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Th1s invention relates to tuned transmission cir-
cuits and more partlcularly to 'a type useful in
tuned radio frequency coupling apparatus.

"It has long been recognized that the elementary

§ coupling circuits tuned over a range of frequency

by -variable -capacities exhibit unsatisfactory’

transmission‘characteristics:” An important dis-
advantage'is the non-uniformity of transmission
at resonance’as the system was tuned over-its

10 range of frequency. 'The transmission at reso-

‘nance ‘of stich elementary circuits usually varies
at-a rate that is nearly proportional to the reso-
nant frequency, so- that if several such circuits

_were tobe used in cascade, as for-example, in the
15 ‘case’ of radio broadcast receivers, the transmis-
sion~frequency characteristic being proportional
tothe ‘product, of those of the several units, might
well vary as much as fifty to'one over a frequency
range of slightly less than three to one.

Various methods have been employed to over-
come  this defect such as “lossing” the tuned
circuits with resistance, effective at the higher
frequency portion of the tuning range, or feeding

20

the tuned ‘circuit- through a complex coupling:

25 adapted todecrease the transmission at the higher
frequencies. - The “lossing” method has the ob-
vious disadvantage of impairing selectivity at the
higher frequencies.
case of coupling an antenna or collector. to a

30 ‘turied “circuit, does not-lend itself readily to an
efficient adjustment for a wide range of antenna
capacities because of difficulties of alignment of
the input circuit with succeeding tuned circuits.

An object of the present-invention is to provide

35 a coupling system; for use with tuned circuits,
which will secure a desired transmissionfrequency
characteristic. “Another object is to provide a
method of obtaining & substantially -uniform
transmission frequency characteristic by suitable
‘couplings to the ocutput of tuned circuits.  Still
another object of the invention is to provide a
method of coupling an antenna through a tuned
circuit to an amplifying stage to sectire a. stb-
stantially ‘uniform gain- flequency characteristic
without introducing difficulties, due to variations
in ‘the capacity of the antenna; in the “tracking”

of the system with succeeding tuned mrcmts for:

single-control operation.

These and other objects and adva,ntages of the
invention will be apparent from the following
specification taken together: W1th the accompany-
ing drawing in which:
~ Fig. 1 is a circuit diagram of the couphng sys-
55 ‘tem applied to the output of & tuned circuit;

“50

The second method, in the’

" branchies are indicated by arrows- iy, iz, efc:

(Cl 178—44)

Fig. 2is a mrcult diggram of an antenna, input
system embodying the invention; and

Fig. 3 is a circuit diagram of a typical radio. fre- :
quency amplifier stage embodying the invention.:

The circuit of Fig: I will aid in a ‘clear under-

standing of the operation of the coupling system:

contemplated by the invention. " 'The voltage B’
across the main tuning coil L1 is here considered
the input voltage to the system. -Connected
across the coil Tu'is a tuning condenser .C which
resonates the system to the impressed frequency,
but: which is not a part of the coupling system.
Two capacities Cs and Cs are also.cohnected in
séries across the coil In which capacities are rela-
tively fixed, that. is, they aré not readily capable.
of adjustment during the operation of the system,
asis the tuning condenser C. ‘

Connected between the junction of these-ca-
pacities and any point along the coil Li is'a sec-
ond coil: Tz which may be magnetically coupled
toeoil Li, as shown at M. The output voltage E
is taken across the capacity Cs, i. e.; the outputis

taken between the low-potential end of :ceil ‘L.
and ‘the junction of the two serlally connected‘r
80k
Disregarding for the moment the coil’ Lz, the :

capacities.

two " capacities Cz .and ‘C4 constitute a - voltage
divider having ‘end terminals connected across
the input coil” Li, with the opposite terminals
of ‘condenser Ci serving as the output terminals
of the voltage divider, thusimaking the output
voltwge 5. constant fraction of the input. - The
assumed directions.of the currents in the'several

evident that with the capacity ‘voltage divider
alone, formed by condensers Cs and Cs, the
voltage output Fis less than the input-E’ since,
with - these " assumed - condmons, fa=={3
E/E'=C3/(C3+4+C4).

