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My invention relates broadly to the ampli-
fication of feeble electric currents, and more
particularly to means for coupling the input

and output circuits of amplifiers operating

over broad bands of alternating current fre-
quencies.

One of the objects of my invention is to
provide means for coupling a plurality of
electric circuits for particular kinds of cur-
rent while isolating the circuits from one

~ another for other types of currents.

15

20

‘Another object of the invention is to pro-

vide ‘a means for interconnecting electrical

circuits which are to be coupled for alternat-
ing current and are to be insulated from one
“another for direct currents or for intercon-
necting such circuits which are to be coupled
for a band of alternating current frequencies
and to be substantially insulated from one
another for all other bands of frequencies.
Another object of the invention is to pro-

* vide a transformer for coupling the input
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and output circuits of an electron tube am-
plifier, the coupling means being designed to
secure substantially pure magnetic coupling
with substantially no capacity coupling.

A still further object of the invention is to
provide a type of duplex winding for the cir-
cuits of the coupling device and the amplify-
ing means. S !

‘Another object of the invention is to pro-
vide a simplified -construction of coupling
device which may be manufactured in quan-
tity production where the characteristics of
the coupling device must not vary between
specimens manufactured under similar con-
ditions and with materials which vary no
more than do the materials.that are common-
ly available for their fabrication.

My invention will be more clearly under-
stood from the following specification by
reference to the accompanying drawings in
which: , o

Figure 1is a wiring diagram of an electron
tube amplification circuit employing my in-
vention; Fig. 2 is a view of an air core trans-
former employing the duplex winding of my
invention; Fig. 3 is a view.of a closed core
‘transformer employing the duplex winding
of my invention; Fig. 4 is a view of an iron
core transformer with primary and second-
ary windings in duplex arrangement in ac-
cordance with my invention; Fig. 5 is a view

partially broken away showing the trans-
former mounted within an insulated cylin-
drical casing with terminals for the wind-
ings brought out at opposite ends of the case;
and Fig. 6 is a curve sheet showing the char-
acteristics of the transformer of my inven-
tion compared with the characteristics of

55

transformers heretofore available in the art.

My invention finds application in such
laboratory apparatus as bridges for radio
frequency use, coupling systems for duplex
telephony and for intertube couplings for
electron tube amplifiers. :

Heretofore in the art several types of radio
frequency transformers for coupling the cir-
cuits of an electron tube amplifier’ have been
employed, including the multilayer open core
transformer in which the windings are
wound adjacent each other in grooves in &
form of insulating material; the iron core
§nu1tilayer transformer in which the wind-
ings ave-mounted inside a closed iron core;
the single layer air core transformer with
windings arranged along the periphery of an
insulated tubular member; and the single
layer closed iron core transformer. 'The
characteristics of each of these prior types
of transformers have been represented by
curves A, B, C and D, respectively, in Fig. 6.

| It will be observed that in every case shown
in the drawings the range over which ampli-
fication can be accomplished is very narrow
and that the degree of amplification varies
rapidly with wavelength. This is seriously
objectionable since it means that in the use
of apparatus in which these transformers are
included every minute change of wavelength

" must be accompanied by readjustments of

other. controls to maintain the amplifier at
its best amplification and make the operation

'of the equipment both cumbersome and re-

quiring expert operation. It will be noted as
well that each of these transformers have two
bands of frequencies throughout which they
show amplification. The lower band, how-
ever, is generally one of lower amplification
and has much more rapid change of ampli-
fication with change of frequency. This re-
sults in an exceptionally high degree of in-
stability when in operation and makes the
amplifier useless in that region. :

