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1., JURE0EE
The objoctlive of this devolorzant 10 €bo ontabligteut
of mresczibed methodn of optimnm elesirical cnd mookavioal deslga
of redico freguunoy trannfornrd Zor litoary avplicaticas.
Tuis objoosive ¥eo ccnsliercd t7 tos 8srvicea to Do teast

ceaved by the prssomtation of ¢ho vosulita of this devoelopment in

ike forn of a Goolsn razunl oF henddoois chieh wcald ts coplete

41 all copoots fuoluling mtesiala of comairzotion, mmelytical and
thuzaicol desig, tood rotheis and 811 Stoer mochsozry wafarsneo o=
foarmnatics

e gpocifio roquirencntso covering the ncopo of the
gaveloprsnt togother with %hoas electrical end phyeical paramotesa
o? Cdeolpn which &xe o Eiiitary intsrest ave preswted in dotail
in ¢ho Tochmieal Roguirements for +32g9 ccatract satitled "Desim
s4hed for High Prequency Tromeformsrs’ saied 8 Jemwaxy 1953, a

copy ¢f FThich 12 tnolndod as Appendix A of +thin sopcate
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2. ABSTRACT
A discuseicn of conteuporaxy 1iterature with particular
omphaois of recogalield shortcodings , 0pens thie xveport.
ogrees 1e ysported in coupled circutt work at frequoncles
both higher and lcwer than the original 455 ko.
The finsal form of tomporeture coe’ficient teoting equip-

mont is dencribed ae ara f3ndings rolative %o the effect upon coil

gtatility of wire jnoulaticuns &nd coil fornm materialas. This section

of the revort oppears in two colum formt with all 1ines justified,

having veen prepared ou B variTypoer as an exerple of the epprcximate
farm to be folloted in the posign Manuale.

Advances in ths uiversal coll stuly deoaling with miltiple-
pl winding® apd with tke effect upon Q of varying twiota per foot
of Litz wire are discuseosd.

A report o progreca 1n sriting the varlous cheptera of

tho mamucl ard tho presentation of test data complutes this reporte

L

W g

s
e

e 5

R

s

TR Y ok ] A ey

A

- 00 000 '4



LITEPATOEE, COURACTS AXD COFERENTES

s De

3.1 Beooks Reviowed

Goriano, Williaa F.
"Dogdgoing Ioinctively Ccuplod Trazy™

TELE-TRCH, A2ril 195

Gacrge, Hcward
Y TERCRYL OF UITVERSAL WIIDIHRGS,
Ccil Winding Equizment Co., Oyster Bay, Mew York,

Hoaonay,; Koith
RADIO EHCIFEEXRIHG EANDIOCK, 3réd Riiticm
McGrem-Tid1l Bock Co., liew Tori, 19kl

katz, Gecrge .
npefactive Teomporaturo of Ircn Pouder Ccrog”"
JIECTRICAL MANUPACTURGEG, Fovruary 1954

Laflorty, R. B.
"affective Pormoability cf cylindrical Iren Cores”
TELE~TSCE, Folruury 1950

querfurta, Williaa
CoTL WINDIIGS, lot =diticn, Gocrge Stevepo MEPg. Co.,
Chicago
Szikini, G.C. and Scurocder, A. C.
ncathode Coupled dWide Baz2 Aaplifiera™,
PROCESDINGS OF IK2, Octoopor 1945
Yai, G.C. and Scrroodex, A. C.
npand Pagd Eridged T PYotmork for Telovlsion Intormodiate
Froguoncy A=>lifiecrs”, PROCELDINGS OF IRZ, Octcoer 1945

Ternan, F. Be
DAL RUCTIZER'S BEANDEOOX, lst Rdition
JicCremi-1111 Beok Co., 1943

ExC BOTE00K, Boontcn Radio Carde, soring 1954

o
-~

Fooog—aphs", Fodoral Telexbone
1946

Diohel, M.
rpederzl Band Paos

Radio Cerzoration,

March 1954

2 mAnkLTT

Scdaro, Je ¥.
Ho. 25 Feactance

Termn, Fo Be
EIECTRONIC MRASUREENTS , 2nd Edition
MoGraw-i111 Book Co., Fow York, 1952
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Couaf'exrences
1% Jamuary i53%

Plocet Autaxitic Mamufecturing Corsaration
Hewark, Nes Jersoy .

In Attendoncos

Mogars. H. Salaion - Irvingta Yeinioh and Insulaticn Gcamany
Ao 11, Hedloy - Automatic Manufacturing caperation

Zurpocae:  Gensrol dficcussion of progresa cn this projoct apd of
inguletion sroblems in gonoral. Particular emphasis maid to
ingulationg 12do up of Mylar £ilm both singly ond in combina-
tice with medor, fiber, and Quintoira.

Ceaclusicn: Irvinglon Varnish will costinue to gsupply techniocl
¢ata and namplos wzenovor roguestod.

* %* 4 & »
22 January 1954

Plaoo: Automtic Msaufacturing Corporaticn
Ysvark, How Jergoy

In Attendance:
Kesgra, G. Tarrantg - Alr Force, Wright Fleld
D. FKldora - Signal Cuarss, Smier Laboratory
Je P. Tuckor -~ Automatic Manufacturing Carvoraticn
A. 11, Yadloy - Automtic Mawufastaring Corparatios
Purpeoze: QGonaral discaasion of the projoct and of the mamal
which 15 to conmstitute the final remort. The proposed outline
far the raoual and the first quarterly roport wero discussed
polat by polnt and suggestions vere offercd by tho Saxvice
Repreoentatives a3 to exactly what portiony would Yo of groatost

value to then. Among the svecific veints discussed were

a. 'Rcanangamnt of the matericl 4n Part I nore 4n accord

with ita physical .roportiss.

.

e




Inclugled of a geparate ooction {or onaptor) dealiny
vith geod deeicn practices.
Inclusicn of a separato ceotlon (cr czapter) on
finieheo. (Staspiog and marking to d>o inoluded 1n
<bis geotich).
yrangomnt of the text of tho ramusl In a manner
ermitting extraction as a completo axnd cevarate
gectimn of thnot mortica of the mamual dealing with
desigm mothcda,

Ccnolusic; Autcomtic Manufacturing Corporation will atitempt to

Tolle: all reocomserduiicoe of the 6sTVices.

D20,

=

YT X

5 Felruary 1954

wedrs La oo
PSS R TR

Placo: MoGrew-EHill Bock Comsany, Ino.
Sew York, He Y.

Ia Attemiancet
jacugra. Koith Honney - MoGraw-iHill Boox Comzary, Ince
Robsrt Craipg ~ McGrew-E1ll Ecolk Compary, Inc.
Lacnard Adior- ticSruv-hiil Book Comany, Inc.
J. P» Tucker - Autcmatic Menufactiuring Corporation
A. 4. Hodley =~ Automatic Mamfacturing Corperaticn
Parpoges Discussicn of tbe »arts thut McGraw-041l might nigy in
rroviding Automtic Namfacturing Carporation with editorizl
and cther asgaistenca in the prosarutica of tho Desirm Menual,
Ccaclusiongs Automstic Memufesturing Carpcration will ferwerd such
of ibs memuceyipt aa 48 in readiness. McGrow—-Hill will read
thig popuscript and offer criticisn 20d sugpestims. A proposal
oovering ths coot of McGrew-)1llta participaticn will them De

forwnrded to Autcmatioc Nanufacturing Corparaticae

TN e e P PR
(e x g
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15 Folruary 197%

Plaf: Synter 3igmel Laborztary

Fort Meauwutl, New Jergey

In Attendances
Mosors. Ds i2lA: Soidnoxr Ladboratory
s : : guivr Taboratory
A. H : : y =qulor Latccatory
A. 1 “,unui‘ﬁctm‘ins Corzcratican

Puraese: Geanorol ddscudalon of progress on tule oreject. Sceclien
ohaptsra of tert muterial left itk the sorvice re_rssentztives

for conments,
Cceaeclaslcns: Aftur resding thec mezasarict, servico represontatives

© will Torward thelr cowrxrnts to futontic Manufacturing Corparetiocne.

Lo R 4

1C Folruery 1954

Placer Sguic: bSIgnel Luboretcery
Fort Moaouth, Usw Joreey

In Attondéenco:
logere,. O, Tlderz = Sigml Carpe, souler 3ipwal Lsboratary
Ae Band - Sipgmwl Crro, Zoultx Sigoei Lavoretary
8, 2230 ~ Simpal Corzs, Sguizr Signal Laberatary
Aa Wle Zodley - puto;niic tumifoictarl g Carporation
.

Purpodger Ocnorcl discussior cf the Lreject with urtlcaler eiijea-
gis or rezcxris cud cxicult-mia,
Canclusicas: I wag Zomerally coresd thet vk cliculd contiime

in acccerdétace with the plons origdnilly liyed ocut feor tais

project end txat outciée : i reuld e woaught iato
play a3t the earliest posciivls dete,
* xR E R
2 March 1554

Places aAutomtic Mooufacturing Corpiratica
’ Nawark, New Jerssy

/
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Fany

I Atiendance:
¥inars. He J. Dolleg - lii-noacta 1ising & Mfg. Ccuazory
Ao 11s Bndley - Autcnmatic sanufacturing Coraczation

i b e ity

Parpoodr  (ucorl élacussien o the pugrsso on this xroject to
dete. Specific discunzica of corresicn prcdlomg. . Bolles

givalied a co3y cf a rooeal corroaicn roiort wroparst hy Himne-
yod v 2 & 3

gota lizning & Mg. Coupany nhich definitely susports thoe thecry
that materials cantaining oollulese w7, under certain cancitions,

inducs uvlsetrolytic corrcslim.

Coaclusiocuny lr. Bolles will follaow the romining stagen of this
vreject closoly and zrovide oll zosgible aasistanoce.

* # R % ®

12 Karct 1954

Placs: MeGrow-H11l Book Company, Inc.
Hisw Yook, Ne Yo

Zn Attendzmnce:
Mesgra. Zoith Jonnsy - MeGraw~EL1l Bock Coupany, Inc.

Rowert Crelg - MoGraw-EAll Bock Canesny; Inuce.
A. 71 Godley - Automtlic Manulucturing Cacxretion

Purpoge: Cencral discusalis of The :rmel W Tho atope to be

taken to insare the best powesidle sreseatutic of the interial

to be insluadced in tie Leol. Discussed tho Tarmat to Lo fclloved,

;o0 and nuover of 141mg<ratlons, sue-ug of cilaplers, anc the

tyme o uriasting Te bo w3cd.

=
RETPNENETRYS

Conoclwd tionss It wae apreed that MeG =511 woald Tomraxd quota-

ticrs to Autumiic Monulacturing Carmorution covering not caly

edstarial cosistence, tut the cost of o peries of couferonces

for the marsoge o dctermdning +up welr-up ond yresemtatlion

WY T VT

of the momual,

b 3 e

)
PR

wnAr) J2 Y
iyt mes 10

MR gm 2 g g
Hi

N e
—aton
pras]

ST 32 ray e

(

Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150003-4



Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150003-4

25 varcn 1554
Place Now York, K. Y.
= li;;stonf?ng? :L. Christisnsen - Den—-Corning Coraaratica
A. 33, Nadley - Actomiic Homufachuring Carparatico
Purpogos Gunexal dlacunoica of tho project wnd of ndaveanceg in
the Flold ¢ high temarature insulaticns. Anong the mexy
stern discusced were DCIIT which, bocause of bettor curing
chazactortaticn, da elated to replace 0996 =nd tho new “Bondeze—
type™ silicone ingulatcd ragnet wires cazatle of cperaticn at
250 ¢ which are ncw well aloeg %n the cxmorizemtal gtage.

Ccaclusionsr R ch=istiarson will keon in oloso tcoch with this

work ond will vonder all »ossible sgaistanco.

oh '

. -
SR ol

rarmRAR

-
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FACTUAL DATA

4.1 Literatuve Roview

The policy ocutliawl in +hs Firat Quarteriy Fopwri--thay
o ksexing literary roview amd research clesely agasociated with th

porticma of the mmial being written--has continued through the third

quortor.

