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5 Claims.

This invention is an inductance unit for use
in regulating and/or controlling alternsting cur-
rent circuits, more particularly high frequency
signal circuits such as used in connection with
rgdio transmitters and receivers,

Considerable difficulty has been experienced in
the past in simultaneously tuning matched or
balanced -branch circuits of a radio frequency
network connected between the end terminals
and the center tep connection of g straight or
conventionally wound solenocid having & movable
core member, due to the shifting of the elec-
trical center of the solenoid relatively to the
center tap conmection as the core member is
entered and moved within the coil from one end.
This relative shifting of the electrical center of
the solenold under the conditions noted mani-
fests itself in several ways, namely: by s rela-
tive change in the grid curvents of the tubes in-
cluded in the respective branch circuits; by wi-
equal ratios of loaded to unloaded plate currents
for the respective tubes in push-pull systems;
and in uneven heating of the tube electrodes.
Furthermore, the relative shifting of the clec-
trical center of the solenoid may be verified by
measuring the inductances of the respective coil
sections on opposite sides of the center tap un-
der the conditions noted, whersby it can be
shown that the inductance values of the two coil
sections differ appreciably. These conditions sre
seriously objectionable in that they prevent that

uniformity of intensity of oscillation of the tubes.

which is essential to efficient operation and coh=
trol. Numerous attempts have been made to
avoid these difficulties, such ss by empioying
Separate core members movable into the coil
from opposite ends, but so far as is known. these
prior attempts have all reaguired more or less
complicated electrical or mechanical Gevices 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 g single core member
may be moved axially 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 substantially the same resonant fre-
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quency while maintaining the mid-point or cen- g5

ter tap connection between said unit and circuits
substantially coincident with the electrical cen-
ter of the inductance unié.

Another object of the invention is to provide
an inductance unit in which are provided plural
coil sections arranged to provide coincident mag-
netic felds so that a single core member may be
moved by simple mechanical means, in said fields
te simultanecusly vary'the inductances of the
¢oil sections to thereby simultaneously vary the
electrical characteristics of the branch eircuits
connected to said coil sections.

Another object of the inveniion is to provide
an inductance unit in the form of a bifllar wind-
ing, the {wo strands or wires forming said bifilar
winding having their ends connected so as to
form e continuous winding having g center iap
connection, the coil sections on opposite sides
of said center tap being disposed to provide coin-
cident msgnetic Helds.

Another object of the invention is ¢o provide
an inductance unit of the character-described
in which a powdered iron core member may be
moved in the coincident magnetic fields pro-
vided by the coil sections of the unit, whereby
the unit may be used in what is generally
known as permeability tuning systems for radic
irequency signal cireuits, )

4 further and important object of the inven-
tion is to accomplish the previously recited objec-
tives without materially changing the distributed
capacity of the unit, .

These and other objects of the invention will
become apparent from reading the following
specification in connection with the accompany-
ing drawings wherein I have described and illus-
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 drawings

Fig. 1 shows in front elevation one form of
the inductance unit. :

Pigs. 2, 3 and 4 are diagrammstic views illug-
trating the manner in which the coil sections of
the inductance units may be mounted upon or
wound on the coil forms.

Fig. 5 is & detail view of one form of the coil
form or support. X

Figs. 6, 7, 8 and 9 are circuit diagrams illus-
trating representative forms of networks in-
ciuding tunable branch circuits in which the
present invention may be employed,
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Fig. 10 is s chart showing effects produced
by differently connecting the sections of & two
section inductance unit in accordance with the
invention. ' .

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 | in a position such that the lon-
gitudinal axis of the member 2 les 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 movement of the core within the coll, and
may be made of any suitable insulation material
such as Mycalex. A pair of bearing members
4—4 are supported by bracket members 5—B8
from the base i, said bearing members &—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
8 having fixedly mounted thereon a core men-
ber 1. The core member T is dimensioned to he
recelved within the hollow center of the coil sup-
port 2, the rod 6 being of & 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 § msy be provided
at one end with a suitable knob 8 to facilitate
movement of the core member into and out of
the confines of the coil form 2.,

The inductance winding 8 is wound upon the
coil support 2 in & manner {o be hereinafter more
particularly described, sald winding being pro-
vided with end terminals I8 and a center or mid-
tap connection 1.

