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T Ehree ¥y - nd under
ound snalysis work done on
eller models wnd discuszses ce

29 the sources of the underwats
tsels and thelr contribution teo
@ nicked up by the sacho detsction

caction 11

1501
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(1) _ Qusling of Test

Dafinite knowledge
logely related problems
rem carried out on the
~:. erdod July € - B,
iallownt

.{(a) Tert both as sound tr

y calvarse the followin
\l) :\:-:L. SUDE -'1,,'||". 1 n :
model, 4 ¥4 kiloovele magnetonx
tranaceivear. isdiating face A4

HEoused in spherical cuse.

L &

VC=85B. BSubmarine Biznasl Coampany

A L7.% kilocycle nagnetostriction tr
Hadiasting face dismeter 1€ inches,
spherical case,.

JCB, 0Old Naval Reasarch Laboratory type,
rochelle salt transceliver. HAadiating fuce
diametor 14.0 inchese A brosdly tuned tr
calver designed %o operate over fre uency
range 17 - 5 kiloeyeles. Housed in sphericsl
gase,

X8, BNew Navel Resesrch Laboratory type. A
rochelle salt transceiver, broadly tuned %o
operate over fraguency range 17 - 30 kilo-
ceycles, Housed in & semi-streanlined oyline-
drical cane, HRectangular shaped radiating
srea of dimensions 16 inches by 16 ianches,

s




(8) A5G, i @ vel reh Laboratory €.
An untune LR X -“!a"v‘ 1 transcoelvear,
L esigned tOo 9 te over the v Hancy
range 1% - 40 killocyclas, otiv :
flattane: niagl 4 TU . | 1 ; A
2 for &etectin ropaller sounds. .
non-streamling 80,
(8) LD, Hew Naval earch Laborator
opeardting on pure electrodynami il :
Kechsnically tuned to +8 kililogcyciag,
1 'i--!:.‘..'.'l- a'. L :. 2 Ler l? i"‘ - o
in non-streamliin CaiG.
iUZE: In dition to the bave aizx %y y B2
isth on two other transcelver velo y tl
i{znal Coms ny , on i kilocyels pat
radisating face dizmetar of 16 Inchea whi ¢ 1 -
» 1 the gther & B of the me rodisting 3 - @
enerated by these can de roughly calcuiat i
anites through thelr ratis ' e

witl
under

nacelver
by eche

\.'.-j“__..,‘_"‘. a.an .,'_ e =t
‘l"‘t\l‘f’_inv 8 SUDE T‘i 1e

C
—
L -

-
r10us
4
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oparating conditions. ¢termine li=miti:
acho range or such Lype.
(¢) Make undersetar sound analysis of
the following locatlana} D= tube, ¥ '
Room, and Forward found Room, usiang D=i Type
rocelivers in sll three loc:ztiocns, and in | =
| .

tion using the L(C=-F mounted

¥ain Oound A
() Irapscelyar iosts

l""pas " Iﬂc‘. ..i:-“: b L *‘;\—1:3 S = 1 "

(a)

The srocedure followed for testing the sever 1 Ly of
transceivers both as tranasmitiera snd recelvers denens .
use of & standard crystal receliver callbrsated %o ure in

' 4
Ani unec

sbsolute units the pressure asmplitude of the Llaping
vaves., This sessurement permits computation of the sound

-intensity through the well known relsationt




4 P
P
- re I i i G Tid lowi :
e 10 ) 11 ¥ F »
/ » tha ranm Alln Q . :
L ] ol | g ; »
. /0' the densd ' U LA !
¢, the velocld 14 0 : ves.
in >th (£) end (e) ¢ known, M : {
) | AWl - ~ e
I.. '] L 4 [ t i i % - '. »
untry &t leoasth, to > ReLSUr !
ity of underw o yund signaln, i g
wrtance of such messurssent r consi i r u
ing *DILCUESION' g > lso t! ieeor '
the ratings of t veral transcalver rom t )
LS aade Uy " rom G t r
by Naval anearenh Ladbo Ty 50 i ing
mt techaluue and apparstus,
Al tanuay rooaanr ¥ A48 3
Lhe k t oanel 1s cllowsl
(&) The trensmitter i1s mounted in on ell i
sound room ar iirac A i : - 5
- A : ilt :'1.‘&._;. A A | A t 4
xeel through an opening on th Q
the keels Its location is sl t 180 |
th Lr calver unds t te r g rer
oriented sbout the gizuth ) n olnt L
V=l gives maxipum responsd, i -1 Thes |
he axi of the ound berm,
\b) The transcelver 1s snerglaed 8¢
by tunine the driver consecutively to dift ;
froquencies and the D=i response in deci!
volts recorded for esch frequency. he so-call
*Intensity=Froouancy Curve"™ resulte {rom plottd
Da® rasponse ag ordinstes agalnut correspondi
nal frequency as abscissue, he maxipum i
this eurve glves the resonant reguency sanc !
bresdth gives tha sharpness of mechanienl
Lthe transceivar,
(e) The driver 13 set st the resonant fracuancy of
transceliver snd the responne of the I=! rocorde
inerecaing power inut to the transceliver. The

[

callad "intansity-ower Curvs™ results from
Del response 43 ordinates against corresponding
input a8 sbsclssae, Oafety precsutions usually
reguire that the power input be kept within the
linear range of this curve.
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At the resonsnt b . ¢
D=l 1 I iver 1
R ¥ 4 g 1 i Yoyt " | -
Ll ’ - ' F - - 1 ' [
- ¥ “n»t ") ‘
gimuth » ! 1 e ! Lap
iistr 3 il ne han no
i1rectly {yley v . o
lot 1 r e 1 oler coordl .
- : . - .
T» + — s 1 - . ] $ -
i .:. Tl f'. . 11 4 Y J ] . 3
— T 5 thar they ibht e a 1 .
ltel t {gnal a robably * s
rulont conditions aslomg ! o 20 : !
i
A L ]
vali . -} hbors?t 0y . vod -
nee of hull reflection mnt ! rocelv
ell o sin R Jom, ° r glvin 1
*oun th botsean tronsmities {vor -] .
ince® the line of ceamtel of the lowared transmittar -
celver lles about feet belov the keel, the soun n no
Case = ™a is '1_'\"1.--1 -ntly o <1v_ + ull . "
the receiver. The Naval Wi rch L p L
the calibrated crystal recelver inrtecd of the U=t to permif
refiucing the measuremants to sbsolute units,
he besm »idth curves (Intenszity ve Direction) en
astheart ship leek diserianinstion beceuse of % e d a Ll
Se( f.t n of the béam 2t this short réags s " re L he
sec¢tional ares of the receiver, To bettier 1lliust th
eam charactaristics of the severul ! ’
1ch curves were taken st o range of botu t 5 1 o in
the D=2 of the forward sound room #3 & roosiver,
Thus, it will be seen, the tasting of "N ver
a sound transmitter recuires the experimental determinztlon
of three curvest
(u} Intensity v FPraquency - Vower input hed - tant,
This curve gives the resonsnt frequancy o ne Lranse

[
L !
)
.

g
ceiver and by showing the sharpness of resomand
determines the degzree of 1te mechenicsl relectivity.

(b) Intenaity vs Power Input - &t resonant fre uency,
The slope of this curvs 15 & messure of the heou:
cal efficiency of the trangcaiver snd hence Inidcates

the cowar limit to which the transceiver should be

-d=




0L ari
"Low ‘ower "
1ixial intensit in
¢=1/9 foot athwert
for "Hiuh ovar.™
ériver was used to
: @ by overhesti
closed only durin
BeLer,.
r il S BPRS%
irast iobe 15
'he baea 1d4th 13 herein taken as thes an
twoen the tvo first minims, one to the right
W the left of the besm axis. From theoratio
tions this angle iz relsted to the frecusncey
of the radisting fsce in nccordence with the

£ 6 = § sin=d Joll o 3 sin=l

6 45 half the sngulsr besm wi ith,
¥V, the velocity of rsound

N, the frecuency of the soun

i, the radius of the circulsr

Vii, the vauvelength A

-l




‘ha heavy
erves in & racticsl
therefore tos t

ith the theoreticel 1

ith uniformity of ampil tuds
compariszon of the theoretical
showvs vhether or not the radl
eperating vith ropar coordin
t0 give the maximnm concentrstd
beam axis, The inforastion i
be covered later., 1t muy
retical bSeum vidth of the

'he sssembled Info:

furves i=an

fepponmnce freuengy =-
Nechanicnl selactivity -
Seas width (theor.) =
Heam »idth (exp,) -
Intensity of first lobe 1f
axial intensity.
Axial intenslty at d4-1/7
7.2 millivatts
Axial intensity a . 't
2.0 aillivatts 17 0 Ollg

uch 4Aats i ‘.’Qrivnﬂc from the L & srin (£ |
of transceiver, are assembled in coluans
2% of Table 1, vhich contains all the d

Gerived from the trunsaitting tests,

Columns 1 and ¥ of this table give r
direct current and resistsnce for the 4i¢
From these the d.c. power used for polarizing is computed snd
Sabulated in column %, These columns are bisnk in casze of

ctivel
4

ront Y

-8-




curront;
"4 t-ampere | . net
fMufflelent data : \able} end
watts vherever the pover fector eould
the input &=¢ power
total sound output, columm 90, pe the aocous
in column ¥l. The scoustic effielency
ypns 18 Indefinite, The valuea recorded
£ volt-ampere  roduct in place of 2«0 pover
;. these vealues are too small becausze the
sultiplied into the o IR
pover, cannot exceed u
Wpes is that thalr ac
the velues glven,

Colusns ! 23, and give ths a1l sou
nillivatts or nicrovatts 1| ire centimeter

}
Y . .

tive rences 4-1/! feet, 100 fse 2257 )0 feat.

fes for the 3000 foot and 1680 foct renm , eolv
Fresgectivaly, are computed froz the aessursd walu -
foet by use of & theoreticel relationm between axial inten
énd range wvhich assumes no attenuation in transit and no
-face reflections,

Column 5 gives the ratlio of the total sound output of
Lhe several trensceivers operated ut various pover input to
the total sound genersted by the (Ce5 opersted at "high pover,®

