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AABSDAQT 

A survey of !)Ossible circuits for use in the 300 to 3000 Mc frequency 

range is given. Advantages and disadvantages of these circuits, which are 

either welL lmo~m or recently developed at this Laboratory, are compared, 

in order to have .a starting point for an intensive research program on the 

development of circuits to be used in Naval Communication Receivers. Abstracts 

dealing with the mathematical and technical considerations of the circuits 

are included. 
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INTBODUCTIOl-l' 

1. -.There has been ~omparatively little development and exploitation, up 
to the present tim~, of wide frequency coverage circuits jfor u se in the 
frequency r ange at 300 Mc of 3000 Mc. . S,J.ch wide freg_uenay coverat-;e circuit$ 
as are available do not give results comparable to those iobtained at the 
low freq_uencies. This lack affects not only communication recei-..rers but 
also intercept eq_uiprnent for countermeasures and d.irection-findinf, applica­
t ions . A survey of the various knovm circuits would appear to be of value 
before undertaking an intensive research program in this !difficult part 
of the radio spectruw. Recent en5ineering development h~s pushed the freq_uency 
range of s tandard naval c01mnunication receivers up to 400 Mc, though the 
top 100 1fo is difficult ; and has produced receivers for la few narrow bands 
of .frequencies above 3000 Mc. However, the range .from 300 to 3000 Mc has 
been com,.-,aratively neglected because of the exigencies off war and of the 
tecfl..nical difficnlties involved in the region of transit~on from lurrrped 
circuits to those of the concentric line and ca.vi ty type J 

2. The present survey is intena.acl principally for the benefit of scien­
tists at the Naval Research Laboratory in order that they may more readily 
compare the advantagc1s and disaa.vantages of the v arious ~ircui ts, before 
undertaking any post-war development along this line. It is desired also 

• to exchange information i n this 'field with other laboratdries. The circuits 
presented herein do not :iecessarily include all those knJ wn by other 
at:encies; it is also possibl e that difficulties encountered here in d.eveloping 
some of these circuits maJ.' have l1een solved or approacher in a different 
manner at other le.boratories . • 

PRELHU:'f:ARY C0WSIDE.P.ATI0NS 

3. Before embarking upon a detailed discussion of circuits, it is advis-
able to point. out sever.al general factors which must be borne in mind when 
con,sider~ng_l.J'ID'. circui~s. A. gr~up at the Laboratory, ret resented by the_ 
autnor, is interested 1.n communication receivers; conseQuently the considera­
tions of circuits is generally aimed at tne wide f r~quenfy covera$e (at 
least two to one) suitable fQf preselect~r work. Preselectors are consid-
ered. as including t he signal c\rcui ts, the oscillat·or, abd the mixer circuits 
of a radio receiver. Vacuum tubes are associated with t *-ese circuits and 
the limited rate of tube C'cev'?lopment is to a sreat extent a 11 b~ttleneck11 

in preselect or research. If possible, it is a.esirable t0 provide at least 
three signal circuits with one stage of r-f amp:Uficatiot-. The acorn type 
of tube is not suitable for wid8T'range wqrk atove 300 l!ltt l 400 Mc. An excention 
tQ this is the new 6!4 Type ~corn tube { triod.e) whi<;::h maf operate up to . 
abo1.1.t lOcQ M<;, ( 14nO 1,1c natural per iod of resonant f requeri,cy) but the grid 
cqntacts are not located advap.tageously foT use in most bi rcuits. Some of 
the 11 door-kno1jL·tubes such as t;ypes 368A and 703!\ , have resonant frecpJ.enci es 
above 1500 Mc, but are ratlJ.er large in size ana. a.r~ not k.pplica'ble above 
1000 Mc in wia.e-frequenoy-range '9reselectors. The U gp.t.-house tube t;ype 2C40 
is usa'ble above 3000 Mc; but its base is too large :for many circuits and 
it will not oscillate with a s ingle tuned circuit ( wic:\~ , an,:;e) much above 