It will be understood thai the particular form

of the coil support &, the core member 1, and ¢

the particular means for sniffing the core mem-
per into and cut of the coil suipport 2, may be
varied within wide Hinits without sacrificing ang
of the advantages accriing irom the invenbion,

and for this reason if will be appreciated that I 5

do not limit myself to the pazticular form of
these elements shown in Fig. 1, bui reserve the
right to employ other forms of sald paris and
various mechanical expedients for shifiing the
core member longitudinally into and oub of the
inductance winding,
As previously Indicated, I propose to provide an
- inductance winding in which plural eoil sections
are disposed to provide coincident magnetic fields
in which & cors member may be moved. T have
filustrated in Pigs. 2, 3 and 4, some approved
forms of the induciance winding. Thus in Fig. 2
T show the winding in the form of a bhifilar wind-
ing or helix comprising wires i2 and i3 wound
side by side and in the same direction around
the coil support indicated et 2. One end {4 of
the wire or strand {2 is connecied to one end i85
of the wire or strand {3 to form 8 center tap for
a continuous winding comprising plural coil sec-
tions formed respectively by the wires or strands
12 and i3. The opposite ends of the respective
wires or strands {2 and {3 form the end connec-
tions for the inductance unit and in practice will
be connected to the end terminals 10 of the unit
as shown in Fig. 1, while the connected ends i4
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and {8 are connected to the center or mid-tap
connection |1 of said unit. A consideration of
this form of the winding will show that the coil
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 1,
may be moved to simultaneously vary the in-
ductances of said coil sections in the same
amount.

In Fig. 3 I have shown a slightly different
modification of the arrangement of the coil sec-
tions on the coil support. In the arrangement
shown in Fig. 3 the wires or strands i8 and 17
are started at points on the periphery of the coil
form 2 asngularly displaced 180 degrees. The
two wires 16 and {1 however, are wound in the
same direction about the support 2 and the end
18 of the wire I8 is connected to the end 19 of
the wire I7 in & manner previously described to
form a center tap connection, whereas the oppo-
site end portions of the wires {8 and i1 are utl-
lized for the end connections of the unit as pre-
viously 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 71 in all positions of overlap hetween
the core and the coil sectlons.

-In both forms of windings as shown in Pigs, 2
and 3, the ¢oil sections on opposite sides of the
center tap are connected in series alding rela~
tion. This is desirable in certain types of con-
trol, and is essential where permeability tuning
iz employed. It is to be noted, however, that
the same advantages in respect to simultanesously
varying the inductances of the two coil sections
in equal amounts may be realized even though
the two coil sections are connected in series
bucking relation. This form of the inductance
winding is shown in Fig. 4 where the two strands
29 and 2] are wound in opposite directions about
the form 2 and whersin the opposite ends of
{he respective strands are connected as at 22 o0
form the center $ap connection of the unit
whereas the terminal porions 23 end 24 provide
ihe end connections for the unit when made in
this form.

Tt will be appreciated that by arranging the
colls in the manner suggested in Figs. 2 and 8,
namely, in series alding relation, the induct-
ance L. of the unig is greater then that of the
hellx wound with the same length of wire, where-
a2 the quantity

07D

£

is approximatbely the same. In order that the
degree of this increass in the value of L might be
realized, I give below specifle examples of these
values s measured on & Leeds and Northrup
Bridge, for different coils, the ecomplete physical
characteristics of which are seb forth below.
namely:

CoIn COMPARISON DaTa
Bifilar coil as per Fig. 3
Winding—1i1 T.P. L

Double pitch thread

19 turns total

Winding length=1§'" "
Wire==#26 tinned copper Wire



Winding length="%’’

