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The present invention relates to electric sys 
tems. From one aspect, the invention relates 
more particularly to amplifiers. From another 
aspect, the invention relates more particularly to 
vacuum-tube voltmeters. 
One type of vacuum-tube meter for the meas 
rement of alternating voltages comprises a rec 

tifier for developing a direct-current voltage from 
the applied alternating voltage, and a direct-cur- is 
rent amplifier for developing sufficient power 
from the rectified voltage to operate an indicating 
meter. Degenerative coupling may be employed 
in the amplifier to stabilize the gain and insure 
permanence of calibration. The use of two-stage 
degenerative direct-current amplifiers in meters 
of this character, however, has been accompanied by unsatisfactory operation. 

It is not easy, for example, to produce a de 
sign such that the opposing currents shall exactly 
balance, leaving no residual current through the 
degenerative resistor without, at the same time, 
substantially reducing the over-all gain of the 
system. The difficulties have usually been over 
come by providing the amplifier with a further, 
stage or stages. 
An object of the present invention, however, 

is to provide a two-stage degenerative direct-cur 
rent amplifier or voltmeter, in which the residual 
current through the degenerative resistor is bal 
anced out while maintaining maximum gain of 
the separate stages. 

Since the current through the degenerative 
resistance is zero when the meter reads zero, this 
resistance can be varied over wide limits without 
affecting the zero setting. A further object of 
the present invention, therefore, is to provide a 
direct-current amplifier the sensitivity of which 
can be varied over wide limits without simulta 
neOUS Compensation of the zero adjustment. 
Another object of the invention is to provide a 

novel amplifier. 
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Still another object is to provide a simplified 
degenerative direct-current amplifier. 
A further object is to provide a novel voltmeter 

of which the amplifier may constitute an element. 
in prior-art degenerative circuits, it has been 

difficult to provide a constant voltage bias for 
the screen grid without the aid of separate bat 
tery supplies. 

In the use of a Screen-grid tube in direct-cur 
rent amplification, high-voltage gain can be ob 
tained in a single stage' provided that the screen 
electrode can be maintained at a constant poten 

45 

50 

tial with respect to the cathode, independent of . 
the applied signal voltage. In circuits previously SS 

proposed, although the operating potential can 
be provided for the screen electrode by means of 
voltage-dividing resistor circuits or dropping re 
sistors, the currents through these resistors tend 
to vary substantially with the applied signal so 
that a constant screen potential is not obtained 
and reduction in voltage gain results. In ampli 
fiers for alternating-current voltages, these ef 
fects can be corrected by , by-pass condensers, 
which, of course, can not be applied to the design 
of direct-current amplifiers. 

According to a feature of the present inven- , 
tion, the plate battery of one of the two tubes is 
utilized as the screen battery for the other with 
out any resistor circuits being required, thus per 
mitting the maximum possible voltage gain which 
may be obtained from screen-grid amplifiers. . . . . 
Other and further objects will be explained 

hereinafter and will be particularly pointed out 
in the appended claims. 

The invention will now be more fully described 
in connection with the accompanying drawings, 
in which Fig. 1 is a simplified circuit diagram 
illustrative of the amplifier feature of the inven 
tion; Figs. 2 and 3 are similar diagrams, with 
further complications; and Fig. 4 is a similar dia 
gram, illustrating a voltmeter embodying the 
present invention. c 
The illustrated two-stage amplifier comprises 

two vacuum tubes 2 and . The tube 2 is pro 
vided with a cathode 6, shown as a flament, en 
ergized by a cathode battery or other voltage . 
source , an anode 8, and a control electrode 0. 
the tube 4 is provided with a cathode 2, shown 

as a filament, energized by a cathode battery or 
other voltage source 3, an anode f4 and a con 
trol electrode 6. 
The vacuum tube 2, with its input and output 

circuits, constitutes the first stage of the two 
stage amplifier. The external voltage to be am 
plified may be impressed across input terminals 8 
and 28 of the input circuit of the tube 2. Refer 
ring first to Fig. 1, this input circuit extends from 
One input terminal f8, by way of a conductor 20, 
and through an impedance 22, shown as a resistor, 
to a junction-point terminal 23; thence, by way 
of a conductor 25, to the cathode 6; thence, 
through the space in the vacuum tube 2, to the 
control electrode 0; and from the control elec 
trode 0, by way of a conductor 26, to the other 
input terminal 28. For reasons hereinafter stated, 
the resistor 22 acts as a degenerative resistor. The 
output circuit of the first vacuum tube 2 of the 
two-stage amplifier extends from the cathode 6, 
through the space in the tube 2, to the anode 8; 



thence, by way of a conductor 30, through an 
output impedance 2, shown as a resistor, to the 
positive pole of a plate or anode or B-battery volt 
age source 34; from the negative pole of this bat 
tery 34, to a junction-point terminal 35; and, by 
way of a conductor 36, through an indicating in 
strument 33 and the impedance 22 and, by Way of 
the conductor 24, back to the cathode 6. 
The vacuum tube 4, with its input and output 

circuits, constitutes the second stage of the two 
stage amplifier. The input circuit of the tube 4 
is connected across the output impedance 32 and 
the battery 34 in the output circuit of the tube 
2. The output impedance 32 of the first tube 2 
thus constitutes the input impedance of the 
second tube 4, operating as the customary plate 
coupling resistor. This input circuit extends 
from the terminal 35, by way of a conductor 40, 
to the cathode 2; through the space in the vacu 
um tube 4, to the control electrode 8; and from 
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which includes the indicating instrument 33, is 
connected at one end to the junction point 23, 
between the negative terminal of the battery 46 
and the conductor 24 that leads to the cathode 6. 
It is connected at the other end to the junction 
point 35, between the negative terminal of the 
battery 34 and the conductor 40 that leads to 
the cathode 2. The impedance 22 and the in 
dicating instrument 33 are thus so connected 
in this common portion of the output circuits, 
between the cathodes 6 and 2, that the batteries 
34 and 46 send current therethrough in oppo 

20 
the control electrode 6, through a biasing bat 
tery 44, by way of a conductor 42, to the cone 
ductor 30, that connects the impedance 32 to . 
the anode 8. The input circuit of the tube 4 
continues from the conductor 42, through the 
impedance 32 and the battery 34, back to the 
terminal 35. The output circuit of the second 
vacuum tube 4 may be traced from the cathode 
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2, by way of the conductors 40 and 36, through 
the indicating instrument 33 and the impedance 
22, to the terminal 23, which is connected to 
the negative pole of a plate or anode or B-bat 
tery voltage source 48; from the positive pole of 

30 

this battery 46, by way of a conductor 48, to 
the anode 4; and from the anode 14, through 
the space in the tube 4, back to the cathode 2. 
The B-battery voltage source 34 is connected 

between the anode 8 of the tube 2 and the cath 
Ode 2 of the tube 4, with its negative pole con 
nected to the cathode 2 and its positive pole to 
the ahode 8. The connections may be traced 
from the anode 8, by way of the conductor 30, 
through the impedance 32 and the battery, 34, 
to the terminal 35 and, by way of the conduc 
tor 40, to the cathode 2. The B-battery voltage 
source 46 is similarly connected between the an 
ode 4 of the tube 4 and the cathode 6 of the 
tube 2, with its negative pole connected to the 
cathode 6 and its positive pole to the anode 4. 
The connections may be traced from the anode 
4, by way of the conductor 48, through the bat 

tery 46, to the terminal 23 and, by way of the 
Conductor 2, to the cathode 6. 

