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SIGNAL AMPLEFICATION METHOD AND 
CRCUITS 

Kenneth W. Jarvis, Winnetka, El. 
Application April 12, 1938, Serial No. 201,632 

(C. 250-20) 8 Claims. 
This invention relates to signal amplification 

methods and circuits, and more particularly to 
amplification methods and circuits which con 
pensate for the compression of the volume range 
of a recorded or transmitted signal. 
The range in sound intensity in various pro 

ductions may be so great as to impose impractical 
or impossible demands upon the transmitting or 
translating medium. The ratio between the 
maximum and minimum Volume passages of a 
Symphony Orchestra, may be as high as 3000 to 1. 
and it has been the practice to reduce this volume 
range, at the broadcasting or recording Studio, 
by a purely manual control exercised by the 
monitor operator, by automatic controls, or by 
desired combinations of manual and automatic 
control. Transmission and reproduction of Such 
a “volume compressed' Signal by the usual linear 
Systems result in a great decrease in the bril 
liance, definition and lifelikeness of the music 
and make the reproduction much leSS, desirable 
than the original performance. Compensating 
amplification Systems have been developed to 
provide an output voltage, for reproduction, that 
is not in proportion to the compressed input 
Voltage but rises rapidly. With increasing input 
voltage. These amplification Systems, commonly 
known as “volune expanders,’ are quite effec 
tive in restoring the high quality characteristics 
to a compressed signal but are open to one Seri 
ous objection when designed, as has been cus 
tomary, to permit adjustment of the degree of 
expansion by the operator. This adjustment is 
desirable due to the lack of unifornity in the 
degree of compression of the signal on different 
programs from the same or different broadcast 
ing stations, and lack of uniformity in various 
mechanical and optical translating systems. 
The objectionable feature of the prior systems 

has been the change in average volume level of 
reproduction with any change in the degree of 
expansion. An increased degree of expansion 
has been accompanied by an increase in Output 
level or volume which, to the average listener, 
is much more pronounced than the increased 
ratio of intensities of notes or sounds of different 
volume. The increased output level masks the 
desired expansion characteristics and satisfac 
tory reproduction can be had only by adjusting 
the degree of expansion, restoring the average 
volume level by an adjustment of an auxiliary 
control, and then repeating these operations in 
alternation until the desired degree of expansion 
is obtained at the desired average output volume. 

Objects of this invention are to provide 
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methods of and circuits for volume expansion 
that are free from the objectionable features of 
the prior volume expansion systems. Objects are 
to provide volume expansion methods and cir 
cuits that are characterized by an independent 
control of the degree of volume expansion and 
the average output level or volume. An object 
is to provide a volume expansion system which 
affords an increased fidelity of reproduction 
while maintaining the average volume constant. 
A further object is to provide a volume expansion 
System which affords a substantially distortion 
less volume expansion. - 
These and other objects and advantages of the 

invention will be apparent from the following 
specification when taken with the accompany 
ing drawings in which: 

Fig. 1 is a curve sheet showing the integrated 
intensity, over a small time period, of a sound 
Source at any particular instant; 

Figs. 2 to 4 are curve sheets representing the 
relation of input to output voltage for different 
amplification and/or transmission char 
acteristics; 

Fig. 5 is a block diagram of a radio receiver 
embodying the invention; 

Fig. 6 is a circuit diagram of the novel features 
of a radio receiver such as shown schematically in Fig. 5; 

Fig. 7 is a block diagram of a radio receiver in 
which the invention is incorporated in the radio 
amplifier; and - 

Fig. 8 is a circuit diagram of a radio amplifier 
and volume expansion control applicable for use 
in a receiver such as shown in Fig. 7. 

