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The present invention relates to improve-
ments in radio receiving apparatus and pri-
marily to a novel construction for radio fre-
guency transformers and the relationship of
a series of the transformers in a radio re-
ceiving set embodying multiple stages at
radio frequency.

In the design and manufacture of radio
frequency transformers of the capacity tuned
type for use in connection with radio receiv-
ing apparatus, various types as at present
employed includes those with closed fields
such as torroid coils and figure 8 coils, and
open field coils such as the plain solenoid
type of coils. With all of such types of trans-
formers, the coils could have no fixed relation
to each other when a plurality of the trans-
formers are employed in a receiving set used
to receive signals or speech over a consider-
able wave band such as at present being used,
without creating undesirable oscillations at
some parts of the tuning scale or a loss of
amplitude or signal strength, without resort-
ing to the use of auxiliary controls, compen-
sators, neutralizers, or phase shifting devices.
This undesirable oscillation is caused by mag-
netic coupling between the transformers, and
it has been proposed to eliminate such mag-
netic coupling by disposing the transformers
at given angles which greatly nullifies the
magnetic action of one transformer upon the
other, but with this arrangement the use of
neutralizing condensers or somne similar
means is provided for absorbing the undesir-
able current which is obviously generated by
the magnetic coupling. In a radio frequency
amplifier in which undesirable electric cur-
rent is being generated due to magnetic cou-
pling between the radio frequency trans-
formers, the transformer having the greatest
field density will act upon a transformer with
a weaker field density, and since the carlier
stages of the amplifier will he most effected,
and owing to the action of the vacnum tubes
to which they are coupled, a repeater action
will be set up sustaining an audible beat note,

commonly termed undesirable oscillations, .
providing no means is eniployed to alleviate

the amplifier against such action. With the
types of coils as now employed in radio fre-

quency transformers, a rising amplitude or
even a falling off of amplitude as met with in
reception of different signal strengths. causes
the magnetic field action to spread with a rise
in amplitude beyond useful limits, and the
reverse with a falling oft of amplitude, there-
by creating a disturbing effect on other trans-
formers in the receiving circuit.

It is therefore a principal object of the
present invention to provide a radio fre-
quency transformer having a limited and
definite field action regardless of natural am-
plitude when a series of the transformers are
disposed in proper relation.

A further object of the invention is to pro-
vide a radio frequency transformer having a
limited depolarized magnetic field action
when a multiple of the transformers are used
in a radio frequency amplifier circuit.

A further object of the invention is to pro-
vide a radio frequency transformer having a
construction such as to permit and require
straight alignment of magnetic pole ends be-
tween adjacent itransformers when used in
multiples in a radio frequency amplifier and
thus permitting of a multiple of the trans-
formers being mounted as a unit on a single
form.

A further object of the invention resides
in the provision of a radio frequency trans-
former having a limited and depolarized
magnetic field, and which transformers are of
such construction as to permit of the same
being of the self supporting type as well as
that type embodying a supporting form, and
alco permitting of the windings to be of any
of the various types of interwoven coils.

A further object of the invention resides in
the provision of a radio frequency trans-
former requiring means for varying the in-
ductance value of its secondary winding, and
permitting and requiring, when a multiple of
the transformers are connected in.an ampli-
fier circuit, a multiple of variable condensers
so connected as to be controlled as a unit.

A further object of the invention is to pro-
vide a radio frequency transformer having a
field adjusting inter-action whereby no bal-
ancing or trimmer condensers are required for
retaining the transformers of a like value
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when a multiple of the transformers are used
in a radio frequency amplifier. _

A still further object of the invention re-
sides in the provision of a coil system embody-
ing a multiple of radio frequency transform-
ers so constructed that when connected in a
radio frequency amplifier system all magnetic
fields will have a like magnetic polarity indi-
cation, -

Other objects and advantages of the inven-
tion will be apparent during the course of the
following detailed description, taken in con-
nection with the accompanying drawings,

forming a part of this specification and in.

which drawings,

Figure 1 is a side elevation of a supporting
form for axial alignment of the transformers.

Figure 2 is a fragmentary detail view part
in section and part in elevation illustrating
one manner in which a multiple of the trans-
formers may be constructed as a unit for in-
suring axial alignment of the transformers
in fixed relations one to another.