-7-




Columns '8

the seversal transcge I pearaeted 4t v

the arxial intensity of the » oparstad at
This ratio ,roves 3 b ractically independent
it may be noted thuat . ER - reh Laboras
secorded In columm M7 ; he same range,
for those takan Ly thi :
stated sbove, the [{gure:
¢iped on the ground that
direet snd reflected component:

account for the lack

lon of
only shen the zxis of
Rately a4t the target. 2 ¢l
codver 18 largely deteéerained

|

signals. Column 7,

in ageordance vith th
LC=8 operated &t "hiph
Tabla # together with
respectively (C-7 and
Company snd previcuszly te

&

(e) RBlscussicn of

The (C=5 experimental

vhile the theoreticsal value i

. | . =%
the genrured value of 8 in the

sgdn 6 = 0.8
glves the effactive radiur (F
radiusg of « circuler sarez wi
tude snéd pheoe, rould gener
serting 17° for 6 nd L.495
Table 1, the effeetive value
parad »1ith the sctugl redins
face crea that 1is effective

. e i

face area

which mesns that sbout 708 of the [
Other 305 18 ineffective, The retio
Agtive ures 13 0.4, The symmelly
_“’l.t. J 17‘.\ile‘.'\l‘3 that th(‘ &SCTUR S I
lar in form. This loads to the coneclu




is centarad 1in the face +i r ' scuel ) S.88
?..H'-' €8 and the insotive portion consist of the 1rrounding
*ing-shaped area of 1,12 inchen radizsl vidth,

Considarntion of the mechenical design len credenoe
o this conclusion for ths ;cvlve tube slemen! re arranged
‘.'* checkoerboard s; :‘L.- over the circular face and this neces-

arily lujposes unuxue plate loading on the outer alements -
1

'aaﬂe locsted next to the circulur boundary, )
vith thelir non-unifora plate load will have & 4difTerent
resonent frequency from those on the cantr or o
plate vhere the loading per tube 1is uniform, I

snce is sore than the coupling ean pull into phase, a8 apps
robable, the outer portions of the circular plate | :
econe relatively insctive.

Fallure of any transceliver to utilize the whole [ace ret
15 & serious matter for it not oaly reduces the total s=ound
output in proportion to the ratio of the inactive to the sctiwe

azea dut 1t MNurther reduces the axial intemsity of the sound
it does rediate by spreading it over a wider beanm,

-.in case of the (C=5 the inactive ares reduces the sound
output by about 40% and in addition mukes ths axial ints it
of -this vreoakened signsl sbout 565 less than 1t would be 1 th
sound were radisted uniformly frosm the whole plate srea, Thi:
fanlt of the (C~5 can doubtless be improved through properly
iirected research. If it were entirely overcome the axial
intansity would be incressed to about 1.9 times Lta present

value,

[
L]
L]

the suppression of the first lobe to 15,5 dec

the axial intensity 1s quite satisfactory.
-l

The experisentsl beam vidth of £89,6" st "uigh pover”
agress well with the theoretical value of 15,0 sad the sup~
pression of the first lobe to 14 decibelr below the axial in-
tensity is satisfactorye The whole frce srea at this low fre-
uency, 17.5 kileaycles, appesrs to oscillate with uroper co-
ordination of smplitude and phase, The total sound radisted
(high power) is 72 watts as cospared with *7 watts for the
LC=8, The (C=B, 1f Lflaproved to get equally pood phasing,
uniform smplitude, and equal fecod ares &z compared to the
$C=8B, would be superior to it. It is doubtful if this could
be accomplished vith the present rectangular arrsngessnt of
the driving elements.

As these tvo transcelvers stand, it 1is probeble that
comparative echo tasts would slightly favor the (C-858, It
would be & mistake, however, to conclude that the lower fre-
quency is more favorsble for echo detection, Any muperiority

-de




the (C=8D may show 13 due to fullure of the (C=-F to funot
roperly rather than to the excellence of the (C-85B, PFor
erpite the fuct that 1t -o.--;y utilizes ite vhole face
res, the sound output per unit sres is sbout 7% less than
that ..Jl the active area of mru LC=8, and 1te wide beasm
nocessarily reduges the axiasl intensity.

Improvenent in the banrine Cignal Company'®s (C ty;
of transcelver, &5 regerds transalsaion, vould appesr ¢
ingy (a) making the resonsnt frecuency st least 74 kiloc
(b) inecreasing the fuce ares 58 much as possible; and (
isprove the design 20 that the vhole face ares will rad
nore effectively,

* 0

The thaorvticul basae width proves to be £0,7Y,while the
experiment: ¢, a8 taken on the CENMBE, 15 17" and a3 mecsured
on the sound barge is 18.7°. The intensity of both the first
nd seocond loha is only 8.5 decibels balow the axial intensity.
hi effective face radius computed from the 17 besm vidth i»
10,8 inches and from the Naval Research Laberatory beam vidth
V.8 inches, The dismeter of the fuce 13 17 inches and of the
fage plus the flange 13 19.5 inchas,

Thus the affective dicmater derived from the Haval fHe-
raarch Ladoratory beas =idth messuresent tokenm 2t » range of
W feet in comparstively open water iz 12,01 inches or practi-
celly equal to that of the face and supporting flsage., The
affective face diamoter result ln: from the SSMKEE messuresent
i3 70,8 inches vhich is more than an iach greater than the

saxisum disgeter of the transcaiver,

fincae the retaining flange is bolted against a rubber

gasket snd not rigidly sgainst the messive case, 1t could
possibly oscillate snd radiste a considerable smount of emerygy.
Lndor such conditions the sctive dismeter might be eLszulnnt
t0 the face plus the flange as intlc-‘ef by the 18,179 messure-
fent, BHut no plausible explsnation has bsen found %o account
for sn effective diameter greoater than that of the transceiver
other than the possibility that the bosm widths measured on
the SEMMEE, where the receiver is exposed to bhoth direct and
refleetod components, sre not very accurate and presumsbly too
narrow,

This transeeiver shows an undesireble amount of radistion
in both the first sad second lobes, but despite this the test
data give it & bdean rediation of 7% watts as compared with
about 35 watts for the (C~5 at "high power.," Its messured
axial intemadty was 12 times that of the (C-5, measured &b




. .--L“- ."
sartial

dlstion adout the pe ete the face by
nd the low ssnsitivity n be sseribed %o O
14010 inch materdizl of the ™ tin
Lhds br nscalvar & '.'-a::.n,.. L
Vo computed from Lsborzstory

s T - b 5 » . Py e
'S &-Jto. - .-‘Jl,‘ - i L :s - s

"uidh power™ and "low pover

This transceliver coaes noar
resoneant over the vorkable superasaal
thus ar tested, g such it should
Propeller rounde snd by proper design cen
§00d non-resonant trensmitter, particularly
o the alloys of higher mametostrictive
there 42 rosgon to doubt thut 1t can be
resonant B typaes.
n m ) A0 e ™
The theoretical becm width at '4 kilocycda
soasurad 1s 19.5%, Here the curved rubbar

‘u-




evlindrical housing was expected to spread the sound besm To
about 21°, Mither the index of refrsction taken for the
rubber is too large or the BENMES messurement makes the sngle
of spresd %00 small, The suppression of the intensity of the
first lobe to l4.® decibels below the saxisl intensity i»s
satisfactory.

This transceiver is brosdly tuned, sechsniecally, at =1
kiloeycles, It radiates 88 watts at this frequency when
energized by 861 volts s.c. across the transcelver. At 14
kilocycles and this same =.¢. voltage it radiastes 57 watts,

The device is designed to tuke 1500 volts and after the echo
tests were completed it was energized to this voltage st

23,8 kilocycles for the SEMMEE to make comparative measure-
sents with the (C=-5., From these messurements and the Labore-
tory tests of the 4C-5, the sound output of the XiB computes

to 77 watts, No measurement of the output st 1500 volis and
resonance frequancy of 1l kxiloeyecles has been made, II the
sound output at this frecuency remains proportiocnal toc the
powar 1nfut, the total sound redisted would be about 80 watts,
This would nesrly equal the performance of the electrodynamle.
Thus,-1t will be noted, the rating of 3.6 st the optisum fre-
quency follows from the low input woltage of 881 vhile the
ratings of 2 and 4 are for the respective frequencies of o4
and 22,8 kxilocycles., The rating for 1500 volts at the resonsnt
froquency of #1 kilocycles should be sbout 10, (See Plate 19
for linearity at 21 kiloeycles.)

) The tests show thst this broadly tuned rochelle salt type
of -tranzceiver is capable of transmitting sn intenae signsl
vith the energy properly distributed betveen the central beam
snd the adjacent lobes, Its acoustieal efficiemcy st Zl1 kilo-
cycles 1s 14%, using volt smperes im pluce of power. The im-
pedance of these trangceivers 1s highly reactive and the power
factor is probably not greater tham 50%, Thus the acoustical
efficieoncy must spproximate 3C%, This meansz that with equal
power input this new X(B generates & signal with axisl iuten-
sity from 6 to 10 times that of the (C-5,

(8) Heceiver Performsnce Ieaits
(s) ZIheory and Presentetion Of Daia

The procedure for testing & transceiver as & sound re-
ceiver consists of mounting the transceiver in one well of
the main sound room, the calibrsted stendard receiver in the
Other well and r.oolvlns on both sijynals of verious intensity
snd frequency transmitted from a D=2 type trensceiver mounted
in the forward sound room. The intensity of the signsl in
terms of pressure amplitude of the sound waves is deteruined
by means of the standard receiver and this divided iate the

-l -




0,0y that the signal gonerates in the transcelver is &
zoasure of 1ts sensitivity ss & recelver., Herein e.n.f.
15 measured in wmicrovolts snd pressures in bars (dynes per
square centimeter)., Thus the receiving sensitivity of the
transceivers tested 1s expresced as microvolts par bar,

The sensitivity varies with the frequency of the signal
nd wvhen plottad against frecuency gives the "Uensitivity ve
Fragueney Curva®™ which furnishes complete data for rating
the receiver, Ouch & curve follows for each of the several
transcsivers tested st New London (Plates 47 %o #8)., The
higheat point of this curve gives the saxisum sensitivity
end this ceccurs ¢t the resonant frecuency of the transceiver
¥ £ 48 4 ragsiysre The ratio of the resonsant freguen-
cy Ef. to A £, the width of the curve in cycles ot 3 decl-
bels bDelow maximus intensity, gives the mechanlical selectivity
or sharpness of mechanical tuning. The non-resonant Lrans-
Selvers have no appreciable mechanical selectivity,

The selectivity factor becomes of prise importance under
the conditions that prevsll on shipe of the screen Decause it
messures the ability of the receiver to filter ocut the iatense
echo-masking local noise, Nechanically tuning a transcelver
improves its scoustical efficiency as a transmitter, but this
i? not extremely importunt for the efficiency of the X(B is
fully double that of sny of the sechanicslly tuned types. A
transceiver 15 designed for mechanical resonance primarily e
make 1t an insensitive receiver of local éisturbing noises
end, therefore, mechanical selectivity is the mest importunt
single factor defining the effectiveness of & resonant recaiver,
Flate & vhich will be explained under "Discusszion”, shows
frlrhioailr the comparative mechanieal selectivity of the
three resonant transesivers, (C-B, (C=-5B, and JiD, scting as
receivers,

The curve of FPlate 9 refors to the (Cel, The maximum
sensitivity occurs at 4,) kilocycles. This i3 the resonant
frequency (fg)e The band width (Af) at 3 decibels below
maxisum 1s 1.6l kilocyeles, saking the mechanical selectivity,
fo/Af eguasl 18, Euch dats is obtained from = similar curve
for exch transceiver teosted, These snd other pertinent dats
&re ssseombled in Table B,

Here column 1 giver the polarization or field current,
The erystal types do not require polarisstion. Column ¢ gives
the sensitivity in microvolts per bar at opem clircult »t the
resonant frecuency given in column 3, Columm 4 gives the band
width (Af) snd column 5 the mechanical selectivity.