In Fig. 1 of the drawings, the curve A shows 
the variations of the sound intensity of an audio 
frequency source over a short time interval that 
may be of the order of from 0.05 to 0.5 second. 
The sound intensity is determined by integrat 
ing the instantaneous intensities over a time 
period longer than the lowest fundamental fre 
quency of the Sound, but short in comparison to 
the time interval of observation. It is assumed 
that the maximum to minimum sound intensities 
constitute a range that exceeds the operating 
possibilities of the transmission system, and that 
volume compression is therefore necessary. 
Curve B indicates the sound intensity-time 
characteristic of the audio signal after com pression. 
This compressed rendition of the original per 

formance is generally impressed upon a linear 
System having an input voltage-output voltage 
relationship such as indicated by curve C of 



Fig. 2. The output of Such a system is a linear 
copy of the input Voltage and retains the com 
pressed relationship of the Sound intensities of 
the transmitted Signal, and a reproduction of 
this output voltage lacks the brilliance of the 
Original production. A linear transmission and 
reproduction Such as indicated by curve C is of 
course appropriate in the case of a Signal Such 
as indicated by curve A of Fig. 1, and consider 
able study has been given to the development 
of Systems that afford a close approximation to 
the true linear characteristic shown by the right 
line C. 
The initial compression of audio signals for re 

cording or transmission has resulted in the de 
velopment of volume expander systems having 
an output-input voltage relation Such as shown 
by curve D of Fig. 3. The output voltage is not 
a linear function of the input voltage, as the 
changing slope of curve D shows that the incre 
ment in output voltage, for a given increment of 
input voltage, increases progressively with the 
magnitude of the input voltage. The curve C of 
inear output-yotage relation is a straight line 
lying below curve D. 
Maximum fidelity of reproduction of a program. 

that covers only a normal sound intensity range 
is obtained when the receiver is adjusted for 
Zero volune expansion and the receiver is op 
erated on curve C of Fig. 3. The volume level 
may be set to provide an output voltage for op 
erating the reproducer as indicated by line X 
corresponding to an average input Voltage level 
W. When the received program changes to the 
compressed Volume type, a non-linear transmis 
Sion according to curve D provides a more faith 
ful reproduction of the original production. Ad 
justment of the volume expander for operation 
on curve D results in a rise in the output voltage 
level, for the average input voltage W., to the out 
put voltage level indicated by line Y. The Opera 
tor of the receiver Will usually immediately re 
adjust the gain or output level control after 
shifting to the volume expansion curve D to lower 
the average output level. This reduces the aver 
age output level to line X, but calls for a further 
change in the adjustment of the degree of ex 
pansion Which, in turn, calls for a further ad 
justment of the average output volume control. 
In accordance With this invention, the average 

Output level X for a preselected average input 
Voltage W is maintained constant for all adjust 
ments of the degree of Volume expansion. 
Curves E and E' of Fig. 4 indicate the non-linear 
output-input Voltage relation for two degrees of 
expansion of the received or input compressed 
Voltage. It Will be noted that the non-linear 
CurWeS E, E' and the linear curve C cross at the 
average input voltage value W. The significance 
of these curves and the characteristic feature of 
this invention is that the average volume level 
of reproduction is not affected by regulation of 
the degree of volume expansion. This is a new, 
and for practical Operation, an extremely useful 
result, for it means that the average volume and 
the degree of expansion may be independently 
Set to the desired point without distressing in 
teraction. This is accomplished by gradually 
shifting from the linear curve C of Fig. 4 to a 
Solid curve E, E' of Fig. 4. It may be observed 
that the average Volume level X is the same for 
both the expanded and the linear conditions. As 
the expansion control is increased in effective 
neSS, the gain of the amplifier is gradually re 
duced below the input value V, and gradually in 
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2,244,066 
creased above the input value W. As a practical 
case, I have found that the average volume stays 
practically constant if the amplifier gain for 
very low input voltages is reduced in the same 
proportion as the amplifier gain is increased for 
maximum voltage inputs. Thus let the gain of 
the amplifier at the input level W be called K, 
which is to remain constant regardless of the 
degree of expansion. Then the gain at the lower 
input voltage W is approximately K/N, and the 
gain at the maximum input value V' should be 
approximately KN, Where N2 is the value of the 
expansion desired. Walues of N up to 3 or 4 
(N=9 to 16) are quite often desired in common 
practice. It may easily be seen that without 
this characteristic of my invention of maintain 
ing the average Volume constant for all degrees 
of expansion, the increase in volume with Such 
large degrees of expansion would be the most 
obvious effect, and might even cause over-load 
and distortion. 
In Fig. 5 is shown a block diagram of a radio 