Figure 8 is a transverse section on line
3—3 of Figure 2.

Figure 4 is a perspective view part in sec-
tion and part in elevation and illustrating
the manner in which each transformer may
be constructed as a unit in itself.

Figure 5 is a view illustrating one manner
in which the windings forming the primary
and secondaries of the transformer may be
wound upon cylindrical forms for position-
ing one within the other.

- Figure 6 is a view illustrating a slightly
modified form of the invention and showing
an optional method of winding for producing
a limited field action similar to that produced
by the form of winding as illustrated in Fig-
ures 1 to 5 inclusive.

Figure 7 is a wiring diagram of the form
of winding as illustrated in Figure 6.

Figure 8 is a perspective view illustrating
the manner in which the principal may be
applied to transformers having magnetic core
material, the windings being arranged as in
Figures 1 to 5 inclusive. :

igure 9 is a diagrammatic representation

of the type of transformer illustrated in Fig-
ure 8.

In the drawings, similar reference charac-

ters designate corresponding parts through--

out the several views.

Referring first to the form of invention
as illustrated in Figures 1 to 8 inclusive,
and wherein is illustrated a multiple of the
transformers mounted upon a single form
for installation as a unit in a multiple stage
radio frequency amplifier, an arrangement
has been shown whereby a series of radio
frequency transformers may be so mounted as
to be disposed in axial alignment and in fixed
spaced relation one to the other. The coil

windings of the transformers are of circular
formation, and in the example illustrated a

¢
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pair of concentrically arranged tubular sup-
porting forms 5 and 6 have been shown for
respectively supporting the primary and sec-
ondary coil windings of the individual trans-
formers. The supporting forms 5 and 6 are
of a suitable insulating material and of a
length and diameter for proper construction
and spacing of the individual transformers
for given wave bands. The inner form 5
may be of plain tubular formation, while
the outer supporting form preferably con-
sists of a series of tubular sections 7, 8 and 9
connected in equally spaced apart relation as
by a series of ribs 10 whereby an opening is
provided between the tubular sections 7, 8
and 9 for a purpose to be subsequently ex-
plained. The inner tubular supporting form
5 is of a diameter less than the internal di-
ameter of the outer supporting form 6 tor
permitting the inner form to be readily in-
serted into the outer form, and any suitable
means such as illustrated at 11 in Figure 2,
may be provided for supporting the form
5 concentrically within the form 6 and against
longitudinal movement therein. The sup-
porting form 5 is intended to support the pri-
mary inductance of each of the transformers,
while the outer supporting form 6 serves as

‘a support for the secondary inductance of

each of the radio frequency transformers.

The primary coil windings 12 of each
transformer comprises a pair of coil sections
13 and 14 each consisting of an equal num-
ber of turns of wire wound in opposite direc-
tions upon the circular supporting form 5
and connected together at their inner ends
so as to form a primary inductance unit
having the terminals 15 and 16 disposed at
opposite ends of the winding. The inner
ends of the coil sections 18 and 14 are spaced
a predetermined distance apart, and are re-
tained in co-axial alignment with each other
by reason of the circular supporting form 5
upon which they are wound in opposed rela-
tion. These primary coil windings 12 are
wound upon the circular supporting form 5
at equally spaced apart points along the
form, and it will here be noted the supporting
form serves as means for retaining the wind-
ings 12 in spaced relation end to end and in
axial alignment one with another. It may
here be well to state that the supporting
forms may be of any desired length for
mounting of more than three of the radio fre-
quency transformers, as when the trans-
formers are being employed in a radio fre-
quency amplifier embodying more than three
stages of radio frequency amplification.