- The System, as so far described, resembles 
what is popularly known as a direct-current am 
plifier; for, though the voltage across the imped 
ance 22 is somewhat less than that applied to the 
terminals 18 and 28, the power developed across 
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site directions. The operating points of the tubes 
2 and , or of one of them, may be so chosen that 
the opposing currents in this Common portion 
of the output circuits shall balance with ex 
treme accuracy at times when it is preferred 
that the indicating instrument 33 should read 
Zer0. Since the impedance 22, which is connected in 
the common portion of the output circuits of the 
tubes 2 and 4, is connected also in the input 
circuit of the first tube 2, the amplified current 
from the tube 4 through this impedance 22, 
when an external voltage is impressed across 
the terminals 8 and 28, is in a direction oppo 
site to that of the external voltage in the input 
circuit of the first vacuum tube 2 of the amplie 
fier. It is for this reason that the resistor 22 may 
be referred to as a degenerative resistor. Al 
though the current through the resistor 22 is de 
rived largely from the tube 4 because of the 
amplification of the preceding stage, the change 
in plate current is the result of the action of 
both tubes, because both tubes operate in such 
a sense that they both aid in the production of 
the degenerative voltage across the resistor 22. 
The currents through the indicating instrument 
33 from the two tubes 2 and 4 are thus also in 
the same direction. To state it otherwise, the 
incremental changes in the output, circuits from 
both tubes 2 and 4 resulting from the external 
voltage applied to the terminals 8 and 28 thus 
add up to yield a current in the same direction 
through the impedance 22 and the indicating in 
strument 33, though producing a voltage oppo 
site in direction to the voltage applied at the 
terminals 8 and 28 to the input circuit of the 
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the impedance 22 may be very much greater than . 
that taken from the voltage source across the ter 
minals and 28. The voltage across the imped 
ance 22 may build'up to a value substantially 
equal to the applied input voltage, if sufficient 
degeneration is employed. If a resistance of 
known value is contained in the impedance 22, a 
known output current can thus be obtained from 
a known input voltage applied at the terminals S 
and 28. 

It will be in order now to consider a number 
of advantages of this circuit. 

It will first be observed that the output cir 
cuts of the tubes 2 and 4 are not entirely inde 
pendent, having in common the conductor 36, 
the indicating instrument 33 and the impedance 
22. This common portion of the output circuits, 

65 

70 

tube 2. Three features, among others, may be em 
phasized: first, the degenerative properties of 
the impedance 22; secondly, the function of pro 
ducing balance in the currents through the com 
mon portion of the output circuits; and thirdly, 
the property whereby the incremental output 
Currents from the tubes 2 and 4 cumulate to 
produce a current through this impedance 22 in 
the same direction. 
The resistance of the impedance 22 may be 

considerably less than the resistive impedance 
of the indicating instrument 33, which latter 
may be quite high, without adversely affecting 
the Operation of the system. This has a bearing 
upon the sensitivity of the system. By making 
the impedance 22 variable, it may be caused to 
provide a sensitivity control, as more fully de 
scribed hereinafter. ' Another advantage is that, since the terminal 

may be at the low voltage of the ground, and 
as the indicating instrument 33 is subjected to 
this low voltage, it is possible to use instruments 
33, like recording meters, that could not be used 
in circuits where they would be subjected to high 
voltages, 7. The gain of the amplifier without degenera 
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tion should be as high as possible, In order to 
achieve stability in circuits of this character, it 
is necessary to supply degeneration between the 
output circuit of the final stage of the amplifier, 
here represented by the tube 4, and the input of 
the first stage, represented by the tube 2. In 
many prior-art circuits of this nature, however, 
the coupling and other resistors of the circuit op 
erate to reduce the amplification of one or more 
of the stages separately. Because of this, but lit 
tle energy gain is available to provide the over 
all. degeneration that is desired to be used for 
stabilizing the over-all gain. 
According to the present invention, on the 

other hand, there is no degenerative operation to 
reduce the gain of the two individual stages of 
this two-stage amplifier. No degeneration takes 

O 
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place to reduce the gain of the second tube, for 
example, because the voltage across the imped 
ance 32 is the only variable voltage in its input 
circuit. The degeneration, therefore, can be ap 
plied with maximum effectiveness. It follows 
that each of the tubes 2 and 4 contributes its 
maximum gain to the over-all amplification gain 
of the system. This, moreover, is accomplished : 

20 

with a minimum number of independent voltage 
Sources, namely, two plate batteries 34 and 4 
and one bias battery 44. 
The invention thus provides a simple portable 

direct-current amplifier employing two tubes 2. 
and 4, with only four batteries from which cur 
rent is drawn, two of which are the anode or B 

3) 

batteries 34 and 46, and the other two of which . 
are the cathode batteries 7 and 3. No current, 
of course, is drawn from the bias battery 44. 
With battery-type tubes 2 and 4, single-cell fila 
ment-cathode batteries and 3 may be em ployed. 

If the resistance of the degenerative resistor 
22, moreover, is large compared with the recip 
rocal of the trans-conductance of the two-stage 
amplifier, that is, the ratio of the input voltage 
to the first tube. 2 to the output current through 
the common impedance 22, then the gain is sub 
stantially independent of changes in gain in the 
amplifier. , 
As is generally true with degenerative direct 

current amplifiers of this character, variations in 
the zero reading of the meter 33 due to changes 
in the plate-battery voltages and in the filament 
battery of the second tube 4 are largely neu 
tralized. 
The circuit of Fig. 1 is reproduced in Fig. 2, but 

With the tube 2 shown as a pentode, instead of 
a triode; in addition to the cathode 6, the control 
electrode G and the anode 8, it comprises a 
screen electrode 5) and a further electrode 52. 

In Fig. 2, also, the bias battery 48 is omitted 
and the required operating potential for the grid 
6 of tube is obtained by returning the cathode 2 

to an intermediate point 69 on the battery 34. 
This arrangement therefore employs only two 
voltage sources in addition to the two cathode bat 
teries. 

In Figs. 3 and 4, the tube 6 is also shown as a 
pentode, the screen electrode being shown at 54 
and the further electrode at 56. In these Figs, 3 
and 4, furthermore, an additional impedance 49, 
shown as a resistor, is illustrated as connected in 
the conductor 24, between the terminal 23 and 
the cathode 6, in the input circuit of the tube 2. 
This may serve to provide additional bias for the 
cathode 6. This resistor 49 is omitted from Figs. 
1 and 2, because the tube 2 can be operated at the 
potential of the negative end of the cathode 8. 

3 
The further electrode 52 is connected in usual 

fashion, by a conductor 58, to the cathode 6, and 
the further electrode 56, by a conductor 60, to 
the cathode f2. The screen electrode 54 of the 
tube 4 is subjected to the voltage of the battery 
34 of the tube 2 by means of a conductor 62 that 
joins the screen electrode 54 to a junction-point 
terminal 64 between the impedance 32 and the 
positive pole of the battery 34. The screen elec 
trode 50 of the tube 2 is similarly subjected to 
the voltage of the battery 46 of the tube 4 by a 
conductor 66. The conductor 66, however, con 
nects the screen electrode 50 to a variable tap of 
a potentiometer resistor 68 that is connected in 
shunt to the battery 46. The condictor 62, of 
course, may similarly connect variably the screen 
electrode 54 to a similar variable resistor (not 
shown) connected across the battery 34. This 
may be in addition to, or in substitution for, the 
variable Connection of the screen electrode 50 
to the resistor 68 by the conductor 66. 
A Voltage bias for the screen electrodes 50 and 

54 is thus provided without the aid of additional 
batteries, the plate battery 34 of the tube 4 serving 
as the screen battery of the tube 2, and the plate 
battery 46 of the tube 2 serving as the screen bat 
tery for the tube 4. 
By adjusting the tap of the screen electrode 50, 

as by means of the conductor 66 upon the resistor 
68, a zero control adjustment may be provided, 
independent of the setting of the sensitivity-con 
trol impedance 22, for adjusting the voltage from 
the potentiometer 68 applied to the screen elec 
trode 50. 

