
PSC Order NO.

-~C 1

N •,

N o

N r * N
S" ">', N

31 D•e•mbq. 1%6

. "i.

FILE cc*-. ~.

A ALI MIT. "!Q HALL STATION

++- 3+,, .IF A--N+TL

C .-- ,_---: :kh l-

:t-

A
7 -

f

- *�*t-, -,

•...o

V,

++



S.. ...... |

K U
!w wo

WA U

I

77-

!l!"l il deI!-m~aw•,I



L. ý.. Gebhard, Superintendcnt
rAMAi Dt',iaeln" 11

n1 Becemoer 1946

Conmodooro 1. A. Schado0 US

Ykl~ar.* PRe~t -

Ist-ibution tlt...d

NKL Prý,blgm RI1O8U.R--C

L

i
UH

wtrvy Department - Office of N-a1val Regeareh

"I IT a hMA T -W I I - .. I G-nn

ny ti. V. Fratianni

- Repo)ýt -2-874

Approved by:

T. McL. Davin - lfcdo RCCOivor Soet lon

Fl

I
3

U

|
_I



Thi problc- profl4e! for resoarch to yiaiL moru aectno su'uicoA
vrecotItn- the crosect phase re-Ratng to the &f;ta£innnt of tho beot enorr

transfer from tho oolloptt.ug woop vv, Lhij rcccivor. Vaz -ý

arilablc to the aerkVto have 1'onm g•tdied. Whilo tho study cf doupfl5ia

is tho ;r13n econsi•ratlfon. it wvu found d.strablc to incluAo the lim'Ita-

tican of tho ;arloua coplaru amd thotr usofu.lness Lo the Navy.)

The Marc Island Coupling Unit, wore heigcs'Q:d to besc! wwlla& ntn u C:G~

86097 Loop, ZZ 1o0o s';rlCs, a(•d the PAK Rec-cvor 'Seriae. Junczion&iiy, tha

unitr- cciuple tbc ll-Irdunttficc ui~zC 3ltmmac to tbc ELK Rev'^.-nr Antenna

input, ovor a noazlnal frcquoncy rfl4 of L5 '•o 3b iii-uzC~ha- Th, Cn• 1--r

Unita acth contai s *tcuD-up transu,ý-m-r tit: ita sicoU•Wy tunoo to tha

t'mxir.-& frooucn<,l by a variable caa4tt:?. 'I.r. *ien-nnl I'S thn anmllfttd

toja p cnt~ tnhmm n sithe t~naa fti~lO aw'lz of hev2-.. :

two Fare luUl• Co;Il-r testede•- . . . . . undar salctrtca rom

eonAitio! .&naslvuis indicated that both units ar-c similar -3-,ctri'lly,

but io not covcr tl. same froquoncy rano. ?mn n-!c-ctrlcal t. inditatcd

th a t th e ov :r& JL p.r.. 
. ..

v C( n w t -a v . m U . -,

,•.-'-.-. , ('WV 7W A7? with the MH 66097 loop, and. tar inforior when

enmfarcd to Ino ncw Dyvto using thim, loop with on Input tran-' mr in aL

mwdiflcd Mjdc& A. hAYcclv.-r (R:frr-nce ').
N'ehanlallT•, both iaro Island 3o•1! vCa4.! -- .... ... ..te th.

b'1 roso-i~d. Tho prunent condition of thcoc units Is unsatisfaiwtolT for

Y•va1 USQ.

"' M. rc-Pott eentp'tinze- 6ti and an'chfnaic&& inlforIP'tinf. such as,

a. ~4t4 ' fljfljU'U~of narioAl oop1i-Tng ucthoda, ope:rating, charac'-:rte-ticB,

a. c-o...r r.at. f ub-'rd

cpttfl Te0 3 Js• •that onp&r•tE two loop positions and the Marc Jc1aad %L4

MK 47367 Coupling, Unit (Rýf eroncao 4).
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Io hin• ý cort depicts tbo0Yrlativs officta•rY of noveval loop ix t
cc....z•,.. ... .. aw• ehw. naod for submrgeod roep'tion. This