With the transformer of my invention I
secure a characteristic curve represented at
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E in Fig. 6. My transformer consists of two
windings, a primary winding and a second-
avy winding, the conductors. of which are
Iaid on the winding from parallel and sepa-
rated from one another only by the thickness
of the insulating material on the conductors.
It will be observed in Fig. 6 that only one
wavelength band occurs in this transformer
and that the amplification changes only vary
slowly with frequency change. The actual
amplification at any wavelength throughout
this band is considerably in excess of the
other transformers and because of its change,
the stability of operation is very great.
Referring particularly to Fig. 1 of the
drawings, a representative clectron tube am-
plification circuit is shown consisting of
means for applying the incoming power

which is to be amplified to the vacuum tube 8-

which in this case is the transformer 1; the
vacuum tube 8; the device for interconnect-
ing the vacuum tube 3 with the vacuum tube
4 which 1n this case is the transformer of my
invention 2; and the means 6 for applying to
the system to which the amplifier is connected
the power made available by the amplifier
unit. - In addition to these essential elements
there are the batteries A for supplying the
filaments, and the batteries B for supplying
the exciting current of the tube.

The transformers 1 and 2 are of such a
nature that they most efficiently accommo-
date the tubes to the incoming and outgoing
lines and will therefore depend in their char-
acteristics upon the nature of the lines. The
transformer 2 however must accommodate
the output cheracteristics of the tube 3 to the
input characteristics of the tube 4, and it must
be so designed that any wave form which ex-
ists in the grid cireuit of tube 8 will be repro-

“duced very faithfully in the plate circuit of

tube 4, and this must be done with the very
maximum gain of energy in the transfer. -

Where such an amplifier is devised for am-
plifying cur.nts of low. frequency—200 to
2000 cycles—as in telephony, it is quite easily
possible to build a transformer which wiil
approximate the ideal characteristics de-
scribed above; namely, high efficiency and
faithfulness of reproduction by the use of
the commonly available materials of the tele-
phone art and with the commonly used tele-
phone transformer design methods. But
where such an amplifier is to be used for the
amplification of exceedingly high frequency
currents—500,000 to 5,000,000 cycles—the dif-
ficulty of obtaining high efficiency is multi-
plied many fold and the difficulty of securing
faithfulness of reproduction over a wide band
gf frequencies becomes almost insurmounta-

e.

Fortunately for the art, however, where
such amplifiers are used for the amplifica-
tion of high frequencies, as in a radio teleph-
ony and similar work, the same broad fre-
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quency band of faithfulness of reproduction
is not required as it is in amplification com-
mon to the telephone art. 1In this latter case,
for instance, it is found that if an amplifier
is to be used for the amplification of voice fre-
quency currents of the kind that are used in
the broadeasting of music and the like by
radio the amplifier must be capable of ampli-
fying currents of all frequencies lylng be-
tween only a few per second up to, perhaps,
10,000 per second, and it must amplify all
these frequencies to the same degree. If this

absolute equality of amplification is not ob-,

tained the quality of the sounds as they are
reproduced by devices, such us telephones
or loud speakers, supplied by the amplifier
depart greatly from the quality of the sound
which is applied to the system of which the
amplifier is a part and the amplifier is said
to be one of low quality. But since the char-

acteristics of the vacuum tubes that ave avail-

able are such that the characteristics are prac-
tically the same over this band of frequencies,
the problem of building such an amplifier
reduces itself to the design of a transformer
which has the desirable and constant charac-
teristics over this band of frequencies. And
since the action of the materials common to
the telephone art are reasonably independent
of frequency this problem has been solved,
as have other transformer problems of the
telephone art.

Its best solution is accomplished through
the recognition of the fact that the most efli-
cient and satisfactory amplifier is that one
which will make the greatest voltage avail-
able to the grid of electron tube 4 for a given
voltage available in the plate circuit of tube
8. The only limiting condition which is set
for making the ratio of the highest possible
value at voice frequencies is the fact that
both the plate circuit of tube 3 and the grid
circuit of tube 4 are essentially resistances and
are independent in their values of the fre-
quencies. There are certain capacities exist-
ent in these circuits of the tube, and since the
impedance of any capacity depends upon the
frequency the capacity impedances of the tube
depend upon the frequency and might be ex-
pected to cause the action of the amplifier to
vary with frequency. The impedances which
result from these capacities, however, are

found to be so extremely high at. the fre-

quencies which are used for this type of am-
plification that when compared with the re-
sistances of the tube circuits they influence
the operation of the amplifier in only a very
minor way, and if proper provision is made
for their use they may be made to correct a
contrary variation of the other characteris-
tics of the tube circuits.