In many prior-art circuits, the advantages of 
the screen-grid operation claimed therefor are 
more apparent than real. This is because vari 
ations in the plate current of either of the tubes 
introduce variations in the potential of the screen 
voltage in such a direction as to neutralize the 
advantageous effect that is supposed to be pro 
vided by the screen grid. 
When the system is used as an amplifier, of 

course, the indicating instrument 33 may be dis 
5 connected. . When the indicating instrument 33 

is included in the circuit, however, a sensitive 
direct-current vacuum-tube voltmeter is provided 
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by the present invention, as the input voltage 
Can be measured in terms of the output current 
in the impedance 22 with its aid. 

In Order to reduce the grid or input current 
in the tube 2 to a very low value, it is sometimes 
desired to operate at relatively very low plate and 
Screen voltages. Under these operating condi 
tions, the current through the tube 2 may not 
be sufficient to balance in the indicating instru 
ment 33 the current from the other tube 4, so as 
to reduce the reading of the indicating instru 
ment 33 to zero. This difficulty may be overcome, 
and the first tube 2 may be operated at any de 
sired part of its characteristic, by taking addi 
tional current through an auxiliary resistor 70, 
Connected between the positive terminal 64 of 
the battery 34 and the cathode 6 of the tube 2 
as illustrated in Fig. 4. The current through this 
resistor 70 thus supplements the current through 
the first tube 2 in balancing the indicating in 
strument 33 to Zero. 
The two-stage direct, current amplifier above 

described may be combined with a desirable type 
of rectifier, shown in Fig. 4 as a diode rectifier 
2, to produce an extremely sensitive altarnating 
current voltmeter of high stability. The diode. 
rectifier is shown provided with a battery 73 for 
energizing its cathode filament 75. As shown, the 



4. 
output of the rectifier 2 is connected to the in 
put terminals f and 2, and its input to any 
desired source of alternating voltage by means. 
of input terminals 74 and 76. The diode 72 con 
stitutes, with a condenser 77, a half-wave diode 
rectifier circuit for rectifying alternating voltage 
impressed at the terminals 4 and 76. The alter 
nating-current components of the rectified volt 
age are removed by the filtering network con 
sisting of the resistor 80 and the condenser 84. 

It is sometimes desirable to employ a resistance 
input multiplier between the diode rectifier 72 
and the direct-current vacuum-tube voltmeter. 
A variable shunt impedance 78, shown as a re 
sistor, operating in conjunction with the filtering 
series resistor 80, connected in the output circuit 
of the rectifier 72, across a résistor 88, constitutes 
a potentiometer for subdividing the direct-cur 
rent voltage developed by the diode rectifier 72. 
Due to the initial space current of the diode 

72, variations in the zero voltage will sometimes 
be produced when the shunt resistance 78 is 
varied. These may be compensated for by pro 
viding for each setting of the resistor 78 an ad 
justable potentiometer across the filament-bat 
tery 3 of the diode 72, so that the zero may be 
pre-set for each voltage range provided by the 
potentiometer 78, 30. 

2,354,718 
the three corresponding contact members 9 of 
which are, therefore, shown connected together. 
The third deck 98, for controlling the value of 

the resistor 78 of the potentiometer 8, 80, leaves 
this resistor 78 at maximum value for the first 
four ranges 0.3, 1, 3 and 10, as indicated by the 
corresponding connected-together contact mem- . 
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This adjustable potentiometer may comprise 
a plurality of resistors 86 disposed, in parallel 
with the battery 3, in series with a resistor 9. 
Warious taps of the resistors 86 may be connected, 
by conductors 82, to three contact members 90. 
Four additional contact members 90 are con 
nected together to the negative end of the fla- 3: 
mentary cathode 73 of the diode 72. The contact 
members 90 may be controlled by a deck 94 of 
a three-deck master switch 92, shown more par 
ticularly in Fig. 4. The deck 94 is connected by 
a conductor 93 to the conductor 20. Correspond 
ing contact members 95 are connected to the re 
sistor 78 by a second deck 98. The third deck 96 
similarly cooperates with contact members 9 f. 
The three-deck switch 92 may assume seven po 
sitions in clockwise sequence, corresponding to 
0.3, 1, 3, 10, 30, 100 and 300 volts full-scale, as 
indicated on the dial loo, in Fig. 4. All seven 
ranges can be obtained by setting the three-deck 
switch 92. In each position, it effects an adjust 
ment of each of the resistors 22 and 78 and a cor 
responding adjustment to restore the Zero of the 
multiplier, as will now be explained. 
For the first four voltage ranges correspond 

ing, as shown, to 0.3, 1, 3 and 10 voltage full 
scale, the sensitivity may be varied by means of 
the degenerative resistor 22. The deck 94, as be 
fore stated, controls the zero correction; but 
since, when changing from One to another of 
these four ranges, no correction of the zero is 
required, the corresponding four contact mem 
bers 95 are shown connected together in the man 
e before described. For the three higher ranges 

of the instrument, corresponding to 30, 100 and 
300 volts full-scale, however, the potentiometer 
8, 80 is employed to increase the range. It is 

for these three higher ranges that the three re 
spective zero-correcting potentiometers 86 are 
employed. A w 

The deck 9 of the switch 92 that controls the value of the degenerative resistor. 22, on the other 
hand, causes variations in the resistance 22 only 
when going to one or another of the first four 
ranges. 0.3, 1, 3 and 10, and is left at a maximum. 
value for the three highest ranges 30, 100 and 300, 
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mately this voltage. 
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bers 95, but operates to give the required multi- , 
plying action for the three highest ranges, 30, 
100 and 300. A small portable instrument built in accord 
ance with the above design and employing an in 
dicating-meter instrument 33 of 100 microam 
peres full-scale sensitivity has been made to 
yield a full-scale reading on 300 millivolts al 
ternating current covering a frequency range of 
from 20 cycles to a hundred megacycles. 
The following values of the various elements 

have been found to yield a very satisfactory in 
Strument: 
Battery 44------------------volts-- 7.5 
Resistor 32-------------megohms-- 10 
Resistor €8 ---------------do---- 2 
Resistor 49---------------ohms-- 15,000 
Resistor O ------------megohm-- 1 
3-position resistor 8-------- do---- 0.35, 1 and 5 
Resistor 80------ ----------- do---- 10 
Resistor 88------ ----------200---- 50 
Resistor 8 ----------------ohms. - 800 
Resistors 86 -------negohn each. 0.1 
Condenser 84---------microfarad-- 02 
Condenserf---------------do---- 06 
The resistor 22 will have a value depending on 

the required direct-current sensitivity of the por. 
tion of the instrument following the rectifiers 
On the range giving 0 volts alternating currént 
full scale, for example, the rectified voltage will 
be approximately 14 volts for full scale. The 
meter current of 100 micro-amperes flowing 
through the resistor 22 must develop approxi- . 