Column 6 gives the resonant frecuency of the trunsceivers
*hen used as transmitters and colusn 7 glves the suximum re-
eelving sensitivity at these frequencies., Colusn 8 gives the

-15=




inpedance in ohms of the variow:
gives the sqmare root of the iz
iz used to compute the sensitivity
voltage vick-up As transformed ide
fizxed inpedance, The roetio of
- of the (C=5% ure recorded in column
the sensitivity »eting of the sev
the W=D takin as .I’Lit-yc

(D) & ¥ 3510

fcho detection utilizes
the sigznal and receiving its
of frequency by the Doppler
hes the same piteh as the pip
& mechanicelly tuned transcelver b ,
reception is & meximum at thae resonsnt frecuancy, :
importsnt that the resgnant fre.uencey vhen transsitting shoul
be the same as wvhen receiving. 4 comparisomn of the dat '
columns ? snd @ shows that the (C-5 resonstes &t 4.l
~eyeles vhon used &s & receiver and st 2.8 kiloeyeles
used as a tronamitter - a differsnce of 500 cyelaes,
ly, the (C-5B shows & difference of 400 cyeles, The
dynaslc shows no definite measurable difference alth
reacelving resonsnce, 13,8+ kilocgycles, was jJudged %o
ly higher than the transsitting resonance markad
cycles,

This veskness shown by both (C Lypss mey bhe inh
the maunetostriction transcelver due to the difference i
negnetiec fleld conditions vithin the resonsting niekasl tubes
vhen they serve respectively for tranamitting and roceiving,.
The electrodynamic type appears to be free from this wemkness

| .

Column & gives 15 snd 1l respectively for the mechrnlq 1
selectivity of the (C-5 and (C-5B as compered with 147 for the
electrodynamic. Yet as transmitters, the corresponding vaiues
are 81 and 48 as compared sith 118 for tha electrodynamic,
Herein lies the grestest wesknass of the (C types. Thelr
mechanical selectivity is too low for bost efflciency as ro-
celvers, vhere mechanical sslectivity 1s of prime lmportunce.
They show practicelly none as compured »ith 147 for the electro=-
dynamie.

. The relastive mechanicel selectivity of these three Lypes

of receivers is shown graphicaelly on Flate 27 vhers tha thres
curves represent respectively the three intensity va Ir=iuency
curves with their maximum intensity plotted at the same ocom-

mon point and their abscissse expressed in terus of percent

of the resonsnt Crequency, Their relstive mechanloal selectivity
may bde regarded s the inverse of their breadth slong She

minus = D.B. level. Plate 28 likeuise shoxs the relative

- . 4-




saelectivity for echo r=eeption. This handiecaps the (C types
where the resonant fraguency differs for transmission snd
recaption,

Normally a tronsceiver shows somevhet sharper sschanlcal
tuning under the lov intensities involved in reception than
under the high transmisaion intensities, This proves true
SLor the electrodynamic and would probably prove true for both
the (C=8 and CC-88 Lif the approaching plane sound waves vaere
not distorted by flectural waves set up in the 1/18 inch
hemisphericsl shield.

sivers in age

IN@ of the

Column 10 rates the transcelvers as recs
cordance with their sensitivity. The (C=B 18 lo
three resonant types, the (C=50 has about two times und the
slectromngnetic better than four tises its sensitivity. None
of the resonant Sypes are as sensitive for general sound re-
coption as the non-resonant rochelle salt types,

(e)
- N - ;':- [ ant 5
The new XC(B has about twice the sens
I(B modal., This progress hag resulted from the reseax

of the past three yeors directed toward improving the
rochelle salt transceiver.

The X(D, in 1its present undeveloped xtats, sroves to
have 4,7 times the sensitivity of the (C-5 =nd what is much
sore important its mechanical seleetivity is 10 times that
of the (C=8, This progress has resulted from reseurches of
the past three years directed towsrd the development of an
satirely nev type of resonant supersonic trenscelver,

Fut s - Hecelvers
The (C-5 and sssocisted \E types can probably bLe asde

-
more sharply tuned - more mechanlesally selective - by modl
fying the present hemispherical shield aznd possibly by
aaking the transmitting and receliving resonsnce frequencies
nore nearly equal,

The XCD has all the mechanical selectivity it can stund
vithout responding to "shock excitation® but it can bBe ine-
creased somevhat &5 cen slso its sensitivity, The most ob-
vious grocedure for improving its transsitting propertios
is to strengthen the d-¢ fleld., This will automntically in-
cresse its receiving sensitivity,.

The nev JQB probably represents about the limit Tthat can

be gapected of a non-resonant receiver, It 1p an excellent
recaivar of propeller sounds but canmot compete vith the best
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resonant types for reeeiving e.w, slgnels or their eschoes

in the presence of sn intense noise beckground becsuse of

1t: lack of mechanical selectivity. It appears probeble,
however, that this lack of mechanicel selectivity can be
supplied by a mechanical filster in & properly designed aapli-
fier, Ouch an smplifier could be of the inverted nuperhetero-
dyne type having the sechanical filter embodied in one of its
intermediste stages., Such a combination could serve for echo
reception fully as effectively as the best resonsnt trainse-
ceivers and perhaps more 30, for the X.B (new) probably gene-
ralez as Intense & signal as the X(D and {ts receliving sensi-
tivity 1s fully four times groater, Its present effuctiveness
for detecting propeller sounds would be restored by turning

& switeh that shunts out the mechanliesl filter. Substential
fature progress should result from such further development

of the new XCB equipment.,

This may perhsps be & proper placs to discuss briefly
future developments in supersonic drivers, Teat dats col-
lected on the sound barge have indicated that better discrisi-
nation betwveen surface schoes and target echoes can be had
by uzing rav 60 cycle a.c, plate voltage on the power tubes
of the driver, Thiz scheme was tested bLriefly on the SESMES
with favorable results, This kind of drive snerglses the
trinsceiver 60 times por second 50 long &8 the key iz closed
ind sech exposure to power lasta 1/120 of & second rising
from zero to maximum pover in one-hall of thias period or
L/940 second. In casze of & 54 kilocyecle transcelver it will
take 100 osclillations during this periecd, If 1its tuning is
00 aharp 1t may not build up to maximum amplitude in this
short period, The JXU(B, however, lends itselfl excellently
0 this kind of drive becsuse being non-resonant its ampli-
tude of osclilliation follows the smplitude of the driving
voitages It requires no building up time and therefore can
e opersted with ravw a.c. of any frecuency that say  rove
‘0 be most slvintageous, Future progress say result lrom
further investigation of the use of raw s.c. in place of the
present high de.ce plate voltege. The engineering adventuges
Offered by such & driver will warrant its use 1if such in-
vestigation >»ly demonstrutes that it does not veaken the
installation acoustically.




Developaent of the standard receiver has made ossible
in accurats comparison of all types of submarine sound trans-
altters through & detormination of their sound output in ab-
solute unita, A4 comparison of the . C=0 ae n stundurd vith
other typres that have been developed »ithia the past four

Yeara serveas to show the progress that haps besn made OQuring
this period, Buch compsrisons follov and are grouped in
lable 5 to show the progress made in the two general types
of transceivers, non-resonant and resonant,

b o LM C®

- Ll - : « Thisz transceliver
represents the s2tate of development of the rochelle malt
supsrsonic transmittor vhen the mork resulting in the new
I0B transcelver was sterted early in 1028, It is brosdly
ratognnt at 7L kilocyecles and glvers messured bheam width of
i2.5"  as compared with a theoreticsl width of 15.9°, This
Geparture 1s probably due to non-uniformity of eryatals and
t0 fallure to anchor the crystals uniformly to thelir backing
plate, Although this abmnormal spreading of the sound beam
reduces the axial intensity to about 6:F of what 1t would
otherveise bc‘ 1t still equals PLE of that givem by the LCeB
operated aut "high pover,"”

Ful, o The axisl intensity of
this i.ﬂ mpp?!ﬂ g kE. !u!.amr{n- Signsl Company, as deter-

Sined from test measurements previously msde om the SNMMES,
is slso 918 of that given by the (C-8 nnd, therefore, ldenti-
¢al #»ith that given by the Naval Research Lsborstory old

type X(B,

Comparison of the axial intensity (8 to 10) for the
new Naval Resesrch Laborstory X(B with Q.91 for the fubmarine
SLgnal Company (B snd the Nawval Hesearch Laboratory old XUB
fives & measure of the improvement sade in non-resonant sound
transmitters during the past thrae years, This progress hss
roesulted entirely froam the resesarch and developmentael work
of the Navul Research Laboratory where, in addition to this
progress vhich is confined entirely to rochells salt trens-
Colvers an entirely new type employing magnetostrictive
Ssterial has been developed to the point shere preliminary
tests shovw it compares favorably w»ith the esarlier rochelle
salt models, This may develop into a superior detector of
propeller sounds,

Sescnant Iranscelvsrs

Sensral Sadio Comoany 2CC. This is the [irst type of
-l T




Table of Contents

“'fn'.roxmeha. Page 1
3 L]
* ’ouk Frogram on UC0 SEMMES, July 68-18, 1037,

* (1) Outline of Test Program.

