
May 18, 1954 W. F. SANDS 2,679,007 
VARIABLE INDUCTANCE CIRCUITs 

Filed July 15, 1949 

77 
Maa/2/a/27 

12. 

aae. 

72 aayaa 

w 

NVENOR 

W7zz AAznar 
BY 

AT TORNEY - 

  



Patented May 18, 1954 2,679,007 

UNITED STATES PATENT OFFICE 
2,679,007 

VARABLE INDUCTANCE CIRCUITS 

William F. Sands, Haddonfield, N.J., assignor to 
Radio Corporation of America, a corporation 
of Delaware 

Application July 15, 1949, Serial No. 104,984 
(C. 250-36) 14 Claims. 

This invention relates to signaling circuits 
which are to be mutually coupled and which in 
clude inductances of different magnitudes having 
a predetermined ratio relative to one another, 
and particularly, to coil structures providing the 
inductance in the respective circuits which may 
be simultaneously varied by means of a movable 
core without varying substantially the prede 
termined inductance ratio of the tWO circuitS. 
In signaling systems, such as those included in 

radio receivers and the like, there are many cases 
where two inductive circuits are to be mutually 
intercoupled and in which the magnitudes of 
the inductances included in the respective cir 
cuits are different and yet have a predetermined 
ratio with respect to one another and in which 
the inductance ratio must be maintained Sub 
stantially constant. Where circuits of the chair 
acter described are to be variably tuned, or at 
least are to be controlled in Such a manner that 
corresponding Variations in the respective in 
ductances are to be effected. Without changing 
the ratio of the inductances in the respective 
circuits, it has previously been necessary to pro 
vide the inductive devices in the respective cir 
cuits with individual movable core elements. 
This has been necessary when using coil struc 
tures of conventional design by reason of the 
fact that in structures of this character a Single 
movable core element necessarily affects one in- 3 
ductive device differently from the other. 
There are various types of circuits which are 

to be coupled and variably adjusted in the man 
ner described wherein it is desirable to effect the 
necessary corresponding variations in the induct 
ances included in the respective circuits by 
means of a Single movable core element. One 
type of circuit wherein. Such a facility may be 
advantageously employed is the coupling between 
the output and input circuit.S of an Oscillator. 
Another Such circuit is One in which an in 
pedance transformation is desired. In oscil 
lators, particularly, which operate by reason of 
an inductive coupling between the input and out 
put circuits thereof, it generally is necessary, in 4. 
order to effect the proper coupling, that a coil 
Structure be provided in which one winding has 
a Somewhat different inductance than another 
winding. For example, in the Well known type 
of Hartley oscillator, there is employed a coil 
structure connected between the anode or equiv 
alent output circuit electrode and the control 
grid with a tap provided for connection to the 
cathode at a point on the coil structure which 
is closer to One end thereof than the other. 
other types of oscillators, also, there are provided 
Separate inductively coupled Windings included 
respectively in the anode and control grid cir 
cuits wherein the inductances of the two coils 
are materially different. In order that these OS 
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cillators operate in a satisfactory manner, it is 
necessary to maintain a substantially constant 
ratio between the inductance of the portion of 
the coil structure included in the anode or out 
put circuit of the inductance and that portion 
of the coil structure included in the control grid 
Or input circuit. When using coil structures of 
conventional design, it is not possible to employ 
a single movable core element for varying the 
frequency of the OScillator without effecting a 
greater change in the inductance of one of the 
coil structure portions than in the other. As a 
consequence, the ratio of the inductances in the 
respective circuits does not remain constant with 
the result that the Operation of the OScillator is 
adversely affected. 

