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THE BUTTERFLY CI RC U IT* 

• AT H I G H RAD I 0 FREQ U EN C I ES transmission lines have 
been used for a long time 1.o perform the functions of resonant circuits. 
In the region n ar resonance, the curve of line in:ipedance as a function. 
of frequency has the same shape as the resonance curve of a circuit with 
Jum.ped constants. The equi alent Q depends upon the frequency, upon 
the configuration oft.he line, and upon the ma1.erials u ed. For a con­
centric line., for instance, with optimum ratio of out ide to inside diam­
eter of 3.6, with copper conductors and air dielectric., Q is approxi-

mately O.lD f where Dis the in ide diameter of the outer conductor in 
inches andf the fr quency in cycles per s ond. Such a line has approxi­
ma1.ely 75 ohms charac1.eristic impedance and, for an inside diameter of 
1 inch, has a Q of 1000 at 100 Mc. Off resonance, transmission lines are 
reactances., butt.hey change somewhat differently ·with frequency than 
do coils and condensers. 

While transmission lines have been used at moderately high fre­
quencies mainly to obtain superior performance as expressed by high 
values of Q, they have seemed to be the only practical means of tuning 
at still higher frequencies. It has been as umed that conventional tuning 
devices were of little u e at frequencies o er a few hundred megacycles, 
and so concentric lines ha e generally been adopted. Theoretically, 
*Patent applied for. 

Fw RE J. 55-400 Mc VI' av mete1·. dap­
tation of conventional tunina condenser. 

FtGURE 2. Contact type tuning unit 
for 60-{)60 Mc. 
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GENERAL RADIO EXPERIMENTER 2 

th e lin are very uitahle for the in­
tended purpo but in prac -i: i e -i:heir 

rformance has not been omple tely 
ati. factor . Thi i due entirely to me­

chanical diffi uhi , huL thu far no 
. im1 le oluLion Lo th m ha en found. 
Th 1 robJe1n involved i merely th at of 
changing Lh l ngLli. of a li n e b ac u­
ralel kno" n amount without intro­
ducing lo e and erratic variation . In 

ome applicat ion th ·hange r quired 
are mall, and a tual contact with the 
line condu tor an he a oid d, but 

lid ing con ta ts are r quired if the tun­
ing range i l arge . In addition, th 
mo tion i ordinarily der · v d from a lead 

r w of con iderahle l ngth, which is 
<li ffi ult to manufacture "\ it h . ufficient 
acci_tra ·y. 

IL m d de irable, ther fore , to in -

tigate again th pos ihility 0£ circuit 
with lumped para1n ter , where tuning 
o e1· " ide frequenc range ould be 
achie ed b rota t ing one member ' ith 
r peel Lo anoLh r. and to ee if . liiljng 

nta l could he eli:mina Led. 

Contact-Ty pe Tuning Units 

The fir t le p of Lhi fle elopment can 
b .een in th wa em l"'r hown in Fig­
Lll' 1. on ntional ·Luning conden er 

'IG RE 3. 400-16 0 re. Wa em t.er. End of 
talor ban onne t.ed to rot:or. 

and a ingle - turn inducl:or con isting of a 
metal hand fa tened to a ceramic ring 
ar mounted coaxiall . The tator of th 
condens r i conne ··ted to one end of th 
met al hand, and a m Lal bru h on tht> 

onden er rotor haft make on.ta 't' iLh 
the band. The band cover an arc of 
270°, corresponding to the rotalion of the 
condenser, and th ]ength of th band 
between rotor and tator increases ith 
increa of capacitan e. The tuned 1r­
cuit con ists of a apa i-i:an ariable 
from 12 to 85 µµ{ and an indu tance ar­
iab]e from 14 to 99 cm. It cover th ... 

range from 55 t o  400 Mc. Re onance is 
indi a·ted by an incande cent lamp or a 

mall glow tube carried on the rotor arm. 
transpar nt hou ing and a calibrated 

dial com plete the wa emeter . The range 
ould he e tended to lower fr quen ie 

by adding tuning- ond n er capaci.tance, 
hut the top frequ ncy i li1nit d by th 
minimum capacitance of Lh ond n r 
and b ·the relativ ly large ind wLance o( 
th onne ti on to the m tal band . 