\: Transceliver Tests,

Test Procedure-Transcelivers.
b) Presentation of Data for Transcelivers.
¢e) Pdascussion of Yarions Transceivers.
Receliver Performance Tests.

8) Theory and Pressntation of Data,

l§ Piscussion,

¢) 014 Recelvers and Comments

on Future Developmsent.

>
E!lcﬂaa!ﬂl of Oldar Type Transcelivers and

Comparison with Noderm Transceivers,

snr_u o’ Muture Development of Transceivers.,

*8 of Egho sand Propeller Sound Detasctionm.
i) Introductiom.
2) Test Data,
s. XS and (C-B,
B) XD snd (C-8,
(™) soussion,
w IC’ and QC=§B,
B) X(P and (C-B,
e) Gsmersl.
(4) Comclusionm.

-
wu Sound Generated Yy Favel Vessels,
i Introduction,
2) Noise Mnalysis on the USE SEMMES,
Non-directive Noise Studies.
Pirsctive Noise Studlies.
retion of the Effects of Propeller
se and Tur™alence Nodse.

Effects of Nechanical Vidbrations of
the Fhip or the Transeeliver Support.
ing Structure,

io Correlation of Noise and Turbtulence,
Valus of Noise Reduction.
12) comclustions.

-




-
ot ta - Hodern found Transmitters ble 1
ondensed Transmitter ta showing Ratings
elative to CC=5

rent Data - Obsolete Types - Sound Transmitters
lodern cnd Obsolete Types of Tronsmitters - Dat

s showing the FPercent Thelr Nadiation 1= of the
; saximum Possible “
“est Dete - Sound Transmitters B
‘o2t Ratings of both Nodern snd Obsolete Typues -
tound Transsmitters i3
2150 on D=2 Treanseeiver and Boonton Asplifier 1
ompardison of Hymmetrical Bearings
“ffect of Turbulence from Port Tube when llstenin
on LC=5 in Ctarboard ¥ell
tios of Propeller and Turbulence Nolses én
Intensity - Frequsacy Curves of (C-5 (17") 'late 1
Intensity -« Poser Curve of (C=56 (17%)
Jeam Pattern of (C-5 (17%)
Intensity - Frecusncy Curve of (C-BBE (18*) 4
intensity - Power Curve of (C-58 (19") 5
Seam -Puttern of (C=508 a2t 80 feet, Y
sam Pattern of (C=88 at 160 feeot b
Skam Pattern of (C-5B &t 54.1 inches at low pover :
Seam Pattern of CC-5B (l:") at B4sl in. 2t high O r a4
Intensity - Frequency Curve of XUD 7
intensity - Power Curves of XD &
Gsam Pattern of X4D 3
Intensity -« Precuency Curve of XGC - Nom resonmnt 10
intensity - Power Curves of X(C - Kon rasonsnt i1
Seam Puttern of X(C, Non-resonunt, ot 18 kllocycles 1

Seam Pattern of J0C, Son-resonant, st 21.5 kilocyeles 1
Beaa Fattern of X(C, Son-resonant, at 14,0 kilocyeles i
c6sm Pattern of XLC, Non-resonant, at 19,0 kiloecycles 1
intenaity - Frecuency Curves of XiB, cylindrical i
Intensity - Power Curves of X(B, cylindrical 14
Jeam Pattern of X(B, cylindrical, at 17 kilocycles 15
Seam Pattern of X(B, eylindriesl, at P4 kilocycles .
Séam Pattern of X(B, cylindrical, at 7 kilocycles 1
“eanm Pattern of (B, cylindrical, at 4 kilocycles, 1
one section only.

intensity - Frequency Curve of X(B, spherical 18
Intensity - Power Curves of X(B, spherical 17
Jeam Pattern of X4B, sphericsl at 18 kiloecycles 188
Jehm Pattern of X(B, spherical at £Z kilocycles 18b
“oam Pattern of X4B, spherical at 58 kilocycles 18¢
“Oiparison of Total Sound Radiation and Power Input 19
“opparison of Axial Intensity vs Power Input =0

-




U4 > 1 - Linui
3 sretical Meximus iation vs Depth 8 o4
wonparison of Face Lation per Unit Lroa v:
owar Inuat
eanm Pattern of XiC-l, Ueneral Radio Company,
" at 4.5 kilocyclaes
veam FPattern of X(C-l1l, Genersl Radico Company,
¥ at 9.0 kiloeyecles
Gam Pattern of XLA, NAL quertz, ot %9.8 kilocyel
‘eam Fattern of ALC, NRL magnetostrictiaon
Japarative Nechanicsl Selectivity for Reception (4
Oaparative Nechanical Selectivity for Reception
At fesonant Frequency for Trensaission B
iceiving Censikivity ve Fre uangy, . Cef (17%)
eolving Censitivity vs Frequency, (C-58 (18%) .
itcelving Senzsitivity vs Fre D | .

uency, XLD (19-1/7") 1

celving Sensitivity ve Frequency, X(C, non-reso

rcelving Cenzitivity vs Frequency, X(B, erlindrical
ecelving Sensitivity ve Frequency, I(B, spherical “
ouparison of Recelving Gensitivities s
Theoretical Curve of Maximum BEcho Esmge for Uiven
semperature OGradients
“omperative Echo Ranges for Different Epeeds of Bnt 7
‘olse va Opesd and Besring at /5.8 kilocyoles 1L« ia

)lse vs Speed and Bearing at 17.7 kilocycles
<~fset of Turbulence around Adjscent Traniceliver
vecelerating vs Driven Kolse
‘neoretical Decelerstion Curve B
ttios of Propeller to Turbuleat lNoise -

-c=




transceiver supplied to the Navy under contrsct. The complate
instaliation, including driver snd receiver agplifier, was
placed on the U,0,6, HAKILTON and tested Wy Lt, Comdr. lodge

.in the Spring of 193Y with favorable results, This same tvue

of transceiver was also supplied later on & contract ®»ith the
HCA Victor Company. The original transceiver (J(C-l) tested

on the HAMILTOF has since been tested on the Sound Sarge vhere
its sound output could be reduced to sbsolute units for compari-
son with the {C~8 and other later types of transceivers, The
exporimental beam width 12 25* as comoared with 23 for the
theoretical snd the intensity of the first lobe is 14 decidels
belov the axiasl intensity. Thus the sngular distribution of

the transzsitted sound asgrees very closely with the theorstlical -
wuch closer in fact than doer the sound out:ut of the (C=H,

Its axial intensity at 180 feet proves to be 1.2 as compured
#ith unity for the (C-5 opersted at "high power,”

This transceiver has one fenture that wight prove of
practical valuej namely, it hasz two distinct resonant frecuen-
cies, This results from making the oscillating heed substan-
tially & half wave longth thickes The hosd and sttached nickel
tubes togother comprise a coupled system similar in prineiple
0 the coupled circuit radio transmitter. Such aystesmss have
two resonant frecuencies, with thelr separation dependent on
the "goefficient of caUpiing.' The intensity vs frecuency curve
of the J(Cel gives respectively 54,5 kilooyclesz snd 19,0 kilo-
cycles 43 the two resonent frecquencies; 1.7 and 0.94 sne the
respective axial intoemsity in terams of the (C=5, snd 20 and
47 as the mechanical selectivity.

The Neval Research Laboratory XQC is the only resonsnt
sagnetostrietion transceiver that the Sound Division has
devaloped to the point where it could be tested in ocpen water,
Another type employing the half wave vented head and quite
sluiler to the Gcn-rnf Radio XGC was partially developed be-
fore the Gemeral Radio Company comtracted to develop & mag-
netoatriction transceiver. ¥hen 4t was discovered thut this
conpany was slso developing the vented hesd type, the Ladora-
tory, teo avoid duplication of effort, stopped this vork mnd
Started development of the presemt “so-oulled™ Naval "esesreoh
Laboratory X(C,

This transceliver esploys a sqguare radisting face 10,5
inches on & side. It 15 energized by Bl nickel tubes uniform-
spaced over the back of the face plate, It resonates st

1l kilocycles, has msechanical selectivity of 25, and axial
Antensity of i.b a8 compared with 1 for the (C-5., Itas oes-
Sured and theoreticel Deam widthe asre in good syrecaent vhich
indicates that 1ts mhole face area radiates effectively. It
4ives a totsl sound output of 88 wattsa ar compured with 3¥ for
the (Ce5 despite the fact that its face ares 15 only 715 that
of the (C=8, It radistes 0,124 watts per sq.cm. of Tace
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area s compared with 0,053 for the Ceb, The int
the first lode 1s 12 D.B. below the axial intensity an come
pared vith 15,0 for the (C-8,

'he Neval Fesearch Laboratory 2 roLen L Labora=
tory's lust modal of the guartsg-steel gsgeivar. It :
iuplicated by the Rashington Yurd d fnstalled on geveral
sstroyers and submarines, This trunsceliver has w clr« r
radiating Tace 14,75 inches in diameter. Its r t re-

quency 1s E9.8 kilogycles, sechanical selectivity 07, theoreti-
cal besm width lt'l.?a, manpured beam vidth 1", total sound
radiation 45 watts, intencity of first lobe 20 DB, below

slong the beam sxis, snd 1ts axiczl intensity 15 2.4 times that
of the C=5H,

The vide discrepsncy batveen the theoreticsl and mop irod
oam width indicates thst the setive radiuting : is con=-
'ined to & cirele of sbout 4.8 inches redius cmntared in the
face, This meuns that only 408 of the face ares radistes of-
factively, Yet this small area redistes 308 more sound asneorgy
than does the (C=B, If the %otal fuce area oseillcted with
propar coordination of amplitude and phase the total sound
radinted msould be about 1{’ satte, This would result in nar-
rowing the beam to sbout 19° and the axial intensity would
then decome about 15 timers that of the (Ceb opersted st "nigh
pover.® This would sxceed the XCD which, as 1% standn, gives
an axial intensity 1° times thot of the (Ce5,

It is interesting, «t this point, to consider the axial
intensity of a quarta-steel transceiver with readlating face
4 inches in dismetar, such as there is some reason to bellaeve
is employed by the Brltlnh Navy, If the vhole face sres
radistes as offectivaly as the sctive portion of the prasent
Saval Resesrgh Laboratory XGA and the wave length is such as
to give & 10% beam width, its axial intensity would be about
38 timea that of our (C-5§ and, if as 1s rumored, the Sritish
transceiver uses crystals 6,75 s thick as compared »ith our
S5 mm ond employs proportionately higher voltage to érive the
erystals, 1ts axial intensity will then be about 80 times
that of our (C-b,

The sbove date derived from messureasent of the sound
radisted by the older types of transceivers are collected
in Table 3, Table &' gives the axial intensity at 1060 i,
of all transceivers tosted - both old and new, Thay wre
listed 4in tho order of their superiority in terms of the
&xial intensity of the (C-5 operated st “"high pover."




