm
ti m ed i \  its ’ pa tte t ’tl tllt’asurenlt’ t lt s t h t ’t’e is a thitk ’t’ t ’tit ’t’ at appt’ox-
itllatel y I degree hetwet ’n tilt’ pet ’iseopt ’ ht ’aring ~tt it i tilt’ ari’a~
l~hi is is t’ont’i rmt’tl by phase measure meat S in So’t ’t ion - ‘ . l” i gure 7

sh ow s that if tilt’ beam i s off by I tiegt’et’. Oh io ma in lobe response
wil l  h ’  down appr oxiniatt ’ly li x- ~ t ill . Also , ivhet i th e sou mci ’ was
prt ’sumalily closet’ to tilt’ cot ’i’ect acoustic bearing of 000 ’ , I he
highest measured array gain from liii ’ 2~ signal pulses is 2 7.  S dli
(see fig.  S and table 1’) This is onl~’ 0. i til l below tilt’ t’n lo ’u la tt ’d
value of 2~ . I till . Therefore, the measured arritv gain of (lit’ 000 ’

beam is ~v ithin l dli at the calculated alue .
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I’ahi l e 2 ~hou-s the 000 beam sh l i t i i f lg  Iilett)l’S lot’ thre e  a n — -
t’a\ elemt ’t it s. ilvdmophones Nos, I . 12 . antI ( it ) . The measu ro t h

values art’ n i t hi in  I t i l l of the calculated.

‘I ’Alij, E 2 M F .\ SI’ilE 1) A N t )  t’ A l l ’ I’l~,-~ l’E 1) SILAI) 1N t i”AC’I’Olt
l”OR 0011 l iE AM 1W l AY I ~lN E Oi” BAY :~ t I N  FA R lIE —

(‘EI \ ’ lN ’~ S’s’Si’l- ’M - t ’SS iiA\’A Si-’. - \ ’ rESTS . I S -  19
,I I i  V l ’, I~~:1 .

I Iytl t’ ophanc Mt ’asui’t ’t i (‘a lea Iatt’ti 1)iffcrcncc
N a . ust’d t o s hadtng shad lug between
dt ’t ct’m tat’ t ao ’ tt )t’ (t i I ll lactot’ ~dlll  ca le . and
t le ’lav lint ’ a~ g. at 2~~~ i uo ’asurcd (dli)

shad ing fac t or  SLgii: I Z h ) t t1s t ~

Ilanthain Noise Signa Is ( 1-1 ,)() — 1551) c s
It Z tI l d l

-12 — 2. t ’a — 2 .6 0

tat — 1 1 . 1  —1 0 , 4 ‘0 , 7

1 — 1 1 . 2 —10 .4 ‘0 , S

1 ,~~ 00 a,- s Signa I

- 1 1 . 1 - 1(1 . -h - 1 . 0

~ ut ~ h l I  

- - - 

~0 I

4. Phase Relations Between Hy drop hones

l)uning t iit ’ sea t e s t s  of I S and 19 .1 ul~- t i l t ’ piia so anti amp l I—
tu ihe relations of variou s liy dt ’opiiotit ’s wt ’nt’ phloltlgi’ :tpiled from an
Osc I llose’opt’ si ng le - Swt’t’~i I t ’a&~e ~vli ic li sa ulpied fou r si glial s inputs
repeti t ively during the trace at a I Mc s t’ate , yielding appl ’oxi —

matel~- I 66 satll p it ’s ~x’ r cycle al t he I SOIl ~‘ 
1s signa l foi’ e :ichi chan-

nel .  Tilt’ r esul t ing displa y gave irtualh ~’ ’a simultaneous conlpnni—
son oh’ t I n ’  si gnals  out of fout ’ hl~’ tiI’ophont ’s at ~l time.
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INSTR UMENTATION

A Tektronix type 545 oscilloscope employing a type M plug—
in unit  (four—trace pr eamp) an(i a Wo llensak Oscil lo—Am aton SCOPe
camera u t i l i z i n g  Polaroid :1000—speed t ype -17 f i lm  were used for
displa ying and photographing various conthitl a t ions of hydi’ophone
signals.