The secondary coil winding 17 of each
transformer comprises a pair of coil sections
18 and 19 each consisting of an equal num-

ber of turns of wire wound in opposite di-

rections upon the tubular sections 7 of the
supporting form 6 and connected together at
their inner ends so as to form a secondary.
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inductance unit having the terminals 20 and
91 disposed at opposite ends of the winding.
These secondary coil windings 17 are wound
in a like manner as that of the primary coil
winding 12, that is, the secondary coil sec-
tion 18 is wound in a like direction as that
of the primary coil section 13, and the sec-
ondary coil section 19 is wound in a like
direction as that of the primary coil sec-
tion 14. This reversed winding of the coil
sections of the primary and secondary coil
windings is clearly illustrated in Figure 2
and wherein the winding pitch of the wires
has been somewhat exaggerated for the pur-
pose of more clearly illustrating the opposed
windings of the primary and secondary in-
ductance units. The inner ends of the coil
sections 18 and 19 are preferably spaced an
equal distance as that of.the spacing be-
tween the primary coil sections 13 and 14,
and are retained in co-axial alignment with

-each other by reason of the tubular sections

of the supporting form 6 upon which they
are wound. Since the tubular sections 7 to
9 of the supporting form 6 are spaced equi-
distance apart as by the connecting ribs 10,
the tubular sections will serve as means for
equally spacing the secondary coil windings
in fixed relation end to end and in axial align-
ment one with another.

The tubular supporting form 5 1s intended
to be inserted into the larger tubular sup-
porting form 6 and secured in fixed relation
as by the spacing elements 11 in a manner
whereby the coil sections 13 of the primary
coil windings will be disposed concentric
with and directly under the coil sections 18
of the secondary coil windings 17, and the
coil sections 14 disposed concentrie with and
directly under the coil sections 19. That is,
when the primary coil winding is in fixed
relation to the secondary coil winding, the
windings of the coil sections 13 and 18 will
be in a like direction and in opposed rela-
tion to the coil sections 14 and 19. Thus it
will be seen that a radio frequency trans-
former will be provided having a primary
and a secondary inductance. each embodying
a rieht and a left hand winding. with the
right hand windings of the inductances ar-
ranged concentrically, and with the left hand
windings of the inductances arranged con-
centrically.

While the specific construction of the tu-
bular supporting form 6 has been illustrated
as consisting of the tubular sections 7, 8 and
9 upon which the secondary inductances are
wound, and which sections are held in axial
alignment and spaced relation to one another
by the ribs 10, such construction has merely
been shown for illustrating oue manner of
mounting a multiple of the transformers in
fixed relation one to another and yet allow
for making ready connections with the ter-
minals 15 and 16 of the primary inductances

» 3

when the tubular supporting form 5 is posi-
tioned within the outer supporting form 6.
It will be seen that the open spaces provided
by the ribs 10 will enable ready attachment
of conductors to the terminals of the pri-
mary coil windings 12, and thus permit of a
multiple of the radio frequency transformers
being formed as a unit for ready connection
in a radio frequency amplifier.

Referring now to the form of invention as
illustrated in Figures 4 and 5, such illustrates

an arrangement whereby the radio frequency-

transformers may be constructed as inde-
pendent units for connection in multiples in
a radio frequency amplifier. With this prin-
ciple of construction, the primary and sec-
ondary coil windings 22 and 23 respectively,

‘are wound about tubular supporting forms

94 ‘and 25 respectively, the form 24 being of a
diameter to freely fit within the tubular form
25 after the primary coil winding 22 has been
wound on the form 24. The primary and
secondary coil windings 22 and 23 are wound

with spaced coil sections similar to those dis-

closed in Figure 2, with the sections of each
winding wound in an opposite direction.
The inner form 24 is held in fixed relation
within the outer form 25 so that the coil sec-
tions of the primary and secondary coil wind-
ings are arranged concentrically, and suit-
able brackets 26 may be connected with the
outer form for mounting of a series of the
transformers in axial alignment in a radio
frequency amplifier.

By so winding the primary and secondary
inductances of the transformer in a manner
as disclosed in Figures 1 to 5 inclusive and
wherein the coil sections dre wound in oppo-
site directions end to end, it will be seen that
opposed fields will be formed in each trans-
former and each field will have a reverse
magnetic action to the other field within the
transformer when the transformers are prop-
erly connected in a radio frequency amplifier.

