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Section I

The prasent rsport deals =ith twe sound pronlemsy (irst,
"oound Hesesrch and Isprovesent,¥ aud second, "Asduetion of
Cound Generated by RKavsl Vessals, Under the first {t de-
scribns the progress msde in echo detection equlinment durling
the Last three yesrs snd under the second, it covers briefly
the zound anslysis work done on the 85-Q, the LollEL, wnd on
sropeller models snd discussog esrtain deductions tharefrom
2% %0 the sources of the underwster sound gener.ted by Nawval
vezsels and their contribution to the general background of
nolze Lched up by the acho dsteetion apparatus,

Gection 11

(1) 2utline of Teat Progrem

Dafinite knowledge of the »rosent statur oF thess o
clogely ralated problems hus resolted from & sound test pro-
gram esrried out on the HEMEYS in the New London ares Suring
+ the seriod July 6 - 8, 18%7. & brief outline of thiz urozram
followas .

{(a) Test both ns sound trinsmitters snd sound re-
coivaers the following types of transceiverst

(1) «<C-8. BSubmsrine Siynsl Company production
model, &k £4 Xilooyele sagnetostrietion
transcelivor., HRadlating face dlometer 14 inches,
Housed in spherical cuaes

(£) (C-BB. Submarine 8ignul Compeny tost wodel.
& 17.9 kilogycle magnetostriction tranzosiver.
Rediating face dismetsy 1¢ inches, Housed in
apheri [ 73 [ 2

(3) 3cB. 013 Mavsl Research Laboratory type. 4
rochelle salt transcelver., Radlating fsce
dianeter 14.5 inchess A broadly tuned trains-
csliver designed to operate over fre;uency
range 17 « 25 kiloecyeles. Roused in sphericsl
A R0, ,

(¢) XtBe Bow Navsl Research Laboratory type. 4
rochelle salt transceiver, broadly suned te
operats over freguency range 17 - 30 kilo-
oycless BRoused in a semi~stresmlined :giin-
drieal cuze, Rectangular shaped rediating
ares of dimensions 18 inches by 16 inches.

“wlow I



(1) 2.C. Hex Huvsal Hassurch Ladboratory type,

5 An uatuned noznstortrietion transcelver.

5 Designod to operste over the frecusncy
range 1% - 40 kllocyclas. active elenents
flstiened nioikel tubes, Designed orils.rily
for detscting -ropeller sounds. foussd in
non-stresmslined case.

(8) ¥.0. Hew Naval Reseusrch Labor:ztory ty.e
opsruting on pure electrodynusmic ardncivlas,
fechsnically tuned to 7.8 kilogyclus,
Zailsting face diameter 17 inehos. Housad
in non-atresamlined case.

sgZks  In eddition to the above six types, the DHEANELE had tost
dntn on Lo othsr transceivers developed by the (ubmirine
£4snal Company, one 5 4 kilocyele mugmetostrictlon huving
radlating face dismeter of 18 inches which we lateol «O-%
gnd the othar & «B of the sume r:diating ares. 7The sound
gensrated by these can be roughly caleulatsd 1n stzolute
unitz through their ruting by the FERKES as comu o4 with
the .Ce5, Such computed ratings ere Included in Teble §
vhich follows later.

(b) Compsre euch type transceiver with (l-b for
dstecting 8 submarine by echo under various
oparating conditions, Dstermine Mzniting
acho renge for eaxch Lype.

{¢) Hake undersster sound snalysis of GHENEY st
the Zollowing locutionaj D-i tubs, ¥ain ‘ound
Room, and Forward Zound Room, asing DeI type
rogivers in sll three loc:ztions, and in xddl-
tion using the C-5 mountsd in one well of the
Yain Hound Room. :

The procadure followed for testing the aeverasl Lype:z of
transceivera both as transmistters and racalvers devends on the
use of s standard crystal recolver c¢allbrated Lo meimire in
abaolute units the pressure amplitude of the impinging sound
vaves, This measurement persits computation of the sound

-intansity through the well knosm relstiomi
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voarn T 4s the sound suergy Cloming througn s oanlt sred ot
the loc tioen of ithin rrcalvar,
v, the prassure saplitude 9 the zound w.vsy macting
ths raceiver, u
/0, the denclty of the sound conductine weuium snd
¢, the velocity of the sound waves,
ince both (L) end (&) wre known, 8 messurewent of (p) saruivs
ceturaiastion of the intensitye.

I¢ may be goted thet thip rsiort s the firsi, in this
country &%t lesat, to record messursments Of the rtrolute ine
tenzity of underwsater sound signsla, The teehnicue end imp-
sertonce 9f such messursments ..re consldered laster under the
Leading TLILCUCOALE® a8 ere aleo the discrepencies hotraen
the ratings of the saversl transcalvers from routine mesurse
mente Rode by the JUEMAR snd from the test gewzurszants gale
by Haval Faezesreh Laboratory cersonnal using somavrhet 17fer-
ent rechaloue snd appsrstus,

The standsrd procedurs for testing soundc trensmiitors

by the Skkabi' pegrsonnsl §s5 w3 follosae

(8) The trzasmitter is wountusd in one well of the main
sound room and Alrpected toward B type Le! reoniver
which ~eriscopes Lo a dapth about | feat bBelow the
¥xeel through an opening on the starbourd side ol
the aesl, 1ts location i3 about 180 feul sstern
of the transcelver under test, The trinscalver is
oriented sbout the azizuth %o the »oint whére the
D=l gives mexioum response, %the De then ilsz on
the s3xis of the sound boame.

(b) 7The traensceiver 1s energlsed st dLfferent fru usencies
by tuning the driver conzecutively 0 diffarent knoswn
Trayuenclies and the D-i rezponse in declibels or willl-
volts recorded for each Irecuency. The so-cullad
*Intensity-Frecuency Curve® raeaults from plotting
De% passonse ag ordinsies azalnst ecorresponiing i~
nal frecuency as abscissue, The maxipue ordinuits of
this curve glves the resonant frecuency snc 1ts
braadth gives the sharpness of wechanicul tuning of
the transceiver,

(e) The driver is set at the resonant fracnency of the
transceiver and the responne of tha D-! recorded for
inereasing power injut %0 the transcealver. The so-
called “Intensity-Power CQurva®™ results from plotting
Deg responss as ordinates agalnst corrssponding pover
input as abaclssae, OSafety precautions usual
require that the power iajput be kept within the
linear range of this curve, :
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{4) The porer lnput Lo Whs rpanaceliver 1y haeld constont

st the razonant Trecyency «nd the reg onsze of the

Te” proorisd sgpelo-t bHearing asz the transceiver is
N rotetagd step by ste- about the arimith. The 50«
cnlled Thersm Yiath Curve®™ 1s given by plotiiny the
' Pas@MEE H6 orilne!od sgainat corraronilog
srimuth haering sg obselsste. 1t shovs the sngulsye
aiztritution of she sound anergy cnd hance the
dlrective aelectielity of the treanvceiver, This
plot L5 prefersbly sede in poler coordinates,

This ,rocedurs L3 subfect to erisiclizm on Lo prounde

Lot tha ressease of the Bel poesiver results Trom hoth the
tmept and hull-reflectsd sound Lto shich Lt 12 or osed, The
‘nuse ralrtion batveen these “wo couponants nf tha ragolvep
Jetorsines whether they ada or subtrrct, It changes vlth 'ne
sitch of the signsl and robxbly to pome exient wlith echuning
tuibulant eonditione slong the twe sound puthe undepneouth fhe
#hiipe

The Huvel FAegesrch Laborstory toats svoided the lanterfer-
ernce of hull reflections by mounting tha racelvsr In the seconé
wull of the zsln sound room, tharaby glving sn athwort ahlp
sound puth botuesn teoarattier and veceiver of $-1/0 feet.
Since the line of centers of the lowared transmititar .nd re-
‘oeiver lies swbout I feet bslow the keel, the sound bese In no
cnse spracds sufficiently to strike the hull and reflaect on
the recelver, The ¥sval Reseurch Laborstory teste exployed
_the calibrated erystal recelver instend of the -t to permit
reducing the messuremants %o sbsolute unita.

The beam xidth curves (Intensity vs Direction) faken
atheart ship laek dizeriaination baceuse of the seell oross
section of the beam &t this short range as compsred vith the
sagtional ares of the roceiver, To better illustruts the
ream cheraeteristics of the sevarsl typwr of transoeivers,
wich curves were tiken st a range of about 80 fest by using
the [ei of the forwsrd sound room as & roosliver,

Thus, it will be seen, the testing of & trunsceiver uz
a sound transmitter recuires the experimental determinstion
of three curvess

(e} Intensity va Pracuency - Fower fajut held constant,
This curve gives the resonsnt {raquency of ihe irans-
caivar and by showing the sharpness of reagnance
determines the degree of 1ts mechenicsl aelectivity.

(b) Intenaity vs Power Input - a4t resgonant fracuency, -
The szlope of this curve iz a measure of the peousti-
cal efficlency of the transceiver sad hence inilcstes
the power limit So shich the transcelver should bs

ol
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cyageads  From tho pteasioolnt of DOLh auloty end

economy , the ser shonld never prectly exensd

the linase p.once of this enrve and normelly should
1

(]
i
ne kept *ithin thisz Limit.

(¢; Intenzity ve ssimuth. foponant fro usney nd
constent ;ower, This eurvs shovr the snyuler ¢fg-
tedvution of the foonemdsted sound cnd hence the
ddractive selecrlivity.

LStk curvar foliow ir the akova order for ecoch of thne six
rrsnsewivers tasted,

(b) Preggnistion of Lints for Trinscelyers

Plutes 1, b, and & neprtein to the Cef, Flote 1 tyos
&8 resonance fre.uency of .8 kilecycles sng wweronlocl
seioctivity of 8l

The machaniecazl nelectivity 1z herein defined

ag tho reti{o of the resonant fre uvency to the
¢idrh 4in eyeles of the Intenslity vr Froousnay
Curve =% =n intensity level * deciheles Lelow

the naximme.

Flate ¥ holds iinenr well beyon® “he PHijh Jover® sadbtiag
0f the driver. ointe® 1 rnd © om the curve coressi and 2
"Low Sowopr® snd Mifich Poser® zetiings of the (Cef rlvere (ns
axisl intensity in milliwstes ser aguere centimerer 1 th
4«1/% foot sthwsrt ship renge is 7.9 for "low Yorer® ond
ror "High Power.® The Beval Reseurch Laborstory 1 kilov.tt
drivar was used to develop this eurve and L0 agsurs - uin=t
domags by overhesting st the higher povers, the key v:3
closes only during the briel interval re ulrad to rs 4 the

Rater,

Plute 2 zhawz «» heum width of 20 degrecs. Tha lotonvity
of the first lobe is i%.6 decibels helow the azlal intunalty.