Similarly, it is frequently desirable to employ 
an inductive device Which is tapped at a point 
closer to One end than the other in a circuit 
Wherein an impedance transformation is to be 
made. For example, where a relatively high 
impedance circuit is to be coupled to a relatively 
low impedance circuit, it is a common expedient 
to couple a coil structure having an inductance 
of a relatively large magnitude across the high 
impedance circuit, one terminal of which is com 
mon to a terminal of the low impedance circuit. 
By providing a tap On the coil structure at a point 
Which is closer to that end thereof which is con 
nected to the common terminal and by con 
necting this tap to the other terminal of the low 
impedance circuit, only a fractional part of the 
total inductance of the coil structure is effectively 
included in the low impedance circuit. However, 
where such a coupling device is to be variably 
tuned, a movable core element in conjunction 
With a conventional coil structure is unsatis 
factory for the reason that a movement of the 
core element effects a substantially different 
change in the inductance of one portion of the 
coil structure from that effected in the other 
portion, with the result that the ratio of in 
ductance of the two circuits is not maintained 
Constant. 

Accordingly, it is an object of the present in 
wention to provide an improved variable in 
ductance apparatus for coupling two inductive 
circuits having respectively different inductances 
in a predetermined ratio, whereby the respective 
inductances may be varied without varying the 
inductance ratio. 
Another object of the invention is to provide 

an improved variable inductance coil structure 
for Coupling tWO inductive circuits having re 
Spectively different inductances in a predeter 
mined ratio, whereby a movable core element 
may be variably positioned within the coil struc 
ture to effect a variation in the inductances of 
the respective windings without substantially 
changing said inductance ratio, 



2,679,00? 
3 

Another object of the invention is to provide 
an inproved coil structure for use With an OScil 
lator as the coupling means between the Output 
and input circuits thereof and which comprises 
portions having different inductances in the re 
spective circuits in predetermined ratio, whereby 
a single movable core element may be Variably 
positioned within the coil structure for effecting 
inductance variations in the respective coil pOr 
tions in substantially the same proportion. 

in accordance with the present invention, there 
is provided apparatus for coupling two inductive 
circuits having respectively different inductances 
in a predetermined ratio relative to one another 
which comprises a nulti-filar coil structure haW 
ing at least three Windings arranged. With ad 
jacent corresponding turns. At least one of the 
Windings is connected in One of the circuitS and 
a different number of the Windings is connected 
in the other of said circuits. A core element also 
is included and is nou Inted for movement Within 
the coil structure So as to simultaneously Vary 
the inductances of the respective WindingS, all 
in substantially the sane proportion. Whereby the 
ratio of the inductanges remains Substantially 
constant. 

In accordance with another feature of the in 
vention, there is provided a coil structure Sub 
stantially of the character described for use in 
coupling the Output and input circuit.S of all 
Oscillator. At least one of the WindingS is in 
cluded in the output circuit of the Oscillator and 
a greater number of Windings is included in the 
input, circuit, of the OSciliator. In a particular 
fori. Of OScillator all Of the Windings are con 
nected in Series relationship. In another form 
of oscillator the Windings aSSociated respectively 
With the input and Output circuits are not con 
ductively coupled and the output, circuit Wind 
ing is centrally disposed relative to the input 
circuit WildingS. 
The novel features that are considered chair 

acteristic Of this invertion are set forth With 
particularity in the appended clairns. The in 
Wention itself, however, both as to its organiza 
tion and nethod of Operation as Well as addi 
tional objects and advantages thereof Will best 
be underStood from the following description 
taken in connection. With the accompanying 
dra Wiig. 

in the drawing: 
Figure 1 is a circuit diagram of that portion 

of a Superheterodyne radio receiver embodying 
the present invention wherein a Hartley oscillator 
is eployed as the local frequency generator in 
a frequency converter stage, whereby the received 
radio frequency Signals Inay be changed into in 
termediate frequency signals; 

Figure 2 is a diagrananatic representation of 
a tri-filar Winding together With its associated 
magnetic core element by which it may be tuned 
in accordance with the invention; 

Figure 3 is another circuit diagram of a reac 
tion type of oscillator embodying the invention 
in conjunction with a triode electronic tube; 

Figure 4 is a further embodiment of the in 
Wention as it may be used in an impedance trans 
formation circuit; and 

Figures 5 and 6 show alternative embodiments 
of the invention. 

