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(Cl. 250-46) · 5 (Clains. 
This invention is an inductance unit for use 

in regulating and/or controlling alternating cur 
rent circuits, more particularly high frequency 
Signal circuitS Such as used in connection with 
rg.dio transmitte?s and receivers. 

Considerable dificulty has been experienced in 
the past in simulitaneously tuning matchedi or 
balanced · branch circuits of a radio frequency 
network connected between the end terminalis 
and the center tap connection of a straight or 
conventionallywound soienoid naving a movable 
Core member, due to the shifting of the elec 
trical center of the soienoid relatively to the 
center tap connection as the core member is 
entered and Inoved within the coil from oxne end. 
This relative shifting of the electrical center of 
the solenoid under the conditions noted znani 
festS itself in several ways, namely: by a rela 
tive change im ?kne grid currents of the tubes in 
cluded in the respective branch circuits; by tini 
equiai ratios o?ioaded to unloaded plate currents 
for the respective tubes im push-pull systems; 
and im uneven heating of the tube electrodes. 
Furthermore, the relative shifting of the eiec 
trical center of the soienoid nay be verified by 
Ineasuring the inductances of the respective coi: 
Sections on opposite sides of the center tap tin 
der the conditions noted, whereby it can be 
Shown that the inductance values of the two coi: 
Sections differ appreciably. These conditions are 
Seriously objectionable in that they prevent that 
uniformity of intensity pí osciliation of the tubes 
which is essential to eficient operation and con 
trol. Numerous attempts have been made to 
avoid these difficulties, suich as by empioying 
Separate core nembers movable into the coil 
from opposite ends, but so far as is known these 
prior attemptS have all required more or leSS 
complicated electricai or mechanical devices for 
relatively moving the core members with respect 
to the coil sections to insure symmetrical tuning 
of the branch circuits simultaneously. 
The object of the invention therefore, is to 

provide an inductance unit having plural coil 
Sections so positioned that a single core member 
nay be moved axialy of the unit to simultane 
ously vary the inductance values of the coil 
Sections, 
Another object of the invention is to provide 

an inductance unit which may be symmetrically 
connected in respect to substantially identical 
branch circuits in networks where it is desirable 
to Simultaneously tune two branch circuits to the 
Same, or substantialy the same resonant fre 
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ter tap connection between said unit and circuits 
Substantialy coincident with the electrical cen 
{er of the indiuctance Uzmiú. 
Ánotier object 0í the inventiom is to provide 

an inductance Unit in Wikich are provided plurali 
coii Sections arranged to provide coincident mag 
netic fieldis so that a single core member may be 
noveci by simple mechanical means, im Said fields 
{o Simulitaneously vary: the inductances oí the 
coii Sections to thereby simultaneously vary the 
electrical characteristics of the brancka circuitS 
connected to Said Coil Sections. 
Another object of the invention is to provide 

8n inductance tlmi? in the form of a bifliar Wind 
žng, the ?WQ StrandS or Wires forming Said bifilar 
Winding 28Ving their ends connected So as to 
form a continuous Winding having a center tap 
Connection, the coil Sections on opposite sides 
of said centertap being disposed to provide coin 
cidenú magnetic fields. 
Another object of the inventiom is to provide 

8n inductance unit of the character - described 
ih which a, powdered iron core member may be 
?n,Oved šE. Éhe coincident magnetic fields pro 
vided by the coil Section8 of the unit, whereby 
the t2ni? nay be used in what is generally 
known as permeability tuning Systems for radio 
frequency signali circuits. 
A iurther and important object of the inven 

tion is to accomplish the previously recited objec 
tives without materiaily changing the distributed 
capacity of the unit. T 
These and other objects of the invention wili 

become 8pparení; from reading the following 
Specification in connection with the accompany 
ing drawingS Wherein E have described and illuSt. 
trated preferred embodiments of my invention. 
It Will be understood, however, that I may make 
Such changes in Size and proportion of parts and 
in the relative arrangements thereof as are with 
in the Scope of the appended claims Without de 
parting from the Spirit of my invention. 

