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Secttio I

The ;preent retort deals with two souai profl)o; tlrst,
"coun.! 1esetrch hnd Improvement#* and second, 'SAuction of
-ouna 3onerated by Naval Vsselxs.' Under the first it de-

- 'crlU~s the progress mnde in echo detection *eu!ipment Auring
S>,f t three yeart 4n under the second, It covwrr briefly

Ihe Nouad analysis work done on the S-EQ0 the 2,,V4Z '•ndon
.ropeller models and discusses certain deueticns thdndros

to the sources of the underwtor sound senor,' tto by wavfl
vessels and their contribution to the Seneral bWckground of
noites !&kel up by the echo detection apparatus.

section 11

u00N Tmu? •sOa*•A 01! 0.4a.p Ei4&•$ July e- 8. bif7

(1) utline of T.,t PnurC

.Definite knowledge of the present atbt,,z of those vpo
closely relsted problems hbar resaottd fros a sao•ua ti•t pro-
er*.m erried out on the UKMM% in the Xew London ar•, o uring
the )!ertod July 6 - :8, I•Y7. A brief outline of tiht• iQrorr,
follows$

(a) Test both as sound tr44:nsmtttus cntlu sound re-
ceivers the followinr types of trtn1zcQverzs

(1) C S. ubmarine SL,,vyt4 Company p'roiJuetbm
model* A C4 kfloeyole £agnrtostriction
transceiver. Radiating race diaaettr 14 inches.
Housed in epherical ease.

(iŽ) fNbearisae Signal Company test aodel.
A 17. kfolele sapietostrletion tran.0c4iyer.
!odiiat fto: dlameter 16 inehes. Housed in
apherieil "Se-e

(3) xCI. old Nan). ben~rt Laboratory type* A.
"wotd4. salt tmnasetnvr. jtlaino face
dIameter 144b Irna... A bmadly twatd truns-p
sotvew Getg4e0 to opwate over frequency
N*te If - 3% kflneyles. bmuA In spbsrteal

(4) QB3. Nov Navl Reseoart Labon otr typo. A
roehlle salt transoelver, broa41i *mod tW
operate over freqeney rng.e I? - 50 kilo-
oycles. &mood In a esa-s trn eUaW S~1.e
drital ease 3eetoaanUlar shaped r-&ags
ares of dtouauloas 16 Inabe. 1ob lW I,



Ir0) , :C, New bii'vad ~haetrch Lator&tory ty~pe.
An rmtuned,~h' ot'oir rn3~Yr
uesienoad to opeortte over the frcriUsiCCy

rhng V - 40 kilocyclas. Active ete en0tz
flattened neivakl tubes. ba esieno ' ;rl'i~ri2y
for tCttn Ij ,ropefler sounds. flouM'Od In

non-atreaaltitod c430,

(4) ).D. Mow flaval atite;irch Laborttory tyj:.e

optr~tlng on pure elsctrodyntmic 4-rtnciztms.
kodm~nicAfll tuned to 7.8 ktlocycl4.

,RaiAtin* face diameter 17 inche. s,.ound
in non-streamlined cse.

ýQ•a In addition to the above six types, the •hC$ hrd t

S:trA on two othvr trwsceiv~rs ieveloped by thtf tuhaýzrinm

4. LW~l Company, one & .A4 kilocycle iltazt"t!.un &•vi~i

rndiating (sce diameter of 16 inches thich we ingrjl ,C--t

and the other a ,b of the a4teS r;Aidtinng ares. The 5Qun

generated by those can be roughly calcul",t. 4 n &In ;@lte

un~it-4 througyh t-heir rating bty the 8`1aCSZ 15 4 'dt,,
the .ýC-b. ttýSch computed raitiw s ý,,r in1.r f
which follows later.

(b) Compare e t 4ch typ* transceiver with C-t' for

detsctln, a subu4riae by echo under vwiriaus

operating conditions. Determine lim-iting
echo runge for n4ch type.

(W) Make underwater aound analysii off o$fl ." bt

the following locution) D-12 tube, Main ýOuand
Ioom,, and Forward Cound Room, using D-. type

rcc•sivers in all three loc4tions, and in adi-

tion using the QC-! mounted in one tell of the
Uain Sound Room.

(:r) .TrL'sceitr Teats

(a) Tept trocedug'e - TrgzngSoeivef

The procedure followed for testin the several tyPve'• of

transcivors both as teasusitter# and receivers dopend• Qn the

use of a standard crystal reaeiver calibrated to ¶$e&4Pre in

ibsolute units the pressure axmplitude of the iupain&n sound

waves. This moessurevet permits computation of the sound

-intenxity thrugh the "1l1 known rotat•onS

002-



CS the velocity kr thC Sound tri:V:ost

,.:,t'!,vrwintwOn oc th n fntenitiye

It riauy to notps t',t tuid rfth..ort us thv fV< tL1 ,iA
co~itr ith denaty to r her aa;ounremondutlnc of iu cIn-

tv~ntity of underlotyr sound si.gnp vsT tehn.,-v )vd i-
£:Ortnteh of (uch an ureme)ts nro aonzaderod later unQ)er tih

tllt ~r;izingai of th~e intensity.sav,,i rmrcoipm

ro.Its ýa by the nontý1 tf hiir*or tho tkwfis, nttl

t-nt tvyhatnue and tpptrsTthUt

bVO the 6F.'US1oF, suerronnal is po follosiu

(a) The troansmitter Is tmrntvd in on* frell of r hcw sain
soaund room AnI dikocte-# ;rom- rth a type -# rs>-cSitver
by jtv Ch :,esrlxcopeh to & d!rrjt aout f fzet buil.'&ov the
teel throua h apn opening on thp e tftrbo*r. qli of
the atel1 Its rocftlon its bout 1on tre rst w. t.r. n
of the tran2sonniver under tol ti Tfhoill
orienttd &bouit the ais ma th to tohe -uint oh thi mie
Dbich g~eivces toxiu & dsvth acat re 'I'he thtenUr,!2,)
k,.eeligo throg snopeund onthe*tr&,4ci

(b) The trool.ctivr is energiied at dAffGrfnt iencifiea

by tunn.r the drtver conseoutively to difftvvt known
frai:uencies und the D-Zý response in 8ecihlkd or tiilli-
volts recorded for each frecueney. The so-cfilled
"P• onsjtye-Fyro..urmny Curve" results from p4ottinj
D-5? response as ordinates against correspondlinj 1r•-

nal fr.quency as abscissae. The mAxiam ow= in•.t' ;,f
this eurve 4vos the resonant freouenoy tna its
breadth gives tha sharpness of eochanical tuning of
the tran•seiver.

(c) The driver Is set at the resonant fros;uency of the
transaoelvr and the response of the D-6 recorded for
increusing power input to the trenscolver. The so-
called *ntonsity-Power Curve" results from plotting
D-2 response as ordinates against conesposding power
input as absoiasae. Saetot• precauti•es usually
require that the power input be kept withiL the
linear range of this eurvn.

-4WS"



(.I) ;he ower input to th'z' ttr,,nbOý,civ'r ±I1241 CCTVt ;
t. the rehonalt f*e ;onc 4nd the resonze of the

rcor-ded ~*i>t rn' the tran?,eetver is

rotetA-Cý sýtep b; rtr ,ihbout the atAmuth. he so-
c;~Ale4 W•1@.w V ith &UtVe' 1i; ýivn by pAot tin; the

:,imtuth lo;rtn A.tucsne It Shot'v- tho ý,ngulbr
Aistrlibtion rf *-he nmlnr. ener, -nm hsnc4: the

directlve eelec•titty of the tThnicslw. "his
plot is 7 rUtr4½rbiy *Ade in ;o orimts

This r:.-octeure is ýubJect to crtic-iesm on the •yrjvdr-
t i::rz; tL crndl',? v- the te5 rev0 c tI4X1n.l h rror ol:O h t h

.Thsea r •b t Pun een-rc La~the$e two t ,m t tM rec:.nrf
de'trm~nqP,. wbether they ea.O or eubtr;et. It p r ý'ei

itchet of the Xignn and _-'rob,4tbly to rtue, extsint V
t mA'bsuloant conditioue s1owý, tshe two saitn4 ;''ýthr rcrnrto

,The ?h4va4 Reseatrch Latbortttory tviits avoýYided the 1Lntrt• ,o~r-
ence of hull reflections by mounttnq thA riieelvr -In the Deone
vwdl of the main sounw. room, thireby givtng an athM .rt n)t40
5ound pcth -t4.e'vn trfnssittper ftnd reaeeivsr of 4-1/f feet.
SiAnce the line of centers of the lowored trt4nJmit4tir nC re-
c•eiver lies about t feet below the keel, the soun¶ beha.sL in no
ense aprsids rdu•ficiently to etrike the hull and rv.0,ct on
the receiver. The N4val 8esexrvh Labortory t eiloyed

-the c4libreted crystal recelve•r insted of the D-t' to pe'ait
reducing the seasureients to absolute units.

The be=- width curves (Intensity vs Direction) t ken
athntrt ship look diter1*inhtion because of ",e smcll cross
section of the beam at this short range as com-Zred with the

aactional area of the receiver, to better illustr•itm the
il•eam chramcteristios of the severul type. of tr41'c4vP5
such curves were taken at a ruage of about 60 feet Py u•ing
the D-. of the forward sound room as a reocever.

Thus, it will be **so, the testing of a trinsc*4ver 4s

a souad transmitter requir*es the *xperiental determination
Of three curves:

(6) Intenvity vs Frewuency - Voter Input helJ corn,%tfnt.
Thils curve gives the resonant fresuency of the tlnS-

coivor and by hbofing the sharpnss of -esonance
determines the degree of its mechanical seleetivity.

(b) Intensity vs Po*er Input - at resonant fre u"t.•y. -

The slope of this urve is a measure of the acousti-
cal *ftieleny of the tr•sneeiver and henee InAicates
the power limit to which the transeeiver should be



conoy iroh t !' % 0 It 6nt ,o ýt a

' kept .l*,hin )..,4 limit.

ccn!-te~nt rav~er, hi cirve ttrthe ii,±tnrlpr ults-
tributirin of the t*r-ns!miteta -douJn( ý,nd4 herccý tbe
directive setoc'ttvity.

.., th- curv 3ivOy ir *he 'hovn order eror chfn
trmi~c*.4y;prr - e

(u rjr ?cn t- n o, 1r, ~ for L7rmmrixert

;Flu t~oSý lp *ý iianId :-,ortt&Aim to 0I'e C-tý I An:t I' I iv
a rei~oiA~ncsre U9'fl07a of AAkilocylcleý-> w; vri~im
AetiQCtiVity of 63l,

4j~a3 The mechanical imelretivity is herein definedC
as Thhe ratio of the reimnmnt frr uo4cey to *.L(;

v.1thin ycelp of the Intmnrlty Yrv f 'r-~c

Curve s"t, "r tntefl-lty level $dcWi :~~
ith,, n¶+cxiwm.m

01 the driver* Potruts I n on th' curv- cc,ýrer, 1,- t/
"LO ow ior" &nod "111gh ?loter' ;i*ttin4sj o~f l4r
axial intonmAy in !alliv'ttz .er snro crrntifzfl'wr

t-l/Y• foot athvu;rt shlp r•nare is 7.9 for 'Low 9oerit 4n .i:0
for "$i4h :o7er.' The Nctvtal desqreh L&bor•o'y I idl.'tt
driver was vise4 to dfrvelop this- curve ard to ,f:surt ,1ý

t~mawe by ovtithenting at the hjigher plwers tht 1tYV'

cloen only during the brief interr4l reiuirad to r- , the

zh- ctnn;be" vtith 01t %734ert. 'eiy
Ut the first lobe is 15#5 decibels below the z ltnt •tnb ity.