To increa e the top frequency obtain ­

able in a circuit of this kind, the tuning 
onden r mus·t he replaced by a more 

suitabl tru ture, and the conne tion 
to the band mu he short n d. Th ne' 
circuit l own in Figure 2 ha little r -

emblan e to the wa emeter of • igure 1, 
bu-L the ha ic tructure i Lill th ame. 
The capacilance of thi un:it, whi h ha. 
an in ide hand diam t r of 2� in he , 

varies h tween 7.4 and 118 µµ[and "Ll1e 
indu tance between 7 . 8 and 59 cm., gi -

ing a fr q l n range of 60 to 660 M . 
The Jaw o{ indu tan ariatjon i de­
termined b the design, but th fre -
quenc di ·tribution can be chosen by 

haping the con.den er plates. Th plat 
hown in igure 2 gi e a traight -line 

logarith m i frequ n y ale , which i al­
wa s de irah l for an instrument co er� 
jng a wide frequ ncy range . 

Copyright, 1944, General Radio Company 
Cambridge, Mass., U. S. A. 
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l•'1c.; RE 11. Tuning nnit withoi.,tt contacts [or 
,W0-1200 Mc. 

The unused par t of the indu ·tancc 
band, p ·oje ·ting beyond th poin-t o[ 
·onla ·t, is closely coupled to th t uned 

circuit and resonates at ahighfrequen y. 
The end of the band i usuall connected 
Lo Lhe rotor to keep the re onan l fr -
qu ·u 'Y out ide tbc range f th tun d 
circuit. Thi connection ca n be een 1n 
Figure 3 on a 400 ·to 1600 Nlc ' a m t r 
of son1e-"what different design, in whi h 
the capacitance i varied by an eccentric 
hub of the rotor. 

The e 'ride-rang ir uit are _ ery u e­
ful for 111any purpose , but ·they till have 
lidin g  contacts which require a certain 

am unt of care to insure low lo e and 
Lrouble-free op ration. To a oid the e 
difficulties, ·the contact spring can be re­
placed by a capa it ive conta �1 memb r 
but uppression of re onanc ffe ·t by 
shorting the end of the hand to the rotor 
i then no long r effecti e. Consequentl , 
the top frequen .y of the ir uit ha to be 
lowered, and, since the bottom frequency 

OCTOB R, 1944 

i rai eel owing to the eries capa ·i Lance 
of the contact, Lhe tuning range is rc­
duce<l con iderahl . 

Tuning Units Without Contacts 

d i fferent a pproach Lo the prob lem i · 

shown in F igure 4. In all the circuits di -
cus ed o far the hi ghe t re o na n 'C im­
pedan e wa de eloped h t ween a point 
on the rotor and a point on t.h Lalor. ln 
the new circuit , Lhe emi -hutt rfl cir­
cuit, so- alled because of it relation Lo 
the butterfl ircuit hown lat r in Fig· 
ure 9, the highe t impedan e appear be­
tween t wo point on the tator. The 
p1ate of the semi-butterfly circuit ar 

how:n in four different po it.ion in Fig­
ure 5. The stator con 1 L of a sem i ­

i1· ular band connecting two pair of 
e torial ly haped plate . To hange 

from the lowest freq uen ... po it1on 
shown under A to th� highe t fr quen ·y 
position hown und r D, Lhe rotor i 
turned through 1 80°. In po iL ion A the 
capaci tanc betwe �n poin L 1 and 2 on 
the 1' o lat.or plates is at inaxim.um. In 
po it.ion B Lhe apacilan �e i almo. t at 
n1inim.um and c hang onl lighLI un­
ti L po ition Dis r a ·he1.,L The induclan · 

