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Thla p-roblem provides for remsarcb to yiald moru diective aubwacrceA
recoptiten- the Prsa h... rolltM *to the a1.tainaat. of the best encrr7
transfer from the ooilocttug& loolp toP; tho rca-ivor. Valrivu-j tnir "h
aanllb~le to the abavkoo have boae studied. Whleo the study cf eoaplingii
is the ;r130 eqaaiidration. It was foun& d.ýsitrble to inciu~o the liv-Ita-
ticana of tho ;&arieua oowlors .ini tbotr useful~ness Lo the Navy.)

The Marc Itland C-OwlInr Unit. were 4eimdto be usaod with. thw CZN
86097 Looeps, MZ 1acm s':rics, and the VAE iceciclvor 'oSerie. Jrunczionaily, the
unjt-ts couple tbc lav-tirductancc lhc ar-t mmac to the El! Recv^.2nr Antenna
input, overx a nominawl froquency range of "L5 '(o 3b i~ilucycn... Mhc CnnfItig
Units nach contain" a atcp-up treausformnr tit: itig UcCOd6.ry t=36c to the
A-'rnir.-d freoquncyj by a variable capaclter.i- 1-i aiga is thtm- armlifiod
thzc-u-: a pcntndcn tnIhnl aPd abd in~tn the natt;aa ±iiput of th ,r,.-

, Islad C ---- *r tesed at VIL nndir sf1 'Idd nom
m-e two Fare Iu~o ide......... rc

eor~ttiong- Amsnalyst indicated that both units arc- similar Achctri'mlly,
'but lo not cove-r Vi,- same frequency range, Tan nltrcltnein-tcatcd
that the ov'-rIli perm:-r~nc vac~ -&w. mm zý -.. -'4ý - v'1

7mfl,,t (17W Afl&1N wit4h the. !MH 6WO loop.a andmor arir

c.nmnarod to the no%# sybt2- using this- loop 't xiu ie .mzi
modiIA ed Mu&4. IU Ra c~~ (REýfrr-nce o

N'e-hanically, both 34ar island Co4'aj4 Units ltsx: ZA'fIts that .lsnnid

bte rsmdind. The? preset condition of theme units Is unsatiufantcry for

"Th'm. rcport centptdne -'t etand !'techaaicas inlormu'inn, such as,
a~nttjyj~ e"!b~lW'U'of narioits oOIpli.Tjg methods, ope:rating, eharatct--ri~tics,

ftia r-p,%rt also contains cermntat on. a latterox *Eeas.ts of ub~haorge
oecpttaa ?eatte , that comparesa two lono positions and the Marc island amt

MK 47Z67 Coupling Unit (inf erenace 4).-

.-b
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I.This 2-onort depictm tiuo'rolativs offictoracy of uovonl:1 loop iupit
czrcal.z *Whio are, cr heate boenj nýkad for mu~bmerged reception. ThS it

tzc~~cnth~eo!Aer PA 6.,..,., Counflur 'Unit. neod witlh tho loop hikan- from
the Modal Wq dU'octlon finder; th6 !~pe tMý 66097 l-unp, used with the
e&.c-allod Mara TIledM Coupling "a--4t:~ the Typo tISM 6"- ? bog And OM7
47.%67 Coupling Unit; and t'ao btviý/ Louy wiUL -k4W'j t~a:or2Ir ~4
to th3 "ýrid of the first rcucoivar tube, with ganged tuning by the rocoiv-nr

variable ~ Th 14pc¶tr f )oW4ol =Z receivor was used for all. Ih Nar
Tol-d nit ar prestimed to býwar--vrvL-.a.d eomr-;oeny unit, to mot a

roquest of roference (3). ?ist procedure~s outliped therein were modifited,
but the shipboard test conducteA by Cnmuublaat com Ar~ the ff 4-?!67 ."nit2
---a tha ifto a~nIlad Cou ihic '"hit constructed by US3L tT3L, Daconber 1944,
after which those units wore thkppod to YlL in D~aeeebor.-i94S, :for Labt'ratorj
tosmts. The rcport' on thoso ehitboard tents (Reference 4) i.Mo receivei at

