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THE BUTTERFLY CI RCUIT' 
• AT H I G H R A 0 I a f REa U ENe I E S transmission lines have 
bee n Ilsed for a long lime to perform the fUllc tions of resonant circu its . 
In the region !leur reSOnance, the curve of liuc impcll allec as a func ti on 
uf frc<plcllcy hus the same shu l)(: us Ihe resonance c ur ve o f II circuit with 
IUlllped (.'0118 13/\18. The equ i\'uicn t Q dcpc' lIds upon t he frc<lucncy, upon 
the configuflliion of the li ne, ami upon the materials uscd.For a con 
l1' nl ri() line, (or ins tancc, \\ it h o pt illllllll fn t io of outside 10 inside diam
ete r of 3.6, "ilh copper conductors lIIul air lliclcc tric, Q is approxi

mat ely 0.1 Ov'j,,'hcre D is the inside diameter of Lhe ou ',cr cond uctor ill 
inches and! the (re(IUency in c}clcs per 8(.'1;0111.1 . S uch u line has approxi
malel y 75 ohms chilraclcris l ic illll:lCda lH:c and, for an ins ille diamelt'r of 
i inch, ll as a Q of 1000 at ] OO ~ I c. Off rcsonance, tranSllli ilsion ijll('s are 
reactances, buL they chunge somcwhat d ifferen tl y with frequency tl llm 
tlo coli ls and comlenscl'S . 

Whilc transmission Lines have hccn uscd a t moderately high fre
tl'lcncics mainly to obtain superior performance as ex pressed by high 
,alues of Q. tlley have seemed 10 be the only practica l means of tuning 
at still h ighct' freque ncies. I L has been assuillcd tha t cOll vell t iona ltullil1 g 
,tevi.-'cs ,\crc of Ii II Ie IISC al frcquelll'ics over a fe w hUlHl rcl1 mcgacyd es, 
and SO com:e lliric lilies lIa\c ge nerally been adoptc. !. Theoreti, 'utty, 

I'.,~ .. , 'I •• ~""I 'or, 
FlO,. HI> I. 5;)- 100 M e " p\'t·"".t,'r. I\ .!al'· 
ta l inn "r .'(In, .. ,, I; .... ,,,1 t uni,,!: .'''n, lcn~r, 

FWITRR 2. COIlI lI1'1 t)'Jloe tnning unit 
r<lr 60 660 !\Ic. 
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GENE RAl RADIO EXPER IMENTER 2 

li1e:>e lim's ure \cr) !lu itablc for the i,, 
It' uJetl purpn".·. Lui in pra{, ti t:c Ihe ir 
pc rrorllla nn~ h ao: nOI be('11 "()Inplc h: l} 
"a l i~ fal'l or~. This io!' .Iut' t! lIl irdy tll mt' 
" IHl lIi"ul di niell lt il·j:. hu l thus fur no 

"'i lllpl;: :>ollliio n I" ilwlIi has 1)('1'11 fo um!' 
T he pro l,I" !1I in\ .)he.1 is lIler!' I) Ih a l o f 
,' IIa ng-i ng ti l!' l e n~ t h (If a line L} aecli ' 
ra t el ~ kUIJ\. n a ml)ll ll l:> \,illuml in lm · 
Ihwing I ()~"t· s a n,1 e rral i(' \' aria l ion!'. In 
IInllll' applica tio n;; tile l"hang('s rN luire l1 
arc "' Il la ll , a lltl a,· tu li l eoulae t "i llt Ihe 
linl' n)U(lue IOrs 1'11 11 he a vni. II" .I , b UI 
!'Ii'ling conl a .... s arc rn luireti if Ih(' IlIn · 
ing ru ngl' is large. III atiltitio .. , the 
I1Iflti {)1\ i" Im lin ar il) tlc ri \cd from 11 " '1111 
lilT ,'" " f cOII!li, ll"ra hl.· lr-u glh. \\ It il' h i .~ 

,Iini,· ult to tII anUflll' l lin' \.i t lt I-uffi (· i(' 1I1 
:tI'("u raq. 

It ~'III(-{ 1 (Iesira ltl,'. t "c rcfo~. 10 in · 
\(>II t iglll l' lI gll in 1111' pO!l!liltil il) of6r('uils 
"i tlt hllllf )('d pllrlllne lers, "here IlI lI ing 
Il\ ,'r " illc fr;: 'luo' IlI·} rll ngl's eould be 
al"ll i,·\ ,·11 h) rOla tiug: Olle mc mbc r "illl 
rt''' I ..... (· t In lw ullwr lIll,1 10 St'e i( "Iitlin g 
.·I)lIl ai· lg ("oul,1 hc l'iil1linalcl1. 