COURSE OF FUTUSRE DEVELOPMANT OF ° {_CETV
The main intent back of the Navy's trunsesiver devalop=-
asntal program has beean, and still is, % Llneresse the algmal
strength and thereby raize the scho intensity with respect to
the masking background, Two questions naturally srise in con-

neetion with this workj first, vhat is the maximum possible

sound cutyut from & transceiver and gsecond, what proportion

this aaximum cutpnt does sach of the various types of trins-
celvars generats,

|

the ansver to the firat cueecti
the theoretical relstiong

m has beon known through

I =pi/ire,

vhare I reprosents the sound energy radiated per unit of
face ares,
p the preasure of the sound conducting medium aguinst
the radiesting Cage,
the density of the medium, =nd
¢ the valocity of sound.

The curve of Plate £l, computed from this equation, glves as
abscissae the maximum mattz of sound energy that can be radi-
ated per square centimeter of fuce asrea snd a2 ordinstes,
depth of transceiver sublmergence in feet, Taking li feet us
the aversge depth of submergecce on destroyers, the maximum
sound radiation per square centimeter of fuce area is 0,61
watt, HRadiation beyond this smount would produce cavitation,

The second guestion is nov anssered for the first time
through determination of the totul sound output by meansz of
the standard receiver, The redisted energy in walts divided
by the face aresa in square centimeters gives the avercge radi-
ation per unit erea and this divided by 0.61 gives the percent
that the redisted energy per unit zrea is of the muximum pos-
sible, ©Such deta are assembled in Table 4, It shows that the
"high powver® ocutput of the (C-5 must de ineressed by & factor
of 17 and that of the (C=5B by & factor of 11 to give the maxi-
sum possible oucput vhile the incresase factor for the electro-
dynamic and the new XCB 1s S and 4 respectively.

Unless some entirely new type of transceiver is developed,
shich at this time appeers improbable, future ;rogress must
dopend on the ability of the present types to hendle several
times the present input power with safety snd without serious
ioss of scoustiocal efficiency. Thelr relative ability to de
this can be predicted from a study of their "Intensity wa
Pover® curves shich sre assesbled in Plate 28, The question
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to be ansvered 1s - which, i any, of these gurves can be ex=-
tended to the 0,41 watt level,

T™he scousticsl efficiency of the (C=5 bagines to fall orf
noticeably when the pover input (volt x smperes) iz incresszed
07 a factor of 8 above 1ts "high pover® vealue, It therefore
appears certain that it can not handle 17 times its present
pover. Therefore, it is concluded that the 74 kiloecyele (C
trype of transceiver supplied by the Submsrine Z4ignal Company
cannot be mede to rediate the saximum of 0,81 watt par sguare
centimeter,

Ko opportunity was arforded to develop the Intensity vs
‘ower Curve for the (C-58 beyond the two power values supplied
Yy ites own driver. But past researches dealing with the oszeile
lating energy generated by nickel tubes driven msgnetostrictive-
ly have shown in all cases that their efficiency sturts falling
off more and more repidly when the pover input is raised beyond
rather definite limits and in the light of this work it sppears
cartain that the (C-358 could not handle 1l times its present
"high power® input and, therefors, cannot be made to give maxi-
sum radistion,

The scousticul efficiency of the new X(B shows o gradual
decline with increase of power shem drivem st 74 kilocyoles,
but shen driven st 1its resonant frequency of 21 kilocycles, it
rapains constant up to 861 volts across the transceiver vhzeh

is as fer as the test was carried, If this curve resains
linear, the saximum possible radistion will be reached at
about 2800 volta, The transceiver should be able to handle
this voltage safely when used for transmitting short signsls
it under prolonged closed key conditions the erystsals might
be damaged by overheating. This voltage can be safely used
if the driver 1is provided with a proper time-relessze proteot-
ing relay. Thus there in a possibility thet the new X(B can
fenerate the maximum of 0.8 watt per sq.cm. But shether it
can or mot 4t represents sbout the best that casn be expected
from the (B type of transceiver,

The Intensity vs Power holds strictly linear for the
XCD, the electrodynamic, up to 2,1 kilowatts, the seximum to
vhich 1t has been exposed, Probably this experizentsl model
cannot handle three times thia amount of power snd therefore
cannot be made to radiate the maximum 0,81 watt per sq.cm.
But vhem the condition csusing the high intensity of the
first and second lobes is found snd corrected, it is probadle
this vasted energy will be sdded to the sound
that the radistion per square centimeter
al intensity inereased. There is
Feason to believe that & transeeiver of this type can now be

designed to give the saximus radis
wfile




The CA type of transceiver, as shown by the above rocorded
tests, should not be overlooked, If 1t cen be developed teo
radiate as effectively over 1ts wshole face area as 1t does
over the central jportion it will at least equal the present
dynamic, snd with the improved methods and apperatus thet have
besn perfected for snalyzing transceivers 1t may be possible
to devolop the A type to glve meximum output.

Finally, it say be noted that these beam type sound trans-
zitters say coneentrste the sound energy slomg the beam axis %o
intensities grecter than the redistion per unit fece area,
Theory predicts axial intensities as great as 4 times the ine-
tenzity at the radisting face., 1t may, therefore, prove that
eavitation along the beam axis will provent effective utilize-
tion of the msaximum possible rediation per unit area at the
transceiver face, However, the linesrity of the Intenaity ve
‘ower curve for the electrodynamic gives proof that such of-
focts have not set in for intenszity one-third the waxisum,
loreover, these predlcted high intensity points slons the
bean axis all rail vithin the short range givem by R/ » ,
vhere R 15 the radius of the radiating face and A 45 the
signal wave length, and 1t 1is quite possible thsat slight
cavitation st these points sould "heal over® and not mcterially
affect the axial intensity at the relatively long echo ranges.
‘Thus it appears probable that the power limiting factor will
prove to be face cuvitation and not cavitation along the axis

_ of the sound beanm,




SECTION V

(1) Insroductien

The ability of the (C-5, the new XUB, and the X(D slectro-
dynamic installations to detect the R-10 by both echo nnd pro-
peller sound detection was comparsd during test runs in Long
Islend Sound sad Block Island Sound sress, The test duta, as
taken by Lt, Comdr., M.E, Curts, Lt, Charles F, Horne, Jr., and
l-t. De Cy Beard rOllo.‘

(F%) Tast Dats
(s) 2B and CC-B

;Q_ig%s_;‘l‘ R=10 bearing aspproximstely B55-80 rolstive
distance ¢ yards (on surface) fspaod 10 xnots). Echo hesrd
sbout 265 of time on both X{B superior a2 listener although
propellers of sudbmarines hesrd &t all times on (C-S,

HOTE: with (C~5 trained on own propeallers (GEMMKE)
B the propellers of SEEMIE made no sore noise
than the submarines, (Our propellers not hesrd
- 18° off of bearing.)

10100 - Submarine opens to 1800 yards; good relisble

A echoes on X(B -« slso on (Ce5; also esch hears
propellers of submarine., X(B better, &peed
of EEMUES - D knots.

10120 « 2400 yards - no good on echo on either - listens
OK on X(B; not on (C~5, GHMNES' speed - 10 knots,

10145 - 82100 yards - 1% knots, X5B gets sbout 588, (C-b - 20%
of achoesi X(P hears propeller OK; (Ce5 propeller
unheard,

11400 « 1800 yarde - 1f knots - TOS echoes on euch.

1700 yards - 1f knots - 1008 ecnoes on each.
1500 yards - 12 knots - 100f echoes on esch.

fi_i.}:tn.lab::blartno dowm, speed 3 knots, OSubmarine
Propeller noise 10 dbs.

X(B - listens® excellent
GC-5 listens no good ; £000 yards
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fubmarine up, GCe5 listens OK at 2000 - speed 5 knots,

26800 yards - X(B and (C-5 echo OK - llsten Ok on both,
3000 yards - Ko eochoes on elther.

P | Qperating off Block Island in supposedly
favorable waters.

Time Renge X Bup XCBLP LC-58
390 Listea=k aK OK -
5 knots Z#che =R QK OK B - OK

800 L - 0K oK -
5 knots R QK OK -

Piscrimineation on better than yesterday.

1500 - OK L oK
£ knots - QK i QK

0850 2100 - 0K L - 0K
: $ kuots | - OK R - OK

9810 2000 - Unbeard

1030 Submsrine down
Yaximum renge (echo) esch - £300 yards

z}_in*;_n.., Took power level messurement, semzitivity,
nolse receiver vs speed., X(B picked up lobater pot - no damsge.

(v) 9 . At 1700 ploked up submarine on both XD
and (C-5 and ed 1t out om both with echoes to 1830 yards
at wvhich time lost 1t. MNoted that XLD and (C-85 are about
equsl as listeners. XGD has good diseriminstion at low
Speeds.