The beam width iz hoerein taken us the snele rubit-ndod
between the tvo rirst uinime, one to the right :ncd the other
to the left of the besm axis. From thooraticel conridsru-
tions this angle i3 relsted to the frecusncy md Admensions
of the radiating face in accordence with the esustioni

1s half the enguler besm width,
thée velocity of sound
the fresuency of the gound zigmal and
the radius of the circulsr radlnting fucey
the wevelength A

ﬁ
_ehere 6
v'
ﬁ’
ﬁ
[}
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s oaary aluo oradbts that the dlflference batwesn tho wilal
1tes inctey and thst of the first lobe should spproxiumate
AT o ansciuelse

Thane theoraticsl dadnetions follow Jron *wo sessum tlonss
trat, that #ll nerts of the circulasy radlating fuee seciliinte
Lt ecual amplitude sna huise (like the ond of u drivena
A=ton) and second, th.t the circulsr radioating fece Ll cen-
rernd An 8 plane baffle of large area (cimilor to a ;lston
“1tted into a hole in & waull of large dimensione) which pree
vonts any of *he radictea sound from penatrating ithe roglon
ctok of the plsne contuining the radiating facs.

The heawvy sound-imparvious caesing of the srinacslver
sarves in 8 practiecsl way to replsce the theorsticel b Tie
and therefore the Srunscelvur bes@-putiern agrens Cioswly
“ith the theoretlicel 1f the shole rodfsting face cnclllates
tith uniformity of smplitude snd phave, #£8 8 rerult, »
comparirzron of the theoreticsl and experimentel beim sidthe
shows whether or not the ruc¢liting fuce, &5 & vhoale, 1n
operuting vith ropar coordinution of wmplitude =n? phuce
to yive the maximnm concentretion of sound eénerpy #lony the
beam axis., The informsxtion ;iven by such compariropns will
to covered leter., It mey be stated, hovever, that lhe thed-
" roticel besm width of the (C-H computes to be VE.1 deyress,

™e sasembled information derived from these three (=%
- urves s

lg fesonence fracuency - %.8 kiloeycles par second.
Wechsnical relactivity - 81
3) Beeas width (theor.) = £5,1 dagrees
Feam »idth (ex),) - B0 degrees
Intensity of first lobe 1%.,5 decibels below
axial intensity.
(8) axilal intensity ut ¢-1/7 r%, renge (low jowsr; -
7.2 milliwatts per 22 ,0m,
4%1sl intensity at 4-1/0 24, runga (high ,omer) -
20.0 millifivutte or sg.om,

Such datu, derived from the expsrimentil curves for sach tyLe
of transceiver, sres asseabled in colusns 4, 8, 13, 11, 17, =»nd
¢ of Table 1, which contains all the dste pertaining to or
derived from the trunssitting tests,

. Columns 1 and 2 of this table give re:z.zctively the
direct current and resistince for the different trsnzeelvers,
From these the d,c. power used for polarizing is comiuted and

_tabulated in columm 3, These columns are blsnk in case of

ol
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t=: rochglle salt transceivers since thay 49 not reculre
srecrization.

Column ¢ gives the Machanleal Resonance Fracuency (Po);
column 8, lubeled A F, gilves the width in cyclexr of the
_intenelity vs Frecueney Curve I decibel: below the polnt of
“rexiamum Intensity. The ratic Fg/A P gives the Hechsnical
celectivity or Sherpnesa of Yechanlesl tuning 43 tabulated
in columsn G, Fon-resonsnt reculvers sre not mechanicslly
selective,

Coiusns 7, 3, snd 2 give respectively ths sound wave
length (A) and transceiver face dimensions nsedad for
computing (£6) the theoreticsl bLeam »Ldth sa tabulsted in
colusn 10 and whick may be compired with the corresponding
experinentsl width of colusa 11, Column 1t gives the ratio
of the zuximum intensity of the first side lobe to thet slong
the besm axis and 13 glves this ratio in decibels for reudy
cozparicon sith the theoretical velue of 17 decibols,

- Columng 14 to 18 inclupive have to do with the a-c ;owsr
supplied to the tranecelvers, giving respectively the aec
current} s=¢ voltage across the trensceiver terminslsy z-o
volt-zmpere product; s~c impedence ip chms) »over fsctor vhen

"suffletent dets vers awvailshlej end finelly the s-¢ power in
watta wherever the power fugtor could be determined,

< The input a=-e¢ power in watts, columm 1B, diwied Linto the
total sound cutput, columm R0, gives the acousticsl effielency
recorded in column 21, The meoustical effieiency of the (C
and BE types 1s indefinite. The values recorded wers obtained
by using volt-smperes product in plsce 2f s«¢ powsr snd as ¢
result these valuea ars too smald bucsuse the power faotor,
shich msultiplied into the volt-anpers produet ziver the se«c
povar, cannot excesd unity. 4£11 that os» be cluised for these
types 13 that thelr acousticsl efficiency is not less than

the valuex given,

Columns 28, %3, and 24 give the axlal sound intenaity in
nilliwatts or ulcrowatts per squere centimeter for the resjisc-
tive ranzes 4-1/2 feel, 180 faet, und 3000 feet. The intensie-
tles for the 3000 foot angd 160 foot renges, columns %3 and 4
Tasgecsivaly, are cosputad from the aessured wvalues st 4,5
feet by use of » theoreticsal relation detween axisl intensity
&nd range vhich assumes no sttemuation in tramsit and no sure
-Iace reflections,

Column 25 gives the ratio of the total sound ocutput of

-the sevaral transceivers opsruted at verious | r Input to
the total sound generated the (Co3 operated st "high pover,®

P



Columns 978 and 7 gilve the ratio of the axlal intenxity
of the seversl transceivers, oper:ated st wvarious power input
45 the axial intenaity of the LC~B operated at *high pover,*
This ratio proves to be practically indepeadent of range but
it way bs noted that the Nuval Research Laboratory results
srecorded In column 27 sre for the same range, 160 feat, a3
for those tsken by the SEEMES and recordad in column 8. As
stated sbove, the figures given by the REMNES owun be criti-
eized on the ground that the roceiver was sxposad to both
direct snd refleocted compoansnts of the sound hoam. Thies aey
sccount for thé lack of sgresement,

The oversll dirmetivity of en echo detecting syetes using
eay of the Srinsceiverz Tseved 4s hish bacause 1ts dlrectlve
sropapties comé Anto play both on transmtesion of the rlignal
and reception of the e2ho =nd, as & result, ths etho is hewrad
only when the sxis of the scund beem 12 directad vary approxi-
mately &t the targst. Thus the echo effectiveness of » trans-
coiver is largely detersined »7 the axisl intonsity of its
algnals, Column 77, theraorc, rntes the several transcelvers
in aceordsnce wilh th.ir eche a2ility in termy of that of She
(C-5 opersted &% "high power.” Theze ratings ers assenbled in
Tabls & together with those of two other models - lsbeled
respactively GC-? and 0B, dovaloped by the Zubmsrine Eigasl
Company ¢ad previously tested om tho IVWEER,

(e)

The (C»8 experimental b%ﬁi?w&dth (26) 18 20 dsyress
vaile the thsoreticsl value is only 5.1 degrees, Inzarting
the pazrured value of O in the heam »id4th formmla,

sin 6 = 0.8 ?\/B:

glvaz the efZective radius (R)., In cther words, 1t gives the
radius of « ciroulsr sres which, oseilleting &t ecual smpll-
tude and ;ﬁusa, vould generste the gape »14%h of hewn, In-
serting 15° for © end T.495% for A , &z reserded in column 7,
Table the effeetive value of B prover to be D.H8Y a2z cone
pared vith the ectusl radius of 7%, The percent of the total
face ares that 1s effe¢ctive 12 therefors

e
affastive azes = 28 . 0,708
L H6Ce APRA - vﬁ

‘which meens that sbout 70X of the face sres is activs und the
' :ttzx 08 iaizugfigwtigtz ™Thae zmksonghﬁhq &ama@iga ta{thg
etive srea is ' he sysae of the bean pettern (=&
Plate 2) indiesies %kﬁt the &eta:{ redisting sres is elirou-
lar tn form, This loads te the oonclusion thet the radinting

£33




Lros 15 contarad 1m the face with a redius equal to L
incres and the inactive sortion consists of the surrounding
ring-shaped area of 1,1¢ inchos rxdisl width.

Conslderstion of the mechanicsl design lends credence
so this conclusion for the setive tude slements :re srranged
in checkerbosrd speeing over the circulsr face snd this neces-
sarily imposes unequal plats loading on the oulsr alements -
those locstsd next to the circular boundsry, These elampents
sith their ncp-uniform plate load will have a different
ragonant frecuency from those on the cantral portions of the
plate where the losding per tube is unifora, If this aiffer-
snee is more than the coupling esn pull into phase, #8 &PPears
srobable, the outer portions of the circulsr plite sres will
become relatively insetive.

Fellure of any transceiver to utillize the whole fage ares
iz & serious matter for it not oaly reduces the totel ®ound
output in proportiom to the ratio of the inactive to the soctive
ares but 1t further reduces the axial fntemnsity of the sound
it does rsdiate by spreading it over a wider besnm.

In oase of the (C-5 the inactive ures reduces the sound
autput by about 40% end in addition makes the axisl intensity
of this weakened signal about 355 less than it would be 1f the
sound were rediated uniformly from the wbole plste srea. This
fault of the (C~5 osn doudtless be improved through properly
dirseted ressarch, If it were aueirzii overaoms the axisl
1n§ansity would be incressed to about 1.9 times its present
valoe. -

The suppression of the rirst lobe to 15,5 decibalrs below
the sxial iptensity 1is gquite satisfactory.

The experimental besam % of £9,6° st "high power’
agreess well with the theereticsl valus of £9,5° and the oup~
pression of the first lobe to 14 declbels Below the axial in-
tensity is satisfactory. The whole face spas &t thie low fre-
suenay, 17.5 kiloaycles, appears to escillate with preper co-
ordination of smplitade and phase, The total sound radisted
(nigh power) is ¥2 watts as eompared with 27 watis for the
(CeB, rn¢~@e-s§ 17 taproved to get sgually goed phasing,

unifors 3 » 6nd equal face sres as eompared to the
LC~5B, be superier %o 1t., It is doubtful if this eould
be aeca:ziidhcﬁ »ith the present restangular arrengement of
tho 4riving slements,

As these $vo transceivers stand, it is probable that
oa’-gunnn echo tests weuld »ligh favoy the (C-58, It
would be & mistake, however, to comelude that the lower fre~
quency is more faversble for sshe detsstion. iny supsriority



tr.e (C-5B msy show is due to fallure of the zC=5 to function
sroperly rether than to the axcellence of the ¢C-8B, For
“¢esnite the fect that it properly utilizes its vhole face
area, the sound output per unit srea is sbout 7% less than
that frow the sctive aresa of the (C-5, end iis wide becm
necenserily roduces the axial fntensity.

Isprovenent in the Submarine Gignal Company's (C type
of trapaceiver, 8s regsrds transsission, would appesr to lie
ins (a) meking the resensnt freiuency ot least rd kilocyeles)
(b) increasing the fsce ares ss much as possible; and (e)
{uprove the design s0 thit the whole face ares will radiste
Bore effectively.

B 3 i F2EY 3. 5 SO Iy F & 1

The theoreticsl benm width proves to bve £0.,7%,%hile the
experimentsl, ss taken on the CEEMES, i» 17° :nd as mesmrsd
on ths sound barge is 18,2°. The intensity of both the first
and second lobe is only 8.5 decidels balow the sxisl intensity.
The effective face radius eomputed from the 17° beam vidth is
10.8 inches and fros the Naval Research Laborstory bean ¥idth
2.8 inches. The dismeter of the fsce i3 17 inches snd of the
face plus the flange 1s 19.5 inches.