Ag 8 conseguence, emphasia was ihin timo ple

-

oircuts theary, particularly & azrlisd to serics e
sont circuits. The warks of TerTaom, Beounay, Penler &nd McIlwain,
zlcog with the Radlotron TL=eigper'c Eondhook forued the cors of this

study which was supscarted by pumZexrcio coptemperary magszine articlos

ond by tho books of other authors.
aeccnd avermo of oxploration was caagtere¢ in ths litera-

ture pertoinizg to coll winding. The bock 07 Williaz Querduth ro-—

contly pudblished by Georgs Siovensz yam:faciuring Coopeny and the
nozograzhs and accempanying article vy Hovard Gemrge of Coili Winding
Equipmont Co=pany have been studled and evalustions of tbe yecomsonicd
mthofa ere not in procese. Both of these articles appear +o have
made gubstantial progross along l4nes cf ni:rplificatim of machine
sotups and txs seiectim cf nracticol goar co=binaticno and winding
arvangeronts.

a this review of literature progregecd, the role to Ve
f£1lied dy the Design Mamel toonang wore apparent. Contermarary
15 gersture, while fairly etundant end generelly of high quality, 1ie
opon to critioism from 8% least the follaring angless

1. lack of uznifam rotation in methemtical interprotationg.

Tne result of non-uniforwity in notaticn introduces con-

N LN

plr{ ey

PIPH

AN ST A E o AT I L S e 2 A
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R A e o= D e aieatIT ST 2

fusicn wben compexing the wregentaticzs of different authcrs.
Ao a conasquonce, the roader st constartly. refer to a ligt o
pymbols or tc provicus portions of the text In arie= tc =cp up

EN

with the cesning of the varicus elem=ts ¢& the equaticno. Iou

only is this trmuce cf tro leas -oThten nged oyetcls tut on @ tern

g3 cexpon as rescnant frequency, thore is no unifor=ity with

somo writera wsing T, while the mjority prefer fo.

2. sor-ecmahiapia ca tkoory.

as

Ccatemperary literciure i1g £11led with the <heory of
ccils ard trensfcrDers. Mupy--in fact, mat——prosentaticns ore
thercugh, weoll written, cad Jacxing c=ly in cno xe eri-~pructical

2 ?

epplicationa. Tbhe trgertunce of basic theory ghould not exnd can—

not be undercotirated. Eoiever, the transleticn of thoory 1nto
ito eractical asapscts swhors it can ofTer assisteoce 1n, for

exarolo, transfcroer dogten 13 locking in noirly 6V reference
’

beck. l&u’rentl;r thero 18 1little ip print to tridge tbat gap ubicon

cxiata between the wealiz of thecretical end matheratical materisl
from which cumxea the nececsary packground for deslgn and those
sroceduros whicn will comvert this thecry into wacticos havirg

t+helr end prcduct o tramsferzer whooo oporation z4ll be in 2c=
cordaence with the dealpn theorye

3, Cemmlicated vroeentatiang.

Ceatemporary litercture 18 often unzocesdexily cormlicated
in it wesestatica. Ad=dttedly, the busic Theary of coils and

~

tranafuroors 1s founded on mthenmatice ut this doea not commlete

ritud e

Justify the tme devoted by mazy authcrs to ong acd invoived

Larsr

matherntical dlecussions aof gubjocto which could beve been treated

ZRMRIMREL

-10~

P At 12

AN AT T AT S Y T T e
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k., leck of 4 instrative exerpled.

The averag3 conLaIorary Yootz au the gubjoct of coils

and tyamaformers id 201t tc bo g28ly lacking 1n exarmlos with

yipich Yo jilustrete tbe ocints rade in 1its text, It ewpoers

{put Thvbe Pocks ar? writton for aa nbCcve-BveTrago montaiity,

*\:Im'a poidng 3t QLT 1cult for an avorigd reader to get @ gufficiens

grag3 of +he sudject witzout the appigtance of exarsled zged on

+he priscipylod under discussiona
In tue preparation of tha Depign Mlemel -4 4g proposed to
taln £ull acventagn of toR fact that it ja oiways eapler to folloe
than 4t 16 To ised. Every possible attempt will bo mide %o proaant
all pertipeat 3ats aod information ipcludicvg mthesatics, but to avold
y oxplenaticne ad to use siozlY, ai-cot 18DF080. and
an ateoxdanco of {lluotrations and exazilen.
4.2 sowpled Circudt Yorx
yoiicaing the 455 -ke coupled circult workt roportod 1p Saction
4,2 of the Second Quartexrly Roport, talu activity wus extendicd into
thne frequoncy ranNges of 262-ko, 1LI9-kc, 1405~ko, and 4.3 Mce
o facilitate cozmpuriaons, 436 ohield oS gize wao held at
2 Inchos oguere DI 3-1/2 inchies 1a llefpht——~tuo damd 88 in the case of
toe WS5~#c uplte. Comzlete snfersntion concerning the ccnstruction of

thoge trapefarmers 18 to bo found io Azponéix B, Pogep 2, 9, 16, dnd

23 cf this repcerte.
e mothods of test and massurement previouwsly reportoed

have boon follcwod 8% 43¢ newt frequenclog. The ctatconme of this work

P G

43 roported in graph form 19 Aspondix B, Pagee D thrcugh 29«

1)~
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Tme b freguency »artlaz (5-150 We) of tils work 10

E

-~ ", s P Pt Yol . P s

Jbant to nTard s e LdtoR ond Tuaslezlinn G eoociol test fixiuresd
c S I & -2 o
4y nouring cok leliie. Tt $o slennac o v zorolze Whie Lrane o

o

k! .“.-:'::..4:-1
acldivity siuce St re_rusenia uie £33 wbteh ture WRGeLY éZversiflod

vollemy .2y ™o wiuctod to AuTOR0D e

el Bt 122 s S BE NG A

Hcto:
A2 ip ke ccge of the Flves Guarterly Repert where
a araft of coe chapier Was3 13101-aded to sbos the forn In
which materinl would istexr opwoldr, 8¢ 11 this repcrt, onc
secticn of Factual Data (4,53) will be srogonted in the
‘fcr..mt wekich will bo used 11’3 {Ls Dosigm Manzal.
Tollowiag & coaforunco with Koitxz Hemney of Mcerav-
P11l Book Ccippany and mo=bero cf bhia ataff, 1t wag dooided
10 use two thxco Zpch colurma Der Jar3. Tanles, (TOu30H,
thotchen, ard other {1iustroted mtoriels w21l o fitted
into t.l:o te—t in eithor cmo or wo colwm width za requirod
vy toe notwss of the Toteoriol. ’
Tt ts orebablo that too t720 maY Do clranpgod Lxun tLat
aged in this pawgze sincr 1t 13 the epinion of Mr. Hdooney

that tho usa of & guns~eerif tyDo devraocts alightiy fre=

1 P2
the readabllity o the tazt. In tbo cvent thet a change
ig zxnde, the pers-geris t;p6 ¢ill be yetazned for ucadings.

An Brgiusering liethemtics Varityper oot pas boon crdered.

il av Abierilne am gt

Uoo of this fent abould iwsrove the appsarance of equations

pt e rarie ey

11
o
ORI ERa e

and Toxrmlcs, ALYl cody will oo mresarcd o2 tho Yaoritypsr

ay,

e

ard will be juotified.

=12~
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3.3 Tamperzture Toofficient Work

In the Second Juarterly Reoort 91
tni< project, Section 4.3 devoted to ten-
per ature aneffici2nt work ended with tne
statement "It tnerefore apoears tnat set-
uo difficnitiss nave been overcome 270
tne way ncw seems clear to proceed with
the srectiied tests,” Subsequent ey2rts
proved this statsr2at Lo be founaed on
unvarranted optimism,

Juick.ly ravieving the nistecy of tris
evpari-wnc, it will be recalled tnat tne
esscillatee originally e=olaoyed a Coloitts
circuit., =hen the outpit of this parti-
~ular osciliator was found to contiin so
many spur i(xis resoonses 3S to ranger it
woethless for the ecneduled tests, it w3s
replaced with 2 negative rasistance trpe
of circuit wnich, as was reportad in the
above raferancad roport. seenac at first
to provice a satisfactory voltig= source
for the tasting orogram.

farly in tne curreat year. troubla
wae ercontered witn tihis aewv sycten in
tnat at ~acimm test temceratures (35 T)
tha cecillator wouldtrezueatly cease op-
eration 2~d woule bacome operative agiin
only after adjustnants nad been made, in-
dications were tist the zoii resistance
<15 changing vitn heat to a pcint whare
it was inpossidle tomiintzain oscitlation.
Adjustreni at max imun tpmperature d2ing
considerad imoractical, itwas decided to
once 2g3in chang2 tae basic cirgeit to
one iess dependeat for its< ooeration upnna
circuit resistance,

Adecision to try th= "meqat ivatrans-
condustarce” ar Transistron tyce of nscil-
lator was eventuzlly reacned. Tais dezi-
sion w3 sased partly ucon orevioys 2=
perieace ~ith thrs circuit 2d oartly uzon
the ease with waicn our apoarztus co-1id
ae caanged aver to this particulzr circcit,

As cx o sean from tne circuit cia-
gram in Sopendix g, Page 1, tne 63Y7
tyube was replacec oy 3 9438 and 2s in ora-

1 eI 3 Gh WA AIES ame @ bres Shemaies S weAReT s

vious aasigns . the outoutwas again coupled
out through a cathode follcwer.

First tosts witn thic new circuit
were encouraging, but againit seemed that
the test freguencies were too low 2nd er-
ratic drift characteristics were still
noted in many instances.

To pinpoint the source of the trouble,
new coils were prepared whicn vere much
Jower in inductance thusraising test fre-
quancies to ithe -range of 2:0 to 200-kc.
Part of these coils ware treated with a
wax®, oirt with an z2ir drying lacouer®®,
anc partwere left untreated. Sy far the
best and most consistent results were ob-
taine¢ from tnae smaller windings--parti-
cularly thoses wnicn had not been given
any treatment.

Recalling tne experiences of other
contractors (See Secand Juarterly leport--
Page 23) it was decide¢ to conduct tie
tests on wire insulations and ceil torm
materials only in the hot portion of the
cycle. whicn istosay from room tempera-
ture vy to 8% Cand oack to room tempera-
tyre. This decision made it possible to
consicer theelinination of al! imsregna-
tjon materials anc tc work only witn coil
forms and wir2--since abandonrent of the
cold cycie removed the danger of conden-
sation of moistur2 within the windings.

The reasoning witich had prompted the
original selection of coils of the type
descriond on Page 19 of the Sacond Quar-
terly Raport seemed te nave been invali-
pated ny tne smaller coils which consist-
ently gave results of a sort which expe-
riance indicatedwere as reliable as those
obtained from thebest of the large coils
and wnicn, in addition, ware entirely
lacking in ta2 erratic and unexplainable
characteristics asscciataed with the larger,
imprecnated windings.

1+ was therefore decided to scrap

tns oriqinal windings whichwere large in .

30T AT WTRANIIITILL $ e v e
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siza, high in inductance, 2nd “horouqnly
jroregnated ja T-1. This decision was
rracted witaconsigaravlereluctance s ince
it meant the scrazoing of many ~inhour s
of effort. “owaver the uniformity of re-
syl ts notai-ad wita thenaw windings, tne
fael that cev rasplis war2 in corfornity
witn rocyits obtained by other contractors
addag to tee fact that our findings were
intendei ta be of 2 comparative n2ture
only semac to offer no alternative.

Tne ceils tinally 2dooteo fer use
In ine te-raratyra coafficient testinc
phaee of cirr 1abar2tory 2ffort wera viouns
to tne follawina soecifications:

2oil forms:

Si7e: 1j2 incn @ x 3/3 inen 1) x
2 inches long

for wire checks—-CF-2
sor coil fora cnecks-
Yarious

Insulation: For coil form cnecks—
y-2
€or in<ulation checks-

various

war<: For filh insylates wires—-
163/02

textile sarves wires--
as reaguired

Cam: /13 inch .
Inductances 1.27= mn 22 oer cemt

9 fancn - Silw insulations v to sé

1o Insulaticrs - a7 to 70

corditioning: Pricr te test, il

coils <ubjected te 20
——— e

See Appendia 3, Pages 30 :througn 32

-1k~

eacn alternate lu minute
cycles of exposure to <20
and =3 C.

Treatment:  hone

Tra study of wire' insulations 2nd
tasir effect upon th2 ther-al stazility
of universal coils cisclosad soma vary
Interestinn results”, . easured in parts
aar miilion per degre2 centicrade, the
range of tne various insulations Iested
avtandad from 2 low ~f 21 for W-10 (a
1igh tewcerature inculation) toa “ish of
a5 for ¥-5 (3 solderitle insuiation).

1t 1s interestiag tonote tnat comda-
raible craducts fromdifferent ~anufacturers
in certaincasesevaibited widely diffar-
ing temperature chiractaristics as for
axarple, W=l 214 W-Z wailz in other in-
ctances taey ware almost identical 2s in
#-12 and »-20.

