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UNITED STATES

2,229,103

PATENT OFFICE

2,229,903
ELECTRIC TRANSLATION SYSTEM
‘Paul J. Larsen, East Orange, N. J., assignor ‘to

Radio Patents Corporation, New York

N.Y.,a

corporation of New Yeork
Application January 22, 1938, Serial No. 186,371

2 Claims.

The present invention.relates to wave transla-
tion systems, more particularly to improvements in
and a method of translating or amplifying varia-
ble electric currents as used in - the high frequency

5 and low frequency arts such as in radio, carrier
telephony, telephone, telegraph, talking picture,
sound systems and the like. More  specifically
the invention herein is concerned with amplifiers
having corrective wave translation networks for
eliminating distortion characteristics of impressed
input signal and/or to obtain band pass frequency
characteristics from normally broad flat frequency

_espense amplifiers and to oktain other advan-
.ages which will be further explained in the
specification.

In my copending application, Serial No. 183,154,
filed January 3, 1938, I have described an a
plifier with ocne or more inverse feedback arrange-
ments for stabilizing the operation, preventing
distortion and to obtain band pass or other re-
sponse characteristics. - .

The object of the present mventmn is to obtfun
frequency discrimination by utilizing selective
networks or filters of predetermined frequency
25 characteristic in a “feed forward” or parallel path
to an amplifier from & lower to a higher amplifi-
cation level therecf and superimposing the volt-
.age derived therefrom upon the stage of higher
amplification level of the amplifier to alter the
amplifier output frequency characteristic or any
other characteristic of desired shape in a simaple
manner substantially without affecting the over-
all gain of the amplifier such as is the case in
inverse feedback systems and without the use of
35 complicated or unstable circuits which may affect
the otherwise stable characteristics of the amph-
fier.

Another object is the provision of an amplifier
‘having a predetermined frequency response char-
acteristic or band width suitable for amplifying
and/or translating low frequency, intermediate
frequency, and high frequency signal bands of any
desired frequency range or band width and com-
prising coupling and frequency discrimination
solely in the auxiliary “feed forward” control path
for obtaining the said results.

A further object is to combine low pass and
high pass wave filter elements as coupling net-
works in-an amplifier circuit in such a manner as
to obtain amplification of a desired frequency
band or discrimination above or below g first pre-
determined cut-off frequency and to balance ocut
or neufralize gll the currents having frequencies
above or below another predetermined frequency
thereby to obtain a frequency response character-

10

15

20

30

40

(CL 179—171)

istic of .the band pass.or band suppression type
positioned at any desired point on the frequency
scale extending from gero frequency. to the low
(audio) , intermediate, and high frequency ranges
employed in practice.

A still further object is to combine equalizer
networks having predetermined. frequency .char-
acteristics as coupling networks in an amplifier
circuit in such a manner as to. cbtain.a.desired
amplification -or -attenuation of .predetermined
characteristic by balancing out or neutralizing
distinct frequencies.or ranges or adding voltages
to the input signal voltage, thereby to obtain . a
predetermined over-all frequency response .char-
acteristic of -the amplifier,

‘Ancther object is to provide equalizing networks
in an amplifier system, the equalizer network or
networks. having characteristics similar to -the
distortion characteristics of a transmission line
or other transmission system preceding the am-
‘plifier in such g manner that the voltages derived
from said equalizer neutralize or become cumula-
tive-to the control voltage of the-amplifier, thereby
correcting the response-thereof resulting in 'a flat
-or .any .other predetermined total output fre-
quency response of .the amplifier.

These and further .objects and radvantages -of
the invention will become more apparent asthe
following detailed description proceeds:taken with
reference to the accompanying drawings illustrat-
ing several embodiments .of the invention, .and
‘wherein;

Figure 1-shows a simple amplifying circuit hav-
ing a band pass type frequency amplifying or
transmission characteristic constructed in ac-
cordance with the invention,

Figure 2 shows the frequency response curves
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illustrative-of -the function and operation: of the

circuit according to Figure 1,

Figure 3 is a further modification of ‘a circuit
according to ‘the invention embodying features
such as twin-triode tubes to improve the overall
efficiency and operation,

Figure 4 is a diagram illustrating a typical
equalizer network for wave correction purposes,

Figure 5 shows a frequency response curve illus-
trative of the function and operation of the
equalizer network of the type shown.in Figure 4

when employed in the preceding amplifier cir- g

cuits, Figures 1 and 3,

Figures 6 and 7 are furfher circuits showing
modifications of the invention adapted to improve
the overall .gain of the amplifier,

Figures 8 and 9 show diagrams of typical band
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2
pass filters which may be utilized in conjunction
with the preceding circuits,

Figs. 10a and 10b show frequency response
curves illustrative of the function and operation
of the filter of Figure 9 in conjunction with the
circuits according to the previous figures,

Figure 11 is a further modification of the in-
vention for obtaining a band pass characteristic
from an amplifier with a normally broad and flat
frequency characteristic by both neutralization
of the undesired frequencies and strengthening of
the desired frequencies according to the invention,

Figures 12a~12e show frequency response curves
iltustrative of the function and operation of the
circuit constructed in accordance with the cir-
cuit of Figure 11, :

Similar reference characters identify similar
parts throughout the different views of the draw-
ings.