Number of turns==19

Wire is #26 plain enamel
Form: .255’' 1.D.x 270"’ O.D.
Wound 22 turns per inch

3,868,857 3
Core outside of coll, Core outside of coil.
Le=14zh Li=Suh M= 2sh Lt=3.8uh Li=Ly=2.14h
-La=Bgh Lr==1.6uh Lr=1.6uh M=.1xh
Core %msefted , 5 Lr=1Zh  Lr= Suh
Li=24uh - Li=8gh M=4uh Core 1% inserted.
o La=.8uh Li=3Tuh Li=La=24sh
Lr=1.6uh Lr=1.6uh M=25:h
‘ Standard solenoid 10 Lz=2.1zh Lr= 8uh
Winding—22 T.P. 1. Definition of terms used:
%ngle pitch thread Lt=total Inductance,
Wigcligg: tl;gxtaaglth 4 5 La=Bridge residual inductance.
= =Measured inductance minus the resid-
Wire=#26 tinned copper wire ual . .
Li=inductance of one section of the coil
Core outside of coil. : from an open end to center tap.
Li=11xh L1=5ph - M=.05zh" =inductance of other coil section from
La=>5uh 20 opposite open end to center tap,
Core inserted to cgnter of coil. Some discrepancies appear in the measure-
L:=2.14h Li=14ph M=05:h ments as shown, due to the impossibility of oper-
- La= .6uh ating the measuring apparatus with perfect ac-
- ) 925 CUrACY.
(o T aesordoncs W e, 5 s 3 shons TS LoTeing s show clealy the xl-
that the two ¢oil sections may be'wound w,ith any tively ?};e%é)o 1t_nt ele(;il;mcaély, of the center tap In
/ b » : respect 1o the two coll sections disposed on oppo-
d;?;gg of ién%?g . If:splszﬁgg;n ggtg’;gilazgf site sides thereof. . This is-eVident from the same
fn e dgis%{;acesmem e l;%e that shovm’ in Fie 5. 30 inductance values for each coil sectioz} when the
;Nherem the disolacernent is substantially 18(5 core member is ngsexjted within the coil from one
degress, and the minimum belag that shown in end info the coincident magnetic flelds. The
F;f‘ > 5‘;’ here th.‘e" trands s'ta;‘ . frgm substantizily data above seb forth shows that the coil sectiotis
‘ahw gime notat wa o -sur faée o the form 2 have identical Inductance values for the same
;ﬁs order to sﬁow ethat‘ the in:iuctance values 20 P oeltion of the.core whether the core member iz
of.t‘he two coil sections of ihe unit formed ae Vfi‘.bhl'ﬁ the coil form or completely outside there-
shox;;m in Fie. 2 ave su:bsta% tially identical, even 0i. The data also shows clearly the advantage in
though tlfe tw;zo strands s ﬁi;‘t at substantial’ly the regpect to the @ncreased values of mutual induct-
S; Ime point on the periphery of the coil form 2. T ance to be realized by arranging the coils in series
ive below two sets of dm;a pertaining to %v’m 40 alding relation with the respective maghetic flelds
different coils made in accordance with the wind- . zgenregf- °°h}g§df;m-l %t is %xﬁiren& thaé;_ duet to
ing of Fig. 2. In both of these instances the two © series alding relasion of the co sectlons the
strands are started at substantially the same mutual inductance adds o the total inductance
point on the periphery of the coil form, the ) and_. therefore results in a higher inductance for
strands lying side by side and being wound in the 45 2 given number of turns. Thus the coils mey
same direction. The strands of coil No, 1 were ~ Dave fewer turns for a given inductance, and a
slightly spaced axially of the coil, whereas the  Smalier and more compact unij results. ,
- strands in coil Ne. 2 were disposed in contiguous . +he coil sections may be mounted upon the
relasion. coil form in any convenient manner. Inas-
Coil No. 1 50 much as it haz been found that the most
: effective form of the inductance unit for use
Winding length=7%"" in permeability tuning is tha$ form in which
Number of turns=19 the respective sirands lis parallel {0 one an-
CWire i.s $#26 tinned copper 55 other throughout the length of the wind-
Form: Threaded @ 11 T. P. I, double piich ing, I Aind it convenient to provide the coil form
. with 2 double spiral groove as shown in Fig, 5.
Core ogtside of coll. The spiral groove may have any convenient or
Lt=2.9uh Li=I3=2.14h desirable pitch and it serves to maintain the re-
Lr=1.6ph Lr=15uh M=18:h 0 sp?cmve strands in the. desired parallel relation-
Le=1.3ph Lz= JBuh ship throughout the winding without any other
means or device for anchoring the convolutions
Core Y inserted. of the winding. While I have referred to this
. form of coil support as a desirable form, it is of
L:=3.9uh Ll:‘?":'g'a”h , 65 course to be understood that it is not necessary
gﬂfé-gﬂg gﬂflgﬂg M=35:h to provide spiral grooves in the coil support, and
B4 0K, E= s that the full advantages accruing from the in-
v vention may be realized by merely winding the
Coil No, 2
. 7@ strands on a conventional cylindrical form and

