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UNITED STATES PATENT OFFICE 
2,373,241 

AMPFER, CIRCUIT 

William J. Field, Minneapolis, Minn., assignor to 
Minneapolis-Honeywell Regulator Company, 
Minneapolis, Minn., a corporation of Delaware 

Application November 18, 1942, Serial No. 466,010 
6 Claims. (CI. 19-1) 

The present invention relates to amplifier cir 
cuits, and particularly to circuit arrangements 
for preventing disturbances in amplifier circuits 
due to the use of a source of alternating electrical 
energy as a power supply. 

Electronic amplifier circuits of conventional 
type use an electrical discharge device having an 
anode, a cathode and a control electrode, and a 
source of substantially unidirectional electrical 
energy for supplying power to the anode-cathode 
circuit of the device. Since sources of alternat 
ing electrical energy are frequently much more 
accessible and convenient than a source of uni 
directional energy, it is customary to utilize an 
alternating source, and to provide a rectifier and 
filter circuit for obtaining unidirectional energy 
therefrom. Most rectifier circuits have a con 
siderable alternating component in their output, 
and the filter circuit is utilized to remove this 
alternating component so that the amplifier may 
be supplied with purely unidirectional electrical 
energy. Absolutely perfect filter circuits are, 
however, unknown. Furthermore, the more per 
fect a filter circuit is, the more complicated and expensive it is likely to be. 

It is therefore an object of the present inven 
tion to provide a circuit arrangement wherein a 
relatively simple filter circuit may be used be 
tween a rectifier and an amplifier circuit, and 
wherein improved means are provided to prevent 
the appearance of any substantial alternating 
component in the final stage of the amplifier. 
Another object of the present invention is to 

provide a power supply circuit for a multiple 
stage amplifier, in which two stages of the am 
plifier are connected to electrically spaced points 

O 
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20 

sentation of a control system wherein the ampli 
fler circuit of Figure i may be used, and 

Figure 3 is an electrical wiring diagram of a 
modified form of amplifier circuit embodying the 
principles of my invention. 

Referring now to Figure 2, there is shown a 
system for controlling the movements of the rud 
der of an aircraft in accordance with the deflec 
tion of a directional gyroscope, diagrammatically 
indicated at 0, from a normal position. The 
gyroscope O is indicated as rotating a shaft 
whenever the aircraft upon which the gyroscope 
is mounted changes its direction. Fixed on the 
shaft f is a slider 2, which cooperates with a 
slidewire resistance 3. The slider 2 and the 
resistance 3 together form a control potenti 
ometer f4. 
The resistance 3 is connected in an electrical 

network , of the Wheatstone bridge type, The 
network 5 also includes a slidewire resistance 
with which is associated a slider . The resist 
ance 6 and slider together form a follow-up 
potentiometer 8. The network 5 is supplied 
with electrical energy from a transformer sec 
ondary winding 54, whose terminals 20 and 2 
are connected through conductors 22 and 23, re 
spectively, to the left and right terminals of 
resistances f and 6. The sliders f2 and f form 

30 the output terminals of the network 5. The 
slider is fixed on a shaft 24 for rotation there 
with. The shaft 24 also carries a pulley 2 and 
a gear 28. A cable 27 runs over the pulley 2. 
This cable 2 may be the conventional control 
cable used in aircraft for positioning the rudder. 
The gear 2 engages a pair of gears 30 and 3, 

which are fixed on shafts 32 and 33, respectively. 
in the power supply circuit, and in which the 
attenuation of the alternating component in the 
power supply circuit between these two points 
are proportioned to the gain in the amplifier cir 
cuit. A still further object is to provide, in an 
amplifier and power supply circuit of the type 
described, means whereby the phase shift between 
the aforesaid two points in the filter circuit is 
supplementary to the phase shift occurring be 
tween the amplifier stages. 
Other objects and advantages of my invention 

will become apparent from a consideration of the 
appended specification, claims and drawings, in 
which 

gure i is an electrical wiring diagram of an 
amplifier and power supply circuit embodying 
the principles of any invention, 

ture 2 is a somewhat diagrantistical repre 

The shaft 2 is connectable through an electri 
cally operable clutch device schematically indi 
cated at 4 to a driving shaft S. Similarly, the 
shaft is connectable by an electrically operable 
clutch device to a driving shaft. The shafts 
3 and 3 carry gears and 39, respectively, . 
which mate with each other so that the shafts 
35 and 37 rotate in opposite directions. The 
gear 8 engages a gear 4f which is driven by a 
continuously running motor 42. 

