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SABYERACT

is prodlom provides for rosoarch to yiold more «ifcctivo sulmorged
racopntion. the prosent phase ralaiing to ke shitainment of tho best encrgv
transfer from tio colioctizg Anop W ithe rucaiver, TVasicus covpling uwnits
erailablc to the gervito havo bLoon studicd. Walle tho study cf Ooupz‘iags.
s tho rrimo consifaration. it wag found d0sirablc te include the limitu-
tiona ot the mﬂo\u couplan nnd tholr uscfulncss to the navy.7

The Mare Iziand Cowpling Unit.u vore dcsizrnod to Ve uwged with Lo THH
26097 locps, 2% Loop sorics, and the PAX Rezciver Serics. Funciionalily, tho
unite cowple the loweinduetencc ivtp =mt~mmmc to the RAK Recoi~oy Antonna
igput, over 2 nomimdl froquoncy range of 16 ‘o 3B Riiugrolne.  Tho Cemmling
Unita oach contain a2 atcp~up tranaformar wit itg sccoméary tunos to tho
d~sirad frogucncy By a variadle cq:’“" 2a¥, %un edomal g theon amplificd

~ o v-nvrln

threuvh 8 pontode tabs ard eAbled into the antcoaa iupul of the RAE SI¥ST.

Thne two Fare Islasd fouplirs wore tested ai WRL undor shinided room

cd
eordigiore. Analveis indicatced that both vnits ars similar J.sctrlmlly,
tut do not cuvor the semo froguoncy ramgs, The clocirical fogts indd \,at"t‘.
that the OVOorall POTISTBARCS WAL BUL a8 guod = wad wyatil tning thae B8
: fsupling Yottt (MO 47287) with the CEM 66087 loup, and morc faforior whoan
nnrmund %0 tho now aysi~™® uging this lotp with an laput trans” omor in a
madificd Modol RAR R-acivoe (Bafeor-nce 2).

W -chanically, both Xarc Isiand Coupiing Units bavp faults theat ehmid
be romadiad, The proment conditioxn of these units ie unsatisfactory for
Faval usc,

™ This rcport cemtaina ~laetrieal and mochanical ioformation, such ag,
cnsitivity sarmasisana of variows coupling mothods, oporating characicristice,
cehantes} and rlostricel rocommondmtions
P
cport ales contalns comments on & iokier, "Regvite of Submorged
g m&ru two losp positions &and thc Marc Iecland apd
nit (RBofercace 4).
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LZIRODEICIION

1. This rcnort doplcis thosrclative officicncy of scvoral loop inmpud
eircuiiz shish are, or heve hoon, wsod for submorzod rocoption., Thie
4nclndezr  ths nlAce RA 60085 Gounling Ualt, usod wit) tho loop tukon from
the Hodol IQ divection finder; tho Type &M 88097 Tyop, used with tho
so=callod Mars lalend Coupliisg Unie; thoe Typo (FM 66097 Loocp and GIM
47357 Coupling Unit; &nd tho 60057 Loop wiilh Fil trsmafomer immmt firnet
to tho 7rid of the first »occlver tubs, with gangoed tuning by the rocoelver
variabvlo oopaciter. The Madol RAX recolver was usod for all, Tho Mare
Taland units =re 'D“c-“mct_!. to To V!xr-prnv.l. rot omar-oncy unita $o moct a
thea rafilicg mos Thoiz Laclumiud A5G SR pro®lioe wae & Fasuli of tho
roqucst of rofcronce (3). Tost proccdurcs outlined shorein were nodificd,
but tho shipboard test confuctod Bty Comsublant comparsd tho G 47387 Upig
and thie ¥Mars Taland Counlinz Trdt construciod Wy USH UWSL, Docomber 1944,
aftor vhieh theao wnits wore shipped to HRL 4n Docemdor-i9ad, Tor Leboratosy
toets, Tho roport on theso shipboard tosts (Reference 4) wes recelved ad
Yol im Haroh 1G85, .
Hi=Sv oo dosa mtic‘)s or serial

iu reason, lietiter 1dmmtificaticn will bho sivon to cach én
thls rorort, The unit consiructot ny USE U3k, Docombar 1944, will be enllcd
Uit A. The unit manufaciured by K.7.M.I, wiil be called Unit B, Yor
furtiher clarification, 820 plates ¢ vo B inciusirve —THALS thozo ~ownling
unite Wwero not Acsigned to moot Nevy mpocifications and it apncers unrnccogsary
ta nlaco thoa in production, they arc discussed at somn leaczth heroian 85
iafyrm the Furcau rogarding enangos suyulawi IV radosion ta encsificabions