Conta ct · Ty pe Tuninl Un its 

Thi" fi rst ~ I t' p of tliis tll'\"(' k' f1t ll"n l n Ul 

lit' !'c'.' n ill II .. · "uI;: II w l(' r S llOll l1 in Fig:
ure I. '\ l'o) II H nli.m a l tun ing ('''ndenser 

FU:lKK:t 400-1600 \ 1r. \\ II I'e"wter. E",I ,. , 
~ 1 !l l;lr I.n"'] .......... " .. t· \{"t l t .) r i\l "r. 

li nd a I;i nglc -t urn illlluClOr ()o nsis ling of a 
IIIc l ll l blllllf fu stenc(1 10 a cera mi,· r ing 
are mOllnl ed t'oaxia l1 ), . The s talor o f Ihe 
l'onJc n5er is i·o nnc.·h:(1 10 one (' 1111 o f I Iii' 

Ilwla l ha ml , 11 11 (\ II 1111' 1111 I.nlsh Oil till' 
('on,le n;;crro lnr !;llaflmllkcS l"ont ll 1" t "i tl. 
lh~ hand . Tllc ha ltl l , 'OH 'Ni IIU orr of 
2iO°. corrcs/,l'Hli li ng Iu li lt" ro ta tion o f l lw 
;:on.i f' n;;l' r. IIiHI ti lt' 1( ' II ~lh of tI ll' " 11 1111 
hc t " cc n ro lor 1II1f1 s ta tor i' lI" reascs lIi lh 
illl' rl'aS(" of !·a rac ilalll·e. The IUlu·d .. ir
cuit 1"0mi;; ls of a (' lljllll' i lam:e \' lIrillhll' 
(rOil! 12 10H5 1-'I-' fund 1111 iniII WI UU {·(' IlIr 

iublc from I I 10 99 .' Ill . I I co\'er ilo 1111" 
range frmll 55 10 '100 ]\ 1,'. Heson a n~ iii 
intl icated h) 11 11 in(·a ndeiScen l la mp or a 
smull glo;. IIIhe ca rried o n Ihe rnl or IIr lll . 
1\ Irat l$ pare nl ho using IIIHI a l"u l;lIrll ll·,1 
diu l eompll· lt· Ihc wa ' Clue tt'r. T he rU lI gt' 
cou l.1 be ex tended to IOll er f~q lt (, t 1t"il·s 

by addi ng IlIu ing -cOlHlcn;;c r e ll rari t IIIl1·C. 

hul l ite lu I' freq llcllcy is limi lc,1 10) IIU" 
minimum 1'1I 1)Rcit am 'I' of Ihe (·on,I,'u"'; ' r 
a nd II ) Ihe r.·la l i\'ei) large inli1 ... lall (·I' "f 
the f;OlHlt:{~ l ion !l to Illc me ta l hll n ~ !. 

T o incrcliSC tbt: lOp frc'lucne) n l,t ui ll 
li ll Ie in II circuit o f thi! k ind. Ih.) lUll ing 
cOlulCIl i;t' r IIIlIs l be rl'" ptll('crl b~ a lIIon~ 

suilu b l .. I' lrlll · l u r~' . a lHI I II" COllllc,·, iOn.'l 
III II ii' hund 111118t be ",11I)r ICIII" !. TI1l' lIt' I' 

I' in·ll il 5ho" l1 in Figll"" 2 has litt lc re 
i;(' l1Iblam'o" 10 Ihe "aH' lIIc h'r of Figtl rt· t. 
Imt the bMic Si ruc lu,,· is@,i ll Ihl ' ~ lI m,· . 

Thc " UP[ll' it li llec of thi ;:. IIl1it, " h i,·1t Ita,; 
11 11 inside hll ml d ia llw l!'r ,)f 23

01 illt'hl's. 
'· lI ri.!s I)CI",,,,," 7..1 aud 118 Jll-'f 1111.1 Iftl' 
i nll lll' l a n l" ~ he l weell 7.M li nd 5') ,·111 .. gi, . 
illg a frN jl lt' lI" }' ra l1 g~' of GO 10 ullO 1\1,' . 

Till' la" of imlllcl unl'I' 'li ria tioll i" tit·. 
lcr mincd II) the 11" !lign. I,ut til t' fr"· 
q uclle) (li ;; lrihulioll 1·/1 11 IIC l'IlI)~' 1I b~ 

"llUping lilt' l"ondCII;;cr plall·s. Tl w pl/llc l; 

sho" n in Figllft' 2 gi\'(· a siru igh i-litw 
I" ga ri l hlll i., frcq llc m·) ;;;' ·:1 1.'. " h id. is a l· 
"II) " .t{' l' ira hll' for nn i n ~ l r lllll!' l l l ,·o,,' r · 
~ lI g II "i",~ fr"" IUI·u<l) rU llg('. 
Co,.y" , hl, 19101 . G ........ at n ail ;" c.-...... y 
c...n brid~ M_. U S. A 

, 
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Fua li t: I. '1' ,, 11; 111; lin; ' wi lli, ,, ,l ~""UlC I.s f"r 
WlI 121111 '1,0. 