Having reference now to Figure 1, there 
is shown the radiant energy receiving and fre 
quency Converting portion of a Superheterodyne 
radio receiver. An antenna, ) is coupled by a 
capacitor f to the signal input grid 2 of an 
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4. 
electronic tube 3 which as illustrated may be 
a pentagrid tube Such as an RCA type 6SA. 
The antenna, circuit is resonated by an inductor 
Sii and a shunt-connected capacitor 5. The low 
potential terriinal of the inductor 4 is bypassed 
to ground by a capacitor 6 So that a connec 
tion of this terminal may be made to a conven 
tional AVC circuit as indicated. Tuning of the 
antenna, circuit is effected by varying the in 
ductance of the inductor is by Eleans of an 
associated ovable core eleinent Which, it 
Will be understood by those skilled in the art, 
preferally is positioned within the conVolutions 
of the inductor and is axially nowable relative 
thereo as indicated by the double-headed aroW. 
The frequency converter tube i3 also is pro 

vided with a cathode 8, an OScillator grid 9, 
a pair of Space charge grids 2 and 2, a Sup 
pressor giid 22 and an anode 23. Space Current 
and the necessary operating potentials for the 
tube 3 aire derived from a unidirectional power 
Supply such as indicated by the battery 3. The 
two Space charge grids 2 and 2 aire connected 
together as shown and are Supplied With Suit 
abie Voltage of positive polarity by means of a 
connection, including a resistor 25 to the posi 
tive terminal of the battery 24. The anode 23 
of the converter tube is coupled through a par 
allel resonant circuit 26 comprising an inductor 
3 and a reSonating capacitor 28 and through 
a resistor 29 to the positive termina of the bat 
tery 23, whereby Space current is furnished to 
the tie 3 and also whereby Signal-nodulated 
interiaediate frequency energy is developed in the 
circuit 25 Which is tuned for resonance at the in 
terrediate frequency. A capacitor 3 provides 
a bypass to ground from the resonant circuit 
26 for radio frequency currents. The suppressor 
grid 22 of the tube i3 is connected directly to 
ground aS ShoWn. 
The oscillator grid of the tube S is coui 

ped by a capacitor 3 to One terminal of a multi 
filar coil structure 32, which is resorated by a 
capacitor 33. A resistor 3A provides a leak to 
ground for the coupling capacitor 3. the multi 
filiar coil 32 as ShoWA comprises three Substan 
tially sixilar wildings 35, 33 and 3 connected 
in Series aiding relationship to ground. The 
Ungrounded terrainai of the winding 3 is con 
Elected directly to the cathode 8 of tie frequency 
converter tube 4. The ruiti-flar coil 32 is pro 
vided with a movable core element 38 which, as 
Will be inore fully described hereinafter, is in 
timately and Substantially equally associated 
With each of the windings 3, 33 and 3. Also the 
Core 88 is arranged to be axially movable as in 
dicated by the double-headed arrow, whereby to 
effect, the desired variation in the inductance 
Of the goii. 32 to Suitably alter the operating fre 
quency of the OSciliator for turning purposes. 
The tuning cores and 33 preferably are ar 
i’anged for concurrent movesent and, accord 
ingly, are suitably linked nechanicaily as indi 
cated by the dash line 39. 
The intermediate frequency output signal is 