5.- : t•.La- r,.1 eA PA POUS Coaunlnz flit, uod 'Uitti the loop takam- from

the lodol 1 &toetlofindor; the Type -( 66097 !vap, used with the

-A ~ f Kara 1.-. COUP" t tho Yypo t(M1' 6609? Loop and OMI

4?7%7 Coupling Unit; ant t.io bcm' auop u ,I L ,i :..........? -..

to the -'rid of the first rccoivor tube, with ganged tuning by the rocoivnr

-vrall ca-c r ¶Vheo M4nl =* receiver was used for all. "The Mare

island un-it; are proresrnc to co w~r-vrv-&1Lc.d unnrCy to moat a
- - -a-. * a - a vr.tnt theC

roquest of referonca (2). Test procedures outlined thorein worc nodified,

but thz shipboard test conducted by Cnmsublnat eCamzr;" tho IM 411M- tr.t

?.-.- the) lare Inalnd Ooutlin•i '7it constructod by iJ3L V.TS, fDlcdbCr 1944,

after which those =mits vuro tOhpped to NRL in Docicwbo?--9'5, for Wisaoab or•

tosmts. The rcport, on thoso sh4.~board tents (Reference 4) wnris rocoivod at

nflY 4.. March 1C~

I. ro. .-- =1 t ze~A n d^,ro nt h% tn ten. , do slflnt i a's (nr Kc _i-L

numb. ra. fto;ht reason. letter Id~ntiftCItion rill be c1vL'T to r--ch in

this rorort. T-mn u=it constructet' ny UM5 I3L, Docomb:fli 1944, will bc c.lled

Ur.l* A. The unit manonYcturod by J.T.N.T, will be called Unit B. ero

furt.ier clarification, s&o pintot, z to 8 ±ncir-.. -. . -. •

"'4lt•_ wore not &Icstgned to raict Navy pecifitcatilons and It aenear.rs UnLfCcCSSrY

to vinee thou in protictiob, they are discussed a; soo intth iAol.1-

lat'ra. thec Turoau rep-,rAing enrmmgcu h4 :i- a ,-itai

wero roul rod.

t. All Acctril invcstiat1enl rmnrtod on heroin w•re nerf-rnc 4 nn tho

4rwulin,7; %Wltn with thke lnr-P in Q:Li. Eeefsas of sinulicity 'andcafQiCa

~ier air -irýur ct L n-r,fatrnd to sea vat'or naamtarG'm0its.. If'A
... Awith the l.e. in sa. v.ttr, iL ic•-

th.at namilts obtainod wv-ld hnvo been relatively similar tn the mon&81Lro0

.onut obtained in air. ior this ,ho of tlc ;7r)olom-, -m, cwc..,ZA . -a-

not corncc•-r•- with t•he i•o rf a-f- ram .ptio bnat rather with the tso-

fulnovs of o'n., acQ411n- q-wtc--- "•. uarr~d to another.

4. Oporational satna is tndiott that toWn M areP ilan Ooupi-4 a Uni.t

parfors lccetriC-Ally tho W&¶. Thu ovorall s*.aativity of the oombineatlon

ti flM. aLCCei.'tr, t\IVW' r'.j-.. -an OW.I 669 Topwa etsri

in * shil~dck ro~a. zor tnt 61X an.iv - --- - T ~he noaaurc7

ente wvre •a•e at n stagdard output of 6 niliIwntts into 6W0 ohls. with a

20 * e&,aato-n.tr- ; fe.o e •T•--u•-t-ctt-C Control on the PccoivtŽ Was

adaut¶@4 foar '3twJard Oscillation. A sijsal ga-eator fed - propeork

tormiuntod tranaslusion lina. The resultant field encr4gzod. tho Loop. Tho

lini! constants having boon experimetntuli Adcislt . the i-ziucod fiell

.trot.;th inL m*ao -Lt tht .oo ar ciattr, ead ttc jutteod voltrte in tMe lo'^p

ware cow;,ap 4.