When the frequencies to be amplified are
exceedingly high, however, the impedances of
the tube become predominantly those of the
associated capacities and the problem of
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amplification: is multiplied many times.
This is quite evident when it is remembered
that for faithfulness of reproduction over
. wide band of frequencies that the char-

“acteristics of the tube and the transform-

ers must be independent of the frequencies,
and since the impedance of a capacity as that
of the tube depends directly on the frequency

‘it becomes quite impossible to secure con-

stancy of amplification over such a wide band
of frequencies as is usual in low frequency am-
plification. Thus, while it is quite common
practice to secure amplification of voice fre-
quency currents between 200 and 2000 cycles—
a range of ten to one—if 15 a more difficult
* uniformity of amplification can be ac-

blished between 500,000 and 5,000,000 cy-
a range of only two to one. In the am-
cation of radio freguency currents such
1 in radio telephony, however, the
‘hich uniform amplification must

din

order that faithfuiness of
be assured may be wvery
", When recepiion of broadcast signals
-5 be done with the amplifier, for instance,
formity of amplification can be gotten
& range of frequencies of 1.2 to 1, salis-
v quality of repreduction will be ob-
ed. But where such an amplifier is fo be
! for stations operating on widely differ-
wavelengths it must be capable of about
same degree of amplification on these sev-

sral wavelengths. In order that a radio fre-
guency amplifier be absolutely universal in

5 its application to radio reception it would be

reguired that it permit amplification. on all
wavelengths between 200 meters and 20,000
meters—1,500,000 and 15,000 cycles. This is
practically impossible of accomplishment and
the art has had to make use of devices whose
characteristics depart very greatly from these
ideal conditions. Heretofore radio frequency
amplifiers have been greatly limited in range,
but because of the fact that no amplifier in-
stallation is required in actual practice to be
used for the many different types of radio
service, which are represented by the very
wide band of wavelengths, the comparatively
narrow band amplifier has found a very im-
portant place in the field of radio. ¢

The radio frequency amplifier commonly
used also suffers greatly from instability, a
condition that either makes it inoperative at
some frequencies or makes it necescary that it

be carefully and critically adjusted for every’

frequency at which it is used. That is, when-
ever the frequency at which it is used is
changed it usually requires a change in the
constants of the associated apparatus and
thereby makes its use rather cumbersome and
not easily accomplished. _

In addition to the above objections to the
forms of radio frequency amplifiers in com-
mon use is the fact that efficiency of these de-

vices is usually low. Unless the transformers’

N

eurve E in Fig. 6.

which are used in such equipment are of low

resistance the degree of amplification must of

necessity be low. The resistance of such a de-
vice is not limited to the conductor which con-
stitutes its windings, but is often due, in &
major way, to losses in the magnetic or di-
electric material of its structure. Whatever
the losses and hence the resistance may be, its
effect is the same, namely, to limit the ampli-
fication that can be secured through the use
of the device. - 7
In Fig. 2 I have illustrated the construction
of radic frequency transformer by which I
secure the advantages herein set forth and
particularly ‘shown by the characteristic
The turns of wire com-
prising the transformer 2 have been shown
in greatiy exaggerated size in all of the views
in order to ¢learly bring out the principle of
my invention, and it wiil be understood that
the transformer winding comprises fine wire
turns where the turns are represented o
large size conductors. An air core is formed
by winding the turns upon an insulated form
12, The primary winding begins as indicat-
ed by veference character 8. The second-
ary winding commences as indicated by
veference character 10. The twin conduc-
tor is wound upen the form 12, the turns
of the primary winding being indicatec i
section by cross-hatching slanting to th i

_while the turns of the secondary winding are

indicated by cross-hatching slanting to the
left. The transformer windings continue
along the core 12, the primary winding end-
ing at 9 and the secondary winding finishing
at11." The same characters of reference have
heen used to indicate corresponding connec-
tions in the wiring diagram Fig. 1. -