A point worthy of note is the very:
evcellent stability axnidited by «-I.,
2 siacle czlanasas enamel wira, Tan tem-
ooraturacocificient ~¢ this type of <erved
wire was only 2¢ a< coroared with the
1ext best textile-served wire waich was
found to bte 33 opr/Ol--2n increase of
ovar 7. par cent. It is not possizle at
this time toexnlain way wire of this type
should ba so stable, but these findings
are ia sunoort of a fairlyuniversal irzco3-
~jtion of ine stable ayalities of this
tyoe of serving.

As mioat e expectad in the case of
the various coil for= materials, tne ex-
cursica was sonewvat less tnan with the
wvarious wire iasylations. All coil forms
were of tnhe same onysical dimensiors and
vers fitted witn identical windings all
manewitn tne wire of cresucolier th=zreoy
=-aking varirticns ancountered in the test-
ing essentjaily a function of tne coil
fora materials.,

It ~ill surorise no one io find ce-
< mic coil fcrmso"eaoind the stavitity
list wiza 23 po=""C waile nylen 3t 9

2 et e AT Tre L
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0pn/OC occunina tie ot rer end of the scale,
1t may surorise some raaders tolearn that
forms of unir=atad Kraft paver from two
sinpl iers wire worserad by aporoximately
20 por cent wnen sud jocted towax imoragpa-
tion--2 orocedure mase necessary in crac-
tice by thenygroscapic properties of the
paper.

[

A check of tae ceafficientsof liqear
aypansion of tne various matarjals snows
reasonaniyyoos corr~lation witn the tem-
peratyr 2 corfficients of coils wourd on
these =aterials. This may oes<ibly be jn-
torpratad 38 peintinn teo the agvisability
of naving at hand complet~ information on
the physical 2< wsli 2s .n2 electrical
pronertias of materials under. considera-
tion foe use in transforsers of maxiaum
stability cnaracteristics,

As nas Yeen siid before, 2o attemot
~vas mace to taka absolutemeasarenents in
toe abowe mentinned Lesting proaram. Re-
sults are aivea jn 0on/%C because of 2
$<ir? to confarn tn accepted practice.
Since t= bssic conditions under whic
the teetswere conducta were hald uniform
and because the operating personnzl made
avery affart to avoic¢ deviztions from
sstablisned oractice, it is folt that the
indications obt=ined m>2y beconsiderec as
represe~tative of the ~aterials and that
1hey nry sately D2 useq asguizes to cood
desian practice.

Te conclude thisonase of theorogran
it is ormposes to ewaiuite in sinilar
fashion onthtrestment ~aterials o tn2ir
~athuds of aoplication. Tae final step
~ill o= tocheck tne valicityof the fingd-
ings by cabinins tnebast wire, tpe bast
zoil for~, and t nebect treat-ent and then
o cooare ccils tnus constizul.dwitn

* others raoresenatative of tne average and
<he noorestof t=e thres basic =aterials.
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% .4 Upiversal Ccil Study

‘fne upiversal coil study bag Veon comtinued throughout the

oagt quartsr. Much eddd<ional inrox=aticn rus toen talken axmd tre study

Pty
e darazam . ul

extepdsd to cois farm o verying sizes.

An avioupt was made to evaluate the effsct upca universal

el
S

b

colls of a ohangs in wiroe size whilo hnolding geors, coll Torms, ond In~

Guctanve ccnotamt. Windings waxro man with- Ho. 39 beary Foxavar using

A_Lu:rtg;':.‘::_’ Sl 3.

geare which wrovided a tight windaing. Without avy change in tho machire,

coils were wound wita Ho. LU teavy ¥arrwar, 1io. 4i keavy Tcrowvar, end

ey
UL the

i

do. 42 hoavy Far=wver.

Centrary to the ocutcams predicted by several ongzinvers,
thoae windings ohaied the ¢ progreasively decreasisig in valus witn
tLe decrsade 1n wire amize. Since thego rosults sro not 1n coniorzance
with estoblichod practice in cortain gocticas of tho electromica in-
dugtry, 1t is mrcpoded to furthor oxplare thd effect of wire gizo o
Q@ while holding goard and inductance constant, .

An immortant part of +he wmiversal coll study during the pre—
coding quarter was that dovoted to the study of multi-pl upiveresl, wind-
inga. Theae studico were ccnducted on coils wound with 1/16 inch.oand
1/8 inch si's which were spaced 3/16 insh, 1/8 inch and 1/4 inch epart.
viindings eiudied ccusisted of 1, 2, 3, 4, and 5 pi'o. Tho inductance

in all cagos was hold at 5 Wb f5 por oeat and tho 1/16 inch pi windings

Ot SRR M A N

4 :_!’:":'Im_

were wound with 90/l geare and iuc 1/5 dncn pita 171th .100/66 goare.
lio. 3G SSE wire mas used in all inotancea. Reforence to Apoondix B
Pogoa 35 througd 3T will ebow the rezalts of this werk, OF particular
significance im LS ciaarvation that, ccntrary_to w4dsly hold eninicus,
treaking a winding dowa into two or mcre pita doos not necengarily

increase the Q. IL, houcver, a winding of a givan inductance made

Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150003-4
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with a 3/8 inch cam is oplit up into ihroe windings cack mde with a
1/8 inch cur Iat having a8 total inductance egusl to thot of tuo original
winding, 1t w11l te fownd that the Q of tho muiti-»d winding will e
nigber azd the élotrituied capseiiy lowsr taen that of the criginal
winding. A Cafinite sdvantage of rulti-pl windings epgoars in the
s=llo OD's waich loaoen the loeses cauwsmei by shielding,
Litz Wixe St“;r:j.ea

T+ 45 well Imewn thet the usc of sulti-elravd wire of tho

type ccomuauly imem aa Lits cffera gubetasmticl adventuges, sarticulerly
7 : G328,

in that portlicn of the froguency s sectrice fron arcund 500-ke ummiaxds

P’
"y

<o about 1500-ke. Cuoe feature of tids tyoe o wire about vwhich there

?
3
1

- )
3

1
1

15 not couplete usifcoidty of waderctsnding is the offect of varying

tup twists pexr foct of the indivicuel corxdnctora. Gonuine Litzendrebt

.:J"L‘

wire, which fs not made cazmrelally in the United Stotos, 1o rwre

{ /SN S vy

“hep & twlsted wire in that 1t hes tho inlivilual coxductare 6o aarexsed

peys

that eech comincior appears ol ths outsile of tle stranding as often

i

;b

PRe g I T e )

23 it apzears can the incide, Thia 19 to oty thet nct only ave the
1 iley are digsloced 1o a
sanger siatlax to tmulding wing accwate placovent f the
atrands, Iy coatrust to this ratler cciplicated xnufacturing »recess,
fcan L4t wire fg sugslied ix a nunber of Torvs raneing from no
wigts othor tlan ticoo resulting from tlie gasa'ina cf the initvidusl
strands through the serving machise to a Ircleble mavimm o 18 wsiasta
por foot iz e cago of cne guppifer. Even hisher numbers of twists

yor fcot ure Iroquently supylicd on gpecial order at tha request of

!

R
2 db ol e

gpocific custcwerd.

T
2

SR Te et F iy AR L T S e D S AT unane ™ R S0 (SR 3 T4 T Dy e -
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In an stiempt to evaluate the effect of twista por foct,

a uupél:; of 5/il SSE Litz wire wag ordored with the pumber of twists
yer foot verying from 0 to 70 ip increments cf 5, Rogular productice
iitz having 18 tuiots per foot was also procured fron this same anu-
facturore.

Thie 5/4% SSE Litz wes wound into colls consiating of 300
turns co & 1/2 inch OD form using a 3/32 inch can end 67/4% geare.
Coils wore left unimzregmated snd were checked for Q at 455-%c cn
a Model 260A Q maoter using spproximately 66.5 maf cf copacity in
the circult.

In the check of twiets per Toot, the lowest Q (averege
& 5 colls) was 107 et 15 twists per foot and ogein at 45 twiete
per foot. The hignest Q cbtained was 110 at 65 twlsts per foot.

Evaluation of ths resulis wcs made somewkat more aifficult
by the fact +hat ths regulaer producticn wire fxrcn this sar» supplier
gave coils = 1th =2 § of 10D =ben ooeasursd under tho sams ccaditicns
whoreby 5/LL SS§ Litz from another guzplier wound cn the same machine

b5 tbe soms cperster produced coils averaging 113 for @ readings.

Iovestigation of tbe two regular producticn Litz wires die-

s rRRENR T ,,
Aot Srsinahl e il e s

'

slosed that the wire producing colls of the lowost Q was made up of
5 gtranda of Ho. LY wire all of whick were ruuning ou on the minimn

sccoptable HA tclerance for OD whereas the conductors in the Litz

i LA o s 1oL AP AL SIS M e

from the seccond suppiiar wurs somoing ot the maximam allowable dizen-
glan. Waetber or nct it is safe to ocuclude that vertaticne in wire

eize within H=MA tolerances will always produce Q di<rerentials of

- aiage 216

this magnitude is not certain at tMe time. It is coosidered of

L

guffioient irgortamocs that an attempt will de made to evaluate

18-
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this particuler pcint.

Trrouge the offorts of the Sigoal Corpa, a sazple of 5/4k

T alind

Parogesn type Litz wire was srocured. for evalustion in this progran.
Thio wire was received marksd za 5/4% ningle Reyox enamel, but a check
revesled this marixing to be in acoordance with British wire geugoe in-
gtead of American wire gauge making It more nearly comparsble to ocur
5/40 Litz axd it 19 upon this basie that comparisoms were mde. Toet

colle were wound ueing & 3/32 inch can in a winding of 290 turns which

iyl S PRty

at 455-ko produced an averasge Q of 132 on tae Britich Litz comsared

t5 a 295 turn winding mado witx the sams getup o 5/110 single silk

i

[ OO IETALAPOS PO A 1

'l

=
=2ie.000)

1 Amspican Lite where the tost colls bad a Q averaging 116.

It tc uvolcrtunete thet the gerving cz the Britich Litz was of a syn—

SO
B )

thetic ysrn since it mokes impcseidle a direct coazaricon with eilk
bit 1n view of ths rocognized Tact that rayen gerved wires give lower
Q'e than 811k served wirss it sseme safe to sci.uo that Buropean Litz
mlght ebow & slight @ advantuge if provided witt the mama type of
sorving.

It is gonerally acocepted that the punbsr of twists ver

foot zae & definita influence upon the Q of Litz coils., Bscauae our
findings 4id not sapport this czremise, it was docided to try windings
having a different form facter in oréer to est.a'olish whether tne colls
first solected bsd soms pecalier charscteristic wnich lecsened the

P

impor<ance of the twiste por fcot of the cordncteors, New colls wore
wound, also on & 1/2 inch form, using 5/48 geurs and s 1/16 inch cam.
Your S/ub Litz wirss-—perallel, 18 twists per foot, 40 txdats per foot,
and 65 twists per f‘oo?--msra selectod for the test. The Q of all wind-

ings wus found to range dbetween 94 an3 95. The situation wea further

-19-
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checked by tre vzo of windings made with a 1/h inch ceu and 54/106

goors. Hare the rangs of Q wes fou=d to o botwsen &4 end 67. I

thercfaro appesrs tb:it tho effect of twiota per oot uvon Q s loss

raovunced than %3 cczosonly believed.
In Apzeniix B Page ™ will to found a groph showlng the el-
upcn § asd OD of vorious wirea——all gingle ailk eramsl-—ranging
Ko. 37 volic {equal in c=sss secticn Lo 5/1131) through various
wiroe fron 2[4l up to 30/hk, All resdings wore taken at L55-ks.
Shielding Study
In this ghese & ladoratcry activivy the yrizery purpoee
to determino the effect of veriations in ehleld cen olzo; ebape,
material upen windings boving relatively loz and relotively bigh

smd of air care ¢nd iron core comotruction,

4 TixTure shewin 1B tho oxstch in Appendix B PogeHS waw
baiit to £4t the Modol 260A Q wmster and provide a fira base upon wilch
the ocoils could De mountnd and tho shields placed for studylng thelr
of fect upcny the ooils,

To kosp conditicon a3 ccmum#'. o8 pousible &ll shfelds were
out ¢ a lemgth of 1-3/W 4nches. Round, Equare, and reotangalsr cTogs-
goctins ware checked &5 were oblelds mde of aluminunm, copper, brass,
steel, and zino. An exd apacing dotueen coil and top of shield of
app-oximately 0.%26 inck wea maintaired in all teoto. mMsasuremnts
wore nade wlth sirlelds groupied and wngrovmded..