1000 Mc. The new type ( triode) A2302 tube mar1e by Radio Corporation of 

America and still i n the experimental stage, is a step in the right direction; 

it will amplify at f requencies up to about 2000 Mc and oscillate to about 

3000 Mc, but again 1000 Mc is about the limit of oscillat ion with a single 

tuned circuit. I t is understood that a new version, the A2302A tube should 

have ·better gain with more stability. Information on the ,General Electric 

Company L8 tetrode tube indicates a good amplifier to 3000 Mc, although it is 

still in t he development stage· and, being of the lighthouse type, will be 

bulky. The Klystron type of tube must also be considered: it is understood 

that a new design will allow operation down to 1000 Mc~ These latter tubes 

require. of course, a voltage control as well as control of the resonant 

circuit which may be no more difficult than the control of two tuned circuits. 

i n the analysis of tube behavior, the noise factor ·must always be. considered 

along· wi.th the gain to determine whether it is worth while -to include an 

r-f amplifier stage. 

4. Another important factor to consider is that of sliding or rotating 

contacts. At the present time the naval service does not apnrove the use of 

sliding contacts in high-frequency circuits because of th13 noise produced in 

such a contact. As f a r as is known, very little work has been done to produce 

a noise-free· long-wearing contact. In default of a solut~on of this problem, 

split-siator circuits have generally been used. (Recently, in concentric 

lines, the $ type choke has been a solution) . If a good sliding contact 

system c9uld be developed, many circuits would be available in smaller size 

and we ight and certain complexities could be eliminat ed. Work on this phase 

of the cil'cui t p·roblem is under consideration. 

5. The apµlication of trimming adjustments it also an impo~tant fact or. 

If a circuit is to be ganged for use over a specific frequency range, it is 

essential to be able readily a!!d indel)eridentiy to adjust both the top and • 

bottom resonant frequencies. fhis may ·be done, as in lower frequencies, by 

ad.ju.sting a trimming capacity and a trimming inductance; a t higher frequencies 

a change in length of the line or of some other· ·cir~u.it paramet er may be 

found suitable-. 

6. A fourth consideration is t hat of measurements. It is very valuable in 

r- f circuit work to know the impedances as well as the 11 Q,11 • In the 300 to 

3000 Mc range very little reliable equipment is available except perhaps for 

spot frequencies. The need i s for reliable and stable osci-lla tors, vacuum 

tube voltmeters and impedance measuring devices to measure up to several 

t housand ohms. Calculations are valuable, but in most circuits this is not 

very satisfactory, so that it is quit~ desirable to be able to make reliable 

measurements. 

CONVEr!TIONAL COILS AUD CP..PACITORS 

7. Low frequency practice with coils and capacit ors has an upper frequency 

range of perhaps 4PO Mc. Much difficulty is encountered however in reachihg 

this f requency with a t wo to one coverage, 200_Mc is a more satisfactory 

:upper limit for this type of ci.rcui t. The difficulty is due to t_he distri­

buted inductance tn the capacitors. Reference 1 gi ves a good explanatio'?\. of 



this behavior. This reference also gives a very good picture of the coaxial 
line, butterfly. semi-butterfly and cylindrical circuits. Taole I is a 
condensation of the pertinent points of the various circuirs and should be 
referred to as well . The conventional type of circuit thep, since ZOO to 
400 Mc is its upper limit, need not be considered as suitaple for the r-f region 
under review. 

COAXIAL LINE 

8 . The coaxial line is one of the older circuits for UHF work and has many 
advantages to offer. It is completely shielded, is symmet!l."ical and has high 
~ •sand impedances. The lighthouse type tube is well adap~ed to this circuit 
as is the RCA A2302 tube. Wide ranges may be covered and if dif ferent modes 
of operation are used i n the circuitsi cohtinuous ostillataons may be achieved 
without harmonics and spurious responses. In some cases a l shielded two-wire 
line may be used, out in general the coaxial line is super~or. There are 
difficulties, however, with this line. It is very bulky, 1and with the trend 
toward smaller size and weight it is not entirely sat isfacf ory; actually, 
for frequencies below say 1500 Mc, it is satisfactory for speciai purposes 
only. Ganging of circuits is difficult and the use of sliding contacts 
necessary unless elaborate machining is resorted to for making S type chokes, 
Reference 3. It is possible to load a fixed length of coakiai line with a 
variable capacitor. However, if the frequency range is la~g:e, , difficulty 
may be encountered with spurious effects which · result in l pss of frequency 
control by the line. 