!.-I" 9 tWn



5. The sensitivity of the overall s'stam (C11M 66097 Loop. Mari island

Coupling Unit B, and RA.E Reoiver) varied from 163 microvplte per metier at

15 lilom-cleo ta, 79 microvolts per mster at 30 Ktilocyzles. .-t 25 Xilooycles

the •n•aitivity value was 102 mierovults per mater (Referomra Plato i'."1

The ove:all sensitivity using the GTh-47367 Coupling.Unit raried from 38

microvolts per meter at 15 liloayclen to 31 mreorvolts t'• motor aL 30

iloceyclas. The overall sonsitivity using tho nodlfieC Model flAK Rcceiver

(incorporating _J! ;ransioauwer dC5Lhflu----------XCcZv- -- 1- rr1

micr-volts per motor at 15 Kilocycles to 8,2 micrTvwlts nor motor at 25

I ilccyclos- Those data indicate that the prosont standard CUT 66097

"ý - ten, uRin,: thi Olrn-47367 Coupling Unit, is aKout 13: decibels at 15

usint: the 'are Island Couplini Units. 11hon the conparison is carriod

further, it is found that the !TIM prnposed system usinq the nod&fied .orlol

I B A ceoivcvr nd CT4 66097 Loop is abnu- 253 d•cibols -it 15 Kilt6cyclos and

about 21 declbels at 25 Kilocyolc bettor thas the system usin7 the l1arc

Island Oeunlini. Units. Proposed in reference (a), this system modificna-

tinn is rnr0'rstooe to be in rrrcess of adnntirn,

For. F r osc of further .... m-mari een, a rewound Model DO Lop6, of hlgher

q value thanE a standard DO Loop, was used v-.th the (tare Island Counlinm

Unit B and the RA-50085 Coupling Unit (Reference 5). The aso of thn DO
Lnop imnroved the overall performance of the Mare Island Courling Unit I

by annrotitmtjoy five dajlbuiu. U ..- h -

Cnuplinmg Unit, the overall porformance wRB about three decibels short of

beta.- as :ood aRs the i•qM mofd'led RAX Receiver. TLQ efltptut of the MA' m5aO85

-OI1W - -j,, dit.tA A.4I.4nAti lthe -flnrtv rnaio frnin

n innlfior *-Prid of the RAE Roroiver, The result obtah.bl in overall per-

4 fornanco ,°- nearly as good. as the YRZ MedifiuI R&I !oeeiver with the

CWIN 3"6097 loop (Reference Plato 1). However, this roNewnd DO loop, whl1o

essentially matching the inductance of a D4 loop, is baite-vod to have a

deftntteoy superior Q. Unfortunately, no tvleol N4 lo'p wqs availatlo for

c-npari~oa. The use of a• IDop nmight very possibly have raised the 14
Tn-p curves of Plate I by a factor of two, or 6 docibels.

7. This Laboratory has found it difficult to evaluate the wartime succoes

int~5~.1~nr~ receptiofl in thelSY i e o + sa fLJY 0 ffl. l r1p4 r IF w

not boon found. 2.est unofficinl commonts tndicrto that little usO vwa noad

af underwater lO-p eceptionn, lareoly 1bauso the ran-;v attaincd woro

S qui teo lnaaequitzat. izi e rgcnat--'aaM Z".t-- a. tit lack t f nrT'- .-a"- are mac6v.

ranring from lack of undorstanding of the requironcets for submercrd

recotion t conditi-ins such as wore found on the Con .er, rofoerence (6),

.,_ " - ceulen •Ieth nf coaxial cable from the coualing unit to the
A --- - - - - - - A & 4A 4-..' an yt

"- r e c e i. . • --r r- . .' -. . . . - - - - - - -. -- _, " . f

* tek signalu near a tigh powslrstation. It apncars that the general level

of porfor#nAce attainod in siibnor;,ed roceAti•n hat boon consistently pmor,

3 cmparod to the best thp.t coputation and oxneririent offor. Thatover the

causes hf•vo boon it is undoubtedly prssiblo to improvc enndtinns by careful

- varh'v7 of oxistimn installations --nd,adoquato t.aining rf the raw pcrs-nnol

EEw CMDc . -2-



8. The m rvos ehown .PIata i-indicate that neither Maro Isiana Coupling
Ur-It has a lfiqua eiW*(e of 15 to 35 rllncycles. Unit A frequency
covorhc-ae lies betveen 15 nand:,'19 vilcyc3 - UTnit n but!- -- 15 aud 53

llrAr inveatigmtirp if t. -. i '10VtiM Unit B va$;
mado 'iIng ea'w - ihaG a-i-- a r,"
The R" Lnop, GiN 660N7, w•a connected to the input-, f Unit B, and the
output of Unit 3 wad.introduced Into the antenna input nf a standard

flk ~eqes hM~A 6AAM7 1-i-p -u'- lo ~oly uplad t te nutput of' a
si.n~e~qatr zmtc~t fren"vne trunmbhio by the eooi~1r -nd. the Meer