22 JdulY Sala

Rel0 Surface - Bpeed 8 knots
SEMMES ¥ ® 8 knots




“C=5 1100 ynrds Bcho OK Listens OK
XD 1100 yards 1 kv "

(C=B6 1200

XD 1200 1 kw

C«B6 1700

X.b 1700 ) kw

(C=b 2200

CC=8 1480 2/5
b 1460 Ll-1/% kv /8
«C +880 2/8
P 2880 . £/
¢C 2260 4/5
Xeh 206Q ® é/5

AT asasw

2 2 asass e

JSD = Not streszlined and 1t poOorness us & listensr
Bay very poasibly be due to background of water
noises,

_ 28 %3*1 Ralla Tried rav 80 cycler as¢e. on plate of X(D
with sx¢ ent results, It appesra to be Just =» good, if
not better, than d.c¢, and has many engineering adventages,

Ranges on nefther XCD nor (C-5 a3 good a3 in merning, PDis-
erisination of echo better on both and best on X(D,

Dupring the evening the SEMMEE took comparative intensity
measurements betveesn the (C-5 and the (D, receldving these
signals on the D«? mounted in the aft sound room. These dats
together vith similar measurensnts sade by the SLMNYS on
other types of transceivers sre as follows:

Poser ratio
‘ .n! bg g_n

GCe8 (Sub,8ig. production model) 7% |
19" bEiz. trinl gear) 76/79 s/1
10" " w L] 70 5/10

:ﬁ’ii

. spherical 70 8/15
electrodynamic 78 /1
flattened nickel 4 1714

]
' NRL .
) TN v NRL

(2) Discuasion

(s) 2B and SC-8

The test data 13 to limited and conflictin: to warrant
“drawing sany definite conclusioms. The forsncom tests of

0 July indicate that the new X(B 1s definitely superior %o
the (Ce5 as s detector of propeller sounds. Uropellers were
heard up to 1800 yards on bdoth but better om the X(B, BSeyond

new) rochelle oylindrical 78-80 4/1
ne
new
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this range the UCeH lost the propellers while the X(D was
still hearing them clearly st the maximum range of 7400 yurdse
with the SHEURES steaming &t 1i knota.

The echo tests slso favor the X(B which received sbout
5% of the echoes at 2100 ysrds a3 against 705 for the (C-5,
‘This proved to be about the maximum range for both,

The afternoon tests sgzsin showed the supsriority of LB
for detecting propsller sounds. During thase tests the H-i0
proceeded st 5 knots submerged, Under these conditions the
intensity of her propeller scunds 1s about 103 that of the
forencon tests. At range 7000 yards, the XQB "liastens ox-
collently®” snd the (C-5 "“does not lizten,® However, vhen the
vabnarine surfeced snd proceeded &t 5 xnots, She (C-5 could
pick up the more intense propeller sounds at 7000 yards snd
both followed by echo and propeller detection to 800 yurds.
At 2000 yurds both lost the R-10,

; The next forenocon oparations were transferred to the

Block Island area in supposedly more Javorable water, WNoth
devicos followed the R-10 by echo and propeller sound detece
tlon to 2100 yards snd neither could mske contact at 2000 yards
then the Rel0 submerged &t 10120 the muximum echo range on
.each wag 1300 yards. This coapleted the compurative tests
betveen the (Ce5 and the new X(B,

(b) 250 and SC-8

The XQD wes installed in place of the X(B during the
afternoon. The R-10 was picked up by echo on both the (C-B
and XCD end followed out to sad lost «% 1070 yards,

Comparison detecticn tests were carried out the naxt day
between the 4Ce=5 and the AiD with both the FREEES amnd H-10 om
the surface st 8 imots, The resuits sre consistent, loth
devices followed the targat by schoss to i®60 yurds, the naxi-
mum renge attempted, The (Cet heurd the propailers at sll
renges and the XGD failed to hear them at any range, It is
probable that, as in case of the previous range tosts, both
devices would have lost the echo &t about 3000 yards had the
tizt; been carried to greater reages.

¢

These teats, as a vhole, give the following somewhat
definite inforssatioms

(a) The XGB 1s = better detsctor of prepeller
sounds (listener) tham is the .T«5 and
the GC-H 1s better than the XD, 4 compari-
son of the directivity, sensitivity, and




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

Comparative echo tests between the (C-5 and
the X(B show that both lose the target at
the same range. This also proves true for
the QC-5 and the X(P at 1920 ysrds and it
can be confidently stated that the same
wvould have happened on the last tests if

the range had been extended to soaethingo
like yards, These results appear

show that the range-pemetrating abllity is
the same for all three types and, therefore,
give no information regarding the intensity
of their respective signals. In fact, these
range tests indicate that the signsal strength
is the same for all three types of trans-
celivers.

Such comparative test data can be and in the past has
been misleading. The methods and procedure followed in this
re ;lfor testing and rating trensceivers are simple and

a0le.

It may be stated that the development of the standard
receiver now makes it possible for the first time to prepare
definite specifications for underwvater sound gear and ac-
curately to determine whether or not the lgparutus supplied

meets the specifications. This alone should result in im-
proved sound equipment. This compares with Naval radio prac-
tice in vhich we do not test (accept) transmitters according
totrlnp. but according to performance in standard dummy
antennas.

The reason the echo tests gave equal range for all three
transceivers irrespective of their widely different signal
intensity is ed. The temperature of the water
in the Long Island and Island areas decreases with
depth during the summer months. Such descending temperature
gradients can be expected in any area vhere the tempersture
of the overlying sir averages higher than the temperature of
the water. Under such conditions the velocity of the sound
vaves decreases with depth and therefore the top of the hori-

jected sound besm has & slightly higher velocity
tom. This vertical decrease in velocity across
it downward from the horisontal and at some
it passes bemeath the target. ¥Them
is reached, no echo is returned no matter what
ty of the transmitted signal.
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The maximum range of echo detection 1 defined by the

/i« 7n

relations

& =» A3

shere (8) 1s the maximam echo range ia yards, (H) 1s the depth
of submergeance of the subsarine in feat, (h) in the de,th of
submergesce of the transesivar in {ee: and (?5 ) 1% ths drop
in temperatury degrees Centlgrade par oot dc_gh. In other
vords, 1t is the verticel temperatare sradisat snd the fommila
assumes it to hold constant from the surface to the depth (8)
of the submarine, Phile this assumption of constent gradient
never holds strietly true in practice, aevertheless the sbove
expressicn gives a close upproximstion in moat sreas,

The carve of Plate 38 gives & plot of this egustion under
the condition of 100 feet rubmergence for the submarine and
1# feet for ths transceivar, The fsetor (10) in the denomina-
ter 12 the change Ain sound veloeclty in feet poer second ner
dagres Centisrade change of temperature snd the constant
- 04,0088 reprovents the gaim in sound veloeity per foot depth
caused Ly the resmulting increase in pressure, The drossurs
effect 12 »0 small in cosperison with that caused by tempars-
ture that 1t esn usually be neglected,

This curve shows that the echo range is very dependent
on the temperature gradient., A temperature varistion c» small
a5 19 € in & depth of » hundred feet reduces the meximum echo
range %0 about 1500 yards, while 6° C gives scarcely BOO yards,
It may, thorefore, ba expected that the ueximum eoho renge over
a large portion of the ocean areas during some portion of the
yeur will be determined Ly the temperature gradieat in ac-
cordance vith the adove renge equation, Under sach conditions
this equation offers the best lmown asans for determlaing the
spacing betreen ships in the subacrine sereen.

Over most ocesn areas thare are eertuln Sessons of the
Jear vhen the ¢ paturs grodient 1s zere or negative, Under
thesa conditions the echc range iz lergely dependent on he
rate of absorption and seattering of the sound sigmnal by the
wedium, The asximum range 1: then determined by the intensity
of the si e« The more intense the signsl the farther it
oan tra befores hecoming too much sttenuated to be heurd.
This 1s one ressom why trensceiver development should be
carried to the point of maximum sound outyut of 0.8 wstt per
unit of radiating area.

Another ergument for inereasing the signel intensity to

& maximum 13 thet the echo rsage is not definite. Iu gonersl,
100% echoes ars received out to some moderats range beyond
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vhich the fraction of received echoes getsz smaller :nd saaller
but even & relatively wvesk signal occasionally carries to gresat
range.s ¥ithian this “"tvilight zone®™, the percentuge of echoes
received inecresses vith the signal intensity. Here inersansed
signal intensity serves more to increase the reliabiliity than
the range of deatection,

(4) Conclusien

A brief discussion of the five curves of Plate 37 completes
the portion of this report dealing rimarily »ith the testing
ind rating of transceivara, The ordinates of all the curves
are sxpressed in decibels zdh) and for curves 1 - 4 inclusive
they measure the intensity of the received echo. In cuanme of
curve 5 they measure on the same scale the intensity of the
local noise background, The abscissce of curves 1 to 4 are
expressed at the bottom of the sheet a5 echo-range in yards
snd for curve 0 they are expressed at the top of the sheet as
2pesd in knots.

The five points on curve # repressnt exporimental date
teken by the JIMMES in the OCuantenamo sres using the (Ca58
transeceiver, Thay represent the intensity of echoes from
the 5«20 at different respective ranges, These were used to
deteraine the constants of the theoretical equation,

shere Io 18 the treansaitted ut-ultyg Iy is the echo intensity
1

at renge (x) sand (< ) 41s the sbsorption coefficient., Curve
!.n.otud from this equation gives the echo intemsity of sig-
n transmitted by the (C-58 as a function of the range, The
results of the New London tests rates the (C-BB as 1.6 against
the standerd (C-0 as unity. This places eurve 1, vhich cor-
responds to the (C=85, 2 decibdbels below curve 8, Curve 4 is
computed for the Qc-‘l on the sssumption that it radiates the
saxisum poseibdle MLI...., 0.6 watt jper sq.om, of face
arsa, Curve E refers the elsctrodynamic transceiver, Its
ordinates are 1/3 those of curve 4 snd thus this curve lies
4.8 decibels deiow this maximum curve,

The mein purpose of the Leboratory's transceiver develop-
mental progras has been, and still is, to raise the “"Intensity
v8 Range Curve® hoﬂu&du«dﬁt‘oum‘. The reason
becomes obvious whem it is understood that the echo csn be
heard 50 long as 1its intensity is at lesst equal %o that
of the background, If its imtensity falls below that
of the background the echo will be "masked.* Thereforse, givem
any definite baskground intemsity (say, +20 decibels) the
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saximus ocho range is given by the intorsection of this ine-
tausity level on the rengs ve Intenzity curve of the truns-
celver, The (G5 glivea sn echo renge of 1000 yarde as

sgainst about #8500 yards for the slectrodyanamlecs If the
electrodynaxic wers developed to give a signal about three
times its preaent intensity, shich 18 the maxisuz shown by
curve 4, the echo range would be extended to sbout 100 yards.

Thus the haight of the curve £ adove that of curve 1
represents the progress made in transeslver developmont in
the past threo yeecrs. The difference in height between
curves £ and 4 represents the progress that la still poszidle,.