CAVITIES 

9. The cavity- resonator-type circuits have been used e3tensively above 3000 
Mc, but for the lower frequencies it is believed that they are too large to 
be satisfactory in most Naval equipment apulications . 

BUTTERFLY CIRCUIT 

10. This circuit . developed by t he G-eneral Radio Companyl and extensively 
used during the war, is well diseussed in Reference l. 5~me circuits have 
been designed to operate at freq_uencies as high as 3000 Mc,, but it is 
believed t hat 1000 Mc is near the practicable upper limitr Plate I. The 
circuit exploits simultaneous variation of inductance and lcapaci ty, although 
for straight-line-frequency apnlications, a large change 1r, inductance ca!lJlot 
be obtained. The circuit is axially symmetrical and has y,ielded frequenct­
ranges of five to. one . The Q of this circuit is nol'lnally ~n the order of 
several hundred and the resonant. imneda.nce around 8000 to 0000 ohms. Thtl 
door•knob type of tube is most satisfactory in this applic

1 
tion, since th~ 

connectiol'l.s ~re well distributed with reference to t he cir
1

cuit. The circuit 
req_uires precisi6n machine work in conatruction and is no1; easily ganged. 
The useable tuning rotation is 90°, One of the greatest d~ffioulties of 
this cirduit lies in the spurious responses which are freqµently present, 
The General Radio Company has done a great deal of work on this phase of the 
circuit and have been able in certain cases. to elimil\ate 1some of the troubles, 
but care must be u.sed in working with these circuits to as·$Ure the suppression 
of undesiraole resonance phenomena... 
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p . Most circuits have many possible variations. One of )t he variations in 
the butterfly is the cylindrical butterfly, reference 4. ~ccording to the 
inventor, it has many advantages over the original circuit . 

SEMIBU':"TEP.FLY CIRCUIT 

12. This circuit is also a product of the General Radio. Company, though it 
was independently developed at this Laboratory~ Plate I. ~ t is not symmetrical 
and is not useful at freq_uencies higher than about 700 Mc, but it has some 
advantages over the other circuit. The Laboratory design c~n utili ze sta.ndard 
variable capa citor manufacturing methods and it appears to ~ave fewer sp1'.rious 
effects. Reference 2 gives d.etails on the use of the circ~it in severa l 
models of preselector heads tha t were being developed at the close of the war.. 
Ganging of three circui~s ~as accomplished and the addition pf_a fourth circuit 
wou.ld probably not b e difficult. The use of both acorn anaJ lighthouse tubes 
was found nossible. 

VA..m:ABLE-CF.ARACTERISTIC-IMPEDA!WE CONTROL 
I,; I 4.; 

13. With a loaded concentric l.:i.ne, it is possible to varathe freq_uency by 
changing the characteristic imped~nce. This can be seen b examination of 
the formula for the resonant length of a loaded1 quarter-wa e line 
Y. =.t.. ~-t- l~r-\. If the line is kep.t constant in length, an~ variation in 

Zo tkses c.a variation in frequency, ,however a large c.."1.ange ~n Zo is necessary 
for even a small chang e in f. The General Rad:l,o Compar1y1 s 

1
coaxial Butterfly 

is of this type of circuit. At this Laboratory a circuit ~s been built up 
in which the center conductor could,. be varied in position to vary Zo and at the 
same time vary the loading capacity. ·. -This gave a two-to-one variation of 
frequency, but contained a rotating contact. The variatio~ of the loading 
capacity brings in possible spurious responses as mentioned: before. 

CYLINDRICAL CIRCUITS 

14. This circuit consists of two concentric cylinders, each slit lengtfl,wise, 
Plate I. With the two slots lined up, the highest frequency is obtainedi 
while the inner cylinder is turned 180° to give the lowest ~ requency. A two­
to-one frequ ency coverage can be obtained and with proper s;haping a straight 
line freq_uency curve is easily possible. This circuit is ,4ell ad.apted to the 
6F4 tube. Difficulty may be ha d in getting satisfactory be

1
aring arrangements 

for the inner c:rlinder, but it is f easible and fs;anging sho ld 'be possible. 