Fig. 3 shows a closed iron core transformer

~wherein the coil supporting member 12 is
mounted upon core member 15 within the

closed core 14.
In Fig. 4 the transformer winding is illus-

trated disposed’ on insulating member 12

forming an envelope for an iron core 16.
‘The turns of the primary winding are
wound closely adjacent to the turns of the

-secondary winding and are paraliel through-

out the entire length of the winding. The
turns are separated by the dielectric formed
by the insulation enveloping each of the con-
ductors. L
The transformer may be suitably mounted
as illustrated in Fig. 5 within an insulated
cylindrical casing 17, bearing posts 18—19—
92021 on the exterior of the casing. The

primary winding beginning at 8 is connected.

interiorly of the case with post 18 and at the
end 9 the primary winding 1s connected with-
in the case with post 19. The secondary

‘winding 10 is connected inside of the casing

with binding post 20 while the end of the sec-
ondary winding 11 connects inside of the case
with binding post 21. This arrangement per-
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mits external connections to be made be-
tween the binding posts and the electron tube
cireuits. '

In the operation of an electron tube am-
plifier employing my invention, the power
1s transferred from tube 8 of Fig. 1 to tube
4 by means of the magnetic flux which inter-
links the two windings of the transformer.

- Where these two windings and their asso-

ciated capacity which, for the most part re-
sides in the tube, are so chosen that they
are tuned to the same wavelength as those
shown in Fig. 2, that is, the primary of the
transformer and the output capacity ef the
tube arve tuned to the same wavelength as are
the secondary winding and the input capae-
ity of the tube and tlie power is transferred
only at the frequency at which they are tuned.
I the resistance of the windings were kept
very low it would be found that the band
over which the transformer could be de-
pended upon to give amplification would be
even narrower than are the transformers
shown, and that the transformer would be
ge very unstable as to be entirely unusable.
There are two methods by which this band
may be broadened; one of them consists in
inserting resistance in the transformer wind-
ing or its associated material and thereby
broadening the band of operation. This, of
course, results in a reduction in the degree
of amplification in order to gain breadth of
band, and resuits in such amplification chax-
acteristics as are shown by curves A, B, C
and D in Fig. 8. The other method is by
increasing the coupling between the wind-
ings as is secured with my transformer. This
i1s accomplished by placing the windings in
the closest proximity to one another and re-
sults in a broadening of the band without
any sacrifice in the degree of amplification
and with a degres of stability that cannot
be secured by any other means. It is to be
observed that this same result capnot be ac-
complished by the expedient of merely plac-
g the windings of the transformers of the
prior and usuai construction in close prox-
imity. This would result in an increase of
coupling, of course, but it would alsc result
in bringing into being much dielectric flux
and great dielectric Ioss with a consequent
reduction of the degree of amplification. In
the transformer construction of the present
invention this increased coupling is secured
without increased dielectric loss by the fact
that while the conductors of the two wind-
ings are extremely close to one another those
parts of the conductors that are most close-
iv adjacent are always at the same potential
and therefore no dielectric flux exists and
hence no loss. 1t is essential for the success-
ful operation ot the transformer of my in-
vention that the conductors be lald on par-
allel and that they be closely adjacent, and
that they be closelv and permanently fixed

1,698,898

relative to one another so that no dielectric
loss as above described may be brought into
being, for such Ioss will be fatal to the op-
eration of the device. To this end it is found
advisable to impregnate the entirve device in
wax or varnish. This cannot be done in prioxr
constructions, since the dielectric field that
always accompanies these priol types of con-
struction would result in tremendous losses.

By reason of this arrangement of the wind-
ings the reactance gradients along all por-
tions of the two conductors closely adjacent
to one another must be substantially equal.
The currents in closely adjacent portions of
the conductors are substantially equal in
magnitude.