Thus the effective dismeter derived from the Rarel Be-
ssaprch Laboratory Deas width mecsurement takem st a range of
B0 feet in comparatively opsm water is 19,8 inches oOr practi-
celly equal to that of the face and supperting flsnge., The
offective fuce diameter resulting from the BENMEE mecturement
18 £0.8 inches which is pore than an ingh grester than the

saxisun dismeter of the trensesliver.

Since the retaining flange is dolted sgalnat a rubber
gasket sad not rigidly sgainst the mesalve case, it could
posaibly oseillate and radizte a considerable mmount of energy.
Under wmich eonditions the setive dismeter might de agaitnlaut
to the face plus the flange as indiested by the 18,17 sessure-
ment. But mo plausidle explamation has besn found %0 account
for sn effective diameter greater than that of the trensceiver
other thas the possidility that the besm widths unsasured on
the SEMMES, where the receliver is sxposed to both direct and
reflected components, 4re BOt very socurate and presumably too
m’”b

. Phis transeeiver shows an undesirable smount of redistion
{n both the first sad sscond lobes,but despite this the test
data give it » Deam redistion of E7E watis as compared with
_abous 36 watts fer the OB at migh pewer,® Its measured
‘axial intemsf®ywas 12 times that of the QC-5, measured at
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zixdsmm power and et 8 lower power imput, kr, Borna's massure~
%218 sivas 1t & fsetor of 4 over the ((-8,

~ ™his trsnsesiver :rovas tw have several fovoralle featursag
{s) 1te scousticel efffciency bolds constant up t0 Rie¢h power
tnocty () the resoment froguency lo constant sad independent
of the power fnputy (¢ Ltz rezozasnce fragusncy and mechanical
celectivity 12 ;racticslly ths szms for both transmission aad
rroeptlione It »ill be asan that the (C types 40 notl embody
theze faverable features. Thesze imprevaed charascteriziies sre
especislly wvaluable in wako 301k

Thiz new type of trangcaiver, shich 1z still in the develope
asntal stage, glves excesllent promise of supplying most of the
reculresants of & tuned or mechanieally suelectlve transceliver.

It rescing t0o effset & bettar ampular distrimation of 1ts radi~
ated energy, saich will prebsbly result frok a stuuy of ihe
flange mouniting, sad yrovide u sireamlinsd houszing. '

This transcofver st L4 xilocyelsas glves gnmaramimml baan
*14th of 2%.,1% sgainst a messured =idth of Il.5%, This device
hotses uwithin ths csse froe of {lange and radiates through a
slane rubber diapghregs that gives no mseasurable distortion to
the angular sound distridbution. The amplliiude 224 phesing of
all portions must approsch the theorsiical uniloralty Jlor the
Jevice is theroughly mon-resonant, Yot the besm widtih a2
measurad on the SEMMEE 13 1.8° less than the theoretiosl. Hare
sgein 1t loeks #2 though the bosa width measurasmis wade on
-the BEEMESE are too narrow. The first lobe is only 7 decidels
below the axisl intsnsity. The relstively high intensity of
the first lobe 13 probu gaussd by partial ahsorption of the
radiation about the perimeter of the faee h%nbha cork sounting
and the lov ssnaitivity can be aseribed %o buekling of the
04010 inch materisl of the radiating face. The BEMMED gives
this trunsceiver & ratiag of 9,01 which differs radically Iros
0,5 computed from Ladoratory measurements. In ths opinlon of
this Laboratory, its performance is about aldvay betwsan the
"high power® nnﬁ *low pover® ratings of the LC-B.

This transceiver comos nearazt to belng mechanlcslly nom-
rasonant over the workable superscalc freguenecy rsnge of any
thus fay tested, As such 1t should serve well for detseting
propeller sounds snd hzhxroylr design cun be made & falrly
§00d nom-resonant trensmitter, partimulerly if 4t eaploys one
of the alloys of higher ungua&aahr&uﬁivc sensitivity, However,
there ia rosaon to doudt thut ¢ can de msde to egual the non-
Tesonant CB types. |

; -

. ¢ theerstical, becn width st 74 kilocyeles is i7.
the measursd 1s 19,8°, HNere the curved rubber sindow of the

L~



cylindrigal housing was expectaed to spread the sound beam to
about #1%, Either the index of refraction tzken for the
rubber is too large or the BINKEEZ measuroment mokes the angle
of spresd toe small, The suppression of the intensity of the
first lobe 0 l4.3 decibels below the axisl intensity is
satisfeotory.

This tranaceiver 1s browdly tuned, mechanically, at El
kiloeycles, It radiates 68 watts at this freguency yhen
ensrgised by 881 volts s.c., across the transcelver. At id
kllocycles and this same a.e. voltege 4t radiates 57 watts,
The device 1ir designed to take 1500 volts snd after the echo
tests were compleated it was energized to this voltaze st

23+8 kilocyeles for the BEXMERS to make comparstive acasure-
azents with the (C~B, From thess messurements and the Libors-
tory tests of the (C-5, the sound cutput of the XLB computes
to 77 watts, Ho messursment of the osutput st 1500 volts and
resonance fregusney of 21 kilogyeles haz been msde, I the
sound ocutput st this fregumcy remsins propertional tc the
pover input, the total sound redisted would be about 580 watts,
This mﬁ nearly equal the performence of the slectrodynamie.
Thus, 1t will be noted, the rating of 2.6 st the optiasum fre-
cusncy foliows froa the low input voltajge of £61 while the
ratings of ¥ snd 4 are for the respective frecuencies of 24
and 23,68 kiloayeles. The rating for 1500 velis at the resoasnt
fracuency of £l kxilocycles be adous 10, (Ses Plate 19
for linearity at 21 kiloayeles.)

- The tasts show that this breadly tuned rochells salt type
of transceiver s capable of trensmitting an intenss signal
*ith the energy png:ﬂr distrimted Detvesn the centrsl beam
snd the udimﬁ lobes, Its acouatieal efficiemay at £l kilo-
cycles 1s 14%, using volt smpares in pluce of power, The in-
pedance of these transosivers is highly reactive and the power
factor is prebably mot grester than + Thus the acoustical
sfficiency mast spproximate 308, This means that with sgual
power impul this new XCB generates » signel with axisl inten~
ity frem & to 10 times that of the (OB,

N

(2) zsesivar Performsacs Zests
(o)

The proesdure for testing & transceiver &3 & sound re-
Seiver oonsists of meumting the transceiver in ons well of

the maia seund room, the salibrated standard receiver in the

other well snd reseiving on beth signsls of variess imtensity

and frequensy transmitted frem & unted
the sound yoom, The in

terns of pressure ampliteds of vaves is deternined




s.m.fe that the signal gensrates in the trunscelver is »
‘zessure of its sensitivity as u receiver. Herein e.m.f.
“{s measured in microveolts and pressures in bars (dynes per
square centimeter), Thus the receiving sensitivity of the
transcoivers tested is expressed as nierovolts per bar,

The sensitivity varies with the frecuency of the signal
snd vhen plotted against freguency glves the "Bensitivity vs
Fregueney Curve® which furnishes complets data for rating
the recsiver, Such a curve follows for esch of the sevaral
transcaivers tested at New London (Plates 57 to 25), The
highest point of this curve gives the maxisum rensitivity
and this ccours st the resonant frequency of the transcelver
m.? 48 £ >, The ratio of the resonant frequen~
cy (fg) to A £, the widtk of the curve in cycles &t § deciw
bals ow maximum intensity, gives the mechsnical selectivity
or sharpness of mechamical tuning, 7The nou-resonant trans-
ceivera have no appreciable mechanicsl selectivity,

The sslectivity factor becomes of prime importance under
the conditions that prevall on shipa of the sorean becauss it
mensuras the ability of the reseiver to filter out the intense
echo-musking locsl noise, MNechanieally tuning s tranaceiver
-1uproves Ltx sceustical efficiency as & transmitser, but this
13 net extremely impertant for the efficlency of ths XiB is
fully double that of suy of the mechanicslly tuned types, 4
_transoeiver 1is designed for sechanical resonsnce psrimarily to
aake 1t an insemasitive receiver of looal disturbing nolres
end, thersfore, mechaniecal selectivity is the most important .
single factor defining the effectivenass of A resonant roceiver,
Plate 27, which will be explained under "Discussion®, shows
graphi the comparstive sechsniesl selectivity of the
:h:o; resonsnt transesivers, (C-B, GC~8B, and XCD, scting s

2CRLVETS, '

The curve of Plste £0 refera %o the (Cel. 7The msximun
sensitivity ogours at 4.l mu% +« This 1s the resonsnt
trequenay (fg)e Ihe bamd width (AZL) at 3 decibels below
maxisum is 1,61 kilocyelss, meking sechanical aslectivity,
fo/Af squal 18, Bush dats is obtaimed fyem a similar curve
for eash transoeiver tested, These snd ether pertinent dais
are assenbdled in Tablse B,

Bere ocolumn 1 gives the pelarization or fiald current.
The erystal typss do not require polarisstion. Column 2 gives
the semsitivity in nicrovelss bar as spem sircuit 2t the
resensat frequeney nmhni;g L 3+ Column 4 ghves the band
wath (Af£) end selumm B the savheniesl selectivivy.

';ih-g ey of the Sransceivers

eoiving Sensitivity o6 4 s "Gsknmn § gives the




inpedance in ohas of the wvarisus receiverz snd columm 9

gives the scuare root of the impedince. Thias latter fijure

T ir used to coumpute the sensitivity of eacch type whem its
voltsga plek-up is transformed ideally to match some definite
fized impedance. The raotie of thesze sensitivities to thut

- of the (C=8 ares recorded in column 1o, These numberz jglve
the sensitivity reting of the seversl receivers in terms of
the (C-5 teken ws unity.

(v) Zizeuasion

Zcho detection utilizes the irsnsceiver both for sending
the siznal and recsiving its echo. Except for s slight shift
of frsquency by the Deppler Effect, the echo to da recalvad
has the same piteh as the 2ignal, and sinee the efficiency of
& pochanically tuned tranaceliver for both trsnsmission snd
recestion is & maximum st the resonant frecuengy, it bocomes
importsnt thet the resonant {reguency shen Lransmitting should
ba the same as when recaiving. & compsriszon of the dsta of
columns 7 and @ shows that the (C-5 resonstes at 4,1 kllo-
eycles when used ss & receiver and &t 5%,8 kilocyeles whan
used as a trapsmitter - a 4differencs of 300 ecyelas, Hilmilar-
ly, the (C-BB shows a differemnce of 400 eyeles, The slectiro-

-dyuanizs shows no definite measurable diffaronce although the
receliving resonance, £3.%+ kilocycles, waz Judged to be siight-
iy iighar than the transmitiing resonance marked 73.8 kilo-

_Cyelien,

This weakness shosn by both (C typss mey be inherent In
the magnetostriction tSpanscelver due to the differencs in the
Bagnetic fleld conditions within ths resonating nicksl tubes
xhen they serve rospsctivaly for tranasaitting and reseceiving.
The electredynamic type appsars %0 be free from thls weekness.