SELBY CIRCUIT 

15. This circuit, developed by Etu;eno Selby of the Radio 1Corporation of' 
America, is essentia lly a three-quarter wave length line ci1rcuit with a series 
capacitors placed at a point a qua rter--wave length, ~t the pigher frequency, 
from the shorted end , The operation of this circuit , can rofghly be considered 
as follows : if the capacitance is zero, then the line is t ~'lree quarters wave 
length long, while if the capacitance is infinite, the line is one-~uart0r 
wave length long, The actual operation and calculations 9.ri9 shot,m in Appendix 
.1 , From the above consid<lrations, a thre0-to-one coverage is t heoretically 



possible, but no capacitor will cover this range so that a one and a half to 
one coverage is about the limit. It is poss1ble to add another half wave 
length of line at the top of t he circuit~and a ca?acitor at this point imd 
theoretically cover five t o one, but a:.,ain a.n actual cover age of between two 
and three to one is the limit . It is possi ble with this circuit, at frequen­
ctes up to about 400 Mc, to use·the circuit as a two wire ~ine and ~ang two 
commercial capacitors together with a common shaft for a d9uble type circuit, 
the cent~r part of the line b~ing simulated ny a small length of coiled 
wire, thus producin~ a circuit without sliding co-ntacts •. The frequency 
limitation of this circuit is again the distributed inductcznce in the capacitor. 

16. The previous circuits are either well known or those that have recently 
been discussed in published art icles. The circuits discussed below have been 
developed at this Laboratory. Due to war work, these circti.its have not been 

I 

investigated or developed to any great extent until recently and even now 
are in the early stages of evol ution. Several of these ciJcuits require 
sliding or rotating contacts, but are ment i oned as possibilities for further 
development. 

THE INDUCTIVE SHUNT LINE 

17. This l ine is similar to t hat of Selby but utilizes a .variable i ndact ive 
shunt at a point up one half wave length of t he highest fr1q_uency from the 
shorted end. At zero inductance the line is three quarters wave length long 
whereas, at infinite inductance, it is one quarter wave lertgth long. Again 
more than one section with an increased number of variable linductances may 
be used as in the Selby circuit. The difficulty is, of course, that no known 
variable inductance as normally considered is suitable for 1use. A type of 
inductance that may be suitable · for this will be considered later. The 
advantage of this line, if a suitable inductance were available, is the f~ct 
that chokes in the tube leads a, uld possibly be eliminatedJ Appendix 2. 

DISTRIBUTED CAPACI TY LINE I 

'·.is. This line is the outgrowth of the co~mereial variabl e condenser. Its 
action at VHF was originally predicted by Ronald King, but lwas at a latter 
date, independently disco,,ered experS.mentally at this Labo1atory. If a 
variable oa.paci tor i~ shorted at onE3 ·end, it can be considered a s a shoJ"~­
circui ted line, the shaft being one. l _ine ·and th~ stato'r su:J?ports the other. 
As the rotor is t urned, frequency cal\bration curves may be plotted for the 
quarter, three qua:'ter, five q:1.r..rte~, etc, •• mode$4 ~ppendix I 3. Th~s :iis, of . 
course, also true 1.f the capacito!' 1 Q :imihorted; 1 t can of ~een 1n the sp}.1 t 
stator type as well, though spurious rospons es will be present · d,u.e to the 
oscillation modes induced o·y coupling betweeI\· rotor and each stator. This 
latter defect can be elimin-atQd by 'Using an :i,.nsulated shaft with ip.divj~ual 
insulat ed rotor plates. This circuit has be~n used witp _ sdme success as a. 
wave trap. The concentric line ~an be modified by this-.tYlfe of circuit , 
Plate 2. An oscillator_ of this type has been ouilt us.ing a lighthouse t1.7.be 
that operates from about 400 Mc to 1100 Mc. The advantage of this t ype of 
line is that the tuning is by ro tation and not by chan6e -o~ length. V~riable 
feed back is necessary for osci llation over t~s frequency range. The lo~ses 
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of this type of line will be greater than in the normal iinl due to concentra­
tion of currents over a portion of the line. With any line it mu.s t always 
be borne in mind t hat there is a possibility of operation ih vari ous moo.es . 