Ali 1  Va±U68 or r-Rin, the Vou41inp Unit 3 seemed to operate 1marmlly.
At, eor va4ues nf --min, the s7ktem became unstable an.d unconrtrllablo.
Rand~ stmont of tho roooiv-r or tho coupler tuning crntrnls did not romodif
thli: conditimn. ., ~ Ltok o~ oe ~u f~l set-n a eos~r
to restore in'tial e•nWol. Therefore, increasing the vwlta:e on the
ccreon of the epp.ilfi)L. tube (incroaviný; sensitivity c-ntrnl) caused thei
Nara Island CupIl•n Un•t I to f.eii!to.' T'hi inetabilitb - probably
resulted mainly frm the wirirnj layout which maused plate output cnercy
tv %u s bai t' • i• k. ,ril innat th-u• cjuziv rid • o piten stray
ea'nacitanee (Reofrenco Plates 2. 6 to I).. ,nth units (the Marc island
OoýVixt Unit P and the RhZ Receiver) are normilly independently tuned to
tho same frequr.cy. TochAuse free and self--untained oscillations tnoki"i'•-Co in the e p-ir, unit at hiher ntin Gotinits, the plntu impodoaci,
ws t v-ricd by dotuznrn tho rccaivr neV c.azý7--nraenblu froquancy ranre.
This rc-coiver 4etuninr- was ctndtnnto bit-n~unn it -~ 'h- 0-t- --I--
ti-ns w-uld cease. Hrwcver. the detunin., was eari_• nn to a froquonc',r
where it $s bhlievef that a strone innut sional at tha lonr. rooanftnt
frequency wulld b. bcea still audible at the output of thee receiver.
Th•s "r-ceuro did not stop the self-uustainudn scillatinns of the coupler,
The fi.ct that this dstuni&rm was fip-eat enoug to dest-ny the sensitivity
-'f the syste= And thoht the •aciliatione had nut terminnted indicatod that
the eloctric wuplint betw--, the -rid and plato elactrodes of the tube
was excessive, Tho 'rMount nif 49bt'iot na!ýterr t.: --Ip IscilInti--ni C!--

_ ~ ~ icl zzr~ y -. .s.~'~4 ~~5V' -,vuve bu~wo=f
• rid and plate elYatrna". Thi•s inmilex that if the electric coupling re
reduced, less d¢timing of the recolvor would have buen necessary to stop
ozc!'il-tioa. Hovvwer. tiu oelctric conpli-. ah'uld have beeo kept to
a mininum so that solf-sustained mscillat!ons in tho counplinn unit wnula
have been impossible. For identical conditions of equinoent ar,,Inwonext,
the Coupling Unit A did not oscillate with hi,,; O ain, preswabl7 becauso
the cArolossly done wirinr s not %ablel (Reforenco Plates 2 to 5). This

•-<' In~t@•-•ha -: •in• U vvobaz.vu wuuid ant hrivA •*. 4
""rocauti-nn "ere taken in the cabliik.

10. When attwts wreo adm to vise either Mare Island Co•pling Unit into
workizg order, diffieCi.ty wit encountered. The power for the CouplingUnits It obtainod from the =AX Lcer tonduals or Powur Ps& tominals.

""-va.-nwro, net& in aithar unit for ime Poweor "Mab. It the



I
I coupling unit had to be installed in the yleet, appronriate holes in theReceiver or Power Pack wousn Ave to be mno~ by th-- radio technician.

11. Toeo voupling Vnit A is cumbersoma. Insuffizient ti.ought was apelieaSto mechanical doeign. The WAK antenna ionut cable continuously unfastened- from its mounting standoff insulator in the Coupling Unit upon handling ofIthe caquipm-1t.