Hence, for this range, the 
resistance of the resistor 22 should be about . 
140,000 ohms. The approximate value of the re 
sistor 22 may be similarly determined for the 
other ranges. In any particular case, it may be 
adjusted to the exact desired value, during the 
final calibration of the instrument. The tubes 2 and 4 may be of the 1S5 type and 
the tube 72 of the 957 type. If the tubes 2 and 4 
are pentodes, as illustrated in Fig. 3, the B-bat 
teries 34 and 46 may, for example, be of 30 volts 
each. . 

Modifications will occur to persons skilled in 
the art and all such modifications are considered 
to fall within the spirit and scope of the inven 
tion, as defined in the appended claims. 
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What is claimed is: 
1. An electric system having, in combination, 

two vacuum tubes each provided with a cath 
Ode, an anode, a control electrode and a screen 
electrode, input circuits in which the cathodes 
and the control electrodes of the respective tubes 
are respectively connected, output circuits in 
which the cathodes and the anodes of the respec 
tive tubes are respectively connected, the output. 
circuits each being provided with a source of 
voltage, means for subjecting the screen elec 
trode of each tube to the voltage of the voltage 
source of the output circuit of the other tube, a 
resistor, and means for connecting the anode of 
one tube to the screen electrode of the other tube 
through the resistor. '- 

2. An electric system having, in combination, 
two vacuum tubes each provided with a cathode, 
an anode, a control electrode, a screen electrode, 
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and a further electrode, input circuits in which 
the cathodes and the control electrodes of the 
respective tubes are respectively connected, out 
put circuits in which the cathodes and the 
anodes of the respective tubes are respectively .. 5 
Connected, means connecting the further elec 
trode of each tube to the cathode of the same 
tube, the output circuits each being provided 
With a Source of voltage, means for subjecting 
the screen electrode of each tube to the volt- 10. 
age of the Voltage source of the output circuit 
of the other tube, a resistor, and means for con 
necting the anode of one tube to the screen elec 
trode of the other tube through the resistor. 

S 
varying the magnitude of the impedance of the 
common portion to vary the sensitivity. 

6. An electric system having, in combination, 
two vacuum tubes each provided with a cath 
ode, an anode, a control electrode and a screen 
electrode, input circuits in which the cathodes 
and the control electrodes of the respective tubes 
are respectively connected, output circuits in 
which the cathodes and the anodes of the re 
spective tubes are respectively connected, the 
output circuits each being provided with a source 
of voltage, means for subjecting the screen elec 
trode of each tube to the voltage of the Voltage 

3. An electric system having, in combination, 15 
two vacuum tubes each provided with a cathode, 
an anode and a control electrode, one of the 
tubes having a screen electrode, input circuits in : 
which the cathodes and the control electrodes of 
the respective tubes are respectively connected, 20. 
output circuits in which the cathodes and the . 
anodes of the respective tubes are respectively 
connected, the output circuits each being pro 
vided with a source of voltage, means for sub 
jecting the screen electrode of the said one tube 2 
to the voltage of the voltage source of the output 
circuit of the other tube, and means connecting 
the sources of voltage each between the anode 
of one tube and the cathode of the other tube 
with corresponding poles of the voltage sources 3. 
connected to the respective said cathodes of the 
said other tubes. u 

4. An electric system having, in combination, 
two vacuum tubes each provided with a cathode, 

source of the output circuit of the other tube, 
and means for connecting the sources of voltage 
each between the anode of one tube and the 
cathode of the other tube with corresponding 
poles of the voltage sources connected to the re 
spective cathodes. m 

7. An electric system having, in combination, 
two vacuum tubes each provided with a cath 
ode, an anode, a control electrode and a screen 
electrode, input circuits in which the cathodes 

5 
and the control electrodes of the respective tubes 
are respectively connected, output circuits in 
which the Cathodes and the anodes of the re 

O 

an anode and a control electrode input circuits 35 
in which the cathodes and the control electrodes 
of the respective tubes are respectively connect 
ed, output circuits in which the cathodes and the 
anodes of the respective tubes are respectiyely 

spective tubes are respectively connected, the 
output circuits each being provided with a source 
of voltage, means for subjecting the screen elec 
trode of each tube to the voltage of the voltage 
source of the output circuit of the other tube, 
and means for connecting the sources of voltage 
each between the anode of one tube, and the 
cathode of the other tube with corresponding 
poles of the Voltage sources connected to the 
respective cathodes, the output circuits having 
a common portion connected to the junction 

connected, the output circuits each being pro- 40 
vided with a source of voltage, the Output cir 
cuit of one of the tubes being coupled to the in 
put circuit of the other tube, and means Con 
necting the sources of voltage each between the 
anode of one tube and the cathode of the other 
tube with corresponding poles of the voltage 
sources connected Substantially directly to the 
respective said cathodes of the said other tubes, 
the output circuits having a common portion. So 
connected between the cathodes as to provide a 5 
voltage drop suitable to produce degenerative 
coupling in the input circuit of the said other 
tube. 

5. An electric system having, in combination, 
two vacuum tubes each provided with a cathode, 
an anode and a control electrode, input circuits 
in which the cathodes and the control electrodes 
of the respective tubes are respectively con 
nected, output circuits in which the cathodes and 
the anodes of the respective tubes are respec- 6 
tively connected, the output circuits each being 
provided with a source of voltage, the output cir 
cuit of one of the tubes being coupled to the in 
put circuit of the other tube, means connecting 

45 
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the sources of voltage each between the anode of 5 
one tube and the cathode of the other tube with 
corresponding poles of the Voltage sources Con 
nected to the respective said cathodes of the said 
other tubes, the output circuits having a common 
impedance portion so connected to the junction 70 
points between the voltage sources and the cath 
odes to which the voltage sources are respectively. 
connected as to provide a voltage drop suitable 
to produce degenerative coupling in the input 
circuit of the said other tube, and means for 75 

points between the voltage sources and the cath 
odes to which the voltage sources are respec 
tively connected. 

8. An electric system - having, in combination, 
two vacuum tubes each provided with a cathode, 
an anode, a control electrode and a Screen elec 
trode, input circuits in which the cathodes and 
the control electrodes of the respective tubes are 
respectively connected, output circuits in which 
the cathodes and the anodes of the respective 
tubes are respectively connected, the output cir 
cuits each being provided with a source of volt 
age, means for subjecting the screen electrode 
of each tube to the Voltage of the voltage source . 
of the output circuit of the other tube, and 
means for connecting the sources of voltage each 
between the anode of one tube and the cathode 
of the other tube with corresponding poles of the 
voltage sources connected to the respective cath 
odes, the output circuits having a common por 
tion connected to the junction points between 
the voltage sources and the cathodes to which the 
voltage sources are respectively, connected, and 
the common portion of the output circuits being 
provided with a degenerative resistor. 