The ullu,;etl pli rl o f tile i rHllIc l;II!l"C 

hal HI. projcl· t ing 11(:) 01111 the po int of 
n ml ac l , is close ly coupled 10 the lUlled 
I: trl'uil alill rc!;on a leS al a high frcqlle ntJ~. 

Tile 1;11,1 of lhe baml is IIslI all y connec ted 
to the ro tor to kee p the resonant fre
qUC1 W} olll ,.idc ilw rangl' o f the tUllc.1 

\'ircuit. This connection call be &cell in 
Figu re :~ on 11 100 to 1600 \ I c ' \ a \ c llIdc r 

'If !:iolllc \ \ hat d ifferent tlceign. in ,, 1.it'l! 
,t ht' ca pacil allcc is va riell b) an eccentric 
lull) of the rotor. 

T hese II ide .range (: ircuit s arc "c ry u,;e· 
ftll for many purposcs, but the} s till ha l'c 
Il lilling ('onlae Ls wll ich require a !:c rl a in 
amoun t o f care 10 insure 10\\ losses ami 
trouble· free operation. To avoid these 
Ilifli eillt ies. Ihe conl nf' ! spring cu n be re
plul'I'11 h) a capal' il i\'e t Onl (II ' t tlIl' mbcr. 
hut supprl'ss iull of resonance e ITel'!s by 

."........ short ing the e nd o f Ihe band 10 Ihe rotor 
is IIICII no !OI lger e ITect i \ c. Conscquentl) , 
Ihe lOp frequent)" of the I'ireuil has to be 
lo"ercd. ami . since the bot 10 m frc(l"cne), 

OCTOBE R, I9H 

is raiscli "" ill ;:: 10 1111.' ~ I' ies ea pllt'ilLllllT 
of Ille eon l al'l , Ille IlIll ill g: rU II!;t.' is n'-
111I1'e,1 clm;;;llerab l.l , 

Tuning Unit s Wi t hout Contac t s 

A ,liITere nl a pJll'oltt.'h 10 tLe 1'1'011 1" 111 if; 
51101\11 ill Figurc I. III :tll tlte ci rcu i ts d is-
1'1158(:\1 511 far the highl'M rC!'UIHIIII;;e ili l ' 
IJellant:t' 11 11 5 ,lc,c lopcll betllccil n 1"li llt 
Oil Ihe ro tor a nrl a poi u l 0 11 1111' sta Wr. In 

thc IIC" circllil , Ihe S(' lII i.hu ll e rll ) ei l" 
cuil, so-calle ll IWI'n uS\' of its relalion 10 
Ihc blll\ crfl y ci rcui l shol\l \ lalc r in Fig . 
urc 9. til(' highes t il1111C1lmwe a ppea rs Iw· 
I\\ CI: 11 tll O poi nt s o n t he s ta tor. Thc 
plnl es of Ihe sc m;.bullerfl ) tircui l arc 
ShOI\l1 ; 11 fo ur diffl' re ut l)Os i lion;; ill Fig
lire 5. The sl al.o r ('ons isls of a 5(' lIIi 
c irl"u lar ha nll l"OIlIlt'l"l in g 1110 pairs of 
se..:toriallJ sha lli'd I' llllcs. T o I" hll il ge 
frOIlI 1111' 1 0\\e~ t fretl lJc /ll ') 110811 1< 11 1 
showil IIllllc r I 10 lil t, Il igllt'sl frc ' l'lc lll') 
POSilio li s Il0\\ I\ I1 l1Il t ' I' n. Ihe I" UIIl I" i;; 
IlifIled 1III"Oli g l. 180°, III posi t ioll I Ihe 

l'a l'nl'i la lllT bl' I I\l'c ll poi n ls I am i ~ 011 
til e 1\1 0 stal !)r pl a te ii iii lit II l1l'1. illllll1l . III 
posi lion IJ Ihe I.'a pal"i ta nee is a llll l)s l al 
min imulll und l"IIlUl g .,,. on l) :-lig hll ~ '111-

t il PO!'il ;OIl I) i,. I·cul'hell. T hc ilHl ll l"l unl't' 

I'U; I U~ 5. Slu '."r u"d rOlor 1'1:o ... ~ "f ~",,,i· 
I ,,, uerfl ~ d rcui •. CUI" '"' ''''''''' u",1 i".Iuelu'l<'l' 
1": '" 1.'1''' POjU"l I "ntl 2 '"' the ~tull.r ar,' ;I! 