Referring to Figure 1, wherein is shown a simple
amplifying circuit having a' predetermined fre-
quency characteristic of the band pass type posi-
tioned at any desired point of the frequency scale
including the audio, intermediate and high fre-
quency ranges, numeral | represents an amplify-
ing valve of standard construction, in the ex-
ample shown, a valve of the pentode type having
a cathode, an input or control grid 2, a screen
grid 3, a suppressor grid 4, and a plate or anode 5.
The suppressor grid 4 is directly internally con-
nected with the cathode in a manner well known.
The screen grid 3 is shown connected through a
resistance 23 to a suitable $ap point of the high
tension source 1, which may be a battery as shown
or a potentiometer resistance and by-passed by a

‘condenser 24 as well understood by those skilled

in the art.. Numeral 8 represents an input trans-
former having a tuned primary and secondary
being preferably resonant %o the desired fre-

‘quencies to be transmitted- by the amplifier.

“'The input terminals-@ b are connected directly

-across the primary of transformer 8, the second-
‘ary thereof being connected to the grid 2 and to

the cathode of the valve | through grid biasing

-resistor.9 in the cathode lead shunted by a con-

denser 10 in a manner well known. The plate §
of the valve is connected through the primary of
tuned or untuned inter-stage transformer 12 to
the plate supply 1. The secondary of the inter-
stage transformer {2 is connected to the input
grid 13 of a succeeding amplifier valve (4 through
a coupling resistance 15 and biasing resistance 16
shunted by condenser IT. Valve {4 being similar
to valve | of the pentode type has a screen grid 18,
a suppressor grid 19, and & plate or anode 20.
The anode 20 of this valve is connected through
the primary of the output transformer 22 to the
plate supply 1. The inter-stage transformer 12
in the example shown as well as the output trans-
former 22 are provided with condensers across
their primaries and secondaries similarly to
transformer 8 and are preferably tuned to the
same frequency as the latter or broadly to the
frequencies to be transmitted through the ampli-
fier. The secondary of transformer 22 is con-
nected to the output terminals ¢, d. The sup-
pressor grid (9 of valve (4 is directly internally
connected. with the cathode in a manner well
known. The screen grid (8 is shown connected
in a known manner through a voltage drop re-
sistance 23 to the high tension source T and is by-
passed. to the cathode by a capacity 24. There
is provided further a shunting condenser 25,
across the high tension source 1. As is under-
stood the tuning condensers for the {ransformers

2,229,703

8, 12 and 22 may be omitted and the latter de-
signed to be resonant to the desired frequency
or band of frequencies by virtue of the induct-
ances and distributed capacities thereof.
Normally the amplifier as above described will
amplify in a known manner the frequencies to
which the transformers 8, .12 and 22 are tuned
which will be of a band pass character having
sloping sides and which without a high regenera-
tive effect in the amplifier itself will, as in the
case of an intermediate amplifier, be broader than
the frequency band desired in such a manner tha$
interfering signals from adjacent carrier waves
will be transmitted and amplified. To eliminate
such interfering signals, there are provided, in
accordance with the improvement of the inven-
tion, filter networks 26 and 27 connected between
the plate 5 of valve | and the input circuit of
valve 14. As is known, the voltage variations on
the plate 5 of tube I and grid 13 of valve 14 are
180° out of phase with the input voltage im-
pressed upon the grid 2 of tube |, provided the
primary and secondary of transformer 12 are
connected with the proper polarity, or if a resisi-
ance-capacity coupling network of known con-
struction is employed in place of the transformer
12, The voltage variations derived in the ex-
ample shown from the plate 5 are impressed
through the coupling condensers 28 and 28’ upon
the multiple networks 27 and 26. Neiwork 26 is
a low pass filter network which type of network,
as is known, is effective in preferredly passing
currents having frequencies below a predeter-
mined cut-off frequency and of suppressing cur-
rents having frequencies above said cut-off fre-
quency. Network 27 is connected in parallel to
network 26 in the same circuit and is of the high
pass type effective in preferredly passing currents

having frequencies above a predetermined cut-off

frequency and of suppressing currents having
frequencies below said cut-off frequency. Net-
works 26 and 27 have been illustrated solely as
one particular type of network to perform the
function desired. More complex or more sim-
plified filters of any desired construction may be
employed in place of those illustrated to suit any
special requirement. Likewise, one half section
terminating filters may be employed at the input
as well as the output end of each of the filters
with or without corresponding terminating re-
sistance, so as to maintain the impedance of all
circuits to which they are connected constant.
The outputs of the low pass filter 26 and high
pass filter 27, as shown are connected in parallel
through @ gain control resistance network and
coupled through coupling condenser 45 to the grid
36 of valve 37; the latter grid being provided with
a grid leak or coupling resistance 35. Valve 37
represents an amplifying valve of the pentode type
similar to valves | and {4 having a cathode, an
input or control grid 36, a screen grid 46, a sup-
pressor grid 47 and & plate or anode 40, the sup-
pressor grid 41 being directly internally con-
nected with the cathode in a well known manner.
The screen grid 46 is connected through a volt-
age drop resistance 48 to the high tension source
1 and shunted to ground or cathode by a con-
denser 49. The output of valve 37 is shown con-

‘nected from the plate or anode 40 through cou-

pling resistance 42 to the high tension source 7
and through coupling condenser 43 to a point on
the coupling resistance 15 in the grid input cir-
cuit of valve 14, The voltages of the frequencies
to be discriminated as selected by the filters 26
and 27 being applied across coupling resistance 1%
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in the input cireuit of valve 14, are 180° out-of

phase with the voltages of the same correspond-
ing frequencies impressed upon this input circuit
through the transformer 12, and therefore the
voltages of these frequencies will be neutralized
and will not be further transmitted or amplified.