Referring to the accompany dra Wings 
Fig. 1. ShowS in front elevation One form of 

the inductance unit. 
:FigS. 2, 3 and 4 are diagrammatic views illus 

tra?ing the manmer in Which the coil Sections of 
the inductance units may be mounted upon or 
wound on the coii forms. 

Fig. 5 is a detail view of One form of the coi: 
form or Support. m. 

Figs. 6, 7, 8 and 9 are circuit diagrams illus 
trating representative forms of networks in 
ciuding tunabie branch circuits in which the quency while maintaining the mid-point or cen- 55 present invention may be employed. 
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Fig. 10 is A chart showing effects produced 

by diferently connecting the sections of a two 
section inductance unit in accordance with the 
invention. m Referring more particularly to the drawings in 
which like reference numerals are used to desig 
nate like parts throughout, the inductance unit 
forming the subject-matter of the present inven 
tion is shown in Fig. 1 as comprising a Suitable 
base member ! On which is mounted a coil form 
or support 2. The coil support 2 may be mounted 
upon the base in any convenient manner Such as 
by bracket members 3-3. Preferably, but not 
necessarily, the coil form or Support 2 is mounted 
upon the base 1 in a position Such that the lon 
gitudinal axis of the member 2 lies substantially 
parallel to the plane of the base member i. 

It will be understood that while the coil sup 
port 2 is generally cylindrical in form and hollow, 
it may have any convenient form which will per 
mit novement of the core within the coil, and 
nay be made of any Suitable insulation materia! 
such as Mycalex. A pair of bearing members 
4-4 are Supported by bracket members 5-5 
from the base i, said bearing members 4-4 being 
preferably axially aligned with the axis of the 
coil form 2. A core supporting rod 8 is slidably 
mounted in the bearing members 4-4, said rod 
6 having fixedly mounted thereon a core mem 
ber 7. The core nember T iS dimenSiOned to be 
received within the hollow center of the coii sup 
port 2, the rod 6 being of a length sufficient to 
move the core T from the position shown in Fig. 
1, to a position in which it is fully inserted into 
the coil support 2. The rod 6 nay be provided 
at one end with a Suitable knob 8 to facilitate 
mOVement Of the core nember intO and Olut of 
the confines of the coil form 2. 
The inductance winding 9 is wound upon the 

coil support 2 in a manner to be hereinafter more 
particularly described, said winding being pro 
vided With end terminals i 0 and a center or mid 
tap connection i f. 

It will be unders?ood thai; tie particlidar forin 
of the coil support. 2, the core member 7 and 
the particular means for shifting the core nein 
ber into and out of tiae coil si: pport. 2, may be 
varied within wide imits without sacrificing aray 
of the advantages accruing iron the invention, 
and for this rea Sola it wiil Je appreciated that I 
do not limit InySeif to the particular forin of 
these elements shown in Fig. 3., but rese:ye ihe 
right to empioy other forms of said parts and 
Various mechanical expedients for skifing the 
core member longitudinally into and out of the 
inductance wincing. " 
AS previously indicated, I propose to provide an 

º inductance winding in which plural ccii sections 
are dispcsed to provide coincident magnetic fields 
in which a core nember may be moyed. I have 
ilustrated in Figs. 2, 3 and 4, Some approyed 
forms of the inductance winding. Thus in Fig. 2 
I show the winding in the form of a bifilar wind 
ing or heiiX comprising wires i 2 and i3 wound 
side by side and in the Same direction around 
the coil support indicated at 2. One end i 4 of 
the wire or strand {2 is connected to one erad i 5 
of the wire or strand 13 to form a center tap for 
a continuous winding comprising plurali coil sec 
tions formed respectively by the wires or strands 
12 and i3. The opposite ends of the respective 
wires or strands 2 and f3 form the end connec 
tions for the inductance unit and in practice will 
be connected to the end terminals |0 of the unit; 
as shown in Fig. 1, while the connected ends j4 
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and i 5 are connected to the center or mid-tap 
connection | | of said unit. A consideration of 
this form of the winding will show that the coll 
sections formed by the wires 12 and 13 respec 
tively are positioned upon the coil form or sup 
port 2 in a manner to provide coincident mag 
netic fields in which a core member such as 7, 
nay be noved to simultaneously vary the in 
ductances of Said coil sections in the same 
amount. 
In Fig. 3 I have shown a slightly diferent 