The motor 42 may be supplied with electrical 
energy from any suitable source, as for example 
a battery . An energizing circuit for motor 
2 may be traced from the upper terminal of bata 

tery 8 through conductors and 4, motor 42, 
a conductor it, ground connections and 88, 
and a conductor 48 to the lower terminal of bat 

... tely . fhlattery is also supplies electrical energy 

  



2 
to a converter 5, which may be of any conven 
tional type, and serves to supply alternating elec 
trical energy to an amplifier 52, which is de 
scribed in detail in Figure 1. The direct current 
input circuit for converter 5 may be traced from 
the upper terminal of battery 43 through conduc 
tors 44 and 53, converter 5, a conductor 54, 
ground connections 55 and 48, and conductor 9 
to the lower terminal of battery 43. The con 
verter 5 supplies alternating electrical energy 
through conductors 56 and 57 to power inputter 
minals 58 and 59 of implifier 52. 
The slider 2 is connected through a shielded 

conductor 6 to an input terminal 62 of ampli 
fier 52. The slider 7, which serves as the other. 
output terminal of network S, is connected 
through a conductor 63 to ground at 64. The 
other input terminal 65 of amplifier 52 is ground 
ed as at 66. 
As explained in greater detail hereinafter in 

connection with the description of Figure 1, the 
amplifier 52 selectively controls the conductivity 
of the energizing circuits for the electrically op 
erated clutches 34 and 36. The energizing cir 
cuit for clutch 34 may be traced from the upper 
terminal of battery 43 through a conductor 60, 
a terminal 67 of amplifier 52, an internal connec 
tion in amplifier 52, a terminal 68, a conductor 
69, clutch 34, a conductor 70, ground connections 
7 and 68, and conductor 49 to the lower termi 
nal of battery 43. The energizing circuit for 
clutch 36 may be traced from the upper termi 
nal of battery 43 through a conductor 73, a ter 
minal 74 of amplifier 52, an internal connection 
in amplifier 52, a terminal 75, a conductor 6, , 
clutch 36, a conductor. 77, ground connections 78 
and 48, and conductor 49 to the lower terminal 
of battery 43. y 

Suitable switch means may be provided for 
shutting down the entire system when not in use. 
Also, limit switch means may be provided for Se 
lectively preventing energization of one or the 
other of the clutches when the follow-up poten 
tiometer, or the rudder, reaches the end of its 
range of travel. A suitable switching arrange 
ment is shown, for example, in the co-pending ap 
plication of Willis H. Gille, Serial No. 447,989, 
filed June 22, 1942. 

Referring to Figure 1, there are shown the de 
tails of the amplifier circuit 52. This amplifier 
comprises a first preliminary voltage amplifica 
tion stage 80, a second preliminary voltage am 
plification stage 8, and a final power amplifica 
tion stage 82. The amplifier 52 also includes a 
power supply circuit, generally indicated at 88, 
which supplies power to the preliminary stages 
80 and 8 and provides suitable biasing potentials 
for the second stage 8 and the final stage 82. 
The first amplification stage 80 includes an 

electrical discharge device, shown as a triode 84, 
which may be, for example, one-half of a twin 
triode of the type known commercially as type 

5 
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2,878,241. 
ance 90, terminal 65, and ground connections it 
and 93 to cathode 87. The output circuit of stage 
80 may be traced from a conductor 94, which 
serves as the positive terminal of the Output cir 
cuit power supply, through a load resistance 95, 
anode 85, and cathode 87 to ground at 93, the 
ground connection serving as the negative termi 
nal of the Output circuit power supply. 
The second amplifier stage 8 includes a triode 