There is thus formed cne auxiliary “feed for-
ward” circuit path from a stage other than the
last one in the propagation direction of the gm-
plifier to any following stage in that direction,

- modifying in- a desired manner the input poten-

15

tial at that following stage 50 as to obtain a de-
sired final output response characteristic of the
amplifier. In order to cbtain an exact balance,
phase shifting networks may be suitably ar-
ranged in the circuit, such as a resistance ca-
pacity series network. As is understood, any

- other type of phase-shifting or phase-rotating
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device or circuit known in the art may be em-

ployed for this purpose and the phase rotation or
correction may be also affected in the main am-
plifier path for the signal currents passed through
the latter such as in or preceding to the grid cir-
cuit of the valve i4.

Figure 2 shows the characteristic curves (out-
put response in db. or any other unit plotted
against frequency) of the above described am-
plifier circuit of Figure 1. The curve A therein
represents the normally transmitted frequency
band through the amplifier without the neu-
tralizing or balancing circuit according to the
invention. As will be noted, this curve having
sloping ascending and descending branches ex-

. tends beyond the desired frequency band fi—fa

and it is fthese portions of the characteristic
curve which effect or cause interfering signals
such as in the case of an intermediate frequency
amplifier as employed in superheterodyne re-
ceivers or the like, The curve B represents the
characteristics of the low pass filter 26 of Fig-
ure 1 having a cut-off point at the frequency fi.
Curve C represents the characteristic curve of
the high pass filter 27 of Figure 1 having a cut-
It is apparent therefore
that the only frequencies which will be trans-
mitted through these filter networks 26 and 27
will be the frequencies below fi1 and the fre-
quencies above f.. Therefore the voltage de-
rived from these frequencies above and below the

" desired band f1 to f2, will oppose the signal volt-

ages of corresponding frequencies impressed
upon the grid 13 of valve -14 thereby causing
neutralization thereof. As a result there is ob-
tained in the output circuit or across the pri-

" mary of transformer 22 a characteristic with a

sharper cut-off than would have been possible
without this novel arrangement.

The curve D in Figure 2b represents the re-
sulting characteristic curve obtained by the use
of the invention and as will be noted the slopes
at the lower and upper part of this curve are
steeper than in the original curve A of Figure 2.
Thus, by this arrangement the over-all selectivity
of the amplifier is considerably increased restilt-
ing in the elimination of interference from ad-
jacent signal channels. As is understood from
the foregoing the inventive circuit, among var-
ious other uses, hds great advantages when em-
bodied in the intermediate section of a super-
heterodyne radio receiver in enabling a sub-
stantial increase of receiver selectivity without
affecting the fidelity of reproduction. The fil=
ter 28 and 21 may be desigried to have the requi-
site critical or cut-off frequericies fi—fs, by
proper dimensiohing’ of the capacity and ins

i,

ductance units in relation to each -ether and to
the impedance -of the associated input and out-
put circuits connected to the input and ‘output
terminals of the filters. ;

In the above description -of the operation of
Figure 2 and in the description of the circuits
described hereafter, it is apparent that the

voltages derived from the parallel filter network

or “forward feed” circuit in the case of Figire
1 must, to suppress the undesired frequencies,
have voltages exactly 180° out of phase with the
voltages developed in the grid cireuit to which

the output of the filter network is connected

so as to obtain complete neutralization of these
undesired frequencies.” In other circuits where-
in, instead of neutralizing the undesired fre-
quencies the filter networks form a correcting or
equalizer circuit for equalizing distortion of a
line or the like and where these voltages super-
imposed upon the voltages in the grid circuit of
the tube must be in phase, phase shifting de-
vices such ‘as Wheatstone resistance capacity

networks or other well known phase shifting

devices or systems may be employed in connec-
tion with the filter or equalizer systems so as to
obtain the proper phasing of the superimposed
voltages. Likewise when employing transform-
ers such as the transformer {2 of Figure 1, re-
versal of phases may also be obtained by revers-
ing the connections or the direction of winding
of the primary or secondary of the transformer.

Figure 3 is illustrative of another embodiment
of the invention, Accérding to this modification
twin-triode valves are employed connected in g
cascade arrangement with one of the triode
units in one of the valves being employed as
an amplifier for the currents passing through
the wave discriminating networks.

twin-triode type of standard construction hav-
ing a dual cathode, an input or control grid 51
and a plate or anode 52, comprising one of the
triode units, and the cathode further control
grid 83 and the other plate or anode 54 com-
prising the other triode unit in this valve. A
line or :a preceding amplifier or transmission
circuit is connected to the input terminals a, b
and the signals therefrom are applied through
coupling condenser 3{ to grid 51, the latter be-
ing provided with its usual grid coupling re-
sistance 32, and the well known biasing means,
resistance 9 and condenser {0. The plate 52
of this triode unit is connected on the one hand
through plate load resistance 55 to the high
tension source T and through a coupling condens-
er 56 to the input circuit of the first triode unit

of a second twin-triode valve 51, the input cir-.