Columss 5 gives 1B snd 1) re:zpectively for the mechanfcal
selwetivity of the (CeB and (Co5B as compared with 14T for the
elestrodynanic. Yot as tranmmitters, the corresponding vaiues
are 81 and 48 a» compered with 118 for the elsctrodynamic.
Harein lies the greatest weaknsss of the (C types, Thelr
mechanical relectivity is too low for bost efficlancy sz re-
ceivers, vhere mschanicsl saleetivity is of prime lmportanca.
They show praeticslly nemne 8s compared with 147 for the siectro-

+ € N

. The relstive aechaniosl selestivity of these thrae iypes

of ressivers is shown graphioslly on Plate Z7 vhers the thres
urves represent respestiively the three intensity ve fraquenay
curves with their msximum intensity plotted st ihe sanme con-

on poins and their abscisase expressed in teras of pevewmt

of the resonsnt frequanay, Their relatkive mechsnicsl sslectivity
nay be regarded as the inverse of their bresdth slong the

ainms 3 D.B. leval, PFiate 885 likexise shewr the relative

olde



salactivity for echo recaption. This handicaps the (L types
vhere the resonant freguency 4iffers for transmission and
recsption,

v Norzally a transceiver rhows somewhat sharper sechanical
tuning under the low intensitlies involved in roeception than
under the high trunswmiesion intensities, This proves true
for the slectrodynamie and would probably prove true for both
the LC=5 and (C~88B {f the approsching pline sound waves vere
not distorted by flectural waves set up in the 1/1€ inch
hemisphericesl ahisld.

Columa 10 rates the transceliverz as receivers in ac-
cordance with thelr sensitivity., The (C-5 $r lowvest of the
three reconsnt types, the (C«5B haz adbout two times and the
slectromagnetic better tham four times Ltz sensitivity, Nons
of the resonant types sre &3 aensitive for general 2ound re-
ception ap the non-resonant rochelle salt types.

(o)

~ The new XCB has about tw the sensitivity of the old
I(B modal., This progress has resulted from the researches
of the past three years directed toward improving the
rochelle salt transceiver,

The X(D, in ita proaune unfnvuiﬁpis state, proves to

have 4,7 times the sensitivity of the {C~5 and what iz much
sore important its mechanical selectivity is 10 times thst
of the (C~B, This progress hasz resulted from researches of
the past three yeirs directed tewsyd the development of an
entirely new type of resonant supsrsonic tronsceiver,

The (C-B g an jed 40 types can probably be made
ore sharply tuned - more mechanically seleetive - by modi-
fying the present hemispherical shield and possibly by
nsking the traanssitting and receiving resonance froguencies
mOre nearly equal,

The XCD has all the mechanical seleetivity it can stund
vithout respending %o "shock excitation® but it can be ine
creased somewhat as can alse 1ts sensitivity., The most ob-
Vious procedure for improving its transmittiag propsriies
1s to strengthem the d4-0 field, This will autematieslily in-
ersase 1ts reesiving sensitivity.

The new XGB probably represents about the limit that can
be sxpected of & non-resonsnt receiver, IS 15 sn exgellent
recaiver of prepeller munds but cammot compate with the best




resonant types for receiving e.w. signals or their schoes

in the ;resence of an intense noise background because of

1tz leck of mechanical seleetivity. It appears probable,
howaver, that this lsck of mechanicel selsetivity can be
supplied by & mechsnical filter im & properly designed ampli-
fier. OSuch an amplifier could be of the inverted superbastero-
dyne type having the mechanicsl filter smbodied in one of its
istermediste stiges, Such a coabination could serve for echo
reception fully as effectively as the hcsz regonsnt trans-
ceivers and perhaps more 30, for the XiB (new) probably gene-
rstes ap intense & signal as the XiD and its receiving rensi-
tivity {s fully four times greater, Its present sffectiveness
for detscting propeller sounds would be restored by turning

& switeh that shunts out the mechaniesl filter, Substantial
future progress should resuly from sueh further development
of the new X4B equipaent,

This nay perhaps bs & proper place to discuss briefly
future developments in supersenic drivers. Test data gol-
lectsd on the sound barge have indicatsd that better discrisi-
nition between surface schoes snd target echoes can be had
by using rav 80 e¢ycle n.¢. plate voltage om the power tubes
of the driver, This scheme was tested briefly on the BEMMED
with favorsble results, 7This kind of drive snsrgises the
transceiver 60 times per second so lomg &s the key is closed
snd esch exposure to powsr lasts 1/180 of a second rising
from zero to waximum pover ia one-half of this period or
1/240 seecond. In case of & &4 kilooycle trunsceiver it will
sake 100 osolllations during this pericd, If 1ta tuning is
to00 sharp 1t not bulld uy to msximun 1itude in this
short period, s XGB, howewer, lends itself uzcnllnnté{
to this kind of drive Decsuse being non-resonsnt 1ts ampil-
tude of osailliation follows the smplitude of the driving
voltage, It reguires no bullding up time and therefors can
be operated With raw s.0. of any frequency thst say ;rove
to be most sivintagecus, Future pro;rnma say result from
further investigstion of the use of Pav &.e. in place of the
Preseat high d.e. plate voltage, The wngineering adventages
offarved by sueh a driver will warrent its use 1f such in-

. Yestigation svly demsnstrates that it does not wveaken the
mu{hm aceusticelly.
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SECTION IIX
DI“CQ&&IO! 0? OLDER‘TY”l TRA!RC&IVERB

Developaent of the stindard regeiver has made possible
“an accurats comparison of all types of submarine sound trange
aitters through a determinstion of their sound output in ab-
solute units, 4 comparison of the (Cel as x stundnrd with
other types that have been developsd within the past four
years serves to show the progress that hss been made during
this period. Buch eomparisons follov and s«re grouped in
Table % to show the progress made in the two genersl types
of trensceivers, non-resonant and resonsnt,

Nsn-Rasonans Iranscelysrs

Aldge This trsnsceliver
rapresents svolopment of the rochelle salt
supersonic trunsnitt»r vhen the work resulting in the new
XGB transceiver was sturted early im 1828, It i broadly
rasogant at 7% kilocycles and gives messured beam gtath of
35.,8% o3 compared with s theoretiocal widsh of 18,97,
depurture 1s prebably &ue S0 noan-uniformity of nryn&nlu und
to fallure to anehor the orystals uaiformly to thoir backing
Plate, Although this abnormsal tz;:udiu of the sound beam
reduces the al intensity to x’ of what 1t would
othervise ba, it still -quuln P1$ of that given by the (C-8
oparated at ‘hizh power,”

Byl ae Simal Company LBe The sxisl intenaity of
this (B supp ne Bignal Company, ss deter-
ained from test no;aurc-nnta prcvlauglr mnsde on &ha BEMMES
is also 91F of that given By the CC-0 and, therefors, identi-
:ul r;:g that given the Naval Resesrch Lahor&tqrr old
TP AL,

co:xarlnon of the axtial intensity 8 to 10) for the
new Navsl Research Ladorastory X(B with Q.91 for the fubmarine
8ignal Company (B sad the Navsl Ressarch Laboratory old X(B
Fives & measure of the imprevenent sade in non-rescnant sound
transmitters during the past three years, This progress hss
resulted engirely the research sad tnvni‘gn-uhnl vork
of the Naval Researeh Labdoratory shere, in tion to this
pregress walch is eonfined unt&rnlv to rechalle salt trans~
Cceivers an smtirely nev type cazs. nsguctaatrtuﬁivo
Saterial has been develaped to
tests ahev 1% aompares !hmuwn with uua uaallar reshelle
sals medels. This sey develop into s superior detester of
Prepeller somnd |

Be
Senaral Radic Comsany XiC. This is the first twype of
=3¥
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transceiver gupplied to the Navy under coniract. The complate
installation, i{ncluding driver and receiver amplifier, wus
placed on the U.B8.8, HAMILTON and tested by Lt, Comdr. Dodge
.in the Spring of 1033 with favorable results, This sime tyoe
of transceiver was also supplied later on & contract wxith the
kCA Viotor Compsuy. The original trensceiver (X(C-l) tested
.on the BAMILTON has since bdeen tosted on the Bound Barge where
its sound ocutput could be reduced ta absolute units for compari-
son with the (C~5 and other later typos of trunacelvers, The
experimental besm width 1s :3° as comparsd with 223° for the
theoretical and the intensity of the first lobe is 14 decilbels
below the axial intemsity. Thus the sngular distribution of

the transmitted sound agrees very closely with the theorstical -
wuch closer in fact than dows the sound output of the (-5,

Its axial intensity at 180 feet sroves to be l.2 as coapsred
vith unity for the (-8 epersisd st *high power,"

This transceiver has ons feature that might prove of
practiosl value; namsly, 1t Bas two distinct resonsnt fracuen~
cles, This results from making the osclllating head substan~
tislly & half wave length thick. 7The hesd smd attached nickel
tubes togother comprise a coupled system similar In principle
to the eoupled cireuit radio transaitter. BEuch ayatsms have
two reosonant frecummeies, with their separation dependent on
_the “ooefficient of +»* The intenaity va frequsncy curve
of the X(Ce)l gives respectively 4.5 kilooycles snd £9,2 kilo-
cycles &3 the two rescnsnt frecusaciss) 1.2 and 0,94 as the
respective axial intensity in teras of the (C-5, and 30 und
47 as the sechanieal selectivigy.

~ The Naval Resesrch Laboratery XGC is the only resonsnt
uagnetostrietion stransceiver that the Sound Division has
developed to the point where 1t sould be tested in Open water,
Ansther type nngi::é:f the half wave vented head and gulte
sintlar to the Radio XGC was partielly developed be-
fore the Gemaral Radio contracted to develop & mag-
uctuatriottcgitrunnun&vur. - itt:;uh::;eevcraéhghug §§&n
Sonpany was also ‘ﬂ!‘i:!t:ﬂ e Yol ] | type, the Labora-
tory, to avoid dmplies of effort, stop thia work and
!tar%od developaent of the present *so-cclled® Naval Rezearch

T™his transesiver asploys & sguare yadisting fece 10,5
inohes om & side. It is emergised by 8l nickel tubes unifors-
spaced over the daak of the faos pla
cles, has sechanieal sslectiviy
Antensity of 1.8 as cempared with 1 for Shi
suresd and theoretiesl bDesn widths sre in goed sgre
indicates shat its whele face apea redisties effeqtivel t
Aives a total sownd eutput of 88 walts s oowpared with 33 for
She (Co8 despite the fest that 1ts faes aren L5 only 71§ that
of the (C-Bs It redistes 0,184 watts per sq.om. of Tace




urea a8 compared with 0,033 for the (C-5, The intenaity of
the first lade 18 12 D,B, below the axial intensity as com-
.pared vith 18,6 for the «C-8,

The Neval Fesesrch Laborutory X(iA represents the Luobora=
tory's last model of the quarts-steel transeeiver, It wan
“duplicated by the Yashington Yurd end installed on geveral
destroyers and submarines, Thi: trensceiver hus s circuler
radisting face 14,75 inches in dismater, Its rescnunt fre-
suency 1is E9.8 kilogycles, mechanical selactivity 27, theorsti-
cal besm width 18, measured heam width 317, totel sound
radfation 45 watts, Intonuity of first lode 28 DeB. below that
a%ogg th; :ouu axis, and 1t sxial intensity 1s 2.4 times thot
o @ (C-By

The wide diserepancy betveen the theoraetice)l and measured
bosm width indicates that the asetive radiating sres is cone
fined to & ecirele of sbout 4.8 incher radius centered in the
face, This means that enly 40X of the face area radiutes ef-
factively, Yot this small ares rediates %0% more sound enoryy
than daes the (Ce8. If the total faece sres oscillated with
proper coordinstion of amplitude snd se the total sound
radisted would be about 1l% watte, is would result in nar-
rowing the beam to about 19° and the axial intensity would
“then become about 15 times that of the (C-B opersted st "high
pover,” 7This would sxoceed the X(D whioh, ss it stands, gives
an axfal inteasity 12 times thet of the 4C-B.