By introducing coil Lo, the addmonal current

2 is establishied which, having' the direction.

shown-in the diagram, tends to reduce the cur-
rent i3 and to increase the current i«. By this
means, the ‘output voltage E may ‘be increased
untll it equals or even exceéds the input voltage
B’ The magnitude of the current’iz with- respect
to the currents i3 and is is controlled by the re-
actances of the circuit elements so that it may
be made to vary with the. frequency at which
the system is‘operated.  Thus any variation with

resonant. frequency of the voltage E’ across the.

tuned circuit may be compensated by-the cou-
pling network to produce any desired. variation,
within wide limits, of the output voltage E...If,
as is usually the case with condenser-tuned am-
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-which is at zero reference radio potential.
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plifier stages and antenna input circuits, the
voltage E’ tends to decrease with decreasing
resonant frequency the coupling system may be
designed to give a substantially constant output
voltage,

For applications similar to the one just men-
tioned in which it is desired to make the ratio
E/E’ increase with decreasing frequency, the
following general rules may be noted. Current iz
should be controlled by a positive reactance,
thus indicating that coil L2 should be large com-
pared with Li. The sign of the mutual induc-
tance M should correspond to that shown in the
figure in order that iz may have the proper di-
rection as shown. If the mutual inductance M
has the opposite sign and the reactance control-
ling current iz is positive, current iz will tend to
decrease voltage E so that at some frequency
within the tuning range of the condenser C the
voltage ratio E/E’ may become nearly zero.
Capacities C3 and Ca: will generally be small com-~
pared with the maximum value of C in order
that most of the current at resonance shall cir-
culate in the main tuned circuit I:C.

As the reactance which controls current iz
approaches zero, the effective series resistance
of the tuned circuit will increase above its nor-
mal value and tend to broaden the shape of
the selectively characteristic. This is usually de-
sirable in offsetting the normal sharpening of
the selectivity characteristic when condenser
tuned circuits are operated over the low-fre-
quency portion. of their range.

In Fig. 2, the reference numeral 1 identifies
an antenna or collecting structure which is cou-
pled by the serially connected capacity 2 and
coil 3 to the main tuned circuit composed of coil
4 and tuning condenser 6. Condenser 2 serves
as a limiting capacity, to limit the amount of
capacity reflected from the antenna into the
main tuned circuit in a well-known manner.
Coil 3 comprises relatively few turns compared
with those of coil 4, and is preferably formed
by winding the turns of coil 3 adjacent those of
coil 4, beginning at the ground or low-potential
end thereof.

Or alternatively the antenna may be connected
directly to a suitable tap on coil 4 through con-
denser 2. Thus far the circuit corresponds to

“those which have long been in use and it is well

known that in such a circuit the ratio of voltage
across the tuning condenser at resonance to the
voltage ihduced in the antenna rises considera-
bly as the system is tuned to the higher fre-
To alter this characteristic to one
that is substantially uniform or even sloping in
the opposite direction while still giving efficient
transmission, the invention contemplates a de-
parture from conventional practice by the addi-~
tion of the coupling system of Fig. 1. The equal-
izing network inserted between the tuned cir-
cuit and the output terminals, indicated as O, O’,
consists of a coil 5 which may be coupled to coil
4, as indicated by M, and a capacity 7 connected
from the high potential side of the tuned cir-
cuit to coil'5. The other end of coil 5 is shown
at tap 9 indicating a connection to any point
along coil 4 between the high radio-frequency po-
tential terminal H and the opposite terminal
The
capacity 8, shown in dotted line, represents the
input capacity of the output circuit, being in
this case the effective grid to cathode capacity
of vacuum tube 10.

By choosing the inductance of coil 5, the mu-~
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tual inductance M between coils 5 and 4, and the
capacity of condensers 7 and 8 to have the proper
relations, we may make the voltage ratio E/E’
at resonance of the tuned circuit rise with de-
creasing resonant frequency. In this way, even
though voltage B’ decreases with decreasing res-
onant frequency, the output voltage E may be
kept substantially constant. It will be noted
that the circuit constants affecting this output
characteristic E/E’ are independent of the an-
tenna constants. :