cuit thereof comprising the grid 58 coupling re-
sistance 59 and biasing resistance I8 shunted
by condenser 17. The output or plate 61 of this
triode unit is connected throush s known re-
sistarice capacity coupling network comprised of
resistanices 62 and 63 and a capacity 64 to the
input grid 65 of the second triode unit. of thig
valve, the output or plate 66 of this triode unit
being connected on the one hand through plate
load resistor or impedance 34 to the high ten-
sion source T and through coupling condenser
33 to output terminal ¢, the other output ter-
minal d being connected to the common ground
or zero potential point of the system.. The grid

53 of the second triode unit of valve 50, which tri-

ode unit is used as the amplifier in the “forward
feed” circuit includihg the wave disctiminating
networks, derives 1ts potetitial from the iplit

3

In the figure,
numeral 58 represents an amplifier valve of the
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coupling resistance 32, which may be adjustable
so as to vary the 1nput s1gnal level to be ap-
plied to the dlscnmxnatmg networks. The out-
put or plate 54 of this triode unit is shown con-
nected to the filter or equalizer 67, through ter-
minals e and f to the high tensmn source 1, ‘the
output of filter B'i being - apphed through ter-
minals. g and k. in series with resistance 63 to
the. input c1rcu1t of the second triode unit of
valve 51. -

The cascade a*nphﬁer con51st1ng of the three
triode units that is the units having input circuits
connected to grids 51,.58, 65, form a three stage
resistance coupled amplifier having normally a
fairly flat frequency characteristic depending
upon the constants oif the load resistances and
the.coupling condensers 55, 62, 34 and 56, 64 and
33, respectively. - To ~obtain a band pass fre-
quency characteristic of a- desired band width
from. such a resistance coupled amplifier, filter
networks similar to the previously described low
pass filter 28 and high pass filter 27, may be em-
ployed in -the filter unit 61, provided with the
usual load resistance for plate circuit 54 and cou-
pling condenser 28 as shown in Figure 1. In
such an arrangement as described, there may be
impressed upon the input circuit of grid 65 in
series with the resistance: §3 voltage variations of

-the frequencies selected by the filters, 180° out of

the phase with the voltage variations of the same
frequencies impressed upon the input circuit from
the line through coupling condenser 64, thereby
neutralizing or annuiling these voitage variations

and producing in the output or plate circuit 66

amplified voltage variations of the desired fre-
quencies between f1 and f2, as °nown in the curves
of Figures 2a and 2b. .

The arrangements deserlbed heretofore all re-
late to means:for obtaining a band-pass fre-
quency characteristic from broadly tuned or flat
frequency response amplifier circuits or for. ob-
taining improved band pass characteristics from
band pass characteristic amplifiers. It is ap-
parent, that by selecting other types of filfers
such as band -pass filters, as shown in Figure 8
later referred to, or any other type of equalizing
or wave correcting network any desired frequency
response, band pass characteristic or band- elim-
ination characteristic meay be obtained.’

Figure 4 represents a typical equalizer or wave
correcting network which may be employed in
connection with any of the previous described
ﬁgures and especially in connection with the cir-
cuit of Figure 3. Normally, when the main am-
plifier portion of the circuit of the type shown in
Figure 3, that is the three stage resistance cou-
pled cascade amplifier is connected to a transmis-
sion channel, such as a telephone or carrier cur-
rent line, the distortion characteristic of the line
will affect signals transmitted by the line in such
a manner as to attenuate certain frequencies
thereof, which frequency attenuations will be re-
peated by the amplifier and will produce in the
output of the amplifier a response characteristic
similar to the distortion characteristic of the line.
Methods have been employed in the past to equal-
ize these distortion- characteristics by employing
equahzer networks in the amplifier proper, how-
ever such equalizers have the disadvantage of
introducing losses into the circuits thereby de-
creasing the overall gain of the amplifier system.
By the novel miethod -disclosed such distortion
characteristies of the transmission channel may
be readily compensated or neutralized by the em-

3,200,703

ployment of an equalizet or wave éorrécting net-
work without impairing the efficiency of the am-
plifier system. = Figure 5 shows a curve represent-
ing by way .of example the transmission charac-
teristics of a transmission circuit or apparatus
and the curve of an equalizer employed in a neu-
tralization. circuit of the invention to obtain a
response in the output circuit of the amplifier in
which the distortion characteristics of the line
are not repeated.