"The beAm width is herein taken as the anrlc ,ulut-n~dot
betueea the two flret minima, one to the rip0t rnd tlsk other
to the left of the beam axis. From thoortetief or oi'rrL-
tdons this angle is tuelsted to the frevumney ýrtd !1-emrSilrF
Of th. radiating face in Aewordance ith the o<.!itcl

owl e *6in1 {.1 rSOJ a k i- *jO l A.5

,.*here & is hbef the angular be'm width,
V, tho velocity of PoMd

h, the ftreuemoy of the sound aifial zn4
R, the ralus of the circular radiatin V'rsCp

V/1, the wavelength A,



Sf ::-'tv ind that of the ti..t lobc ithould .&roxin it

Tho~ thor~t ctdaictionft follow >ron tve i ~aru ttflot~t
A-t th %t All s,)ýrts uyf the t. irmuýAr radj~itim: f't': Mi *'U,2. &ts~lit~ui@ an4 '4pj,: (like~ the ocM Mf n driven

i ton) and zeronl, th.-t the eircular rt,diiting faoe is ten-
1,rnd in a plane baffle of .:irg;e ares (sivil::r to a <itton

"ttted Into a hole In a wall of li-irgs dlmenrion.f) uhich pr"-
Y (nts any of the radii tea nound from 'tenetrt:.ting tho rg.lon
,"-ck of the plane cont4inint the radiating CftcQ.

Thq h•a.vy sounmd-im)orvnvous ea~inu" of the trý.r-cdlvý,r
:servrs in a practlrtil *.,y to repotc.e the thnorittc I ,h
ttVd therefore thatnciv~ eQp~tr crios cA.o~si

tith the theoreti•ol if' the '%hole rttciwitirn, ft reieitt~s
d',Ith uniformity of aamplitueO enO phaLoe. 5s a re:.ult, a
eosporinon of the theoretiel bnd expertmontt1. ticsm ui.ths
tbo's whetber o0 not the rtei~tlnn f~tcrs cm o rhU#le, is
o;'eratianr rith .roper eoordinL.tton of ytmplitudo, ' h
to ivte the maximnm concentrstion of sotud enerfy *lon'ý" the
beaa nxis, The inforwktton 4jvem tb zuch compgriron:,, till
be covered later. It may be rtated, hotjover, th...t tihr. Uheo-
rsticml beam width of the (4C-b computes to be "5.1 dogrret.

The •suembled inforrmatton derived fram these three .C-5
,curves Is:

P)3 Wechanical Zeloctivity - 61
Z~ Beoan midth (theor.) : s,5*l degrees
~4 Seas vidth (exp.) W ~ degrees
(51 Intensity of first lobe 155 decibels bAlow

axial Intensity.
(e) Axial intensity at 4-1/- ft. r#saCe (low ,•wrj -

7.9 uilliwatts per Pi*=*
AxiAl intensity at 4-1/2 ft. riýMngo (high Žower) -

39.0 milliatts, v,@r Sqo0m,

S•uch data, derived from the exp~rimtnt,,l curvot for ev•eh ty.')0
of transceiver, are assembled in columns 4, 6, Ii), 1A, ?.# , pod

PP Of Tabla It wtibh eontains all the dsta pertaining to or
derived foia the transaitting tests.

Column. I s* 2 of this table give reaj.ooetiVely the
direct eurrat and resistanee for the different trnsceivers.
Pros these the d.oe power used for pola•sizig is cow'"utod and
.tabulated in eolvn go These soles# are blank in case of

.4.



I• rochfl*e salt tranSceivers inee tley do not re.;utr,

Column 4 gives the Mflhantenl Resonance Frez:ruency (?a);
column s, labeled A ? jivns the width in cycles of tbe
intensity vv fr.e~uney CUrve ! docielEa below the pint of
"tziau* intensity. The ratio F//AT gives the Mschtnical
clectivity or c.brpueas of geochnic*1 tuning as tabulated

in column 0. Joa-rnonant re-avirs are not asehanicAily
a elective.

Coluas T# 8# ama b ive respectively the sound wave
length ( A) and transceiver fake dimensians need-d for
eomputing (20) the theoretiokl beam vidth as tabul&to4 in
celuza 10 and whl¢c may bU cospnred with the oorriepondinE
*zperisentil width of colmm 11. Column 1i gives the rPtio
of the msaix a imtensity of the first side lobe to ttat Lloag
the be&a axis and 16 given this ratio in decibels for ready
comparivom sith the theoretical value of 17 decibels.

Columns 14 to 19 inclusive have to do with the a-c powqr
supplied to the trzasceivers, givin. respectively the a-c
curreat; &e- voltag* across the transceiver termlnlsj *-c
volt-ape*re produet; *-c impedtnce in Ohas; poter factor when

"safficient data were available; and finally the &-c poaer in
watts wherever the power faster unl be deter•in•d,

The input a-a power in wt, colum 19# dited Into the
total sout output9dc# eolM 20 gives the acoustieal efficiency
recorded in column 2. The aeoustical effielency of the 4C
and 1A4 types is indefinite. The values r•eorded were obtained
by using volt-ampere product is place eo a-o power and as &
result these values are too wsaX because the power factor,
Which Wlttpliet i tO the voljt-mpere pro44ct ives the 4-0
power, cannot exceed tity. AOU that eOa be claimed for these
types ts that their acouctie* effieocy is not less than
the values given,

columns Pf2 2$,'and P4 give the axial Sound intensity in
milliwatt. or Umetrwatts per Square centimeter for the ?o•pef-
tiv* ranges 4-1/2 feet, 140 feet) onM 30O feet. The Intensi-
ties for the 300 -Ooot and 160 foot ranges, columns 7•, aan -4
reepnfliwely are ats4 fro thoe measured values at 4*6
teat Ir use of a theetetteal relatia botwee axlal intensity
a4 rsage whiekh as.. meo arttaates in tran sit and no sur-

firce reflections.

Cl as #IVe#s the ratio a the totl s01 t output of
Ahae several tre•a tveors operatod at Variouu -- r - i t to
the total SA BOlantn tW a 4o Oprat at *Ui Pegh*

4u*



Columns a and 1P'7 give the ratio of the 4xial intenzdty
of the several transeivers, opeorted at vurious power input
-to the axial intensity of the ,C-b operated at "high power.'
This ratio proves to be practically independent of range but
it may be noted that the Naval Researot Laboratory results
recorded In colum 27 are for the s*ae range, 160 f*eet* as
for those taken by the 43MMflS and recorded in col=mn 48. As
stated above, the figures given by the VtlR own be criti-
cised on the ground thut the rteelver vas exposed to both
direct and reflected components of' the sound boss. This a

account for th, lack of agreement.

"The overtil d•tr•etflty of vn echo detectin .:r•tr uon..
flay of tkw trseiar 4r_'cd is hie-h bfteanue Its -dire9ctive

pO3rtie!! coma Irto Play7 both onl trnnuirstion or tbotmi
and rooeption of the ciho snud as a result, the echo is he<rd
only rhen the axis of the aouze bean Iii l'lreet~d very approxi-
mately at the tariet. Thus the echo *ffttetivenets of a tra•s-
ceiver Is largely detentnt • y the axial intoa!4ty of its
signals. Column r,7,, ttwr~'orcW,;rttos the sevntrnl t~~~v
in aceorlance ultt th Aw ee.) a-iflty in tnri of t hitA of lshe
4S-5 operated at 'hirti power.' The:*.* rstinriý vr tlsrblcd in
Table $ togeth*r with thops *t two other nodel3 - lbeled
respectively 4C-? and 4,N developed by the !ubrtvne k'ig-nsl
'Ceoacy &*4 prevfously teoted on th: S!AY4*!,

(o) Dmumsioan orf.Yarius Trnafteivern

The 4C-5 experimental be7a width (Re ) is IO dewree;
while the theoretical value is only Z5.1 degrees. Insarting
the meaured ralue of 0 in the boam *w4ib formula,

sIn 0 V 0.61 ?,/1a,

gives the etfsctive raldius (P,), Zu ot9.er vordo, It iv'rt the
radius of tr; circular *res whichj, OnCi1sting al~t vudl amjfli-
tute and ;4asoep old genetr e the sa-te VIdth of belm. In-
Rertia• W1 for e and Z4*0* Nor A * as retorded in ceoluw 7,
Table I the affective value of P . n tý e to.8" ae C•OW

Pared A4th the actual radius of VI*ý The rereOnt Of tht. tottl
fate aroa that Is effective is therefore

other 30• is Uwefrettvoo ft ratio of• •tboeativs to the

-Plate 3) IMI*ttis teb ~t ftsý aotul slL re• In Circ-
lar %^ for* Tis :XOWW to %h# ~Ieujdou *a the rýAUUn

410
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is conter.W in the face with a rodius equal to ,85

inheas 4nd the Inactive Aortion consists of the surrounding
rind-shaped area of 1.19 Inch*s r*4i4l •i4th.

Consideration of the meeha•noil design lends credence

,1o this conclusion for the aetive tube elements are arranged

in cheekerboard spacing over the circular face and this neces-

sarily imposes unequal plate load•ng on the outer eleents -

those lo•ated next to the eircular boundary. These elements
with their no-uiform plate load will have a differemt
resontant frenueney from those on the central ;otions of the

'plate where the loading per tube is uniform, If this differ-

e*no is more than th coupling eon pull Into phase, %s appears

,-,robable5 the outer portions of the ci lar plate area will

'boome relatively inactive.

Failure of may transceiver to utilize the whole aooe &aroa

is a serious matter for it not only reduces the total wound

output in proportiou to the ratio of the Inactive to the active

area but it frther rodtues the xial Intensity of the tound

it does radiate by spreading it over a wider beau.

In case of the (C-5 the inative rea reduces the s*=ud

output by about 40$ nd in addition makes the axial Intensity

of this weakened signal about '5% less than it vould be If the

sound were radiated uniformly fr•o the whole plate area. This

fault of the 4C.5 an deubties# be I .roved through properly

directed •seeareh. If it were entirel overeo.. the axial
intansity wold be Im •eoseod to a*bt 99 tinoe its present

The sappression of the first lobe to 15.5 decibels below

the axial inteasity Is quite sUatefctory.

The experimetmal beas of 29.6 at 'high power'
agrees well with the theoretical vn3ne of 29,0 *ad the sup-

pression of the first lobe to 14 decibels below the axial in-

tuna1tr is satisfaetory. The whole faee area at this low fre-
ueaeUey, VT.1 kiloe~yces9 appears to oscillate with proper co-

orimatLea of smplitude *ad phase. The total soud radisted

(high poVer) is " watts as .aparot with By watts for the

W&-5. The QC-5 It iproev to get equally good phasing
unifto Man i tlte, at emal face area as eepared to the

(4C-15# woul be superior to it. It is doubtful If this could
beaeoepihe4 with the prese0t reetUAagua arrangemet of,

the 4elemat.

As these t" treaseeite5 stead, It is probable that

lurntifl ee*d tests welt slShlj fantv te QC-.. It
womtetsba ke f how er9 to *oe& tat the lower fre-
quemq te ne ftavorable few a. teteetiea. hAy superiority

a0O
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tr•r 4C-SB may show Is due to failure of the tC-E to functton
•.roperly r•ther than to the exocelenve of the SC-EtB. For

CerAte the fact th.at it properly utilizes its whole tane

*,rea, the sound outpUt per umit area Is about 7% less than

that from the active ares of the ýC-ti, and its wide beau

-necessarily roduces the axial Intensity.

Isprov4Peut in the Duabmrise Cicnal Coamany t s £C tYpe

of trunseeivir, as regards transmissiE, would appear to lie

in; (a) making the rensont rrequeony at least "A ki~cyelos;

(b) increasing the face area as ewah as possibll; and (c)

improve the design so tAht the whole face area will radiate

tore eotectively.

IINL Se-t _lOdMMA-C e Twu~ M•

The theoretti e a * dtb proves t be0.'fhil@ the

expearimental, as takea an the $NMuNWg is 1lf aad aso uea red
on the sound barge Is MOO ?r he Intensity of both the first
and scenot jobe Is only 8.5 decibels below the axial intensity.
The effeetive face radius computed free the i ben vdilt iu

10.5 inches ad tree the Noava UtesenAM Laboratory bean width

9.6 inches. The diameter of the f ee Is 1I Inches and of the

face plus the flange ti 19.5 inaheS.