",,,., j,,, ,,,,, in \ u'lll at m;" im"m iu D. 
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FI('l.NII 6, Cru.,,; iiCCliou of 1.\l lIl'rll ) d~"i l 

" ilh ,lilT,'rent t)"l_ of dn-i~n , Thl' ,1" ,,1,1,'.(>,,_ , 
hs ' r hed &f:Ction rl:' I'r~n lil the i",I""I"''':o: 1"I"d, 

be lll ccli poio 18 1 a n, I 2 i" l ike" i~ at 

maximum in posilion A a llli ehanb't Fo 10 
mini mum ol cr posil ion /I ami C 10 po
silioll /), The el mng(' in inrlllc tll lH.'e of 1111' 
J;C micircu lar ba ml is brou ght a bou t 118 

till' rotor {?"radlla lly fi lls " I' the ope nin g 
of the induc tance loop, In Ihe finnl 1'0' 
"ition n, lincs of magne lic flux art' re
!llrie le!1 10 Illc 8mall d elirallt.'C 1w" I\"'clI 
ro lor and s lalor, 

FICIN t! 7, 100- 500 ' I ... OiICi lhltor, I",luel;' e 
O?Qupling 10 the I"at! II! .. arh. .... I,} r(li p l ioll "f the 

~~)\l l'lill g 1001' ill In" .. r I,art (I f thl' I,iclllr\', 

In this design, "ide IlIlIing: rllllge \\ ilh 
simultaneous ("1!llIIge of lum ped capac
it an~ and imlue la n!;e is obtained by 
rOla lion of II .ne mhe r tha i ,Ioe" no l re , 
quire a ny cll',' l r i.'nl ('onnl!l' lions, The 
rOlor sha fl ca n be Inade of ins ul a ling mao 
le rinl. and Ih., fl£m of rll(lio freque nc) 
curren IS Ihrough Ih(' hc nrin gs of Ih is 
shll fl is easil y nloilll'l l, A n OSSliet' lioll o f 
the unit of Figllre I is sllo'''1 "ehcma l , 
ically in Figure 6 I, T ile ro lor is a w li tl 
block, Til" Slahl!" , ' a rr ii' ~ a pai r of plat~OI 

on carh emi of a ciri!ular hand , The ("fOSS 

!>Ce lion of the bU1ll1 co rresponds to Ihe 
('ross ·ha tchell area , The resonani (re , 

quelwy in closed l)OSilion, correSl101lfl ing 
10 Figure 5 4 . is ,;hRlI ged 1110 61 e ffec ti ve!) 
by a ,'II,mge in si:u' , CH\l iu, it ,uH:e a nd in 
d uc la nce ;ncrc:ls.: , .Ind frelp lf' Il i") ,Ie · 
,'rease", a pl'ro'lO ;fll ll ld ) .. il h Ihe square 
!If 'he d iu nll' ler , T he n:"OIwn l frcquent') 
in Ihe 0 ll,,: n IlIlI' il ion , l"urr,'s llOnding tu 

Figure 51),1101.'", n()1 \ur} liS rapid ly, a .lI l 
the t uning range, therefore. i!U'rea5e6 al · 
mos t prol)l)rlionll lt' ly to the tliu ll1c ler , 
AI a n) J;ilt'll llill ll ll' ler till' fn'quen, ' ~ 

rHnge ,'un III" shi fted h,1 • aria lio" s ill d.,· 
,,;:;11, Fi gure f>U "h" .. ;; a unit in II h i,'11 
,'a paCiI Uul'1' 1I 11t! ill tllll"l illle, ' ha.\' Iwe n 
ill(' rell!;e,1 I, ) th" I1I llli tioli of pl a les allli 
I J~ redud,,;! Ihe ,,;,lth of Il lI' loal1ll. Fi~ _ 

ure 6C i" IllI' ,'orrt''' IJOlllling high . 
frelille n t.' ~ uni l .. ill. ImH'n>tl. 'apa"i tmwc 
a nd ;ll(llIe lant,:e , 

The la \\ of in.I".'1 am 'c ,aria I ion ag:ain 
is de lcl"luill l!d ",I Ihe I:l.,'olllclr,' of Ihl! dc, 
sign, In genl'ru1. Ihe illdut"!nncc varia
lion ... iII be cOllsideruhl y 81111111er Ihan in 
Ihl" circuits lIi lh sti.l ing ,'onl at't s lulIl 
.1 ill he furt her rc.lu{'(',1 if Ihe rotor pln l (' ~ 

arc 8ha pctl 10 prU\ ilil' a pr" .lcle rm ined 
freqlU' lw) d il'l lr ibulion, The I~ of IlI n , 
ing ra ngf' , Illc pri("c ,hal h'ls 10 be paid 
for a desira ble frNlui' I\\' ) d i:> trihu tion, i!;', 
therefore , m uch higl ... r in the hll llcrll ~ 

circuil l ha n iu a "O(II t' n tiona l l uning 
,'onde nser , 
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A furthe r modi fi cation that yield s a 
JOller t C r atio is lIsed in the 100 to 
500 \1..; osd llalor 61101\11 ill Figure 7. 
Thi s cirr uil IISC'; 120" twulions for II If' 
s tat or plalcs and a 240" section for ,h(
ro tor. The ro tor tur ns Ihrnugh 120", 

