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.~ This invention relates to audion amplifier cir-
cuits, and more particularly to. tuned amplifier
circuits in which the gain- and selectivity bear 2
desired relationship to the frequency to which
the amplifier is tuned. .~~~ . 77

- It may be stated that, 'in general, the most
satisfactory tuned amplifier circuit will exhibit
2 constant gain and a constant selectivity . as it
is tuned over the frequency band. In the fol-
lowing specification, “selectivity” is to be under-
stood as the ratio of transmission at the reso-
nant frequency to the transmission at a constant
Arequericy interval off resonance. In the simpler
-amplifier stages in which the coupling . consists
of a transformer tuned by a variable condenser,
the gain increases linearly with increasing fre-
quency and the selectivity varies inversely with
-the frequency. Uniortunately, the previous at-
tempts to improve one of these characteristics
of a transmission system including tuned am-
.Plifier stages have reacted unfavorably upon the
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| other characteristic of the system. =

. .An object of the present invention is to pro-

vide a tuned amplifier stage ‘which reduces the
variation of gain and of selectivity with fre-
-quency, which reduction of variation may, in
-one special case, result in constant gain and
constant selectivity over the entire frequency
band. A further object is to provide an amplifier
-Stage having a coupling system so designed and
.constructed that the impedances of circuit ele-
‘ments are varied automatically as the coupling
.System is tuned over the frequency band, the
.variations being so related to frequency changes
.that the gain and the selectivity of the ampli-
fier both remain constant or approximately con-
stant throughout the tuning range of the ampli-
Her.

‘These and other objects of the invention will
‘be apparent from the following specification
when taken with the accompanying -drawing,
in which, : o e e
. _Fig. 115 a schematic view of an amplifier in-
cluding tuned coupling between successive tubes,
45  Fig. 2 is a circuit diagram of an equivalent
.network, and o S
-Figs. 3 and 4 are circuit diagrams of embodi~
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‘ments of the invention. . _
In the drawing, the reference numerals |, -2
identify successive tubes in an amplifier system,

the plate circuit of tube I being coupled to: the
-control-grid or input circuit of tube 2 by means
-0f a tuned coupling- 3. The Yemaining circuit
~connections for energizing the tubes may be of

any desired .appropriate type. ‘Through the am-
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(CL 178—44) 7 _
plifier action of tube. I, an alternating voltage
E1=uFy is established in the blate circuit, iden-

tified in Fig. 2'by the legend “Circuit I, and the
coupling 3 between circuit I and the grid circuit,
11, of tube 2 sets up an alternating potential Ez

between the control grid and cathode of tube 2. °

A generalized het work equivalent to the coi.
pled amplifier circuits is.shown in Fig, 2, in
which¢ircuit I incliidés 8 voltage source Ei, in
series with a resistance Ry equal t6 the plate
Tesistance of ‘tubé | and a coupling impedance
: Circuit IT includes, in series, the coupling
reactancé Xm, a resistance Re equal to the re.
sistance of the grid cireuit of tube 2, a reactance
X:—Xm of the same type as the coupling react-
ance, and a variable reactance, —Xas, for tuning
the circuit II. That is, X2 is the sum of the re-
actances of a sign opposite to.that of the tuning
element and, in one special case, Xm may be
equal to Xy, i, e., the total reactance ‘of a sign

embodied in the coupling reactance, E2.is the
-voltage developed acro$s the tunable element of
circuit IT when the circuit is adjusted for maxi-
‘mum E; at the frequency of the desired signal.
.. A mathematical study of the Fig. -2 network
Wil show that for constant gain - and for con-
stant  selectivity over the frequency band cer-
‘tain  relationships between the ‘magnitudes of
the circuit elements must be satisfied. To se-

Arequency the following three equations must be
satisfled, L TN -

Xk

RR,” ™ & constant @

A %#Kx, a constant (2)
) ‘%:Kz{ a cqnéta_ntr A 3)