It 1is interesting, st this point, to consider the axisl
intensity of & quarts-stesl transoeiver with radisting face
4 inches in diametar, such as there is some resson to believe
1s employed by the British Navy, If the vhole face srea
radictes as effectively as the asctive portion of the prasent
Saval Reses Laderatory ZGA and the wave lumgth is such as
t0 give & 10° beam width, Lt9 axial intensity sould be sbout
28 times Shat of our (C-By snd, 1 as 1s rumored, the British
transceiver uses erystals 6,20 wm Shick as compared vith our
5 m end ] pro,ert&ouutq%{ higher voltage to &rive the
erystals, 1ts axial intensity will them be about 80 times
that of eur (C-8,

The sbove dasts derived from messurement of the scund
radisted by the older types of tysnsesivers are collected
in Tahle 3, 7Table &2 gives the axial intensity at 160 ft.
Tiaved in she orasr of ioair Pepsriiriey (n veres oF the
, L2 ordery af 4 ori Yy in term e
axial tatensity of the ¢¢~a<agqrsiii'ut "nigh power,*



SECTION IV

The main intent back of the favy's transceiver davalop~
asntsl program has been, and sti{ll is, %0 {noresss the 3ignal
Sstrength and thereby ralse the scho intensity with respect to
the usaking background. Two Guestions naturally srise in con-
nection with this work) first, what i3 the maximum jossible
sound output from 8 transceiver snd second, what proportion of
this maximum output does esch of the various tyyes of trans~
cealvars generatw,

The snswer to the first qusstion has been known through
the theoretical relstion;

I = yﬁfﬁfoa,

¥here I represents the sound energy radiated per unit of
~ face area, .
P the pressure of the sound conducting medinm against
the radisting fuee
L the denaily of the :tétun, and
¢ the valoeity of sound,

The curve of Plate &1, computed from this equation, glives as
sbscissae the maximum watts of sound energy tha ean be radie
&tad per square centimster of fuce area and asz ordinatea
‘:;pth of trag:o::vc§ submergencs in :tﬁt. tal&ngﬁlﬁ :::% as
0 average Gepth of submergence on destroyers, the maximus
sound rediation per square ssatimeter of face sres is 0,61
vatt, Radistion beyond this amount wmould produce cavitstion.

The seoond question is mow spowered for the first time
through detemination of the totsl sound cutput by mesns of
the stsmdard receiver. The redisted energy in watts divided
by the face ares ia square smtimeters gives the aversge radi-
Stion per unit ares snd this divided by 0,81 gives the percent
that the radiated smergy per unit area 42 of the msximum pos~
8idle, Such dets are sssesbled in Tsble 4. It shows that the
"high pewer® cutput of the (Ce8 must be ineressed by e faotor
of 17 and that of the (C-88 by a favtor of 11 %0 give the maxi-
MR pessikle cuiput vhile the inersase factor for the alsetro-
drasnio and the mevw X(B 16 8 and 4 respestively,

Unless some entirely nev ¢ of transeeiver is developed, .
1hxch'gﬁ*ihtn Sine appesrs iup::g:hlu ‘“*9::‘5\:‘?:':,::;:1 ’
. 1 ‘ ¥ . 8 "hik‘iiﬁhaut serious
relative s¥ily o &
M?ﬁ”!htfdlﬁnlwun




t2 ba unavered is - which, 17 sny, of these curvsea cun be aix-
tonded to the 0,81 wett level,

The scouztiesl efficlency of the (C=8 baging %0 Iwli olf
noticenbly when the pover imput {volt x amperes) i# increszed
oy a fector of 8 shove 1ts ®high porer® vuiue, It therelore
snngars certain that it can not handle 17 times Lts rresent
~over, Thersfore, 1t is concluded that the "4 kiloeycle -
tvna of transceliver supplied by the Submurine Zignul Company
rannot be made to radiste the maximum Of 0,8l weti [jer asyusre
castimeter,

o opportunity wes afforded to deavelop the Intensity vs
ower Curve for the (C-58 beyond the two power walues supplied
7y 1ts own driver. But past resesrches dealing with the ozeile-
loting energy generated by mickel tubes driven mugnetostrictive-
ly heve shown in all cuses that thelir efficiency starts falling
off more and more riapidly whea the power input 1ls raised beyond
rather defintte limits and in the 1light of this work it appeurs
cartain that the {C-3B could not handle 1l times {te ;resant
"nigh power®” input and, therefore, cannot be made o give muxi-
aum radiation,

The scousticnl efficiency of the new X(B shows & gradual
decline with incrazse of jower when drivem st £4 kilocyoles,
but whem driven at {ts resonant fracuency of 1 kilocyclss, it
remzins const«nt up to 881 volts across the transceiver vhich

is as fer ss the test was curried. If this curve rezains
11near, the maximum 0ssible radistion vill be resched at
shout 7800 volts., The transcefiver should be 2ble to handle
this voltege safely when used for transmitting short signals
but under prolongsd eclosed kay conditions the crystsls might
be damaged by overhesting. Thia wvoltage can be safely used
1f the driver is provided with a proper time-relesse protect-
ing relay. Thus there s = possibility thot the new XiB can
immerate the muximum of 0,6 watt per sq.om. DBut vhether it
csn or not it represents &bout the best that csn be expweted
{frogp the 4B type of transceliver,

The Intensity vs Power holds strictly iinear for the
X(D, the slsctrodynasic, up to Z.1 kilovatts, the mcximum to
vhich 1t has been exposed, Prebably this experinmentil model
cannet handle three times this amount of er snd tharefore .
cannot be made to radiste the maximum C.81 watt per 2(.CRm.
But whem the eondition csusing the high intensity of the
first and second lobes i{s found and correctad, it is probadle
that part of this wasted snergy will be added to the sound
beam with the result that the resiation per squars centimster
vill be ralsed and the axial intensity inereased., There is
fsasom to believe that & Srsaseeiver of this type can now be
designed to give the maximmm radiagion,
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The <A type of transceiver, as shown by thse above racorded
tasts, should not be overlooked, If it can be devaloped to
*adlute as offectively over i{ta whole fice crea as it does
over the ceatral ;ortlon f{t w»ill st leasst egual the present
dynemie, and with the improved methods and appsratus that nave
been perfected for snalyiing transceivers it mey be sossible
to develop the (4 type to glve zsximum output,

Finally, it say be pnoted that these beam typo sound transd-
zitters may coneentrite the sound energy slong the besm sxis %o
inten2ities greater than the radiation per unit fece zrsa,
Theory predicts axial inteasities a3 grest as 4 times the ine
tensity at the radiesting face, It may, therefors, prove that
csvitation alomg the bens axzis will provent effective utiliia-
tion of the maximum possible rsdiztion per unit ares st the
transcoiver face, Howsver, the linesrity of the Intenaitly vs
Fowar curve for the slectrodynamic gives proof that zuch of-
fa0ts have not set in feor intsasity one-third the msxisunm.
Koreover, thout‘i{ndictud bigh intensity points alanﬁ the
beas axis all fall within the short range givem by R/ A ,
there R 13 the radius of the radiating face and A 1Ls the
signal veve length, and 1t ix ¢aite possible that slight
cavitstion at these points would “heal over®™ snd not msterially
affect the axiel intensity st the relatively lang echo ranjes.
~ Thus it sppears prodable thal the power limiting factor will
prove to be face cavitation and not cavitation along the sxls
of ths sound bean,



SECTIOR ¥

The ability of the «C-H, the new XUB, und the X{I slectro-
dynamic installsations to detegt the R~10 both echo nnd pro=-
peller sound detection was compared during test runsz in Long
Island Found and Block Island Bound aress. Tho test duta, 38
taken by Lt. Comdr, H.E, Curt.a, Lt, Charles F, Horne, Jr., and
Lt, Ge Cy Beard follows

(2) Zesst Dute
(») ZiB apd 4C-5

gﬂ_ln%g_g,ga 8=10 bwaring spproximstely HI«80 rolstive
diatance & yards (on surfuce) ?apaad 10 knots). EHcho hesrd
about “BX of time on hoth XLB superior ss listener although

srepellers of sudbmarines hesrd &t 4ll times om ({8,

HOIE:1 with (C-5 trained oa own propsllers (SEHKES)
the propellars of ZEMMER made no msore noise
than the submarines, (Our propellers not he:urd
1% off of beariag.5

10130 - Zubsarine opens to 1800 yards; good relisble
echoes on X(B « alzo am (CeH} ulso esch hears
propellars of submarine, X(B better, S8peed
of BEHNES - 9 knots. '

101%0 « 2400 yards « no good on echo om sither ~ listens
OK on JX(B} not on CC-8, BREUKZAE' speed - 17 knots,

10845 - 8100 yards - lk Xmots, X5B gets about 358, (C-B - 20%
of echoes: ICH heawrs propeller OKj; (Ced propeller

rd,

11300 « 1800 yards -~ 1% knots - 708 echoes on euoh,
1700 yards - 1 knots - 100% eenoes on ecah.
1800 yards - 12 knots - 1008 echoes on exch.

. pdff'l';!ia"ab::‘“"in' dowm, speed 3 knots, Iubmerine
pro sr nolse 10 4ds,

XGB ~ listens sxcellmmt
QC~8 1istens no geod 3 2000 yards

-8



cubtaarine up, (C=5 listens O at IGO0 - spesad & knots,

2800 yards - XiB xnd (C=D echo OK = 1listen CK on lath,
000 vards - o echoes on either,

= £3. J03Y 8.3s OJperating off Block Island in supposcdly
fuvorable watsrs.

Tine Renge X Bap X BLP C-8

G830 300 blatensl - 0K L - 0K L - 0K
5 knota #Zcho =R « 0K E ~ QX R - 3R

630 an0 L - 0K L « 0K L - K
5 knots B e OK § - OK R - OK

Discriminetion on sll bettsr than yezlerday.

U340 1500 - 0K L - 0K I - OK

& nots R - 0K R - 0K R - 0K
oas0 8100 L - 0K k- 0K L - 0K
7 8 knots B - 3K R - 0K R - 0K
810 5000 - Uahesrd

1030 Bubmsrine dowm
| Maximum renge (echo) esch -~ 300 yards

21_iﬂil_ﬂdlp Took pover level messurement, sensitivity,
noice receiver vs speed, X(B picked up lodbater pot -~ no dameage.