modification of the arrangement of the coil sec 
tlons on the coil support. In the arrangement 
shown in Fig. 3 the wires or strands | 6 and i7 
are started at points on the periphery of the coil 
form 2 angularly displaced 180 degrees. The 
two wires i 6 and 17 however, are wound in the 
Same direction about the support 2 and the end 
13 of the wire | 6 is connected to the end | 9 of 
the wire iT in a manner previously described to 
form a center tap connection, whereas the oppo 
Site end portions of the wires 18 and j7 are uti 
lized for the end connections of the unit as pre 
Wiousiy described in connection with the form of 
Winding Shown in Fig, 2, It will be realized that 
by arranging the windings in this form, there is 
absolute symmetry between the two windings 
and the core 7 in all positions of overlap between 
the core and the coil Section S. 

* In both forms of windings as shown in Figs. 2 
and 3, the ?oll Sections on opposite sides of the 
center tap are connected in Series aiding rela 
tion, This is desirable in certain types of con 
trol, and is essential where permeability tuning 
i3 employed. It is to be noted, however, that 
the same a dvantageS in respect to simultaneously 
varying the inductances of the two coil sections 
in equal amounts nay be realized even though 
tne two coil Sections are connected im Series 
bucking relation. This form of the inductance 
*Winding is shown in Fig. 4 where the two strands 
20 and 2 i are Wound in opposite directions about 
ühe form 2 and wherein tine opposite ends of 
Elae respective Stranads are cor:Inected as at 22 to 
iorm the centser tag connection of the unit 
vyhereas the terminal portioras 23 end 24 provide 

º ?ine end corniaections for the 4,1nit wheri made in 
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:Kais form. 
ií: Will be agpreciated that by arranging the 

coils in the manner suggested in Figs, 2 and 3, 
m3.mely, in series aiding relation, the induct 
alince II of the unit is greater than that of the 
helix %olind with the same length of wire, where 
as the q11 antity 

Q-(Y) : 

is approximateiy the Saíne. In order that the 
degree of this increase in the value of Flu night be 
Realized, i give below Specific examples of these 
Valles as measured on a Leeds and Northrup 
Bridge, for different coils, the complete physical 
characteristics of Which are set forth below. 
218íIA3i:7: 

CoII, CoMPARISoN DATA 
Bifilar coil as ºper Fig. 3 

Windiing-li "I', P. I. 

Double pitch thread 
19 turnstotal 
Winding length=:"" · 
Wire=#26 tinned copper Wire 
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Core Outside of col. Core outside of COil. 

It=1.4puh ?1=5ph Ma,2ph ?t=2.8ph L1=L2=2,1ph 
s Lz=.ópuh : LR= 1.6uh M=.1puh 

Core % inserted. : j :en: ep puh LE= 5juh 
L?=2,4uh · L1=,8puh k?se,4uh Core % inserted. 

• Z2=.8juh ?t=3,7uh Iú1=L2=2.ápuh 
IR= 1.6uh LR=1,6juh M=,25juh 

Standard solenoid 10 Lz=2.1puh LE= 8juh 
Winding-22 T. P. I. Definition of terms used: 

singlepitch thread Lit=totalinductance. 
:id: :h :" 15 LR=Bridge residual inductance. 

1= =M OH Wire=#26 tinned copper Wire Tr: eaSulred inductance minus the resid 
L1=inductance of one section of the coil 

Core outside of coil. k. from an Open end to centertap. 
Lit=1.lpuh L1=,5juh Ms.05uh · La=inductance of other coil section from 

|La=.5juh 20 opposite open end to center tap. 
(Core inserted to center of coil. Sone discrepancies appear in the measure 

Lit=2.1puh Ži=1.4 juh M=,05juh nents as shown, due to the impossibility of oper 
- L2= .6južn ating the measuring apparatus with perfect ac 