It is important to keep in lIIi nd IlllIt 
Ih~ luning devi4 'cs describc(1 so far are 
I\\ o-tl' rrninal illll:lCdanccs only. Tllcse 
1\\ 0 termin als arc dcsigna lcli 1 and 2 ill 
Figure 5. No 11Oin! on an y of the cir
e uils mltinl a ius electrically il s IJOSition 
re ill ti \'c to these terminal s over the tun
ing range. ill tile sensc, for ins tance, of a 
tap on a coil ,, ;Ih respect to the ends of 
the I,i nding. 1n 'Figure 5, the 1)O;nl 3, 
lIl ilh"ay elec tricall y between the ter
mina ls. is symme tricall y loeatell olll y in 
the 1\\ 0 cx trcnw positions A and D and 
shi ft s toward terlJlin al 2 for intcrmediate 
.;(: ttin g~. Thc po tc ntial o f thc rot or is 
lIli(l way lIe l" ee li Iw inh; I and .2 in 1'0' 
s itiu n " allli Obut shift s l\)\\ard tcrlllirHiI 
1 for intermcdiate sc llillgs. This fac t is 
~ ... illl]){Irt!lll l cuns ideratiun ill .. 11 appli
(·a tiuns . 

An) !,oint u f Ihe circuit can he con
lit, ("t cd 11.1 ground . b UI it is nm l'e niCIiI at 
t imcs nu t 10 ma ke all l' d('/iuil ~' i·ounc.;· 
t ion". Thi;; mi ght be desirablc in an ,),::.. 
l'i ll a tur ei rl; lIit. for inslance . wher!' platc 
a nd gr id of a lube :Ire cOllnN' I~~ ,1 10 thc 
, ,,,I termin als :l1Il1 \.here Ihe eu thmlc is 
groutllicli . 

OCTOB ER, J944 

The IIjltinmrll me l hod of t'llupliug 11 
IQa.1 11.1 the t iro 'ui t de pc nds 1I1)()I) the 
grQund arr!lllgclIlc llL If 1.111(' Icrruinal i;; 
grounded , d e ctros l,!lir "u llpling: i .~ IIIO,,; t 
corwe nie nt. Whcn t he cin'ui t is I"ft 
lIoatiug. dCI·t rolll agnct i,· I'UI'I )lin g is 
morc desi rable. The on I) l.IOi lil "here 
e ffecti vc IIlllgnc lic coupling U\'(' r the en· 
t irf' tunin g rlUl gc I'a ll IIf' oLtainc.1 i,. 
,;hu \'.n as I'oilll 4 ill Figun __ 5. '1'111; osc il · 

lat ur 8ho"" ill Figurc 7 IlseS thi ~ t~ I)I! of 
coupling. Uy rOlatiu g the cuupling loop , 
Ihe amount of cuupling can be varic(1 
"it huul dis t IIrLi ng t tIC " fl oa t in g g:ro lln,l " 
condition of tire o,;cillat or. 

The Butterfly Cir cuit 

A ccrtain alllount (If elec trica l IS} 111 -
Inetry f' all be oht a inell b) a llIoriifit"OI 
lion sugges ted by Dr. '\ . P . G. I'c tcrs'lII , 
"he r,' h} 1\\ 1.1 c irc uit " urI.' II pc llI!d up an,1 
,;lJllllc,;lcll ill Ifu alll'! . Tit .. n'~ 1I11 is tl w 
IJllltc rfl ~ cirellit ,. lu l\\ ll in Vi glln' H, 
whidl receivcd its name rrlJru Ihc sha pe 
of the rotur. 

Fig urc 8 f , H, C. and J) t;orrc811Onli to 
IIle I}tJsitions ;;hu\\11 in Fig llre 5. Poi II Is 
3 and 3' arc til\' e lce lri(' lIl rnilll,oi rrl ;; !re
I,,','{' II tcrrnillal l" IIIIHI 2. a l,,1 pu illt " 1<11111 
I ' an' 1111.' 101-' 11 t ion;; for 1I 1I1,:!ne Ii,: O:O LJ 1'1 illg . 

EIf' l'Iri \ ' all ~ Ih o.: r-olm til' H butt crn ~ 

, ' in ' lIit i,. IIh\;I ~ S the IlI illl)ni nl bc t" cc il 
Icrrllirr a ls I and 2. 1111,1 tile rOla t ion I~

t" CCIl e!l. lrc me IJOsil iolls is 90Q
• \\ ilh 

F"Ol H ~ 1:1 . Sla lv" "",I ''' I"r 1,lu .. '~ "f hun,'r11r ci rcui t. Capaci l" " ,·'· ",ul ;"dUC1"","· Iocl " e,·" 
I ,oi"' ~ I UlIlJ 2 nn lhe ~ ' ;lI or ;,rc a l 'n"~ inr,,,,\ ;n '\ ulul al nrill ion "," ill I). 

" " 
" 

A B,G 
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GENERAl RADIO EXPERIMENTER 6 

thc".· c'l:c'eptiolls. tlll~ disl;u .. sion in the 
III"Ct'Cflillg paragraphs ell il 1)1' c lir~ 'll tl ) ap· 
plied 10 llll' bU\I(·rfl) cirl'uit. 