9. An electric system having, in combination, . 
two vacuum tubes each provided with a cathode, 
an anode, a control electrode and a screen elec 
trode, input circuits in which the cathodes and 
the control electrodes, of the respective tubes are 
respectively connected, output circuits in which 
the cathodes and the anodes of the respective 
tubes are respectively connected, the output cir 
cuits. each being provided with a source of volt 
age, means for subjecting the screen electrode 
of each tube to the voltage of the voltage source 
of the Output circuit of the other. tube, and 
means for connecting the sources of voltage each 

s m 
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between the anode of one tube and the cathode 
of the other tube with corresponding poles of the 
voltage sources connected to the respective cath 
odes, the output circuits having a common por 
tion connected to the junction points between 
the voltage Sources and the cathodes to which 
the voltage sources are respectively connected, . 
an indicating instrument and a resistor con 
nected in the common portion of the output cir 
cuits, and means for effecting balance in the in 
dicating instrument at a predetermined point of 
a characteristic of one of the tubes. 

10. An amplifier having, in combination, two 
vacuum tubes each provided with a cathode, an 
anode, a control electrode and a screen electrode, 
input circuits in which the cathodes and the 
control electrodes of the respective tubes are re 
spectively connected, output circuits in which 
the cathodes and the anodes of the respective 
tubes are respectively connected, the output cir 
cuits, each being provided with an anode battery, 
and means for subjecting the screen electrode 
of each tube to the voltage of the anode bat 
tery of the other tube. . 

11. An amplifier having, in combination, two 
vacuum tubes each provided with a cathode, an 
anode, a control electrode and a screen elec 
trode, input circuits in which the cathodes and 
the control electrodes of the respective tubes are 
respectively connected, output circuits in which 
the cathodes and the anodes of the respective 
tubes are respectively connected, the Output cir 
cuits each being provided with a source of volt 
age, means for subjecting the screen electrode of 
each tube to the voltage of the voltage source of 
the output circuit of the other tube, the output 
circuits having a common portion connected be-, 
tween the cathodes, means for applying a volt-, 
age to the input circuit of one of the tubes, the 
output circuit of the said one tube having a de 
generative impedance connected in the common 
portion of the output circuits and a second in 
pedance, and means connecting the Second in 
pedance in the input circuit of the said one tube. 

12. A voltmeter having, in combination, two 
vacuum tubes each provided with a cathode, an 
anode and a control electrode, input circuits in 
which the cathodes and the control electrodes of 
the respective tubes are respectively connected, 
the control electrode of one of the tubes being 
connected to the anode of the other tube, outs 
put circuits in which the cathodes and the 
anodes. of the respective tubes are respectively 
connected, the output circuits each being pro 
vided with a source of voltage, means connecting 
the sources of voltage each between the anode 
of one tube and the cathode of the other tube 
with corresponding poles of the voltage sources 
connected to the respective cathodes, the output 
circuits having a common portion connected be 
tween the cathodes, an impedance and an indi 
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anodes of the respective tubes are respectively 
connected, the output circuits each being pro 
vided with a source of voltage, means connect 
ing the sources of voltage each between the 
anode of One tube and the cathode of the other 
tube with corresponding poles of the voltage 
Sources connected to the respective cathodes, the 
output circuits having a common portion con 
nected between the cathodes, and an impedance 
and an indicating instrument connected in the 
common portion of the output circuits, the in 
pedance having a resistance substantially less 
than that of the indicating instrument. 

14. An alternating-current voltmeter having, 
in combination, two vacuum tubes each provided 
with a cathode, an anode, a control electrode and 
a screen electrode, input circuits in which the 
Cathodes and the control electrodes of the re 
spective tubes are respectively connected, output 
circuits in which the cathodes and the anodes 
of the respective tubes are respectively con 
nected, the ouput circuits each being provided 
with a source of voltage, means for connecting 
the screen electrode of one of the tubes to the 
voltage source of the ouput circuit of the other 
tube, a resistor in shunt with the other source of 
voltage, means for connecting the other Screen 
electrode to the resistor, means connecting the 
sources of voltage each between the anode of 
one tube and the cathode of the other tube with 
corresponding poles of the voltage sources con 
nected to the respective cathodes, the output 
circuits having a common portion connected to 
the junction points between the voltage sources 
and the cathodes to which the voltage sources 
are respectively connected, an impedance and an 
indicating instrument connected in the common 
portion of the output circuits, one of the input 
circuits including the impedance, and a rectifier 
connected to the said one input circuit. 15. A two-stage amplifier having, in combina 
tion, two vacuum tubes, each provided with a 
cathode, an anode, a control electrode and a 
screen electrode, input circuits in which the 
cathodes and the control electrodes of the re 
spective tubes are respectively connected, output 
circuits in which the cathodes and the anodes of 
the respective tubes are respectively connected, 
the output circuits each being provided with a 
source of voltage, means for subjecting the 
screen electrode of each tube to the voltage of 
the voltage source of the output circuit of the 
other tube, means for applying a voltage to the 
input circuit of one of the tubes, the Output cir 
cuit of the said one tube having a degenerative 
impedance, the respective tubes with their in 
put and output circuits constituting the two 

60 

cating instrument connected in the common por 
tion of the output circuits, two terminals by 
means of which a voltage may be applied to the 
input circuit of one of the tubes, and means for 
connecting one of the terminals between the in 
pedance and the indicating instrument. 

13. A voltmeter having, in combination, two 
vacuum tubes each provided with a cathode, an 
anode and a control electrode, input circuits in 
which the cathodes and the control electrodes of 
the respective tubes are respectively connected, 
the control electrode of one of the tubes being 
connected to the anode of the other tube, out 
put circuits in which the cathodes and the 

stages of the amplifier, and means for maintain 
ing the potential of the screen electrode of one 
of the tubes substantially constant, independ 
ent of the output current of the amplifier, to 
prevent degeneration in the individual two 
stages of the amplifier. 
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16. A voltmeter having, in combination, a first 
vacuum tube and a second vacuum tube each 
provided with a cathode, an anode and a control 
electrode, input circuits in which the cathodes 
and the control electrodes of the respective tubes 
are respectively connected, output circuits in 
which the cathodes and the anodes of the re 
Spective tubes are respectively connected, the 
Output circuits each being provided with a source 
of voltage, means connecting the sources of volt 
age each hetween the anode of one tube and 
the cathode of the other tube with corresponding 
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poles of the voltage sources connected to the re 
spective cathodes, the control electrode of the 
second tube being connected to the anode of the 
first tube, the output circuits having a common 
portion connected between the cathodes, an im 
pedance and an indicating instrument connected 
in the common portion of the Output circuits, 
and means for varying the output current from 
one of the tubes to balance to zero the current 
through the indicating instrument. 

17. A voltmeter having, in combination, a first 
vacuum tube and a second vacuum tube each 

7 
anode and a control electrode, input circuits in 
which the Cathodes and the control electrodes of 
the respective tubes are respectively connected, 
the control electrode of one of the tubes being 
connected to the anode of the other tubes, out 
put circuits in which thie cathodes and the 
anodes of the respective tubes are respectively 
connected, the output circuits each being pro 

provided with a cathode, an anode and a control 
electrode, input circuits in which the cathodes 
and the control electrodes of the respective tubes 
are respectively connected, output circuits in 
which the cathodes and the anodes of the 
respective tubes are respectively connected, the 
output circuits each being provided with a source 
of voltage, means connecting the sources of volt 
age each between the anode of one tube and the 
cathode of the other tube with corresponding 
poles of the voltage sources connected to the 
respective cathodes, the control electrode of the 
second tube being connected to the anode of the 
first tube, the output circuits having a common 
portion connected to the cathodes, and an in 
pedance and an indicating-instrument connected 
in the common portion of the output circuits 
with the impedance disposed adjacent to the 
cathode of the first tube. 