"Equations (1) snd (2) :.are necessary and ‘suffi-
cient conditions for the gain to be independent
of frequency.  Equations (1) and (3). are neces-
sary'and sufficient conditions for. the selectivity
‘o be independent of frequency. R
., To obtain both constant gain. and selectivity,
.an ‘examination of these equations indicates that,
Jor capacitive tuning, i. e., when —X» takes the
form of ‘an adjustable condenser, the resistance
‘Rz of the .circuit II must remain constant
.throughout the frequency. band while Ry, the
.plate resistance of tube , must vary as--the

and that, for inductive

square of the frequency;
“tuning, ; B2 must vary. as. the reciprocal of the
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-adjustable resistance,

square of the frequency while R1 remains con-
stant.

Amplifier circuits which satisfy these condi-
tions are shown in Figs. 3 and 4.

As shown in Fig. 3, the coupling between the
tubes includes a transformer 4 and tuning con-
denser 5 across the transformer secondary. To
secure the desired increase of plate resistance as
the system is tuned to higher frequencies, a va-

riable cathode resistance 6 is included in the cir- -
cuit of tube |, and the control element of the
resistance is mechanically connected to-the mov-.
able element of condenser. 5, as.indicated by bar .
1. The total resistance, Rz, of the grid circuit .
of tube 2 may be maintained substantially con- -

stant over the frequency band by the insertion
in the circuit of a network of fixed impedances
comprising a series resistance 8 shunted by &
condenser 9. As the resonant frequency is in-
creased, the effect of resistance.8 upon the cir-
cuit resistance decréases automatically and the
values of resistance 8 and condenser 8 are SO
chosen that the total resistance of the grid cir-
cuit -does not vary appreciably with frequency.

The resistance 8 may have a value of about 120 -

ohms with a condenser 8 of about 0.007 micro-
farad. - Cee e
One  possible arrangement of an inductively

_tuned coupling system Is shown, in Fig. 4, as

including a tuned plate inductance ‘10 coupled,
by condenser 11, to the grid ecircuit which "in-
cludes a variable resistance 12 and capacity 13
between the control grid and cathode of tube 2.
The adjustable elements of tuning inductance
10 and the resistance ‘12 are mechanically linked,
as indicated by bar 14, to secure such variation
of the resistance with tuning that the total re-
sistance of the grid circuit varies inversely with
the square of the frequency. The plate resist-
-ance ‘of tube | remains constant throughout the
tuning range. = - 7 o
It will be apparent that g -plurality .of stages
embodying the invention may be cascaded in the
‘usual manner, and that the particular circuits
‘herein -described and illustrated are illustrative
‘of two particular networks based upon the gen-
‘eralized network shown in Fig. 2. Other adapta-
‘tions of that general network will occur to those
familiar with the design of electrical circuits.
While the foregoing explanation has dealt with
the ‘securing of constant gain and constant se-
lectivity over the frequency band, it is to be un-
derstood that the invention is not restricted to
‘methods or circuit arrangements which main-
tain both the gain and the selectivity absolutely
constant. 'The invention provides a general
method for the -control of the frequency varia-
tion of gain and of selectivity 'and, for various
reasons, it may be desirable to construct ampli-
fier circuits in'which the usual frequency varia-
tion of one or both of these characteristics is
-altered, but-is not completely eliminated.
© I claim: . : , ) ,
Sl Ina trahsmission system, a pair of circuits
serially arranged in the path of signal trans-
mission and coupled by & capacitive reactance, an

‘adjustable resistance in one of said circuits, an

.adjustable inductive reactance in one of said cir-
cuits for tuning the same over a band of fre-
quencies, and means for simultaneously adjust-
ing “said adjustable tuning reactance and said
said adjustable resistance
being 2 series’ element in the second of said cir-
- 9. Tn an amplifier; the combination with a pair