Page L7of Appendix B ehcwa the rssulic of tkose measurexonts
and polnts cut the effect upcs: @ and L of shields of varying sizes
and ditferent matericls. Frca these results it is epparent that

grounding the skiocld bas only a elight effect uson the readings wben

-20~
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cozmared to the zamd ghield nngronuded.

o i Y o et 700 Mt

o materiasl of wuhlch the phisld 48 compoged hus & cop=
siderable oifect upan tho oncicsed coil. It 2o woll recognized that
pluclieg a 1etallic ohisld about a winding which is epaxrgized by en a-0

current preduces v3aT L2 eftectively a tranaforeor, tte upturned seccud-

nn e o

sry of which conpigts of the shield can. Tt follews naturally that
the Dbotter the conductivity of tho ochield materiul, iks hicher the
degrece & shiolding afPordod the coil and less +hoe loszzon that will
bo roflocted to the inductor. '

Roference to Appendix B Pagelh will show tois prenise to Do

snuommach ap copzor——the tost conductor—-had the lesgt effeot
upce Q ard L of =11 mteriels tegtes while stoel—the pocrest ccnductor—
lassred both § exd L.to tho greoteat degreo. g3ince aiuwipun bas cnly
a alightly laeer conductivity than copisi, it okews only mincr dif-
feroncod i ite offect upcn enclcsed ceilo vhon all othox factors
are heid ccnotan®,

e offect of sbield shaps &nd proxindity i shom cn Fago ks
of Appendix B wkers tha cld sdoge thet “a ohield cum ahould never Yo
closar to a coll tban a d4otence ecual to the ccil diaomoter™ aprears
to o well guppoxriod.

1% 15 worlny cf note thet the effoct of @ shield upon
coll of nederately bign Q i1g subgtentially greater than it 1s upon
cotls of lewer QYEs Whether cr not tae coil 18 «f the alr core t7yne
or bas a poidered iron core doss nct sos= to be of rmch impcrtance
o long os the G 18 appreximately equsl in hoth cases.

It 18.3lennsd to coatiua this study of phieliing in the

" yioipity of 1l Mc and again arowmd 50 Mo end to expleze tho offect

21l-
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of copper Lfoll iiners 2n gtesl chield cans. Froo the resulic of these

ctiddes 1t 4o planped to inciude 1n the Deaigs Mopusl conerete rocom-

serlations Tar £hivld Gonign lesed uzon tho cffect of auch elielda

npen the inductonces which tZey encloio.
writicg

Substantinl srogpresn io +1hio plase of the werk hago toon eo-
porpliohed éurirg thie quarter.

ol waticn of the renuul devcted to mtcrial: ¢t conctructica
lce been coplotely roviged and rewy tten. Accamlatiocn of visual m-
terial Bes locn sterted es has work locding to ihw arrangerent o matorial
wittin the ctaszteors whers, imoofer 26 ia wossille, suzportlog vicual
retertel (including tetlos, crephe, ahotcgruphc, nomcSrolie s 0%0e )
xviil e Located 1n clcse ruaxinmlty to the related text.

mhe macond portica of the wsmuel dexling with thzory end
cesign 16 well unler way. Grectost wrogress Los teen in that partion
Corolod te the theory of cclls and couyled circulte. Iers 3uch subjecte
og 4inductence, casscltanco, Trs8danco, phaze, iipoedence, Q, arplifica=-
ticn, apd thosc cther txaf’ﬁ oicaelyr assoclstod wwith high frequency

tvanalar=ers are dlocuseed 13 sufficlent datail and wiih auficlent

guzserting mthonutles o sn:dlo a person with englseoring training

tc quickiy wreview wsic princislee—cr 2 boginnar Yo asquirs @ back-
round.

I% {5 folt ihat tuis mosaal will aanieve moxizun vaiue only
1f it is sc aranged thet it =ay be ugsd ofilciently by twc dlatinct
astheds end W o LNo 225tinct classos o readerbe )

\
Tor +iat =oup wbo are +atarestod caly in oreducing a trans-~

fogrrer Woodo 20rTormencs 11T ful”1ll eiated roguirensnts, thore will

22~
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be 2 crhaptor complote witain itoclf, Zn which a gtap-by—-step prooedure

will cutlinc the roane whercby = coil 1ay V2 desipned ordl weoduced ard

&

which will eigo suggezt couxoes to bo Tollewed if <he end product falis

short of

o Gutic There will o no mathewrtlcal derivaticns of

thocretical oxpienuiicng 4n this crezter Wt feotnotes or viher rofor—

= e T pempm e st £ S A P P S

onces will tie tixlc yortion to tile mafn section of tbe 1omual.

¥y the muin ecctiad wiil be iho teckground 1aterial which

will provide cagincoring=tralued poracamcl wiith mETictently dotalled

P

et.pilepuliaig o funcamcutals to serve eithor oo u roview for a graduete
snpgineor o 26 8 sext far an enSineering traineo. It 4g propesed to

ke thig porticn camlete uiile at +ae gaae tlw omploying every means

i
i
]
§
i
|
|
!
]

poasible to el The ln‘cacntfztiw'nifrglc, logical, ddrect, and woll
{illuotratsd.

T tosk will not be i 6asy 0it. Tt 13 otvigue that 1o
& ~icld go arge and Jo commlicated 1< will Do difTicult to aveld orzcrs
cod oxdasioma. gl of the contracter sontisuus to o o include
w3 rmich partinent feforaction cun colls and —panvicatacrs ag it necosaary
to mrovide <lat wrcluttorad basizprouni frow wiich _ay bo drawud desim
winciples which are basseally acund. Stated anotliar wey, 1t %g hoped
£int tkis sSumuol Wil D2 A cofznite oiep towards couveriing the eort

-~

of coll aosipn to the soleuce « ¢ccil dcaig=.
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CORCIIISION

While bat 1little of tle data accu—ileted 4in the coursc of
<his otudy hzs tecn comlctoly cvaluatod, 1t 1o voa3ible to cnco
—aro extract cortain £indiags a=3 to ervitrarily asolgn Lo thece

firdinzs the importance ugually ottcchod to coacluBiung.

Fren tho stork of the third guorter, tho Tollcwing f,nding::
arc presentcd:
1. Multiple 21 colla do pob necossorily bave higher Q'c then

sinsle pl coile of the oap inductanco.

¥alsinlo »i windings e u ojecific inductance roqQuire uore
turas oor pl ee the gsacing Detwoen »i'a 1o incrocood.
Coil forms of cexuilic —roriala shos (rontent teiperature

gtadbility.

The greater tho coc?Ticiont of linour oxoonoion, the less
the tormorsatwre atabitity of a coll forn nteital,

The additiam of a textile gezving 2dds :mtorlally to the
coot of mepnet wiro.

Magiet wire filn ipoulations shcwring the sroatest te:peorature

s
Jilemed b

!

stcpility over the rocn to 05 ¢ renge are thoo2 4ngulatione

PLI,

phi it
)

intended for bigs termoraiure oxeration.

In gonexal, tho nost siable colls are woxd with 73515 ingu-
lated rather than te—t1lo-gorvod magnct wires.

The effect uren Q of 4ists per foot oF T4t wiye does act
apposr tc be as grect ag 1o coenerolly Peiisvode

Uoivorssl windinge containing large ancunts o mapgnet wiro

do not appear to be =cre genzitive to tcrperature ckonges

-24-
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T, vy

+¥an windin = camtaining subatantially leas wire.
me offect cf ¢ shileld 1z propartimally groater upen coils of

rolatively bigh Q'a than At 10 upon coils of lo¥ ¢'o.

o effoct o alilelding unan a coll dces rot geon to Do Iinfluenced
by tke presence cf an irca core o loxg as tae Q ia aix cf the

coll is unckanged.

Overcousled tranofcrmers sbov calinite doubls zoals wiils critically

couplod wnd wmdsrconpled tremsformara show caly coo peake.

Tncrezsing the coupling of a trenoformew trcadens 1is rodpoudo CUIveo.

Pranaformore decigood to oporate into a diode require hlghor ccunlings

than units dogignrd for intsratage operatlon.

S TINI 1 ATITY DN MWD sy e Sy < T
B NG S 0 SR SN R onsI SN | TN
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5. PLAYMS OR TOURTS QUA TR

Ghe lobaratary slwacs of 113 projoct my be exX3scted
to ccnclude well wituin the coming quirtay, I3 18 sinevitalle that
23 data i3 collected and ovaluated the neod may arise far Turther

oxzloraticns alcug srocifis linsu in axder te Jully clariTy or

oxplain certain chserved charactoristica > Lo exllanaticn of which
00cl8 necesoury Toar tho maneals, For tais yeagon it 13 planned to
reviow all tost Qata early iu idis quartcr. I=- this way the Tinc~
inga of tue labaratory regram ey le faivly evaluatod in advance
of the tiom when reaulis st e fncorsorated 1m tho text ang ir
Wori mal be rescated ar expoided, timo will ttus te available,

Tho activities of these wio are aarviIng ag censuliants

Yo this mrojoct will o dccelerated. Thcir contributicug will Bbe

Tfittee into the text 4n g Sanper each that rilcular cpe-~
clelties will acsurs optimia valuea in the vverall projoct.

The mjar ectivity of tke Projeut Suiorviscr and hig
asgictant will Ducessarily te devcted to the 4es6nbly of the tozt
off the manual alug with the coarks, grasos, s:otchss, potograpks,
nomograzha, and cther rolated visunl mtorials whica will Support
the text. In txis rhage of activity, tie Helrou~Ii1l Rook Cozanz—~—
Particularly Ur. Xeith Fe < clegely
with the coutractor to see that tho vemulting text ia ap canloto
and readablo aa poosibla.

Following tho ocuyietion of tue portica of tho manusl
dealing with tha thocxy of cotls ani trs'.mfoz:-ara, a dogige mothod

(or methods) will bo =xtracted and zreyaisd ag a sepurate sectico,
-26.
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8. uaIouns TIETELD

Mnalowr etpeniad daving dke {xd cua tox

.
- ——— e e ,-/
v, -~

1 Zasaixy IZSH to 31 Mavch 1934

A. i7. Badley. . 494.5 Fours

A. Decarle . . Yoo "
Kruczek o . 286.5 "
0*Cannell, ., . auh,7 ¢
McCormickz, o & ' 32,5 ®
Dclan o o o o 1775 "

Co BRGID o & & & _dhs

0L 2274.2 Hours

Nm"rars:wm:.—;;w ;\:} e ,,w- 2
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TETTIICATION € TRORITOTAS

Dozt B. £fth 12 Vico Prenldent of +the Ccrporntics.

gesiah N, Tenucle, Director of Engtnzering, 18 o

greduate o the Mow Yool Ueivoroity Zagnzeringe Cellegoe with

a degreo of Bachelor of Sclence in Electrienl Ingincering.

Mr, Mezzela i n redfo ongineerisy; since 1928, end
Autemitic dMemifachuing Corpuwratiern ginco 1936,
von guccesnively Chief Prefucticn Engiroor, Sgoistant
Chiel Imztnecr, Chief Tnginesr, an2 Dirvecticr of Engineoring.
B 2g a roaver cof the gultants Crcw) c: IF and IF Tyroang-
Terzers f the Researck and Dovlon=ent T Zcord; and 8 Sexlor
Mozber cf the Ingtftute £ Fodlo Parincers.
In Lis cazacity iractar cf Tnginecring he 1e

clcoo touch with ¢hic o cemsuliation

unrvieicn 13 midng ¢ a2l coatziTuticas to tro

rbzses of tho develon—ent,

Joim 2. acksr holde an E.E. dogrec fron the Usiverotty

of Cincimati, ond the ronl: of Licatenart Celonci, United

Stcles AxTy Reseave, hag dron eizlereld bF Goner

Noters Coxpuration; Cresley Pailo Carnereticn, amd foon 197%

tc 191:1, v:ag Chicf Dngineor ¢ the Gon-Ral Monufacky cling Ccotsany,
ter the Gemeral Cofl Diviaicn of the 'hiter Ccoxnye Frexm

1941 to 19L2 Lo wea expleyed by Denry L. Crowley and Coopans

in develoxmmt and-epplicotion of digh fraquency rozdered etal -

carea. From 1952 te 2945 ho served as 3talf OTCicor 1n the

Productlcn Division of Angy Sexrvice Farceas, i eixdngton, D. C.