96 having an anode 97, a control electrode 9, a 
cathode 99, and a heater filament 00. The tri- . 
odes 84 and 96 may be, for example, the two 
halves of a single 7F twin triode. The input 
circuit of the stage 8 may be traced from the 
control electrode 98 through a resistance ol, a 
resistance fo2, a resistance 03, and a condenser 
04 in parallel therewith, and ground connec 

tions fo8 and 09 to cathode 99. The Output cir 
cuit of stage 8 may be traced from positive sup 
ply terminal 94 through a load resistance fill, an- . 
ode 97, and cathode 99 to ground at 09. 
A pair of resistances 2 and 3 are connected 

between positive power supply terminal 94 and 
ground at 4. The resistance 3 is provided 
with an adjustable tap 5, and the latter is con 
nected through a resistance 6 to the lower ter 
minal of resistance O2 in the input circuit of, 
stage 8. This connection serves... to provide a 
positive bias potential for this input circuit. An 
additional positive bias potential may be applied 
to this input circuit through a connection which 
may be traced from the lower terminal of resists 

40 

ance 02 in the input circuit through a conduc-, 
tor f7, either through conductor 8, contact 

9, and switch arm 20 to a conductor 24, or 
through conductor 2, contact 22, and switch 
arm 23 to conductor 24, and thence through a 
variable resistance 25 and fixed resistance 2 
to a terminal 80 in the power supply circuit 88. 
The terminal 80 is located at a point in the 
power supply circuit 83 which is positive with re 
spect to ground. Variations in the potential of 
anode 85 caused by variations in the output cur. 
rent of the stage 80 are coupled to the input cir 
cuit of stage 8 through a blocking condenser 
27 and a conductor 28. . 
The final power amplification stage 82 includes 

a twin triode 30, which may be of the type com 
ge mercially known as type 7N7. The twin triode 

30 includes two separate triodes 3 and 32. 
The triode 3 includes an anode 33, a control 
electrode 34, a cathode 35, and a heater fla 
ment 36. The triode 32 includes an anode 3, 

ss a control electrode 38, a cathode 39, and a 

80 

heater flament 40. 
The power amplification stage 82 includes a 

common input circuit for both the triodes 3 and 
32. This common input circuit may be traced 
from either control electrode 34 or control elec 
trode 38 through a conductor 42, a conductor 
43, a movable tap 44, a portion of a resistance 

7F7. The triode 84 includes an anode 85, a con- . 
trol electrode 86, a cathode 87, and a heater fla 
ment 88. 
A resistance 90 is connected across the input 

terminals 62 and 65 of amplifier 52, so that any 
signal potential occurring between these termi 
nals causes a corresponding current flow through 
resistance 90. The resistance 90 is provided with 
an adjustable tap 9, which serves in a well known 
manner to control the gain of the amplifier 52. 
:The input circuit: of amplifier stage to may 

be traced from control electrode it through a 

70 

145, and ground connections 46 and 47 to 
cathodes 35 and 39. Variations in the potential 
of anode 97 caused by variations in the output 
current of the second amplifier stage 8f are . . 
transmitted to the common input circuit of the 
final stage 82 through a blocking condenser 48 
and a conductor 49 to conductor f42 in the com 
mon input circuit. The resistance 45 is so con 
nected in the power supply circuit 83 that the tap 
44 is negative with respect to ground. The set 
ting of tap 4 with respect to resistance 4. 
therefore determines a negative bias potential 

shielded conductor 92, tap II, a portion of resist- 78 applied to the common input circuit of final 
  



9,878,941 
stage 2 and hence determines the normal cur 
rent flow in the output circuits of that stage. 
The output circuit of final stage 2 is divided 

into two branches, each of which includes the 
anode and cathode of one of the triodes 3 and 
32. Both branches of the output circuit of 
stage 82 are supplied with alternating electrical 
energy from a secondary winding 5 of a trans 
former 52. The transformer 52 also includes a 
primary winding 53 and two additional second 
ary windings 5 and 56. 
The upper branch of the output circuit of final 

stage 82 may be traced from the upper terminal 
of secondary winding f5 through a winding SS 
of a relay 58 and a condenser 5 connected in 
parallel with winding 56, anode 33, cathode 
l, and ground connections 4 and 08 to a 
center tap 60 on transformer secondary winding 
5. The lower branch of the final stage output 

