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The present invention is concerned with ar 
rangements for amplification control in a single 
electron valve amplifying stage serving for simul 
taneously amplifying several frequencies or 
groups of frequencies and an object of the in 
vention is to subject one part or group of fre 
quencies to amplification control while maintain 
ing the amplification of another part or group of 
frequencies substantially constant. 
A further object of the invention is to provide 

a System for and method of band width or fidelity 
control in an amplifier for composite signal en 
ergy comprising a band of component frequencies 
Which is both simple in design and efficient and 
stable in operation. 
Another object is to control one group of fre 

quencies in a single amplifying stage independ 
ently of and without affecting the amplification 
of another group of frequencies passed through 
and translated by the same stage together with 
the first frequency group. 
The above, and further objects of the inven 

tion Will become more apparent from the follow 
ing detailed description taken with reference to 
the accompanying drawing forming part of this 
Specification and wherein, 

Figure 1 is a circuit diagram of a tone control 
circuit embodied in an audio amplifier constructed 
in accordance With the principles of the inven 
tion, 
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Figure 2 represents a graph explanatory of the 
operation of the circuit according to Figure 1. 
Among Various practical applications, a con 

trol stage according to the invention offers the 
pOSsibility to Suppress the higher frequency range 3: 
corresponding to the background noise or needle 
Scratch frequencies in Sound record reproduc 
tion by the aid of a control potential varying in 
proportion to the output volume or Sound in 
tensity in such a manner as to decrease the back 
ground or needle scratch noise in proportion as 
it becomes more objectionable; that is, during the 
periods of low Sound intensity. Noise control cir 
cuits or filters of this type have been known in 
the art per se. A simple and efficient circuit of 
this type is disclosed in applicant's prior applica 
tion, Ser. No. 250,315 filed January 11, 1939. 
This application, like the present invention, uti 
lizes an amplifying valve comprising a pair of 
output circuits controlled by a so-called current 
distribution grid. The present invention, is dif 
ferentiated structurally from the prior arrange 
ments in various essential features as well as by 
new effects and results as will become obvious. 
With the aforementioned objects in view, the 
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invention involves basically the use of an ampli 
fying valve comprising at least the following elec 
trodes arranged in succession as enumerated: a 
Cathode, an input control grid to which are ap 
plied the signals to be amplified or translated 
and Which may have a straight or exponential 
(Variable mu) operating characteristic, a positive 
ly biased grid also referred to as an anode or out 
put grid Serving to supply amplified output signal 
potential, a further positively biased (screen) 
grid maintained at Zero alternating potential with 
respect to ground or .cathode, a second control or 
current distribution grid having impressed there 
on a negative control potential for band width 
volume range, etc., control, and a positively biased 
plate or anode serving to supply amplified signal 
output current or potential similar to said anode 
grid. When using the inventive system for fidel 
ity or band width (noise) control coupling net 
Works are inserted in the output circuits of the 
anode grid and the anode, respectively, said cou 
pling networks being designed to have different 
Selectivity characteristics. Thus, in a system for 
background noise control in an audio amplifier 

5 for recorded sound signals, a filter circuit is con 
nected to the anode grid adapted to suppress the 
high audible frequencies corresponding to the 
needle Scratch or noise frequencies in such a 
manner that in the signal band transmitted from 
the anode grid to a subsequent amplification stage 
or to a translating device the higher frequencies 
from about 2000 to 3500 cycles upward are sub 
stantially weakened or eliminated. The same re 
Sult can be obtained by a frequency selective re 
jector or blocking circuit arranged in the cou 
pling path between the anode grid and the subse 
quent part of the system. Contrary to the anode 
grid, the anode circuit includes a frequency selec 
tive or filter network allowing free passage to all 
the frequencies which are weakened or suppressed 
in the circuit of the anode grid while suppressing 
all the frequencies which are freely passed from 
the anode grid to the subsequent circuit por 
tion. Both the anode circuit and the circuit of 
the anode grid may be connected by way of suit 
able decoupling elements such as high ohmic re 
sistances or choke coils directly to the control 
grid of a Subsequent amplifier or both circuits 
may be coupled to separate amplifiers or trans 
lating devices having their outputs combined in 
a Suitable manner. 