derived firon the frequency converted by means 
if a Secondary resonant circuit 28 cognprising 
the paralle: arrangement of an inductor 4 
Couped to the primary inductor 2T and a 
ireSC13, iiiig Capacitor 42 by aeans of which the 
Circuit, 3 is turned for resonance at the inter 
nediate frequency. he terminals of the reso 
Elaint circuit if may be suitably coupled to an 
interflediate frequency signal amplifier as indi 
cated. 
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Having reference now to Figure 2 of the draw 
ing, there is indicated diagrammatically the 
malnier in which aimulti-filar coil structure may 
be formed in accordance with the invention. In 
the illustrative exaraple, the nauti-filar coil com 
prises thi?ee windings which may be supported 
upon a coil foi'in consisting of a hollow tube 43, 
preferably of insulating material. Since there 
are to be three windings forming the particular 
tri-filiar coil shown for illustrative purposes, there 
are three conductors represented herein by the 
Solid lie 35, the dash line S6 and the dot-dash 
line 3: in order that they may be individually 
distinguished. It may be seen from an inspec 
tion of Figure 2 that the three conductors 35, 36 
and 3 are interWound upon the tube 43 in such 
a manner that each turn or coinvolution of each 
winding is adjacent to the corresponding coin 
volutions of the other Windings. The magnetic 
core element, 3S is inserted within the hollow 
tube 43 substantially as indicated. It may be 
readily Seen fron this figure that, irrespective 
of in what position the core 38 may be placed 
within the tube 43, substantially the same num 
ber of turns of each of the windings 35, 36 and 
3 are ragnetically linked thereby. Conse 
quently, Whatever change in the value of the in 
ductance of one of the windings may be effected 
by Varying the position of the core 38 within the 
tube 33, Subsiartially a proportional change in 
the ii dict2:ice of the other windings will be 
effected. 

Bearing in Illind the structural arrangement 
of the Inuitie?la: coil 33 and its cooperating tun 
ing core 33 as shown in figure 2, consideration 
should now ke given with reference to Figure 1. 
of the oper'ation of the embodiment of the in 
Ventioia in conjui?tic). With the osciliator stage 
of a Superheterodyine radio receiver. As is well 
known by those skilled in the art, the pentagrid 
frequency converter tube 3 includes an osci 
lator comprising the cathode 3, the oscillator 
grid 9 and effectively the space charge grids 20 
and 2: Serving as the oscillator anode or output; 
electrode. As in a conventional Hartley oscil 
lator, the cathode 8 is connected to the feed 
back inductor Such as the tii-filiar coil 32 at a 
point, located approximately at one-third of the 
distance from the grounded terminal. Accord 
iingly, a tri-filar coil such as the coil 32 serves 
effectively in an oscillator of this type by reason 
of the fact that the cathode 3 ::1ay be con 
nected to One of the junction points between the 
Wiilidings of the coil. it lay readily be seen that, 
When the magnetic Core elements and 38 are 
adjusted in position relative to their associated 
coils 4 and 32 to vary the turning of the receiver, 
not only is the overall inductance of the coil 32 
charged in the maniae desired but also the in 
ductance of the Winding 3 connected to the os 
cillator cathode 8 is changed in substantially 
the Sanhe proportion. Therefore, the inter-rela 
tionship between the energy developed in the 
output circuit of the oscillator and the energy fed 
back to the input circuit for producing sustained 
OScillations is Substantially unaltered when the 
feedback coil 32 is a tri-filar one in accordance 
With the ii Vention and the inductance thereof 
is varied for tuning purposes. The oscillator, as 
a resuit, performs with substantially equal 
facility irrespective of the frequency at which it 
is tuned. 

Referring now to Figure 3 of the drawing, there 
is shown another form of oscillator which may 
advantageously employ an embodiment of the in 
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vention. In this case, the electronic tube 44 is a 
triode having a directly heated or filamentary 
cathode 45 which may be suitably energized by 
a relatively low voltage unidirectional power 
Supply such as indicated by the battery is 5. The 
anode it of the oscillator tube ill is coupled 
through a centrally disposed winding 68 of a tri 
filar coil structure $3 and thence, through a load 
resistor 5 to the positive terminal of a Source 
of unidirectional Space current such as a battery 
5f. The resistor 30 and the battery 5 may be 
bypassed to ground by a capacitor $2. 
The grid 53 of the oscillator tube A4 is coupled 

by a capacitor 58 to one terminal of one end 
winding 35 of the tri-filar coil structure 49, the 
other terminal of which is coupled in series aid 
ing relationship to cine terminai of the other end 
Winding 56 of the coil structure. The other ter 
inii),al of tine Winding 55 is connected to ground 
and the two windings SS and 5S are resonated by 
a capacitor 5. A resistor 55 provides a leak cir 
cuit to ground froIn the grid 53 of the oscillator 
tube. The tri-filar coil structure is provided with 
a inovable core element 33 which, as indicated 
by the double-headed arrow, may be axially 
moved relative to the coil windings for tuning 
plgOSes. 
The Windings 48, 55 and 58 may be formed 