TYI.Marceh 19AS

4 re v Til =Itzi dt^ rot ht•.vtnr, 4 oslnatieus (or scýr i -I
numbe-rs. YL, zhts reason, letter idonýtifteatiioa will be Civcn to ea-ch in
this roport. T'Ze *=it coflttfltotO( ny 1Us 133L, Pacoab:ar 1944, w-ill bc called
Unit A- 7he anit marulfactured by 1#J.NST. will be called Unit B. Sar
furth':er clarification, &-Do plntor, 4 to 8j ±nc±li'ui.. t~zt-::z-.tl2
%,tik'e woro not &Istgaed to Llzcet Navy specificattions and It Raflearrs unnececssary
to rilace thou in prrducmtio, they are; discumsed at sono length hecrala to
i-tfrmn the Piiroau rp-egrAting Cnng&r 4flV a!

were roid red.

31. All 4crclinvcstigatlýens reortod, an heroin were ncrfrnrcd on tho
4rUnlin1 ;, us41t-d with thke lory in ar.i7 ECCauso Of siAMblicitY Mndc-*tec
tieitc mier =r~t:-ý- c -nrfarrq4 to sea vxtoer neagsurae"nts, if ';2i

inv ~ lku &t o Akitn with the loopr in soft r9ter, it ri- r;Jj~
that nmasuts obtained wvr'ld have been relatively similar tn the moraSiLIo-
"toutso obtained In air. T or tWi. $Wp of the ;r~qblemi, ihu1wŽtzA:te
not concozrned vith the ts,-4o of aMavm b~eptu t rather with tbe tse-
fuintoes of on, cele:srtc" os. wa-nart;d to another.

4. Operational sn#4'usis tadintoto that toth MatreluatCplc Un:
pariomd elcctriouflg the sfle. Thu ovramll sa~itivitrý of the cembinetion

ti- W acetycr = u~e 47WCf l*- !Tfit; and W.M &6109 lwnp vas cftsrrCA
in kt shiclttd ro't, br ant rnn~ixv : 'lt t The ',e-auroa-
mnets ware tr.ak at nt standard cautgut of 6 ndilintts tnto 600 ohms. with a
30 *l s!n-t-otonlo. The n±crt Control on tho Peccoit2 : Was
adjudeod ior 31tsw&nr4 Oscillation~. A sigmsZ generator fe-d !t properly
tovzsiaatod trezalsssiec fue. Thei resultmat field smcrz4zod. the Loop. The
lini! constAnts haviiag boat gaperirneutullr Acisosin. the induced LieUi
stroz'fth irL mpaco -ft the* loop acitttr. ari ta induced rvltaere In tMe 1l5-Y
waorcapt4



1 5. The sensitivity of the overall s'-stan (GUNM 66097 Loop, Mari) IslandICoupling Qunit B, andl flAX flieviver) varied from 163 aierovn~lte per metter at
15 Silecycles ta, 79 microvelts per meter at 30 Kilocyzle.. -it 25 Xiloeycles
the seneittlvtty. value was 102 mierovolts Per meter (Refeorese Plato l',IThe ovo.call sensitivity uetug the W14-471'67 Coupling.Unit i7ariod from 38

Imicrovolts per meter ant 15 Kilocycles to 311 microvolts t'i otor aL ZO
* n~locy-cles. The overall sensitivity~ using the, nodifica Model flAX Rece-ivzer
S (incornorating J~L tranhio-naerdc4n 1LkL3, ac-frm 32

x micr-voits per motor at 15 Kilocycle. to 8,2 mieroveolts Per motor at 25
.~, os.Those data indicate that the present stand.ard C31T1 66097

.r~tn, ~in2the0I1h!-47367 Couplin.g Unit, is about 13: decibels at 15
A. !' LocrcrLos atnIti inu, I UL -L Z f VL1-.n1 h2tA t1a Mh rs

u'sirv: the ','are IslandI Coupliný- Units. 11hon thei conrariarn is car,,ried,
furtheýr, it is found that the !TIM jwoposed system ueinr; the nodelfized Mý-Ooel
R fAE Picetiver nind OPH1 66097 Loop is akboin '3 decibeols -it 15; Xilocy~cle. andI abo*ut 21 6oclbcls at 25 Kilocyclea bettor4than the system usin-7 the l1arc
I sland Gouplini- Units. Proposed in refeorence (3), this system modi-fica%-

