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This invention relates to amplifying systems 
and the object of the invention is an improved 
amplifier for use in portable apparatus such as 
audiphones. 
In all battery operated amplifiers, particularly 

those with more than one stage, the amplifier 
gain changes due to the internal resistance of the 
plate battery increasing as the battery becomes 
discharged. This is caused by the signal voltages 
developed across the internal resistance of the 
battery being fed back both regeneratively and 
degeneratively to prior stages. The magnitude of 
these feedback voltages may easily be sufficient to 
cause the amplifier to OScillate in the case of ex 
cess regenerative feedback or for the gain to be 
reduced appreciably due to degenerative feed 
back. In the case of an audiphone amplifier, 
these effects are particularly troublesome because 
the weight limitation for such apparatus requires 
the use of miniature, short-lived batteries and 
does not permit connecting large capacity con 
densers across the plate battery to by-pass the 
feedback voltages. 
Aside from the gain limitations of Small port 

able amplifiers, audiphone users frequently ex 
perience difficulties in hearing intelligibly in noisy 
locations since the noise and the low frequency 
sound components overload the system and pro 
duce excessive distortion. 
In accordance With an important feature of 

this invention, the volume level of the output is 
controlled by variable negative feedback so that 
for the lower Sensitivities the feedback is greater 
thereby giving better quality of reproduction for 
those who have only slightly impaired hearing 
and who therefore are more likely to appreciate 
the better quality. 
According to another feature of the invention, 

a circuit is provided for introducing a positive 
feedback proportional to the internal resistance 
of the battery So that the gain of the amplifier is 
Substantially independent of the battery resist 
ance Or may, if desired, be made to increase or to 
decrease slightly as the battery is expended. 
The pick-up microphone is connected to the 

amplifier through an adjustable network which 
gives the user a choice of Several low frequency 
transmission characteristics according to his per 
sonal requirements or the particular characteris 
tics of the Sounds he wishes to hear. In noisy 
locations this network may be set to give a large 
amount of low frequency attenuation, thereby 
discriminating against low pitched noises and the 
lower sound frequencies of the voice which Cons 
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cedure permits of greater amplification of the 
higher frequencies without overloading. 
These and other features of the invention will 

be more clearly understood from the following 
detailed description and the accompanying draw 
ing, in which: 

Fig. 1 is a circuit diagram of an amplifying 
System according to the invention, using a crystal 
type receiver; 

Fig. 1A Shows an electromagnetic receiver 
adapted for use with the circuit of Fig. 1; 

Fig. 2 shows the frequency response curves of 
the system; 

Figs. 3, 4 and 5 show the elements of the cou 
pling network connected in various ways to pro 
duce the several different low frequency re 
sponses; and, 

Fig. 6 is a series of curves illustrating the use 
of feedback to control the volume and maintain a 
flat response and high gain independently of the 
aid of the battery. 

Referring now to Fig. 1, the pick-up micro 
phone f is preferably of the piezoelectric crystal 
type Which, as is Well known, is a high impedance 
device and may be connected directly to an am 
plifier without the use of a transformer. In this 
case, the microphone is coupled to the grid of the 
tube 2 by means of the adjustable network 3, 
the function of which will be described more in 
detail below. The tubes 2, 4 and 5 are re 
Sistance-capacity coupled and the output trans 
former 6 connects the tube S to the magnetic 
type receiver 7 of Fig. 1A in the conventional 
manner, or, alternatively, to the crystal receiver 
4 in a novel manner to be described. 
The battery 18 provides filament current for 

all three tubes and the battery 19 supplies the 
required voltages to the screen grids and plates 
through suitable resistors. The primary of the 
output transformer is shunted by the potentiom 
eter 20 by means of which an adjustable portion 
of the output energy may be fed back negatively 
to the prior stages. Current flowing over the 
path including conductor 2, resistor 22, the con 
denser 23 and the resistor 24 will produce signal 
voltages across the latter resistor which are out 
of phase with the signal voltages from the tube 
4 and therefore reduce the gain and corre 
Spondingly decrease the distortion. The resistor 
22 also passes plate current for the tube 14, there 
by making it unnecessary to provide a separate 
resistive connection to the battery for this pur 
pOSe. 
Another portion of the output signal energy 

tribute but little to intelligibility. This pros 65 flows through resistors 25 and 26 and condenser 