upon a Suitable hollow tube in a manner sub 
stantially similar to that shown in Figure 2. 
Inasmuch as each convolution of each of the 
Windings is wound upon the supporting form in 
Such a manner that it is adjacent to corresponsi 
ing convolutions of each of the other windings, 
the position of the core 33 within the support 
ing tube Will produce Substantially proportional 
inductance changes in each of the windings. 
The movable core structure 59, as used in this 

form of the invention, may consist of a ferro 
magnetic portion 66 and a substantially non 
magnetic portion 6 . The non-magnetic portion 
may be formed by mounting upon an insulating 
rod 62 a series of finitely spaced non-metallic 
ringS 63 which, for example, may be made of 
copper. Not only are the rings S3 finitely spaced 
With respect to one another, but there aiso is 
provided a finite spacing between the end ring 
64 and the adjacent end of the ferromagnetic 
portion 6. The purpose of such a movable core 
element is to extend the range over Which the 
tri-filar coil structure 49 may be tuned. 

Briefly, the operation of the oscillator shown 
in Figure 3 consists of the development in the 
Winding 48 of output circuit energy which is in 
ductively coupled in suitable proportion into the 
Windings 55 and 56 so that there is in pressed 
upon the input circuit of the oscillator the 25, 
by means of the capacitor 56, energy in Suitable 
magnitude and phase to effect the generation 
of Sustained OScillations. The magnetic core 
element 59 may be varied in its position relative 
to the number of convolutions of the windings 
48, 55 and 56 which it links So as to suitably valry 
the frequency at Which the oscillator operates. 

During that portion of the in ovement of the 
core 59 wherein the ferromagnetic portion 62 
only is a SSociated With the Wildings of the tri 
filar coil structure 49, the non-magnetic portion 
6 of the core has no effect upon the coil struc 
ture. As the ferromagnetic portion 66 is with 
drawn from the coil structure in a downward 
direction, as viewed in the drawing, there is ef 
fected a continuous decrease in the value of 
the inductances of the respective windings is 3, 
55 and 56. As the downward movement of the 
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core 59 is continued the copper rings 3 of tias: 
non-magnetic portion 6 become associated with 
the Windings of the coil structure 9 so that the 
respective inductances of the windings 3, 35 and 
56 are still further decreased as a result of the 
production of eddy current losses in the Spaced 
non-magnetic rings 63. In other words, in axi 
nun inductance of the coil. Windings is actinieved 
by maximum penetration of the coil structure 
by the ferromagnetic portion alone and nini 
nun inductance of the coil Windings is achieved 
When only the non-magnetic portion is en 
tirely within structure. Thus, it may be seen 
that the additional decrease in the inductancas 
of the respective windings, effected by means 
of the non-magnetic rings 63 after the ferro 
magnetic portion 6 has beer entirely Withdrawn 
from the coil structure, enables the turning of 
the coil structure over a, inauch Wider range than 
Would otherwise be possible. 

By virtue of the Separation of corresponsing 
turns of the input circuit widings 5 and is 
of the tri-filar coil structure $3, the c833,citive 
coupling between the two portions of the input, 
circuit, windings is decreased thereby exiahling 
more efficient performance of the oscillator. 