Thus the effective diameter derived fvm the Naval Re-

seareh Laboratory bea* width seanreeett taken at a range of

30 feet in e.aparatlvel open water is 19.t Inches or practi.

cally eqwal to that of the face and supporting flang. The

effeteive fcee dioaoter resultia from the SOMAS• masurement

Is 0.06 latieh which is sore tha asn Iamh, greater than the

mariln diweter of the tr•aseetwoe.

Bince* the retaining ~flne, is 'bolted against a rubber

gaset sat net rigidl1 against the mssive case, it could
possblyr osllate antd palate a easeflabl*e samt of werp'.

Uunde mobh Seoittocs the aetive diameter sigbt be egtiwaent
to the face plus the tinge as tUiea•ed by the 18..1 msure-

sea*. hut no plausibe IerplntioMs bas bee fou;n to aQoount

for an efenetiwe dimet peater then that of te tra•oeiver

ether tao te poa•sibtl that tah besmsv 441 snneaud on

the $MIM$S vSor the reeiver is sxpvewe to "boft direct and

"releflto eempfntIS. are oft vry "aeerate sea Premmablr t~o

this treasflo vtsOWNe an vatesitbl* assist of ra~tioati
In boah the first sa soeesa0t los btt despite thi the tost

"Ut give It a beamw retLe of K nttw as eaipre with

aboat o Watts ein a. 00 W wtn a Its t eamnti
til jaMasltrwas 12 times that of the QC-5, measured at

-1.0-



42l3powe -*,&t. orr oor input, Jiro aorne's m'&~ smre-
•: it five it a factor of 4 over the (1C-5.

Thttrdn!r.ei~iyr :o to hiave sever4l favorale r~ un
~Q, Se textiaLefttittvncy k~lds constsnt up to tArh-I t.;e

>' tj (b) ltte resoaem.t frcut~ney it. conctAnt and i mcerSnt
Irtoe ;ot0-,er ±nrut; ()ite re=.oýtnOS fr&quancy &ýnd aec2,&ni'~al

týelvctjvijItyi ;!ractivafly thsl! stue tor both tr~anaiaision &nd
:tKCe1Ai~xm. It t4111 be Seen thvý,t tt. *X types d.o Act *aOrZ4Ay

fe-4aj£rvorable teattures. Tbiese ijrv4ch."aectorii.tiesa &re
i3?*el*, 'Aly valluable in eco io trt.

This ne*w ty1pe of trAsc•iver, ohich is still in the dýevelop-
muntal bt:$e, glves excellent proaise of supplying most of the
reauireuimatm of & tuned or aechanically eeloctlve transceiver.
it reo*inJ to eff*ct a b~ottar ,nzu1ar distrlfratlaU ot its ra~di-
it,4 onergy, which will probizly result from a stuqy of the
flan, muountinmg and provide a strezzlins4 houvainAg.

This trnsco nir )r 4 colayels gives a theor&eticz beau
ith of against a seasured 4t'h of nA.• 5 hibi 4e*vie

susos withim the case free of flnte and rtiatea tbrough a
Piane rubber diaphragm that gives no seasurable dlstortt.I to
the angular sound distribution, The aplitude &ad Aasinf Of
,all portions must &pproach tbe theoretical unitormity Zor tle
levice Is thoroughly um-rssonant. Yet the beam width ias
measurd on the SMES is 1I60 less than the thworetioal. inr,
again it looks as though the beat width a oamgents sade on
the 3ffl are too narrow. The first lobe Is only 7 decibels
below the axLil 1iAnSityr. *be relatively high intensity of
the firit lobe is probably oused by prtial absorption of the
radiation about the perimeter of the fan by the eork mounting
Ond the low sensitivity c= be aaerib" to buckling of the
0.010 inch material of the radiating faeo. The 8"'MU$ gives
this treasceiver a rating of .01 *iU•ah titters raically frot
OB computed from lAboratery mearewats. zIn the opinion of
this Laboratory Its performuae is about aidway between the
"high power' ant 'low poer ratings of the £c-S.

This transceivero.oaes nearast to being neohonteally non-
resonant over the workable spers *ic fri.omeney rtae of ay
thus tar teste#d As such it 0334 serve well for detecting
Propveller sounds sad 1. proper desig.a *% be sade a fairly

0ood aa-resemaat trnattt~er partialarly it it eapuls one
Of the alOys of higher agaQstos tive sensitivity. floverer
there is renss to doqubt that it eaft be 0a4e to eulthe amn-
fsouaamt 0 typ9*es

"the ear is &S e4 the e7enbw and
the meeimre# is 10,*6 nor* the served rub or *Ukdow of the

4OU4e



cy lindrigal housing was expected to spread the souad bean to
about •4 * Either the latex of rotrietion taken for the
rubber is too large or the SIWU steasuresent mets the £05le
ot spread too small. The suppression of the intensity of the
first lobe to 145 deoolbels below the axial intensity is
satisfactory.

"This transceiver Is broadly toed5 meebaaica•1y, at V1
kilocycle:. It radiates 8U watts at this tro•tmw4c when
enersized by 861 volts soes aor*ss the transooLver. At 24
kiloarcles and this seo ame e. voltage It radiates 51 wtts.
The device is designed to take 1500 Volts and aftor the echo
tests were ompleoted it was onefrgised to this Volta*e at
?¾8 kilocyle: feor the 8U0M to make comparative seasure-
sents with the C-S. te m those moasurements and the Labora-
tory tests of the Q-•# the soad outpat of tho Xa computes
to 77 Watt:. so mess eamat of the Matpfl at 1500 volts sad
resonance freeuutey of t kl•oeyeFes has been saes. If the
sound output at this freqceaey res•lns proportional to the
Power Input, the total sound radiated woald be about 000 watts.
This wufl nkealy oqual the perfrmasee of tho elee*trotyaioe.
Thus5 it wil be noted, the rating of 5.* at the optimum fre-
quac feflws from the lo" input ltage of "I util•e the
ratings of t and 4 are for the respeetve fre*quenies of 24
mand 2i5. kIleceles. othe ratin for 1IM0 velts at the resonant
frequency of a kiloeyeol su be about 10. (See Plate ls
for inerity at 21 kiloeeelea.)

The tests shoe that thi s broay tuned reehele salt type
of transceiver Is capable of trsm tting a Iatense XM J1
with the eoneg p l distributed betwe the et" beas
and the aodj eont lobes9  Ut@ aOoustica Ofimaq at U Ilo-
Ccle: Is 143S4 nslag welt sampers is plaeo ot povwr. the is-
potate of theeo traaseivers is bighi mowtive and the poer
factor is prVbbly act sreater thn-N. 1 the esoustical
offielefne ma% ereasmate 0,0. this "mas that with e*ua
Power ianpt this new 10 Sagfentes a #1041 vtb Inton-
sit rtrem 4 to 30 tme tat of Uit 0i l

(a) 2anthee. and Pits'anat~at4 elf ht•

IMT prooodurfor t g a t•rasoltvor as o tud tre'
Giver insistst of nw asn the trqnstetvet in one wel of
the "MAa emS room the eaib te stauda rteeiver In th
*tes WoU "d receiui a bo* pigal ofvre0nest

itos , t•h emit so pt ro6. 6 s f s alI
trerm of prwsesno"~ 00aft t Io~s wane is" 4flowlne
* sea4s orf te stf" "eset 0lt44A9 Sate the
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e.m.fo that the signal generates in the transeeiver is a
measure of its sensitivity as a receiver. Heroin o*s.f.
is measurod in miarovelts and pressures in bars (tdnes per
square centimeter), Thus the receiving sensitivity of the
transeoivers tested Is expre•seed as wiernolts per bar,

The sensitivity varies with the tfrequoa of the signal
and when plotted aainsta frequaoy ives the Se nsitivityt vs
Frequency Curve' thieb furnishes complete data for rating
'to rooeiter. Such a curv follows for each of the several
transceveiars tested at New tandom (Plates £T to 255)* The
highest point of this •c•uwe ives the matins sensitivitY
and this occurs at the reisoant -frequeny of the transcoiver

At A * he ratio of the resonant frequen-
" (fo) to % f A e vddtt of tho curve in m les t 3 deaoe
We **Isxm Intesityp, gives the mechanal selectivity
or sharpness of mechanical tmuing. Tho sos-reponant trans-
ceiver have no appreciable Meebaieal selectivity.

The seleetivity factor beeomes of primee Lnportanee under
the conditioLs that pev"all as ships of the screen Ocause It
measures the ability of the roeeoiver to filter out the intente
*ebo-msk1xi locao nise. Keebaieally tuning a transeelvor

--improves its seostleal offienoy as a trnstter, b.t this
is not extremly ispeortet fow the effieetwey of the ASib is
fufly doublo that of any of tho ueehs aly tamed trpes. A

"transelver ins dedsed for meoecleal reseacee primarily to
sake It am insesitive reeLveor of local disturbing n*ises
and, therefoe 5 mechanleal selectivity Is the most Important
sincle factor defining the efUectveness of a resonant reeeiver.
Platoe a? w•hic 11, be eaplasmet under 'Diseu, sWai , shows
gr*apmhoah the coarative soebaewa selectivity of the
three resenast traaeosvorev, 404, tiC-U, ead E?, acting as
reeiTvers.

The crm of Plate 20 "efer to the 40-. he saximm
sensitivity~~~M ocsat£1hic¶ * hIs is t resonant

tresq to *the, bat vil *t 0 decibels below
maxims Is l.fl kloc•rels eL mecaicial s8eletivity,
War £&I qua 5 oa 2SOft oba sed *re similar curve
for each+ renecver tete then Oat eter pertn"ent data

aeassembled Is ?ab(&eS#

Fere eolim I givc th VUpel iaistia or ft ed eurrent.

the sensivit ha stsovots pe bar at 0pa ciro"t at the
?O s frqs 4 . aals e, n 4 esthe
Width (Atf) end *63Ms Ua theuehosea . eIttr

bamr6 gvesthewec~$ rower f te teasaivrs-
when ~ ~ ~ ~ ~ ~ aat-n se"a"teMato i '4 ej~e is sco~~~ting~ 10s WtVw, atfi w e * Sg sth
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impedance in obos of the various receivers and column
gives the square root of the iape4.ance. This latter fie-ure
in used to compute the sensitivity of each tYpe whan 1ts
volt&ge plek-up is trkasfomod ideally to match sox. definite
fixed ikm•dance. The rntio of these soasitivitiwe to tha•t
of the (C-b are rec•rded in colum IC,* These nuuborv 4iv*
the sensitivity rntIn of the sevanol receivers in terms of
the jC-5 takan as unity.

(b) agaaa

Neho deteetio, utilizes the transceiver both for sending
the signal and receiving Its echo. Mzeept for £ slight shift
of frequoeny by the Doppler EffecO, the echo to be receivod
has the same pitch as the signal and since the officiency of
a aoohanically tuned transoiven for both transmission and
re~eotion Is a marina at the resonsat frequenoy, it becomes
important that th1e resant ,reoueneq when trnsmittin;% should
be the sam as whoe reeving. A comparison of the drt4 of
colums Z sd 6 shows that the QC-2 r+els tes at •-41 ktlo-
cycles whem used as a receiver and at 41.•Z6 kiloeyco -when
used as a tr•a•n•tter - a dferenee of 3W cyltes. - Similar-
ly, the QC0'W shows a differesee of 4W0 cycles. The "elctro-

-dynamic shows no defiite measable dfference although the
receioving rnewseae 23*.+ klloeele", was judged to be slight-
ly higher tan the aaittea resOanee marked P,2 kilo-

This w"ekoss shown by both 4C types may be inherant In
the mnaotostriotlen transceiver due to the dit•erenc. in the
magnetie fi*eld eonltions 4itbin the resonating nickel tubes
when they see resp*eUivl•y for transiting an4 r.esivtng.
The eleetrodesmi t3pe appears to be froee frem thiv wea s.