Since 1845, bs kea been asistant Chlef Dhicineer of Autorott

f
x4 s
Ao i e d s
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b:«::::zfac.turlns Ccaporaticon.

e paz beon iatimately conuectad witk tihde project aince
1tg bopizring. Together with the Project Leaier, he foarrwlatsd
the gemezal plap of cttack amd romains sctive in the dnal roles

ot adviscr end conqultante

£11en », Hadloy holdo a Pechelor of Arte degreo Trol

Clark Universlty. Es bos cttended tho Greduete Schools of
Olark Uaiversity and the Uriversity of iassachuseits. Fol-
ic7ing Bixtoegn JoIIS of toaching Chewlistry, Phynica, and Photo-
graphy in the pubdlio gchools of How York and wmesachusetta be
becaw, iz 1942, a Civilimn Instructor in Kathemetlcs and
Draie Electricity at s Sigoel Corps Bulisted Ressrve School

at Springtield, Jassacmsottas.

Tp Soptomber 1943 he Joinad the Englreering Staff o
. tha F. . Slokleg Comany of Chicopes, Magpachusotta as Samloer
Rosearch EZnginesr. From toen until July 194%7 bo wao ongaged

1n resecxch apd develomsut, mostly in caaocticn with ¥F and

IF coils. BEo nelds several petents cc IF TrapsforDors, Dernea=
11ty tuners, =md izon corede. Troan July 19%7 until Ootoder
1951 he gorved as IamPactaring Englneor with regpcnaibility
for Productics Englneering, Methods, wegt and Inspectico,
Treatrsnis, and Quaiily Costrol. Incilaotal daties fncluisd
Bnginecring Oortrol of Inccxing Inspectic, sachmical Adviace
to Purchasing Depart=ent in rattors pertaianing to the quality
o purckaged mterialg, and Enginsor-in-Churge of agnot Vilrs.
®orosd by 111 hoalth to resign bis poaition, ho was

1pactive wiil Marck 1952 at which tire he Joined the Enzinsering

.
/7
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Stalf of mmitomiic ,hntx{":chzrinr Corporation ag mgmeer-m«-
Ch2reo ¢ Roaearch and Spacisl Projacts.

Te 1o an Associato Momber of the Tnetitute ar Redto
Erziroera,

A8 Project Leader, hs ig Irosonily devoting full

100 to this developront end 1g éirectly rsoponsidle for a1l

2k286n of the work,

Zeneblug Szulcrympid greduntod in June 1551 <rom Soion

=221 Utnivers ity with a degroo of Zacheler of Sclence in Mathe=~
milcs (Lagna Cum Leulo), ®His dezreo waa accocmanied by a
¢epartmantal gold medal owand fn mathsmaticas. From 1943 to
19%6 he Gerved in the U. 8. Infeatry wheve he Participated

in the Arry Spacieltzed Training Zrogram, later beccxing an
inotructer in Radio Zaeory cnd Practico. mMs Tivgt Industrial

empleyer was the Electronics Diviaia of Curtlaoa~riaht in

Caxlstads, Hew Jeraer, whero he wag omployed as g 8racifications
Eaglnosr botwesn August 1951 aua arch 1952, N
He Joined the Englrcering Staff of o Jutamatic Manu-
factwing Capcration 1n Mzrech 1952 ag & Qail R Engineor, Eis
duties invelve all ptases af coil devolopmnt including winding,
ioregpation and reatmnt, testing, ana genorul devolopmant
@ IF and IF trunoforams. In adsition, he 19 contiming kiag
Ensinoering cducatian aid is an Evining School Instructar éRt:

Seton B3l1 University 1n et gcaozbry and Calculus, \
Hio asalgmonts in thig FoJect are of a ressarch nahA

\

particularly those where mihoratis 1ntarpretation 15 hecezeary, \

/
B2, ¢e oML entered Upsala College 1n 1938, During |

TYRIIT mos e ey

m.?r» SR B

Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R0 4




Declassified in Part - Sanitized Copy Approved for Release 2013/08/12

)

sumer vacaticms he worked on Polise Radlo Counicationo
Eqaipzent st Link Redlo 4n Tew Took Citye Im 15h1 no loft
collegs end accepted 2 Degiticn &g 14nal gyoiems Tester on
telephane caarier and toletype eguipnemt with the Keorny
Works of Wostern Electric Company. Puring 1543 he trams-~
Porred to the Bell Talevhone laboratorles at noyray 311,
Ylew Jeraay for Sevolcoment work an clapgified elscizanic
equipnsnt, leter wotizrning to Wegtern Elootric to aonist
in the proluctica of this equipment, o 1945 ko becams @
Coat Plosying Bnglnesr aspociastod with the producticn of .
400 cycle power ond TALloe rensformors, IF traneforDord,
o cliokss for Tedar equip=ent, Ho later nerved as Equip—
‘sont Enginoer for telephone apperatus end &0 Bquipment
BExgineering Analyste

In Sopterber 1048 ha left Vestern Electric Somany
to comulete his final ya;zr at Upsala College, graéuating in
Jeme 1949 with a Bachslar of Sclcace dagree in Fhysicse He
thaq Joined toe Engineoring stafd of Antomatic Manmufacturing
Carporation vhere he 48 nce® Group leader regpcosible for the
design end epplicsticn o high fraquency EF end IF colls Tor
TH, television, and asgoclated Tieldd.

Tn 1952 he comploted & ccurse in measurenents and
testing In radio and %telovigicn =t Rew York Usiveraity. EHe

‘ ban been a llcomeod mmbour radio opsratcr gince 1938 (Class A

ainoo 1939) end has held tmo cozercial lloanaed whicda have now:

expired, He is & moober of the American Radlo Relay foagne

and an Agpoclate Mexmber of tbs Tustitute of Redio Exglneexs.
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Tn thig devat_oent 29 bar Bsen largely responsitlo

fezr planming the high frequency portion of the workz progran
znd will casist In ite suzervisior and in the Intorpretation

of the rosulting experiuentel dsta,

Cresier R. Keuszek attonded lewarx Collecp of Bagineer—

ing, leeving ©'nr the Xavy ir IF45. Waile in service, he comr
vlated thae Electronles Techzlclare Progren and became an in-
‘gtructor iz the Favy's Chicago Treining School. Following

123 discharge he eurolled 1o the ZCA Institute 1in Niew York City
whars he stuiled sdvenced Technolczy, grcduating in 1543, From

1749 to 1552 he gerved as televisican techniclan with a private

sa2rvice orgenization.

In 1952 he Joinsd txhe Enginesring Depoxtment of Auto-

mtic Maoufacturing Carporation where i:e has beep associated
1i4h telovisic: tuner developsents and with relzted test
eguipnent in both ths UIF and VEF bends.
Since dd-Septemder ke has beon assigmed full tims
to this 2roject. His respensibilities include coll and trans-
crmer oeasurcements, cesign of special equipment, and super—
+1glon cf temperature cocificicni testse '

Lnthen~ DeCorlio recelved his Bechelor of Sclexnce

Cegree in Eleciricsl Englnesring at Butgers University in

1351, heving complsted four jears cf electrlca‘ cngineering

s=d one Fear c indusirisl engineering, TFrom 1943 to 1946 he
gorved fn the Army - first ss raiio cperator in the Field Ar-
121llery and later as Traffic Apalyst in Radic Intelligsnce

in the Suropean thester, In 1951 ke Jolned ths Roginssring

35~
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Iopartmsat of Autcematic panafactwring Corpozation as Dosien

gty
Caatet A
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Pazinocr on IF tranaforuecsd, K= cholws, and special coila.

Eo 1o an Apsociete Menber of t=5 Tnotitute of Radio Bngirserse
Asgignad full tims to ¢his prodoct in Septenber, he

13 pressatly respcnsible for oo il winding end transformer

doalgne

Zutelio ticCormick is o gredmnatv of Drake's Tusinesy

Collegs of Lowurk, Mew Jexrssys She hag beez in tho employ -
of Utilsty Blsctronlion Corparaticn, Link Radlo Corperatica, .
virdiga% Aerozsutical Divieioz-Curiies Fright Corporaticn,
apd Petsr Pap Ham facturing Cmcratim. ,

£ G~
Her tusiness careor has baan largely spent lu 6T

o and
ginssxring r:crf whers ohe hag collected, recorded,

S SN BN R

e

snterzxoted engincering date. She asaisted in the PRC-8,

[tiyegt
WS

é. 10 otandariizaticn and test progracd and hat &cans inton-

- oz
sivo wiark in tho rreparation of grepha besed on engineexring

data.

QETYS IR TR | Y
,

R intiy

She joined the Engireering Department of fatozmatld

If.nnufacturlzg Corpcretion in September 1955 a8 Englinpeerixg

RSt L
i B Gandiidig

Aszistent assigned to tkis prograd. "She w 1111 actively esosist -

+hs Project Lsador in g1 =-aeas of t2e devoiopmont - par‘i.- ..
. T calariy in the oreparation of the manual, the translaticn of

arpsrimeatal and engloeering data into vizual forra, and 1.

ths goperal cocrdinatico of tba project. ;

328 Jo Dolen Jr, atmnuod the pdllo ac:'!ccln c'

vuim C‘l‘éy, Reu JSTEaT e mmm tht Ue Ho Hm in 1959’

Bo- gradusted fron the Claes A Sloctrcale .-Mcw .,chovl .o

23—

1

Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150003-4



Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP§‘I—O1043ROO2200150003—4
(N ' u 'iz. Ii N thy

xS

S eIT b mpcw D EPTNRY mMee ek Tih D e =g e v

2furo sooving as olectranic techndcian with tha Atlantioc Fleet.

Hie iniwcirinl cxporiere: inciudesd werk foce the Hlactrenica

Divisicn of Cwrilas-wWright Corgerailon nnd Vitro Ccrparatice oi‘
Amorica. 1o iz wrosently ecrolled in the Newar: Cocllege of Ingiacoxr-
irg where ne ic stuwdying cleatirical engincoringe.

Ho 1s aosipned to thig wrejcet oo leboratary tocknicien with
rocponsitilitien including ccdl mec oncnta, temporsture ccef-
ficient tooting, coil immegsation, and other ceneral lsaboralory
dutios.

Cecil B. Zwain attonded the Illincls Instituto of TechnolcEye.
Dioing Vexrld Var II at KHortistesiorn Undveroity erd Uriveroity cf
Cricago ko tinX numsroug E,SJLU.T. cowses in ulirs-high froquency
tocinigues, vacuus applicoticug at ultro-iiigh £xreguencieu, highei'
mthenstico fo= engineoru and mbysiciots, cnd olkar subJocte e

ils profecsiopal exporionce Includes esvon yearda iv the
Englneoring Dost. of Stowart Wirnor Corpwration uberc he designed
a3d devolowed —adio receivers. During Jerld .ix I to did englnoer—
1ng and ceveluning v o Ico) anteanas Ior, uizceaft, altiisctero,
and civection finderse. Siuce 1945 ho has uverlrd oo weather ob-
gexvaiica oqui_swrpt and has sariicipatud in rocaarch and develon=
meat ek o r—T and 1-f ocils wid thedr ajplications to electronic
oguipenia.

“ties =2 this aroject

f4eld of condled clrcait usasurenento.
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TESIGT XSTRID
fer
FICH FREQURACY TRAFSPORKRES

I. Cbiectives 2rnd Scopo

Te=so reguiransnta cover rescaroh and developrent re—
lated to desim, faimicctlon end tesd of high frequency trapno-
formzers gush 89 1—f and lov porer rf. Classes to bo inslpiad

are: wtused, single tmal, doudle twnd, wripie tuncd, and

tapped versices of all thess types. Rogearch and devolopssat
\
i3 Lo oorer the follcwicg pimsaag .

A. Sturdy end research into the thecretical and mmterial re—

quirements Tor optimm eloctrical, msgnstic, and mashanical

dosign of high freguency translformers.
Tho establizkmont of presoribsd rothcds of design of thase

traasfarers.
Ii. Reguiremcnis

A, Elestricali ensd Meapsmienl

ko nothold of design to be eatabliskhed ghould take
into agcomt ths variounz cparating ravieoters that corld
vo £pecified bscawe of ths oircnit applicaticms, ag well
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13/l x 1-3/4"
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15/16 x 1-3/8"
15/16 x 1-3/16°
1=3/8 x 1+13/16"
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5¢Th
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55.7% 53
2.6% 1,0%

1914 18.8%
1049 9.5
b b LR
2 .6}’: L.5%
L7 0.8%
1.6 0.5%

8,04 7400
5.9% LR
1.7% l.2¢

Lh .04 43,64
2,1% 2.2

17.6% 17.5%
10.5% 10.8%
5.0% 5426
2.64 2.9
15 1M

1.3% 14

7:9% 8,1f.
6430 6.3%
L8 2.2

75.66
5.8 |,

h1.0%
25.4%
12.2%
6.5%
32
2,%

20,5

5.5

7503
1,05

40,1

25,
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6.5%
342

2.3

20.5%
W7
5.8
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Viax

37othotic Baking Varunish

Syatbetic Baking Varnish

Synthetic Balkdng Yaraish

:Silicone BaXing Varnish

Coll Imweisant {Ccopcsition unikncwm)
Cagiting Material (Styrero base)
casting Motorisl (Epory tane)

Aly Drylng Lacquer

Polyecter Resin

Polyeator Rosin

!
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Bzoxy Resin

Varnieh Tainner

Silicone Enamsl
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0ol Porm Materials

cP-17 IX Bakslite (Molded)

cF-18 XX Bokolats (Rolled)
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pe/OC occunied tae nther end of the scale.
tt may surorise some readers to tearn that
forms of untreatad Kr-aft paoer from two
stippliers were worsened by approximately
20 per centwnen subjected to wax iworagna-
tion—a orocedure nade necessary in prac-
tice by t~ehygroscopic proparties of the
paper.