2 
27 to the negative side of the battery thereby in 
pressing variable signal potentials on the screen 
grid 28 of the tube 2. These potentials are also 
in negative sense and therefore reduce the gain 
and distortion in all three stages. The resistor 
25 and the conductor 2 also provide a direct cur 
rent path for the screen current of the tube 2. 
The elimination of the usual coupling con 

denser from the feedback path is particularly ad 
vantageous in portable apparatus such as audi 
phones where a bulk and weight should be kept 
as Small as possible for, if used, such a condenser 
would have to be of large capacity to keep the 
amplifier stable at low frequencies. 
As the battery resistance increases with use, 

the signal potentials developed across the bat 
tery terminals become appreciable and introduce 
other feedback at various points in the circuit, 
the most important of which are at the screen 
grid 28 of the tube 2 and the control grid of 
the tube 4. The feedback to the screen grid 
28 will be negative, thereby reducing the gain 
of the amplifier even when the potentiometer 20 
is at its lowest or zero feedback setting. The 
feedback potentials are impressed on the control 
grid of the tube 4 over a circuit including re 
sistors 30 and 33 and the coupling condenser 34 
in a postitive or regenerative sense. This posi 
tive feedback would ordinarily be so much 
greater than the negative feedback to the Screen 
grid 28 as to make the amplifier unstable but it 
is largely eliminated by the conventional filter 
ing elements, condenser 29 and resistance 30 and 
condenser 3. 
The resistance 30 and condenser 3, however, 

are not effective in reducing the negative feed 
back to the screen grid 28 and hence this feed 
back accentuates the normal loss of gain as the 
battery ages. To compensate for this undesir 
able effect, resistor 32 is connected in series with 
the filter condenser 3 across the plate circuit 
of the tube 2. The signal potentials existing 
across the battery resistance will build up across 
resistor 32 proportional potentials which are 
applied to the grid of the tube 4 through the 
condenser 34 as a positive feedback which is a 
function of the battery resistance. By proper 
choice of the value of resistor 32, this feedback 
may be made equal to, greater than or less than 
the loss of gain due to the aging of the battery, 
as desired. While an amplifier gain which is. 
independent of battery resistance is very desir 
able, in practice it may be preferable to use 
slightly less positive feedback and permit the 
gain to decrease very slightly as the battery ages 
in order to avoid the possibility of ever obtain 
ing enough over-compensation to make the sys 
tem unstable. 
The network f3, referred to above as provid 

ing the user with a choice of low frequency re 
sponse characteristics, comprises a condenser , 
resistors 36 to 39 and a three-position switch 0. 
The problem of obtaining a high rate of attenu 
ation of low frequencies in the input of this 
system is complicated by the very high imped 
ance of the crystal microphone and the neces 
sity for keeping the bulk and weight of the filter 
elements very small. Conventional inductance 
and capacity networks are entirely impractical 
since they are too large and heavy and in any 
case, to be effective, they would have to be placed 
in the low impedance output circuit where they 
would not protect the tubes against overload 
ing. On the other hand, the more usual, sin 
ple resistance-capacity networks are unsuitable 
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since when designed for the required low fre 
quency attenuation they also attenuate the mid 
dle frequencies excessively. 