As shown in Figure 5, curve E illustrates the
frequency response of a circuit or franslating de-
vice connected to the input terminals a, b of Fig-
ure 3, through the usual coupling means. As will
be noted, frequencies below ¢ have been attenu-
ated, and frequencies above ¢ are, therefore, im-
pressed upon the input of the amplifier with in-
creased amplitude over the attenuated frequen-
cies. -In order to prevent such distortion the
equalizing or wave correcting network as illus-
trated in Figure 4, connected to the usual plate
load resistance 10, and coupling condenser 71,
should be so designed that the output response
from the plate 66 of valve 57 corresponds to curve
G of Pigure 5. 'The equalizer as shown in Figure
4 consists of series:elements, comprising a resist-
ance 12, resonant circuit inductance 13 shunted
by condenser 14, resistances 75 and 76, shunted
by condenser 11 and by inductance 78 and con-
denser 19 in series therewith and a shunt element
connected from the junction point of the resist-
ances 15 and 16, and consisting of inductance 80
in series with a shunt resonance circuit compris-
ing inductance 81 and condenser 82. The ocutput
of the equalizer includes a coupling resistance 83
connected to the output terminals g, A, corre-
sponding to the terminals of equalizer 61 of Fig-
ure 3. - The constants of the component elements
of such an equalizer are well known and any de-
sired equalization, or attenuation, for any desired
frequency or frequency band, and having any de-

sired sharpness or cut-off, can be obtained by-

proper selection of the component elements,

Curve F of Figure 5 shows the frequency re-
sponse characteristics of the equalizer of Figure
4 and it will be noted that the frequencies below
a are attenuated by the equalizer, whereas the
frequencies above ¢ are transmitted with varying
attenuation through the equalizer according to a
characteristic similar to the response character-
istic E. - Therefore, the voltage variations derived
across the coupling resistance 83 of Figure 4, cor-
responding to the frequency response as repre-
sented by curve F in Figure 5 when impressed
upon the input eircuit of the grid 65 through ter-
minals g, » of Figure 3, will equalize the corre-
sponding voltage variations of corresponding fre-
quencies impressed upon the input circuit of grid
65 from the line through coupling condenser 64,
resulting in a frequency response corresponding
to curve G of Figure 5, in the output circuit of
plate 66 and across output terminals ¢, d of the
amplifier. It will be apparent that such equal-
izer networks, or filters, should be designed to
meet the specific problem involved in any partic-
ular case so as to produce in the output circuit
of the amplifier, a predetermined frequency re-
sponse.

Heretofore the circuits described have em-
bodied the novel feature of the invention of im-
pressing upon an amplifier system at a point of
higher amplification level variations correspond-
ing to frequencies or frequency bands to be equal-
ized derived from a point of lower amplification
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level and neutralizing or annulling. by opposing
the corresponding frequency voltage variations
impressed upon the amplifier from an input cir-
cuit or line. Another modification of the inven-
5 tion is to utilize the frequencies to be transmitted
through the amplifier and superimposing voltages
of the desired frequencies upon the amplifier to
become additive to the signal voltages in the am-
plifier, thereby to increase the overall gain of
10 the amplifier so as to obtain a band pass charac-
teristic or any desired shape or output frequency
response. -

Figure 6 is a, modification employing this addi-
tive feature, wherein the voltages of the prede-
termined frequency or frequencies passed by the
filters or equalizer are superimposed upon the
signal voltages in phase therewith, thereby pro-
ducing a cumulative increase in the voltages
impressed upon the grid for the frequency or fre-
quencies selected by the filter or equalizer net-
works. In general, the amplifier proper of Fig-
ure 6 is similar to the amplifier previously de-
scribed in connection with Figure 3. The input
a, b from a line or a preceding amplifier is
25 coupled through the input transformer 85 in the

example shown an iron-core audio or low fre-
quency transformer the secondary of which is
shunted by a coupling resistance 86, and con-
nected to the input grid 51 of the first triode unit
30 of the twin-triode tube 50. The output or plate
52 thereof is coupled through. a transformer 91
to the grid 58 of the first triode unit of the sec-
ond. twin-triode 57, through a shunt resistance
87 placed across the secondary of the trans-
35 former 86, and a grid series resistance 88. 'The
resistances 87 and 88 form a constant impedance

15

20

input and output network. The output or plate

61 of this triode unit is connected on the one
hand through plate load impedance 89 in the
40 example shown an iron-core choke coil to the
high fension source T and through coupling con-
denser 64 and grid leak resistance 63 to the in-
put grid 65 of the second triode unit, the output
. or plate 66 thereof being connected to the high
45 tension source 7 through the plate load resist-
ance 34 and to the output terminal ¢ through
coupling condenser 33. The signal energy for
the filter or equalizer 67 is applied from the
coupling resistance 86 through series grid re-
50 sistance 86’ to the grid %3 of the second triode
unit of the first twin-triode valve 50. The out-
put or-plate 54 thereof, is connected: to the filter
or equalizer network €7 through terminals e and
7 to the high tension source 1, the output termi-
nals g and 7 of the filter or equalizer network
67 being connected to a coupling resistor 90,
the latter being in series with the grid: resistors
87 and 88 in the input circuit of grid 58 of the
first triode unit of the valve 51. As will be ap-
G0 parent from the above, the voltage derived across
the coupling resistance 90 from the filter or
equalizer networks 67 w'll be in phase with the
voltage impressed upon the grid 58, from the
‘transformer 91. ‘Therefore the voltage varia-
€5 tions of the frequencies selected by the filter or
equalizer network 67 will become additive to the
voltage variations of the same corresponding fre-
quencies repeated by the transformer 91 causing
8 cumulative resultant thereof which is then ap-
70 plied to.the grid 58, broducing in the output or
plate 6} an amplified response of these selected
frequencies, which will be further repeated and
amplified by the succeeding amplifier.
To illustrate the operation, and verformance,
78 of the-circuit of Figure 6, there may be employed