circuit may be traced from the lower terminal of 
secondary winding 5 through a winding 
of a relay 62 and a condenser 63 in parallel 
with the winding 6, anode 37, cathode 39, and 
ground connections 47, and 0 to center tap 30 
on winding 5. 
The two branches of the output circuit of final 

stage 82 may be conductive on opposite half 
cycles of the alternating energy supplied by the 
winding 5, that is, the triode 3 may be con 
ductive during the half cycle when the upper 
terminal of winding 5 is positive with respect 
to the center tap 60, while the triode 32 may 
be conductive during the half cycle when the 
lower terminal of secondary winding 5 is posi 
tive with respect to center tap 60. The second 
alry winding 54 of transformer 52 is con 
nected through the terminals 20 and 2 to the 
network 5 (see Figure 2). Therefore, any signal 
which appears between the Output terminals of 
the network 5 is of the same frequency as the 
energy supplied to the final output stage 82. 
In accordance with the well known character 
istics of alternating current bridge circuits, it will 
be understood that the time phase of such a sig 
nal depends upon the direction of unbalance of 
the network 5. If the phase of the signal is 
Such that the Control electrodes 34 and 38 are 
positive when the upper terminal of secondary 
winding 5 is positive, the current flow through 
triode 3 is increased above the normal value 
determined by the Setting of tap 44 on resistance 
45, while if the phase of the signal is such that 
the control electrodes 34 and 38 are positive 
when the lower terminal of secondary winding 
it is positive then the current flow through the 
triode 2 is increased. Condensers 57 and BS 
operate to maintain energization of the relay 
windings 56 and 6, respectively, over a period 
longer than the half cycles during which the tri- . 
odes associated with the respective relays are con 
ductive. During the half cycle when a particu 
lar triode is conductive, the output circuit cur 
rent flows through the relay winding and also 
charges the condenser. 
when the triode is non-conductive, the condenser 
discharges through the relay winding, thereby 
maintaining the current flow. 
Relay it includes, in addition to the winding 
U, the switch arm 2 previously mentioned, 
and a switch arm its which cooperates with a 
stationary contact lit. Both the switch arms 
2 and is are biased, by means not shown, to 
the circuit opening position and are moved to 
circuit ciosing position upon sufficient energiza 
tion of relay winding it. 

During the half cycle 

0. 

5 

20 

3 
The relay 2 similarly includes, in addition 

to winding and the switch arm 28 pre 
viously mentioned, a switch arm 7 which co 
Operates with the stationary contact . Both 
switch arms 23 and 67 are biased to the circuit 
opening position and are moved to their circuit 
closing position upon sufficient energization of 
winding 6. 
The power Supply circuit 83 is energized from 

secondary winding 55 of transformer 2. The 
power Supply circuit 83 includes a twin diode 
which may, for example, be of the type commer 
cially known as type 7Y7. The twin diode TD, 
which serves in the power supply circuit 3 as a 
full wave rectifier, includes a first diode 7 
"having an anode 72, a cathode 73, and a heater 
filament 74. The second diode is generally indi 
cated at 75 and includes an anode 76, a cathode 
77, and a heater filament 78. On the half 

cycles when the upper terminal of secondary 
winding 55 is positive, current flows therefrom 
through anode 72 and cathode 3 of diode 7 
to terminal 80. On the haif cycles when the 
lower terminal of secondary winding 55 is posi 
tive, current flows therefrom through anode 7 
and Cathode of diode 75 to terminal 8. 
The current supply to the output circuit of stages 

30 

35 

40 

s 

and 8 passes from the terminal 80 through a 
filter network 90 comprising a choke coil 
and condensei's 82 and 83 connected between 
opposite terminals of the choke coil 8 and 
ground. After passing through the filter net 
work, the current flows along conductor 84 to 
conductor 94 which serves as the positive power 
Supply terminal for the output circuits of stages 
0 and f. The various ground connections serve 
as the negative power supply terminals of these 
output circuits. The current supplied by the 
rectifier 70 flows through the various amplifier 
output circuits and ground connections to ground 
connection 46, and thence through resistance 4s 
and conductors 85 and 86 to a center tap 
on transformer secondary winding 55. It should 
be noted that the direction of current flow 
through resistance 45 is such as to make its left 
terminal positive with respect to its right ter 
minal, as indicated by the legend in the draw. 
ingS. 
A filter condenser 88 is connected between 

terminal 80 and center tap 86. 
In order to aid those skilled in the art in con 

structing an amplifier in accordance with my 
invention, the following table is appended, giv 
ing values of the various resistances and conden 

s sers used in one embodiment of my invention: 