The oscilloscope was set up Ion manual , sing le—sweep oper-
ation. In this mode, a sing le horizontal sweep is obtained for
eac h depression of the RESET - MAIN SWEEP push—button Ofl tile
oscilloscope . Tile time-base setting ~vas at 200 ~isec/cm, giv ing  a

display of about 3 cycles of si gnal frequency for each sweep of the
horizontal beam.

The shutter speed of tile camera was set to T th-IE . In this
setting, the depressi on of the shutter  push button opens the shu tter

a and the release closes it,

The type M p lug— in unit permitted the simultaneou s dis play
of fou r independent hvdrophone signals using tile calibrated ampl i-
tude and t ime—base fe atures of the oscilloscope . In this  mantier.
any time (phase) or amplitude var iations between any of the fou r
input signals  iluning a :1—cycle sample could be recorded on fi lm.

In recording the tivdt’ophono si gnals . the h di’ophone prc —
amplif ier  outputs i~’ere used rather than the hvd i’ophone ou tputs .
The low noise preanips boost the low level signal by 57 dli . thus
e l imina t ing  the need for external low noise preampli f iers .

Tile procedure for ph otographing the received sign als  was
as follows :

I .  Camera shutter push—button was depi’essed.

I
2 . The RESE T - MAIN SWEEP push -button ~-as depressed

at receipt of signal .

:1 . Camera shutter pu sh—but ton  was released.
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At the conclusion of tile measurements , an electrical cali-
brat ion signal was fed into the preamplifier inputs and recorded on
film for chaime l calibration purposes.

MEASUREMENTS RESULTS

Calibration measurements were made with several combina—
tions of hyclrophone elements , and all the hydrophone preampli-
fiers appeared to be in phase. When a 1500-c/s signal was re-
ceived from 1500 yards and recorded from hydrophones Nos. 57 ,
55 , 59, and 60 , a small linear shift in phase was observed
(f ig. PA , B).

When the phase of hydrophones Nos. 1, 20, 40, and 60 ,
which are distributed over the length of the array, were photo-
graphed , the phase variations were more pronounced (fig. 9C, D)
than in figures 9A and B , because the base line was longer. The
cal ibrat ion photograph (f ig. 9E) shows that the outputs of these
elements were closely in phase when an in-phase signal was
applied. Phase relationships of these hydrophones are further
discus sed in the following section ,

5. Comparison o f Zero Points of Receiving
Array an d the Periscope

Since seven photographs had been taken of the phases of
hydrophones Nos. 1, 20 , 40 , and 60 with the source at distances
ranging from 900 yd to 1600 yd , a study was made to compare the
bearing indicated from the array phases with the periscope
bearing. - -

The phases , j3~ , of hydrophones Nos. 20 , 40 , and 60 were
read with respect to those of hydrophone #1 (considered as 00 or
360°). See table 3 and figure 10.
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I’ ,- \ h i l i -  3, M I- ;, - \S t I1 l -1 )  h ’ I l \ S I - :  D1I- ’l’I - :Ifl- : N ( ’I- :S t , ; . 1

I ’ I ~l’~!~1I’~N’l’ N l M I i I ~:R

Stnirci ’ Periscope
l)is t .  hk ’n ring

Sample (yd . 1 ( 1  1 20 I i )  6( 1

1 900 — — — 0 — 2 S  — 12 0  
- — 2 7 0

II 111) 1) —— — (I  - 2 1 )  — I , ,  — I - I l )

111 1201) (1(1(1 1) - - IS — I , ,  — 120

IV 1(100 — — — (1 - 7 5  - 5 ( 1  - 2 0

V 00 :iss , ~ 0 — 7 .a -252  - - l , , i )

11) 11( 1 000 (1 0 — I 11( 1 — 2 1) 0

\‘II 1( 10( 1 35S , , ~ 361) ~25(1 - 7 , ~ — I I I )