(») 2Zg o At 1700 picked up submsrine on both XD
and (Ce-3 and od it out on both with echoes %o 1820 yards
at which tiwme lost 1t. Noted thut XLD and {C-8 are about
0@2:% as listemera. XGD has good diserimination at low
ap 8

K2 dulY Ralle
R=10 Surface -~ Bpeed B Rnots
SXNNES A * 8 knots



«C=5 1100 yards Echo OK Listens OK Eiasgéminﬁﬁxga

XD 1100 ysrds 1 kv » NG OK
LC=8 1200 . ® had " OF oK
o X(D 1800 1 kw v " . Y] 164
75° ¢ C-B 1700 LI w K oK
D 1700 1 kv LI ” NG oK
(C=5 2800 . hd » oK OK
LC=5 480 2/5 " 0K . 1t
ICD 1480 l-1/% kv /% » 5G . 14!
«C #8680 £/5 . oK NG
XD 7880 . £/5 " . [H 83

&C 2560 4/ " 41 4

p {4 2260 . &/% hd ¢!

ILD - Not strezmlined snd ite poorness as & listensr
msy very :ossibly be dve to buekground of water
noises,

§§4%§§z_g‘g‘ Tried rev 80 sycles s.¢. on plate of MDD
with excellent results, It appesrs to be Juzt ex good, 1if
not bLetter, than d.c¢, and has many sngineering sdventages,

hanyes om neither X(D nor (C-5 &3 good a3 in morning, Diee
crisinstion of echo bettar on both and beat on X{D,

During the evening the BEMMEE took comparstive intenolity
neasurexsnts betreen the (C-% and the YLD, recsiving these
signals on the D= mountad i the z2ft sound room. These duls
togethar with similsr measuremonts sede by the SLMEXS on
other types of transceivers are as followss

Poser ratio

ap) . 39 uCeB |

(CeB (Bub.8 g; produstion uaa.l; L £ 1
{C 19 BBz, trial gear 78/79 3
QB m’ . ] | | m a/la
ItB  NEL (new) rochelle eylindrical 78-80 4/1
X(B Bl (o . apherical 70 8/15
XD #BL (asw) electrodynamic 78 4/1

p Ll NAL (new) flattemed nickel 48 17340
(3) pAacuasiom

- (=) XoB and QC-B

The Sest dats i3 to limited and conflicting to warrant

drawing many definite eomclusioms. The forsncom teats of

20 July indicate that the new X{B &is definitely supsrior to
the ;C-B as 3 deteator of paller aounds, Propellers wers
heard up te 1800 yards em both dut better om *he X(B, DSeyond

ofile



this runge the (CeH lost the propellers whille the XiB wae
st11ll hesring them c¢learly ut the muximum ronje of 400 y.rds
wxith the 53UEE stesming #t 1: knots,

The echo tests alzo favor the X(B which recevived about
5% of the echoes at 2100 ysrds ss asgainst £0% for the .C-%,
‘Thiz yroved to be about the maximum range for beth.

The nfternoon tasts agasin showec the supesriority of LB
for detegting propsller sounds. [mriag thase tesis tha R-id
sroceeded at 3 knots submerged. Under these comditions the
intensity of her propsller svunds iz abtout 107 thst of ihe
forenoon te:zts. At range 2000 yards, the X(B *listens ex-
collently® and the LC~5 ®does not listen,® Horever, vhen the
submarine surfaced &nd proceeded st 5 xnots, She (C-8 couid
sick up the more intense propeller sounds st 2000 yards snd
both followed by echo and propeller detsction to X800 yurds.
At 3000 yuprde both lost the E~-10.

} The next forenoom oparations were transferred to the

Block Islsind area in supprosedly more Juvorable wuter, Doth
devicos follovwed the R=10 by echo and propeller sound detsge
tion to £100 yerds &nd neither could muke contact at 1000 ravds.
then the R«10 sudlmerged &t 10170 the muximum echo ruange on

.qach wap 1300 yards. This coapleted the compirative terts
betveen the (C-5 and the new X.B,

The X(D was installed in place of the X(B during the
sftarnoon. The R-10 was ploked up by scho on both the (C-8
and XD and folloved out to and lost % 130 yards.

Comparison deteeticn tertz were carrisd out the next day
betwoen the (CeB and the X{D with doth the BREERS apnd 3-10 on
the surface st 8 knots, The rasuits sre aonsistent, loth
devices followed the target by echoes to i¥80 yurds, the paxi-
am range attempted, The (le& heard the propeilers at all
ranges and the XCP failed S0 hear tham at sny range, It i
probable thut, as in case of the previcms range tests, both
devices would have lost the eaho &% about aaos yards had the
tests been csrried te greater reages,

(o) ﬁnm‘f:l .
These tsats, as a whole, zive the following somewhat
definite inforsstioms .

(a) The XGB 13 s better dessctor of propeller
sounds (listener) than is the (C-F and
the GO»5 1s betier than the XD, A compari-
som of the éirentividy, smsitivivy, eand

ol



mechanical selectivity of these recelvers
not only gives this informztion but also
tells how much better one type is than the
other,

(v) Comparative echo tsests between the (C-H and
the X(B show that both lose the targst szt
the same range. This slso proves true for
the (C~-5 and the X(D at 1920 yards snd 1t
can be confidently stated that the same
would have happened on the last tests if
the range had besn extended to aauethinto
lixe 3000 yards. These results sppear
show that the range-~pemetrating sbility is
the same for all three types and, therefore,
give no information regarding the intensity
of their respective signals. In fact, these
rangs tests indicate that the z2ignsl strength
is the same for all three types of trane-
ceivers.

Such comparative test data can be and in the past has
been misleading. The methods and procedure followed in this
xeigrglror testing and rating trsnsceivera are simple and
raliliable.

It may be stated that the development of the standard
raceiver now makes it possible for the first time to prepare
definite specifications for underwater sound gear and ac-
curately to determins vhether or not the apparatus supplied
meets the specifications. This alone should result in im-
proved sound equipment. This compares with Naval radioc prac-
tice in which we do not test (acecept) transmitters acecording
totran;o, but scoording to performsnce in stendard dummy
antennas.

The reason the echo tests gave equal range for all three
transceivers irres ve of their widely different signal
intensity i3 cmg%::: « The temperature of the water
in the Long Island and Island areas decreases with
depth during the summer months. Such desoending temperaturs
gradients cam de expectsd in any area wvhere the tompsrature
of the everlying air t!:::::l kigher than the tesperature of
the water, Under such tioms the veloeity of the sound
vaves decresses with depth and therefore the top of the hori-
sontally :::Joctal besm has & slightly higher velocity
thaa the tom. This vertical decrease in wvelowity scross
the bean 5t domward frem the horisental snd zt some
fairly deftnite range it passes bemesth the target. Whem
this range is reached, mo echo is returned mo matter what
nay h:'iﬁ: i{ntensity of the trenmmitted signal.

. i



The maximum renge of echo detection is Jdefined by the

rolationt
/b _+ 7/

m Tgr - 0‘)0&

& = A3

shere (&) s the maximaw eche rangs in yards, (B) 1- the depth
of submergsnce of theg subsurine in feat, () i the de.th of
zabaergerce of the transzesivar In {eel and (?53} 4% the dpoy
in temperature degrees lentlgr-de ey oot delilthe In other
vords, 1%t 1s the verticel tompsritave xradient snd the Isamsula
assumss 1t to hold comatant {rom the surface to tne derth (H)
of the sulmsrine, Phile this assumption ¢f conrten? zradient
never holdsg strietly true in prectice, aeverthelessz the rhove
ex remasion gives a clope spproximation in meat reuas,

The curve of Plate 36 gives & plot of talr esustion under
the condition of 100 feet :ubmergence for ths submurine and
15 faet for ths tronsceivar, The fzetor (10) in the denomina-
tor 12 %hs chisnge in sound veloclty in feet por seesnd ner
dagraes Centi;rande change of Semperature snd the conztant
J4D358 renrassnts the gein in sound veloeity per foot depth
caused by the resulting incresase in prassure. The pressurs
offect 18 30 small in cozperison with that ecaused by tempars-
ture that 1t esn usually be neglacted,

This curve shows that the echo range i very dspendent
on the temperature gradient. A tempersture viristion va small
as 1% C in s depth of & hundred feet reduces the meximum echo
renge to sbout 1500 yards, while 68° C giver searcely BUO yards,
It may, thorefors, bhe expectsd that the ueximum echo ranye over
& large iortiun of the ucean sreas Juring tome porsion o the
7eur will be detormimed by the temperaturs gradient in aoe
cordance vith the adove renge sguation. Under such conditions
this ecuation offars the best Imown asans for determiniag the
spacing betresn shipe in the sukacrine seroen.

Ovar most ocesn arces there are eeriuls season: Of the
7esr vhen the teopersture graodient is rerc or negstive, Under
thess conditions the esho renge is largely dapsndent on the
rate of absorption and seatterimg of the sound signael by the
uodium, The maxisum ramge is then determinad by the intensity
of the si « The more intense she signal the faprsher it
oan travel Defors hecoming $60 much sttemuasted to be hexrd.
This 15 ene reasen vy transceiver developmamt should bo
carried to the point of maximum sound output of 0.8 wast por
wait of rediating area.

e Ay g
s % range L . goner
100X eehoes sre received oul 5 some modersts ranje bayond ’
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“hick the fraction of roceived echoes gets smaller :nd saslioer
but evem a relatively ve:k signal ocoasionally cerries to graat
range. #ithin this “teilight zone®, the percentuge o echoes
recelved increases »ith the signal intensity, Hore incressed
21inal intensity serves sore to inerease the reliability than
the rangs of dstection,

(4) Concluaion

A drief dilscussicn of the five curves of Plate 37 comple e
the portion of this report desling ;rimsrily =ith the testing
ené rating of transceivers, The ordinates of all the curves
are expressed {n decibels Zﬁb) and for curves 1 ~ 4 inclusive
they measure the intensity of the received echo. In cuse of
curve 5 they measure on the seme scale the intensity of the
local noise background. The abscissce of curves 1 to ¢ are
expresead st the bottom of the sheet as echo=-prange in yards
sd for curve § they are expressed st the top of the sheet as
2peed in knots,

The five points on curve 7 represent exserimental dats
taken by the SEMMEE in the Ouantenamo sres using the 4C.5B
trangceiver, They represeat the intensity of echoes from
the 8-20 at different respective renges. These were used to
determine the constants of the theoretical eqguation,

z‘ wBoc X
=t et
shere lg tn the transpitted intensity, Iy is the echo intensity
at range (x) and (< ) 4s the ahaerp@ion coefficient, Curve
a‘glotaod from this equation gives the echo intemsity of sige
nals transmitted by the (C-58 as & function of the runge., The
results of the New Lemden tests retes the C-85 ag 1.8 against
the stundard (C-5 as unity. This places eurve 1, vhioch cor-
responds to the (C-5, 2 deoibsls Delov curve 5, Curve 4 is
conputed for the &c-is on the sssumption that it radiates the

possible sownd; 1.e., 0.8 Watt per sg.om, of face

Area, Curve £ refera to the electrodymamio trsmsseiver, Its
ordinstes are 1/3 those of eurve 4 anéd thus this surve lles
4.8 deeidels beiov this maximus curve,

The main purpose of the Ladoratory's trunsceiver develop-
Bental pregras has been, and still is, t0 raise the *Intensity
Y9 Range Curve® to soimeidence sith the eurve 4. The reason
bocomes obvious whem 1§ 1is understond shat the echo csn be

heard 90 lang ss 135 intensity is &t least equal %o that
of the noiss baskground, If i6s intemsity falls belov that
of She baskground s esho will be " Therelere, given

any definite basitgrewnd intemsity (say, +20 deeidels) the

oBh»
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usaximum echo range 1s given by ths intersection of this in-
tansity level on the renge ve Intenzily curve of the Lrange
culvear, The (0% glves sn echs runge of 1000 yurdz as
Ceyainst about P60 yardx for the slaectrodynanmlice If the
electrodyne=ic vers devoloped to glve s siznal adout thres
Jtimes 1ts present intenelity, which 15 tha vsximux shown by
-eurve 4, tha echo range would be extandod t9 about 301J0 yards,

inug the halght of the curve £ above thut of curve i
reoorasentd the progress made in tranicelver developmont in
the past three years, The difference in height batvean
curves 2 wnd 4 reprosents the progress that 1a =till) noscibla,

Curve B givan the intensity of the nolse background
pleked up %y the (C=8% mounted in the main sound room on the
CRUEES as & function of the ahin's speod in knots, This curve
¥1ll probably be modifisd somewhst rhen a more caraful and
sccurates sound snslysis i3 made of the sounéd generated by
the SENMES, But the point to note fs that & nolas vz zpesd
curve similar to curve 5 exists for esch sounde-equipped ship
of the Ravy and that its character is an importint fuctor
in datermining the range of eche detection, To illustrate,
supposs the rpeed of the SAMEEL is 15 knots, The intenslity
of the ncise background iz 20 decidbels., 7This would limit
the echo ranges of the (C+8 to 1000 ysrds, If this Dackground
could be reduced to 10 decibsle 1t would result in increusing
the echo range to 2000 yasrds.