receiver With the Various elements indicated. In 
illustrating this application, it is to be understood 
that the invention is equally applicable to me 
chanical or optical Systems, such as phonographs, 
talking movies, television, etc. Here the input 
to the expander control is of audio frequencies, 
and the control is exercised on the audio fre 
quency amplifier. The antenna. is followed by 
a tuner-amplifier System 2 that works into the 
detector 3 which passes an audio frequency out 
put to the audio amplifier 4 that works into the 
SOund reproducer 5. The volume expander con 
trol unit 6 has an audio frequency input from the 
detector 3 and delivers a control voltage to the 
audio amplifier 4, as is indicated by the arrow 
lines connecting these portions of the block 
diagram. 
The novel features of the adjustable expan 

Sion control of the invention are shown dia 
grammatically in Fig. 6, and the relationship of 
the Volume expander to sections of the radio 
receiver of Fig. 5 is indicated by the dotted line 
blocks 3, 4 and 6 which enclose certain of the 
circuit elements. Block 3 indicates a source of 
audio frequency Voltage corresponding to a com 
preSSed Signal, this Source being the detector 
3 of a radio receiver, an audio amplifier stage, 
or the like. Only the audio amplifier tube 7 is 
shown in the “amplifier' block 4 as any sub 
Sequent audio amplifier stages that precede the 
reproducer are or may be of conventional de 
Slga. 
The usual voltage divider 8 for manual regu 

lation of the amplifier output level constitutes 
the input impedance of the amplifier 4, the 
sliding tap of the voltage divider being con 
nected through coupling condenser 9 to the 
Control grid G of the tube 7. The illustrated 
tube is of the type known as 6L7 but other tubes 
capable of performing the same functions may 
be used. The amplified voltage is developed 
across the plate circuit load () and transferred 
through the coupling condenser to the suc 
ceeding tube or reproducer. The cathode K 
and Suppressor grid G4 are connected to each 
other and returned to an intermediate point of 
the voltage divider 2 which is connected across 
the direct current source, not shown, which is 
indicated by the legends “B supply.' Control 
grid Gif is connected to the voltage divider 2 
through the resistor 3, and the plate and screen 
grid G2 are connected to points of appropriate 
positive potentials on the voltage divider 2. 
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The circuit connections of the amplifier tube 

7 in which the volume expansion takes place 
are, so far as described above, more or less con 
wentional and may be varied if desired without 
affecting the invention. As in the prior Volume 
expanders, the invention contemplates the ap 
plication of a signal-produced Voltage to the 
auxiliary control grid G3 to regulate the gain of 
the tube as a function of the intensity of the 
compressed audio-output from the source 3’. 
The full output voltage of the source 3’ is im 

pressed through lead 4 upon the grid of the 
amplifier tube 5 of the volume expander 6. The 
amplified audio voltage is developed acroSS the 
plate load resistor 6 that is connected by lead 
if to the ,--B terminal of the voltage divider 2, 
and the amplified voltage is transferred to the 
diode 8 by the coupling condenser 9 and the 
resistor 20 which serves as a coupling element and 
is returned to the point 2 on the voltage divider 2 
2. Rectification takes place in the diode and 
the direct current voltage thus developed acroSS 
the cathode resistor 22 is used to produce the 
desired expansion or increase in the amplifier 
gain with increasing audio frequency intensity. 
The resistor 22 is preferably shunted by a con 
denser 23 to filter out any audio frequency Com 
ponent of the rectified Voltage. 
The cathode of the diode 8 is connected 