If, in an arrangement of the aforedescribed 
type, a control potential is impressed upon the 
current distribution grid, the current to the 
anode grid remains practically unaffected due to 



2 
the shielding effect of the screen grid placed be 
tween this grid and the anode, Whereas the 
anode current is subjected to efficient control. 
With a sufficiently negative bias potential applied 
to the current distribution grid, which in the 
case of the standard hexode tubes is at about 
-10 or -15 volts, a complete blocking of the 
anode current may be effected, obtaining in this 
manner a minimum over all band Width for the 
amplifier. If the negative bias is decreased, the 
anode path will be opened in proportion resulting 
in a corresponding Widening of the frequency a C 
ceptance band or effective pass range of the aim 
plifier. 
The location of the anode grid next to the in 

put grid and its shielding from the current distri 
bution grid by a special screen grid has the ad 
vantage that the control is limited to the output 
current supplied by the anode, or in other Words, 
the amplification of the current or potential SUp 
plied by the anode grid is substantially constant, 
thus enabling a simplified design and connection 
of the filter or selective circuit elements in the 
anode circuit. 
A further advantage of an arrangerinent of the 

above type embodying a shielding or Screen grid 
between the anode grid and the current distribu 
tion control grid is the fact that a Substantially 
higher degree of amplification may be obtained 
by the control stage. Practical tests have shown 
that in the absence of a screen grid maintained 
at alternating cathode or ground potential, dis 
tortion of the anode current Will occur. Whenever 
the current to the anode grid exceeds a deter 
mined value. This is obviously due to ain a C 
cumulation of electrons in the Space between the 
anode grid and the adjacent current distribution 
control grid preventing a further increase of the 
anode current by further increase of the control 
potential on the input grid. In the prior circuits 
it was necessary for this reason to use a much 
lower impedance in the anode grid and anode 
circuits as would have been desirable in the in 
terest of attaining high amplification. In the 
new circuit according to the invention, the dan 
ger of distortion due to electron accumulation is 
substantially minimized by the provision of a 
screen grid between the anode grid and the Cur 
rent distribution control grid enabling the use 
of considerably higher output or coupling resist 
ances and consequent increased amplification. 

Referring to Figure 1 illustrating a System for 
tone control or background noise control, the in 
put signals derived from a phonograph pick-up 
device or the like are impressed by Way of an ad 
justable input potentiometer upon the grid 
cathode path of an amplifier valve 2 used as a 
single control stage according to the invention. 
The valve 2 in the example shown comprises a 
cathode 3 connected to ground or a metallic 
chassis followed in succession by input grid 4, 
positively biased output or anode grid 15, Screen 
grid 6, current distribution control grid T and 
a plate or anode 8. Item 20 represents a bias 
ing network comprising a resistance shunted by 
a condenser inserted in the Cathode lead to pro 
vide proper operating potential for the input grid 
{4 in accordance with standard practice. The 
anode grid 5, screen grid f6, and plate 8 are 
connected to sources of positive potential such 
as a potentiometer in a manner Well known to 
those skilled in the art. Thus the screen grid 
potential may be 80 volts and the potential On the 
positive grid or plate 150 volts as indicated, these 
values being merely illustrative and by way of 
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example. A high ohmic coupling resistance 23 
of about .1 to .2 megohn Which may be replaced 
by a suitable inductance coil is inserted in the 
lead from the high potential Source to the posi 
tive grid 5 to produce signal potential Variations 
at the grid 5. The resistance 23 is shunted by 
a condenser 24 designed to effectively by-pass the 
higher audio (scratch noise) frequencies. The 
amplified potential variations are transmitted to 
the input grid 32 of a subsequent amplifier 30 by 
Way of blocking condenser 28 and a decoupling 
resistance 29. Similarly a coupling impedance 
Such as high ohmic resistance 22 is inserted in the 
anode circuit to produce anode potential varia 
tions at Signal. (audio) frequency Which latter are 
also impressed upon the grid 32 of the amplifier 
3) by Way of blocking condenser 26 and decou 
pling impedance 2. The latter as well as the in 
pedance 29 may have values of about .5 megohn. 
The condensers 26 and 28 Serve to isolate the grid 
circuit of the amplifier 3 from the high potential 
On the grid 5 and anode 8. The alternating 
current impedance of the condenser 28 should be 
Sufficiently Snail for the frequencies to be trans 
mitted. The coupling circuit 23, 24 advantage 
ously has a frequency characteristic as shown at 
k1 in Figure 2 representing signal amplitude or 
potential E as a function of the frequency passed 
to the amplifier 30. AS is seen, the higher fre 
quencies are gradually attenuated by the net 
Work 23, 24 beginning at about 200 cycles to about 
5000 cycles. Coupling condenser 26 is designed 
in conjunction. With resistance 27 and the grid 
leak resistance 35 for the amplifier S0 in such a 
manner as to present a high impedance for the 
loW frequencies resulting in a transmission chair 
acteristic as shown at k2 in Figure 2 being sub 
stantially inversely related to the characteristic 
k1. The grid leak resistance 35 may have a value 
of several megohms. - Item 36 represents a net 
Work comprising a resistance shunted by capacity 
in the cathode lead of valve 30 to provide proper 
grid operating bias. Walve 30 further comprises 
cathode 3A, Screen grid 33 and plate 34. The 
amplified output Currents are applied in the eX 
annple shown directly to a translating device such 
as loud Speaker 38 by Way of output transformer 
3. A portion of the output energy is applied 
from the secondary of this transformer to the in 
put of another transformer 40 in series with an 
adjustable resistance 39. A rectifier 43 in series 
with a pair of load resistances or potential divid 
ers 45 and 46 is connected to the secondary of 
the transformer 40, a smoothing condenser 44 