Itiont is rivi-_rstonO to he in rprr,cess of %doptiron,

G. . For nupoc of further iýornprieen, a rewound Model DO Loop, of h _he'r
q value than a statndard DO Loo~p, war~ used vith the Mare Island Counlimdz
Unit B md the PA-50085 Coupling Unit (ReferenAce 5). Thle naso f the. DO

- Lon imnroved tho overall performance of the Mare Island Coupling, Unit 1%

* bys apnrnxinasely five aticibuls. tl!. hA- 1%n r -4th th. R-FOn.
Couplimz. 'Unit, the,ý overall performnFLce was abnut three decibels short of

hm:as -oed& as the3 IM nodAfied flAX R~eceiver. The entput of the MzAi-5OO85,
UoUpli-11, Uilkt hVbi th.-ctl !i4Lt"the----*. froqunnev
onnnlifier .-Prid of the RlA Receiver, The result ebtaidf)l in novrall pci-.
fornanco.wa nearjy fias good. as the YEL Modiflied WaC %ol-civer with the
WINT 36097 loop (Reference Plate 1). Howover, this reve'xnd DO loop, while

Iessentially matching, the Inductance of a D2) loop, is beae4-ved to have a
-deftnItely superior Q. Urnforunittely, no Mvledl N~ la--p wq~. availablel for

crpnri~oa. The use of a% M lr-op night very possibly? htav raisedl the IR
_ t~n~p oun'cs of Plaqte I by a factor of twoa, or 6 docibels.

7. This Laboratory has found it difficult tmoevalunte the wartime: successu
in un~.unrgq rcuption in the ii--eet, id~equnie ofift-anl rcp:rrteih-,rtv

4not b3oon found. 2Nest unofficial comments Indicateo thait little use was naod
nci underwater letp rece-ption, 1ar1 ;oly boense the rsn;ýev attained wore

S quite ±naaaquato~. iTho rgas~-ný z17ven f-r thit, lack of ngna aemny.4ramr~ing from lack of understand.iz4:g of the requironentc for auberaceid
rception to cvndli Lmns such as were Mini- on the Con_-.orer,-rference (8).

-~ ... oreth; ctceeirc len-Ith of eoaxial cable from the couoling unit to the
S.:- - - -:.~ 1--f- a -4.- -e t * --~4 A 4,nw..' t n

vekstgahl near a t4gh powasr.utatiea. It epncars that the gonerAl lcvcl,
nf poriorerwhcs attetned in *ubneor;gd roceotinn hat been consiste'ntly poor,
comrpared to the best that crrmptation and ornorineont offer. Vhatovor the

cuses hftve boon it is undonubtedly possible tm improve cond~tlons by careful
evrbav7. of existing installations stn&~adoquate training of the new pzxs: nnel

tnvMOTU=



e. The ijravos shown. oA Plata 1 -indicate that neither, Marc I sla*nl coupling
Ur-It has a 66quva eiWi~e of 15 to 35 rl~nc~ycles. Uyiit A frequency
oovL aze lies betwean, 15 nnd,ý" Mncoycl'- - i n bf; 153 and ~3

9. yoifrr invcvti'Tftj'p if t. ,-i oi'prtnr Unit B was
mado Ui1si rmzo-"3Ar irt su ovtam -ai~- t nI e" Ceon".ti,=..
Teho 1"~ Lnrop, GiK ~66N7. was connected to the inpu~t~ n Unit B. an& th
output of Unit 3 wad..intrrduee4 Into the Antrana, input nf a stamiaard.

fl~ ve~.T .A C69 - ~ barualy cuplad ' o hitv oa
-~~oqtr get t a fr~~e-rmo t~embbo bthe et~eplor md& th I-r.