Reference character Quantity 

181. or is a rare as as as a . . . . 4. ohns D. C. resistance, 30 henries in 

--------------------- snieroid. 
--------------------- 0.5 microfarad. 
--------------------- 05 acronad. 

  



4. 
The heater filaments 88, 00, 36, 40, 74, and 
may be connected to any suitable source of 

electrical energy (not shown). 
Operation 

The operation of the amplifier circuit 52 and 
of the System shown in Figure 2 are described 
in detail in the copending application of Willis 
H. Gille, Albert P. Upton, and William J. Field, 
Serial No. 466,088, filed on even date hereWith. 
It is believed sufficient for the purposes of the 
present application to, state that the amplifier 52 
operates to cause intermittent energization of 
one of the relays 58 and 62 when the signal 
impressed upon its input terminals 62 and 65 
is Small in value. When the signal increases in 

10 

s 

magnitude, the particular relay selected is con 
- tinuously energized. As previously mentioned, 
the relays are selectively energized in accord 
ance with the phase of the alternating signal 
potential impressed between the input terminals 
62 and 65. 

In each of the amplifier stages 80 and 8, there 
is a gain in the strength of the signal, which 
gain may be definitely determined, either from 
theoretical considerations or by direct measure 
ment. Since the filter circuit 90 is very simple 
in construction, and therefore imperfect as a 
filter, an alternating. component passes through 
the conductors 84 and 94 to the output circuits 
of the stages 80 and 8. 
ponent so impressed on stage 80 is amplified in 
stage 8 and transmitted through blocking con 
denser 48 to the input circuit of final stage 82. 
The alternating component so impressed on stage 
8, although not amplified, is likewise transmit 
ted through blocking condenser f48 to the input 
circuit of final stage 82. Due to the phase shift 
between stages 80 and 8, these two alternating . 
components add vectorially, and not algebraical 
ly, but it is believed to be clear that the total 
alternating component passed through blocking 
condenser 48 is considerably larger, due to the 
amplification of one of its components, than the 
alternating component existing between termi 
nal 9 of filter 9 and ground. . 
The input circuit of final stage 82 is connected 

to tap 48, which is associated with the power 
supply circuit 83 at a point where the alternat 
ing component of current flowing in the power 
supply circuit is much greater. than the alter 
nating component existing at terminal 9. It 
may be noted that a portion of the total alter 
nating component in the output of rectifier 
is by-passed from the filter 90 and from the 
resistance 45 by the condenser 88. Further 
more, the condensers 82 and 83 by-pass con 
ditional fractions of the alternating component 
in the rectifier output, which additional frac 
tions therefore do not pass through the output 
circuits of stages 8 and 8. 
components do however, pass through ground 
connection 46 and resistance 45 to the center 
tap 87 of transformer winding 55, and are as 
therefore impressed through tap 44 to the com 
mon input circuit of the final stage 82. 
I have found, that by properly proportioning 

the attenuation of the alternating component in 
the filter network 90 to the gain in the ampli 
'fier stage 8, the magnitude of the alternating 
component impressed on the common input cir 
cuit cf final stage 82 through tap 44 may be 
made equal in magnitude to the total alternat 
ing component impressed on the common input 

The alternating con 

These additional 

2,378,24. 
denser 8. Furthermore, by properly choosing 
the elements in the filter circuit 90 so as to 
make the phase shift of the alternating com 
ponent between terminal 80 and ground supple 
mentary to the resultant phase shift which, takes 
place in the amplifier stages 86 and 8, it is pos 
sible to have the two alternating components : 
which reach the input circuit of the final stage. 
Substantially opposite in phase. If these two al 
ternating components are made equal in magni 
tude and opposite in phase, they cancel each 
other out and have no effection the final stage 
output circuit. . . . 