‘automatically increasing- the resistance’ of’ the

-cuits while’ maintaining ° the- resistance of the
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of vacuum fubes, an inductively tuned output
circuit for the first tube, capacitive means cou-
pling the input circuit of said second tube to the
output circuit of said first tube, an adjustable
resistance  included in said input circuit, and 5
means automatically decreasing the effective
magnitude of: said resistance as said output cir-
cuit is tuned to higher frequencies. . ‘

3. In a transmission system, the combination
with a circuit in which a signal voltage is de~-

“veloped, a second circuit inductively coupled to

said first circuit and including an adjustable con-

‘denser for tuning said second circuit over a band

of frequencies, of resistive impedance in said
second circuit, and means comprising a network
of fixed impedances for automatically maintain-
ing the effective value of said resistive impedance

- substantially constant-as the resonant frequency

of said: second circuit is increased.

4. The invention as set forth in claim 3, in 20
combination with resistance in said first circuit,
and means automatically increasing the said re-
sistance as the resonant frequency -of said sec-
ond circuit is increased. R

5. In an alternating current transmission sys-
tem, the combinatioh with two circuits, reactance
coupling said circuits, and.reactive means for
tuning one of said circuits over a band ‘of fre-
quencies, of resistance in one of said circuits, _
and means operative automatically with adjust- 3
ment of said reactive tuning mieans to vary said
resistance to substantially match the impedance
of both said circuits throughout the tuning range
and thereby maintain the gain and selectivity of _

said coupled- circuits substantially ‘independent 3

of the frequency to which said system is tuned.

6. A vacuum tube amplifier of the type in-
cluding two vacuum tubes, and & condenser
tuned transformer coupling said tubes, of ‘means
‘40
primary circuit of said transformer ‘and auto-
matically reducing the increase in resistance ‘of

‘the transformer secondary circuit as the trans-

former is tuned to higher frequencies. S
7. In the operation of a tuned amplifier of the 45

type in which two tubes are cascaded by cou-

pling the plate: circuit of one tube to the input

“eircuit of the seconid tube by a coupling reactance

of one type and @ tuning reactance of the oppo-
site ‘type ‘included in one of said- circuits, the
method of controlling both the amplifier gain
and the amplifier selectivity as a function of the
resonant frequency, which comprises automati-
cally varying the resistance of one of sald cir-
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fier is tuned over its frequency band.-
8. The invention as set forth in claim 7, where-
in the rates of variation of‘the resistances of said

other circuit substantially constant as the ampli-

‘circuits are so related to the resonant frequency (L

that the product of the resistances of the re-
spective circuits maintains a constant ratio to
the square of the coupling reactance throughout
the frequency band. ' ° S o
9. In the operation of an amplifier of the type ‘85
in which the plate circuit of one tube is induc-

-tively coupled to the input-circuit of the succeed-

ing tube, and one of said: circuits’ includes an
adjustable condenser for tuning ‘the ‘amplifier .
over a frequency -band, the method which com- 70
prises -automatically maintaining the resistance
of the input circuit substantially constant over

‘the frequency band while varying the plate cir-
-cuit resistance as the square of the frequency of

‘the amplifier is tuned over-its frequency band: ¥5
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10. In the operation of a tuned amplifier in-
cluding two tubes cascaded by a capacitive cou-
pling system, the method of reducing the fre-
quency variation of gain and of selectivity which
comprises. tuning said coupling system by ad-
Jjusting the magnitude of an inductive reactance
therein, and simultaneously varying the resist-
ance of the input circuit of the second tube
inversely as the square of the resonant frequency.

11, In an alternating current transmission
system, the combination with two circuits, in-
ductive impedance coupling said circuits, and

3

capacitive means for tuning one of said circuits
over & band of frequencies, of an impedance in
one of said circuits, and means operative auto-
matically with adjustments of said capacitive
means to vary ohe of said impedances to sub-
stantially match the impedance of both said cir-
cuits throughout the tuning range and thereby
maintain the gain and the selectivity of said
coupled circuits substantially independent of the
adjustment of said capacitive means.

PAUL O. FARNHAM.
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