Having reference now to Figure 4 of the dra'sy. 
ing, there is shown an embodiment of the in 
vention for use in effecting an impedance trang 
formation between two circuits. Which it is de 
Siled to couple together and which it is desired 
to variably tune. The terminals 35 are 2012. 
nected to a circuit having a relatively ligh in 
pedance. There is provided a nulti-flat coil 
structure 65 having in this instance three Wii: Ci 
ings 6, 68 and 69. The initi-filiar winding 85 
is formed Sustantially in the raa::iici as 
indicated in Figure 2. The individual Wild: 
are connected in series aiding relations: 1p, a3 
shown, for couping across the terinimals 35 3.11d 
are resonated by a capacitoi' is, also, couple?i 
across the terminals $5. The multi-filar coil 
structure 66 is provided with 3, innovable 33r'e 
element by which to correspondingly vary 
the inductances of all of the respectiv3 Will disigS 
thereof. The low in pedance circuit which is 
to be coupled to the terminals 55 cornprises the 
cathode circuit of an electronic tube 8, 22 
control grid 73 of which is groided. 3. 
cuit, connected to the Cathode w 
tively low impedance resistor AS which is 3'- 
passed by a capacitor 25. The output circuit of 
the tube 72 includes an anode it which is Supplied 
with space current from a Suitage S612'38 islfi 
cated at -|-B through 2, circuit which includes 
an inductor 8 and a load '3sistic' ' ' 'kic: ; 
bypassed to ground by a capacitor 3. The Oili 
put circuit inay be coupled to any suitable utiliza 
tion circuit by means such as a cagacitoi' 3i. 

Considering how the (e' in Wiig. 
multi-filar coil structure 63 functions to 2 
a satisfactory impedance transfortination betwee;). 
the relatively high impedance circuit coulgled to 
the terminals 55 and the relatively low iiapeia ice 
cathode input circuit of the tube 2 telli:iiilating 
between the grounded grid 3 and the ungrotiraded 
terminal of the coil 69, it should be taker intC 
account, that these in pedances 'ei laii Stabstail 
tially constant. Also, it will be &ppi'eciated tihai, 
as the core is variably positioIaeci reigitive to 
the windings 6, 68 and 69, the indieta,329, 32nd 
therefore the impedaiace of the reSective Wii:- 
ings necessarily varies which, of courge effe3S 
a variation of the total impedance of the in ulti 
filar coil structure. Consequently, in the pres 
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ent case, a compromise is necessary, whereby 
the impedances of the windings of the multi 
filar coil structure are chosen. So that, at a pre 
determined intermediate point of the range of 
adjustment of the core ?, a Substantially exact 
impedance transformation is effected. For ex 
alple, the center point of the range, in inost 
cases, will produce optinuin performance. Ob 
viously, for all other points of the range the in 
pedance transformation Will not be exact, but 
ordinarily is satisfactory. However, for all 
points in the range of adjustment of the core , 
the ingedance ratio of the two portions of the 
multi-filar coil structure 65 which aire coupled 
respectively to the high and low impedance cir 
cuits remains substantially constant and Sub 
stantially equal to the impedance ratio of the 
circuits. Accordingly, in this description and in 
the appended claims, it will be understood that 
the values given are those pertaining to the 
p;'eviously described intern ediate point of the 
range of adjustment of the core i. 
The total impedance of the Serially coinaected 

windings S, 63 and 89 is substantially equal to 
the inpedance of the circuit goinnected to the 
terminals 65. The impedance of the winding 69 
is substantially equal to the impedance of the 
cathode input, circuit of the tube 2. In the 
embodiment of the invention illustrated in Fig 
ure 4, it is assurned that the in pedance of the 
circuit connected to the terminals 65 is Substan 
tially nine times the impedance of the cathode 
input circuit of the tube 2. Since all of the 
windings & 5, 68 and 69 of the Yulti-filar coil 
structure 66 are substantially identical aid are 
substantially unity-coupled by virtue of the de 
scribed hanner in which the coil Structure 65 
is made, it is seein that the total impeda ince of 
the serially connected windings is substaintially 
nine times the individual impedance of any One 
of the windings such as the Winding 65. Ob 
viously, if the ratio of the relatively high in 
pedance circuit to the relatively low impedance 
circuit is greater or less than aine, a different 
auxiber of windings and/or different circuit 
connections thereto may be made Within the 
scope of the present invention. 