through the potentiometer resistance 24 to the : 
point 25 on the voltage divider 2; the point 25 
being at a more negative potential than the bias 
connection to grid G of amplifier by the drop 
across section 28 of the voltage divider 2, and 
more positive than point 2 by the drop acroSS : 
section 27, and point 2 which places a steady 
potential on the anode of diode 8 is more posi 
tive than the -B terminal by the drop acroSS 
the resistance section 23. The tap on the poten 
tioneter resistor 26 is connected through the re 
sistor 29 and lead 30 to the auxiliary control 
grid G3 of tube 7, the resistor 29 being by-passed 
for fundamental audio frequencies by the con 
denser 3 . Warious conventional elements Such 
as by-pass condensers are shown in Fig. 6 but 
need not be described in detail. 
The operation of the volume expander may 

be best understood by first assuming that the 
tap of potentiometer 24 is set at the terminal 24d. 
which has the potential of point 25 on the Volt 
age divider 2. This is the adjustment for no 
volume expansion and the various energizing 
potentials applied to the elements of the tube 
are those corresponding to normal amplification 
and the output level is controlled as desired by 
adjustment of the potentiometer 8 to supply a 
fraction of the available source voltage to the 
control grid G of tube 1. 
Now it, Will be observed that the series resist 

ances 24 and 22 are connected in parallel to the 
series resistances 2 and 28. Let the values of re 
sistors 2 and 28 be very low compared to those 
of resistors 24 and 22. Also let these units be in 
the following proportion: 2:24::28:22. 
Now take the case when there is no audio in 

put, and no rectified voltage developed across the 
diode output resistor 22. At this time the Voltage 
drop across the resistor 24 is the same as the 
voltage drop across the resistor 27. The terminal 
23t is then at the same potential as the point 2 
to which the diode plate is connected through re 
sistor 5.0. Thus, with no input, the plate of the 
diode has the same potential as its own cathode, 
even though not directly connected. It Will there 
'fore begin to rectify as soon as any audio fre 
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quency potential is impressed across it. This is 
necessary, for if the resistor 20 should be returned 
to ground potential, the diode plate Would be 
biased negatively by the voltage drop across the 
resistor 22, and the diode Would not begin to 
rectify until the audio frequency intensity WaS 
greater than such a bias. In general, this is un 
desired. It should be noted, however, that in at 
least one practical instance, such a delayed action 
characteristic was desired, and then the resist 
ance 28 and its by-pass condenser Wei'e simply 
omitted, and the point 2 grounded. 
Now let an audio signal be impressed. The 

diode 8 rectifies it and develops a voltage acroSS 
the resistor. 22. The voltage drop across the re 
sistor 24 gradually decreases with increasing audio 
frequency potentials impressed. Finally a point 
is reached where the potential drop across the 
resistor. 22 is exactly equal to the potential acroSS 
the resistors 27 and 28. At this time, the po 
tential drop across the potentiometer 24 is Zero, 
and no matter where the expansion control ad 
justment of the variable arm on the potentiometer 
24 be placed, the potential on the auxiliary Con 

5 trol grid G3 does not vary. This corresponds to 
an input voltage equal to W on the curves of FigS. 
3 and 4. That is, with this input chosen as the 
average volume, the output stays constant regard 
less of the degree of eXpansion chosen. Now let 
the audio input be still further increased. The 
voltage developed across the resistor 22 increases, 
and the voltage across the potentiometer 24 re 
verses in sign, the potential of point 24b becomi 
ing more positive than that of point 24a. If the 
tap or slider of potentiometer 24 be moved to 
point 24b, the audio gain will increase, for this 
makes the control grid G3 of tube less negative 
with respect to the cathode K. ihis corresponds 
to the right hand portion of the solid curve in 
Fig. 4. An increase in volume over normal line 
arity is thus produced at high audio intensities. 
Assume that the tap of potentiometer 24 re 

mains on the terminal 2Ab of resistor 24 and that 
the audio input falls to Zero. When this happens, 
there is no potential across the resistance 22 due 
to rectification, and the point 24b falls to a 
potential equal to that at the point 2 on the 
potential divider 2. Thus the control grid G3 
goes more negative with respect to the cathode K 
than it was in the normal condition, by an 
amount equal to the drop in the resistor 2. This 
lowers the gain below normal linearity, as shown 
by the solid curve to the left of the voltage input 
W in Fig. 4. 
Adjustment of the tap along the resistor 24 de 