Coltnsw gives 15 a" 1 respectively for the echanic•4l
seloetivity of the -4 ea .C*-R1 as * ompare d with 147 for the
eleetnodyaeo. Tot as twassidtters, the eorresponding values
are 41 and 4 as copar*ed with O1 for the eleetroavuaste.
Herein flee the greatest weakness of the QC types, Their
aechanical seleetivfty is tee low for best eftljoecoy as re-

etiverts where seebsaica selectivity is of rt iprot e.
They sWow prowetiesV1 soe a cpare with 4for the eloe to-
4umAae.

the r*eave meaaslel seleettvty of the throee typ•s
ors receivers iosoe eaVmNbtea a Plat 2T who*e the three
urves represent respeetve~ the three inatenit ve fr*¶jUency

c*rvs With thir Oues tatntslty lAte" *at the soa*
Aef polat md tIr a&b* e es*e epr•toe Is tems of,
o -4o sti fre"sow. thr r•telate ech i sel..tivity
MW1 be regade as the Irero* Of their br#*Ad Ithaog the

*itso D3. VB*t lvU "nte U likeis hwsa the relative



selectivity for echo reception. This handieaps the (C types
*here the resonant fr.KauenLy differs for tranawiesion and
reception*

Normally a transeeiver Phows somewhat sharper mechanical
tuni•g under the low lntouSities involved, in reception thaA
under the high transmissao intensitiess This Iwroves true
xfor the eleetrod~yanie and would probably prove true for both
the 0C-5 and IZC-55 If the approaehiang pltne sound **ves were
not distorted by flectural waves set up in the 1/16 inch
hendephorical shield.

Column 10 rates the transoeivers no receivers in ac-
eordance with their sensitivity* the (C-b is lowest of the
three resonant types, the 4C-SB has about two times and the
eleetromagnetl better tham four times its sensitivity, None
of the resonant types are as sensitive for general sound re-
ception as the ao-resonawt r•oetlle s4lt types.

(e) Old A...iV.;j &MC meta o Pugutge Dekeloirnnt

The new XQB has about, twie the •ses~tivity of the old
4,9 morils This progress has rea•lted from the researhes
of the past three rears directed toward improving the
rochele salt transeelver.

The XQD# In its p ?saunevelop stateD proves to
'have 4.4 times the sensitivity of the QC-S and what in much
more lmportant it* meahanieal seZ*etIvrIt Is 10 tUses that
of the 4ý0-. ThM progess has resulted from researtees of
the past three years di•'•ted teoard the develomnt of ark
entirely now type of resonsat sntpsoi.e transolver.

The 4C-5 "d asocaed Cypes *aanprow by be mA*4
*ore sh"Ply tuned - more meSoaii@Ur sleetive - by Uodi-

tYing the present healspherioal sUild &" possibly by
aaUmiu the transmittin mad reeeiria4 resA^*ee frequencies
go"' Searly 4qVAl,

The XQD has &U the secehaiol seleotivity It oan stanid
without respeadIng to 'shook eitatla' but It can be in'-
creased seyeuat as ean alse Its seanstIv~tt The aeet ob-
vious proeodw. tot lspsolafg Its transsmitt"S ppoet tis
to to streangtha the a -9 flelo Ts WeIl automatIally xI-n
Or"ee its reeeiLas sen.sitivity

The mm X42 prebab.y represents about the limit t•at can
be elpeted of & aens.t- ssmat r0ee0wVw. 1t # a&n exeolleat,
?eeeiveu of Pwepelr Osamu bat easmet eampete wih the best
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resonant types for receiving e.w. signals or their echoes
In the -rosence of an intense noise baekground because of
its lack of mechanical seletivity. It appears probable,
however 5 tbat this Uek of seehanteol seloetivity can be
supplied by a mechanical filter is a properly designed aspl-
tier. Such an xaplifier could be of the inverted supero.tero-
dne type having the mechanical filter embodied in one of its
ictearudiato stages, uach a eombiAtton eould serve for echo
receptlon fully as effectively as tbh best resonant trans-
ceivers end perhaps nore so# for tohe XZ4 (new) probably gene-
rates as intense a signal as the XIQ and its receiving *ensi-
tivity Is fully four time greater. Its present effetiveniess
for detecting propeller sounds would be restored by tWring
£ sitch that shunts out the meeha•n•l filter. Substantial
future progress shoul result from maoh further development
of the new XQS equiptt

This ma• perhaps be a proper Plee to discuss briefly
future developmoents in spe~resie drivers. Test data col-
lected on the sound barge have indieated that better diascrii-
nation between surface oebhes and target echoes can be h"
by using raw 60 eeyle s.e. plate volt*ge on the power tubes
of the driver. This seome was tos•td briefly on the SKMXW
with favorable remlts. This kind of drive mnorgies tbe
ýransceiver 60 times per seomd so long as the key Is closed
and e*ch exposure to pmeor last*s /ISO of a seeond rising
fro zero to 0Asiu power In me-half of this period or
1/240 second. In ease of a *4 kilocycle tralnsceiver it will
"taae 100 ,seIllatiocs during this period. If it& tuning is
too sharp it saw not built up to maxim litute In this
short period. %ae XQB1 howevoer lads excoelente r
to thls •kad of drive oaee bein aetre~sonst its mpA.-
tude of Oseiflatioc folelos tbe eplitute of tbe driving
voltage. It requires me building up time and therefore can
be operated Idth rw a*.. of amy frequmey that MW prove
to be most#tntageems. Fute prriss saq reslt from
further imveestigtnio of the use of u ce. in place of the
Presen•t d. plate vlt••age. th inerin aTUv• a gee
offered IV SeOt a drver 41l eanest Its MWe if me IMe
YestL 1atim lr.r damestratee tst it do* not we"ak the
I ,aat 000eustie0lly.

*4OW.



SECTION III

DIACUUSLIOE O0 OLDI Ty?5 IAMBJ( 1VCE fS
AnD C MP91803 tn imDLI TXaICCEVZRS.

Dovelopmont of the standard rcotvor has made 1ossible
ýan accur&to comparison of all tIpeo of submarine sound trhns-
mitters through a determination of their sound output in ab-
solute units. A comparison of the ýC-4 as a standard with
other types that have been developed within the past four
years soryves to show the progress that has been made during
this period. Such oossarisons follow and are grouped In
Table 3 to shoe the progress mate in the two general typos
of transoeivers, noa-rosoaunt and resonant.

n urmenu
L -A . This transceiver

represents te sa of eveopi noe the rahelle salt
supersonic transmitter when the work resulting In the now
XQB transoeiver was started early •n 1935. It is broadly
reogsast at P2 kiocyloes aad gives measured beam 11d4h of
3oB as compared with a thoore*tLoal width of kS.9 # This
4eparture is probably duo to zem-uniforulty of crystals and
to failure to onabor the orystals uniformly to their "acking
plate* Altbhoi this abnomal sprewding of the sowd beam
refueos the axial intensiW to about 6S0 of what it would
otherwise be it still equals *l of that given by the (C-S
'operatod at hbigh power.

tJLmaJ'LtEa'-mAMJaw .j The aflal intensity of
this me MP* W M brso ignal, Company as deter-
mined from toot mesarmets prefvlushl made on the SIM .
is also 91% of that g1ven by the CC-S eand tMhe•reore 14et.
cal with that given bW the laval Research Laberatory old
type XCI.

Comparison of tba axial intueit (S to 10) for the
new Naval Research Laboratory X45 with 0.91 for the %tbarine
Signal Co•pa QV and the Naval oeseakch Lboratorye old4 U
gi1ves a meaure of the imprevesmet adeo in nm-resnat sound
transmittors dri the past three Ye*ars This pvopress hae
resuled entirely the resea* eat tcveo1renta4 werk
of the Navo Resear lUberato"r wbore, in addition to this
Progress sLik is estetied entirly to reshelle st tr"ain-
solvers a entirely MeW ty imanootstetve
"aterial has bee develope b to e pon whenV priMnav4
ests Show it cmpares taaly wth ~. earlier reke

a4% 0moels. ths f w devop into a sapertr deteetor of

J --pe =, sounds. ,
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Teperature Oradients
Comparative Rebo Ramies for Different Speeds of Ship

*oiso vs Speed and bearing at fl.6kilocyoles
Noise vs Speed and Bearing at 17.2 kilocycles

tffect of Turba e arned Adjaent Transceiver
Deoelerating vs Driven Noise
Theoretleal Deceleratioc Ckarv
Ratios of Pro"Per to Turbulent Voise
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trwnsclver sapplied to the Navy wnder contract. The complete
installation5 Including driver and receiver amplifier, was
placed *a the U.8.S. EAKILTON and tested by Lt. Coadr. D"ge

,in the Spring of 195 with favorable results, This suae type
of tr•anceiver was also alpplied later on a ecntract vith the
hCA Victor Compay. The original transceiver (Z(C-I) tested
ý on the BAK LOJ has sicee been tested an the Sound Brge where

its sound output could be reduced to absolute units for compari-
san with the C-b and other later types of transoe•Trs. The
experimental beam width Is & as eoupsr4 with 2 for the
theor*eliol ad the intensity of the first lobe Is 14 docibels
below the axial Intensity. Thus the angular distribution of
the transmitted sente agrees very closely with the theoretial
such closer in fact tha does the sound output of the IS-5.
Its axial Intensity at 160 feet proves to be 1.2 as cospared
with unity for the W-6 operated at 'high power,'

This trensecivor has cute fee tan that might prove of
practical valuej namely it has two distinct resonmt froetuen-
4es. This results frem meking the oscillating head substan-
tially a half "wve lenth tioek. the heat and attathed nickel
tuboe together semprise a coupled system similar in principle
to the eopled eimrit radio trsassitter. Such systems have
two resonant feqselejos vwth thoir separatiow depe•dent ou
"the 'oeoffiei•eat of c l intensity vs frequ•a•y curve
Of the X-1 gives rospeotivoly 34.5 kil•OWqols ed L9.2 kile-

eycles as the two neemast freuesnces; 1.2 sad 0.4 as the
respective axial intenslt In tems of the Sc-S, sad 8o and

-4? as the meubsaLeal selecivty.

The Naval Research Laboratory 2%C is the only resonant
eagnotostrietLom transeiLver that the omed Division has
developd to the point where It could be tested In Ven water.
Another type e" m._i the hwal Wavo vented head and quite
similar to the ftedie 2Q€ wa partially Levelopet be-
fore the General Ratio C"i0pes efttraoted to develop a *s-
NUtostrietiom trmeneivor. Wbom It was discovered that this
atu - also 4wevelpS the vete bhea type. the Labora-

wr~~~~~~te~~~ avi plevfefrsopdti ork ant
stae dev elo et of the preseut 'Osooefled' Naval Roeserch
Labere torX140

ti treaseoliver e mpNO a s are atia face l0.binches en a side. it is energie W *1 nickel tubes uniform-
aI spced ever *teMo* Of the ftac pte It reoGIates At

54 0a1cyl has saoMisl selectS f SS ea" aial
of1 a opared 0t 4  e qa4. s sea-

SUe" 4 o tlel bo" *"eea* w i A* so e sreemnt whc
istieates tat itt who* taco aves roaftest effectivel, It
-Sie a total sed cwtpmtm of S watts a ompareod with 1 for

the 4014 dsite tNh feet tht Ite rft aveta Is .•0•4t that
*f the 90.5 It rad"ate @4*4 *""t PeP OUSN ofTo,



area as omparied with 0.033 for the &C-5. The intenait7 orf
the first lobe is 12 t.3. below the axial intensi.t ap Comn-
pared with 15.5 for the SC-,5.