5 being placed across the resistances 45 and 46 in 
Series. There is developed in this manner acroSS 
the resistances 45 and 46 a potential varying in 
proportion to the Sound volume or average output 
current intensity, a portion of Which Er' devel 
oped by the resistance or potential divider 45 is 
impressed upon the grid 7 in series with a fixed 
negative biasing source 49. 47 is a condenser to 
produce additional smoothing of the control po 
tential. M 

- The operation of the circuit is as follows:With 
normal or medium signal strength a certain nega 
tive bias is applied to the grid T as determined 
by the fixed biasing source 49 opposed by a posi 
tive potential Er' produced by potential divider 
45. As the signal strength increases more posi 
tive potential Er' will oppose the negative bias 
49 resulting in a decrease of negative bias on 
the grid ... As a result thereof more current 
will flow to the plate 8 causing increased 
strength of the high frequency, or noise com 
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ponents. On the other hand, as the signal 
strength decreases, less positive bias Er' Will op 
pose the bias provided by the source 49, result 
ing in a total negative bias increase on the grid 

and proportionate blocking of current to the 
anode 8. As a result thereof the higher or noise 
frequencies in the output will be attenuated. 
The voltage divider 46 may serve to provide a 

further control potential Er' applied to the input 
grid 4 after additional filtering by condenser 48 
to effect amplification control for the signals be 
ing translated. If the variable tap on the poten 
tial divider 46 is in the upper limit position cor 
responding to ground or cathode, the circuit will 
Operate in the manner described above; that is, 
With pure selectivity or noise control. If, how 
ever, an additional negative bias Er' is applied 
to the grid A, a certain compression of the vol 
ume or intensity range is obtained, provided the 
grid f4 is designed with a regulating (variable 
mu) characteristic. In this manner, a slight 
volume expansion caused by selectivity control or 
due to physiological characteristics of the human 
ear may be compensated. On the other hand, by 
controlling the grid f4 in the opposite direction, 
that is in the same sense as the current dis 
tribution grid , the invention may serve to 
provide both band width control and volume ex 
pansion in a single stage. 
In place of the control potential varying ac 

cording to the average Sound intensity it is possi 
ble in the case of a broadcast or other high fre 
quency receiver to utilize an AVC potential Vary 
ing in proportion to the average high frequency 
or intermediate frequency amplitude of these Sig 
nals. 