(3]
[513

in the. filter or equalizer 67 an equalizer or wave
corrective network similar to the type shown in
Figure 3 but having a characteristic response
corresponding to curve H of Figure 5, wherein it
will be noted that the frequencies below ¢ will be 5
transmitted through the equalizer and the fre-
quencies above a will be attenuated. The char-
acteristics of the equalizer or wave correcting
network should correspond to the attenuated por-
tion of the impressed input signal as shown by 10
curve E in Figure 5. It is apparent, that these
voltage variations of the frequencies transmitted
through the equalizer or wave correcting net-
work being impressed upon the grid input 58 of
Figure 6 in phase with the impressed voltage 15
variations of the input signals impressed there-
on from transformer 81 and of the same ap-
proximate amplitude that the attenuated fre-
quencies discriminated by the line or amplifier,
are equalized and the result will be a curve as 20
represented by G in Figure 5. - As explained in
connection with Figures 3, 4, and 5 previously,
other types of equalizer or filter networks may
be employed to obtain any predetermined fre-
quency. response from the amplifier. 25

Figure 7 represents a modification of the cir-
cuit arrangement of Figure 6. - The input @, d
is coupled through transformer 85 to the grid
51 of the first triode unit of valve 89, through
impedance correcting grid resistance 88’ and 30
coupling resistance 86 shiummted across the sec-
ondary of the transformer. The output or anode
52 of this triode unit, is connected on the one
hand through plate impedance 92 to the high
tension source T and through coupling condenser -85
98 to the grid 58 of the second twin-triode valve
51. The grid 58 is provided with a grid leak re-
sistance 59 in connection with the usual grid
biasing resistance 16 and by-pass condenser 1.
The output or plate 61 of this triode unit is 40
coupled as previously described in connection &~
with Figure 5, through resistance 62 to the high
tension source T and through coupling. condenser
64 to grid 65, the latter being provided with the
coupling resistance 63. The output or plate 66, 45
is connected - through the plate load resistance <.
84 to the high tension source 7 and through
coupling condenser 33 to the output terminal c.
The amplifier for the filter or equalizer network,
in this case, is connected from the output or 50
plate 52 of the first triode amplifier unit in valve -~
50 through coupling condenser 95 to the grid 53
of the second triode unit in valve 58, the grid
53 being provided with the usual resistance grid
leak 96 and biasing means 9 and 0. The output &5
thereof or plate 54 is connected to the filter or® -
equalizer 67 through terminals e and f to the
high tension source 1. The output or terminals
9 and h of the filter or equalizer are connected
in series with the grid resistance 63 in the input 60
circuit of the last tricde unit.  It' will be ap-
parent from the above description that the volt-
age variations derived from the output of the
filter or equalizer will be in phase with the volt-
age variations impressed upon the grid 65 65
through the coupling condenser 64. Therefore.
the voltage variations of the predetermined fre-
quency or frequencies transmitted by the filter
or equalizer will become cumulative to the volt-
age variations of the same frequencies impressed 70
upon the grid 69 through coupling condenser 64,
resulting in producing in the output or plate cir-
cuit an increased voltage amplitude of the fre-
quencies selected by the filters or equalizers.

Por equalizing or wave correction, equalizers. 75
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or wave correction networks as previously de-
seribed in connection with Figures 3, 4, 5, may
be employed. For band pass characteristics or
where increased amplitude of a predetermined
frequency band is desired, band pass filters may
be employed in place of the equalizer or wave
correcting networks.

Figures 8 and 9 are illustrative of band pass
filter networks adapted to transmit frequencies
of any desired band width dependent upon the
constants of the component elements thereof.

In Figure 8 there is shown a band pass filter
which may be arranged in the “feed forward”
auxiliary circuit in any of the preceding illus-
trations. This filter proper shown at 98 derives
its input from the coupling resistance 99 con-
nected across the terminals e and f, the filter
itself consisting of a number of sections and
comprising as series elements capacities 100 and
el and shunt elements consisting of an induct-
ance 103 shunted by condenser 182.  The output
of filter terminates across the load or variable
coupling resistance 104, in the outputb terminals
¢ and k. This filter may be used in the circuit
in PFigure 7 in which case the voltage variations
transmitted therethrough will be applied in phase
with the voltage variations impressed through
the coupling condenser 64 upon the grid 65. It
is obvious that where such a band pass character-
istic is desired that the coupling means in the
amplifier proper such as the input transformer
85, the intercoupling elements 92, 93, 58’ and
62, 63, 64 may be replaced with transformers
broadly tuned to the frequency band desired or
the intercoupling elements may be similar band
pass characteristic networks designed to transmit
the same frequency band as the additive filter
system. In this latter case the additive system
will compensate for the  attenuation losses
through the intercoupled networks and in turn
will provide increased selectivity in addition to
this increased gain. .