anchoring them in position by any known means

- such as by liquid insulating coating applied t0'

76

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 & single
core member in’ the magnetic field of a tapped
winding, and that
pbe 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
pranch circuits wherein the inductance unit ol
the present invention may pbe used to great ad-
vantage. In each of the circuit diagrams I have
shown the inductance units as & 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
mid-point grounded and the opposite end ter-
minals thereof connected to the respective plate
electrodes of the vacuum itubes.

In Fig. 8 I have shown a series tuned amplifier
or oscillator in which the center tap of the in-~
ductance unit of the present jinvention is shown
connected to the source of B-battery potential
through a pair of radio Irequency coils inter-
connected with a condenser. The opposite ends
of the inductance unit are ~onnected to the re-
spective plate electrodes of a pair of vacuum tubes.

In Fig. ¢ 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 plaie 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 cqnnected 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 different 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-

gaid core member may either -
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propriate dlagrammatic 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 coll gections
or windings is alding 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 sald inductance changes take
place, if it were possible to produce such induct-
ance changes in connection with single layet
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 manner 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 sald 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 obiain the same in-
ductance distribution with either an alding or a
pucking relationship of the coil sections or wind-
ings, in any case. .

From the foregoing examples of the manner
in which the inductance unit of the present in-
vention may be employed, it is apparent that the
unit lends itself admirably to instances in which
permeability tuning is desirable or necessary for
simultaneously tuning balanced branch ecircuits
of a network. It is of course to be understoed
that condensers connected in shunt relailon
across the units as shown, may be employed to
aesist in control of the branch circuits if desired
without in any way inferfering 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 radic transmitters and receivers,
and has been used effectively within a wide range
of frequencies, including 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 conventionai
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. :

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 invension 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-
stantially 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 meang
for adjusting said member with respect to said
coil sections to simultaneously tune said brancl:
circuits to the same resonant frequency.

2. In a netwerk 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 substantially 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 flelds to simultaneously tune said branch
circuits to the same resonant frequency.

3. In a network including a pair of funable
branch circuits and a pair of electron tubes con-
nected in push-pull relation by said branch cir-
cuits, an inductance unit comprising a bifilar
winding defining two coil sections constituting
the inductive portion of said unit, said sections
having substantially 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 axially 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 electron tubes con-
nected in parallel relation by said branch cir-
cuits, an inductance unit comprising a winding
deflning two coil sections having substantially
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 irductance-changing core mem-
ber common to both coil sections, and means for
adjusting said core member axially of said coils
to simultaneously tune said branch circuits fo
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 substantially coincident fields,
said coil sections being connected to form a tap
connection of said winding, the turns of one
coil section being adjacent throughout to the
turns of the other of said coil sections, and an
irductance-changing core member common to
said coil sections and adjustable relatively there-
to to simultaneously tune said branch circuits to
the same resonant frequency.

GEORGE B. McCLELLAN.