18. An electric system having, in combination, 
a first vacuum tube and a second vacuum tube 
each provided with a cathode, an anode, a con 
trol electrode a screen electrode, input circuits 
in which the cathodes and the control electrodes 
of the respective tubes are respectively con 
nected, output circuits in which the cathodes 
and the anodes of the respective tubes are 
respectively connected, the ouput circuits each 
being provided with a source of voltage, means 
for connecting the screen electrode of one of the 
tubes to the voltage source of the output cir 
cuit of the other tube, the output circuits hav 
ing a common portion connected between the 
cathodes, an impedance and an indicating in 
strument connected in the common portion of 
the output circuits, a voltage-divider resistor, 
and means for varying the voltage-divider re 
sistor to adjust the zero reading of the instru 
ment. 

19. An electric system having, in combination, 
two vacuum tubes each provided with a cathode, 
an anode and a control electrode, input circuits 
in which the cathodes and the control electrodes 
of the respective tubes are respectively con 
nected, the control electrode of one of the tubes 
being connected to the anode of the other tube, 
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vided with a source of voltage, means connect 
ing the sources of voltage each between the 
anode of one tube and the cathode of the other 
tube with corresponding poles of the voltage 
sources connected to the respective cathodes, 
the output circuits having a common portion 
connected to the junction points between the 
voltage sources and the cathodes to which the 

- voltage sources are respectively connected, an 
impedance and an indicating instrument Con 
nected in the common portion of the output cir 
cuits, and means for varying the impedance to 
vary the sensitivity of the voltmeter. 

21. An electric system having, in combination, 
a first vacuum tube, and and a second vacuun 
tube each provided with a cathode, an anode, a 
control electrode, and a screen electrode, input 
circuits in which the cathodes and the control 
electrodes of the respective tubes are respectively 
connected, output circuits in which the cathodes 

30 
and the anodes of the respective tubes are re 
spectively connected, the output circuits each be 
ing provided with a source of voltage, means for 
connecting the screen electrode of one of the 
tubes to the voltage source of the output circuit 

35 
of the other tube; the output circuits having a 
common portion connected between the cath 
odes, an impedance and an indicating instru 
ment connected in the common portion of the 
output circuits, and means for varying the out 

40 
put current from one of the tubes to balance to 
zero the current through the indicating instru 
ment. 
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output circuits in which the cathodes and the . 
anodes of the respective tubes are respectively 
connected, the output circuits each being pro 
vided with a source of voltage, means connecting 
the sources of voltage each between the anode 
of one tube and the cathode of the other tube 
with corresponding poles of the voltage Sources 
connected to the respective cathodes, the output 
circuits having a common portion connected to 
the junction points between the voltage sources 
and the cathodes to which the voltage sources 
are respectively connected, an impedance con 
nected in the common portion of the output cir 
cuits, and means for varying the impedance to 
vary the sensitivity of the system. c 

20. A voltmeter having, in combination, two 
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22. An amplifier having, in combination, two 
vacuum tubes each provided with a cathode, an . 
anode and a control electrode, input circuits in 
which the cathodes and the control electrodes. Of 
the respective tubes are respectively connected, 
the control electrode of one of the tubes being 
connected to the anode of the other tube, out 
put circuits in which the 'cathodes and the 
anodes of the respective tubes are respectively 
connected, the output circuits each being pro 
vided with a source of voltage, means connect 
ing the sources of voltage each between the 
anode of one tube and the cathode of the other 
tube with corresponding poles of the voltage 
sources connected to the respective cathodes, the 
output circuits having a common portion con 
nected to the junction points between the volt 
age sources and the cathodes to which the volt 
age sources are respectively connected, and an 
impedance connected in the common portion of 
the output circuits, the impedance having a re 
sistance large compared to the reciprocal of the 
transconductance of the amplifier. 

23. A rectifier having an input circuit and an 
output circuit and having, also, a cathode and an 
anode, a voltage-divider connected across the 
cathode, an impedance connected in the output 
circuit, and means for simultaneously adjusting 
the voltage-divider and the impedance in such 
ratio as to maintain the direct potential across 
the impedance in the output circuit substantially. 
Constant in the absence of a potential applied to 
the rectifier. 

vacuum tubes each provided with a cathode, an is 24. A voltmeter having, in combination, a first 



8 
Waclium tube and a second vacuum tube each 
provided with a cathode, an anode and a control 
electrode, input circuits in which the cathodes 
and the control electrodes of the respective tubes 
are respectively connected, output circuits in 5 
which the cathodes and the anodes of the re 
spective tubes are respectively connected, the 
output circuits each being provided with a source 
of voltage, means connecting the sources of volt 
age each between the anode of one tube and the 10 
cathode of the other tube with corresponding 
poles of the voltage sources connected to the re 
spective cathodes, the control electrode of the 
second tube being connected to the anode of the 
first tube, the output circuits having a common 5 
portion connected between the cathodes, an in 
pedance and an indicating instrument connected 
in the common portion of the output circuits, a 
rectifier having a cathode, an anode, an input cir 
cuit and an output circuit, means for connecting 20 
the output circuit of the rectifier to the input 
circuit of the first vacuum tube, an impedance 
connected in the output circuit of the rectifier, 
a voltage divider connected across the cathode of 
the rectifier, and means for simultaneously ad 
justing the second-named impedance and the 
voltage divider to maintain the Zero reading of 
the indicating instrument. 

25. An electric system comprising a vacuum 
tube having an output circuit and provided with 30 
a cathode, an anode and an auxiliary electrode, 
an indicating meter, means connecting the indi 
cating meter in the Output circuit whereby at 
least a portion of the output current flows 
through the meter, means for sending a current as 
through the meter in opposition to the output 
current, and means for varying the potential on 
the auxiliary electrode to balance to zero the 
current through the meter. . 