DISTRIBUTED IKJJUCT.ANCE LINE 
I 

19. This line is similar to that of the Distributed Capac~ty Li ne except 
t hat the inductance is varied instead, Appendix 3. I n thel present fo rm it is 
ei t her a two-~rire line or eoncentric line with ro t ating cont acts. Plat e 3. 
The rotor is made of a slit cylinder, with the slits perpendicular t o t he 
axi s and going over three quarters of the way through. Thaf\stator is a narrow 
plate with a concave cylindrical surface into which t he r ot or is placed; 
t he clos er the spacing the gr e?.ter t he frea.uency change, 14ien t he t wo solid 
por tions are adjacent , the inductance i s l ow and. frequency hi ghes t . On 
ro t ating the cylinder 1soo the solid portions being further: away the i nductance 
is greater and at t he same time, due to the f ringe effect , r he capacity is 
approximately the same so the frequency is lower. A f requency change of over 
two to one is easily obtai nable with a rotor to stator spaci ng of twent y mils 
and a rotor diameter of o~e-haif inch. Larger diamet ers wiQl give greater 
frequency coverage. For a concentric line, the outer cyl inf er is slotted in 
a way s i mila r t o t he inner one. The impedance and Q, of thi

1
s type of line is 

low, which may limit its usefulness . Again operation in ditfferent modes is 
possible. :This type of lin~ may be combined with the di st1ributed capacity 
line to give a circµit with lil.\,l.ch greater frequency coveragJ. Plate 3 shows 
a l ine of thi s type wi th a coverage of five to one. 

MODIFIED SELBY Af.TD I ~"'DUCTIVE SRm~T LINE 

:30. A. transmi ssion line between one quarter and one half ,wave lengt h l ong 
and shorted at one .end is capacitive while if it is open it is inducti ve. 
Similarly a l i ne between one half and three quarters is inductive if shorted 
and capaci tive if open, Th~s a line may be substituted fo t t he capacity of 
the Selbv Circuit and the inductance in the inductive shunt line. No advantage 
is secur~d with an ordinary sli ding cont act concentric lini for thi s purpose, 
except that it should be ppssible to _~over the complet e t h1oretical t hr ee-to­
one rang e. The change of length nee~ed is greater than f on an ordinary l i ne. 
In order t o eliminate this bulkiness, either of t he distri~uted constant s 
ty-pes of line can be used. Thi s type of ci rcuit is still · n a very early 
experimental s t age where its possible value is not predict bl e and wher e t he 
d~fficul ties are numerous, Appendix 4. 

COWCLUSI ONS 

21. The ci rc~its disQ),l.ss~d here are t hose which have comJ to the attention 
of or been deve).oped ~y a · ~wall group at this Lab.oratory_. There a re undoubt ab l y 
many var iati ops of t hese yircuH s and probably many othe!t' types bes i des, No 
one circuit wiJ.;l. be }deal for ail problems in the 300 to 3000 Mc range. All 
of the ci:rcuits q.iscu~sed have their limitations, but it i ~ Aoped that thi~ 
survey may brip.g to l ight other circuits or s t art a tra.1n of though t s along 
these or new avenues that; will nroduce b et t er circuits. ·- Criticism of t he 
ideas h P.re given woul d be welcomed and it is hoped t hat l?,.Jgestions of ot her 
circuits and methods for utili zing thh part of the radio fr equency snectru.m 
will be forthcoming. 
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APPENDIX I 