The saae incerzase in eche renge results from sithar
ralsing the scho intensity vs range curve any deflinite nunber
of decibals or from lowering the background ¥s speed curve by
the same number of decibels, The waximur decibels remelning
-9 be geined by reaising the eeho inteneity ve renge curve, &5
$tsted, 19 4,8 decibels while the meximum decibels paaulmia
to gain by lewering the background ve gpeed curve of ths
SEHNES may amount to as mmeh as 50 decidelz at spsweds alove
0 imots. The maln purpose of the  rodlem "Redusotiosn of found
Generated by Navel Yesssls® iz to lower the “Backgrouad Ine
tensity vs Speed Curve,® HNersin lies the moat promize of
fiture prozress in submarine scund detsetion, Tha ressindsr
of this report deals with this problem,
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SECTIGR VI

The maximum detection range of & sound tsryet @sy ove
szeasured by the ratios

MING i3

2T Y ece e P 4
f raceived loes

n

tonzity o
For practicsl opersting conditions thisz ratlo mst alwsys
aparoximete unity., In csse of echo detectlion it becomer
rossible to inersase thia so-cslled Eignal-Background rsiio

by both fncreasing the velue of 1tz numerator and dsoressing
1ts denominstor, Incressing the intensity of the trinsaittad
siinzl increcres the echo intensity of tha sound recelved from
tha target. But in ceae of propasller-zound detection vs haove
no control over the intensity of an enesy ship's oropeller
scounds aand hence over the nuserator of this rutioc, The ringe
of propeller-sound detaction 1z, therefore, doteramined s@la%y
by the intensity of the raceived loc:l or ambiant noise.

; fegtion V of this report, whieh desls solely with sacho
detaction, discusses the relutive response sensitivity of -
virious transeeivars to the local ambiant nolse snd ghoes .
that 1% 1s detarmined by thelr direetive and mechanical zelec-
tivity, The narrover the sound deam and the sharper the wech-
anical tuning the lower will be the background intensity., It
4130 shows that thesa tvo selective factors have exch heen
carried to the approximate practical limit,

‘ fet the background w»ithin the speed range recuirsd of
ships {n the scresm - Curve 5, Plate ™ - &s still too grsat
o permit reliable detection co the ranges resuired by scraen
tactics, The intensity of the received loocal smbient noise
mist be reduced 2511l farther. &ince 1t cannot be done
through trensosiver design, it muzt be accomplished through
woakening or eliminating tﬂn loesl sound sourcss shich csuse
the back e This seoomd part of the presemnt report ,
deals with a progras of sound teosts earried out on the U.S.8.
GERMES for the purpese of lecating these sources, They must
be locuted before they csn be reduced or eliminated,

()

There are thres primary sources of ths general backiround
noise thet may be pleked wp by the sound gear shile the ship
1s under vay, The noise miy ooms from:

=il



8) thse propellrrs,

bg the turdbulesmce sround the hull or the trunscelwver,
mechsnical vibrations of tha hull or transceliver

gapporting structura, directly trensmltted through

that structure to the transceliver.

The nolses produced by sny or all of these #ources ure
shéetorained functions of the design and speed of the ship
ang of the sea conditions. The noliszes picked up by the tronm-
celver sre inter-related functions of the design, fraiuengy,
seloctivity, reletive besring, and type of mounting of the
tranzeeiver, The problem during this period was to tske such
dats as would glve evidence of the raslative fmport:nce of
*uctors (a), (b), and (e) under different opersting condi-
tions, to develop & technigue that would be applicsble to
futurs more slaborata studies, to comprre service data =ith
srevious model tests, snd to indicate the direction that
future nolsze reduction xork should take.

(&)

B The first study was made by installing & Def tube :nd a
Soonton smplifier in esch of the forward, aain, snd zftsr
sound rooms snd liastening by three expsrienced llstensrs in
rotation as the ship's speed vas varled from O to /U knots,
ine to the lo¥ sensitivity of the D-i, which i3 & non-rasaonent
&nd non-directive pick-up, satisfactory measurements could
not be made on the output meters but a summary of the impor-
tant gualitative dsta iz shown in Tsble la,

(v) piregtive Nolae Studies

Yor this work the GC-5 and {C~-868 magnetostriction trang-
celvers were used a&s recsivers. An attenustion box was used
shesd of ¢ Boonton amplifier snd the impsdincée was matched
Lo the transceiver, Attsmustion was inserted in the decidel
box to kesp the ocuiput meter rsading consgtant, This wus
checked by substituting » standard sigasl gsmarstor for the
transceiver and measuring the mierovolts necssssry 3o zive
standard output through the same atlemuation. The C-5,
sZ.€ kilocyclas, was {nstalled in the starboard vell and the
«Ce8B, 17.2 kilocyeclss, in the port well, Only one tube wis
lowered during measurements, except that ene run at sach ’
3pesd was made on the starboard tube with both tubes down,
to determine the noise gmersted by the tariulence arcund
the port tube, Readings were taken on esch relative
beuring and the esrdimal points were checked. The depth of
the water was £5 to 40 fathomns and ses conditioms wers almost
Perfect. The results are shown in Figs. la, 2a, and 3a.

Study of Yig. 1s shows sn spproximately linear decresse
of nolse with speed frem 25 to 4l knots and & mers rapid de-
Sreasze to 20 knots for smy pertisslar besring. For say

3



srticular zpwed there %s a gensral ineresss of noize with
relstive besring from O to 180° but the inereise is not
uaiform, A compurison of the intemsities on symmetrical
hearinzs s uede in Tsble & showlng thxt the inboard side
avuruages ¥ decibels moisier then the outbosrd side at .5
xnots und 1 deeibel nolsfer at 70 knots. This appezrs to
be due to turbulence alony the keel.

Comparison of Fig. ls und Fig. 3e shous the right
nund sides to be nuite similsr, but the left hend nide of
1z, %a iz distorteds This effect is shown in Tsble 73 to
reasch B 4b on besping £70 st 5 knotz mnd 1s due €0 the
turbulence caused by the port transcelver Leling dragged
through the water, The distencs betvesn conters of the Lwo
tabes 43 4 feet 11 ifaches.

Pig. & shows & marked difference in type from Fize le.
The LC=58 ts a larger transceiver than the -0 sith & lower
resonsnt Trasuency. The beam vidths cra2 ubout the same bt
the (C-58 is somewhst more sensitive, Uhe noise level curve
12 low andé feirly uniform on sll bearisgs up to -2 knols but
at ¥5 knots it approximetes the (C-5 in shape and values.

Fros aveilsble duta, curves ¢an ba plotted showiny the
total nolise a3 s tgnctian of speed from 18 to /B knots on
bearings 0° to 180° relative, See dashed curves, Flg. 4da.
It 43 assumed thet the turbulence sround the forwnrd part of
the ship and around the transceiver is independent of the
mesns of propulsionj that is, whether the ship is driven by
the propellers or by its omn inertis. The ship tharsfore
was driven ot & stesdy aspesd of 36 wnots and the nolse laveld
sccurately established on & glven beuring, thea the power
was suddenly cut off snd the moise level recorded agzinnt
time as the ship decelerated. FResdings were taken at ap~-
proximately one second Satervsls until the noise dacrosszed
to the lowest ssasursble level, Zerc time was the last steady
state reading Defors the noirze started to dscrease, To plet
the nolise level against knots it is necssssry o huve the
decelaration curve of the ship, Prom ths known msss of the
ship and the effestive haorse power as & function of speed,
it ean be showm that

v
M e
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there Ve 1z the weloelty at say time t, V¥, is the inttial
velocity in feet per second, snd t iz the tize in zeconds.
The curve of the mbove scusation is plotted in Flg. Bs. &ince
Tor ¢t = Q, Vg = Vg, rero time may ha taken currasponding to
BNy tnitiai spesd on the curve, This ussuges thyt the effect
27 ‘he propellers 12 coupletely sliimina-ed =t gero time, This
1s not quite true for tha inertls of the turbdbines continues

L0 drive the propellers for z short intervsl, sfter which they
“Te rotated a8 a water turbine at decrsssing rate for & pseriod
of wwout 7 minutes, During this decalerstion period the ,ro-
Jeller sound 15 of low intensity, as pjroven by messupements on
t5s Dw’ tube in the after sound room. Uzing the decslerstion
curve for the transposition, the noise laevel 1s plottec sz o
Dunction of spead during deealeration. fee 30lld curves of
flge du.

The outstanding festur2s of the curvas of iy, 4a cre the
ulffurences in the levels for 0% and 180% boarings anf the rotes
»t which the deecelerating curves separate from the driven ourves
9n the different bearings,

Hegleeting, for reasons explained below, the effnct of
mechunical vibrstions of the ship or trinaceiver supoori, we
aay pay that the noise level on the deesleroting curve !{: due
¢ turbulence and on the drivem curve the nuofse 1+ Jdus Lo
turbulence plus the propellers. BExpressed astheautically,

(1) DBy = 10 log Iy ,

’ $here Iy 45 the intensity of the backyround due to
turbulence sbout the transceiver and i%s mount ane DBy L5 the
velue of Iy in decibels. Likexize,

() I}B‘ = 10 log (It + Ip);
shere Iy and I, sre respactively ths baeckground

intensity due to turbulshce about the transceiver snd to
20lse gemerated by the propellers, It follows that,

- = I‘QI - - 1
() DBg - DBy wm{_wz} wue%* ,ﬂ

ilso,

(0 b8y .00 -0B » 10 log 3,,,}«/_;&
| £~ 0

e



where the subseripte ($~180) and (£ 0) refer
rsapectively to (turbulaence at beuring 180) and (turbulence
at bearing 0).