For example, in the event tihat the impedaliée 
of the circuit connected to the terminals 5 bear3 
a relationship to the cathode input in pedance 
of the tube 2 such as substantially 9:4, three 
windings may be employed in the multi-flat coil 
structure 53 connected substantially as shown in 
Figure 5 across the terminals 35. Eil this case, 
it will be noted that, the cathode-connected re 
sistor 3 is connected to the junction point be 
tween windings 3 and 68. 

in the event that the inpedance of the circuit 
connected to the terminals 65 is Substantially 
Sistegan times the in pedance of the cathode in 
put circuit of the tube 2, Figure 6 illustrates 
an embodinent of the invention for coupling two 
Such circuits. In this case, a in ulti-filiar coil 
structure 82 is provided consisting of four Sub 
stantially identical Windings 33, 88, 35 and 86, 
ai of which are woulind upon a Supporting for 
in 2, Jaaner Sihilar to that ShoWin in Figi'e 2. 
The windings are connected in series aiding re 
lationship, the entire series arrangement, being 
connected across the relatively high in pedance 
terminals 65. The cathode resistoi' (inct showin) 
is connected to the junction point getween Wind 
ings 85 and 86. It may be seen, therefore, that 
by reason of the Substantial identity of the in 
dividual windings, the 16:1 impedance ratio may 
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be readily effected by coil structure substantially 
as shown in Figure 6. 

It is to be understood that coil structures in 
accordance With the present invention are not 
necessarily limited for use as impedance trans 
formation devices wherein a relatively high ina 
pedance output circuit is to be coupled to a rela 
tively low impedance input circuit as shown in 
Figures 4, 5 and 6. Alternatively, it obviously is 
Within the scope of this invention to employ coil 
structures of the character described herein for 
effecting impedance transformations between a 
relatively low impedance output circuit and a 
relatively high impedance input circuit. In 
Order to effect this type of impedance trans 
formation, it merely is necessary to reverse the 
Connections of the coil terminals to their respec 
tive circuits. For example, in either of Figures 
4, 5 and 6, the terminals 65 would be connected 
to the relatively high inpedance input circuit, 
While the terminals shown in these figures as 
connected to the input circuit of an electronic 
tube would be coupled instead to the output 
circuit of an electronic tube, for example, the 
impedance of Which would be less than the in 
pedance of the input circuit of the following 
Stage. 

It should be clear from a consideration of the 
Several illustrative embodiments of the invention 
disclosed herein, that the inductance or in 
pedance ratios between the two circuits which 
are to be coupled by means of the improved coil 
Structures determines the mininuin number of 
individual windings comprising the coil structure, 
and also the respective number of Windings in 
cluded in the tWO circuits. For example, where 
the impedance ratio is 9:1 or its reciprocal 1:9, 
three windings or any multiple thereof are re 
quired in the coil structure as shown in Figure 
4. In such a case, two windings or a multiple 
thereof are included in One circuit and one wind 
ing or a multiple thereof is included in the other 
circuit. Also, where the impedance ratio is 9:4 
or the reciprocal thereof, the coil structure may 
comprise three windings or a multiple thereof 
connected as shown in Figure 5. Also, as one 
further example where the impedance ratio is 
16:1, 16:9 or the reciprocals thereof, four wind 
ings or a multiple thereof are required in the coil 
structure. Typical circuit connections for a 16:1 
impedance ratio are indicated in Figure 6. Fir 
ther extensions of the principles underlying the 
present invention are considered to be obvious 
in view of the foregoing illustrative examples 
whereby coil structures in accordance with this 
invention may be provided for coupling tWO 
circuits having substantially any inductance ratio 
other than unity. 

It Will be seen from the foregoing disclosure 
of several illustrative embodiments of the inven 
tion that there is provided an improved coil 
structure for coupling substantially any two in 
ductive circuits having different inductances in 
predetermined ratios relative to one another, 
both of Which inductances are to be correspond 
ingly varied by means of a core element movable 
relative thereto without substantially changing 
the inductance ratio. Consequently, coil struc 
tures of the type embodying this invention rinake 
it possible to simultaneously vary the inductance 
by a movable core means of numerous circuits 
which heretofore have required individual sepa 
rately movable core means. 