The Naval Research Laboratory,14A repreaents tte Labora-
toryto Last model of the quarts-steel traasodver. It nws

'uup)tleated by the Washington Yurd and installed on several
destroyers &nd submarines, This trazeoeiver has a circular
radlat•ng faeO 14,78 Inches in diametor. Its resonant fre-
quency is 2t.S kilg•orles, uecahnieal seleotjvit 2Y. theoret-c.al boon width ]JV measured beam width 310 total Round
radiation 45 watts, intensity of first lobe A D.B. below that
alone the bea axis, and Its axial intensity is 404 tises that
of the SC-6.

The wide diserepoay betwem the theoretical and esureod
boea width indicates that tbe active radiatin oea is con-
fined to a eircle of aboumt 4,6 Inches radius ceatered In the
face, This means that only 40% of the fe area radiates of-
frctively, Ret this smaIl raiates % more sound energy
than does the QCS.l If the total faee area oscillas-d with
Proper coordination of anplit•de sad ahase the total sound
radiated wmOul be about 1S 2wattse sa woult result in ter-
rowing the boea to about S0' •sat the axial intensity would
theo becosm about 15 tieos that of thes QC operatdto at 'high
paver*' This would exceed the ZQR which as it stands, gives
aa axial inteanity 12 times that of the U04.

It is Interesting, at this pointp to considor the axial
intensity of a quart-asteel transoelver with radiatiang face
Z4 inches is diOaeterOs h as ther is some reasM to believe
is employed by the Rttish Navy. It the Whole fae area
reLatea as offectively as tho ac*tiv portion -o the present
Naval Rosoar^ Laboratory ea the wove length is suc* as
to g•vo a IV bea wth Its 4xil itmesit *ould be about
as tieo that o ur en md, Uf aIs merot#4 the British
tivWelve• Us" rystas 6*05 a W as compared with our

$ an Oed amplos pnportioat*xy hisehr voltage to drive the
76st-,sa its aital ntentSv wll the be about so tiaes,

the above data derived from measuremet of the sound
India ted by the Older typ s of tnasieeivn aroe eolee tet
In Table t4ab4e & gives Seo au*4 intensi at S10 ft.
Ofit all trescivers tested - ot i#3*i* and wcii fthe arelistsei t e o0rwe thio* r .mUpcitp ft t s oif the
""al l1tem04W at the 0 "0%4o ert ati'Ug p"r,'

*4.



69T10H IV

The a&in intent bae of the ISv>'s tr4asaoever develop-
mental program has been and still is, to increase the signal
-strength andt thereby raise the echo intonsity wIth respect to
the mask•ig background. Two questions naturally arlse in con-
neetion with this work; first, whbt Is the aximu• ?oss1ible
sound output from a transceiver and saecod, what proportion of
thin maximm output does east of the various typos of trasr-
ceivers ganerate.

The anse•r* to the first question has been known through
the theoretical roelation;

whoe I represents the sound energy ra-Latet per unit of
face aea",

p the pressuro of the sound conaducting eodiu ag4inst
the radiating faee

s the density of the * nI, ant
a the veloeity of sored.

The curve of Plate 21# oomputed from this e*quatin, gives as
abscissae th*e mximu watts of sound energy that *&n be radi-
ated per square entimeter of face area and as ordinates
depth of transceiver subeergene In feet, Taking 19- foet a
the aver*e depth of subWm go an deo yeors, the sexst
8o0" radiatlon per square centimter of face area im 03.1
watt. Radsition beyond tuhs amount would produce eavitatiop.

The soomnd questin Is sow answered for the first timethrugh #Wtaezsnatiftm of tke total cmd OutpS ,by mesas ofthe stsitast re iver. The raited energy in watts tiv14edby the fac are& la Isq&ure eamtletors gives the average radi-
ation pW atit are end *Ls titted by 0.61 glves the percent
that the raduted OyMg per wit area Is of the maxims Po-
sible, ac data Ar aeeble4 A i btabe 4. it stos th.at the
'high pewr otlmtl of the C-S ant be iearasod tr b faster" "t *4t or Usm O4wn ;t.1W a taotor of U! to Siv the UrdL-

pm Posbe euOpnt *• o S I ee tretOr ror the eloctro-
dya*ic *A the - ZQB UsS eat 4 repeetivy.

to UW we ft "I -W y o tras"oevr is developed,
at this tPasappears isp

ofLe eeomt•e

i o mbo sit4bw?eeer a.aSt~ t



t.) b.Lnwsmred Is - whieh, i'f uny, of these cu.rvvft cart i~ ex-
'orn'• to the 0.61 watt tovel.

The acoustical efficiency of the XC-5 bejins to lof
ýioticeobly Ohen the power input (volt x amperes) ig incrrtA,•d

a factor of $ above its "high poter" vulue. It thfr,,fora
:•~rs certain that it can not bandle 17 times its proen•e

"'over. Therefore# it is concluded that the •"4 kilocycle •C
t.-/Yp of transceiver supplied by the &ubmi4rine Ziul Co 1 iny
ý-Lnnot be m•d. to radiAte the maximua of 0.81 watt ;,or si;uare
ceitimetere

So opportunity was afforded to develop the Intensity va
;'over Curv* for the "C-5B beyond the two power values supplied
"17 its own driver. But past researches deaing with the oxcil-
l•'tiIn energy generated by nickel tubes driven xagnetostrictive-
ly have shown in all *uses that their efftiieney sturts falling
off more and more rapidly ihen the power input is raised beyond
rather definite limits and in the light of this vork it appeCar
crtain that the 4C-US emold not handle 11 times its present
"high i-owerm input endp therefore, cannot be made to ive m•xLi-
mum radiation.

The acoustioal efficiency of the neo xoI shows a gradual
.decline with increase of power vhen driven at r4 kilocyc~les
but when driven at its resonant frequency of 'A kilocycles# it
resains constant up to 861 volts across the transceiver vhich

is as far as-the test was earriod. If this curve remains
linear5 the maxim= possible radiation will be reached at
about 50W volts. The transceiver should be able to handle
this voltaoe safely when used for transmitting short zignaIs
but under prolonged elos*d key aonmtions the crystals might
be d4aed by overheatino. This voltage can be safeLy usod
if the drivor is provided with a proper tie.-release protect-
ing relay. Thus there is a possibility that the n*e Xf can
generate the maxImm of 0.6 watt per sqoem. but whether It
can or not it reproesents about the best that *an be 4.¢cted
fro& the 45 type of trauseeiver.

The Intensity vs Pover holds strictly linear for the
X1J0 the eletrodynnaic, up to 4o1 klowatts, the, sxaimi to
which it has been ezposed. Probably this experimental model
cannot handle three times this amount of power snd therefore -

anMot be made to rd*iato the *&zLai 0.6o watt per sqo.u.
But when the eendttion Causing the high Intensity of the
first mad seelad lobes s t fond and eso'oeteds It Is probable
that part of tis a.tod Morey Will be a&de4 to the somtad
beau with the resltt tat the r*Uiatie per Suare aeatimeter

will be raised an ite aexst Imtemsits 100e.&SO. theor is
reason to beuev tet a tresseeiwe of this type *as noW be
desigood to aiw. *O umsnim radlat-26.

402300



The ,A tfye of transceiverp as shown by the above roeorfed
tdtss should not be overlooked4 If It can be developed to
raijdte as effectively over its whole face area as it does
over the central ;,.ortlon it will at least equal the present
dynaa•pc and with the improved methods and apparatus tht hve
baen perfected for analyzing transceivers it may be possible
to develop the ýA type to give Xaxuijm outputo

Finally, it way be noted that these beam type sound trans-
mLiters &Ay concentrate the sound energy along the beoa 6xis to
intenltioes greater than the radiation per unit face area.
Theory predicts axial intensities as great as 4 tiwom the in-
tensity at the radiating face* It may# thereforet prove that
oývitati.n alesg the beam axis will vrovent *ffectvo utiliza-
tion of the maxi•=u possible radiation per unit area &t the
transceiver face. Mowever, the linearity of the Intonxity vs
Power curve for the eleetro• anAo gives proof that such of-
f•cts have not set In for Intensity one-third the maxiuzm.
Roreover, these oredLeted hbgh Intensity points alona the
boas axis all w thin the sbert range given tr Rz/ A
where R is the raiUes of the radiatine face &ad A Is the
signal wave lngths, and it is quite possible that slight
cavitation at these points would Shoal overw and not a terially
affeot the alal intensity at tbe relatively lang echo rAn~ge.s
"Thus it appears probable that the pover limiting factor will
prove to be face cavitation and not cavitation along thi •Wzs
or the sound beams



WCTIOM V

a-TU.DIts R)Y em AILý efiLZR6O-OEE 4 '~CTa

(1) In1roguht.Un

The ability of the -C-5,p the new UD sad the X.D slectro-
dynamie Installations to detect the R-lO Sy both echo lind pro-
peller sound detection was compared during test runs in Long
Ial~nd ounmd a•nd Block Island Umwd ureas. The teot 4&ta, as
takeun by Lt. Coadr. K.ol Curtsp Lt* Charles F. Hornep Jrs, and
Lt* Dl. C. Board follovs

j+) est Data

.Jum~y mljAw-1O b•earing approximately b5-40 revtive
iistanoe a* 0 yards (oa surface) (speed 10 knots), Echo heard

about n5% o time On both X44 superior as listener a1tho.,Jh
Propelle's of subm&rInes heord 4t al1 times on (.C-5,

~i.I' Ubith ýC-5 trained ce own propellers (8Ek3UM)
the propellers of SUM1JW made no &Ore noise
than the subaariaes (Our propelers not he.d
l5O off of toarinsj

l10100 - 3tabiarino opens to IS00 irrds; good reliable
echoes on X43 - also an #C-bj also sisch hears
propellers of submarine's U-1 better. Speed
of SSWM - 9 knots.

101*0 - PAM0 yards - go good on echo an e*ther - listens
O0 on AN) not an QC-0s, 065MM3 speed - ,12 knots.

10$45 - M10 yards - It knots.p 143 jets about Zb%# 4C-b - O
of echoess Us5 h8n" propeller O(5 kC-5 propelle*ruaheardo

11.00 - 1*00 yIards It knots 70% eakees on eoeh.
1700 yards - I t knots 0 ehoes an each.
IOW y*M - 1. knots 0 eodes a each.

0 Jbmawi do,# speed 3 knots# SubmariAne
Prope --o -- 10 4be.

XQN - list•en ewellmnt )
'QC-S listNes ns oeel ) so" Iar

4-3mi



~uu,..Wrin* up# ý-C-5 list.ns 0ý at tJ*)W speed~ 5nos

2800 yards - 1KB •nd kC-5 echo OX - ltan CM on ',oth.
MOQO yards - Jo echoes on either.

r4YoEtJuly LL.& Operating off Block island In supposoi -
favorable waters*

08W Soo0 stL - OK L - OIL L - OL
5 knots *Zeho wR - OK - OK -

06Z, a•00 L - OK L - OK L - OK
5 knots R - OK a - Ot R - OX

Diserimination on all better thuta yesterday,#

at 1500 U - OK L -OK L - ox
b-knots at-OK R OK f -nots

0850 0100 L-O 10 0 L n-OK
6 knots R Ox 0 TO I- OK

3910 &M0 -0 ~4r

.1050 Sutwarine dais

maxima ran#e (echo) each - a a0yrdis

11 e~Tuly a. Took power level measurement# sensitivity#
not#* is peedo1.0 plaiked up lobster pot - no danaae.

(b) W.oAt 1700 pieked up submariae on both UXD
"ad ;0-5 said fo.o It out orn both with ehoes to IMO yards
at which ties lost It* Noted *hat Zg) and ;C-6 are about
"eqial as listeners. XQ) bs Sood diserisinatiaft at 10v
spooos.

X-40 Surface - WOoed 6S knots
SSW=S V * $Mkots,

.0240



: C-S7 50, t 'ýC.- b

UDXCVD

1100 yards
11OO yards 1 kw

120 I kw
1700
1700 1 kw
2200
"•460 112k

vlý60r46

2260

Beho OK Listens OKw 0 9 No
w I U OK

U U IS OK

U U U OK
I/ OK

U OK

/ Ox
4/5 U No

UD - Not streaslined 4nd its poorness as a listener
may vetr r ssibly be due to baekground of water
nioises.