1"1GURE 5. t.a·tor a 1J t·otor pJaLes of semi­
butt d-ly tr uit. Capacitan o and iu<luctancc 

between point l and 2 on th sta·t t· a ·  at. 
maxim.um in and at nli.nimum in D. 

www.americanradiohistory.com

www.americanradiohistory.com


GENERAL RADIO EXPERIMENTER 4 

Jl 
A B c 

FIG RE 6. Cros se ·lion of butterfly cir uil 
with different types of d ign. The double-cross­
hatched ectioa repr ent th "nductance band. 

between points 1 and 2 i like ise at 
ma:xim.wn in po i ion. A and change to 
minimum over po ition B and C to po-

ition D. The change in inductance of the 
emicircular band i brought about a 

the rotor gradually fills up the opening 
of the inductance Jo p. In Lhe final po­

ition D, line of magnetic flux are re-
tricted to the mall cl aran e betw n 

rotor and stator. 

FIG RE 7. 100-500 M · 0 cillator. Indu Li e 
coupling to the load is ari db rotation of the 

c upling I op in 1 wer par-t of the picture. 

n thi de ign wide tun ing range with 
imultaneous ch ange of l umped apac­

itance and inductance i obtained h 
rotation of a member that doe not re­
quir any ele tri al onne tion . Th 
rotor haft can he made of insula Ling ina­
t rial, and the flow of radio frequency 
currents through the b aring of thi 

haft i easily avoided. A ro e tion of 
the unit of Figure 4 i sho n chemal ­

icall in Figur 6 roto · i a olid 
block. The sta Lor carrie a pair of plate 
on each end fa circular band . The cro s 

ection of the band correspond to the 
cro -hatched area. Th re on.ant fre­
quen yin clo ed position, corre pond ing 
to Figure SA, i hang d most effective} 
by a change in ize. Capacitance and in­
ductan e increa e, and frequ n de-

rea s, appro imaLely with th quat·e 
o.f the diameter. The re onant fr quen · 
in the open posi tion, corr pm ding lo 
Figure SD, doe not ar a rapidly , and 
the tuning range, ther f re, in rea al­
mo proportionately to -the diameter. 

t any gi en diameter the fr qu n y 
range an be hif-Led b ariation in de-

ign. Figure 6B ho' a unit in \ hi �b 
capaci·tance and indu tan e ha e been 
increa d by the addition of plat and 
b redu ing the wi th of th band. V'ig­
ure 6C i the corre ponding high­
frequency unit' i Lh low r d ·apa itan ·c 
and indu tanc . 

Th la of in .d u ·tan ariation ao-ain 
i determined b Lhe geometr of th d -

ign. In general,  the i:p.ductan � varia­
tion wil l  be con iderabl mal ler than in 
the circuit i th liding conta L and 
wil1 be further redu d ·r the rotor plat s 
are hap d to pro ide a prede t rmined 
frequenc di tribution. h lo ' of un­
ing range, the pri e 1-hat ha to b pa id 
for a de irable frequency dis·tribution, is 
therefor , i h higher in th butterfly 
circuit than in a onv n tional tuning 
condenser. 
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A fur ther modification that yields a 
lower L/C rat io i used in the 100 t o 
500 Mc o cilia tor h own in Figure 7 .  
Thi ircui t use 120° sections for -the 

t a tor plates and a 240° ection for the 
rotor. The rotor turn thi·ough 120°. 