Ai~ P-1 V&MLU66 of m~in. thc 04*4ug4n Unit B seemed to operate normally.
At, hoor valiaes of --min, the sykitem became unstable n~id uncmr.tr~llablo.
Roanstm~ont of thr. rooeiYor or tho couplor tuning contrnla did not romodif
thlý- conditimn. *A tLtn to 1ý 'lwer vftlue Of 4in' Sett'Zng as "ictcec-5ry
to rostnor imitial cn~rol. Thereafrore incroesing the vmlt&-e an the
c-crv'in of the ev~in'ftia tube (increasiun- sensitivity c~ntrml) caused theyi
N~ara Island CupI.Lnhg Unit I to ?vsi!!Rto.~ This' inatmbilit, probably
resulted mainly frm the wirinr 1ayr-ut which caused plato output cne~y.

bto 1,u jr bau t, &ii- .riil innart throu~i c 7 i ýrid to plite stray
ea'racitaue (Rofr'xenco Plates 2, 6 to 151 Inth units (the M~arc Island
Ooý,Vlixt Unit P and the R&Z Receivar) are normilly Independently tuned to
tho sameO frequt%;.-iy. To;Au1sc free and gel~f-tuatained oscillations tnnle:
ni'ýCo In the C~mqp!t,-,v unit at h~imhe- rvftn oottinits, the plntu impodaeai

v 'riod by dotumnrn tho reccciver- neV- ýý,.relniu blo qluncy ranrio.
This rmcoiver deotuninr- s.u cends~itnd hbt-min it umn ~ 0-t-~~ tha

ti-~nv wnuld conae. Hrmwevr. the deturdn.z was carri!i nn to at froquorc,1 ir
where it was balievv& that a strone input sional at thn 101-n reamftnt
frequency %-uld bms becin still audible at the output of the receiver.
Th15 "~r-codaro d~id nnt stop the self-uuetninod oscillations of the coupler,
The fi.ct that this datunin, was ic-eat enough tm destrny the sensitivity
nf tha suyatem And thaýt the ýveillationn had not terminnted indicated that
the electric cnurlin:. betrzaa the -rid and pinato elactrdoes of the tube
wa, excessive, The r~ount mf 4tot.meiný aq!mlo tto ttp oscillnhti--ni c--

ý:rid and plate eaL.Ytrn"*,. Thism immilex that if the electric eomling worn
rodiucad. less detuimirt of the receiver would hAve been, necessary to stop
ozliatibm. Sowev or. tho u ctric coupliniw should have boom kA~pt to

a i miiUm so that sefsuti ed cillatl!ens in tho nruuplim- unit wmOuA
have been impossible. For identical conditions ftf equinnent armmwn~ext,
the Ooupling Unit A did not oscillate with hi,,O -A~n, pres b1;7 because
the cArelossly done virinz: u not %mbk4l (Reference Plates 2 to 5). This
"aimtod~ -:WAxj vmr vJwunh unieo'r'~ lvwld not hgwriv o11oA4

'nrocautions "era taken In the cablimý.

DI~F , M117

10. When attwmts worn made to wisea eithar Mare Island Co~ling Unit Into
workizg order. diffitC.1ty wit encountered. The power for the Coupling
Units 1; obtainod from~ the =A Raeeives- taxtilualg or Powur PAW toralnals.

viai.'slirm "ree netda in either uinit inr ile Power "Dabl. It the



I
I coupling unit ha to be installea in the Yleet, appronriate holes in the

Receiver or Power Pack wou.a . Ave to be mmdo by the radio technician.

11. The Coupling Unit A in ummbersome. Insuffizient tiought was applied
to mechanical dosign. The Ra antenna inout cable continuously unfastened
from its mounting standoff In-alator in the Coupling Unit upon handling of

12. •olither of the Coupling Units has vrovisini for mrnunt÷ng. Holes
would have to be drilled in the bar of the cnoiet when inata1l'da

NMEIOANICAL INSPIRMON or 001ML15 UNT A

j 13. Upon inspection of this -.-nit. it was ohaerved that there wore numerous
undesirable features iYA tl'" dcsiD ýLat did not enform withl the standards

i expected in naval equipment. bor eommple. the dial plato of the variable
ca-n.citor should have buon provided with a clamp to prevent accidental

; chige of settiv, (Pref-raee Plates 3 to 5 inclusive); the controls should
•-vo boon lab,-led to pnroperly identifl, them as to their fun..tion: it

: i tkuld have been dosirable to Include mountlna brackets to facilitate installa-
S tick mnd maintenance; knurled captive thumb screws to sucuro chassis to

cabinet would hpve been superior to the use of self ta.pning screws: rabln
_ •,-A, u•uuiiu have been made through proper jacks and plugs,