A check of tne cecafficientsof linear
expansion of the various matarials shows
reasonably good corr=lation witn the tem-
perature ccefficients of coils wound on
thase matarials. This mayogs<ibly be in-
teroreted 2s pointing to the advisability
of having athand complete information on
the physical as well as the electrical
prooerties of materials under considera-
tion for use in transtormzrs of maximum
stability characteristics.

As has hYeen said before, no attemot
was made to take sbselutemezsurements in
the above mentioned testing program, Re-
sults arz given in com/9C because of 2
¢k sire to conform to accepted practice.
Since the basic conditions under which
the tastswere conductad were Seld uniform
and because the operating personnel made
every affart to avoié¢ deviations from
established practice, it is felt that the
indications obtained m2y be considered as
representative of tha ~=aterials and that
they may safely De used as guioes to good
design prectice.

F
3
i
ia
=

A i

Tc conclude this phase of theorogram
it is proposed to evaluate in sinilar
fashion oothtreatment materials and their
methods of application. The Tinal step
will 5o tocheck the valiaity of the find-
ings by cabining tne bast wire, tne best
coil form, and te best treat-ent and then
to comare ceils thus constitutud vitn
others recrzsentative of the avarage and
the pocrestof the three basic materials,

Declassified in Part - Sanitized Copy Ap oved for Release 2013/08/12 : CIA-RDP81-01043R002200150003-4



Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 . CIARDP81 -01043R002200150003-4

A%h a 53/8 tnch cam is aplit uz into three windings cach made with a

1/2 inoh can Iat having a total infuciance equsl to tzat of the cxriginal

tiinding, 1t will te Tound thet the Q of the rulti-pt winding will dbe
hi ner end tke diotritutei capscity lower thaon that of the original

winding. A dzfinite adventege of mlil-pl windings ezmpoors iIn the

AT AP P R T

.

g=aller OD's which S.ousen the icoses cause2 by ebielding.

N
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1
et b

(aae

4z Wire Studles
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wratd

t£h=t the ugc of mulii-strand wire of tho

P

et
i

ty7oe camaly kmowm aa Lits offers subetantilel advantages, particularly
im that portion of the faoquency gpectrum Irom eround 300-xc uzwaxds
to about 31500-lc. OCue feoature of tiis tyze of wire abcut which there

is not couwpleic upifcerdty of tmderctanding 1s the 'wifect of varging
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the twlzte per foct of the indivicduel conductorz. Gonuine Litzendrsht
wive, which 13 mot wuade commercially ia the Upitod Stutea, 1o nore

then & telsted wire in tkat 1t Zua the individusl conducters so oiTenged
tzat cach ceninctor cppeaTe cu the outsile of tle stracoding 3s often

23 it appearc cn the Ineife. This 1o to scy th.% not only axe tho -
1534vidnal strunds twisted bui in eddftica tley uare disslaced 1z a
songer gimilar to Tralding thus insuwing acowateo placcrent of 't.‘-
giranis. By contract to tThis ratier complicated unfzchuring rccessd, --
f-oricar Litz wire is guszlied 1x a nambder cof foriwg red asns froo no
ariptc othor tlen treso resulting from the pessing of ke Zniivicdual
gtranis through the serviog mechine o 8 2cleble maxdinmum of 18 twists
por foot in the case of cae gudplier. ‘Even hirker numbers of twisis
wor foot are Srequsmily supylicc on special crder st the reqgucat of

epscific cugtcerse

BPRSLED s e S PR AT U e (R SIS 2SI S s SR S T eine S n C p e L S TS e st s £ AT e
Lt L T T S T T Tt A B A% o !

- ,u»-" . .
e p—— = = - - = e ey
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this perticular polnt.

Trrough the efforts of the &igaal Corps, a sacple of 5/hk

Buropean typo Litz wire was procurzd for evaluation in tkis prograne.

This wire was received marked za 5/l single Reyon enamol, dut a check

revealed this marking to be in sccordance with Briilsh wire gauge in-

SRP N TPRT s e L] S VAT S AOai av) Mool bt mivacy

gtead of Amorican wire gouge msiing it mcre nearly comparable to our

5/140 T4tz and it 16 naon this basis that comparisons were made. Test

RS n v v TR T LI AR ol el el et wrtr vl M TN

colls wore wound using a 3/32 inch canm in a winding of 290 turns which
at 455-ke sroluced ap averags @ of 112 on the Zritish Litz ocomzared
to a 295 turn winding made with the sems sotup on 5/40 single =ilk
seracel American Litz whore the test colle bhad & § averaglng 116.

It 18 wfcrtunate that the serving cn the British Litc wes of a syn-—

thatic yarm since it males impcsaidle & direct couzeriscn with silk

. cer it B A S SR B A PR I o

bat in view of tho rccognized fect that rayen eerved wirea give loser
&'s thon e1lk served wires it ssems safs to assume that Buropean Litz
might show a s8light Q advantage if srovided with ths same type of
serving,

It 45 generally acoented that the numbor of twists per

foot has a definite influence upon toe { o Litz colls. 3acause our
Tindinge @id not suprport this prenmiss, it wss cocided to try windings
raving a different farm facter in order to eat.a‘oliah whethsr tos colls
first solected bad sams zeculier characteristic which lessened the
ipportance of tho twisis per fcot of tbe conductors. Hew colls wers
wound, also ca & 1/2 inch form, usiang 5/48 gears and a 1/16 inch oen.
Four 5/44 Litz wiroa—parsllel, 18 twists per foot, 40 twists por foot,
and 65 twists per foot--were selocted for the test. The Q of all wind-

ings was fourd to racge between 94 apd 95. The situation was furthexr

-zt
o TSI T A RPTISC IOTITY TN Tt L3E oy B e o P At AN I Y LA et J L el S -+ OO OIS - ol - T ot o -
st S o — CE T _._m_wm.l,‘., ~-~-», DA uj

RS

S - o PSR- ﬂJ

£y
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checked by the use of windings made wits a 1/4 inch cam and sk /106

N T T A LR AR E SR N

gears. Hero the rangs of Q wes Poind to bo between &4 and 8’%. It

. .
. ST T et o ST aiste oot s Sore-

therefore appoars thét the effect of twlasts por foot upcn @ 22 lesc

spremounced then is co=zenly telieved.

'

g tada TINATT

In Appevéix B Pege 23 will be found 8 graph soceing the ef-
feot upon Q and CD of varicua wirea—all ginglo silk eparel-—ranging

from Ko. 37 oolid {equal in cxeo secticn to 5/hh) through various

IREPLET SRV YR TR EA LT

14tz wizes from 2/8) u2 to 50/44. AlL Teadings weTe taxzen at U55-k0.
gshieiding Study

i1n this phase of Jaboratory activity the primaxy purooss
was to dotornmipe tbe effect of veriations in sbield can sizo, £hape,

and msierisl vp-n windings zaving relatively 107 and rolstively bigh

0wt dAcrath prbingtindelibn. bt e

q's and of elr coxo apd ircs cors coastructici.

P

A fistwre shom 2n tbo skoted in Appendix B Pagehb was

biils to £it tke Mcdel 260 Q weter and previde 8 {4rm bage upon which
ths coils could 2 mounted snd the shields piaced for gtudying thelr
affant vaon the golls.

To boep ccoditicms as conatant ea poseidle all ghields wers
out To a ilspgth of 1-3/h inches. Found, aguere; end reotangular cro@s=
socticns were checked as were shields m=de of aluminum, COPFST, brases,
gteel, and zinc. An end spocing xtscco ool and top cf ghield of
approximately 0.426 isca wea mainteinec in all tecto. »ossuremenig
were made wit._b shlolds grounded and wmgrowd=ad. .

Page L7cf Appencix % enoss the results of theogs messWYSIOINE

and polnts cut the s£fsst upon Q &od L o

shiclds of varying sizes

and differcat mailerisiza. From thase results 1% is apparent that

grounding the stield has enly & slight effoct upon the readlngs when

~29n

i

e S TR TSI R

._fﬁwummvnwwf T T me A e P Lo, 1 A4 e S L P e oot Ayt

L T e em s e, _',_a;-'_:--—.‘.:$‘._;.‘_._,7'

.-

T - . .o
aumim e - e - ks . - . -
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cempared %o the BomS ghield ungromdede
Tho aatorial of which the sblold is compozed has & €Ca~”
gldorable effoct VECD tho onclcsed coil. Xb 410 woll recou-:ﬂ.zee. 1uat
placing = mtallic ghield about @ winding 4bich is ensrglzed Py en a-¢
current roduces what 18 effectiveiy o Lyonsfor=0Ts tho uptuned geocnd-
sry o of wnioh conpigid o the phiels cane It folloss poturally +hat
the better “he conductivity of %ko ghiold ratorial, zhe highor “*ha
gegree o ahiel(ﬂn: afforded the coil and Jeus +he lostcB that will
e rofloctel to thd 4pductore
RoLexencd to Apyeuo_i..- B page't %411 sha? +his orendsd to o
supporteé. guaemich o8 ootmor-wtho eut conductcr——haa the leosb effeat
upon Q gpd L cf all *atcr;alu tastet while gtoel—the yooz\aat ocndus
Lomorud both & and L 'bo the g;reuvm"‘ dogres. sinco almmdrun has aly
o oligstdy lomer ccnductivity than cOPWILs 1% ehus only mind asfL-
seroncod iD 1+¢ offect upcd ensclcaed ¢qlla wheDd all other 2actors
are held censtante )
sme offect of shield aha D s phain o Foe? 5]
Ap'aen\...lx o where the cld adBge trab 163 : never be.
clozer to 8 coll then 8 ¢cAdgtanoce aqaal toc tha coll n appoars
to bo well aupyoﬁcis‘
it s wortny of pote that the offect of & ghicif upcod a
ccil of poderateld phgh & is -.fmtsntiall‘ areater than 4% 18 uecs
octls of leweT Qts. yihether CF not tae coll 48 of the aiy core tPe
..m:gortance

L ceBebs

I% s planam. ¢o centinue tnis &% 7 of snield a8 in tbs

! y1oinity of 2 o .axd cgain around 50 Mo end o explore tBO efgact .. -

-,h.,.pqa.e.glu.aa-:avn.gc-ﬂnm-:aﬁwpunaa.- © e e e T3 et g S
3 " = =3 - r =
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e e TomATE s

21 .atecel shield cand. Froo the rosults of theae

gtudiso 1t is planned to 4ncludoe in tle Degign Marual ccnerote recem™

.pniaticns Tcr shield Gesipn beged wgon the effect of cuch phields
wpon the inductoneza which tbey enclcouo.
viriting

Substantial rrogro8s 1y, thic pleae o +he work bag beon ac~

complished ¢uring thie quortor.

e

'
!