Since t h e source u -as at Iai t ’ 1~’ close t’ain~t ’s . tlit ’ phases at
h it ’ hyd t’oplione s must ha,’ ati ~ui st t’tI k 1’ the CU t’ia I U t,e of the W a i t ’
I i’oil t . ‘~ h is Oilll he expi’essed It ) I ’ thit ’ I ~orat i :1 ri ’ar ’ :ts

‘t  ~~ — (30 . 5 — — )
7 , I 1 (30 . 5 — 1  ) SI l l  0

— (30, 5 — ) p2”  i~

- Is the phase di florenc e in degrees of a curved ~u -aveIront
I angent at a i’I’ay t ’entet’ ( ‘ 10. )~ 

- is the (11 StaIit’V () l  tilt ’ 50( 1 l’t ’(’

I t’om the a i’t’av . and th e di sI anot ’ I et ween e 1 t ’ments , expressed
in numix ’i ’ of wavelengths.

‘ N a vv Elect ron it’s La lwii’a t oi’~’ Ilepoi’t 1105 , Simultaneou s ~I a lt  I
heant Phi~sv Conipensat ion: XII , hleani I”ornia( ion Wit Ii I inear .
(‘i i’cular . and (~eneI ’al Array s  by Pllase Comlwnsat ion : Sunintar~-
as oh 1 962. by It . P. Kenipf 1 . 7 May I 962 . p. 66
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I”ot ’ P 1’:tet ical I)tlrPoses lor t h is :i i’i’a V t h(’ C(I i’vit t UI’ (’ phase
di t Ie t ’enet’s e:ui lk ’ wL ’i t t v i t  as