THE SELBY CIRCUIT 

1. The pictorial o~erati on of the Selby circuit can be seen in the following 

diagrams. The portion from the grounded end to the ~apacitor is 1/4 wave 

--
length and from capacitor to the 

Cap . upper end, 1/2 wave l ength of 

a -------
highest frenuency. A:t ,.zero ca:p· .. the 

_ __ J ,' - ,_ 0 -.. 
1 ~oitage distribution is as at a, 

b 

C 

d 

Low 

giving the highest freq_uency. The 
aapacitor can be thought of as 
talcing up some porti on of 1/2 wave 
~ength of the line. In the case aJ 

this is zero. In the other cases 
where C is increasingly greater, this 
portion is _gr eater until in case e. 
it is a whole 1/2 wave length. The 
capacitor also has op~osite vol tage 
p(_}t,entials · on it I s two si des, but 

------ - -- --- '~~ !" M@d. the voltages do not necessarily have 
to be on the opDosite side of the 

------------------ · ··• · - --1 ~ 1-, 

grou.~d or arbit ra rily chosen zero 
potential point. Thus one can go 
from the 3/4 to 1/4 wave length 
without going through the 1/2 wave 

High length mode. 

2. A calculation of the canacity 
for various freq_uency for a given ----- ' 

e --- ------1~7 , .~nf. 
I 

line of this t~e can be made by 
obtaining a formulae from transmission 

line methods. Plate 4. 
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APPENDIX 2 

THE INDUCTIVE SHmTT LINE 

1. This line i s somewhat similar to that of Se'ib,r, there being a discontina­
·i'.t·.y in the vc.HaP;;e curve at the point at which the inducta?ce is attatched 
to the line. Considering a two w~re line, a plane of zero voltage may be 

Ind. 

-----~, ----
=====----

b - - - Low 

------C - - - Med. 

-- -
d 

drawn through the middle and 
passing through the mid-point of 
the. inductance. The i nduct ance 
on one s i d.e of this line will 
contain a portion of 1/4 wave 
length, which is shown in the. _ 
dia~rams as do t ted. Thus in a the 
inductance con}ains zero wave 
length, while ate a 1/4 wave 

I 

length or neariy so . In C, where 
the lower linel is 1/4 wave length , 
the inductive ioad, reduces the 
voltage at the junct ion so that 
the maximum voitage is still at 
the end of thel line . As in the 
Selby cir cuit / transmission line 
theory ce.n be used t o develop. 
A formulae forl c~lculation of i __ -..- h High • the necessary 11.nductance for tuning I J'' the line. ~n accompanying granh 

-----..lt.----....-------1 illustrates thls for a range of 

Inf. 

333 1/3 Mc to ~000 Mc. The 500 Mc 
point is indeterminate, but may 
be calculateQ. by assuming the 
grounded eno. ;on ·s +0f the Hne is· of 
infinite impedance at the junction 
with the inductance. Plate 51 

t 
9,-----;i 

I 

,o 
Wh~re. "": ,a.&1> '{II) ;+ '- ;., ...c..1-(.h. 



, I z c.. = -J Z.Tif C. 

5.3~ z 
C = o 

z.. Z..1.- . 

z =---2- Z, -T Zt.. 

-11-



AePENDIX 3 

THE DISTRIBUTED CONSTANTS LINE 

1. This is a line in which either the distributed capacity or distributed 
inductance is varied or also where both are varied in the ba.me way. Uormally 
if the spacing or size of a line is varied, the distributed capacity and 
distributed inductance will both vary but in the opposite ~irection with the 
resultant resonant frequency remaining constant. A commercial variable 
condenser can be consici'ered as a line, where the rotor shaft is one side of 
the line and the stator supports the other. On rotating the plates, the 
inductance remains practically constant while the capacity discreetly dis­
tributed throughout t he whole length varies. If it were po ssible to vary 
the distributed inductance with the capacity- constant, the ~same result would 
be obtained. 

,~ 

.-c -
'-

I 1; 

/ 

Zo 

r 
I 
! 

i 
i 

( 
L > C. i-:> e. " 

v...,:+ le,r- ~t-h 

This line, as in the normal transmission line, has modes of operation. of 1/4, 
3/4, 5/4 etc. or 1/2., 2/2, 3/2 etc. depending on whether it is shorted or 
open. The operation of this line was originally,--predicted by King in 1937 I. 