U RN TR & S

The partien of the r-anual devcted to mteriala f conetruction
}es been cciplotely rovised opd TLEX sten. Accumulaticn of vimual @~
terial bop bLeed staried &5 bes work loading to the ayrongemont of natorial
witkin the chepters where, ipsofer 238 iy woesille, gupyorting vicual
eterial (including tadblog, credhs, shotozrupls, nomegraplis, etce)

%11l be loceted in clege rroxinlty to tho related text.

v

05 e V5d e #?

mre sacond pertion of the mimel deualiag with theory end

et
t‘k.-.;

PYRRIST T PL) :j

deoign %8 well unler way. Grectost wrogresst tac teen in thutl pariion.
* .
doroted tc the theory of coils wnd coupled circults. Tere such subjects
2a inductance, casssitince, regcnance, pbade, £-apodance, G, amplifica-
ticm, and those othey terss clcsely 98 sciated witn high frequancy
trancfeorz=ore are dlecugssed in sufficient detail ard with guificlent
guzsor.ing rathoratlce to pnavle a peSrson with engincoring training
to quickly revien basic meincilog——cr A vogivnar o acquirs a ok~
greunde
- .
<4 15 o) ihat this menual 4411 achieve moximun value culy

A}
if 4t 48 80 arranged the’. 1% =9y e ugsd efficiently vy tac dlatinct

othcis od Ty ha distinct classes ol reuderde ‘e

\
For isat grouz who ore {nterested caly in preducing @ trans-

former whogo oricamance o111 fultill etatsd raguiremwnts, tbore will

22— H
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be & chaptor complete within iteolf, ip which a step-by-step proceciure

tyon

il

e id

will cu<line the rx=re whereby a coil 1y bz "Geoipned ard oroduced and

F i
eolu® BT e s

b

¢

which will eigo suggeat courses to bo fellowed 1£ ths ond zroluct fells

T
ALl

short of expecieticns. There will to no == L cerivaticas of

sl

thooretical arplanetiono in this ckspter Tut feootneotes or other refor-

AT
7wkl
e VLR e

raﬂ

encos vAll tis this portion to the mair secilan of the wnrual.

Ty the nmoin eectlaa will bo tho VLackoround mtuerial which

o i st Sretes s o 9 8 ha b 0 €

will yrovide enginceoring-irained peroaanel witlh opfficlently dctalled

explagatians o frndsnentals to scrve elther ag u reviwi far 2 craduatoe
cxgineer ar as 8 text for an ineering trajneo. It 4o propoged To

ke this portion camleto while at +he zae tlx cxmloying cvexy woans

PRI SRR P

pea3sible to mep tko ircaentaticn simple, legical, irect, and well
i1ilustratod. ’

Tha tesk will net be an eaed once. T+ 13 obvigus thot in

2 Tield ao large oxd vo complicated 1% will be @iflicalt to aveld orrors
ozlssicca. Thas gl of tze coniracter contiqueg %o bo to include

mach pertinent information o colls and iranslowmzrs as 1s noccinary

.o peovide tkat wacluttered backzound frou vwhiich .y e Grown desicn
+incipies which arc basically sound. Stated encthexr wey, 1t i1s hoped
tat tkis mamual wilil b2 oa definite ptep towards convertling the cxt

-~

o coil Joslgzs to Tus sclence 4 ccil deali¢m.

R S SRR TN RS

e T e
S

e~
v
Ha
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HCLUSTIONS
whilo Pat littlo cf ilie cate ascumlated £z the cource £

this ctudy has toen comalotel)r evaluatod, it 40 uo3zidle To onco

nors ertract cortain findings and to oriitrerlily assiom to those

Tirdings the impcrtance usually attanhed %o ccacluciona.

Trom the work of the third quertor, the fellowving findiacy

s1ltiplo 3t colls de nobt nocessarily have nipgher Q's then

ainglo »i ccdle of the aao induoctance.

18 A B Vb Bt AR 1 57 1l /A AN B St} S e 2\ L R YLD S T8 1)

Multinle »1 windings of u secitie inductance reguire ore
turng Doxr pl oo ithe epacizny betoen =i'o 15 incrocsed.
Coll faxrmy of ceruidc meterials show preatost tezerature

atabllity.

Tha greater tim coefficient of linon> oxxansion, the lesa

the tomserature stability of a coll Torn mtertal.
The additicm of a toxtile gerviag adids :nterially to the

coat of iopgnet wire.

s T s s et S s s Y1, GO M AR TV

Mampet wire £iln insulations gxaing the groatest touperature
otabllity over the roon to 05 C reagn are thoso Inaulationa
iIntended. for hipgh teorporatwre oneration.

In goneral, tho mpat stadle coile ero wormd wite ©ila insu-

" g aee oy Sapee Wb 2e ¢ A dun o

lated rether thon taritilo-served ma=act wires.

™o effect uzcn Q of twists pex foot of Litz wixe dcez not

eppoar to M as great za is generally believed.

ST VCII AT e s e

Tniver.al windinge contoining large ancunts of tagnet wire

do not apmaaxr to be cre genzitive To tormeratuwe changes

R E

Tl e § e g foh) eigur gl s
e TSRS R TR
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than windinga contaising sutotantlally less wire.

The cffoct of a shield 13 mronarticaally gree¥er udon coils of

relatively aigh Q's than 4t 10 upon coils of 1w G's.

The effoct of ohielding zzon a coll doee not sconm o bo infivenced
by 4bo mxesence c an iron core go lang as tbhe Q i eix cf tke

ocoll is anchanged.

O‘fe:;cou‘_::lexl t—ansfermors obow Gefirite couble poals while critically

conpled and vmderccuzled trzosfarmers show anly one pIBZ.
Increasing the couzling of a trapsforner roadons 218 rogpales CUXVo.
Drarafursors desizsed to oporate imto a diode require highor couslings

than wits dosignod for interstage operztlom.

& L
et

Aidib

Wi

et e
A Ot et
Pastiesr ot - sxr” “Li.a
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FLAYS FOR FCURIT GUARTRR

the laboratery sbuaes of this wroject may De cxascted

to ccaclude well within the cominz quarsor. It 3is inovitadbis that

ag data ie collected and evaluatec. the zeod 1oy arice for further
eralorations aleug spocific liasy in aader tc fully claxify ar
axplala certain observed c’ne.ractoriz;tic: , 4n explanatlica of whiich
Geomd necespary fur tke manual, For this recson it 18 »lanned to
roview all tost deie early in thls querlor. In tkis way the Tind
inge of the lobcratory ;erogrczn may be fairly ovaluated in advancs
the +im when rasults must De i_vzcaruaru..eu in the texi and i

work rmst be rescated or expended; tim_wil]. thus Le available.

Tee activities of tlosc wulio are swrving og- ccasultanta
to tbis rrodect will be accelerated. Thaelr contributicns will e
Fatted into the text ip a mamner euch that ticir 14w <rticalar cpe-
cialties will spaumd oplimuwa valuea in the overall

The major activity of the Prejoct Suorvis
eaeistant will necossarily be dovotsg to tha Gesexdly

of the manual slorg with tue cnarcn- grayns, eimtchas

namograzhe, end otber related visual matorials which will support
the text. In this nuese of activity, tae dclrww~Iill Book Cosany-——
particulerly dr. Xeolih Bouvey, Editorisl Director—iill work clegely

w4th the contractor to see that tw remuliing text ia e caouploto

LTSRN

end readatle as possible.

~

Folluwing i loticn of the poxrtion of tha mar:al

e

PN O LI

desling wita the thoory of coils and traneiormers, a dealge ’-.‘etbod

v
2 oL

(cr metbods) will be sxtracted and yrepared &g a sepurato secticue

P

PR Lder 4
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cotirnting prosyoEd cn cusl

aiel utth ki urcject, tuo following is
u3 of L apeil 1934s
WHETLAAS O0F CUASTUCIION

Tutroiuce i,

e ictic CUNCE o o o o
~1 .. e o Tuandis

VAootountio LUINIEYOe 6 e

Voo, vaoszighes, Lucquary
and Cems=l6e ¢ o ¢ o o o o

9. Tomes & Filn I Ingulaticng

PART IT - IESIGH TECHRICUES

O. Introduction ¢ o 5 o @

Windings o ¢ o o ¢ o @
Tyoo8 of Construction.

tethods of Teating . »

’

ricks of the Trade.

lMothoie of Desimn .

PR PPN

Bloliosadhy o o o o o o o
Stapdorés of tbe Industry. H0%
Buzer's GUAde o o o ¢ o o o Work susmended at

regueat of Sexrvice
Rerresentative

Ak s &
""""""""'",":..,--f"*ﬁu'_c.. Fie Sansst s s
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IDTITIEICATION OF TRCETICIANS

1o Tico Prectdent ¢f the Ceorpercticn.

c~zola, Tirector of Engtineering, 15 &

tho Waw Yerl Mitorcity =ntxeordngs Ccllege with

drn wmRiyesl

Sacheler of Science in Eleoctrlceal Inglr<erling.

M, Mezoola hias been in rudio onsincering since 1928, an

nas been with Auborntic Mamfactwring Ccrporaticn Ginco 1936,

PR TORN P AT

Yeving Toen guccesoively Chief Prcductica Engireor, Asgiston

thief Engineer, Chief Magineer, and Idrecicr off Engincering.

it

RTRVIPHYC VIO KT )
TUATITEITS RN AT A

Ts 1 o ronber of the Ccoasuliants Grou) o ¥ and IF Trena-
i
fermers of the Recearck and Dovlozrent Toard, and 2 Senlor

ieioty

Uoober of the Instilute f Radle Tnincerg.

i

et

In bic cavacity o3 Dirscter cf Fngineering he 1g In

et

Ty
[R5 P o )

clolic Ttouch with this zroject end through comouliatlon aend

al

PN

urorvigiay 25 midng cubstantiol contritutions to the varicus

Y o

-

anen of the dcvelopment,

‘__

NETPRY|
rpetaiviey

Solm T. Tacksr hclds an E.E. deom fron the Uznivercit

wa oks

of Cincimmati, aud ibe rank of Licutenant Celeonel, Tnited

Siztes ATy Regerve. 1. Tucizr kog beos o L T7 Genercl

totors Sarpcration, Crosley Radlo Carncez Tron 1934

to 19!';?. was Chief Inclresr of the Gon-Rel Musulactwxing Cemmany,

-

+tor the General Coil Diviaica of the Teater Comanye. Fron

b G o getmasct=s

iSh1 tec 1542 he wea employed oy Toncy Lo Crovley
in develoment end -applicatlcs of high frequency
cores. Trom 1842 to X9LS ho served as Ftaff Offlccyr in the

Producticn IAvisian of Ary Service Farces, Vegkingtcn, De C:

Ince 1945, o bez beon Aseistont Chlof Inpineer of Autcmntlc

."'“ norbiln A ver c2iddks 0 clesiam iliemimeans it

e G e

SFRve T "t‘,g_wﬁ;\%{.- 3
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Fanufecturine Qcrperaticen. . i
Fie hae been intimetely commacted with thies project gince
t3 boginning. Together with ths Preject Leouéer, Lo forsnlated

the geperal plan of attackk and rocains active in the dnal rolea

o advipor erd comgulturh.

Allxa M. Boedloy holds a Bacholar of Arte degres fron

Clark Univerzity. Bo Eos sttended Xhe Greduate Schoola of
Oiark Taiversity ard the Umlvarelity of Maosgsacousebio. Fod~

lcuiing oixtess yoora of teacidng Gratstry, Phyaics, and Fholio—

granky in ths pudlle sctools of Hew Yok and Imesackhusotiz ho

tecame, 1z 1942, a Civilian Insiructar 41 Mathemtica and
Bagic Slectricity at the signal Cozme ©Enlisted Roserve Schcol
at Syringi‘ield,-!éacsacmsoﬁa.
1Ip Soptember 1G43 ne- Jolned the Engineering Staff of

. the Te te SicXles Ccupany of Ghicopsw, wimzsachusetts 03 Salexr
Begearch Bnginoer. Fro:m then until July 1947 he mee ongzged
1n roeseerch and developwmsnt, =0atly in caanocticon with ¥ a:nd._
IF colls. EKe bolds geveral patents cp IF TranafarzeTrs, DOIRSS—

11ty tuners, api iron cares. Froa Juiy 1647 until Octower

1951 he eexrved es ianufecturing Engineer with responsidilAVy
for Prcinction Englueuring, Methods, Test md Inopectica,
Treatrznts, and felliy Control. Incidentel duiles fuclaisl

Bngineering Gontrol of Incoming Tnopecticn, Technical Advisor

M =
[

to Purchaoing Departwent in matters psrtaining to $he gquality

o purchased mterlais, ard Engiveer-in~Chargs of lagnet Tilree.

T
et L - .

" Porows Uy 31l boalth tc resig bie poaltlon, he was

s

inactive until Murch ¥52 at which tire hs joimed tbe Englnsering

[N

ety o e o o

4

ts

T
t

oet prarmumarTre Ay
PO 2 .I’
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%) A

Y

taff of Automtic lMapufach: g Corperaticon 6g Engineerin—

Chearge of Resea=ch ond Special Projocts,

. e in an Asanciate HMesber of the Tastltude of Redlo
Engircers. ’ ..