It, therefore, will be apparent to those skilled 
in the art that the invention may be embodied 
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C 
in various forms other than those specifically dis 
closed herein for illustrative purposes. Accord 
ingly, the Scope of the invention is to be deter 
mined particularly by reference to the appended 
claims. 
What is claimed is: 
1. Apparatus for coupling two inductive cir 

cuits having different inductances in a predeter 
iailled ratio relative to one another, said ap 
paratus comprising a multi-filar coil structure 
having at least, three windings arranged with 
adjacent corresponding turns, at least one of said 
Windings being connected in one of said circuits, 
a different nurnber of said windings being in 
cluded in the other of said circuits, and a core 
element, adjusbaily positionable within said coil 
Structure, whereby to simultaneously vary the in 
ductances of Said respective windings ail in Sub 
stantially the Sane proportion so as to corre 
Spondingly vary the inductances in said circuits 
While maintaining said predeterinined ratio sui 
Stantially constant. 

2. Apparatus for coupling two inductive cir 
cuits as defined in claim 1, wherein said multi 
filar coil structure comprises three windings, two 
of which are included in one of said circuits and 
the third of which is included in the other of 
Said circuits. 

3. Apparatus for coupling two inductive cir 
cuits as defined in clain. 1, Wherein all of said 
windings are interconnected in series aiding re 
lationship. 

4. Apparatus for coupling two inductive cir 
cuits as defined in claim 3, wherein a tap is pro 
vided at the junction point between two of said 
windings So as to locate said tap at a point which 
is unsymmetrical relative to the series connec 
tion of Said Windings. 

5. Apparatus for coupling two inductive cir 
cuits as defined in claim i, wherein said multi 
filar coil Structure connprises an odd number of 
windings. 

6. Apparatus for coupling two inductive cir 
cuits as defined in claim 5, wherein a centrally 
disposed one of Said Windings is included in one 
of Said circuits and the remainder of said wind 
ings are connected in series aiding relationship 
and are included in the other of Said circuits. 

7. Apparatus for coupling two inductive cir 
cuits as defined in claim 6, wherein said multi 
filar coil structure comprises three windings. 

8. En 3 osciliator including an electronic tube 
having an input circuit, electrode, an output, cii 
cit, electrode and a third electrode comron to 
both input and output circuits, a circuit coupling 
Seii input, and Output circuits, coin prising a 
in tilti-filar coil stricture having at least, iihtee 
initially closely coupled windings in which each 
of the turns of each Winding is adjacent to coi 
responding turns of each of the other windings, 
circuit, means connecting at least one of Said 
windings to said output circuit, electrode and a 
different number of Saisi windings to said input 
circuit, alectrode, capacitance in eans coupled to 
said coil structure for resonating certain ories of 
32it wiridings at 3: Cscillator firegueingy deter 
gmired by the valuzas of said capacitance and the 
indicfaces of Saifi espective WildingS, and a 
core element, adjustably positionable Within Said 
goi structure to vary the inductances of all of 
Said 3.7indings substantially in the Sagine propor 
tion, whereby to vary said osciliator frequency. 

9. An oscillator as defined in claim 8, in which 
at least, two of said windings are connected to 
one another in series aiding relationship. 
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10. An oscillator as defined in claim 9, in which 
two of Said interconnected windings are coupled 
between Said input, circuit, electrode and said 
Connon electiode. 

il. An oscillator as defined in claim 0, in 
which a third Oile of Said Windings is coupled 
between said output, circuit electrode and said 
common electrode. 

12. An oscillator as defined in claim 8, in which 
at least one of Said Windings is coupled in one 
circuit between said output circuit and said cond 
mon electrodes, and the others of said Wii.dings 
are connected in series aiding relationship and 
are coupled in another circuit magnetically as 
sociated only with said one circuit between said 
input circuit, and Said coimmon electrodes. 

13. An OScillator as defined in clairn 12, in 
Which Said multi-flar coil Structure cornprises 
three windings of which two are connected in 
Series. 

14. An Oscillator as defined in claim 8, in 
which said raulti-ilar coil structure conprises 
three windings of which the central one is 
coupled between Said output circuit and Said com 
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mon electrodes, and the two end ones of said 
windings are connected in series, aiding relation 
ship and are coupled between said input circuit 
and said common electrodes. 
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