26. An amplifier having, in combination, a 40 
first vacuum tube and a second vacuum tube 
each provided with a cathode, an anode and a 
control electrode, input circuits in which the 
cathodes and the control electrodes of the re 
spective tubes are respectively connected, output 5. 
circuits in which the cathodes and the anodes of 
the respective tubes are respectively connected, 
the output circuits each being provided with a 
source of voltage, means connecting one of the 
sources of voltage between the cathode of the 50 
first tube and the anode of the second tube, 
means connecting a portion of the other source 
of voltage between the cathode of the second 
tube and the anode of the first tube, the output 
circuits having a common portion connected be- sis 
tween the cathodes and including the remainder 
of the said other source of voltage, and an in 
pedance connected in said common portion of 
the output circuits. 27. An electric system having, in combination, 
two vacuum tubes each provided with a cathode, . 
an anode, and a control electrode, one of the 
tubes having a screen electrode, input circuits 
in which the cathodes and the control electrodes 
of the respective tubes are respectively connect is 
ed, output circuits in which the cathodes and 
the anodes of the respective tubes are respec 
tively connected, the output circuits each being 
provided with a source of voltage, a resistor in 
shunt with the voltage source of the output cir- 70 
cuit of the other tube, and means for connecting 
the screen electrode of the said one tube to the 
resistor. 28. An electric system having, in combination, 
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ana anode, and a control electrode, one of the 
tubes having a screen electrode, input circuits in 
which the cathodes and the Control electrodes of 
the respective tubes are respectively connected, 
output circuits in which the cathodes and the 
anodes of the respective tubes are respectively 
connected, the output circuits each being provid 
ed with a source of voltage, means for subjecting 
the screen electrode of the said one tube to the 
voltage of the voltage source of the Output cir 
cuit of the other tube, and a resistor connected 
between the positive terminal of the source of 
voltage of one of the tubes and the cathode of 
the other tube. 29. An electric-system having, in combination, two vacuum tubes each provided with a cathode, 
an anode and a control electrode, one of the 
tubes having a screen electrode, input circuits in 
which the cathodes and the control electrodes of 
the respective tubes are respectively connected, 
output circuits in which the cathodes and the 
anodes of the respective tubes are respectively 
connected, the output circuits, each being pro 
vided with a source of voltage, the output circuit 
of the said one tube being coupled to the input 
circuit of the other tube, means for subjecting 
the screen electrode of the said one tube to the 
voltage of the voltage source of the output cir 
cuit of the other tube, and means connecting the 
sources of voltage each between the anode of one 
tube and the cathode of the other tube with cor 
responding poles of the voltage sources connected 
substantially directly to the respective said cath 
odes of the said other tubes, the output circuits 
having a common portion so connected between 
the cathodes as to provide a voltage drop suit 
able to produce degenerative coupling in the in 
put circuit of the said other tube. 30. An electric system having, in combination, 
two vacuum tubes each provided with a cathode, 
an anode and a control electrode, input circuits 
in which the cathodes and the control electrodes 
of the respective tubes are respectively connect 
ed, means for applying a voltage to one of the 
input circuits, output circuits in which the cath 
odes and the anodes of the respective tubes are 
respectively connected, the output circuits each 
being provided with a source of voltage, the out 
put circuit of one of the tubes being coupled to 
the input circuit of the other tube, means con 
necting the sources of voltage each between the 
anode of one tube and the cathode of the other 
tube with corresponding negative poles of the 
voltage sources connected to the respective said 
cathodes of the said other tubes, the difference in 
potential between the said negative poles and the 
cathodes to which they are connected being Sub 
stantially independent of the voltage applied to 
the said one input circuit, the output circuits 
having a common portion connected between the 
cathodes, and an impedance connected in the 
Common portion of the output circuits, one of the 
input circuits including the impedance, the im 
pedance, having a value such as to produce a de 
generative, coupling in the said one input circuit. 

31. An electric system having, in combination, 
two vacuum tubes each provided with a cathode, 
an anode, and a control electrode, one of the 
tubes having a screen electrode, input circuits in 
which the cathodes and the control electrodes of 
the respective tubes are respectively connected, 
an impedance between said cathodes, output cir 
cuits in which the cathodes and the anodes of the 
respective tubes are respectively connected, the 

two vacuum tubes each provided with a cathode, 75 output circuits each being provided with a source 
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of direct current, means for subjecting the Screen 
electrode of the said one tube to the voltage of 
the direct-current Source of the output circuit 
of the other tube, means for supplying the input 
circuit of the said other tube from the Output cir 
cuit of the said one tube, and means for applying 
a varying voltage from an external source to the 
input circuit of the said one tube. 

32. An electric system having, in combination, 
two vacuum tubes each provided with a cathode, 
an anode and a control electrode, an impedance 
connected between the cathodes, input circuits in 
which the cathodes and the control electrodes of 
the respective tubes are respectively connected, 
output circuits in which the cathodes and the 

9 
and the cathode of the other tube with corre 
sponding poles of the Voltage sources connected 
to the respective cathodes, the output circuits 
having a common portion connected between the 

0 

cathodes, an impedance and an indicating in 
strument connected in the Common portion of 
the output circuits, the impedance having a re 
sistance substantially less than that of the indi 
cating instrument, two terminals by means of 
Which a Voltage may be applied to the input cir 
cuit of one of the tubes, and means for connect 

anodes of the respective tubes are respectively 
connected, the output circuits each being pro 
vided with a source of voltage, a portion of the 
impedance being connected at one end to the 
cathode of one of the tubes and at the other end 
to one end of one of the sources of voltage, means 

20 

Connecting the other end of the said one source . 
of voltage to the anode of the other tube, and 
means connecting the other source of voltage be 
tween the cathode of the said other tube and 
the anode of the said one tube, the sources of 
voltage being connected with corresponding poles 
thereof connected to the respective cathodes, the 
output circuits having a common portion con 
nected to the said One end of the said one source 
of voltage and the junction point between the 
other Source of voltage and the cathode to which 
it is connected, and the remainder of the in 
pedance being Connected between the Said one 
end of the said one source of voltage and the 
said junction point. 

33. An electric System having, in combination, 
two vacuum tubes each provided with a cathode, 
an anode and a control electrode, one of the 
tubes having an auxiliary electrode, input cir 
cuits in which the cathodes and the control elec 
trodes of the respective tubes are respectively 
connected, output circuits in which the cathodes 
and the anodes of the respective tubes are re 
spectively connected, the output circuits each be 
ing provided with a source of Voltage, and means 
for connecting the sources of voltage each be 
tween the anode of one tube and the cathode of 
the other tube with corresponding poles of the 
voltage sources connected to the said respective 
cathodes of the said other tubes, the output cir 
cuits having a common portion connected be 
tWeen the Voltage sources and the cathodes, an 
indicating instrument and a degenerative resis 
to connected in the common portion of the out 
put circuits, whereby a current will flow through 
the indicating instrument, means for varying the 
potential on the auxiliary electrode to balance to 
zero the current through the indicating instru 
ment, and means for varying the degenerative 
resistor, whereby the variation of the degenera 
tive resistor will not affect substantially the zero 
balance through the indicating instrument. 

34. A voltmeter having, in combination, two 
vacuum tubes each provided with a cathode, an 
anode and a control electrode, input circuits in 
which the cathodes and the control electrodes of 
the respective tubes are respectively connected, 
the control electrode of one of the tubes being 
Connected to the anode of the other tube, output 
circuits in which the cathodes and the anodes of 
the respective tubes are respectively connected, 
the output circuits each being provided with a 
source of Voltage, means connecting the Sources 
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ing one of the terminals between the impedance 
and the indicating instrument in order to pro 
duce degenerative coupling in the said input cir 
cuit. 

35. A two-stage amplifier having, in combina 
tion, two vacuum tubes each provided with a 
Cathode, an anode, a control electrode and a 
Screen electrode, input circuits in which the 
cathodes and the control electrodes of the re 
spective tubes are respectively connected, output 
circuits in which the cathodes and the anodes of 
the respective tubes are respectively connected, 
the output circuits each being provided with a 
Source of Voltage, means for subjecting the Screen 
electrode of each tube to the voltage of the volt 
age source of the output circuit of the other tube, 
means for applying a voltage to the input circuit 
of one of the tubes, the output circuit of the said 
one tube having a degenerative impedance, and 
means Connecting the sources of voltage each be 
tween the anode of one tube and the cathode of 
the other tube with corresponding poles of the 
voltage sources connected substantially directly 
to the respective said cathodes of the said other 
tubes, whereby the potential of one of the screen 
electrodes is maintained substantially constant, 
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of voltage each between the anode of one tube 75 

and the respective tubes with their input and 
output circuits constituting the two stages of the 
amplifier. 

36. An amplifier having, in combination, two 
Vacuum tubes each provided with a cathode, an 
anode, and a control electrode, one of the tubes . 
having a screen electrode, input circuits in which 
the Cathodes and the control electrodes of the 
respective tubes are respectively connected. 
the control electrode of one of the tubes being 
connected to the anode of the other tube, out 
put circuits in which the cathodes and the 
anodes of the respective tubes are respectively 
Connected, the output circuits each being pro 
vided with a source of voltage, and means for 
Subjecting the screen electrode of the said 
One tube to the voltage of the voltage source of 
the output circuits of the other tube. 