It i i mportant to keep in mind that 
the tuning devices described o far are 
two -terminal impedances only. The se 
two terminals are designated 1 and 2 i n  
Fig ure 5. No point o n  any of the cir­
cui ts maintains electrically its po ition 
relative to the e terminals over the tun­
ing range, i n  the sense, for instance, of a 
-ta on a coil with respect to -the end of 
the w inding . In Figure 5, the point 3, 

midway electrically between the ter-
1ninals, i ymmetrically located only in 
the two extreme positions A and D and 
shifts toward terminal 2 for intermed iate 
.·ettings. The po ten tial of th rot or i 
inidway b tween poin 1 and 2 in po­
sition A and D hut hift s  toward terminal 
l for intermediate se tt ing . This fact is 
an important onsiderati n in all appl i ­

cations . 

ny point of the circ uit can he con­
necLed to ground but it i onv ni nt a t 
ti1ne not to 1nake any <lefini te onnec­
tion ·. This 1night he de·irable in an o -

eillator circuit, for in tance, here plate 
and grid o( a tube are c onne ted to the 
two terminal and ' h re the athod 
gro unded. 

OC OBER, 194 4 

The optimum meLhod of coupling a 
load to t he ircuit depend upon the 
ground arrang ment. If one terminal i 
grounded, ele tro tatic co u pling i mo t 
co venient. When th cfrcui l i Jef t 
floating, electromagne ti oupling is 
more desjrable. The only po jnt where 
effective magne tic coupling o er the e:n-

ire tuning range an be obtained i s  
shown a point 4 in Figure 5. The o ci l­
lator hown in Figure 7 u e this t I e of 
coupling. By rotat ing the coupling loop , 

the amount of coupling can be varied 
without di tm·b i ng the ��floating ground" 
condit ion of the o cillator. 

The Butterfly Circuit 

·ertain amount of le · trical ylll­
m try can b obtained b a modifi a­
tion sugge sted by Dr. A. P. . Peterson, 
wh r by two -ir ui Ls are opened up and 
c nnected in paralle l . The re ult i the 

butterfly circuit shown in Figure 8, 
' hich recei e d  i t  name from Lh . ha pe 
of the ro tor. 

igure SA, B, C, and D correspond to 
the positions shown in Figure 5. Poin ts 
3 and 3' are the electri al midpoints be­
tween t r minals 1and2, and point 4 and 
,j/ ar the lo ·a t ion fot· magnetic ouplin g . 

El � tri all the rotor of a bu tlerfl 
·ir uit i alway� th· n1idpoint tw i 
Lern1inal� l and 2, and th r ta tion be­
tween exLre1ne pos itions is 90°. With 

_FIGURE 8. ::;t.a1.or and rotor plat.es o( Lutt.erfl circuit. apacitance and indu ·ta nc • bet\ e �n 

point and 2 on the tat.or are at maxi1num in A and at minimum in D. 
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lh x p t ion , th di u ion in the 
pr 'eding paragraph an b dire ·tly ap ­

plied Lo ·the butterfly cir uit. 
Figure 9 how a 220 to 1 00 c os-

iJlator unit int nded for u e with a 
T PE 703-A door-knob ·type tube. Grid 
and pla L terminal of thi tube fit in to 
Lhe pring clips provided on the two 

slalor sections. },ig ure 1 is the ·lose-up 
j ·w of th 100 Lo 200 1\tf · o ·ill a t. or of a 

h terodyne frequen ·y meter .. The rotor 
plat,.� arc hap d and provide a loga­
ritJunfr� fre JU nc di 'tribution. The 958 
acorn.-t_ pe o i llator tube can be seen in 
t h  rear. Gr-id and plat are oune t d to 

extensions of the two stator ections and 
the cathode is connected direct ly to the 
ho�ring. Figur 1 1  h ·w th inalle t 
butt rA_ ·ir ·uit built o far., t get.her 
'' i th an acorn Lube and a T")."FE 1 22 
D te lo ·. Thi ci · ·uit ha a tunjng 
range of 900 to 3000 �le. 