In order to obtain the required high attenua 
tion at low frequencies only, with resistance 
capacity elements in the input circuit, the net 
work 3 has been designed as a two section filter 
with the transmitter if serving as the capacity . 
element of the first section. The second section 
has the same attenuation as the first but differ 
ent values of resistance and capacity so that the 
impedance variations of the transmitter with 
frequency do not affect the second section. By 
making the impedances of condenser 35 and re 
sistance 3 of the second section high as con 
pared with the impedances of the transmitter 
and resistance 3 of the first section, a maximum 
rate of cut-off approximating twice that of a . 
single section is obtained. The two-section fill 
ter giving the high attenuation of low frequen 
cies shown by curve 4 of Fig. 2 is used when 
the switch 40 is in position f, in which case the 
network is effective as shown in Fig. 3. 
When the switch is moved to position 2, the 

shunt impedance to ground through resistors 36 
and 3 is increased by connecting in resistor 38 
as shown in Fig. 4 thereby reducing the attenu 
ation and giving the low frequency characteris 
tic of curve 42. In position 3 the switch is cut 
Out of circuit and the shunt impedances are 
greatly increased by the addition of the very 
high resistor 39 which, as shown in Fig. 5, vir 
tually disconnects resistors 36 and 3 from 
ground so that they become merely a by-pass 
around the condenser 35. The condenser is 
therefore effectively removed from the circuit 
and the response becomes essentially fiat over 
the usable portions of the frequency range, as 
shown by curve 43. 

It will be observed from the curves of Fig. 2 
that the filter network under the control of the 
simple single point switch 4 gives a choice of 
widely different low frequency characteristics 
without producing any appreciable change in the 
response of the system for the higher frequen 
cies which are important from an intelligibility 
standpoint. In one very satisfactory network 
of this type. the capacities of the microphone 
and condenser 35 are 750pupif and 250pupif respec 
tively, resistors 36 and 38 are each .252 resistor 
3 is 0.6S) and resistor 8 is 102. These values 
are, of course, merely illustrative and may be of 
other values depending on the particular trans 
mitter and tubes used and on the degree of at 
tenuation required. 
The system is designed to be used with either 

a magnetic type receiver or with a crystal 
receiver 44. When the magnetic receiver is 
used the contacts 45, B of the plug 47 are con 
nected to the output terminals 48, 49 of the 
transformer B in the conventional manner. If 
desired, protection of the user from acoustic 
shock may be obtained by using a plug having 
a third contact 0 which connects one side of a 
limiting device S2 through terminal 5 and con 
denser 5 to the plate terminal of the primary 
winding of the transformer. The other side of 
the limiting device is connected to the negative 
terminal of the plate battery so that the device 
is effectively in shunt to the output of tube f. 
This limiting device may be of any known type 
such, for example, as a non-linear resistor of the 
substance, known as thyrite, the resistance of 
which decreases rapidly above a certain critical 
voltage. In cases where a more gradual limiting 
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action is preferred, it may be desirable to use 
some other known form of limiter such as a 
thermal device the resistance of which varies 
with its temperature. 
The crystal receiver 44 is electrically equiva 

lent to a small capacity of the order of 750ppf 
and its impedance over the frequency range of 
100 cycles to 10,000 cycles per second therefore 
varies from about 20,000 ohms to 2 megohms. As 
is well understood in the art an output trans 
former suitable for use with a magnetic receiver 
is therefore impractical for use with a crystal 
receiver. 

It has been shown that a constant K band 
pass filter with a full shunt arm at the input 
will develop the maximum voltage across a con 
denser which is uniform Over the frequency 
band. While such a network could be used to 
couple the crystal receiver to the amplifier this 
would involve a number of additional circuit ele 
ments which would not only increase the cost 
of the system materially but it would also add 
considerably to the bulk and weight of the Sys 
tem which would be a serious objection in the 
case of portable apparatus such as audiphones. 
Applicant has found, however, that the trans 