As Project Leador, he 1a presantly dovellng full
time to this devslopment ez=d is directly responsidble for all

ovescg of the work. -

Zenoblue Szulceynoisl greduated in Juns 1951 from Setow

with & dogroe of Bachsler of Sciemce 1 Nathe~
mtica (Magna Cum Loudo). Els dsgree was accompeuled by a
2sparimental gold medal eward in mathematics. Fron 1e43 to
1946 Lis servod in tho U. S. Infentry wiors he participated
in the Arny Spocialized Training Program, later becoming an
inotractor in Radlo Tacory mad Practice. His first Industrial
smployer was the Electwonfog Divialen of Curtigo=right in
Cevletadt, Hew Jerssy, whsrs e was exlored eg a svacificatican
Dugineor botweon Auguet 1951 and March 1iF52. N

Hs Joinod thn Engireering Stcff of Automatio llanu-

factwring Corporation in March 1952 as a Coll Encineor. His

duties invclve 21l pboges af coil dovelopment incluwding winding,

i-mregnatics end treotmont, testing, and genoral devolopmant

e I end IF trancformers. In adéiticn, he is coatimuing &is

Enginecring education amd 1s an Evening Schcol Taatructor \‘c

Ssten Ball University in Trigmometry o=d Caleulus, . \\
Fls asalsmments in this jooject ars of a resoarch n&"'?‘mrvK .

serticularly thoss where mathomatic intsroretation 15 movessary. \

J
Psy J. Ze1iff entered Upszla College in 1958. Durirng |
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Frran

susner vacatimg e viorked on Police Radio Coxmnications

Beaipment at Link Bedio in Hew Yerk ¢ity. In 18%:1 he left

e pogiticn as Finel gpatem Tsster on

;ﬁ-;lln-d

teleghme cixior enl taletyro equipmsnt with the Keerny

Works o Westarn Electric Cozmanye During 1S43 be trems-

el
et s

ferved to tha Boll Telexhano Iaboretories at Mawrray A1,

1
Je

LD

Tew Joersoy for developmani werk on clasogified electronio

L

4
",

oquiprnt, lator xetuwrning to weotexn Risciric to aeslst -

<4
) ih sviptm vy o v

1n 4ho proluctica of this equipment. In 1945 he bscams a

T Y o

Coat Plonming Fnginesr zesoclated with the productivo of

%00 oyolo pover and mulee treasformwrs, I¥ Srapefcrusrs,

ond. chciwen foz radar eguipment,. Eo later sexved as Bqulp-

&
¥
3 1
2
<2

L

:

ot Enginosr for tolephons apparatugs and s Equizmont

Codeds

i 7t
L dundt
)

Enginesring Analyet.

R I T LSNP JOWE T P A /S e et

In Seplomber 1948 ho left Western Electric Company

o
FERY SV 3

o

ta oommiote his final ysar et Upsala College, gracmating in

51

]y

Aot

* Jume 1549 with a Bachslar of Sciencoe dsgree In Phyoico. He

then jcined tho Enzinecsing Szaf? of Antomtio Hanufachuring
Coyporation where he ia ncs Group T.oader resoasible fco the
design and spplication of high frequency RF end IF collo foxr
¥4, television, end asgociated fleldg.

Ta 1952 ks complcted a coxxse 4n moasurerents ond
testing in redio end televiciom at Kem York Univerpltye. 3o,
bag been a licexssd mmbaur radio opsrator eince 1938 {(Clans A

sinoe 1533 =ué Las held two commsrcial 1lcensea which have now.

LIRS W R ke e ke

expired, He 1s a merboe of the American Radlo Relsy L=agie

Tl

and sn Aggociate Hember of tha Inziituls of Bzdlo Englresrs.

-
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In thia develoowent e has teen lergely rosponsible
lanning the 2ipch frequency pertion of thies work progras
its supervisics and in the Interpretation

of ths rosulting experimental data.

Chester R. Fruczok attonded Newark Collsge of Engineer—

ing, leaving for the Hevy in 1945, %aile in service, he com~
pleted ih: Electronics Techulslens Progrem and becemw an in-
atructor iz the Davy's Chicago Training School, Following

113 dfecharge he srrclied ir the RCA Institute in Xew York City
vlhere he gtudlcd Advenced Techinology, graduating in 1943, From
19%9 to 1552 Lo sarved as television techinicien with a private
service orgenization.

In 3952 he Joined the Englneoring Deportment of Auto-
matic Manufacturing Cozporation vhore i:e hos beop assoclated
wilth telovisicn tuner developsents and with related tost
equlpzent in both the TUEF ard VEF bends .

Since mid-September hs kas been asslgaed fYll timo
to thig project. His resporsibllities include coil and trans-
former meocurcments, design of special equipnwent, end super—
vicdca of temporzture coefficlent teats.

Agybeny Dotarie rocelved his Bachelor of Science

degree in Eleciricsl Engineering st Rutgers University 1o

1951, havipg completed four yearw ol siectrical engineering

and cna yeer of industrial englneering. Froz= 1943 to 1946 he

served in the Army - first es radlo operator in the Field Ar-

o 2N LDAMF R

¥,
kS

t1llery and later as Traffic fnaiyst in Redic Inteillgence

in the European theater. In 1951 ke joined tho Zpgineering

R

5"

a e r o
PRI I R
¥

LSRR

2%-

- - . T R R R A R Rl B TR D S
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gl aie s
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NGIR
torem NN
-

-

Department of Aiutcmutic ttomulacturing Corporaticu as Dosiaz‘)' .

REnglipess on Y¥F tranafermers, |F chclps, =pnd speclal ocolls.

Ye 39 Assoniato Merber of the Irabitute of ‘Radio Boglnoorse

Assigaed full tizs to thie project in Septexber, he

rrasently responsidle for coil winding end translormex

doaigi.

’

Dotelle McoCormick i a graduzto of Irals’s Eslvensy

bcllega of Bo=ark, Hev Jerseye Sue has Deep in tho emplcy
of Usility Xlsciponico Corparaticn, Liné Radlo éarpu:-efsicu >
vricht Aercnmutical Division-Cirtiea trishé Coxrparatlcn,
trd Petor Pan Mamfacturing Coyporeticn.

Eor taginess caresr hasg been largoly spent in ea-
glneering woxi whers she bas collectcy; recorded, end
muerg,reted cogincering data. She cesisted in the TRC-8,

9, 10 gtandersiration and tost programs and hes done inton—
:;ive wori in the prepareiion of grephs besed cn enginosring
data,. |

She joined the Engineering Dopartment of Automatlc’ , °
Iv‘an“fac‘buring Carpcretion in Septex=ber 1953 a8 1'~‘mgi.:;ﬁe:r:.'u:xg
A.aistant assigned to tl.is prografie. She will acth‘el.; aﬂsiat
0 Project Leader in all phases of the dgvelcoment - Darti-

* milariy 1s toe propuaration of the mamal, the trapslation of
e:':cea‘-‘;mzntal and erginssxing data into visual formg, 2nd 1n

tha general coardingticn of tre nroject.

H

Frilts Je Nwlan Jr. at@gv:&ad the ubl’o sckoals of

Yy b LA T ot e

fnica' Caty, Sed Jeroey. Fnlimting in the U. B. Havy, in 19{39!'

30

- gracuatod fros the Clams A Electraic Tockodolss School -
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telcomo sorving as eloectrcuic tochnician with the Atlentioc Floote.

"is iréucirial coperienc? includss werk for the Blectronics
Divigian of Curtiss—dright Carperation and Vitro Corparatica of
Amorica. e is yrecently oprclled 1m 4re Hewerz College of Englnesr—
{0g where he ic stulying eloctrical enginecring.

Tio 48 agaipned to thls secjoct ag leberstoxy {echnicicn writh

3 rnia, tormoreture cocf-
reapcnsibilities sncluding coll mocguxemend, 2

th ke b e m Z e eata et i

i vers 4
ficient teating, coil immegnatian, aad otiier genersl laberatory

dutiea.

i G o inois stiiud Technol
Ceoil B. Swwrgin attendod “he T1linotz Instituic of T CLI e

Tortl Tnis 1tv and Troiveroity of
During Viaerld Ver IX at ¥ortimesTorn Tniveraity

EoB MY raes i -nigh froquenc
Chicago he tooir munerous E.5.M.%. T, courges 1n ulira-nigh froquency

tecinlgued, vacuwa app{.ioa’cicnu at ultra-rsygh frequencisd, highei-
potheuntics fo cuginoers end paysiciate, and otbor subloctsa.

s prefeusicnal expurience includes g2von years in the
Engineoring Tost. o stowart woamer Corpiratics vhero he designed
apd developed —aiis 2ecolw During wcrid .ix II ko dic¢ engilneocr-
irg and develu2lng uari ¢ loup sotednas I visceaft, altincters,
and Cirecticn Tfindexs, Since 1745 he hus warled ol woather ob—

N woriicinated im roscarch and develcs—
gervatlon ogui_iont and 233 par tleinat Fo!

[ ima T
m.ﬂ;;-ﬂ"i

W41y

o

PN ;}\".\?-Jm ool

d! T . pmd thelr o solications to elecircuie
ment uark @ r—IF and 1-7 coilo’ end thelr cyplicavion

4.

equizlents.

A

il
R

Bis reo-cnsiviliitiss tiiia axrojece

fle.d of counled circuit iposurenents.

AP e b
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CTSNTTATERINGRGH,

DESIGA HETED

DolG21 T2 Pl e}

fz
HICH FREQUENCY TRAESPORZERS

Ob fevtives and Scons

% 3 WAl e

Tneso rexnirezzatd corer regcaroh apd develormens Id

jated ©o éosipn, Tziricetion & eud tost of high freguency {razg-
fermzsps puch ag 3-F and g Tover ¥f. Clegee3 %o be fvslwisk

are: webmes, simgle tuned, dotdls tmed, tripis tmed, asa

t,:xpwd versions € all these types. I?ose;-s.rch and devolomient
13 to cover the following piassst
A. Stuwiy snd re3czreh Into tho thoca‘atieal and zatericl ro-
quirementa Lor optimm eleciriesl, rogeetic, and e=obanical
doaign of hiph Treguency LrangfCTmsrs .
B. The establislusnt of prescribed rothcis of deslgn of thess
Lrannf cTIeTD -

IT. Reguirems2es

A. Rlectriesl exd I:—'_eaizanioal

The methed of dosign to b actablished should taXo

t
jrto sscount ths various operating paramstcrs thst courld

b opesificd Lecauds of ti» cirenit applicaticas, as wsll
ag those which ore necessSSIY fc:j the poper desic ct r-f
tremofereaed.  TL3 €ollicwving fastars witeh ere scasidered

epsambial to sneh dasign 111 be ccnoldercd in the Howrse

of %his d2vel loraant e
1. Industance
25 Q T .
%, Impedsmce (4nput and output)
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Diptriduted capaocity

DC reaistance

Handwidth

Protectioca
Cocfficient of compling (k), rmtusl industence,
2% coupl:in‘g factar.
Bavirooesatal
Tho dosign mothsd ehell inglule design yprocedures for
£ tranoformers opexrating om azhient touperatured of the
follcwing rangeat
1. -55°C te 485°C
2. -55°C to +125°
y 3. ~55°C to +200°C
e r-f tranefornsr ckould bo capeble of withstanding

statis storags £or tizee days at -65°C ¥ith no physicel das==gs

g wna withsy
o paverzo effsst ca elagirieal perfermsnse wilain tho opc‘:-'

ating twperatwro rangde. .
Skiclding

Erepent typee of elistromgistis md olzctTostetis
shialding chalil oo gtudied to doterming thelr effechiveness.
Pospipility & Tsow==snding 2 gtondsmd cerilea of tracafornes:
wan should bs ioveatlgnted. Proper opscing of ths ghleld:

froi ths coil for optimm perforzance shonld nlso be coa~

21 e AT -
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3

Ly L L I o
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terprTatore Tanges of cneration snd oienirieal conwidara~
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ticas. To be inclmied axw ironloted wire, bazo wine,
14tz miro o fubing es woll &5 wizo oize &nd Tactes o
grace winling, orace factor ool methols of chiaining
optimm Sq°. fTypos of wiclingm chall Snolndo £Lacd
wirding, wsivernol winiiang, 2ro~latoral winding, end

PL windiing, ) o

elsatrie Intoniain
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The torpesatare &0l mOLFREYR woristont Wuea
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& tho &iclectrio metmials el T acil forms, s

S~
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saline Toviasd
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‘reastings exd sove locking &zvi@eg
=3ijobls chzll bz cvaizalsd %o dotormino RALcH
will smoy porvico reguizessmin, pariieniarly in :agzzvi'
o wEbraticr and chooke

3=thodis of caswronmé -

A1l motiocls of mpamresent used to evalusts design,

ocnatruoticn, &xd perfcymance ghali ™ preseated in de—
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