Figure 9 8hu\\s a 220 10 1100 \I e os· 
ci llal or unil inlended for use wilh a 
'1', "1:: 703· \ door·klloL I) pc III!'c. G ri tl 
and plat(, tNlllinal s of this tuhe fit int o 
IIIC epring c'lip:! Iln lli .It.', 1 on the 1\\0 
;;1111\)1' ".,',' 1 iOIl ,.. Figure In i,. I he do:'!' -up 

I iell tlf 1111; 10010200 \11; O"l;illatflr uf a 

IWlerC)cl) lie frc'pleI1l') metl'r. The rvtur 

plalt' I> arl' ~halJ('cl anc l pl'Ovi(lc a ltjg-a. 
ri l l l1J1i .. rrt''1l1cIW~ IliSlribllliun, The 958 
lWO I'II-I~ I~ oSl.'illlllor lul.IC call Le seen in 
IIh' I'C'llr, Crill ancl l'lal e lIfC tclnnce lccllo 
. ·). tcl1~ioll.,. \If th.· \\\1) s tnl tJJ' 8Ct,tiol1~ ali(I 
Ih.' c'ulllOcle i~ cUlilledc'cl dire..:!11 1\) Ihe 
hOIl~illl!' Figure II 1:< 110\\", the !<mallei' l 
LHIIIt' rfl~ I'irnlil l)IIill HI fur. logClht'I' 

Ili th an :wurn IHI~ illIll :1 T"'E IN22 
Delel'\,,!'. This ('in'lIil lea.; 11 lullin g: 
rangr "f lJOO to :1000 \I I', 

Design of Butlerfly Circuits 

I t \la .. mt'nliOIlt'11 in Ihe intrOth1l'tioli 
that lht, equivalc nt Q I)f a f('"OIl/l1l1 

II'an8I1li" .. ion lint:' i.~ ur Ihe ordt'r of 

n. IO '- J. .\ Illlarler \la\-e lit1\" eo\'\'r in g 
111\' rall!;I' frotH 220 10 I WO 0\1(, ".",Id 1.It' 
altou! 1312 iudl('S 10uI; alld lIli;;h t Ill!.I" u 
,Iiallleler "f 2 i'Whcti, 'I'll\' Iht'ort!lical Q 
\lIIIIiII Itl' 3000 at 22U \Ie; alld 6iOO at 
IIUO \1". Tot·()I .... this rrt'quc IIC) rangt' , 
IIII' length of tile line \\oultl hal e to Ilt.! 

/-,,,;, 'J, ( L ... rt ) 
2:!O- 1100 M.; 
l,ull ern y <;irl;"'1 
""tlo h'rmjnal~ 

r"r Tn-., iU3. /\ 
,1,...-,. 1..",,10 I~ I'" 
lul l<:, 

FIG. 10. (H' I;Io I) 
1011- 21)0 M,' 
Imllerlly"in;u;1 
of helerod y" e 
(rcoluclle)' melrr, 

\' ariell II )' oICr ]0 ludICs. The t'ireuil 
sho\11I in Figure 9 \lith 2)4 inc hes out· 

si tlc diameter eo\'c rs cxactly tllis range 
"ilh a Q of 650 at 220 1\ l e IlIld of 300 
at JOOO \Ie. 

White the losses ill butt erfl ) eirelli l8 
can llot Lc lIlade as 10\\ as in cOll llcnlrill 
lilies, \,IlIIIC8 of Q can be o illainert that 
arr ~1I f1il'il' 1l1 for Illall), applitmtiolls. The 
charUClerist ies of Ihe hutte rfl) ci rcuit 
"hl)lI II ill Figure 9 al'C gil en in Tal,le I, 
together with the yaria ti.lll in tile&.' 
ehurutl!eril'ties thaI I'a n g(, llI'ra1l ) he ob· 
lained h) \' lIryi"g design fat'lors. In lhc 
Ihinl coluum, " i8 II flllllor IJCI\\ ct, U 1.;) 
allli ,~.S, tlcl'cuding on de~ig:n uilil ~i:l''''', 
lIilh the lowcr 11IIue,'l Hpplyilli' for 
~ tllllller lIuit :!. 

FrI·'lurn,·y 

I"""CIIUII:(' 
C"pae ••• " ,ell 

Q 
H _ ""I. 