I 
2. In a transmission linelJ':.1/Vt-t:. andt).-:.Yso f:: }-.~where'>- is fixed 
depending on the mode of operation. The variable is now Lor C and f (also v) 
instead of T and f. It is possible to calculate the length of such a line 
for a given frequency from transmission line theory . 

• 
Zc..' = - j (l/.1iifC1

) a_ n d z , + Zc_' =o 

the)") 2.. 1T + C' 
-s - ""'[ ta.111 2..Trf J. \J LC 

0-< tan .2.. TT f _,Q \J LC.. fu ~··-;::--::: f-C' c.. 

the le"-rt+, J-= l2:1T ~h. c.) (t.,_.-.-' .l.~f c''fllt) 
c.. h • \.- c\ n - 1 l~ -, , . \ 
ro~ ' \ e ._ """v ") --'; - -<- rr f-V"i:::c:" Y'\ ~,.,. f- c. V '-le + n rr, r'\ : 0 1 I l. et C I , 

1, King, Dr. R. B. Phil. Mag. Vol. 25, PP 339.,..353 Feb 1938 . 

. - .,.. .. ~ ----- ' 



Plate 6 shows the operation of such a line as a wave tra-p 11tilizing the even 
modes. The condenser line is shorted at one end,, rasttlt!i.."'ng in a short, at · 
the other end when at resonance. Plate 7, shows that the spacing of the 
discreetly lumped capacity, is not critical but that .the res·onance curves 
continue jn approximately the same manner. Plate 8 is the frequency curve of 
such an oscillator circuit using a split stator arrangement,. 300 Mc is about 
the limit of oscillation using commercial variable condensers. Using a 
concentric line of this type an oscillator operating from about 400 to 1}00 
Mc has been built. Plate 2 . It appears quite probable tha.t some spuriOU$ 
responses in nonnal lumped constant circuits and in the butterfly circuit 
may come from this type of operation for the capacity from one stator to the 
rotor is at least twic as great as from stator to stator. :flate 9 shows the 
results from experimental work while Plate 10 is calculated for a possible 
split stator condenser. 

3. While inve_stigating this typ~ rte coaxial line i t was ;found that consider­
able capacity change could be secured even though the center stators were 
removed. This is due to the fringe effect, for which calou~ations are very 
difficult. A rough calculation can be made by assuming a pernendicular plate 
to be substituted for the rotor plates, at the periphery of rotation. 

This is true if 

~-.c- !j~l,4 ""ed p I C\,te, ~Ion~ 

the pl~qpacing is fairly close. 

4. It is possible to have variable distributed inductive line due to this 
fringe effect. Plat e 3. As can be seen this line is formed of a saw toothed 
cylinder and a concave stator. Plate 11 shows the results of the'\varying 
spacing of the rotor slit. There is a certain amount of inductive.•:effect 
along the teeth, depending on their thickness: and on t he spacing between but 
mo st of the current is carried along the solid portion. This particular line 
is 10 cm long and should resonate at 750 Mc ( Y~ >. mode). Actually this 
resonant frequency , with solid portions closely spaced, is about 625 Mc. The 
reduction is due mostly to the fringe capacity of rotor to stator. The 
c~:rves show that the capacity is about constant until the 600th t o slot portion 
is in the ratio of one to four . The frequency range is als9 greatest in 
this case indicating the least inductive effect along the slotted portion. 
With the solid port ions adjacent and 35 mil spacing, the capacity as cal culated 
is .994 µuf/crn and measured as 1.3 uuf/cm. The inductance as calculated 
from strip line theory ( not completely apnlicable) is 960 M -cd-1/c-w\.Since 
the resonant frequency is 84% of normal, there must be a ca~acity effect from 
the rest of rotor. The capacity varies in a transmission line inversely as 
the square of the frequency or velocity so in this case it is 1.42 times the 
:previously calculated value or 1.41 b:uf/cm (measured 1,.3 uu:f/cm).. With the 