formers necessary for coupling the magnetic 
receiver to the amplifier may be used with the 
crystal receiver in Such a manner as to simu 
late the effect of a constant K network. In this 
case a terminating resistance is connected across 
the secondary of the transformer and the crystal 
receiver is connected across the amplifier out 
put through a suitable blocking condenser. For 
best results the transformer should have a very 
high leakage reactance but since this would or 
dinarily require a transformer of considerable 
bulk there are practical limitations on the leak 
age reactance in cases where the bulk and Weight 
must be kept small. While the value of the 
terminating resistance will depend on the con 
stants of the particular transformer used and 
other factors the Optimum value can be readily 
determined by experiment. In One instance, 
for example, a very good response characteristic 
was obtained with a very small transformer suit 
able for use with the magnetic receiver with a 
secondary shunting resistance of 60 ohms. 
In the circuit shown, when the plug 6 is 

inserted in the output jack one terminal of the 
crystal receiver is connected through contact 
5 and the blocking condenser 53 to the plate 
of the output tube 5 and the other terminal is 
connected through Contact 48 to the cathode of 
the tube. At the same time a resistor 54 of the 
proper value is connected across the secondary 
of the transformer through contact 48 and the 
sleeve 62 of the jack, 
The shunting resistor 54 is, of course, not re 

quired when the magnetic receiver is used and 
because of the inherently limited output capacity 
of the crystal receiver, the voltage limiter is not 
required when the crystal is used. The resistor 
and limiter are, therefore, associated with the 
individual receivers and are preferably built into 
the respective receiver plugs as indicated so that 
the necessary circuit changes are made auto 
matically when either receiver is Connected for 
Se. 
Since the small crystal audiphone receiver is 

essentially a capacitative impedance a trans 
former of high leakage reactance may be used 
in the manner described to apply a constant 
voltage to other capacitative loads such, for ex 
ample, as crystal or capacity type loud-speakers. 
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In cases where good low frequency response is 
important a slightly better characteristic may be. 
obtained by connecting a suitable condenser in 
Series with the resistor 54. 
The advantages of this amplifier from the 

standpoint of high quality and sustained gain 
over the useful life of the battery are illustrated 
in Fig. 6. As shown by curve 55 when the bat 
teries are new and the amplifier is operating 
at maximum gain, that is, with no negative feed 
back, the response is reasonably uniform from 
100 to 10,000 cycles. This very large gain is 
very rarely, if ever, required, however, and as 
shown by curve 56, the response becomes much 
more nearly uniform when the output volume 
is decreased by only 5 decibels of negative feed 
back. The response characteristic is, of course, 
still further improved as more feedback is used 
and with 25 decibels feedback there is no per 
ceptible variation of gain as shown by curve 58 
but the output level is still ample for a large 
proportion of audiphone users. 
Curve 5 shows the general configuration of 

the response curve for maximum gain when the 
batteries have deteriorated to a point where 
their voltage is only two-thirds of the new bat 
tery voltage. While this curve shows some re 
duction of low frequency response, this loss of 
gain is very much less than in prior audiphone 
amplifiers and the circuit shows no tendency to 
Oscillate. It will also be understood that while 
curve 5 shows an appreciable loss of gain as 
.compared with the gain when using new bat 
teries, this is largely a matter of choice since 
it is quite feasible to use enough positive feed 
back to keep the gain practically constant over 
the whole range until the batteries are com 
pletely unfit for further use. 
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But even when the positive feedback used is 
not sufficient in itself to make the gain inde 
pendent of the battery resistance at maximum 
gain, the gain and the uniformity of response 
with maximum negative feedback are affected 
only slightly by the increasing battery resistance 
as shown by curves 59 and 60. 
While the various features of the invention 

have been described with particular reference 
to audiphones, it will be apparent that some of 
them- are equally applicable to other apparatus 
within the scope of the following claims. 
What is claimed is: m 
1. In an audiphone system, a pick-up micro 

phone, a vacuum tube amplifier having input and 
Output circuits, a telephone receiver connected to 
the output circuit, a volume control comprising a 
variable negative feedback path within the am 
plifier for progressively improving the transmis 
sion characteristic of the amplifier as its gain is 
reduced and a network connecting the micro 
phone to the input circuit, said network having 
an adjustable low frequency attenuation where 
by the low frequency output of the system may be 
regulated in accordance with the noise level at 
the microphone independently of the volume 
control. 