While it is entirely possible to develop a theo 
retical analysis of the relationship between the 
amplifier gain and the loss in the filter circuit, 
and a similar. relationship between the phase 
shifts in the amplifier and falter circuit, I have 
found it more convenient from a practical stand 
point to determine the various values of circuit 
elements to be employed in any, given case by 
empirical methods. The values given in the 
table previously set forth show values of the vari 
ous circuit elements which have operated satis 
factorily in one embodiment of my invention. 

Figure 3 
In Figure 3, is shown a somewhat different 

amplifier, circuit' embodying my invention. This 
amplifier circuit, generally indicated at 200, in 
cludes three preliminary voltage amplification 
stages 20, 202, and 203 arid a final power ampli 
fication stage 204. The 'amplifier 200 also in 
cludes a power supply circuit 205 including a full 
wave rectifier 206 and a filter circuit 207, 

In the amplifier 200 the final stage 204 is not 
supplied with a biasing potential, or in fact with 
any potential from the power supply circuit 205. 
It is therefore necessary, in applying my inven 
tion to this circuit, to proportion the alternating 
component applied from the rectifier 206 to the 
last preliminary stage 293 in such a manner that 
it is equal in magnitude and opposite in phase to 
the alternating components reaching the output 
circuit of stage 203 through the previous stages 
20 and 202. 

Therectifier 206 has a positive terminal 2.0 and 
a negative terminal 2. The filtercircuit 29 is 
divided into two sections, one between rectifier 
output terminal 20 and a terminal 22, and the 
Other Section between terminals 22 and 23. 
The attenuation of the alternating component 
and the phase shift in the filter section between 
terminals 242 and 2.3 should be proportioned to 
the gain and phase shift in the amplifier circuit 
202, in order to reduce as much as possible the 
resultant alternating component. transmitted to 
the final stage 203. The alternating component. 
attenuation and phase shift in the section of the . 
filter circuit between terminals 20 and 22 may 
then be proportioned so that the alternating 
component supplied directly to the output circuit 
of stage 203 is of the proper magnitude and phase 

: to cancel out the alternating component trans 
mitted to stage 203 from the previous stages. . 
While I have shown and described certain pre 

ferred embodiments of my invention, other modi-, 
fications thereof will occur to those skilled in the 

70 art, and I therefore wish my invention to be 
limited Only by the appended claims. 

I claim as my invention: : . . . 
1. An amplifier circuit, comprising in combiria 

tion, a plurality of cascaded amplifier stages, each 
stage having an input circuit and an output cir 

circuit of the final stage through blocking con- 7s eult, first power supply means for supplying an 
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alternating voltage to the output circuit of said 
final stage, Second power supply means for sup 
plying a unidirectional voltage to the remaining 
output circuits, said second power supply means 
including a Source of alternating electrical en 
ergy, rectifier means having an appreciable alter 
nating component in its output potential, and a 
filter network, connections between said remain 
ing output circuits and a first point in said filter 
network electrically remote from said rectifier 
means, and a connection between the input cir 
cuit of said final stage and a second point in said 
filter network electrically closer to said rectifier 
means than said first point, said filter network 
including impedance means connecting said two 
points, said impedance means having a character 
istic such that the alternating component of po 
tential introduced into said final stage through 
said last-mentioned connection is substantially 
equal in magnitude and opposite in phase to the 
vector surn of the alternating components trans 
mitted to said final stage through said amplifier 
stages. - 

2. An amplifier circuit, comprising in combina 
tion, a plurality of cascaded amplifier stages, each 
stage having an input circuit and an output circuit, 
first power Supply means for Supplying an alter. 
nating Voltage to the output circuit of said final 
stage, second power supply means for supplying 
a unidirectional voltage to the remaining output 
circuits, Said Second power supply means includi 
ing a source of alternating electrical energy, reca 
tifier means having an appreciable alternating 
component in its output potential, and a liter 
network; connections between said remaining 
output circuits and a first point in said filternets 
Work electrically remote fron said rectifier 
means, and a connection between the input cir 
cuit of said final stage and a second point in said 
filter network electrically closer to said rectifier 
means than said first point, said filter network 

O 

6 

3) 

35 

48 

including first impedance means connecting said 
two points, and Second impedance means con 
hecting said Second point and said rectifier 
means, Said first and Second impedance means 
having characteristics so related that the alter 
nating component of potential irstroduced into 

, said final stage through said last mentioned con 
nection is substantially equal in magnitude and 
opposite in phase to the vector sum of the alter 
nating components transmitted to said final stage 
through said amplifier stages. 