A comparison of inductance values of coils 
formed in accordance with Figs. 2 and 3, shows 
that the two coil sections ma37 be wound with any 
degree of angular displacement between the 
starting points of the respective strands, the maxi 
mum displacement being that shown in Fig. 3, 
wherein the displacement is substantialy 180 
degrees, and the minimum being that shown in 
Fig. 2, where the strands start from substantialy 
the same point on the surface of the form 2. 
In order to show that the inductance values 

of the tvyo coil sections of the unit forimed aS 
shown in Fig. 2 are substantialiy identical, even 
though the two strands start at Substantially tíne 
same point on the periphery of the coil form 2, í 
give below two sets of data pertaining to two 
diferent coils nade in accordance with the wind 
ing of Fig. 2. 3n both of these instances the two 
strands are štarted at substantialy the same 
point on the periphery of the coil form, the 
strands lying side by side and being wound in the 
same direction. The strands of coil No. 1 were 
slightly spacedi axially of the coii, whereas tine 

. strands in coil No. 2 were disposed in contiguous 
Irelation. 

Co: MO, i 

Winding length=%** 
Number of turgass=i 9 

· Wire is 3:28 tiinaed cogpper 
:Form: Threaded (g) 1: T. P. I. double pitch 

Core outside of coil. 

COil No. 2 

Winding length=%3** 
Number of turnS=:19 
Wire is #26 plain enamel 
Form: .255"" I. O. X 2707* C). ID. 
Wound 22 turns per inch 
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Cl4?a ?:ý. 
· The foregoing figures show clearly the rela 
tively fixed point electrically, of the center tap in 
respect to the two coil sections disposed on oppo 
sitesides thereof. This is-eýiáent from the same 
inductance values for each coii section when the 
00?e Kneinber is inserted withira :he coii from?. one 
e3A ?i išAko the coincident magnetic fields. ":e 
da?2 2bove set forth shows that the coil sectioris 
inave identical inductance vaiues for the sal:e 
position of the core whether the core nember šs 
Wi:?aixa ?žne coii forKn or completely outside there. 
of. The data also shows clearly the advantage ix. 
respect to the increased values of mutual induct 
ance to be realized by arranging the coils in series 
aiding relation with the respective magnetic fields 
thereof coincident. it is apparent that due to 

º the Series aiding relation of the coii sections the 
mutual induciance adds üo the total inductance 
and therefore results in a higher inductance for 
a given number of turns. Tinus the coils m8y 
have fewer tuirras for a given inductance, and a 
Smaller and more compact unit resultS. V 
, The coil sections may be mounted upon the 
coil fo:m in ažay coinVežaient na Anner. InaS 
mucin as it inas beex1 found that the most 
efective form Qf the inducta,ince uni? for uSe 
in perimeability tuning is thai for:m in Which 
the 2respective strands lie parallel to one an 
other tkaroughout the length of the Wind 
ing, : find it coravenient to provide the coil form 
With a double Spira). groove aS shown in Fig. 5. 
The spirali groove may have amy convenient or 
desirable pitch and it serves to naintain the re 
Spective strands in the desired paralel relation 
ship throughout the winding without any other 
means or device for a Inch Oring the COnVolutions 
of the Winding. While 1 have referred to this 
form of coil support as a desirable form, it is of 
colgrse to be understood that it is not necessary 
to provide spiral grooves in the coil Support, and 
that the full advantages accruing from the in 
venticm may be realized by merely Winding the 
strands on a conventional cylindrical form and 
anchoring them ira position by any known means 
such as by liquid insulating coating applied to 
the windings While in place on the Support. : 

It Will be understood that the invention de 
scribed is advantageous in any case Where it is 
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desired to simultaneously change the inductances 
of branch circuits, by the movement of a single 
core member in the magnetic field of a tapped 
winding, and that said core member may elther · 
be ferromagnetic, for example a powdered iron 
core, or non-magnetic and electrically conduc 
tive, for example a core of copper or brass, de 
pending upon the nature of inductance change 
desired to be produced by movement of the core 
member relatively to the windings of the induct 
ance device. 
In Figs. 6 to 9 inclusive, I have Set forth repre 

sentative forms of networks including balanced 
branch circuits wherein the iriductance unit ol 
the present invention may be used to great ad 
vantage. In each of the circuit diagrams I have 
shown the inductance units as a Straight wound 
helix or inductance having a center tap and 
end connections, but it will be understood that 
in each instance the inductance unit is in sub 
stance one of the forms previously described as 
shown in Figs. 1 to 4 inclusive. 