It will be understood that the valve 2 as shown 
may contain further electrodes in addition to 
those shown and described. Thus, a SuppreSSOr 
grid connected to the cathode may be arranged 
adjacent to the anode or a further screen grid 
may be provided between the grids 4 and 5. 
Furthermore, it may be desirable to add a Screen 
placed between the grids 6 and 7 or between 
the grid 7 and the anode without departing 
from the spirit of the invention. 
The fidelity or band width control as described 

in connection with Figure 1 may be applied to 
high frequency or intermediate frequency ampli 
fiers in which case resonant selective networks are 
connected to the anode grid 5 and to the plate 
8 designed in such a manner as to have different 

selectivity characteristics such as parallel tuned 
resonant circuits, one of which has a narroW 
band Width, while the other has a wide band 
width such as by shunting it by a resistance in 
the manner shown in my co-pending application 
Ser. No. 314,410, filed January 18, 1940. The ad 
vantage of the present System. Over the co-pend 
ing application is the fact that the amplification 
by the anode grid is substantially independent of 
the control by the current distribution grid. This 
fact should be taken into consideration in regard 
to the high frequency band width control by the 
proper design of the frequency characteristic of 
the anode circuit, it being desirable to cause the 
anode circuit to predominantly pass the Side 
bands corresponding to the low audio frequen 
cies. This effect may be obtained by arranging 
in the anode circuit tWO sharply resonant circuits 
tuned to the side band limit frequencies. 

If with a certain type of tube the effect of the 
screen grid 6 should not be as complete as de 
sirable to prevent reaction from the current dis 
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3 
tribution control upon the positive grid 5, this 
slight reaction may be compensated by an addi 
tional amplification control applied to the input 
grid 4 or to a separate grid placed between the 
grid 5 and the cathode 3. Preferably, the grid 
3 is used and for this purpose should be de 

signed With a regulating (Variable mu) charac 
teristic. . 
A countercontrol produced in this manner 

manifests itself in an additive sense with regard 
to the amplification control in the anode circuit 
and for this reason the control at the current 
distribution grid may be less intensive. The 
potential for the counteracting potential may be 
produced in a manner similar as shown in Figure 
1 by means of an arrangement for generating a 
control potential or Separate circuit may be used 
for this purpose. 

In arrangements for band Width or noise con 
trol for audio signals such as shown in Figure 1, 
the output currents derived from the anode com 
posed Substantially of high frequencies (curve 
k2 according to Figure 2) may be applied directly 
or through a suitable amplifier to a loud speaker 
designed eSpecially for high note reproduction. 
AS Will be understood from the foregoing, a 

control Stage may be designed according to the 
principle of the invention for amplifying more 
than two frequency groups or ranges and con 
trolling one or more of the frequency, groups 
Substantially independently of each other. For 
this purpose the anode 8 is constructed in the 
form of a grid and followed by further electrode 
Systems in a manner well understood from the 
above. 

It Will be evident from the foregoing that the 
invention is not limited to the specific details 
and arrangements of parts shown and disclosed 
herein for illustration, but that the underlying 
novel thought and principle of the invention are 
Susceptible of numerous modifications and vari 
ations coming within the broad scope and spirit 
of the invention as defined by the appended 
claims. The Specifications and drawing are ac 
cordingly to be regarded in an illustrative rather 
than a limiting sense. 
I claim: 
1. In an electric amplifier for signals compris 

ing a band of component frequencies, an ampli 
fying valve comprising at least a cathode fol 
lowed in Succession by an input grid, a positively 
biased anode grid, a further control grid and an 
anode, means for applying signal potential to 
Said input grid, coupling means having different 
Selective characteristics connected to said anode 
grid and to said anode to develop output poten 
tials for different partial ranges of said band, 
means for combinedly translating the developed 
potentials, further means for applying a vari 
able bias potential to said further control grid 
to vary the current flow to said anode, and 
means for substantially preventing reaction from 
Said further control grid upon said anode grid. 

2. In an amplifier as claimed in claim 1, said 
last means being constituted by a screen grid at 
alternating cathode potential located between 
Said anode grid and Said further control grid. 