Referring now to Figures 6 and 7 and
wherein is illustrated an optional method of
winding for the transformers for producing
a limited field action as produced by the form
of windings illustrated in Figures 1 to 5 in-
clusive, the coil sections 80 and 31, and 32
and 33, of the primary and secondary induc-
tances 84 and 35 respectively, have been
shown as each being wound in the same di-
rection and so connected as to form opposing
fields by reversing the connection to one of
the coil sections. This is accomplished by
connecting the outside lead of one section
to the inside lead of the companion section
thereby connecting the coil sections in oppo-
sition magnetically and producing a limited
field action since the coil sections are placed
end to end and in axial alignment. The pri-
mary and secondary inductances 34 and 35
may either be wound on the supporting forms
as shown, or may be of the self supporting
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type. This type of winding the coil sections
will be found to be especially useful in con-
nection with two concentrated inductances
for long wave or low frequency signal recep-
tion. Likewise, with the type of winding as
illustrated in Figure 6, the coil sections 30 and

31 of the primary inductance are intended to

be disposed in concentric relation with the
coil sections 32 and 33 of the secondary sec-
tions and permanently fixed in this relation.
Referring now to the form of transformer
as illustrated in Figures 8 and 9, and which
type of transformer will be found especially
well adapted for use in radio frequency am-
plifiers employing the “super heterodyne”
rinciple of reception, the transformer has
een shown as being constructed with two sec-
tions of magnetic core material about which
the coil sections of the primary and second-
ary inductances are wound. The transform-
er- comprises a pair of independent cores 36
and 87 which are constructed of laminations
of sheet iron, and which core sections may be
held in spaced relation to one another by suit-
able strips of insulation 38 serving to retain
the eore sections in fixed relation and in lon-
gitudinal alignment. The primary induct-
ance comprises a pair of concentrated wind-
ings 89 and 40 each consisting of an equal
number of turns of wire wound in opposite
directions about the magnetic core sections
36 and 37 respectively and connected together
at their inner ends so as to form a primary
inductance consisting of two opposing sec-
tions. The secondary inductance of the
transformer comprises a pair of concentrated
windings 41 and 42 eaéh consisting of an
equal number of turns and wound in a like
direction as that of the windings 39 and 40
about the magnetic core sections 36 and 37 re-
spectively in overlying relation with the re-
spective primary windings. Thus it will be
seen that the coil sections 39 and 40 extend

 in a like direction about the magnetic core
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section 386, while the coil sections 40 and 42
extend in a like direction about the magnetic
core section 37 in opposition magnetically to
the coil sections 39 and 41. As a method of
constructing the transformer illustrated in
Figure 10, the coil sections of the primary
inductance may consist of many turns of fine
wire wound back and forth in several layers
on each of the core sections 36 and 37, with a
layer of insulating material- wrapped- over
the finished primary sections,”and then the
sections of the secondary inductance be
wound back and forth in several layers over
the insulating material. While the winding
of the coil sections in opposite directions
upon the magnetic core sections 36 and 37
has been shown for providing opposing mag-
netic fields within the transformer construc-
tion, it will be apparent that if so desired the
coil sections may be wound in a like direc-

tion as in Figure 6 and connected so as to

1,775,880

form opposing magnetic fields within the

transformer.
As to the action of transformers so con-
structed that each of its primary and second-

\

ary coils embody opposed coil sections so re- "o

lated as to form opposing magnetic fields, a
polarity test will show that if one end or head

of the transformer is positive, the opposite |

end of the transformer will also be positive,
or if one end of the transformer is negative
the opposite end will also be negative. It
will therefore be seen that if a series of such
types of transformers be connected in a radio
frequency amplifier circuit in a manner so
that all primary windings and all secondary
windings are carrying a direct current with
which such an amplifier must-be supplied,
and in a direction to produce the same polar-

ity between each and all of the transformers

in the circuit, that is, each end of each trans-
former will be of a like polarity, that the posi-
tive magnetic field of one transformer cannot
attract the negative magnetic field of another
transformer and form field distortion be-
tween any two of the transformers, providing
the transformers are mounted in straight
alignment,—end to end. :

ince each end of all of the transformers
will be of a like polarity, and owing to the fact
that the transformers are arranged in axial
alignment end to end, no field rise will result
between adjacent transformers when so con-
nected, and it will be seen that a field drop
will be prevented by the limiting factor in
each transformer having two opposed fields
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within itself. Yet, by having the transform- -