In Fig. 6 I have shown a typical plate neu 
tralized Single ended amplifier Wherein the in 
ductance unit of the preSent invention haS the 
center tap connected to the source of B-battery 
potential, and the opposite end terminals of the 
unit are connected respectively to the plate and 
grid electrodes of a vacuum tube. 
In Fig. 7 I have shown a typical example of a 

shunt fed push-pull amplifier or oscillator where 
in the inductance unit of the invention has its ; 
mid-point grounded and the opposite end ter 
minals thereof connected to the respective plate 
electrodes of the vacuum tubeS. 

In Fig. 8 I have shown a series tuned amplifier 
or oscillator in which the center tap of the in 
ductance unit of the pre:Sent invention iS Snown 
connected to the source of B-battery potential 
through a pair of radio frequency coils inter 
connected with a condenser. The opposite ends 
of the inductance unit are connected to the re 
spective piate electrodes of a pair of vacuum tubes. 
In Fig. 9 there is shown a conventional form of 

Series fed amplifier or OScillator in which the 
inductance unit of the present invention is shown 
with its mid-point cennected to the source of 
B-battery potential and its opposite end ter 
minals connected to the plate electrodes of a 
pair of vacuum tubes. 

It Should be noted that while the circuit dia 
grams of Figs. 7 to 9 inclusive, show the induct 
ance unit of the present invention connected to 
the plate electrodes of the respective tubes, the 
inductance unit may be connected to the grid 
circuitS of the tubeS if desired. 
In Fig. 10 I present a chart showing possible 

connections and reSults with inductance devices 
as described above in connection with Figs. 2, 3 
and 4. Two conditions of winding are illustrated, 
first the condition of winding in which the coil 
sections are parallel wound, and second, the con 
dition of winding in which the coil sections are 
reversely wound. In the first vertical column of 
the chart, the coil type is designated, each dif 
ferent connection of the windings of the induct 
ance device being considered to be a diferent type 
for the considerations of the chart. The second 
vertical column indicates whether the coil sec 
tions or windings of the inductance device are 
parallel wound or reversely wound. The third 
vertical column indicates the end terminals of 
the inductance device by reference to the ap 
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propriate diagrammatic drawings of the device 
at the top of the chart, and the fourth vertical 
column indicates the manner of forming the 
center tap connection by reference to sald. dia 
grammatic drawings. The fifth vertical column. 
indicates whether the relation of the coil sections 
or windings is aiding or bucking for each of the 
coil types, and the sixth vertical column illus 
trates schematically the corresponding effect of 
inductance change for a single layer solenoid, re 
Sulting from the insertion of a core into the wind 
ings of the inductance device of the correspond 
ing type coil, together with the locations in the 
solenoid at which said inductance changes take 
place, if it were possible to produce such induct 
ance changes in connection with single laye? 
SolenoidS. 
A consideration of the results secured by dif 

ferently connecting the coil sections or windings 
of the inductance device, to produce the differ 
ent coil types illustrated in the chart of Fig. 10. 
shows that the portions of the coil sections or 
windings directly affected by the insertion of a 
core, are determined by the manmer of connect 
ing the terminals of the coil sections; and it 
also appears that the aiding or bucking relation 
Ship of the coil Sections or windings to each 
other is determined by whether said sections or 
windings are parallel wound or reversely wound, 
in conjunction with the manner in which the 
connections of the coil sections or windings are 
made, it being possible to obtain the same in 
ductance distribution with either an aiding or a 
bucking relationship of the coil sections or wind 
ings, in any case. ok 
From the foregoing examples of the mariner 

in Which the inductance unit of the present in 
vention may be employed, it is apparent that the 
uni? lends itself admirably to instances in which 
permeability tuning is desirable or necessary for 
Simultaneously tuning balanced branch circuits 
of a network. ft is of course to be understood 
that condensers connected in shunt relation 
3CroSS the units as shown, nay be employed to 
assist in control of the branch circuits if desired 
Without in any Way interfering with the effec 
tiveneSS of operaton of the respective inductance 
units. . 