Q 
\ t ,(.' 
l-Q\ I.(; 

TABLE 1 

Cirr";/ ,1'";11-''''' [} 
1..0" t t i~1o 

220 - 1100 :lot..: 
O,Oll - o.on ll ,, 1o 

4n - S""r 
u50 - 3(10 

11.023 - 0.U'15 !J 

15.2 - 28.6 n 
~OOtl - 8600 n 

1/1 G.'tI""" 
I ... "" I l 'gh 

- II ' 

- II ' 

- 11-' 
_ ,,-1 

-'II 

C""~la" l 

The IllHxi lllUlIl illtltlctllllt..'C o( hulle r · 
fI ) cin:uils in the elo;,.cl l l)Osi tio n "an be 
compllt etl b~ uny or Ill(' sl millard in · 
,luctan,'C for1l1ullli! h~' taking 18 (If the 
indllelHlwc o f Ill\' (ull ring lind multiply _ 
ing by a factor of 1.35 10 allow for Ihe 
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1 

conlrilJIIlioll of the 61l11.or lind rOlnr 

plates. For install.·.·, 

t - 1.35 XIX 

( 
3(" ) IUII:!!ij'r III - - 2 III 

f + /1 1 

/ , = 2.12r 111 - - 2 ('.'lI llIIlI>l cr$ ( 
36, ) " 

1 + W 

\nolh('f fnrllll ila !' I,ggt~stcd 

1\. r . G. PI'II' f ;;1)1I tluI' gi\,-:o; 
cll r a l e rt'~ 1Ih ~ Ii' 

T' 
t = . (r2 - f' :) X r, 

II) Dr. 
fllirl) a(' , 

--- + (;cnlimcle rs [ I. ' ] , + fI1 ..; r 1 - r l 2 

"heN' r is the in~ide rlIlliu!4 of tilt- hll llll , 
" is the oll lsid.· rlliliII ;' of Iht' rotor hub, 
and t a lHI It! Ilu' thid'Llles!> and width of 
lhe bund , all in C(' lItimclt-rii. The min
inllllll ilHlw"lancc depf' IHls to a grr-8 t llc 
gret' on the "lcarlUlI'l' 1.1('1\\('(' lI lI lalor and 
rO lo r a lt)ng Ilw l:irCIIIIl("n- II,'c of the 

ha nu and the dcarance 1)('1" ('1' 11 Ihe 
rad ial plale t' tl ges. This lauer clearan('t~ 
("anllOI bc rellucctl ,ery far "ilhout adtl· 
ing j'a pa('ilance and lnv.Ning the lOp 
frt'{(lIeIW). In general, Ihe ralio of ma x
imum 10 mi"illllllU e ffe l"li .. ,c illfluelalwe 

"ill be be l wee n 15 anti 3.5, The highest 
ralio a('lnall) ob lai nc;1 has been 4,6, 
This cin'lIit hail a b81111 iliameler of 51.f 
illdu"jj a nd I L6 iudl clearance to the 

rolor. In lhi ~ parli(,lIll1r l'n!W' Ilw l'lIl'a,: . 

i l lHU'e rnlio uf Ihe II-plait' IInit \Hli< 
22 - Ihe fre(l"eney range ,17 ·~70 \I ('. 

\ -loxiIllIlHi li nd I1liniltllllll mlpu('it am'l! 

uf a hulll'rfl ) i'irCllil " Oil Iw l 'o/lIlIlll ed II .~ 
in a \ Ilriuhl.: air ('ondCI1J1('r, hili, 0" iug 10 
IllI' 1lIlll e rll ) !illal M", ca pal'i I3Ut'" ralios 

are "(lIIllidcrably I.,ss llilln in " ell-
11;·signt·,1 ('on" "lIliollallliningellllficlIllCrs, 
Figurt· J 2 II ho" II in,l.w l ani'.', ('II I,al'; I alH"', 

ami fre(III('III') plllllell again,<:;1 dia l ro la
tion for Ihe 220 In 11110 \1" Imlll'rfl) 
eirf'uil of Fig ufe I). 

OCTOBER , 19U 

t-'II~ I'II" \1. ?00-300n \Ie hUI,,'rn, ";,,,,,;1. 
A"oru ,,,Iw .,,,1 I '\ :!:! '1" ..... ·101' ..r,' ~h" .. " r,Of' ~ ; ~r , 

Onc !'ffed o f ,' lll.tll g in 1,: t he IIIHuher of 

plates (Icl'ef\ ('s ~ 1 1('I' ial 1Ilt'lIlioll , al
Ihllugh ;l has 1I0t 1 ~'e l1 fllll~ (·" plon' .1. 
As cx p"clcd , Ihf' rnlio of ,"a\irlll1l11 10 

minimum .:apaeila lwe ilrefl' lI l>1'S \\i th tilt' 

a(hlitiol1 of plat es lliHI II I(' imilletlillce of 
the s tator ilcl'r.'u5eS 1111(' to i lA in('rl'U!\e,1 

width (11,·signs "ht'ri! Ih.· bU1U1 iliff.'rs 
in "i.llh frolll tht· s talor. :IS ~hm.rt il\ 
Fig ure 611 ami Figuft' liC IrU\!' onl~' 

rare I) h" en ItM·d ill pradiN' )' For "'f~ 
10\. numbers of pl a les. the ind'H'IIIII!.'f' 
ca ll tlecre~ more rapidl) tb a n till' min _ 

imum ca paci lan<.'C i'lO' r"uAt'Il, alli l a IJIII· 
terfly ei rt'uil "ill! f"ur I'IUI('~, f.)r i ll 
SlarU'C, lila) Ira v,' a I,,"('r I.H. · 11111 1 II 

FIC, ll1)o; t2 , L, C IIn,l r \' ~ri"li"" ,)r ""i l .. h .... " 
i" Figure 9. 