Des ig n  of Butterfly C ircuits 
It '"as m.entioned in the introduction 

tha t th equi al nt Q of a r �onant 
tr an �m_-i si n lin · s of t he order of 
O.lD J. quar t er wa e line covering 
th ra g from 220 to 1100 M would be 
about 13 Y2 inche long and nlight ha e a 
diaineler of 2. in ·he . The theoretical Q 
w uld b 3000 at ... 20 Mc and 6700 at 
1100 1c. To cover thi frequency range, 
th I ngth £ th line w uld have to be 

l?1c. 9. CL ft) 
220-1100 Mc 
Luuerfiy cjrcuit 
with terminal 
for TYPE 703-A 
door knob typ 
tub . 

Fie-. 10. (RighL) 
100-200 M 
butt rfl ir ·uit 
of heterodyne 
fr quency m t r. 

varied by over 10 inche . Th cir uit 
hown in Figure 9 with 27-2 inches out­

side dia1neter covers exactly thi range 
with a Q of 650 at 220 Mc and of 300 
at 1000 M�. 

While the losses in butt rfl circuits 
cannot be inade as low' a in concentric 
lines, v alues of Q can be obtain d that 

ar uffi ient for many applications . The 
characteristics of the butterfly circuit 
hown in Figure 9 ai·e gi n iu Table I, 

togeth r w" th the variation in lhe e 
characteristics that can general ly be ob ­
·tained by varying d esign factor . In th 
·third column, n i a fa tor between l. 5 
and 3.5, depending on de ign and siz , 

with the lower a lues applying Jor 
mall r unit . 

Frequenc 
Indu tanc 

Capa itan ·e 

Q 
R = wL 

0 

T BLE I 
Circuit of Figure 9 

Lm. High 
�20 - 1100 !vl 

0.011 - 0.0041 µh 
48 - 5 µµf 

650 - 300 
0.023 - o.095 n 

ln GenPral 
LO\ High 

J - n2 

l - n-3 
1 
I - n2 

L/C 15.2 -28.6 n 1 - •n 

Z = Q L /C 9800 - 86 O n on unt 
Th maximu1:n inductance of bu tter­

fly circui ts in the clo ed po "tion an be 
computed by any of the s tandard in­
du tance formulas by taking Ys of the 
inductanc of the fulJ ring and inultiply­
ing by a factor of l.35 to allow for th 
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contribution of the stator and rotor 
plates. }i'or in.stance, 

L = 1.35 X t X 

( 36,- ) o.cn2s7,. ln - 2 10--0 henrys 
t + w 

or 

L = 2.l2r ( in 36,. - 2) centhneters 
t + w 

Another ormula suggested by Dr. 
A. P. G. Peterson that gives fairly ac­
curate re ult 1 

7r2 
L = - (r2 6 

[ 1 1 
t + w + y ,.2 - ,.12 

J centimeters 

where r i the inside radius of the ban d , 
r1 i the outside radius of the ro1:or hub, 
and t and w "the thickne s and width of 
the band, all in cen-time·ter . The min­
imum indu tance depends to a great de­
gree on the clearance hetw n tator and 
rotor along th circumference of the 
hand and the learance between the 
radial plate edges. This latter clearance 

annot be reduced very far without add­
ing capacitance and lowering the top 
frequency . In general , the ratio of max­
imum to minimum effective inductance 
will h between 1.5 and 3.5. The highest 
ratio actually obtained has been 4.6. 
This circuit had a hand diameter of 57,i 
in he and 1/ 16 inch clearance to the 
rotor. In this par Licular ca e the capac­
itance ratio of the 14-plate unit was 
22 - the frequency range 4 7-4 70 Mc. 

Maxiu1um and minimum capaci t an ce 
of a butterf ly circuit can be computed a 
in a variable air condenser, hut, owing ·to 
the butt erfly shape, capa itance ratio 
are con iderahly le s than in well­
desi gned conventional tuning condensers. 
Figure 2 how inductance , capaciLance, 
and frequen y plotted again t dial rota­
Lion for the 220 to ] 00 Mc hnuerfly 
cir uit of Figure 9. 