wero reawd rod,

BICTHIGAL AMALYSIS

3. ALl olcetrical davestizations rowortod on harein were norfrmoed on tho
--\mlin; valta vith the locp §2 air, Eocauso of simmlicity mnd cemvonioner,
ithe alr GoAasuramaonts vere nwafarpad to a0a valor momguroments. If %ax
invowbioaticns Bnld Born comAwetad with the 1osp in som water, it s f2licved
that rosulis obtAainod wruld bave Beon rolatively eimilar in the nosgire-
monte obtainod in air, ¥For this ﬁe of mc vrotiem, ihe ;n'-.--u_“.i"‘ Les
Aot cancorned »it2 tho wnis of eatemal recspiicon bBut re.ther wih the

fulnees of cac coplinT systor »e soanared to amother,

c ITeland units da not heva tvm

4, Oporationsl masmlysis Andicated that toth Hars Islaad Cowpling Unlits

parfors clectrienily tho saxa, Tho overal) smittﬂts of the combinetion
2% FAR Rocoiver, 'A% 47EST Coumiiss Tait, and O 65097 Lonp vag moasured
in % ghicldsd rosm Yor sae onuw 4 ot .,: 1% ¢ %8 Wilnawnlos. Tha Boasure-
zents wors zadp &i A stapdard output of 6 millivstia intc 600 obas, vith &
20 4 stemal=ga-ncizs ratio. The =ag.~=----i.nn Control on the Pecolvs: was
adjuated Yoz Ytawpdard Oseillation. A signa) ssmovetor fed = preporiy
torminatod {ransaission iimo, Tha resultant ficld eacrzitod tho Leep. The
line constants baving book experincsimily detss=ined, tho isducod field
SiToRsth in opess et tha larp coaber, sad tbg imduced voltu-e in tho lorp

waro cumpuded,
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5., The sensitivity of the overall srstem (CUM 66097 loop, Mars Isiand
Couplinz Unit B, and RAK Heceivesr) varied from 163 micrevplts per mothbr at
15 Kilocyclos te 79 microvolis per msater at 30 Kilocyzles. .4t 25 Xiloeycles
the seneitivity value was 102 microvolts per moter (Reforonye Flate 1),

The ovorall sensitivity using the CiM-47367 Coupling Unié varied from 38
microvolts por meter at 15 Xilocwcles to 3L microvolts ver notor at X0
Kilocrclos, Tie ovorall sensitivity using the modifiod Modol RAXK Rocelvor
{incornorating KL transformer design, ivicioncs 3y, verisd from 12,2
nicravolts por neter at 15 Kilocvcles to 8,2 micrevelts ner meter at 25
¥ilecyeclos. These data indicate that the prosont standard CUM 66097

tom, usins tho CMM=47367 Coupling Unit, ie abrut 13 decibols at 15
¥iloerelas and mbout § duciBels ab 30 Yilacyelae wattaw ihan tha avaton
ugin tic i‘are Island Couplin: Units., *"hen tho cermarisen is carriod
further, it is found that the FRL preposod system using the nodifiod Medol
RAX Receivor and GFM 66097 Lonp is Abew. 23 decibols at 15 Kiloeyclos and
absut 21 decibols at 25 Kilocyelicsk bottor thisn the systonm usin: the Mare
Island Counlinz Units. Proposod in reforence (3), this syston medifico~
tion is vndsrgtond to be in rrecess of adontion,

By

Go TFor mumoscs of further comparisen, = rowound Medel DO Lenp, of hichor
Q valuc then a standard DO Loop, was used with the iiare Island Coupling
Taits B end the RA-50085 Coupling Unit (Reforence 5). Tha use of the DO
Lo~p imnroved tho oversll porformance ef the MYare Island Coupling Unit R
by annroxinatoly five doeibuels, Velng tho M Tasn with thoa RA-FODRS
Cnupling Unit, ths ovorall porformanco was abrut threec Gecibels short of
bein~ as .cord ag tho TRL medified RAX Receiver, Tac ruiput of $ho RA-5008E
Coupling Vall ves dhon Intraduccd dircetly into tho firat wadin fronuanoy
apnlificr 2rid of the RAK Roneiver, The result obtaiuhd in oversll pore
fornanca wias n2arly 2a good as the WEL Hedified RAX Mepeiver with the