S 12. Ieither of the Coui•ling Units has -rovisionn for mount.ng. Holaswould have to be drilled in the bar?. of the cannnet when instalnA-
MOJCAL IjjGiMOX OF 00W11PTA UMT A.S13. Upon inspection of this -,unit. it was oh^ae_,- that there wore numerous

unde-sirablo features it• •n A t; t 1 di not conform withi the standardsi expected in naval equipmont. o•r eoimple, the dial platc., o• the variablocad'.citor should have been provided with a clamp to prevent accidontal
chw•go of settiir (Pefeie Plates 3 to 5 inclusive); the controls should. h-vo boon lrb,-lcd to properly identifl, them as to their funetton- it.! vuld have benn doairable to Include mountlnik brackets to facilitate installa-ti-n and maintenance; Iknurled captive thumb screwn to scure chassis tocabinet would hpve been superior to the use of self tanning screws: oabln

---..- 4u- nave Dean made through proper jacks and plugs,and a tube clamp assemblod to the chassis for the 6C6-Gt. tube. Further,the ocie•-cal wiring should have been such that all ',n.. .týýu 1,1"ucu on ap,rove fu~ngus proof terminal boards and properly number-
Sdesignated for immediato identifloA+1on -.. th mr . -.......ma-n e• to-ml-nal. Thn wiring lead ]-engths should have boon long enougha so that no l2oýd --oaid have boon oxcreaslely long Permitting a possiblesource of adied coupling, or too short, alliowing .tress to exist in thelead. The method of grounding componcets and circuit pointn should haveboon nad@: directly to the chassis Ip the shortost practicable distance, and.• the soldcring of -all components and all clactrical circuit Ioans to t,.inals";- ;hould have buea such as to insure the electrical connuctiNn by ia~king atleast two turns aUound the terminal before the applicatinn of the solder--•rthur, the trans-r mer ohulid have incorpnrated a met nr~nf shield toSsa~fe •urd' --gainet phy•ioa injury and stray field couplin,,

S ! �M! Z�0RAIl. LovT!0T OF COU"L 1G UNIT 3

W 14. Upon inspecti.in of this unit, it was discovered that there were undasir-able features in the design of n. nature simIlAr to Unit -A, I----+-
..... ......... two s$ancaras exvec~ed in naval equipxPnnt.. Thesea. bricfly, the mtAhds of prounUnC circuit points and comn.,nent% theuse of self tanpinm screws to secure 01Wssis o cabinet, the undeeimnatcdcomponents, not mounted on aprroved terminal boards for immediate circuitidentification, the absence nf a tube clamp for the 6J7 tube and the omissionI of suitable bracket# attached to the cbinot to facilitate installation andmaintenance. Further, it would have beea desirable if the desin of th-aresona-ting eanacitor was such as to miaimiza thip - 410.b", -'-.- ..tm the rotrr plates that could occur when the dial io set an 100 divisione

-A +be chassi if: removed from the cabinet.

a,-, K CT-4--
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15. Rofereneu 4, dAted 11 August 1945, va received by the 'Rocoivor Section
of M, on 18 March :L9O.

16. Tha latter aatee th*t recenption with the Mare Island s•"in (Unit A)
t± xyp=o. a: cm=-a At4 the -1k fltn Iw nit C-K 47367. on USS Con-9r,

17. Janalysim of txo data obtained from this letter indicmtes iAnt the
opcrators woes cr•-r-nte&. with arficttltivs in obtai!inr the) correct infnr-m-

tion. ne rppe'orttng data were not sufficiwit bo mc-) n -n -cuuraltu m.tu Of
thcv annri.oq-mn of tho- tun oounlf en mothodsim cwlr-ve& in tho testgý Too wimny

variables were e tnaod siaaltanenusly, so that a number ,f tho readinrs
tsRen -arc uselais. Tho renainijor of t'n dj tta -arc not vowy arnrc-t. butn

with careful st',Ay, it coul4 be intornrotcd that the Cnpling Unit CMU 47367
ba_ boon nnre e;ccpx'qPt thtn tha Mare Island Cnuuling. Unit. This conniusi-n
confo-runs with t.he fi•_nings rC this rerort.,