37. An electric system having, in combination, 
two vacuum tubes each provided with a cathode, 
an anode, and a control electrode, one of the 
tubes having a screen electrode, input circuits in 
Which the cathodes and the control electrodes 
of the respective tubes are respectively con 
nected, output circuits in which the cathodes and 
the anodes of the respective tubes are respec 
tively connected, the output circuits each being 
provided with a source of voltage, and means for 
Subjecting the screen electrode of the said one 
tube to the voltage of the voltage source of the 
output circuit of the other tube, the output cir 
cuits having a common portion connected be 
tween the cathodes. 

38. An electric system having, in combination, 
two vacuum tubes each provided with a cathode, 
an anode, and a control electrode, one of the 
tubes having a screen electrode, input circuits. 
in which the cathodes and the control electrodes 
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of the respective tubes are respectively con 
nected, Output circuits in which the cathodes 
and the anodes of the? respective tubes are re 
spectively connected, the output circuits each 
being provided with a source of voltage, the out 
put circuit of the said one tube being coupled 
to the input circuit of the other tube, and means 
for subjecting the screen electrode of the said 
One tube to the Voltage of the voltage source of 
the output circuit of the other tube, the output 10 
circuits having a common portion connected 
between the cathodes so as to provide a voltage 
drop Suitable to produce degenerative coupling 
in the input circuit of the said other tube. 

39. An electric system having, in combination, 5 
two vacuum tubes each provided with a cathode, 
an anode and a control electrode, input circuits 
in which the cathodes and the control electrodes 
of the respective tubes are respectively con 
nected, output circuits in which the cathodes and 20 
the anodes of the respective tubes are respec 
tively connected, the output circuits each being 
provided with a source of voltage, the output 
circuit of one of the tubes being coupled to the 
input circuit of the other tube, the output cir- is 
cuits having a common portion connected be 
tween the Cathodes, and an impedance con 
nected in the common portion of the output cir 
cuits, one of the input circuits including the im 
pedance, the impedance having a value such as 30 
to produce a degenerative coupling in the said 
One input circuit. 

40. An electric system having, in combination, 
two vacuum tubes each provided with a cathode, 
an anode, and a control electrode, one of the 35 
tubes having a screen electrode, input circuits 
in which the cathodes and the control electrodes. 
of the respective tubes are respectively connected. 
output circuits in which the cathodes and the 
anodes of the respective tubes are respectively 40 
connected, the output circuits each being pro 
vided with a source of voltage, means for sub 
jecting the screen electrode of the said one tube 
to the voltage of the voltage source of the out 
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cuits in which the .cathodes and the control 
electrodes of the respective tubes are respectively 
connected, output circuits in which the cathodes 
and the anodes of the respective tubes are re 
spectively connected, the output circuits each 
being provided with a source of voltage, the out 
put circuits having a common portion Connected 
between the cathodes, the output circuit of one 
of the tubes having a degenerative impedance 
connected in the common portion of the Output 
circuits and a second impedance, and means con 
necting the second impedance in the input cir 
cult of the said one tube. 43. An electric system having, in combination, 
two vacuum tubes each provided with 8 cathode, 
an anode and a control electrode, input circuits 
in which the Cathodes and the control electrodes 
of the respective tubes are respectively connected, 
output circuits in which the cathodes and the 
anodes of the respective tubes are respectively 
connected, the output circuits each being pro 
vided with a source of voltage, the output cir 
cuits having a common portion connected be 
tween the cathodes, an impedance and an indi 
cating instrument connected in the common por 
tion of the output circuits, two terminals by 
means of which a voltage may be applied to the 
input circuit of one of the tubes, and means for 
connecting one of the terminals between the imit 
pedance and the indicating instrument in order 
to produce degenerative coupling in the said in 
put circuit. . 
44. An electric, system having, in combination, 

two vacuum tubes each provided with a caths 
ode, an anode, and a control electrode, one of 
the tubes having a screen electrode, input cir 
cuits in which the cathodes and the control elec 
trodes of the respective tubes are respectively 
connected, output circuits in which the cathodes' 
and the anodes of the respective tubes are re 
spectively connected, the output circuits each 
being provided with a source of voltage, means 
for subjecting the screen electrode of the said 
one tube to the voltage of the voltage Source of 

put circuit of the other tube, and means for 45 the output circuit of the other tube, the output. 
connecting the sources of voltage each between 
the anode of one tube and the cathode of the 
other tube with corresponding poles of the volt 
age sources connected to the respective cathodes. 

41. An electric system having, in combination, 80 
two vacuum tubes each provided with a cathode, 
an anode and a control electrode, input circuits 
in which the cathodes and the control electrodes 
of the respective tubes are respectively con 
nected, output circuits in which the cathodes ss 
and the anodes of the respective tubes are re- . 
spectively connected, the output circuits each 
being provided with a source of voltage, and 
means for connecting the sources of voltage each 
between the anode of one tube and the cathode of the other tube with corresponding poles of 
the voltage sources connected to the said re 
spective cathodes of the said other tubes, the 
output circuits having a common portion con 
nected between the voltage sources and the 6s 
cathodes, an indicating instrument and a de 
generative resistor connected in the common 
portion of the output circuits, whereby a current 
will flow through the indicating instrument, 
means for balancing to zero the current through 70 
the indicating instrument, and means for varying 
the degenerative resistor. . 

42. An electric system having, in coulination, 
two vacuum tubes each provided with a cathode, 

circuits having a cominon portion connected be 
tween the cathodes, and an impedance and an 
indicating instrument connected in the common 
portion of the output circuits. 

45. An electric system having, in combination, 
two vacuum tubes each provided with a cath 
ode, an anode and a control electrode, input cir 
cuits in which the cathodes and the control elec trodes of the respective tubes are respectively 
connected, output circuits in which the cathodes 
and the anodes of the respective tubes are re 
spectively connected, the output circuits each 
being provided with a source of voltage, the out 
put circuits having a common portion connected 
between the cathodes, an impedance and an in 
dicating instrument connected in the common 
portion of the output circuits, and means for 
varying the output current from one of the tubes 
to balance to zero the current through the indi 
cating instrument. 46. An electric system having, in combination, 
two vacuum tubes each provided with a Cathode, 
an anode and a control electrode, input circuits 
in which the cathodes and the control electrodes 
of the respective tubes are respectively connected, 
output circuits in which the cathodes and the 
anodes of the respective tubes are respectively 
connected, the output circuits each being pro 
vided with a source of voltage, the output circuits 

an anode, and a control electrode, input cir- 75 having a common portion'Connected between the 
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cathodes, an impedance and an indicating instru 
ment connected in the common portion of the 
output circuits, a voltage-divider resistor, and 
means for varying the voltage-divider resistor to 
adjust the zero reading of the instrument. 

47. An electric system having, in combination, 
vacuum-tube apparatus having an impedance 
and an indicating instrument, a rectifier having 
a Cathode, an anode, an input circuit and an out 

11. 
put circuit, means for connecting the output cir 
cuit to the vacuum-tube" apparatus, an imped 
ance connected in the Output circuit, a voltage 
divider connected across the cathode, and means 
for simultaneously adjusting the voltage divider 
and the impedance to maintain the Zero reading 
of the indicating instrument. 
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