termines the fraction of the rectified Voltage, as 
developed across resistor 22, which is impressed 
upon the control grid G3 to regulate the degree of 
volume expansion. The same characteristic Oper 
ation is obtained at all adjustments of the tap 
since that average input voltage V which makes 
the potential drop across the diode output resistor 
22 equal to the potential drop acroSS the voltage 
divider, sections 27 and 28 produces a zero drop 
of potential across the potentiometer 24. In other 
words, the tap on the expansion control resistor 
24 may be adjusted from Zero to maximum ex 
pansion without affecting the output level for the 
average input voltage. Similarly, the output level 
may be varied by the adjustment of the Voltage 
divider 8 Without affecting the degree of expan 
sion as determined by the setting of the tap of 
expansion control resistor 24. 
The invention is also applicable to radio fre 

quency amplifiers to control the amplification of 



4 
a signal at rates which vary with the degree of 
modulation on the carrier Wave. A System of this 
type is shown schematically in Fig. 7 in Which the 
several components of the radio receiver are 
shown as blocks that carry identifying legends. 
Many parts of the volume expander for radio 

amplification, as shown in Fig. 8, are identical 
with those shown in Fig. 6 and are identified by 
corresponding reference numerals but Will not 
be described in detail. The coupling between the 
source 3' of a radio or intermediate frequency 
signal may take the form of a tuned transformer 
9, a coupling condenser 32 is included in the 
lead 4 to the tube 5' Which now Serves as a 
rectifier of the impressed modulated signal, and 
the grid of tube 5' is returned to ground through 
the resistor 33. The choke 34 and by-pass Con 
denser 35 serve to filter out any radio or inter 
mediate frequency components from the modula 
tion frequency output voltage which is passed to 
the diode 8. The amplified radio voltage from 
tube 7' is passed by the tuned coupling trans 
former 36 to the detector 37 which may be, and 
preferably is, a square law detector. The Oper 
ation of the circuit will be obvious from the de 
scription of the expansion control as applied to 
an audio amplifier. 

It is frequently advantageous to apply the 
volume expansion to the radio or intermediate 
frequency signal to avoid the introduction of 
audio frequency distortion. Furthermore, when 
the detector is of the square law type an addi 
tional degree of expansion is obtained in the de 
tector. A desired high degree of expansion may 
thus be obtained by controlling the carrier am 
plification as a function of the modulation in 
tensity, and the novel characteristic of main 
taining the average output level for all adjust 
ments of the expansion control prevents an Over 
loading of the detector before the desired high 
expansion rate is obtained. 
The circuits herein shown and described are 

illustrative of my invention, but it is to be under 
stood that they are subject to modification and 
that various changes that may occur to those 
familiar with the design of vacuum tube circuits 
fall within the spirit of my invention as set forth 
in the following claims. 
I claim: 
1. In the operation of a Volume expanding SyS 

tem of the type having a resistor acroSS which is 
developed a direct current Voltage that Waries 
with the magnitude of an incoming signal, and a 
tap adjustable along the resistor to regulate the 
degree of volume expansion; the method of pre 
venting variation of the average output level with 
changes in the adjustment of the tap which con 
prises impressing across said resistor a direct cur 
rent potential equal and opposite to the direct 
current voltage developed by an incoming signal 
of preselected magnitude. 

2. In combination, an amplifier circuit having 
input and output terminals, said input terminals 
eing adapted to have varying amplitude signals 

applied thereto, manually controlled means for 
adjusting the volume level at the amplifier out 
put terminals, and volume expanding means ad 
justable independently of said manually con 
trolled means for varying the degree Of non 
linear amplification of said amplifier circuit, Said 
volume expanding means including means main 
taining the input terminals-to-output terminals 
gain of the amplifier circuit at a preselected aver 
age signal input independent of the adjustment of 
said volume expanding means. 
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2,244,066 
3. In a signal amplifying system, the combi 

nation. With a detector having a more than linear 
characteristic, of an amplifier for impressing a 
modulated carrier wave upon said detector, means 
for varying the gain of the amplifier in accord 
ance with the degree of modulation of the carrier 
Wave input to said amplifier, said means being 
adjustable to control the degree of volume expan 
Sion, and means for maintaining the output volt 
age level of Said amplifier constant at a pre 
Selected input level for all adjustments of Said 
gain varying means. 