~ 

~ -
I ~ 
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. ~ , • , " 

I • 0" 
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GENERAL RADIO EXPERIMEHTER 8 

FIGU ICf.: 13. A&!f'ln hl y o r hUIl.'rll,. S IDI()r~, 

highN higlt-fr..·qIlCllt' ) limil than wi th 
I \It) pl a tcs. A;! f\l nlle r pia If'S art' added, 
lite rang.' is shiftel l 10 IO\\f'r frNlu('ncies 
and Iht' ~ pa n ,. Iightly increased, but soon 
0(111 1ll0 dl.' il of rcsonnnct' apptlar Iha1. 
\lcrt! not prcv ious l y obsern !(1. These 
modes arc not al"a) ~ notice.1 in oscil_ 
lalor Gircuil S \\here a singll' dominan t 
frt!f(llclll')' is produced, hut they arc 
easily fo ulld II}' nther met,hods, II ap
pears tha t these U1o~les ca n be sup
pres~: (1 or a t leas l ean he shifl ed hy ad
ditional shorting ronnc(, tiOH!' lw l \\cellthe 
indi, il lual "Iales of the foUl' groups of 
pla tes. '1'\\ 0 COIHIt'(, t ion!! call be applied 
a t the insi(le of t hl" fl ta lor and two al the 
out side of Ihe rotor on the rad ial edges 
of the plat e!! whcre thl"} do 1I0t inte rfl're 
"i th thc ro tation of the rotor. til prac
til't" shorting of Ihe plates can he 
avoidefl b} us in g a larger unit with fcwer 
plalcs ins tcad of a 10 111 11 11 unit that re
quires too !111m }' plates tfJ t'OWf till' ~ I c

sired fre{luenl') range. 
The ("q ui\ aleu L series resistance! o f a 

hutt .. rfl y I'ircuil in(Tcuses linearl y wi th 
frCtltH' !lt':' ami f(·dUCt'fj Q a t the high, 
frN lucl1l') em!. "here the Q of a IrallS' 
mis,;; ioll liUt, is i'Il 'f(·u;;el!. 'I'hi ~ illcrell>;e ill 
e' lu i val~'ut re~is t a ll c" is due to the fac t 
th a t IIlI' l' ilun g(' of iudlic lal\ce ill the 
htttt .. rfl} rirnlil i1\ hrough t ahout by 

edd) cu rrent s itl Ihe rol,or IIml nol hy U 

reduction of conduc tor length . Addi 
liollal losses originate a t the jUlie t ion of 
the irul'H'ti\'e anrl f'a pa()ilati\'f' part s of 
Ihe "ircuit where (: urrcnt ~ pass from I"U' 

platc 10 IInother in II (Iirc~; tion perpen
dicular 10 Ihe "I a les. ~'hri'c method!'. of 
s ta torl:onslructioll with il1di"i,lnul plall'" 
ami s pacers arc ShOl,11 in Figure 1:1-
From an c leclriclIl l){)i ll t. of vicw, ~lf ' III OtI 

A appears 1,0 hc the bl'S L, Nl c lho,1 B has 
Ihe ~HI 'i'anlagc th a t the ro tor ean be o lt 
se ned Ihrough III .. slot s ill llit' s lalur 
and can II(' I'cnl" rI' d after as!wllIhly. 
MethOiI C lIla y [)e rlellirable in (,s per
imcnlal work since it uses part s tltal CUll 

be ob tained more easily wi lhou t !!pccial 
tools. For lowest lo"~8Cs ~Iator IIml rot or 
should he soldered after assembly and 
plntell wilh II mal eri al of high conu uc
ti \' ity, Diclet'lric losses ca l\ be almos t 
complete ly avoi ded in blltte rfly circuit s, 
if two support s lire 11 .... ·(1. pl al~(1 :II the 
two point s of C(llia l pl.Jtenlial corre
sponding to 3 /lml 3' in Figure SA, In 
prac tice, ho\\e,'er, the support s are 
of len placed a l o ther I)()lnt s, more de· 
sirable for IIlechanil;a l reasons, and 0 11 

large lmi ts three sllPI)()rts may be re
quired . 11. is illtcr~s Ling to 110 tt' that , in 
the f'irl'ui t shown in Figure 9, aoout 7.f 
of the 0,023 Q C(lui,"alent series resist· 
anCIl, 11IIlasured at 220 M"c, is 8ccollnlell 
for by the metallic losses in the silve r 
plale(1 induc tanl'C hand . 

The resonan t impedancc of butterfly 
circuits is wcll withi n the range of pl nte 
rCfiis taJ lI'c of v,U'liurn t .. l..:-s and challgcs 
v('rr li ttle from the low t,o thc hi gh fre
(lUCile) cnd . Thifi maklls it pos"i hl ... 10 
produce uniform oSI'iliations over till' 

tllning range , 
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