ISO -
~

~~~~ = — — I (30.~ — )

T:uble -I shows the phase dif te t ’ ence ( t ) prothieed iay the
cut ’vea ,h wav et r ont at the ele ment s for the v ar i ou s distances . for
i’e la t i u  hearing 000 .

Tab le - a and f igure 11 present the phase differences adjusted
lor the curved wavefront.

The ind icated bearing was then coniputet i by us ing  the t I i I —
tvI’vUces in phase (i3 : — ) of the elements taken two at a t ime
anti averagillg for the six combinations ,

I-’ot’ t ’xatliple :

(H — 
~t ) - ~~~ 

—

0 , ~~ = 1t ’ (’ sil l ~
—20 )

Tahh(’ 6 shows tIle resul ts

l” oi’ (host’ with no Pe1’i5cop~ ht ’at’iug l is ted . 000 ~u as
a ssu lll( ’d. ‘I ’hit ’ Uve l’agt’ d i I I  (‘l’t ’ll(’(’ ill henri  ug was I - 0 .  5 . wit Ic it
was also indicated l ay t ile beam d i r e e t t u i t v  P :tttei’iis (fi gs. S and 6)
It is coite iU(k ’d I hat the inca SU red phase di Fly rences a 1,1’ u ’onip l( ’t vI y
:u ’cotinled for by the aiight ’  of :i rn u-al a ml waveli’ont t’u i’u at.u rt’ -
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l ’ \ I 1L  1-~ 4 ,  ( ‘5~t ( ’ I I \ l ’ I - : I )  l ’II . \ Sl-  l ) h I - - l- ’ 1-: ( 1I~~ t ’I-:s h- ’’ )Il Ill- h .\

I’i \‘I: I II - ; \  I ll Nt ; OO0~ LII - I-: I’ 1 \V . \  vi-: 1-’ I~ )N 1’

l~:Ll•:Ml: N - I’  N t 1?~1BI - R

I )istant’t’
1\’tb 1 20 - ( ( I  61)
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‘ - ( 9

( 0 ( 1 ( 1  — - 1  I — 6  — , I - I

— ( 0  — a  — 4 - ( ( 1

1200 —:17 - .~~ — I -

160(1 —2~; 
- :~ — a 2a~

I’ .\ I I I  I .i , I~hl:\ S1 I ) h I ’ l - ’ l - :h l l - Nt ’ I-:s .\l’’ l ’ l-: U ‘ iIfl~ I : ’ flt N I - a ’a ll
\~‘\ \ ‘ l - L- ’l~t ) N I’ t ’ 1 I ~\ \ 1’ ( U1 -  - - — 1

l~:I l-: M I:s -I’ N l l ~h l1i- R

Source
I) i s tnnt ’t- t’ t’ l ’ tSt ’oh at ’

Salupk’ (yth Ilc:ti’ing t 1  I 20 ( I )

1) 1) 1) — — —- 1 ~ ) — 1 9  — I I ’ ’ 2~’ I ’

II 1100 — — —  - 1 0  ‘, ,  a — I I — ( 1 ) 1 )

111 12011 (1(1 1) a7 , a ( )  — I I -- 5:1

l\ ’ 10(11) - --  I I S I  6-I

\ ‘ 901) : 1 , ~~ - - 1 9  69 2 - 17  — - 1 1 ) 1

VI 1 000 01)0 1-1 6 -- 9. a — I . a6
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TABLE 6. COMPARISON OF ACOUSTIC AN!)
PERISCOPE BEARINGS

Mean Measu red Periscope I )i fiei’eni’es
Samp le Bearing, M (~) Be aring,  P (o )  (P — M) (a )

I - 1.4 — - -  +1 .-I

II — 0.5 — — —

UI —0. 6 000 +0. 6

IV 0.0 ---  0. 0

V — 2 . 4  — 1 . 5 +0, 9

VI — I . 0 000 +~ ,

VII — 2 . S  — 1 . S + 1 , 0

A ’~t’}’ItA(’,F 4 fl , ‘-~
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CONCLUSIONS

I . The rt - sh-Nan s(- t a t  h v t i l ’ t apho lia, ’s is flInt  e rh O lv a IIectt ’d by
pl’t -ax i l i u i t y  t o  (ha ,’ 11(111. least i l i l a , ’  i I a ,  I ’el i a, ’t ’ u l - I l s  ob served in the
~i i lh~ t I l l s  and at I he Iaouu - - It I~ s ont ’l t i t l t ’d t l in t I -e loa ,-aLon 01 I l i t ’

p l es t ’lu t  l’ a, ’a, ’t’I u l l l t ~~a I ’ t ’ :l\ t o  ( l i t ~ u - Ia , - m l  lv  ot I” i ’ :lnut ’ ~ 51)0(11 0 nipl ’ovt ’
beam i a a t t ( ~ r l l l’t ’sponse .

2 .  TIta, ’ ~t i’ i ny t h i l’t ’t ’h i i  i t \  p a tt t ’rn s  slto~u- b igh t  U l i l u O l ’  lobe
le u t -Is as ohst’ nu- eti in  ear l  it ’ I’ h’ sts .  ‘Flu! s is at tnituuted to hull
shadouu- i lug.

~~~, T h e  mt’asut ’ed ai’l ’:i g~ui n  is In good agreement w i t h l  the
ga ill cal cal at ed from the lilt’ a su i’ed hydrophone responses.

-I. The measured p11880 relations between hydrophones
agree wi th  phases calculated from the angl e of arrival of sound. if
I lit ’ a, ’ti rv a tu  I.e t~t~ the wave front is I tukel l i tito account .

- a . \ systematic differeact’ oI ~ I dvgi’t’e between t h e  zero
p01111 ol th e  t ’at’ i i  st -opt ’ ilIlti  t h e  :lcOusI it ’ h ear ings  ui-as es tab l i shed .

U.-

I- -, 1RECO MME NDATIONS

Invest i g~ut e I be hul l  i ntt ’ i’te rence e t I~et~t in a sy st t’tluat ic
fllnlul lt’l’. possibly by using scflli’ niode’l s,

2. Dde rmi no t iut ’ opt! iuiu Ill I ot - at! on fo I’ l ouu’ — frequency
lIflOli r l’ t’ a ’ t’  lvi ng :ii~ l’i i~~S aboii l’d a s’uhnia n ine .

.12
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