The center tapped bifilar inductance unit of 
the present invention has been designed es 
pecially for use in permeability tuning systems 
employed in radio transmitters and receivers, 
and has been used effectiveiy within a wide range of frequencies, inciuding frequencies as low as 
2.9 megacycles up to frequencies as high as 200 
megacycles. 

It will be understood from the foregoing de 
Scription that the present invention differs from 
known inductance units including conventionali 
center tapped solenoids and/or bifilar Windings, 
in that the present inductance unit is charac 
terized by coil Sections disposed to provide coin 
cident aiding magnetic fields within which a 
Single core member may be moved to simultane 
ously vary the inductances of the coil sections. 
While I have referred herein to a core member 
of powdered iron, it is of course to be understood 
that the invention is not limited to a core of 
this form, and that any known or convenient 
means may be employed for shifting the core 
with respect to the coil form. m. 
While the invention is described in COnnection 

with the particular embodiments above set forth, 
it will be understood that the invention includes 
equivalent structures involving the principles of 
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operation described, which are included within 
the Scope of the appended claims. 
Having thus described my invention what I 

claim is: 
1. In a network including a pair of tunable 

branch circuitS, an inductance unit comprising 
a winding defining two coil sections having sub 
Stantialy identical electrical characteristics and 
dispoSed to provide substantially coincident 
fields, means connecting one of Said coil sections 
in each branch circuit with the coil sections in 
Series relation, an inductance-changing core 
member common to both coil sections, and means 
for adjusting Said member with respect to said 
coil Sections to simultaneously tune said branch: 
circuitS to the same resonant frequency. . 

2. In a network including a pair of tunable 
branch circuits and a pair of electron tubes con 
nected in puSh-pull relation by Said branch cir 
cuitS, an inductance unit comprising a winding 
defining two coil sections having substantially 
identical electrical characteristics and disposed 
to provide substantialy coincident fields, means 
for connecting One of Said coil Sections in each 
branch circuit With the coil sections in series 
aiding relation, an inductance-changing core 
member movable in said coincident fields, and 
means for adjusting Said core member within 
said fields to simultaneously tune said branch 
circuitS to the Sane reSOnant frequency. 

3. In a network including a pair of tunable 
branch circuitS and a pair of electron tubes con 
nected in push-pull relation by said branch cir 
cuitS, an inductance unit comprising a bifllar 
winding defining two coil sections constituting 
the inductive portion of said unit, said sections · 
having substantialy identical electrical charac 
terstics, means connecting one of said coil sec 
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tions in each branch circuit with the coil Sections 
in series aiding relation, a capacity unit in shunt 
relation to Said coil sections, an inductance 
changng core member common to both coil sec 
tions, and means for adjusting Said core mem 
ber axialy with" respect to Said coil sections to 
simultaneously tune Said branch circuitS to the 
same resonant frequency. . 

4. In a network including a pair of tunable 
branch circuits and a pair of electrom tubes con 
nected im paralel relation by Said branch cir 
cuitS, an inductance unit comprising a Winding 
defining two coil sections having substantialy 
identieal electrical characteristics and diSposed 
to provide substantially coincident fields, means 
connecting One of Said coil Sections in each 
branch circuit with the coil Sections in Series aid 
ing relation, an inductance-changing core mem 
ber common to both Coil Sections, and meanS for 
adjusting Said core member axialy of Said Coils 
to simultaneously tune said branch circuits to 
the same resonant frequency. 

5. In a network including a pair of tunable 
branch circuitS and a pair of electron tubes con 
nected in push-pull relation by said branch cir 
cuits, an inductance unit comprising a winding 
constituted by helical coil Sections connected re 
spectively with Said branch circuitS and dis 
posed to provide substantialy coincident fields, 
said coil sections being connected to form a tap 
connection of Said Winding, the turns of one 
coil section being adiacent throughout to the 
turns of the other of said coil sections, and an 
inductance-changing COre member COmmon to 
said coil sections and adjustable relatively there 
to to Simultaneously tune Said branch circuitS to 
the Same reSOnant frequency. 
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