,2, July .gj. Tried r&v 80 cyoles s.c. on ;late of X)D
with excellent results. It appears to be juat as goo, itf
not better# than doc. and has vms engineering adventaes,

.an•ge an neither X4D nor ýC-5 as good as in acmin-,-* Dis-
crimination of echo better om beth and best on 14D.

W~ring the evenini the BFEMS took cmp .tuwce intor--1:ty
measuremmnts between the 4C-b and the IPD# receiving, these
sienals on the D-. mou•t.d it the aft sound roa. These auts
together with similar meaurenoints made by the SLUM& on
other types of transceivers &re as follous ,

Pok er a tio

X4D
I•c

(Sub*$ k proftett **oel) 1
19g (SubINK&. trial gear) 78/4913)5 (w * * 70

3JI (new) roebelle ylindtie"l 74-0
31 (old0 0 apkewlal 70

SAL (new) eleetren•0yeme ?s
93L (aIS) : fattomod nickel 44

I

0/10
4/1

4/1
1LILA

The test iata is t,. limited m44 eent-ctiv, to warrant
drawing maw• definite mealusias. tho for•nof tests of
10 July indUemte tbMt te mM ZP $s deint.gely superior to
the QC-* as a 6fteteor t puoeoele osmmts, Popollers were
heard up to IM yuar•em betb bat bettor oe the XqM, B•rnd

OKOx
OK
OK

01OK
Ox

so
NG
NG
no



thit rvsle the (,C-5 lost the propellers while the X)B vas
still heoring them early e -• t the z&xi=um rrAne of .2400 z7rdp
with the f&k8 steoiinz &t i'01 knots.

The echo tests also favor the (B which reevived about.
.,5% of the echoes at 2100 yurds &s against 1.0% for the ýC-5*

"This proved to be about the a~zimua range for both.

The A.fternoon tests a~zin showec the sutiriority Dct'B
for deteot~ng propeller sounds. Friagi than# tAi the 11-1o
procoeded it 3 knots subaerged. nnder theze con•tio£n the
Intensity of her propeller sounds Is about 10' that of uhe
forenoon teots. At range 2000 y&rds, the XB listans ex-
Cellentlyg and the WC-5 Idoes not listen** NOwevetr whn the
rubmarine surfaeed &ad proceeed. at 5 knots# the (,Z-5 could
pick up the more intense propeller sounds at AM rerds *n4
both fol"owed by echo adn propeller detection to !M00 y,4rds.
't SW00 yurd both lost the R-l0.

Th. next foreuo=a op~rations vere trantferred to the
Block Islund a rea in sup.odly more "avorable vater. 4ot.h
devicos folloved the R-10 by echo and prop*llvr sound detc-
tion to I100 yards a-nd nether could ake contact at Z0ý00O t.

T'hen the R-1O submerged at 120MO the se.'zi£m echo range on
-eaah wae 1?0O yars. This coapletee the oo•purative teots
between the ýC-5 avA the now X'S,

(b) =A

The XD was Installed in place of the Xq during the
afterua. The -610 was piohed up by echo on both the • C-S
*ad XQU and follove4 out to and lost 44 1V0 yards.

Comparison deteetion tests were carried out the neo.t day
between the 4C-bS"an th# X1D with both the $35*3 and R-4 on
the surface at 0 knots. The results %re oansstent. both
dones followed the trigt by s**ohs to iPW yArds, the Pzi-
mum &ea*e attempted. The 4C-6 herd thee jrepoloers at all
r.ges sad the IQ) faile to hear them at amy ranue. It it
Probable that, as I& ease of the previes rs^aVe tests, both
deviee. would have lst the esho &a about *WQ yar4s b&d the
tests been carried to wAter range..

Theie~ts• ,as a who#e, give the followinr soeewatdefinte iat~erPmaimsel a

(a) rae XIQ s a est.a deteeetor of prpeller
M"sos Q(ietmerr) then Is ohe 446 sa"

th Q006 Is bette tW we ZP. A es$"ari-
aem oft dt *iy• saut~vit, end

owS



mechanical selectivity of these receivers
not only gives this information but also
tells how much better one type is than the
other.

(b) Comparative echo tests between the qC-5 and
the XIB show that both lose the target at
the same range. This also proves true for
the (C-5 and the XQD at 1920 yards and it
can be confidently stated that the same
would have happened on the last tests if
the range had been extended to something
like 3000 yards. These results appear to
show that the range-penetrating ability is
the saue for all three types and, therefore#
give no information regarding the intensity
of their respective signals. In fact, these
range tests indicate that the signal strength
is the same for all three types of trans-
ceivers.

Such comparative test data can be and in the past has
been misleading. The methods and procedure followed in this
report for testing and rating transceivers are simple and
reliable.

It may be stated that the development of the standard
receiver now makes It possible for the first time to prepare
definite specifications for underwater sound gear and ac-
curately to deteiae whether or not the apparatus supplied
meets the speciflations. This alone should result in im-
proved sound equipmeat. This compares with Naval radio prac-
tice in which we do a*t test (accept) transmitters according
to range, but aeerdltg to performance in standard dumm
antennas.

The reas•o the eew tests gave equal range for all three
transceiver• I1rlro1Ive of their uoiAy different signal
intenLitys read xlaied. The temperature of the water
in the L&mg Island ead e Island areas decreases with
depth dutrag the mimr manth$s. Such deending temperature
gradients ena be expected in may area here tbh teperature
of the ever1ft 4a averages bl4er than the temperature of
the water* Voder sack essAdtieas the VeleeltY of the sound
waves deereases with dept end te"efore the top of the hori-
mataly pr•ejee•ted =m M mea a saAstay hie Velocity

thhe betteo. ftis vertcal de as In veloeity across
the bee" it Idomar tesM the bes'MataI Mad at som
fairly deft~ range it passe bnsel the targt. Them

rumiI re•chet me*d tis rnat med s matter what
MW boe 9Wemit %f~ nInte ip



The m•Ximum range of echo detection Is defineod by the
rclati on,

Fl 0 Tir -- 15058

*jhere (tS) is the nmazisa e"ho rage in yrdsp (H) 1in the dqpth
of subaergince of the mitbmarte in 1eet, (h:) in the deoAth ol

e~bersvat' -the transvaiv'or In NC*eý and (,}is th'%do
in temperatn•r degrees C-entleerde 4)5Fr foot dith. li o4thtie
"aorch, It is~ *the vertical t4eper~attne Kr&4isat nnd the *-*nmirjAf

asuMas I't to hold coestant from tkýa•a urfaCe to tht &&:tb (0)
of the suba.rine, thile this asvmmption of eonrtert xr,-edtent
nfvrr olots strictly true in prbctice, nevertheleos the 4,hove
ex,'repsion gives a close approxiaatioa in rost ,Aretis.

The curve of Plate M gives a plot of thlm *ouutlon under
the condition of 100 feet zuba*rjdnce for the suavorino ead
L- feet for the trbnsoelvar, The tattor (1o) In the dftomile-
tor il the chsnge In sound velocity In feet per 4.COnd 'er
dJeree Centi.rid*e hange of temperattsre and the conmitat
2.0358 re,r#ents the gali in sound velocity •o•r foot deopth
caused 4 the resulting increase in pressure. The 3rssur*
effect is so sall in crmparisoa wilt that caiied by t•p-rer.-
ture thWt it cen usually be nelected.

"Th•l curve shows that the echo range Is very dependent
on the tempersture gradie•t. A temperature vriation rS mall
as 10 C na a depth of a hundred feet reduces the saniata echo
rAnoe to about 1500 yards, while 60 C gives sOa*reel1 &O yardn.
It may, therefore, be expected that the aeiomu• eho r*+,ige over
a lariee porton of the ocean areos nring toIIo portion *f the
Year will be *detersted by the tespen tins gradient in aoe-
eordanee with the abov ranSe equation. Under msuh corndtio•s
this equation offers the beat knoaw means tor determinsig the
spacing betfte ships in the subwaise **to*o.

Over most ocea* areas thaere art sertit aleasonz ;f the
fear vhe the teepant*re gnrdient L3 aore or negative. Under
these condItIons the 000 range is Itrgely dependent on -1h#
rate of absorption and seatteuAg of the sound sgnall by the
s*dlme The maxAma range Is then do*trmtued by the intensity
Of the J-aja* fthe mae itense the sigual the farther it
@af tie before eeaming too sue attemuated to be beard.
This is a rese vwh traseeiver dot Usmut Sm3 be
eavrled to the point of ma s soee"* estpt of t0O watt per
waot ef radIating area.

Aaer oarpamat fea el I . n eintern sity to
a xia it that te echo rsage is not defilite. zu general,
100% edoes a&e reeelved t to $swe ainerats rge bqon



Thich the fraction of rficelved echoes get& smaller ::ni sll~r
but oven a relatively veo.k signal occasionmally carries to gret
pzngeo Vithia this *twilight tone*, the percentage of echoesreceLved increases vith the signal intensity. Hore inaret.sed
ritnal intensity serves more to increase the reliability than
the range of detection.

A brief discussana of the five curves of Plate 37 coipl+ets
the portion of this report dealing ;-rinarily ,ith the týtinc
and rating of transceivers The ordinates of all the curves
are expressed in decibols (db) and for curves 1 - 4 Inclusive
they measure the intensity of the, received echo. in c'se orcurve 5 they measure on the somo scale the Intensity of the
local noise background• The abselssae of curves 1 to 4 are
expressed at the bottom of the sheeot as echo-range in ynrdsi&nd for ourve 5 they are expressed at the top of the sheet as
speed in knots.

The five points on urvo ek represent o4oriameontw detitakes by the 8UMMW In the 0watnaao area using the WC-."
transeeive~r They represent the Intensity of echoes from
the 8-20 at different respective ranges. These were used to
determine the constants of the theoretical equation,

there 1* 0 the treasmitted intensity, I Is the eoho intensityat ranse ts) *• (c c ) is the absorption oo.ffioient. Curve
I Plotted froa this equation gives the echo intensity of sig-
nals trn•saitted 1w the QO-5S as a ftaotion of the ras*., Theresults of theO SS LOeSe tests rates the qhC-69 as 1.* against
the standard Q". as mmity. ftis places eurve 1# which oor-w"sponud to the W-5 a doeIbOls below eurve so Curve 4 iscoametd for the 068 on the asptien ahat it radiates themaximn peSiblUe 8e004 ioe. 0.6 *at% Per *om.* of faceare•a Curve 2 refer to the ol..tuedimame transelver I tsordinate. are 1/6 tho% e of one 4 Md tu this eur" lies
4.6 decibels beiOW ads lxsju ems.

ko man puMPese ef the Tgborto ees eerve d4-velop-1eta" l p"egraM hWO booem •d still is to 1:00ra the 'UtensityTo hoase cup"e to eedmeldft-e with the suM 40 the reasebeesmee obious "M It so e-Ato that the oeho es behoaft S1 so l"$ O Its lntnmair is at least eqVal to thato te " a S e MI" bNeeWS Uto en ito s beow that4 af __ ba,..emm te ede -&2OWbe"'"3el.'1 b. 0,reoe, givenamW defntuo Itepe i ntuaMSW fer +20 6o0eb0ls) the



maxim= echo range is given by the interseetion of this in-
tna:ity level on the rnnge vs intenzilW curve of the trz.Lns-
diver. The *C-b gives mn eetn ?f-nle of 113 ys-rd' as
-:atnst about 0 yards for the slectrodyanoic, If the

eiýctr-*dynn-s.iC tara dovI64 to give .1 Signal abuot tLro
ztms Its prusent intenitv stitch is th2 mciziawa iho~n by
curve 4# tua e*ho range would be extended t* about ,00 yr.Js.