CFY 36097 loap (Referonce Plate 1), Howover, this rowinnd D0 loon, whils
essontinlly metching the inductsace of &8 IQ loep, 1s bailevod to have a
deofinttoly suporinr . Unfertunately, ano Madel I lo~p wgs avnilaclo for
srmparison, The ves of A I Iane might very possibly have raigod the IR

Lo~ curvas of Plate I by a factor of two, or 6 decibels,

7. This Laboratory hag found it difficult ta cvaluate the wartimc succoss
in ueing avimiarged recoption in tho Fleot, Adequaie official rTeoprriaz have
not bacn found, Hogt wncfficial comnents indicata that little use vas nade
nf wndervater lo~p Facoplion, largaly bocause the rensor astainad woro
quito imndaquate, The resscus Sivea Jor thly lack of succase are many,
rans;ing from lack of understarding o»f the requircnonts for submerzoed
rocention 9 condiiirns such as wors found en the Conzer, rrfersnce (8),
whord tho succesiva lonsth of ecomxial cable from ths counling unit to the
TeCeIver pruveiben i wwonibing $he Tostiver fopwt tireuld dad kneenart of
wenk sicnaley noBr B high power.station, It epnoars that the gencral lovel
of porfovmence atteined in sulziersed rocontinn bas beoon consistontly poer,
ermparod to the bost that cemputatinon snd exmerinent offor, ‘thatovor the
caugos havao boonm it is undeubtedly nessidle tr improve cond? ¢inng by caroful
rvarhav), of oxisting installations and.adoquate training ~f tho now nors nnel

iavnlvei,
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8. The saryos shown op Plats 1 indicate that neither Mars Island Conpling
Urit has a feequongy vahko of 15 ‘o 36 Kilrcyclos. Unit & froqueney
coverass lles betweon 18 and 2K ¥ilnayele- - " Unit R beiwosd 1D and 33
K{lnmn]eg. : .
9o A proliminery investigatirn o7 ¢
nads ising ihe emvonler in & syeien zimizac ditin
Tho RGA Loop, GiM 66097, wag connected to ths inp\xt of Unit B and tho
nutput of Unit B waé introduced into the antenna input of a :em dard
REK Boestver, The OB 6500% larp wrs lorgsly couplod 46 tho autpat of &
84 /neld ﬂmu';.—.s-- 22t 2% 8 freguaner tupable by the roupler end 2Ns raceiver,
n‘ ¥ values of =ain, the Cﬂum.!np Unit B soomed to operate mormally,
AL MsAcr velues of zain, the syntem becamo unstadls and uneerérrllabdle, -
RopdPustaont of the recciver or tho couplor tening controls did not romody
thiz conditism, Rindiustnmant to |k laver valus of omin seiiing was ::ef..cs:/ar"
to rostare initial comtrel, Therbfrre, inercaeing ths voltaze on the
screan of the erpiifisy tube (incromsin:. sonsitivity conirel) caused thg
¥arc Ialand Crunling Unit B to oseillats, This inetability probabiy
resulted nainly from the wiring layout which caused plaio output cnorsy-
to bo {fvd back @ i rid input throush cxcossivs £7id Yo plate stray
canacitance {Eofarenco Plates 2, § to “'\ Bnth units (the Mare Isiand
Cotpling Unit P 2md tho RAX Recoivor) arc anrmBlly indopondantly tuned to
the samo frequeicy. DJocause free end sclf-eustainod oscillations tonk:
ninco in tho erunlisg unit at hizher anin wﬁimfs, the nlafc impodanc
was varied by detuming tho rocetwsr - areciable froquancy ranre,
Trhis sccodver do:unin:: was crndnectad b'mmun 1t ung hanad that tha asg !e;l,
i~ne would cense, Hnwever, the detuninz wag carrizd ~n to a froquox:cur
where 1t v ballevod that a strnng fonut sicnal at the lnen resophnt
froquency wruld hame bewm still audidle at the output nf the receiver,
This ~pogedure €id not stop tho solf-sustained cscillaticns o2 the eoupler,
The fact that this dstumint was #£roat eaougin to dostpny the sorsitivity
af the zrstem and th3t iho oycillations had nnt tersinated jndicated that
tho oloctric couplins hetysea the ~rié and plato elagtrnies of tho tube
was oxcosaive, Tho nmeunt of (‘_Q’.IL&!!&: ?\GQQE!RX"Y to atap nscillntings of
a elrgult 2spends uren g G af the Yubc aad the cwnaciiamce Beiwoun
~rid and plate elagtrodes. This implics that if the electrie coupling ware
rodused, lesg detuning of tho rocelver would have buen nccessary to stop
csciilation. However: tho gleciric crwpliins sh~uld have boen kopt to
A nininue 90 that sclf-sustained nscilladtans in the eruplin: unit wenid
havo baen imposeible, For identical conditions of equinnment arran;oneat,
the Coupling Unit A did not oseillafe wilh adsh Aain, presumably bocaugo
tho carolussly done wiring wag not vabled {Roforenco Plaics 2 to 5). This
indieatod Natl ~Orupiing Unit 5 o»rbadiv wiuid not hava neeillatad 37