19- it It lrneClnd d. both rfrn a ,tamndrint -f electrical r.nrnrtnarco and

nc-tmrical c,- nutracti-n. that tbe Ma-ro IlrA Cw,-lin! Units are unratis-
fct.nry for Naval se-.,

lq° Th.' oelcctrlcsil desi,-e of &ho Mare island• oupl••g Units should have

"'-' ="- thqVx thlo cIrc-t~t wmnuldf mtre rrcefflc~ert vitilt'sp-tnn .-If the

ns lar•e is possiblo. Tho dosin of the amrlifior should have boen such that
-- .n~A h.,. -41 cFL soA ap, n- betr AI "nnriý4r fir;t ral,

froquonoq amnlifior. Enwovor, the W Receiver sonsitiVfty Is high on-oed
an that the siqmnl.-ti-noisa ratio is the limitinq factor and not th, gain,;

the a•ddiional n.l1t!f5cr in the Cruplini Unit is superflu-:n:,

ao. Tr.o- thn riCA;if t.hi; data sh.-wn ta Plato 1, it ±cs e~cucthm.-

hu .ia-W'y Fszra;c d.7tcn of cozln oo t=-!' *,-. nr 31
(- -crone 6)T. kLwtvwer; to-" idte -azc-ivor (r-.fcr.o. A

3) lei a~Yvat1tLzzj over this- Swystc. These -ro Lrliity dtt-~o f

cest for a c5uplinq unit, and thu reducti•n in the n-inbor of controls for

TIhe radin operator. Asd%4 ' b' th v lU ofifed des oznerves
nveo&-4 immeu In tL3 :.radio rer-m ef .'subaa-rao.

a! . 'ta-1i at ¶. t- n t)', fn1Ir -In, h e

are reco.-no-rd:

1, Th'it tne uvat cemntala bracierts for mounting.

24 Thk-t all ••,-rone3nte. b1e r-nt.4 on termi•al bnards and prnperly

umoer aemid-mnted f*r i

PZ9TRC?- -5



3. Th•at the wiring be properly cabled and n color code wiring ayets

be used in the circuit.

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

5. That Couplin Unit A have incorporated wirh the v-ailable capacitor

6. That all controls of Coupling Unit A be properly la'belGe as to
furction.

7. That Navy apoi-.ovci t-½ ela-pe be used with the amplifier tubes.

a R: That Unioo2i'g Vnit A 'have jauks in~,viaorated for Iiaconmný nablax,

9. That all lead langthe and soldered nonnections be properly Th3de to
prevent electrical failure dut, t=cehanical vibra~ion.

- 10. Th•at instruttiosno a to theory, operanon and maintena-nc --o
supplied with the uniits.

12. That a shield be usel with the transformors to prevent stray field
coupling and mncrAnica dtamage.

l3. That all netal and bakelite /p- trnted -gAainst moiuturr and funeus
grwth.

14. That the CouplIng Unit B rosonatinu capecitor bc protocta. a.-Ainst

dansge vhen chn..oik. is not enclosed in cebinct.

1. That the aaplifier 'a1 rinc be cabled to keep the ,7id to plato capaci-

2. '4g.at the a-iplifior by-pass condensers be selfrad dircctly at tube

andket ILurs.

3. That tnM 8mWpller circuit be redeI.Moad for op~leu-a a u-ap--

ratio perfornMAnce.

4. That the transforner be redesi&Wed for a greater coefficient of

Azn ac:nowledamsnt is made to Mr. Varren B. Burgess (Radio E•gincerinfz
SConsultant) of the Recoier Section of ML for his assistance in the corin'e-

l tion of tiis phase of the problem.
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1. BuShips ltra Section 9260, Ser. No. 1646 (9250) of 3/24/45 to IR.

2. Buhips ltr. Section 9250, Ser. W
1
o. 92 of 3/18/45 to Comaunlant.

3. INL ltr-. C-S/7 (1223:SVM) C-1220-38/46 of 11 March ll£ to BuShIps -
Interiih Report on Problem S1083.1R-C.

4. Consub1mat It!. St7S/?s7 of 11 Auurut 1945 to tha Chief of the. Bur~au
of Ships - Rezulta of Subnen&. Reception Tests.

5. National Mlectrie MachinL Shepe, Sh o. , Ine,-uctilon book (RA 50%A 257 A)
;/. tr u3Ao" 310., Opr3at i rl rd Malnt- cc; ofVrc a'

itr. C-SS/7 (33 C-S.•- t- oft 1 My9 - Wor
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