2. An amplifier having a negative feedback 
path, a battery for the amplifier having an in 
ternal resistance which tends to increase with use 
and increase the negative feedback of the ampli 
fier and means for introducing into the amplifier 
a positive feedback proportional to the internal 
resistance of the battery. 

3. An amplifier comprising at least three vac 
uum tubes having input and output circuits con 
nected in tandem, a source of power for the tubes 



4. 
connected to the output circuit of the last tube, 
a path conductive to both signal and direct cur 
rent from the output circuit of the last tube to 
the output circuit of the second tube, a screen 
grid in the first tube and a second path conduct 
ing both signal and direct current from the oute 
put circuit of the last tube to said screen grid. 

4. An amplifier comprising a plurality of vac 
uum tubes each having an input and an output 
circuit connected in tanden, a battery for ener 
glacing the tubes and a negative feedback path 
extending from the output circuit of the last tube 
to the input circuit of one tube and conducting 
current from the battery to the output circuit 
of another tube. 

5. In an audiphone system, the combination 
with a pick-up microphone having a predeters 
mined capacity, a receiver, an amplifier connect 
ing the microphone to the receiver and a source 
of current for the amplifier, of a readstance-ca 
pacity network interposed between the micro 
phone and the amplifier and forming with the 
capacity of the microphone a filter of at least two 
sections for selectively attenuating low frequency 
currents. 

6. An audiphone system according to the pre 
ceding claim in which the impedances of the sec 
Ond section of the filter are high as compared 
with those of the first section whereby the vari 
ations in the impedance of the microphone do 
not affect the impedance of the second section of 
the filter. 

7. In an audiphone system, the combination 
with a crystal type microphone, a receiver and 
an amplifier having an input circuit connected to 
the microphone and an output circuit connected 
to the receiver, of a condenser serially connected 
in one side of the input circuit, two resistors con 
nected in series across the condenser and resist 
ance connected from the junction of the resistors 
to the other side of the input circuit and means 
for modifying the effect of the resistance on the 
input circuit. 
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8. In an audiphone, the combination with a 

crystal type pick-up microphone, a receiver and 
a vacuum tube amplifier connecting the micro 
phone to the receiver and having a substantially 
uniform transmission characteristic, of a network 
for adjusting the response of the audiphOne Over 
a limited range of low frequencies without affect 
ing the transmission of other frequencies Con 
nected between the microphone and the amplifier 
and comprising a series condenser, a resistance 
by-passing the condenser, a resistive shunt arm 
connected to an intermediate point on the re 
sistance, and means for adjusting the effective 
resistance of the shunt arm. 

9. In an amplifying system, the combination 
with a vacuum tube amplifier having input and 
output circuits, a pick-up microphone connected 
to the input circuit and an output transformer 
having a secondary winding and a primary wind 
ing connected across the output circuit, of a re 
ceiver having a capacitative impedance connect 
ed across the Output circuit and a resistor con 
nected across the secondary winding to form with 
the transformer a terminating network for de 
veloping across the receiver a high voltage which 
is substantially uniform over the frequency band 
transmitted by the amplifier. 

10. In an amplifying system, an amplifier hav 
ing input and output circuits, a pick-up micro 
phone connected to the input circuit and a trans 
former having a secondary winding and a pri 
mary winding connected to the output circuit. 
and means for selectively connecting the second 
alry winding to a magnetic receiver or the output 
circuit to a capacitative receiver and the sec 
ondary winding to a loading impedance propor 
tioned to maintain the voltage across the capaci 
tative receiver substantially uniform over the fre 
quency band transmitted by the amplifier. 

CAR. H. RUMPE, 