3. In an electric amplifier for signals compris 
ing a band of component frequencies having high 
and low frequency ranges, an amplifying valve 
comprising at least a cathode followed in suc 
Cession by an input grid, a positively biased anode 
grid, a Screen grid at alternating cathode poten 
tial, a further control grid and an anode, means 
for applying Signal potential to said input grid, 



4. 
band-pass coupling means having a frequency 
pass range corresponding to Said low frequency 
range connected to said anode, further band-paSS 
coupling means having a frequency paSS range 
corresponding to Said high frequency range Con 
nected to said anode grid, means for combinedly 
translating the potentials developed by Said 
coupling means, and further means for impress 
ing a variable bias potential upon Said further 
control grid. 

4. In an electric amplifier for audio frequency 
signals, an amplifying Valve comprising at least 
a cathode followed in succession by an input 
grid, a positively biased anode grid, a screen grid 
at alternating cathode potential, a further con- 1 
trol grid and an anode, means for applying audio 
signal potential to said input grid, Selective 
coupling means connected to said anode effective 
in producing anplified potential for the higher 
audio frequency range, further coupling means 
connected to said anode grid effective in produc 
ing amplified potential for the lower audio fre 
quency range, means for combinedly translating 
the potentials developed by said coupling means, 
and further means for applying a variable bias 
potential to said further control grid to vary 
the current flow to Said anode. 

5. In an amplifier as claimed in claim 4, a com 
mon. Output circuit connected to said anode grid 
and anode, said bias potential being derived from 
an averaged portion of the signal energy being 
amplified to effect automatic band width control 
in dependence upon signal strength. 

6. In an audio frequency amplifier, an ampli 
fying valve comprising a cathode followed in suc 
CeSSion by an input grid, a positively biased an 
Ode grid, a Screen grid at alternating Cathode 
potential, a further control grid and an anode, 
means for applying signal potential to Said in 
put grid, coupling means connected to said anode 
effective in developing potential for the higher 
audio frequency range, further coupling means 
Connected to said output grid effective in pro 
ducing amplified potential for the lower audio 
frequency range, a common output circuit con 
nected to said anode and to said anode grid, 
means for averaging a portion of the output en 
ergy to derive a control potential varying in pro 
portion to the intensity of the signals being am 
plified, and means for impressing said potential 
upon said further control grid. 

7. In an amplifier as claimed in claim. 6, means 
for applying a portion of Said bias potential to 
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said input grid to effect automatic amplification 
control in dependence upon signal strength. 

8. In an amplifier for electric signals compris 
ing a plurality of component frequencies, an ann 
plifying valve comprising at least a cathode fol 
lowed in succession by an input grid, a first grid 
shaped anode, a screen grid at alternating cath 
ode potential, a further control grid and a second 
anode, selective coupling means connected to 
each of said anodes having different frequency 
response characteristics to develop output po 
tentials at said anodes comprising different fre 
quency groups of Said band, and means for ap 
plying a varying bias potential to said further 
grid to control the relative strength of Said out 
put potentials, - 

9. In an amplifier as claimed in claim 8, a 
Common output circuit connected to Said anodes, 
said biasing potential being produced by averag 
ing a portion of the output energy to effect vari 
able effective band Width control of Said ampli 
fier in proportion to signal strength variations. 

10. In an electric amplifier for signals com 
prising an extended band of component frequen 
cies, an amplifying Valve comprising a cathode 
followed in succession by an input control grid, 
a first grid-like anode, a further control grid and 
a Second anode, means for impressing signal po 
tential upon said input grid, load impedance 
neans having different frequency characteristics 
connected to Said anodes to develop output en 
ergies for different partial frequency ranges of 
the Signal frequency band being transiated, 
means for combining and translating said output 
energies, and means for applying variable bias 
potential to said further control grid. 

ll. In an electric amplifier for signals com 
prising an extended band of component frequen 
cies, an amplifying valve comprising a cathode 
followed in succession by an input control grid, 
a first grid-like anode, a screen grid, a further 
Control grid and a second anode, means for in 
preSSing Signal potential upon said input grid, 
load impedance means having different fre 
quency characteristics connected to said anodes 
to develop output energies for different partial 
frequency ranges of the signal frequency band 
being amplified, means for combining and trans 
lating said output energies, and means for ap 
plying a Variable bias potential to said further 
Control grid. 

HEINZ, BOUCKE. 