SAnd a tube clamp assembled to the chassis for the 6C6-Gt tube. Further,
the cia-trical wirine should have been such that all •--"nento - . h

y l..eed ou aproved fungus proof terminal boards and properly number
Sdesignated for in ediato idanti fi'tt.+oa n th no mnrc thun the conn(ections

mad= 'e a toe-mlnal. rhe wiring load lengths should have boon long enough
A so that no 2-oaýd .ould have been excsesl~ely long permitting a possible

source of Aedail coupling, or too short, allowting stress to exist in the
Sload. The method of grounding components and circuit pointn ehoulA have

boen made directly to the chassis Ip the shortest practicable distance, and
. the soldering of all components and all electrical circuit loa•s to totinals

"* ,l ,havv beae such as to insure the elactrical connuatioN by m~king at
least two turns a.ound the terminal before the application nf the solder.
7ertthur, tho transyormer ohould hv-.o incorporated a rust rYrof shield to

-• safo t-ir{' a --inst physloal ihiury- and stray field couplin'q,

A O P ODUT-ING UNIT Y3

I 14. Upon inspoecti-n of this unit, it was discovered that there wore undesir-
able features in the design of P. nature similap to Unit A., t loss nu-r-ri-,;
th- •i =-t ýt. •,: ii stanearas ernected in naval equipme.t.. Theso
Are, brief"y, the mtthods of rrouMngt circuit points and comn,,nent% the
use of soef tapning screws to secure chrssie to cabinet, the iundesignated
components, not mounted on aproved termtinal boards for immediate circuit
identification, the sbsence of a tube clamp for the 6J7 tuba and the emissinnI of suitable bracke•t attached to the cnbinot to facilitate installation and
maintenance. Further, it would have beea desirable if the dosi,=a of thi
rosonating cn acitor was such as to minimiza tM er=:!b -'e ..cn ..
to the rotor plates that could occur when the dial is set ein 100 divis,1ns
= n W? chassis if removed from the cabinet.
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15. Rcferencu 4, dAted 11 August 1945, vas received 'by the 'Receiver Section
of Mt on 18 March 1L94.

16. TMa letter ataeLe tha-t recept ion with the Mare island dauigx (Unit A)
p=.~.; ro a;:~pre.t th W it flntt'1 Unit CFM 47367. on USS Crn-9r,

17. MPnmlyzim of Vxv data obtained from this letter indie~ttog thAt the
r-perators woes oorftrte&. with Oafficuflties In obtai!31nu thl) correct infnrmni-
tion. xThe rappoortang d-Ata wore not *uiziciwt ý mck- mnf Oicuu~rfll.J otaOf
thiv nornnnri1mnn mf tho tun pmuunlf a mothods canlrve& in the tists. Too pmany

variablas uc;re ckanno4 siiualtanoniusly, to that a ~atibr "f the readings
"Rkon -arc uselmas. The rcnain~vot nf tho -~.a rc not veryy arntn4 b'tn

with catreful stirAy, It could be intemrnretd that the Coutpling Unit CM( 47367
ba_4 booin nnre e~cxP1 thftn tima Marc Island Cniurling Unit. '?his connlusina
coat' inrs with t.he findings r~r this report.,

19-i It eivtnciidad.~ bo~th from a stnabmniat -f electrical r~ortonmanco and
nc-t~ncal c.'nutcti-n. thott tbie Marer i,3lnA CowpAin.'ý Units arc unratis-

facinry for Raval mse-,

kqý Th.Ž! ocetrlc'il design of the Mare island Coupling Units shouald have

"'b' "t thq'x thl. cit-orit wmouldf mcur re cffininnt vitil'tpAinp .-If tim

as lar~e 'is possible. The design of tha anrlifior should have beon such that
-it would 4 -- al FL a a . n- orm bette " ic ___ fir;t rnni;u

froqucany amnlifieor. HnowverL the WZ Receiver aensiti~ity Is hig~h oflt.je

*n that the anatirsratio ts the limiting factor avnd not tho gain-,
tbe 'idditinnal any,1t!5cr in the Crupining Unit is suporflu-ne.,

ao. Fu.'n thw C1 '.i -s tm ahr-wn ?alato *, it ±c - Vu-t

Ulu V-iay hmidU a ;c rd itc of crzl nnpho antmtcr' *..nr Rý
- kwvr ,A ~U 6iLdi4 - f RCzir(ufroc