The transformer is particularly effective
for quantity production since by its construc-
tion all its electrical characteristics may be
easily reproduced. Since its inductance de-
pends only on the size of conductor, number
of turns, and the diameter of the form, the
coupling depends only on the position of the
windings relative to one another, and hence
only upon the insulation thickness; and since
coupling capacity is eliminated by the type
of winding, it is found quite possible tc build
these devices by using only ordinary care
with resultant variationsin the constants in
the transformers of a degree considerably
less than it is possible to secure in the manu-
facture of the associated equipment of elec-
tron tube amplifiers such as the electron tubes

.per se.

~ In the claims hereinafter following I have
usged the term “inductance element” as em-
bracing the two windings parallel side by
side substantially throughout their length.

While T have described the transformer of
this invention with particular reference to
radio freguency currents, it is to be under-
stood that my construction is applicable to
audio frequencies and that no limitations are
intended other than are imposed by the scope
of the appended claims.

Having thus described my invention, what

I claim and desire to secure by Letters Pat-.

ent of the United Statesis:

1. An amplification system comprising in
combination a plurality of electron tubes each
having a heated cathode, an anode and a grid,
input circuits including said grid and cathode
of each tube, output cireuits including said
anode and cathode of each tube, and coupling
means between the output circuit of one tube
and the input circult of another tube com-
prising conductors connected in the respec-
tive circuits and fixed immediately adjacent
and parallel side by side to one another
throughout the entire length thereof in such
manner that the reactance gradients along all
portions of the two conductors are substan-
tially equal. _

9. An amplification system comprising in
combination a plurality of electron tubes each

it

30

90

10

104

110

115

120

125



1,693,808

having a cathode, an anode and a grid, input
circuits including said grid and cathode, out-
put circuitsincluding said anode and cathode,
and coupling means between the output cir-
cuit of one tube and the input circuit of an-
other tube comprising conductors connected
in the respective circuits and wound upon a

- ‘core, said conductors being located adjacent

10

each other separated by dielectric between
turns and parallel to one another side by side
throughout the entire length thereof in such
manrier that adjacent points on said conduc-
tors are at the same relative potential.

3. An amplification system comprising in
combination a plurality of electron tubes each
having a cathode, an anode and a grid, input
circuits including said grid and cathode, out-

* put circuits including said anode and cathode,

" located immediately adjacent the conductor.

25
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and coupling means between the output cir-
cuit of one tube and the input circuit of an-
other tube comprising conductors connected

in the respective circuits and wound upon #n

iron core, the conductor in one circuit being

in the other circuit and insulation material

for spacing said conductors parallel side by .

side throughout the length thereof, the poten-
tial of those portions of the conductors which
are closely adjacent being substantially equal

for preventing dielectric flux therebetween.

4. An amplification system comprising in
combination a plurality of electron tubes each
having a cathode, an anode and a grid, input
circuits including said grid and cathode, out-
put circuits including said anode and catilode,
and coupling means between the output cir-

<
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cuit of one tube and the input circuit of an-
other tube comprising conductors connected
in the respective circuits, the conductors be-
ing wound upon a core, the turns of one con-
ductor being located alternately between the
turns of said other conductor and im-
mediately beside said conductor, whereby the
reactance gradient along all portions of the
conductors is.substantially equal..

5. In an amplification system a plurality
of electron tubes each having a heated
cathode, an anode and a grid, input circuits
including said grid and cathode, output cir-
cuits including said anode and cathode and
coupling means between the output circuit
of one tube and the input circuit of a sue-
ceeding tube, said means consisting of a twin
conductor wound upon itself with one of the
conductors connected in said input circuit
and the other of said conductors connected
in said output circuit.

40
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6. In an electrical system, a grid, a plate,
an inductance element comprising two wind-

ings wound parallel side by side throughout
their length, the coefficient of coupling of said

60

windings being substantial unity, a circuit in-

cluding said grid and inductance element, a
circuit including said plate and jnductance
element, adjacent points along the respective
windings being at the same potential, the
potential gradient along any given portion
of one winding being the same as the poten-
tial gradient along a corresponding portion
of said other winding. . - :

LAWRENCE C. F. HORLE.
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