Figure 9 represents another type of band-pass
filter consisting of a low-pass filter network 105
in series with a high-pass filter network 106, the
filters obtaining their potential from coupling
resistance 99 connected to input terminals ¢ and

- f and the output thereof being connected through

the coupling or load resistance 104 to the output
terminals f and k. Each filter illusirated may
consist of any number of similar sections and
each may be provided with input and output half
section filters, and/or may be provided with in-
put, intercoupling and output terminating re-
sistance so designed as to maintain proper im-
pedance characteristic for the adjacent circuits
to which these filters are connected,

Figure 10¢ illustrates the characteristic curve
of a typical filter such as illustrated in Figure
9. As noted, the cut-off points of the respective
low-pass and high-pass filters are overlapping,
that is, the low-pass filter 105 of Figure 9, as
illustrated by curve J in Figure 10a, is designed to
have a cut-off at frequency f2 whereas the high-
pass filter 106 of Figure 9 is designed to have a
cut-off as illustrated by curve K, at frequency
fi. Figure 10b represents the transmission curve
1. of the combined filters 105 and (06 of Figure
9. Cuwrve L comprises a frequency band b be-
tween frequencies f1 and f2 corresponding to the
cross over cut-off points as represented by curves
F and A of Figure 10a, as the frequency band
transmitted by the combined filters.

Figure 11 represents a further modification and

2,229,703

improvement of the invention and as illustrated,
combines the two methods disclosed namely the
neutralizing and the additive or cumulative
methods into a single system to produce a band-
pass characteristic amplifier for any desired band
width having sharp or steep cut-off points at
the upper end lower extremities of the frequency
band to be transmitted and in which no sacrifice
of gain of the amplifier proper is made.

In Figure 11, the amplifier proper comprises
three stages embodying pentode valves I, 14 and
{08. The input circuit of the valve | obtains its
signal voltage through input transformer 8, the
primary of which is connected across input ter-
minals ¢ and b. The secondary of the trans-
former is provided with a shunt coupling re-
sistance 32 from which the input signal voltage
for the filter network system is derived. All of
the other elements of the amplifier proper, have
been previously described in connection with the
other figures and therefore the description there-
of will not be repeated. The neutralizing and
additive system comprises the twin-triode valve
{10, the filters Ii1, {12, 113 and {14 and asso-
ciated circuits. 'The grid 115 of the valve 110
of standard construction, derives its input po-
tential from the input coupling resistance 32.

For the additive system, that is, the system in
which the selected frequency voltage variations
are superimposed in phase on the signal voltage
variations, only this single triode unit is em-
ployed as the amplifier. The output or anode
116 thereof is connected through plate load re-
sistance 1171 to the high tension source 7, and
to the band-pass filters 113 and 114 through ter-
minal e. The filter 113 is a low pass filter and
{i4 is a high pass filter and both may be similar
in construction to the band pass filters previ-
ously described in connection with Figures 8 and

"9 and should be designed to pass the band of

frequencies desired as for example a band be-
tween frequency fi to fa as represented in Figure
10b. It is apparent therefore, that the output
of the filters connected to terminals g and 7 will
furnish to the coupling resistance 118, voltage
variations of the frequencies of the band b. The
coupling resistance 118 as shown, is connected
in series with the coupling resistance 59 in the
grid circuit of valve I4. The voltage variations
supplied by the band-pass filters to the coupling
resistance 118 being in phase with the signal
voltage variations impressed upon the grid (3
of valve 14 through coupling condenser 93, will
therefore become cumulative thereto.

* "Por the neutralizing system as shown in this

Figure 11, the outpub from the plate {16 of the
valve. 118, is coupled to the grid {19 of the second
triode unit thereof, through coupling condenser
120, the grid {19 being provided with the usual
grid leak or coupling resistance 121, the outpub
or plate 122 of this triode unit being coupled
through plate load resistance 123 to the high
tension source T and to the parallel connected
band discriminating networks 111 and (12. It
will be apparent, that there will be supplied to
these filter networks a greatly amplified signal
corresponding to the signal impressed upon the
cascade amplifier proper through the input cou-
pling transformer 8. The filter discriminating
networks {1l and 112 correspond to the similar
filter discriminating networks 26 and 27 described
in connection with Figure 1, the low-pass filter
112, having a cut-off point at frequency fi, as

‘shown by the curve B in Figure 2a or at the
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same frequency at which the high-pass filter- 114
has its cub-off point as shown by curve K in
Figure 10a, and the high pass filter {{{ having
its-cut-off point at frequency f2 as shown by curve
C in Figure 2a, or at the same frequency at which
the low-pass filter 13 has its cut-off point as
shown by curve J in Figure 10a. It is apparent
therefore, that the low pass filter {12 and- high
pass filter {11 will pass all frequencies below fre-
quency f1 and all frequencies above frequency fz
thereby discriminating for the band of frequen-
cies between 71 and fo. The output of the low
pass filter 112 coupled through the blocking con-
denser or coupling condenser 124, and the output
from the high pass filter t{{ are connected to
the coupling resistance 125 which latter is con-
nected in series with the coupling resistance 126
of grid of the last pentode tube 108. The voltage
variations of the frequencies passed by the filters
il and 112 will be 180° out of phase with the
signal voltage variations of the same frequencies
impressed upon the grid of the valve 188 through
the coupling condenser 33 from the preceding
amplifier valve (4. It ig apparent, therefore,
that the voltage variations of these frequencies
will be neutralized and will not be repeated
through the pentode amplifier valve 108.