Shus the height of the curve 2 above that oft curve I
represent3 the progress-made in trsnseeiver derolopmont in
the past three yearso The difference in height betv'een
curves 2 and 4 represents the progress that Is still poszible.

Curve 5 divas the intensity Of the noiue background
picked up by the QC-5 aunted In the **in sound room on the
tLUES as a ("unctio of the ship's speed In knots. This curve
will probably be wodlfiid soanvhat then a more careful and
accurate sound analysis is asde of the sound generated by
the EMUS. but the point to note is that a nolse vs tpeed
curve similar to curne 5 exists (or each sound-equipped ship
of the Wavy and that its character is an important ftetor
in determining the range of ecoho detection. To illustra.te5
suppose the speed of the RMES Is 15 knots. The intentity
of the noise backgromd 1I' decibels. This vould limit
the echo range of the (C-5 to 1000 yards. If this background
could be reduced to 1.0 deeibble it vauld result in incremasing
the echo range to 2000 yards.

The same increase in eebo range results trom either
ratsing the echo intensity vs range Curve any defintit nutM1er
of decibels or from lowering the background v speed curve by
the saae number of decibels. The wazinum decibelc rezainini
to be gained by raising the eeho intensitV vs rangs curve es
stated, is 4.8 decibels stil, the maxmum dte•ibels possible
to gain by loeering the backgromnd vs speed curve of tta
S2*ES may aamt to *a m•b as SO deelbels at s•v#ds Atove
£-0 Imots. The maat purpoe of the roble•n 'Redetion of &ouna
Geaerated by Waval Vessels' is to leoer the 'Background In-
tensity vs Speed Curve.' Iesefi lies the moat promise of
future pn"reas in abmarine soud deteetlos. Tho renalr.der
of this report deals with this problem.

-so-



ZACTIAN VI

iUCTQ?~Of T)E 31A?'D BY 14VAL V1 'I
(1) 1ntrod)Actigg

"The maximm detection range of a sound •re may oe
me4sured by tbe rAtiot

Intynsity ofn aound received Xrou tar~at
Intenrity of roceivvd local sound

For practical opersting conditions this ?1tio mutt awbys
&ap-)oxma~te unity, In coo* of' echo detection it bevone&p
,',ossiblo to increase this so-called 6ignal-Background rztio
by both inereasnie the vilue of its nusorator md decr*mtng
its denorinaotor. Inwre&Rving the Intonsity of the tTnri~-ztted
,tirnhl inere.ses the echo ntonmity of the sound rpceivyi from
the t~rget. But in a&#e of propels er-souad dwectin •e hýýYe
no control over the intensity of an enemy ship's rropeller
sounds and hence over the numerator of this rutio. The rana
of propeller-saund detection is# therefore, determined solely
bY the intensity of the received local or asbiant noise.

Seetion V of this report, whieh deals solely vith echo
fetections discusses the relative response sensitivity of
various transelvers to the locI ambient nolse ,nd shoa,
thet it is determineod by their directive and meohanical aelec-
tivity. The narrower the sound beom and the sharper the aech-
amical tuning the lower %ill be the background intensity. It
also shows that these tvo selective factors have e*ch been
carried to the appro~x~mte practical limit.

Yet the background within the speed range reeuired of
ships in the seem - Curve S, Plate '7 - ts still too great
to peorit roelable detection to the ranges required by screen
tactics, The intensity of the reeidved local zbiet nolise
wat be retueed s•til fartoer. Sinee It cannot be done
thromg trwaseIver design. it ewt be accoplished through
Veakeaing or eiia•ting the loel sound sources which cause
the baek m. Thi seeesd part of the present report
deals with a pregram ot s tests oarried out on the U.*.8.
Stmh for the purpose of loati" g these map*ee* They east
be l•eutc 4 before Ihtey eam be educed or eliminated.
(a) ~i. &mlyl - th.- U&548. s~l

There are thne primar *ee of the general beekground
oaise that ma be pleked op 1W the semd gear vbile the ship

is Uner Uwe. fte nLise esm~ teo



8)i the propellers,
bI the turbulence wirouný! the hull or the trnaseoiv-r,,

mechanicAl vibrations or the hull or tranvcelver
supporting structure, directly tr4lmgitted threuh
that structure to the transceiver.

The noises produced by any or all of these •rca*s ,4re
-nceterained fUnctions of the design und speed of the ship

fnl cif the sea conditions, The noises -Icked up by the tm~tm-
c•dvetr are inter-related functions of the dexign, freiuency,
týelocttvity, relative bearingo and typo of mounting of the
trwrLncoiver. The problw during this period vas to tt•, .4?uch
dct. as would vive evidence of the relbtive Imp•ortsnce of
Uetors (a). (t), and (c) under different operbting condi-
t.its, to develop a tebhnuiue thout would be applicablc to
futuro more elaborate studies# to comAre service dytt lA b
;rrvious model tests, ii4 to indicaet the direction that
future noise reduction vork should take.

(a) o-d6ireet'ie RAise Studies

The first study was made by installin a t-r tube tne a
Žoonton amplifier in each of the forward# maan,# and after
sound rooms und listening by three experienced iistmers in
rotation as the ship's speed *as varied from 0 to 41`0 knots.
LD4e to the low sensitivity of the D-f, which is a non-re•onent
&'id non-directive pick-up, satisfactory measuresents could
not be made an the output meters but a summary of the impor-
tant qualitative data is shown in Tuble Ua.

(b) Directive Noise Studies

For this work the Q€C-6 and kC-SB magnetostriction trans-
ceivers were used as receivers. ha atteauntion tIx was uted
&hned of a Boontsn aaplifler and the iapedande was aatched
to the transceiver. itteaatica was Inserted in the decibel
box to keep the output motor reading constant. This was
chocked by substituting a standard apal gemoretor for the
transceiver and measuring the Aierovo ts necessary to Iive
Standard output thragh the sawe atteatica. The ,(C-S5
4%$. kLLocyloss, was Listalled in the starboard ell and the
.C-5R, 17.2 ki•oeyolesp Is the port well. Oly one tube vas
lowered during measuremesta, eceopt that m. rum at each
Speed was mate m the srboard tube with both tubes down,
t* determine the *oIse g•aorated by the turbulUe0 around
the port tube, leadins were takes am each idO-relative
be 1 ring and the earInAl points Were chele the dopth of
the water was 95 to 40 fthoms ad sea eeiti(as were almost
Perfect the • •solts are bcs to Figs. La, U# sad = s.

Study of Fig•. Is sone at 1pnp mtS linear decrease

nOiseaso wi nee ree to nt a ne rpi d•ue-
arinse to so fans few aw Prwamlr ba~flsp* fr aw

on



ý.rtieular speed there is a gsnera& inoreose of noi'e with

r-lativ#e benr1nai from V to 1800 but the tncrese is not

Arlform, A coaparison of the inteantiles on symmetrical

arin¶s is sade in Table 2a showing that the inbotrd side

4vtrages : decibels noisier then the outboxrd gide at V'1

Knots znd I decibel noisier at !O knots, This appe&rS to

bedue to turbulence along the keel.

Comparison of Fig. le and Fig. Za sho.s the right

ý,'inhd sides to be Muite similur, but the left hband side of

?id*. ? is distorted, This effect is shown in Table "a to

reneh 5 db on bearing V70 at 5 knots and Is due to the

titrbulence caused by the port tra•naeiv'r bkeoi dragged

through the water, The distance be.treen ceantrs of the tvo
tubes is 4 feet 11 inches.

Fig. ýPa shovs a marked ,difference in type from Fi•. ie.

The QC-5B is a larger traapeoiver than the -C-•$ 'th a loter

resonant fret usncy, The beam tidths 6re 4.tboult the anoe but

the t4C-l is somewhat sore sensitive. The noise level curve

is low and fairly uniforn on all bearings up to 'Z knotsk qut

At r5 knots it approximates the (Z-5 in shape and values.

Froa available data, curves eas be plotted shoaing the

total noise as a froation of speed from 15 to ;'7 knots on
bearings 0 to 1W0 relative. dee dashed curves, Pi;. 4,.

It is assumed that the turtmltice arould the torwssrd -Part of
the ship end around the trnseeiver is independent of the

merns of propulsinj that Is,, vhther the ship is driveon by

the propellers or by its owe inertia. The ship therefore
was drives at a steedf speed of 26 knots and the not$se lv*vel

accurately estabUshed em a give berings, theu the power

was suddelys out off and the notis level recorded against

time aS the hip deoeleradte. Riaddzgs were taken &t ap-

Proxi•atel• am seemed Intervals until the noise dacreased

to the lowest savarbl level. Zero tie wars the last O.-toy

State rading befor fthe noise started to d"arease* To plot
the &oise leel, agai st Moats it IS ne@55A27 to have the

deceleration emre of the ship. From the known mass of the

amhp and WO etfetoi n ar" power as a function of spoeed
it 0a be shofr tht

VT i. .........

40W



'•,•re Vt 12 tte velocjty +t i sny tise t, V¥ is th* initial
v-10cty in feet Per e*cond, und t in the ti.ae in Pecondn,
"Ihe curve of the above erutitiýM is plotted in Fig. 515. Since
ror t = 0 Vt - T0o roro t•ie .ma, bft t.kken rrendfn• to
412y tInitial speed on the irve. This 4ssux*4 th•A the effect
".i" the ý)roplle-rs is cootpl3.tely elivinated at tero time, " his
is not quite true for the InartiA of the turbines continues
to drive the propellers for a short interval, after bhieh they
-re rotated as a water turbine at decreasing r&te for a period
of about 7 Minuntt, During this deceleration ,)eri.>d the -
:lller sound is of low Intenity, as proven by netwretm on

h D-,•o tu. be in the &rte sound, rooss Using tbes dwc~lirati'ý
curve for the transporition, the noise level is plotte is A

nction os peed during dtclerratic, se :1olid ctirver of
lgj* 4&*

The outstandinC fo~turev 4f the curves of Fit:. 4u the
AffLc-rnces in the levels for 00 and 180° b.the r.,
4t which the decelerating curvo• sepirnt* from the criy• culv
,n the different bearings.

Negleetlng# for reasons explainsI below, the effoct 1f
mochanical vibrations of the ship or trbrnacoivor swno)rtp ve
zay say that the noise level on the deeeler*.ting curve c. lue
to turbulence and on the driven curve the n-As.e it chic to
Lurbulence plus the propellers. Expre•sd*4ath.atie~2iy,

(W) Dt a 10 log It D

Whore Xt is the intensity of the baek&round duo toturbulence asout the transceiver and Its 2wut and DBt is the
Value of It in decibels. Likewise,

(1•) DAd a 10 log (It + 1p),

where It and In a"e resp*otively the bcekground
.kizteosity due to tuwbs4lee about the transceiver and to
noise Semerated by tbe propellers, It follows that#

0~) Ld -D wit a1 0 ug ý ;11 1 0

Also#

otun Oaf,* 01t "

AMP-



where the subscripts (tlAGO) and (t-o) raf~r
7ýiSpctively to (turbnlence at bearing 180) and (turbulence

The values of rat are taken from the expertientLl in-
tensity veross speed curve then d*oelertting and of LBd Trcm
th+ corresponding curve obtained when the ship is driven.

Fro& the curves of Fig. 4* and the above esuations,
Table 4& has been prepared shoving the ratios of the, intensi-
ties of propeller noise to turbulence noise and the ratios
of propeller ahead and asters5 ant of turbulence ahead and
Asýktern.e

The rttios of propeller noise to turbulent noise on

and 18O& boarings ore plottod in Fig. S.o

It should be rmmbered that the above dcta were tfiea
With the (.C-S traunseelver which has a resonant fr*-•uency of
'O. kilocycles and a tirectivity and selectivity shovn by
the dsta in the first part of the report. The absolute
values would be different for nether tr&nsceiver ntd there-
fore too general conclusions are net warranted by the sert'gnt
liitod data, though the t tmds see clearly indicated.