E&4 cronce Par ).nr Lkue;0-"Licd - A-'

3)le* ~dar1-~z-aovrthis Sw~tm Those 4ro:L14,itv 4lm~tno
ceat mnr a ccnzplinr. unit, and thu re~duction in the niinbor of controls for

_h rdio 'n~erator. Aside ftrom ttbcý%# thea flU- moie4 est
nvao&Ž4 snceu In tL3 .radio ranm of i_ suba~nrlao.

ci. ta1r -SFxi LII 1 .4aZcx1n Unr.t.; atrc tnbtCue4 tht fll -nIrmný' chqn'ne

arc rcormo-ndod:

1. Tkat tne units cent',la brmackets for mounting.

24 'That all eionrenent. hoe r-muntgd on terminal boards and properly
nmoýer aemi.-m'itcd fe-r 1imnc&I%¶tta tf- ~ tin

PI9TEI?1J -5



3. Tat the Fring be properly cabled and n color code wiring sytem

be used in the circuit.

4. That captive thumb screws be used to secure chassis in cabinet.

5. That Coupling Unit A have inootporated wirh the vari'able capacitnr

6. That all controls of Couplpfng Unit A be properly labelGe as tofurctiOno

7. That Navy apii-rovcd u eCanps be used with the amplifier tubes.

R: That Unvp2" Vn "-t A 'have jaue ii•ieporated for nninm n.ablaex

9. That all lead langthe and soldered ecnnections be propeTly nade to
prevent electrical failure dut, tc=c-hanical vibra~ion.

10. Tbhat instredtlons an to theory, operation and namatenne-c -o

supplied with the units.

- 11. Tba(..6 .a .ec azevFruw,2i~ - s? -ae& in, tba i eatwi±ý

12. That a shield be used with the transformers to prevent stray field

coupling and mecrAnicai damage.

- 13. That all metal and bakelite ip, tronted rainst moisture and funaus
gmwth.

14. That the CouplIng Unit Z resonatln; capacitor be protactad .-zainst
damage ihn chnni. is net eclosed in eebinct.

1. That the pI'-".or ... ri. be cable4 to keep the ,.id to plate capaci-
t.Ace *kt a mxinimum-

2. Thaat tlh aLrlifior by-pass condensers be su,&ýrad dirccty at tube
-anckstet lgas.

3. That• t a•r a ilner aircuit be redeailMoa for opLinum ,
ratio porformeace.

4. That the treasformer be redesigned for a greater coefficient of

Sin acknowledgment is made to Mk. Varren B. aurgess (Radio Eniincerinp
S Consultant) ef the lRecoier Section of MIL for his assistance in the corin'e-S tion of this phase of the problem.
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1. Bu"Sips 1tra Section 92hcu, Ser. No. 1646 (9250) of 3/24/45 to .

2. Bu.31ips Itr. Section 9250, Ser. Wlo. 92 of 3/18/45 to Comamel1ant.

3. IML ltr-. 0-SS/7 (1223:M~) 0-1220-38/46 of 11 March, 1UIC, to ThxShips -

Interiih Report on Problem S1083.1R-C.

4. Cornsubma~t It!,* 9SS4??j$57 of 11 August 1945 to Lhe Chief of thc Bur~au
of Ships - Reults of Subonan;ii Reception Tet~st.

5. NTational M.ectrif, iachihu Shopjs. !nac., Inatructlon book (RU %A, 257 A)
~ikton, 0y43atiti ard Yalutgrn p! jLvvc ca

UT 'nt 15 t2_21.xLi leiX g hLd n, .- mrn

Mm Il tr. 0-83/7 (33 C-SBO--176/4.5 of 21 M4Ly 1946, to 3u.3hipz.
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WI TfCE: WEEN GOVERMUMW 0FS UITER DAWB4O8~l OR 91M JY7~t DATA

3)ZT=D Frm ANY PuRpoSEra OTam iAN IN mo COwrCIO kIH DEF1TWL BJ'LATED
nOVXMNMX5W$ PRocuZMUWr OPERATION, TUC u. &. QovZMR riW~ TcuX
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~AN MA 'HERETO.L~a
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