ers placed a predetermined distance apart, a
certain amount of inter-action will be mani-
fest to maintain each transformer at an
equal inductance value and thereby making
it necessary in. a receiving set that variable
condensers be connected for simultaneous
operation acting to tune the transformers asa
unit. ‘ : :
The spacing of the transformers may be
varied, and constructed in proper sizes for
the desired wave bands for which the trans-
formers are to be used, and the calculation
of the spacing required will depend upon sev-
eral factors, namely coil diameter, density of
field windings, the peak value of amplifier
plate voltage and the spacing between the
two opposing sections within each transform-
er, since in the latter the limiting character-
istic is secured for when the two sections are
closely spaced, less outside field extension
exists,’and when the two sectiors are placed
tight together, reception of signals becomes
difficult but with proper spacing the signal
reception is not hindered.

From the foregoing description it will be
apparent that a novel and improved con-
struction for radio frequency transformers
has been. provided embodying a construction
for producing a limited and depolarized

105

110

115

12¢

126




10

15

20

25

30

35

40

‘50

55

L1

e

1,775,880

field action, and a multiple of which trans-
formers may be mounted in axial alignment,
end to end, in a radio frequency amplifier
circuit in a manner for preventing an audible
beat note termed undesirable oscillations.

Changes in detail may made to the specific
forms of the invention herein shown and de-
scribed, together with mounting of a multi-
ple of the transformers in a radio frequency
amplifier in a manner other than that set
forth, without departing from the spirit of
the invention or the scope of the following
claims.

I clajm:

1. A radio frenquency transformer com-
prising a primary winding embodying a pair
of spaced, connected coil sections arranged
in axial alignment, and a secondary wind-
ing embodying a pair of spaced, connected
coll sections arranged in axial alignment
and concentrically of like coil sections of the
primary winding, said coil sections being so
wound as to produce magnetic fields of a
like polarity at both ends of the transformer.

2. A radio frenquency transformer em-
bodying an inner and an outer supporting
form connected in fixed relation, coil sec-
tions wound in opposite directions on the
inner form in slightly spaced apart relation,
and connected at their inner ends, and a pair
of oppositely wound coil sections wound
about the outer form in slightly spaced apart
relation and connected at their inner ends,
with the windings on one form arranged
concentrically with like wound coil sections
of the companion supporting form.

3. A radio frequency transformer com-
prising a primary winding embodying a pair
of coil sections arranged in spaced axial

alignment and connected to form opposing -

fields, and a secondary winding embodying
a pair of coil sections arranged in spaced
axial alignment and connected to form oppos-
ing fields, said coil sections of the windings

being similarly wound and with the coil sec-'

tions of one winding arranged concentrically
of the coil sections of the companion winding.
~ 4. A radio frequency transformer com-
prising a primary winding embodying two
equally formed coil sections arranged in
spaced relation to end to end and forming
opposing magnetic fields, and a secondary
winding embodying two coil sections of sim-
ilar constructions as that of the primary coil
sections and arranged in spaced relation end
to end and forming opposing magnetic fields,
said primary and secondary winding being
arranged in fixed relation with the coil sec-
tions of one winding arranged concentrical-
iy of the coil sections of the companion
winding., : v

5. In apparatus of the character described,
the combination of an inner and an outer

“supporting form,; arranged in fixed relation

one within the other, & series of windings

supported in spaced relation on the inner
form and each embodying spaced coil sec-
tions forming opposing magnetic fields, and

a series of windings supported in spaced re-

lation along the outer supporting form and
each embodying a pair of spaced coil sec-
tions forming opposing magnetic fields, said
coil sections o
ranged concentrically of the coil sections of
the inner form. _

6. In apparatus of the character described,
an inner tubular supporting form, an outer
tubular supporting form telescopically ar-
ranged over the inner form and embodying
equally spaced apart tubular sections con-

fixedly retaining the supporting forms in
fixed relation, a series of windings supported
in spaced relation along the inner support-
ing form and each embodying a pair of coil
sections- arranged in magnetically opposed
relation, and a series of windings supported
one upon each of the tubular sections of the
outer supporting form and each embodying
a pair of connected coil sections arranged in
magnetically opposed relation and concen-
trically of like coil sections of the windings
on the inner supporting form.

CLAUDE D. WHITLOCK.
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