Curve U givas the intensity of the nolse background
plicked up by the (C-5 mounted in the main sound room on the
CHNNES as & Nuncotion of She shin's speed in knots, This curve
will probably Ve modified somevhat vhen & more careful and
sccurate sound anslysis is sade of the sound gensrated by
the ERMMEE, But the point to note 1z that & nolse vs spead
curve similar to curve 5 exists for each sound-equipped ship
of the Ravy and that its character is an important fuetor
in determining the renge of echo detection, To illustrate,
suppose the gpeed of the SEMMES is 15 knots, The intemsity
of the ncise background iz 20 deecibels, This would limit
the echo range of the (C-5 to 1000 yards, If this dackground
could be reduced to 10 deeibels 1t would result in ineressing
the echo range to 2000 yards.

The sase incrsase in eche range results from either
relsing the echo intensity vs range curve any definite number
of decibels or from lowering the background vs speed curve by
the same number of decibels, The maximum decidels remalning
to be gained by ralsing the echo intensity vs rangs curve, =s
stated, 15 4.8 decibels while the maximum decibels ;anzltie
to gain by lowering the background ve speed curve of ths
SEINES may smount to as much as 650 decibels nt speeds sbtove
£0 kmots. The maln purpose of the roblem "Reduction of found
Genoreted by Naval Vessels” 15 to lower the "Backgrouad In-
tensity ve Speed Curve." HKerein lles the most promise of
future prosress in submarine sound detection. The remslinder
of this report deals with this probles.




SECTION VI
LROCTION QF SQUSD OENERATID
(1) Intreduction

The saximum detection range of & sound Saryet may oe
seasured by the ratios

Lngfngggx af sound ;;gg];fg [rog ;gsge;
ntensity of received loeal soun

For practical operating conditions this r»stio must always
approximate unity. In case of echo detection 1t becomer
possible to inmeresse this so-called Eignal-Background ratio
by both ingreasing the volue of its numerator snd decrensing
its denoxinstor, Incressing the intensity of the transaltted
slgnal incresses the echo intennity of the sound received from
the target, But in case of propeller-sound detection we have
no control over the intensity of an eneay ship's propeller
sounds and hence over the numerator of this ratio, The range
of propeller-sound detection 13, therefore, deterained solely
by the intensity of the received locel or asbismt noise.

fegtion V of this report, which deals sclely with echo
detection, discusses the relative response sensitivity of
various transceivers to the local ambient nolse und shows
that it 1s determined by their directive and mechanliesl 2elec-
tivity., The narrover the sound besm and the sharper the mech-
snical suning the lower will be the besckground intemaity, It
8ls30 shows that these two selective factors have each bLeen
carried to the approximate practical limit,

Yot the background within the speed renge reiuired of
ships in the scresm - Curve 5, Plate 77 - 4s still too groet
%0 permit reliable detection ‘o the renges required by screen
tactics, The intensity of the received local smblent nolse
st be reduced still farther, dince it cannot be done
through transceiver design, it must be accomplished through
veskening or eliminsting t‘n locsl sound sources which csuse
the ba « This second part of the present report
deals with a program of sound tests cerried out on the U.7.8,.
JEMMES for the purpose of locating these sources, They must
be located before they cen be reduced or eliminated.

(%) Noise snalvais on the U.0.0. SZMMES

There are three primary sources of the general background
nolise thet may be pieked up by the sound geser while the ship
is under way., The nolse may come from!
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the propelliers,

the turbulence sround the hull or th

pechasnical vibrations of the hull or %
gupporting structure, iirectly trinsw
thut structure to the transceivar,

The noises produced by say or all of these

mdeterained fMunctions of the design and speed

and af the sesa conditions, The nolises plicke

ceiver are inter-related functions of the

seloctivity, relative bearing, and type of 't

transceiver. The problem during this period was ©U
relative import
4

dets as would give evidence of the

factors (a), (b), and (¢c) under different operating ¢

) 3, to develop & technicue that would be applicsble

uture mare a2laborate tudies, to compure garvice dat
vious model tests, snd to indicate the direction

future nolse reduction work should tuke.

(a) - @ a lNolge Studlie

- The first study was msade dy instslling & D-7 Tube an
Joonton amplifier in esch of the forward, main, snd alter
sound rooms snd listening by three experienced ilisteners in
rotation as the ship's speed was varled from O to -U knots,
Due to the lov sensitivity of the D-i, which 1s & non-resonsnt
and non-directive pick-up, satisfactory messurements could
not be msde on the output meters dut a sumsary of the lapor-
tant qualitative data iz shown in Toble la.

(») pirective Nolse ftudles

For this work the (C-5 and (C~58 magnetostriction trans-
celvers were used as receivers, An attenuation box was used
shesd of & Boontom amplifier end the impadince wasx 2atched
to the transceiver., Attenustion was inserted in the declbel
box to keep the output meter reading constant, This wus
checked by substituting & etandard signsl gensrstor for the
transcelver and measuring the microvoltis necezsary to dve
standard output through the same sttenuation,. The (C-5,

/5,8 kilocycles, was installed in the starboard well and the
«C=86B, 17.2 kilocycles, in the port vell, Only one tube was
lowered during measurementa, except that one run &t eoch
speed wes made on the starboard tube with both tubes down,

to detersine the nolise generated by the turbulence around

the port tube, Readings were taken on each 20° relative
benring and the cardinal points were checked. The depth of
the water wes 25 to 40 fathoms snd sea conditioms were slmost
perfect, The results are shown in Figs. la, ¥a, and Ja.

Study of Fig. la shows an & proximately linear decresse
of noise with speed from 25 %o knots snd & more repld de-
erease to 20 knots for amy particuler besring. For any
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eular speed there 1: Sneral iners e Oof noise mith
bearing from 9° o 180" but the ince se 18 not
A comparison of the intensities on sysmetricel

is uade in Tabls 2 howing that the inl ¢ {de
¥ ~ 4 v

declbels noisler than .
1 degibel noisier at 70 knots, This appesrs %o
turbulence salong the keel.

Comparison of Fige. ls and Fig., Ja shows the right
nd sides to be quite similer, but the left hend nside of
3 1

‘18 Ta 12 distorted. This effect is shown in Teble Ja S0
reach B 4b on bearing £7C it 25 knot: nd 12 due to the
turbulence coused by the port transceiver Lein; reageed
through the » ter, Thi istsnce betwvean center of th

tubes 18 4 Tfeet 11 inches,

- Fige. Fa shows & marked difference in type from Fig. la.
‘he (CeBB 12 a larger transceliver than the CCel »ith lowear
resonsnt fresguency. The bsam widths or bout thi e bDul
the (C=58 15 20mevhat more sensitive., The nolse level ourw
“1® low and fairly uniforz on sll bearings up to nots but

&€ S knots it approximates the (C-5 in shaepe and values,

(e)

From availsble duts, curves oan be plotted showing the
total nolse az & function of speed from 18 to 5 knots on
besrings 0° to 1807 relstive. See dashed curves, Fig. 4a,
It 13 assumed that the turbulence around the forwsrd part
the ship and around the transceiver is independent of the
mesns of propulasion; that 1s, wshether the zhip is drivea by
the propellers or by ita om inertia, The ship thersfore
¥as driven 2% 2 stesdy speed of 20 inots and the nolse leved
Sccurately established on & given beardng, then the power
"as suddenly cut off snd the noise level recorded sguinst
time as the ship decelerated, Headings were token at ap~-
Proximutely one second intervels until the nolse decr ed
to the lowest msasursble level, Jero time was the lust sre
state reading before the nolse started Lo decrease, To plot
the nolse level against knots it 1s necesssary %o have the
deceleration curve of the ship., Froa the known mess of the
ship and the effective horse power as & function of speed,
it can be shown that

v
'.‘I'oﬁﬁ'ot

ey
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ire Ve 12 the veloel!
valocity in lest per
the curve of the above
ior t=Q, Ve = ¥,,
iny initiasl speed on t)
21 the propellers 12 com
B not guite true for the
to drive the sropellers for
e rotated a8 & Whter turbinse
rbout '? '-'.".-'l‘l'-"". ;n.v\l_-l N
eller sound 1s of lo® intansity
2 D=l tabe in the tar sound
turvan T - - P— - ‘ »
irve for the tranpposition,
netion of pad durin
s« S,
“" -".t"-‘-.u'-l‘.il". i9 iT
rances in the levels for
X which the decalerating ocurve:

un the different bLearings,

4 &

: Hegleeting, for ressons explain
nechanioal vibrstions of the ship or tr
B4y say that the noise level on the decel
0 turbulence and on the drivem curve th
urtulence plus the propellers, Expresse

(1) By = 10 log Ig ,
shere Ig 17 the Iintensity
virbulence about the transceiver and
vilue of Iy in decibels, Likewise,
(%) DBy = 10 log (Ig + Iy,

' vhere Ig and I, are respectively i
intensity due to turbulshce about the transceive

Rolse generated by the propellers. 1t follows tha

(%) DBy - DBg = 10 log et 1y, 10 log {1 +
—-!—-t £

ulno,

(0 DBy 190 = DBy o =10 log

i@,

—— sl
1Cinuel

-

i

=]

)

¥
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vhere the subserists (t~180) and (t..0Q) refer
respectively to (turbulence st bearing 180) and (turbulence
it boaring Q).

‘he valuas of DBy are taken from the experimentul in-
tenaity versus speed curve shen decelersting and of LBy from

the corresponding curve obtalned wvhen the ship 1s driven,

From the curves of Fig, 4a and the above equations,
Toble 4a has been prepared showing the ratios of the intensi-
ties of propeller noise to turbulence noise, snd the ratios
of propeller shend and sstern, and of turbulemce sheed and
Astemm.

. The rotics of propeller noise to turbulent noise on
0% and 180" bearings sre plotted in Fig. 6a.

It should be remembered thit the sbove dutsa were token
with the (C-5 transceliver which has s rezonant fre-uency of
Je8 kilocyecles and & directivity and selectivity shown by
the duta in the first part of the reoport., The absolute
Vhluqs would be different for another transceiver and theroe
‘ore too genersl conclusions sre not warranted by the resent
limited dets, though the trends seem clearly indicated,

- ¥4ge Ba shows that the propellers make the major ro-
portion of the noise at speeds under 0 knots, At 1l to 0

knots, propellers and turbulence are about equal (the driven

Wud deecelerating curves are 3 decibels apart) and betweem

L snd ¥5 knots the turbulence dominstes, It is fmportant

50 distinguish between sbsolute values snd retios, At the
er speeds, although the propellers produce the mzjor por-

tion of the noise, the absolute level is so lov that 1t may

not sericusly Interfore with echo ranging but it is =still

&n adverse factor in list g to the propeller neise from

8 distant target ship, On bearing the gbsolute wvalue

of the propeller moise is less tham om 180°, but the turbu-

%3aco is also much less om 0 than on 1807, so the ratio on

v" 19 grester than on 180", It is also probable that con-

sidersble propeller noise 1s reflected from the weves ahesd

of the ship or the bow wave, like the surfsce echoes in scho

ranging, and may strike the face of the transceiver on O

bearing.