nrapcAutinne wera taken in the cabling,

JESIATION DITEL CCUAARS. O TR SARD 1D OPLT IS

10, VWhon attempts wore made to wire elthor Mave Island Coapling Unit inte
workiag order, difficulty wee snoountered, Tha power for the Coupling
Units i3 oBtainod rof ths BAX Recoiver teruinals or Power Pask torminals,
and #o provisioms were =uds ip oither wis for the pover cable. IF tho

Byeneiamm -
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coupling unit had to be iastalled in the Ylest, approvriate holes in the
Roceivor or Power Pack wouid . ave to be mnde by tha redio tockniciaan,

1i. The Coupling Wnit 4 1s cumborsome, Ingufficiont thought was appliad
to mochanical desizn, Tho RAK antenna inout cable continuously unfastencd
from its mounting ztandnff insulator in the Joupling Unit upon handlinz nf

tha cauipment,

12, Veither of the Coupling Units has nravisirng for mountinz, Holes
would have to be drilled in the bars of the caninet when installed,

13. Upon inspection of this unit, it was ohaarved that there wsro numerous
undesirablo features iu thn desiazs ihat did not conform with tho standards
cxpectod in naval squipment. For example, the disl plate of the variable
canaciter sheuld have bLeen provided with a clamp o prevent accidental

chango of setbing (Peferamce Platos 3 4o 5 inclusive); tho controls ghould
hava boon labsled tn properly identifr them as to their fundtion:; 1t

would have been desireble to inclnde mountine brackets to facilitate installa-
tirn and maintenance; Iknurled captivs thumd sercws to sccurs chassis to
cabinct woudd have been suporior to the use of self tapning screws: cabla
annnartiens 4o the wwidi shiwuwld nave been made through proper jacks and plugs,
and a tube clamp assambled to the chagsis for the 6C6-8%. tube. Purther,

the clocirical wiring shculd have been such that 811 cnmanents wanld b
Yool pidccd onm &poroved fungus pronf terminal boards and properly nurker
dogicnated for immediatc idantification with ns merg than i{hisve conncctinna
made w8 2 tovminal. The wiring lead lengths shruld havo beon long oncugh

go that no 1284 would havo been excsawively long permitting 2 possible
gourco of added coupling, or too short, allewing stress to exist in tho
lcad, The method of grounding componimnis and circuit points should have
teen made dircetly to tho chassis ip the shortogt practicatie distance, and
the soldcering of all components and 21l gloctriesl circuit leads o terminnls
should have besa such As to insurae the elactirical comnasction by waking af
loast two turms asound the torminal beforo the application nf the solder.
Parthor, tho irangformsr should heve locorporated a rust nronf ghiold te
gafa ~unrd ngaingt physical iajury and stray fleld coupling,

HECHAVICAL IXECTION OF COUPLIWG UNIT B

i4. Upou inspectisn of this unit, it was discovered that thore wore undcsir-
ablc features in the design of n nature similay to Unit A but logs numernus;
what 454 2ot Coifhgm wiil Lue standards expected in aaval cquipment,. Thoso
ara, briefly, the methndg of srounmling cireuit pointe and communontey tho
use of golf tapring scroews tn sccurc chrssis ie cabine$, tho undesimmated
commononts, not mounted on aprroved terminal boards for immediatc eircult
idontificaticn, the absence nf a tube clamp for the 6J7 tubo and tho omissinn
of suitable brackeis attached to the cabinot to facilitate installation and
maintonance, Further, it would have boci desiradvle if the desimm nf the
regonading capacitor waz such az to minimize the rozeible nhyzical damase

tr thic rainr plates that could occur vhen the dial is cet en 100 divisicns
and the chagsiz ie romoved from the catinet, '

RETRICTED -t
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15, Reference 4, diited 11 Ausust 1345, was recolved by the Heceivor Section
of YRL on 18 March [[348.