The circuit diagram of Fig. 3 illustrates the
application of this coupling system to a typical
stage, either amplifier or detector, of a cascade
tuned radio receiver. The input voltage Ko across
terminals 1’, 1’ is applied to the grid cathode
circuit of vacuum tube 10’ which is preferably
of the shielded type having a screen grid G, a
control grid Gn and an output element or anode
P. The plate-cathode or ocutput circuit of tube
10’ contains the primary coil 3’ of an ordinary
radio-frequency transformer and bypass con-
denser 14, together with source of steady anode
potential indicated at Es. The main tuned out-
put circuit comprises coil 4 and tuning con-
denser 6 and such a system, as thus far described,
constitutes a conventional radio-frequency am-
plifier stage in which the voltage ratio E’/Eg
varies rapidly with frequency as the stage is
tuned to respond to various frequencies within
its range. In place of coupling the plate to coil
4 through a coil 3’ preferably forming a twin
winding with the low potential portion of coil 4,
the plate may be directly connected, for radio
frequency currents, to a tap at any desired point
along coil 4. :

In accordance with the invention, additional
circuit elements are associated with the coil 4,
such additional elements being the same as those

shown in Fig. 2, and being identified by like ref- 1

erence numerals. The operation of the coupling
system in this case is identical with that de-
scribed in connection with Fig. 2. Thus by a
proper choice of coupling network constants the
voltage ratio E/E’ may be made substantially to
compensate for the normal falling off with de-
crease in resonant frequency of the ratio E’/Eo,
thus providing a substantially uniform overall
stage gain E/Eo.

In fact, if for any reason it is desired to over
compensate the normal characteristic, E’/Ep vs.
frequency, the coupling constants may be chosen
so that the ratio E/Eo actually rises with decreas-
ing resonant frequency. Thus the system as de-
scribed affords a wide latitude in the type of
transmission frequency characteristic that may
be obtained, and is therefore particularly suitable
in the solution of problems arising in the design
of tuned radio amplifier systems.

The following values for circuit constants are
given as examples in the cases of two circuits
shown in Figs. 2 and 3 when a substantially uni-
form gain-frequency characteristic is desired over
the frequency range from 550 to 1500 kilocycles.

For the circuit of Fig. 2:

Coil 4=100 turns No. 30 enamel wire close
wound on 13"’ form and having approximately
220 microhenries inductance;

Coil 3=18 turns No. 34 double silk covered wire,
wound turn for turn with coil 4 beginning at low
potential end.

Condenser 2=200 mmfids.

Condenser 7=3 mmf.

Capacity 8=10 mmf{.

Coil 5=8.1 millihenries.
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-~ Tap 9 ¢ontiected t0 low potential end of coil 4.
* Mutual inductarice M=342 mlcrohem'les -

Condenser ‘6==15-400 mmids. ‘ e
i Resistance of antenna=20 ohms
" Tube 10=Type 58.

" For'the:circuit of Fig.' 3: : :

Coils 4 and ‘5, mutial inductance M, condenser
6, and capacity 8 same as for Fig, 2 circuit.

Condenser T==15 mmfds.

Coil 3’=100 turns No. 36 double silk covered
wire wound turn for turn with coil 4.

From the described method of operation of the
invention, those familiar with the design and
construction will understand that, by appropriate
changes in the circuit constants, the gain-fre-
quency characteristic may be given within limits,
other desired shapes.

I claim:

1. In an alternating current transmission sys-
tem, the combination with a tuned circuit, of a
reactive voltage divider connected across said
circuit, said voltage divider having output ter-
minals which include between the same a section
of said voltage divider which constitutes a frac-
tional part of the total reactance of said voltage
divider, and reactive means for increasing the
flow of alternating current in the said section
of said voltage divider above that value repre-
sented by the ratio of the reactance of said section
to the total reactance of the voltage divider.

2. 'The invention as set forth in claim 1, in com-

- bination with an input circuit coupled to said

tuned .circuit, and wherein said reactive means

_is independent of said input circuit.
35"

3. In a radio receiver, the combination with
input elements, a tuned circuit coupled to said
input elements, a vacuum tube having the input
terminals thereof coupled to said tuned circuit,

- and means for reducing the frequency variation
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of the ratio of the radio voltage of said input
elements to the resultant output voltage de-
veloped by said tube; said means including a re-
active coupling, operative independently of the
capacity of said input elements, between said

‘tuned circuit and said tube.

4. The invention as set forth in claim 3 where-
in said input elements comprise a collector
structure.

5. In a radio receiver, the combination with a
collector structure, a tuned input circuit, means
coupling said collector structure to said input
circuit, a vacuum tube having its grid and cath-
ode connected to opposite terminals of said tuned
circuit, a’ capacity in the connection to said grid,

-whereby said capacity and the input capacity of

said tube constitute a voltage divider, and means
coupled to said tuned circuit and independent
of the capacity of said collector structure for

establishing a radio frequency current flow
‘through the branches of said voltage divider

additional to the current flow. therein due to
voltage divider action.