The vzlues of ma, are taksm frox the sxperimentsl in-
tensity versus speed curve shen decelsrating and of LBy from
the corresponding curve obtained vhen the ship 1= drivem,

From ths curves of Pig. 4a and the sbove equatiocns,
Tuble 48 has been prepared showing the ratios of the intensi-
tias of propeller noise to turbulence nolse, and the ratios
of propsller ahead and sstern, and of turbulemnce shezd und
APLLIN

s The rotios of propeller noise to turbulent nolse on
0° and 180° bearings ore plotied in Fig. Ba.

It should be rexembered thit the sbove data were trken
sith the (C=5 tranaceiver which has s rezonant fra usncy of
“%e8 kilocyeles and & directivity and selectivity shown by
the duta in the first part of the report. Ths absolute
values would be diffsremt for another trenscelver znd there-
fors too genersl contlusions are not warranted by the .resent
limited dets, though the tremds seem clesrly indlcated.

¥ig. Ba shows that the propellers make the major pro-

portion of the noise at speeds under 30 kmota, &t 1 to %X
knots, propellers end turbulemce are about egusl (the driven
snd deeolsrating curves are 5 decibels apurg) and between
2L snd £% knote the turbulsncs dominctes. It 1s important
to distinguish between absolute values snd retios. At the
lover speeds, although the propellerz produce the mejor por-
tion of the noise, the absolute level is so low that it may
not sericusly interfere with echo renging dut it is still
an sdvarse fagtor in list to the propeller nolise from
s distsnt target ship., Om boaring the lute walue
of the pre) sr noise 18 legs thas om 1807, but the turdu-
égaca 1s slso much less og O tham on 1807, so the ratic on

1i» ter than om « It is also probable that con~
sideradle propeller nofse is reflected from the wives shesd
of the ship or the bov wave, liks the surface echoes in scho
3‘%" and may strike the faoe of the traasceiver on 0

RFAnge

Shen a spherical tremsesiver is dremn throwgh the water,
the turbulence will slvays bp greater astem Shan forward
tad the neise ploked up oa nring, shers the face of the
traaseeiver $s tevards the ainimss Swriulsuss, will be less

) meumrmnumu

) ‘Alss sinee this turiulemce

face of the trenposiver, 1% not saly preduces a




high noise level dut partially shiselds the transceiver fros
the propeller nolise, hence the lover ratios of propellsars to
turbulence on 1 boaring.

On ¥% July 1937 the EEMMES lilstened on both sonic sad
supsrsonic gear to the noise from the R-10 under different
operating conditions, The dsta agrse vith sinilar tests on
the B-20, Refersnces) Report No, B-1189 of 8 Eeptember 18675;
Report 8-1282 of 17 June 1836, The following conclusions
zeem warronted:

(1) The average sound output is not consistently
or materially different when ruaning on the
surface oR engines or sotors st the rame
TePeRy

(2) At 2070 Tep.B. the nolise drops to the ambient
levsl which was 4 4b at the time of ths tests,
Yor 218 repem., 5 knotz, the noise is 26 db
above the ambient levnl carresponding to sn
intensity retio of iOOti

(%) ¥o aiffsrence could be detected in the noisne
level from the A-l0 st 300 yards range whem
to vith both engines stopped and when
charging datteriea with both enginaes.

This 12 becsuse the charging noise does not rise sbove the
gonersl ba 4 level on the listening ship, Also, no
besrings be obtained by listening to the nolse uu either
sonic oy supesrsonic while the R-10 was lying to st 500 yards
and charging battaries with both engines.

The evidenoe i3 conclusive that, when listening zxt &
distange, the noise produced by vibrutions of the hull s
noxltg;hia somparsd $0 that produced by the propallers, Them

on the ssme ship, however, conditions may be dif-
flr-ut due to the shorter rsage und to the fact that vibra-
tions may be transmitted Cixtetlr through the shipts structure
to the transceiver, This sas showm during the tests of the
.:*":*,..,“..%:mw“' PRSI £ R
re , oro~-
phene «f ltlfhiyf!nﬂtl ﬂ& H’ w”; g sound insalated for
th wiiuu ‘ 5 j auuaaa thxa sypc of




During & test on the PHELPE there was definite evidence
of vibrotion of the transcsiver supporting tube thet reized
the background above the propeller or turbulence noiss beyond
a certain speed. The effsct was balieved to be due to chat-
tering of the spider which ia the lower dearing for the trens-
oelver tube, This type of nolse interference can be sliminated
Ny proper design and vorkmanship on the transcelver support.

(o)

The data scoumulated during the past five years show that
turbulence causes noise in the water. Tests have been zade
on the operating ahip, om distznt target ships, on model yproe
pellers, and on experimental equipsent in the Lnbarntary. Togts
hive also shown both on model propellers and on shipe, that
when cavitation, vhich 12 an exireme form of turbulasnce, begineg
there {5 a rapiﬁ incresse in the noise lsvel., This 15 slso
ghown by ths differences bstween & flat face and a spherical
transeelver when the noise i3 measursd as a function of speed
snd bearing. The quantitstive dets on whieh thesze ristomentis
sre based have besn fully presented in numerous previcus re;orts,

(1)

i In eny receiving zystem invelving listening, the moet in~-
nortsnt factor is the siznal-noise ratic, ™his fuctor cen be
Lmproved (&) by imcreasing the signal atrength and (8) by de=
creasing the background noise level, The first section of the
report has shown thut transcelvers are now spproaching the
ssximum radistion 1imit imposed by csvitstion} therefore, re-
duetion im moise level is the obvious method for further iu-
proveasmt. This can be done sither Dy reducing the intensity
xt the source or by stielding sgaimst 1%, or by toth methods
operating together.

(8) Congluaiona

The brief scund anslysis of the SEMMES appescrs %0 show
that the background of nolse pia?:? up by the tranaenavzz is
due to two lscal sound somrees! the propsllers sad (b)

snce sbout the transceiver housing} and that the ratio
of to (b), which 1» large at the lowast speels, ineresises
1y ‘ uii‘ speed and beoomes wnity st sbout 2 xnots, It
follews that redustion of the trensseiver noise bagkground on
ships of the w shore the speed i relstively high, will
;;:«m tnmnu» Rl qr‘m loeal %ﬂ ‘:’mrm, h:hno
necessary te reduce She propsllsr sounds.

Two ressivenss sre slveady under wey that should result
in reducing these twe disturbing sources -~ ons directed toward

051 G e



the devslopzment of & noiseless ;ropeller for submarines ond
the other toward the development of & sound transpsrent shiell
naving safficisnt strength and rigidlty to serve for & sirean-
lined housing about a transceiver. Improvesent in underwster
sound detezation im ths near future will depend to s lurge
extont upon the progre:s mede on theas twd problems,
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Table B
Test Data - lodern Sound Transmitters

Relative Axial
Sound Intensity

at 180!
Iransceiver (Ratio %o GC-b "HP®)

(C-5 Submarine Signal Company

wHigh Power® £3.8 kc/s 1l
(C-5B Submarine Signal Comp

*High Power" 17.5 ke/s 1.6
IGD Naval Research Laboratory

Max. power applied £5.6 xc/s lg
XG(C Non-Resonsant K.Roke

Max. power applied 20 ke/s .+
XGB (New) MNaval Research Laboratory

Max. power ;gglied 21 kc/s 4

Estimated 1 volts 10
3B (01d) Naval Research Laboratory

Max. power applied 232 xe/s .91
¢C~% Bubmarine 8ignal Company

*High Power® 24 ke/s 8.5

qB Submsrine Bignal '
(Pover not upeuﬁ:f 24 ke/s .81
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Table 4
¥odern and Gbsolétc Types of Transpitters -
Dats Ehoving the Percent Their Radistion
15 of the ¥aximuzm Possible,

tatts Increuze
Badiuted ¥actor for
Iragsceiver REr 8c.CRe  Z.0f Hex, Hux,OQulout
(Ce5 Submarine 8ignal Company
*High Powar® 22,8 xes/s «O35 a% 17
(C-~58 Bubzsrine 84ignsl Company
*High Power" 17,5 ko/s .056 o8 11
YLD MNaval Ressarch Laboratory
Hax.pover applied £3.6 ko/s +186 514

X(C NKon-Hesonan$ Eav,Res.Leb,
Max,pover applied £0 ke/s 018 28 ae

.8 (New) Baval Res.Labd,
Nax.pover applied (B61V.)

-~ 18500 ¥V, (Estimate)®l ke/s (.18%) 274 4
X:B (01d4) Nav,Rer.lLsbd,

Nax.pover applied 22 ke/s <088 5% #0
XA HNaval Research Laboratory

Optisam Power £0.8 xo/» U4l 7% 14
i(C Resonant Nav,Bes.Labd,

Optimm Power £l ke/s o184 20% 8
X4C=1 General Eadio Compeny

Optimum Powver 54.3 ke/n » 050 8% 20

Optimam Power 9.8 ke/» »016 3% B




Table 8
Test Ratings of Both Nodern and Obsolete Iypas
Sound Trunamitters

Relstive ~xisl

Trapuceiver fSound Intsnsity

XD Naval Resesrch Laborstory

Mex, power applied %%,.,6 keo/s 1¥
%.B (Mew) Naval Resesrch Laborsatory

Hax.power applied (861 V.) £l ke/s 4

Eatinsated for 1500 volts 19
YL4A BRawval Resanrch Laboratory

Optimum power £9.8 ko/e fed
tC=88 Submarine Signal Coupuny
~ "ifigh Power® 17.5 kxo/s» l.8
XC  Resonsnt Hav.Rea,lab,

Optimum Power £l xe/s 1.8
74C-1l Generel Radio Company

Optimuns jover 24,5 ke/s 1.8
“C=3 Subaurine Hignel Company

*Eigh Power? 23,8 ke/s 1l
XGB (014) MNaval Rezesrch Laborstory

Hax,pover azplied 22 ke/s o8l

X¢C  Nom-Resonsnt MNev.les, Lab.
ax, powsr applied 20 ke/s B3




Table la
Hoise on D=¢ Transceiver and Boonton implifier

Sound Roouws

&peed at vhich propeller turns
can first be definitely countaed 1g kts 8 kts b ks

Epesd for messursble level - 13 ¥ v »

Epesd st whieh propellsr rhythm
diseppears and bdecomas "static’? gz w g0 * 1 =

Intensity of sharp pesks above
avernge nolse B«10 b B-10 db 10-18 4gb

WoTiEds (a) The port propsllar was such nolsisr thsn the
starboard.

(b) ¥hen listening in the after soundé reom there
iz un increase in sound when ths propsllers
are accuratsly synchronized,

(¢) The noiase Increased about @ b when the free
quency was chenged from 15 to 0 klloeycles
but this was partly recaiver senzitivity.

(4) Ratsing the D=-" tube had little effect until
the transceiver was almost completely

housed,

() The intensity snd durstion of the sharp
peaks wvers inereesed by roll or sitch
of the ship.
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Compearlison of Symmetricsl Hearings

C=b 4 kilocycles in Ftarboerd %#ell fort Tube Up

) e J4Q

40 = 310

80 - U - )

50 - JBO b -

00 - WU -3 -2
130 = L60 -l -5
180 - 40 +1 ¢
140 - 280 - *l
130 - £GO -3 +

AVE =& -1

Tuble &
iffoct of Turtmlence Irom Port Tube
when listening on LC=5 in Starbourd hall

Uifference in decibels betwien
read xnd polzad cozliiiong

200 +8 0
£60 +1 !
o0 5 *4
£80 *5 L 3

240 *2Z g
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