15, Tho letter states that reception with the Mare Island desian (Unit &)
w3 Tuy Poer o5 comparsd fo the WM Conplivg Unit M 47367, on USS Crnaar,

17. An=lysie of thc data obtained from this lotter indicites that the
cpcrators weas cornfronted with d4ffs mluns in obdtainins thn correet infrymn-
tion. <Ths sapnoriing data were pot sufficient o meko an sécuraio sludy of
tho asrmasiasn of the twn srunling mothods cawleved in tho tosts. Too many
variables were craaged ainultanenuily, g0 that a nurber »f tho readings

talken woro uscloss. The remaingor of the data fro mol vory an—arent, Yul
with carcful strdy, it could be intorsrotod thaz the Crupling Unit ORM 47367
had haon nare eiocessfal than tha Marg Iziand Coupling Unit. ‘his con~lusirn
confrrms with ‘he findings of this renort,

ottt iavd “3

LAL" W, 2‘
18, Tt {g soncludad, btoth from a standpnint ~f electrical norformance and

peshnnical constiucti~r, that the Marec Islqz.d. Couslins Unlts aro unratis-
factory for Haval wsc.

19, Phe clcetrienl desizn of itho Mare Island Coupiing Units should have
vasn gush tha™ the cirenit would sacups mere afficiont utilization ~f the

sirnal niskod 3w fmam tha antarna avetam Lo ofeicor tha aimal~teonnian ratin
ng larr.e 18 poniblo. Tho dcsign of tho amlifi or should have beon such that
it would Arve LOAR A _-‘ﬂ!,ﬂ_l ag or dottor ¢ : itk DAY VUnecaiver first ondls
froquonay amplifier. Howovor, the RAX Recolver soneitivity is hich ennuch

s» that tho sigpai-to-nriss ratio is the limiting factor and not tha zalng
tho a6ditionnl ammitfiar in tho Coupling Unit is suporflurus,

20, Frep the roeulss of the date abhowm en Plato 1, 1t io orneindad thag
the Mavy had & godd syetca of coupling laop sntomnee to BAX Regelvorn

{Ref crones ?a.r-.zz-:aph §). Howgver, tng SRL #odifisd DAX Roocoiver (Doforence
3) bs advantazos over this systam, These ors sinplleity, olimdinntiics of
cest fnr a cr\mnn unit, amd the rsductlon in the numbor nf controls for
she rmdin nperator, Agide from those the DML oodificd desipm oousorves

n
neof > wpace im ths radlo rorm of w subasziuo,

1, That the unlte conisia dracksts for mounting.

ha mountad on terminal brards and nropeorly

ta
fop imncaiate Ldastificatien.
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13.

14,

That the wiring e properly cebled and n color code viring system
e used in the circuit.

That captive thumdb screws be usod to sccure chassis in cabinet,

That Gouplinz Unit & have incorporated with the varifble capacitsr

Smn Ao

&1l plate a clamn 4

$ot 2zoidomiel Ahansa of sabblye

That all contrels of Coupling Unit 4 be properly isbvelss as to
furction,

That Navy approvea tuha .amps bo used with the amplifier tubes,
That Conpling Welt 4 have jacks incoiporated for incoming eabloas,

That all lead lingthe and soldered mnnections he properly made to
prevent electrical Failure due %c mschanical vibraivion,

That instruétions oz to theery, operation and maintennice o
gupplied with the unite.

Thec.& direci erouud ayatem be used in the siveuld wizins

Thet a shield be used with the transformors to prevent stray field
coupling and mactanical damagze,

That all netsl and bakelite te troated sgainast moisture and funsue
erowth,

That ths Covuplianz Uait B resonatiag capacitor be protoctad assinat
danaze when chagsis is not emclosed in cebinet,

(b) M ontwinal
1. That ihe aapli f‘. wiring do cabled to kcep the a7id to plate capaci-
tanes at a minimum,
2. That the amplifior by-pass condenscrs bo soldsred dircetly at tube
sacket luze.
S. That thet ampiifier sircuir oe redesiimaed for optinum sinal-to-nolss
ratio performance,
4. That the treasfornor be redesi d for = zreater coefficient .of
coupling,
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