Figure 12 shows curves illustrating the func-
tion of the circuit of Figure 11. In Figure 12¢

curve M represents the typical response charac- -

teristic of the three stage cascade amplifier and
may also represent the input signal impressed
upon the input terminals a, b thereof. Without
the novel features of the invention this input
signal would be repeated by the amplifier and
would produce a similar amplified frequency re-
sponse in the output thereof. Curve N repre-
sents the transmission characteristic of the low
pass filter 113 having a cut-off at frequency fo.
Curve O represents the transmission character-
istic of the high pass filter 114 having a cut-off
at frequency fi. In Figure 12b curve P repre-
sents the transmission characteristic of the fre-
quencies between fi and fo passed through the
fillers 143 and 114, the voltage variations of
which are applied across the coupling resistance
[18. Curve Q thereon represents the character-
istic curve of the voltage variations of the input
signal applied through the coupling condenser
93 from the preceding amplifier valve { upon the
grid (8 of amplifier valve (4. As the voltage var-
iations represented by curve P across the cou-

Dling resistance ({8 are in phase with the input

signal voltage variations there will be applied to
the grid 13 the resultant or a cumulation of
these voltage variations as shown by curve R in
Figure 12b, which voltage variations will then
be repeated or amplified by the valve 14 and ac-

-tordingly impressed on the grid of the suc-

ceeding valve 108, fhrough coupling condenser
33. As only the voltage variations of the fre-
quencies in the band between frequency fi and
f2 are desired in the output of the amplifier
proper, the voltage variations of the frequencies
below frequency fi and voltage variation above
the frequency f2, which would be repeated
through the amplifier valve 188, as shown on
the curve R of Figure 12d can be eliminated by
the use of the neutralizing system of Figure 11.
As explained in the following Figure 12¢ S rep-
resents the transmission characteristic of the low
pass filter 112 having a cut-off at frequency #1
and curve T represents the transmission char-
acteristic of the high pass filter [(1 having cut-

off at.frequency fo. In Pigure 124 curves S and
T represent the voltage variations of the fre-
Guencies below f1 and above f2 which are applied
across the coupling resistance {25 and as previ-

ously- explained as these voltage variations are .

180° out of phase with the voltage variation ap-
plied to the grid of amplifier valve 103 through
coupling condenser 33 as shown by curve R, these
impressed voltage variations will ‘neutralize or
oppose the voltage variations of the frequencies
below frequency fi and above frequency fs, re-
sulting in impesing on the grid of valve 108 only
the voltage variations between frequencies 71 and
f2. These voltage variations will be repeated and
amplified by valve {88 producing in the output or
plate circuit thersof a band pass characteristic
corresponding fo curve U in Figure 12e.

Many other modifications may be made to the
circuit of Figure 11 such as employing wave cor-
recting networks without departing from the
scope of the inventicen. I do not wish {0 be lim-
ited solely to the devices illustrated as employed
in connection with this invention.

It is understood that any other type of network,
filters, equalizers, etc., for producing the effects
such as for obtaining high pass, low pass, band
pass, equalization, band discrimination or wave
correction may be employed with equal advan-
tage and without departing from the spirit of
the invention. It is further understood that the
invention may be equally employed for translat-
ing or amplifying both low frequency and high
frequency signal waves such as audio or speech
currents, as well as, intermediate frequency, high
frequency, or ultra-high frequency waves or cur-
rents.

While I have shown particular combination of
elements to illustrate ways of carrying out the
invention, I want it clearly understood that any
one of these elements can be used by itself, or
with any other element, besides those shown znd
illustrated without departing from the scope of
the invention. )

It will further be evident from the above thai
the invention is not limited to the specific ar-
rangements of parts and circuits shown and
methods disclosed herein for illustration, but that
the novel thought and underlying principle of the
invention, is susceptible of numerous variations
and modifications coming within the broad scope
and spirit of the invention as defined in the ap-
pended claims, ‘ .

The specification and drawings are accord-
ingly intended to be regarded in an Mustrative,
rather than a limited sense.

Iclaim:

1. In the system for translating electric wave
energy, an electron tube amplifier comprising a
plurality of amplifying stages in cascade nor-
mally having a relatively broad input-output fre-
quency response characteristic, means for deriv-
ing wave energy from a stage of relatively lower
order of said amplifier, 5 first band-pass type
frequency discriminating network having an in-
put and an output and cutoff frequencies sep-
arated from each other by a predetermined range
corresponding to the wave band to be trans-
mitted by said system, means for impressing said
derived energy upon the input of said network,
further means for impressing wave energy from
the output of said network upon the input cir-
cuit of an amplifier stage of relatively higher
order in substantially like phase relation to the
wave energy being transmitted through said in-
put circuit, means for deriving further wave en-
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ergy from an amplifying stage of relatively lower
order, a second band-elimination type frequency
discriminating network having cutoff frequencies
substantially coinciding with the culoff frequen-
cies of said band-pass network, means for im-
pressing said further derived energy upon the
input.of said band-elimination network, and fur-
ther means for impressing output energy from
said band-elimination network upon the Input
circuit of a stage of relatively higher order of
said amplifier in phase opposition to the energy
being transmitted to said last input circuit.

2,229,703

=2, In a system as claimed in the preceding claim
-comprising amplifying means connected in the
path of said band-pass and band-elimination net-

.works, and means for controlling the amplitude

of the  energies. impressed upon said amplifier
from said networks to obtain a resultant band-
pass type input-output frequency response char-

-acteristic of said system having a band width
_defined by the cutoff frequencies of said first

and second network.
PAUL J. LARSEN.
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