Fig, 6a shows that the prollere make the major pro-
portion of the noise at speeds =der SOO knots. At U1 to ':T
knots# propellers ond turblence are about equal (the driven
and deseleratieg curves are 3 decibels apart) and between
21 an £3 knots the turb•leme dminatres. It io import~at
to distinguish between absolute values and rttios. At the
lower speeds, although the propellers prodce the major por-
tion of the noise, the absolute level is so low that It may
act seriously intorfere with eebo r•nging but It is still
an adverse feoetr in 1s tales to the propeller noise fron
& distaet target ship. an O beoaring the *bolute value
of the pnelrnososlgghne but the tartin-
lce is * s* mob Ies ae Ow the an M # so the ratio m

is l eate, thlei em 1IW. It ios %IO priOable that #Of-
hiderableprepefler noesee Is refleeted tOw the waves ahead
of the suip or ftoeb, rnMe like U the stifles Oho eIn tab*
rategg, aOW M strk the ftee of te tAeene r ont

Wbsw a epoheteal trameeeivre is issu thmssh the mater5
thetf1 s al 4 e gpstreikg es4te Abs forward
Owd the Iese, StoedSw#f sefls" W*o Ibis *5 fee of the

%trasselywr $A $00 Sar st sitte $M0MO *t #* il b ls

tflfea iW moeWs& f Al w tes, eta. S rblse
ic sees U*adw gsoee W- eneeWm it4 met WmV ,reeee

44&



high noise level but partially shields the transceiver fro&
the propeller no oep hence the lover ratios of propellnrs to
turbulence on 180P bearinAg

(dfl Mtant. at' M&ahxnAa&l VII'ssttan• a of tho Shin or the
% -S

On ý'E July 1957 the BUERNS listened on both sonic &Ad
supersonic gear to the noise from the R-1O under different
operating comnditions The data airee with similar tests on
the 8-20a Referenesa Report No. 5-1199 of PB September 197b;
Report 8-19$2 of 17 June 19B. The folioting conclusions
.ieee warranted:

(1) The average sound output is not consistently
or uaterial2 different when running on the
surface eo engines or motors at the same
repem.

(2) At zoro repem. the noise drops to the ambient
level which was 4 db at the time of the tests.
For PRU repam., 5 knots, the noise is 26 db
above the asbleat level, corresponding to an
Intensity ratio of 4004.0

(8) So difference coulA be detected in the noise
level fron the R-10 at WO yards range shen
lyin to wi•t bo•t engines stopped &nd when
charging betteries Vith both engines.

This ti beeause the charlLng noise does not rise above the
general baekgrad level an the listoaSu s•hipe Also, no
bearings e Abe obtained by listeing to the noise on either
Senic or eupeseemie whle the R--0 was lying to at 500 yards
a4d charging battertes with both angina.

The ouidaee is oeaelusive that, when listening at a
distane the seots preoducd by vibratLons of the bull is
2egIgbte eep*r to that pnduteod by the propellers. Wha
listesag on *O sNie ship, hevoer, eaditions may be dif-
ferett due to the s t ge and to the fuat that vibra--
tions sq be tnaesttted dtiweyt tbagh the sbipt s structure
to Ow tirnasettYae his e. shot ts the tests of theUnA n~l Detecto• few bbmrtee thee sweeafler vibrations

"epg tr matted te th sup s to the store-
Phese at Is. tP aiLS. So teiphee St iated for
the uem fW t Ui type of

Ab e ANn. nter e as far
As ofet*5
ther " t e

oft""a



During a test on the ?flPS there *as definite evidence

of flbr4tiao of the transesiver supporting tube that raied

the backgromund above the propeller or turbulence noise beyond

a certain speed. The effect was believed to be due to chat-

toring of the spider which is the lower bearing for the trans-

,osiver tube. This type of noise Interference .a= be eliminated

b proper design *ad werkoaship on the transceiver support.

(e) Correlation of Noise and Tarbulmee

Mhe data accusilattd during the past five years rhow th&t

turbulence causes noise in the water. Tests have been made

on the operating ship, an distant target ships an model pro-

pellers, and on experimental equipment in the Latbor tory. Ters

have also shou both an model propellers and on shipsj, t~,

when cavitation whicb is an extreme form of turbulence, boins

there is a rapi& inerease in the noise level. This 1s siso

shown by the differente* between a flat faee and a spherical

transceiver when the noise is measured as a function of speed

and bearing. The qua=n1tatIve data a which these st4tatenLs

are based have been fully presented in numerous previous reports*

(f) IAWe of RAi, 1eduetiof

In any receiving system Involving listeniag, the sort im-

Port4at factor Is the sigtas-aoiso ratio. This factor can be

improved (a) bW increasing the sigtal strength and (b) by de-

eressjng the ackground noise level. The first section of the

report has shoea that transceivfrs an noi aprot•i the

maxima radiatien limit imposed by eavitation I therefore, re-

duction In noise level Is the obvtous method for further In-

Provesat. This caf be done either by reueing the intensity

*t the sour*e or by shielding against It, or by both nothods
operating t*gether.

(a) ~

The brief seed analysis of the 8fiE0 appears to show

that tbh backglrond of liste pI 2 w up by the transcilv)r is

due to two Ies*& s"und *eures*# I the propelers oat (b)
bw-Arlinc stout lbe traseet vw hOU SSJ sand that the ratio
of (a)te (b), SICi lar ge at t0 lowest speeds, increases_

wa11 Vi speed A b0eeeee JR1unity at abot 22 ots. It
follows t~t -A.e.t St Ote asweoivw noise backgr4un on
Ohips of the sIrn Pro the speed Us reltivelY high# will
require treatet 0R boe* hOr loca00 squt smoures, Itile,
for paintI Sipsoprain at sower spee it my only be
"Oeessary to reduce tro*ele 1O$soum"s*

T" reesreoS a" already WWow VW that shalt result
In reinein these tW Ce• bl s• en - e tIeete4 toward

4eUM4 OPOe- 0 di0 0( UWV

I



IA

th developmset of a aelseless ýropeller for subma.rinto D.nd
th* other tovard the dtvelopmet of a soumd trantsparent shiO*
hivian mufflciant strenu.tb aad ritl4ity to serve for a stream-
lined housing about 8 transe•,ver* Japrovemwet in underpliter
sound dotectimo in the •ear futair. will depend to a large
extent upon the pLroreAs ma"e on th•ea two problea8s
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Table 2

Test Data - ModeO Bound Transndttors

Relative Axial
Sound Intensity

at 160'

trascjyjr(Ratio to QC--5'u'

(C-5 Submarine Signal Capay 1
"wHigh Power 23.6 ke/s

CC-OB Subaarine Signal CoMpay 1.6
aigh Power* 17.5 kc/s

X(D Naval Research Laboratory
Max. power applied 215.6 kc/8 it

XQC NOa-Resonant N.R.L.
Max. power applied 20 kc/s .5Z

XQB (New), mayl Research Laboratory
max. power app ed 21 kc/O 4

lstimated 150 volts

XQJ (01&) Naval Rneeare Laboratory
MAX. power applied 22 ke/s

.-; - 0 ~ a - - as S- 5- - - - -m -
"0 

a 
m -

QC-t? Submrine Signal Co&aUpY
'High Power 24 kC/o 3.5

QB Submarine SiSgal
(Power not #Pscifid) 24 kc/s .91
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Table 4

Medern &n Obsolete Types of Tranamitttrs -

Data Choving the i'ercent Their Radlation

is of the Kaxisms Possible,

watts tncr"• •e
Radiated Factor for

ýC-5 Subaarine Signal Coupaa
*Hish Power' 2Z.8 kes/s .o15 01 17

ýC-UB Submarin. Signal Coampany
*High Power' 17.5 ke/e .O* % 11

XLD Naval Research Laboratory
Max.power applied P3.6 kc/s .186 •¶%

XIýC Nan-Resonant Nav.Res4ob.
Max.pow*er applied E0 kc/s .018 31%

iO, (New) NavalR040
kax.power applied ("1ly)

21 k/el .052 %1
" 1500 V. (Istiuate)VI ke/s (.1*is) 7% 4

U•S (01A) &av seo.Lab,
Miaxopoeer applied 22 ke/s .026 5%

X1A Naval Research Laborato-
optiwmm P•mer 29 ke/s .041 7% 14

4C Reson*at NaV.fleS.Lab.
Optimm Power 21 ke/a 01*V4 O%5

OptmUm Power 64.5 ke/s .0•0 5% 20
(QPUXM Peoer 29.2 kea IWO6 oa$3



Table 6

Test ftatnps of Both Moder= and Obvolete Types

Sound Trmnsmitters

Relative . ialTr~nsoever ,Sound lnt4nrm-, t•y
at 1801

XID Naval Rosejwroh Laborstory

Max. powrer applied R75s$ kael

X•B (Neo) Naval os•meroh Laboratory
u&ax.pover applied (861 V.) Pl kc/s 4
gat±iated for 1600 volts I0

XýA Nav•l ResArch Laboratory
Optims power 29.8 kl/s Pe4

C-5B Submarine Signal C• azi.
'1•i.h Power* 17*6 ko/0 1.8

)d~C Resonaent savotiseLabo
Optimm Pover 91 ke/s 1.6

YC-l General Radio Compmamy
Optimu• ptower 244,5 kc/o

;C-5 8ubtarine Signal CoMpany
'High Powers' 23. ke/s I

1IB (Old) Naval RAeearah Laboatory
MaX.power applied *2 ke/f *1

XciC Nt-Reomsant Navefteoss Lab.
Us*. power appl0ed 20 k¢/as 57



Table I&a

Boise ca D4-$ Transceiver and Boonton Asplitifir

S oud Rooms

;paed at which propeller turns
can first b. definitely ounted

Cpeed for measurable level

Speed at which propeller rhythm
Jisappears and becomes "static*

Intensity of sharp peeks above
averuge noise

12 kts

1m

b-10 db

AU-
R kts 6 kts

5-10 db 10-15 db

JOtROe (a) The port propeller *an such noisiwr than the
starboard*

(b) then listening In the after sound reoo there
is an increase In sound when the propellers
are accurately synchronized.

(a) The noise ineresed about 6 4b then the fre-
quenony was hshaged trot 15 to ;M' kilocycles
but this was partly receiver sensittvity.

(d) RaLisin the D-P. tube had little effect until
the tronsc•levr was almost completly

(e) The intensity sad duraktio of the sharp
peaks tore inerasoed by roll or piteh
of the sh*p

Col tan
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.43
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0
40r
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4.r4

'4

125 11.2 1

125 11.2 2.3

II14 +3-74 4-5

189 13.8 .48

zm ,4 -2,,47

TAMA



1

R_3U7!iV 1iS

10-5 Magnetostriction
"ubmarine Signal Co.

3C-5B �agnetostriction
Submarine 3ignal Co.

XQD (New) Electrodynamic
Naval Research Laboratory

X:C (New) Megnetostriction
(Non-Resonant)

Naval Research Laboratory

Xq.B (New) Rochelle Salt
Naval Research Laboratory

x)[) (Old) Rochelle Salt
Naval Research Laboratory

P4

'-4

0 0

.C.)

S0)

N

.0-I

.4-

-14

0

-0-

0C)
0
0

0
Fo
0

P4-

o4

0

+3
.4

.4
+3
V

43
-4

�c2



CompI-ri.sofn of -yusetrical beaoriuen

C-.6 4 kilocy(clou in :4`tprboard 'fell Vort 'Tube 01.)

..0 ,4 l+1.
40 -'0 -i ÷i

60- 0

I80 - :0-1: -5

140 22 -+
z~- +•o -.i

Avg :2 -i

Tuble .

Effoet of Turbulenee from Port Tube

'when listening on (;C-5 in St~rbaý.rd "ell

Difference in decibels betoeen
lowergd Lýnd ra-i5*d -'.,Ogji~iafl

00+2 0

280 +1 0
2T +5 +4

240 +2 0

I
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