4. In a volume expanding signal amplifying 
System, the combination with a source of signal 
voltage, an output circuit, and an amplifier tube 
connected between said source and said output 
circuit, of means for. Varying the gain of said 
amplifier tube as a function of the intensity of 
the Signal voltage emanating from said source, 
Said gain-varying means being adjustable man 
ually to control the degree of volume expansion, 
and means maintaining the gain of the amplifier 
tube constant for a preselected average voltage 
input at all adjustments of said gain-varying 
eaS. 
5. In a volume expanding signal amplifying 

System, the combination. With a source of signal 
Voltage, an output circuit, an amplifier tube con 
nected between said source and said output cir 
Cuit, and means for varying the gain of said tube; 
Said means including a rectifier and a resistor 
acroSS which said rectifier develops a direct cur 
rent Voltage that varies with the magnitude of 
the incoming signal voltage, and a tap adjustable 
along the resistor to vary the rate of volume ex 
pansion; of means maintaining the output level 
for a signal input of preselected average magni 
tude constant for all adjustments of said tap, said 
last means CCmprising means establishing across 
Said resistor a direct current potential equal and 
opposite to the direct current voltage developed 
across the resistor by said rectifier at the signal 
input of preselected average volume. 

6. In a signal amplifying system, the combina 
tion with a multi-element vacuum tube having a 
first Control grid and an auxiliary control grid 
COOperating With a cathode and a plate, an input 
circuit between said first control grid and said 
Cathode, an output circuit between said plate and 
Said Cathode, a Source of signal voltage coupled 
to said input circuit, rectifier means coupled to 
Said Source for developing a direct current voltage 
that fluctuates with the intensity of the signals 
emanating from Said Source, a resistor upon which 
Said direct current voltage is impressed, a tap ad 
justable along said resistor and connected to said 
auxiliary control grid, and means establishing 
acroSS Said resistor a direct current potential of 
predetermined magnitude and in opposition to 
the direct current voltage developed by said rec 
tifier means, whereby the Voltage level at said 
output circuit is independent of the adjustment 
of Said tap at that signal Voltage for which the 
voltage developed by said rectifier means has the 
Same magnitude as said direct current potential. 

7. In a signal amplifying system, the combina 
tion. With a Source of signal voltage and an am 
plifier tube having a gain control electrode, of 
adjustable expansion control apparatus con 
nected between said source and said gain control 
electrode; Said apparatus comprising a vacuum 
tube having an input electrode connected to said 
Source, an Output circuit for said vacuum tube, 
a rectifier coupled to said output circuit and hav 
ing an Output resistor across which a direct cur 
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rent voltage is developed, a voltage divider re 
sistor connected to the high potential end of said 
output resistor and having an adjustable tap con 
nected to said gain control electrode of the am 
plifier tube, and mean establishing across said 
voltage divider resistor a potential drop equal and 
opposite to the direct current voltage developed 
across said output resistor by said rectifier at a 
preselected voltage output of said source, whereby 
the voltage impressed upon said gain control elec 
trode for the preselected output voltage of Said 
Source is independent of the adjustment of said 
tap on the voltage divider resistor. 

O 

S 
8. In a signal amplifying system, the invention 

as claimed in claim 7 wherein said source de 
velops a modulated carrier wave, and said vacuum 
tube of the expansion control apparatus is a recti 
fier of the modulated carrier Wave, in combina 
tion With a detector having a more than linear 
characteristic coupled to said amplifier tube, 
Whereby the Volume expansion in Said amplifier 
tube is accentuated by the non-linear detector. 

KENNETH. W. JARWS, 