6. In a radio receiver, the combination with
a vacuum tube having input elements between

which there is an inherent capacity, a tuned

circuit connected across said input  elements
through a series condenser, and an additional
reactive coupling cooperating with said series

condenser and capacity between said input ele-

ments to increase the voltage established by said
tuned circuit across said input elements beyond
that value which arises from said connection
through said series condenser.

7. In a radio receiver as claimed in claim 6,

‘wherein said reactive coupling comprises an in-

3

ductance coupled ‘to the inductance ‘of said tuned
circuit and connected between a point in ‘the

t inductarice’ of 'said tuned circiiit and one 1nput

element of said tube.

~8, In 8 Tadio receiver, a tuned circuit comprls-‘ 80

*ing ‘an“inductance ‘and an adjustable condenser,

means ‘¢oizpled “to° said eircuit for eéstablishing a
radio voltage-across the same, a pair of serially’
connected capacities connected across said cir-
cuit, output circuit terminals at the junction of
said capacities and the other terminal of one of
said capacities, and a coupling between the in-
ductance . of said tuned circuit and the junction
of said capacities.

9. A radio receiver as claimed in claim 8,
wherein said coupling includes a tap adjustable
along a portion of said tuned circuit inductance
and an inductance coupled to said tuned circuit
inductance.

10. A tuned amplifier stage adapted to be tuned
by one of the substantially identical sections of
a gang condenser, said stage comprising an input
element coupled to a tuned input.circuit, a vac-
uum ‘tube having a grid and cathode, capacity
connected between the high radio potential ter-
minal of said circuit and the grid of said tube,
a connection from the other terminal of said
circuit to the cathode of said tube, and reactive
coupling ‘means between the grid of said tube
and a point on the inductance of said tuned 105
cireuit,

11. A tuned amplifier stage as set forth in
claim 10, wherein said input element comprises
a collector structure, and said reactive coupling
means. is independent of the capacity of said 110
collector structure.

12. A tuned amplifier stage as set forth in
claim 10, wherein said input element is included
in the plate circuit of a preceding stage.

13. An amplifier stage as set forth in claim 115
10, wherein said coupling means comprises an
inductance coupled to the inductance of said
tuned circuit.

14, An amplifier  stage as set forth in claim
10, wherein said coupling means comprises an 120
inductance coupled to the inductance of said
tuned circuit to increase the radio voltage de-
veloped by said tuned circuit across the tube
grid and cathode above that value due solely to :
the connection of said tuned circuit to said grid 1286
and cathode through said capacity.

15. In the operation of an amplifier stage in-
cluding a tube having a tuned input circuit cou-
pled to a collector structure, and in which the
inductance of said input circuit is to be tuned 130
by one section of a gang condenser, the method
of - facilitating the alinement of the said input
circuit with the circuits tuned by other sections
of said gang condenser; which comprises capaci-
tively connecting said input circeuit to said tube, 135
and inductively coupling the grid of said tube
to the inductance of said input circuif.

16. In an alternating current transmission
system, the combination with a tuned ecircuitf, of
a reactive voltage divider connected across said 140
circuit, terminals on said voltage divider for con-
necting a succeeding circuit across a portion of
said voltage divider, and reactive means for
establishing in the said portion of the voltage
divider a flow of alternating current additional 14&
to that due to the action of the voltage divider.

17. An alternating current transmission sys-
tem as claimed in claim 16, wherein said reac-
tive voltage divider comprises a pair of capacities =
serially connected across said tuned circuit, and 150
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said reactive means includes an inductance cou--

pled to said tuned circuit and connected between
a point on said tuned circuit and the junction of
said capacities.

18. An alternating current transmission sys-
tem as claimed in claim 16, wherein said reactive
voltage divider comprises a pair of capacities
serially connected across said tuned circuit, and

35
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said reactive means includes an inductance cou-
pled to said tuned circuit and connected be-
tween a point on said tuned circuit and the junc-
tion of said capacities, the coupling between said
inductance and tuned circuit being of that sense
which increases the flow of alternating current
in the said portion of the voltage divider.
PAUL O. FARNHAM.
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