OCTOBER, 1944 

Fie RE 11. 900-3000 Mc butterfi it·cnit. 
Acorn t.nb and 1 22 d t.ect.or are hown f r size. 

One ffe l of hanging the number of 
plate de erve p cial m n t ion , al­
though it ha not been full y  explored . 

s expect d, t. he ratio of maximum to 
minimum apacitan increa with the 
addition of plate and the i nductance of 
the stator deer a es due to it increa ed 
width (de ign where the hand differs 
in width from th stator, a hown in 
Figure 68 and "Figurn 6C have only 
rarely be n used in practice) . },or · er 
low number of plate the indu tan 
can decrease more ra pidly than t.be min-

- unUIU ca pacit ance increases, and a but­
"terfly circuit wi Lh four plaLe , for i.n­
stance, may have a lower low- and. a 

FIGURE 12. T�, C and f ariat:ion of unit shown 
in Figure 9. 
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GENE RAL R A DIO EXPER IM E NTER 8 

Frc RE 13. Ass mb)y of butterfl. tators. 

higher high-frequency limit than wi h 
two pJates. As furth r plates are added, 
the rang is hifted to lower frequencies 
and the pan slightly increased, but oon 
odd modes of resonance appear tha 
were not previously observed. These 
m.ode ar not always noticed in oscil­
lator circuit where a single dominant 
frequency is produced, but they are 
easily found by other methods. It ap­
pears that these modes can he sup­
pr sed or at lea t can he hifted by ad­
ditional shorting connections b tween the 
individual plates of the four groups of 
plates. Two connections can be applied 
at the inside of the ta tor and two at the 
outside of the rotor on the radial edges 

. of the plates where 1:hey do not interfere 
with the rotation of ·the rotor. In prac­
tice, sh rting of the plates can be 
avoided by using a larger unit '\<Vi-th fewer 
plates instead of a small unit that re­
quire too many plat to cov r the de­
sired frequenc range. 

The equivalent series resistance of a 
butt rfly ir uit in reases linearly wi1:h 
frequ n y and r du e Q at the high­
frequency end where the Q of a trans­
mi sion line is increased. Thi increase in 

qui al nt re istance i due o the fact 
th at th hange of inductance in the 
hutterfl y circuit is brought about by 

eddy currents in the ro-tor and not by a 
reduction of conductor length. Addi­
tional lo se originate at the junction of 
the inductive and capacitative part of 
the circuit where currents pass from one 
pla·te to ano-ther in a dire t·on p rpen­
dicular ·to the plates. hree method of 
stator cons·truction with individual plate 
and spacers are shown in Figure 13. 
From an electrical point of view, Me·thod 
A appears to be the be t. Method B ha 
the advantage that the rotor can be ob­
served through the slots in the stator 
and can be centered after assembly. 
Method C may be desirable in exper­
imental work since it use parts that can 
be obtained more easily without special 
tool . For lowest los e stator and rotor 
should be soldered after a embly and 
plated with a material of high conduc­
tivity. Dielectric losses can be almost 
completely avoided in butterfly circuits, 
if two upports ar used, pla d at the 
two poin ts of equal potential corre­
sponding to 3 and 3' in Figure BA. n 
practice, however, the supports are 
often placed at other points, more de-
irable for mechanical reasons, and on 

large units three supports may he re­
quired. It i interesting to note that, in 
the circuit shown. in Figure 9, about 7i 
of t.he 0.023 n equivalent series resist­
ance, measured at 220 Mc, is accounted 
for by the metallic lo e in the silver­
plated inductance band. 

The resonant impedance of butterfly 
ircuit is well within the range of plate 

re i an of a uu m tub s and changes 
very little from the low to the high fre­
quency end. This makes it possible to 
produ e uniform os illation. over the 
tuning rang . 
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