• rotor 180° from the -previous position the frequency is 330 Mc ( 1/1611 teeth 
l/1E11 slot). The inductance varies inversely as the square of the frequency 
so should be 3500 'J1uh/cm-, wlai:le ;,.tbe calculations from strip line theory give 
6400 uw:i,/c'ffJ. In other words the inductance along the teeth h~s reduced the 
effective inductance to about 55% of the calculated valve. These values a re 
all ap', tbximate for the calculations are difficult to make. 
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APPlNDIX 4 

THE MODIFIED SELJ3Y. AND IN.OUCTI,VE· SHUNT LINE 

1. The Selby circuit requires a variable capacity and tne Inductive Shunt 
Line requires a variable inductance for tuning. This variable capacity or 
inductance can be obtained from a·transmission line of the 'proper type. For 
example a shorted 1/4 wave length line has zero capacity, which is the value 
needed for the highest £re4uency of the Selby circuit; if this line is . 
made longer, it will increase from the 1/4 wave length to the 1 /2 ~ve length. 
at which point, the line is of infinite capacity or will tune the S·'elby cir~ui t 
to one third of the t op frequency. If the line is lengthel,'led still more, going 
from the 1/2 wave length position toward 3/4 wave length an inductance is 
added in place of a capacity and a still lower frequency will be reached. This 
type of line can, of course, get very long and unfortunately other modes are 
possible which cause difficulty in smooth tuning. This Cl'J{l be seen in the 
accompanying ~raph, Plate 12, where oscillations take plac·e in t he O to 1/4 •. 
wave length inductive mode, rather than in the 1/4 to 172, ¥ave length capacitive 
mode that is desired. The distributed constants line may be used to eliminate 
the large length, ·though the moding is still possible. Elimination of the 
moding can be avoided by the use of double tuned circuits, as seen in t he 
graph Plate 13; using the 1/4 to 1/2 wave length mode in combination with 
the 3/4 to 3/2 wave length modes • . Another difficuity with the distributed 
constants line is the large change in Lor C required as can be seen in 
table 2. 
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CIRCUI'?: 

Coil and Capacitor 

Butterfly (G.R.) 

Semi :Butterfly 
(G.R.) (1'TRL) 

TA."RL~ I 

SU?!.r.r.Ar>Y 0F CIRC.TIT~ FOR THE 300 -3000 Mc rf RAlJGE 

FR'S'" . LIM! T'3 MC 

__ 400 

100 - 1000 
( 3000) 

100 -700 

TUI!E'3 USED A:.lVA?TAGES DISADVANTAGES 
-~---------- --------- ----- -- ----·-·· 

9fi5 954 
95A 956 
6?4 
Minature 
t ~rp es 

955, 958, 
6F4 'f.E 
316J. , 368A 
?03.A 

955~ 958. 6F4 
954, 956 WE 
316A, 368A 
703A 2C40 

Gan~ing not too 
difficult. :r;asy 
to manufacture. 
270o rotation 
possible. 

Indu.ctance a:pnears 
in Condenser . Chokes 
req_1).i red. 

------------·---··-- ----
Symmetrical 
circv.it. Larr,;e 
freq . covera;~e 
(5-1) Land C 
both change. 

'3tand.,.'1.rd Hfg .. 
Techniq_uc. 
L and C both 
change. 180> 
rot".tion . Tube 
mountinr:; not 
t oo niff i cult . 
Gan.rin~ not too 
diff icult , ?To 
spurious moc1.,)s. 
No ceramic shA.fts 
or rods . 

5Y)nrious modes. Tube 
Mou .. -ri. ting r1.iffi cult . 
High degree of machining 
req_uired. G-~rn,;ing 
difficult. Only 90° 
effective rotation . 
Chokes reo_u.i red .. 

Hon Symmetrical. Chokes 
rec:uiroa .• 
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TWO WIRE , AMD CONCENTRIC DISTRIBUTED INDUCTANCE LIME 
ANO COMBINED CAPACITY AND INDUCTANCE LINE 
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Distribution 
• BuShips ( 5) 

USNEL (1) 
CHONR (1) 
Olffi, Boston 
Op-413--B2 ( 5) 
CGAAF (1) 
OGS0ASf ( 1) 
CO~ AMC+ ·Wright Fieid (),) 
USELO, Ft·. Monmouth ( 1) 
NOL (1) 