Yhen a spherical transceiver is drewn through the wuter,
the turbulence will always be greater sstern than forward,
‘nd the noise plecked up om besring, vhere the face of the
transeceiver is towards the ainimusm turbulence, will be lass
than on 180° besring, where the face of the transcelver is
towards the maxisum turbulence, Alse since this turbuleace
12 nesr the face of the transceiver, it not only ;roduces a
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high nolise level but partially shislds the transceiver from
the propeller nolse, hence the lower ratics of propellar: to
turbulence on 100° besring.

(a)

On 22 July 1937 the BEMMES listened on both sonic aand
supersonic gear to the nolise from the R-10 under different
oparating conditions, The dsta agree vith sisilsr tests on
the B-20, Referances: Report No, B-1109 of 85 feptember 1075;
Report 8-1282 of 17 June 1938, The following conclusions
feem warranted:

(1) The aversge sound output is not consistently
or materially different when running on the
surface on engines or motors &t the rame
TepPelle

(2) A% 3070 Tepe.m. the nolsze drops to the ambient
level which was 4 db at the time of the tests,
For FlB repens, 5 knots, the nolse is 16 4b
above the ambient level, corresponding to an
intensity ratio of 400:il.,

(3) Mo difference could be detected in the noise
level from the R-l0 at 300 yards range shen
lying to with both engines stopped «nd when
charging datteries sith both engines,

This 12 deczuse the charging noise does not rise sbove the
general bac d level on the listening ship, Also, no
bosrings be obtained by listening to the noise on eoither
sonic or supsrsonic vhile the R«l0 wus lying to st 500 yardse
and charging batteries with bdoth engines,

The ovidence 1is conclusive that, vhen listening st =
distance, the noise produced by vibrations of the hull ia
ﬂulul.hio compared to that produced by the propellers, "hen
listening on the same ship, however, conditions may de dif-
feremt due to the shorter renge and to the fact that vibra-
tions may be transmitted directly through the ship's structure
to the transceiver, This was shosn during the tests of the
"Alrersft Detegtor for Bubmarines” where propeller vibrations
vYere transmitted through the ship and periscope te the miero-
vhone at Lits tip until the microphone was sound insulated for
the lov frequency vibrations, On the SEMEEE this type of
vidration does not seem to cause serious interference as far
45 can be detersined by listening vith the transceiver relsed
&nd shielded in structurs, This is the ressen
that only pnru.lrl snd turbulence were considered as major
Sources of noise in the sbove analysis.
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During & test on the PHELPE there was definite evidence
of vibration of the transcaiver supporting tube that relsed
the backgrouad above the prepeller or turbulence noise beyond
& certain speed, The effect was bellevad to be due to chat-
tering of the spider vhich is the lower bearing for the trans-
celver tube., This type of nolse interference can be eliminated
by proper design snd vorksanship on the transceiver support,

(e) Correls ¢ Hols 2

The data scoumulated during the past flve ysars show that
turbulence causes nolae in the wmater. Tests huve Deen nade
on the opersting ship, on distant target ships, on model pro-
pellers, and on experimentel equipment in the Lavorstory, Tests
have also shown both omn model propellers and on ships, that
vhen cavitation, vhich is an extreme form of turbulence, begins
there 18 a ropld incresse in the noipse level, This is slso
shown by the differences between a flat face and a svherlcal
transeaiver when the noise 13 messured as a function of speed
snd bearing. The quantitstive deta on which these ststoments
are based have besn fully presented in numerous previous reports,

(f) ¥alue of Nolse Nodugtion

. In eny recaiving aystem involving listening, the mort in-
portant factor is the signal-noise ratlic, This factor can be

improved (2) by imereasing the signal atrength and (b) by de-
ereasing the background noise level, The first section of the
report has shown that transeeivers are now approsching the
seximum radistion lizit imposed by cavitation; therefore, re-
duction in noise level 1= the obvious method for further in-
provesont, This can bde done either by reducing the intensity
st the source or by shielding sgainst 1t, or by both methods
eperating together.

(2) Conglusiona

The drief sound anslysis of the CEMMED appecrs to show
that the background of noise picked up by the transceiver 1s
due to two local sound sources: (a) the propellers and (b)

ence about the transceiver housing; and that the ratio

a) to (b), vhich is large &t the lowest speeds, ilncreases
gradually witﬂ speed and becomes unity &t sbout Z¥ knots, it
follows that reduetion of the transceiver noise background on
ships of the screem, Yhere the speed i3 relatively bigh, will
require treatment ef both of these loesl sound sources, while
for patrol ships operating st slover speed 1t may only be
necessary te reduce the propeller sounds.

Two resa:irches are slresdy under wey that should result
in reducing these two disturbing sources - one directed toward




the development of & noiseless ropsller for submarine nd
the other tovard the developasnt of a sound transparent shiel
having mafficient stren nd rigidéity to serve for sLream-

Improvenent in underwster

-

deapend to & lLarge
-

LIOULGRA .

1

iined housing about a transceiver.
sound detection In the near futurs will
rogre.s aede on these Lwo

extont upon ths
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Table 2

Test Data - Nodern Sound Transmitters

Iranscelver
(C=5 Submarine 8ignal Company
*H#igh Power" £2.6 ke/s

(C-5B Submarine Signel Company
"High Power® 17.5 ke/s

YLD Naval Research Laboratory
Max. power applied £3.6 kc/s

xqc !m-ﬂcsonmt ..hoLo
Max. powser applied 20 ke/s

XGB (New) Naval Research Laboratory
Max. power applied g2l ke/s
Estimated 1500 volts

XGB (01d) Naval Research Laboratory

Max. power applied 22 ke/s

Submarine 8ignal Company
"High Power" 24 kc/»

(B Submarine Eignal Company
(Power not specified) 24 ke/s

Relative Axial
S8ound Intensity
180°
5 "HP")
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KILOCYCLES PER SECOND
KILOCYCLES PER SECOND

RESONANT FREQUENCY §,
MECHANICAL SELECTIVITY

MEASURED BEAM WIDTH

THEOCRETICAL B

BAND WIDTH Af

NAVAL RESZARCH LABORATORY
FACE DIAMETER - - - 143"
AINOOW = = = = = = None
(A—ICI“ - a= 105 At
CURRENT (D+Co- -~ - Kone

(1.1 27)

NAVAL RESEARCH LABORATORY

FACE AREA - - - - 104 x 104

NINDOW= = = = = = Nons

- {bc‘ - - 2 mp-
L'URHm (D-C. A 7 Al'llp-

o

v

21

- GENSRAL RADIO COMPANY
FACE DIAMETER - - 143"
¥INDOW= = = -~ - - Kone

{A-C- e .39 er-
o, = 105 Amp.

CURRENT (D.C.

al

e

= GENERAL RADIO COMPANY
FACE DIAMETER - = 143"
WINDOW= = = = = = None

(A-C- - -50 Mﬂp.
e - - 1-3 mp.

CURRENT (p.c

12
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Table 4
Modern and Obsolete Typep of Transmitters
Data Shoving the Pereent Thelr Radistion
15 of the Eaxisusm Possible.
TRAS
Radirted
Iransceiver per £0.Ca, £ of Mux,

tC=8 Bubmarine 8lznal Company
"High Pover®™ 2% e8 kes/s «0&5H

(C«-8B Bubmarine Eignal Company
"High Power" 17.5 ke/s

XD HNaval Besesrch Laboratory
Hax.power applied 5.6 ko/s

(GC  Non-Resonant Nav.Res.Leb,
Hax,pover applied O ke/s

3.8 (New) Naval Rea.Lab.
Kax.power applied (881v.)

21 ke/s
1500 V., (Bstimate)?®l ke/s

Xip (01d) Nav,ies.Lub,
Hax.pover spplied 22 ke/s

XLA Naval Resosrch Laboratory
Optisum Power 29,8 kxo/»

J(C BResonant Nav.Res.Lab,
Optimum Power £l ke/s

XiC=1l Geneorsal Hadio Company
Optimus Power #4.5 ke/s
Optimum Power 9.2 ke/s




Table @
} of Both Nodern and

Sound Transzittars

XG0 NHawval Reasesrch Laboretory
Max, power appliec I«8 keo/s

X(B (Mew) Naval Hesesrch Laboratory
Yax.power spplied (861 V.) £l xe/s
Estinated for 1500 volts

XGA HNavel Research Laboratory
Jptimum power 9.8 ko/s

«C=B8B Submarine &ignal “oupany
"iizh Power" 17.5 ke/s

AGC Resonant Nav.hen Lab,
Optimum Power £l ke/s

JLC«l Genersal Radic Company
Optinum power 74,5 ke/s

C=5 Submurine Sigel Company
"High Power® 3.8 ke/s

XeB (014) HNaval Resesrch Laboratory
Hax.pover applied PE keo/s

X4C  Non-Resonsnt BNav.hes, Lab.
ax, power applied 20 ke/s
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Rolise on PD=Ff Transceliver and Boonton Amplifier

Sound Noows

:‘ guql'{l -la :E‘Iﬂ---._.ﬁﬂ !-t._‘r'

dpaed at vhich propeller turns
can first be definitely eounted

Cpeed for measurable level

Speed at which propeller rhytha
disappears snd becomes "staticF

Intensity of sharp peaks above _
aversge nolse 5«10 db B=10 ¢b 10=1E

4

¥O0TESs (a) The port propeller was smuch nolsier than the
stariboard,

(b) ¥hen listening in the after sound reca there
is an increase in sound vhen the propellers
are accurately synchroniszed,

(c) The noise incressed about 8 db when the fre-
quency was changed from 15 to "0 kilocycles
but this was partly receiver sensitivity.

(d) Raising the D=f tube had little effect until
the transceiver »as anlmost completely

housad,

() The intensity sad duration of the sharp
peaks wvere inerwased by roll or plteh
of the ship.
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