3. An amplifier circuit, comprising in combi 
nation, a plurality of cascaded amplifier stages, 
each stage having an input circuit and an out 
put circuit, first power supply means for sup 
plying an alternating voltage to the output cir 
cuit of said final stage, second power Supply 

s 

53 

5 
through said last mentioned connection is sub 
stantially equal in magnitude, and opposite in 
phase to the vector sum of the alternating com 
ponents transmitted to Said last Output circuit 
through the earlier amplifier stages. 

4. An amplifier circuit, comprising, in combi 
nation, a plurality of amplifier stages, each 
having an input and output circuit, means cou 
pling said stages so as to invert the phase of 
signal potentials transmitted therebetween, pow 
er supply means for said stages including a source 
of alternating electrical energy, rectifier meang 
connected to said source, a filter network, said 
filter network comprising a condenser and a first 
Substantially non-capacitive impedance connecta 
edi in Series with said sectifier and said poWes' 
source, a second condenser and a second sub 
stantially non-capacitive impedance connected 
in parallel with said first condenser out not with 
Said first impedance, means for applying & por 
tion of the voltage across said second condenser 
to the input, circuit of one of said stages, the 
output circuit of said one stage being connected 
to the input, circuit of Said final stage, and means 
for applying a portion of tie voltage across said 
first named impedance to the input circuit of 
said final stage, the Waites of Said condensei's 
and impedances being so chose that the ripple 
introduced directly into the input circuit of said 
final stage from said source of power is cancelled 
out by the ripple introduced by said source of 
power into said input, circuit from said one 
stage. 

5. An amplifier circuit, comprising, in combi 
nation, a plurality of amplifies stages, each have 
ing an input and output circuit, means coupling 
said stages so as to invert the phase of signal po 
tentials transmitted thereoetween, power supply 
means for said stages including a, Source of al 
ternating electrical energy, rectifier (means con 
nected to said source, a filter network, said filter 
rhetwork comprising a condenser and a first Sub 
stantially non-capacitive impedance connected 
in series with said rectifier and said power source, 
a second condenser and a second substantially 
non-capacitive impedance connected in parallel 
with said first condenser but not with said first 
impedance, means for applying a portion of the 
voltage across said second condenser to the out 
put circuit of a first of said stages and hence to 
the input circuit of a second of said stages, the 
output circuit of said second stage being con 
nected to the input circuit of a final stage, and 
means for applying a portion of the voltage 
across said first named impedance to the input 
circuit of said final stage, the values of Said con 
densers and impedances being so chosen that 
the ripple introduced directly into the input cir 

means for supplying a unidirectional voltage to 
the remaining output circuits, said second power 
supply means including a source of alternating 
electrical energy, rectifier means having an ap- . . 
preciable alternating component in its output 
potential, and a filter network, connections be 
tween all but the last in the cascade of said re 65 

maining output circuits and a first point in said 
filter network electrically remote from said recti 
fler means, and a connection between said last 
output circuit and a second point in said filter 
network electrically closer to said rectifier means 
than said first point, said filter network includ 
ing impedance means connecting said two points, 
said impedance means having a characteristic 
such that the alternating component of potent 
tial introduced into said last output circuit i' impeiance connected in series with said rect 

7. an alternating voltage from said source to the 

cuit of said final stage from said source of power 
is cancelled out by the ripple introduced by said 
source of power into said input circuit from the 
first and second stages. 

6. An amplifier circuit, comprising, in combi 
nation, a plurality of amplifier stages, each hav 
ing an input and output circuit, means coupling 
said stages so as to invert the phase of signal po 
tentials transmitted therebetween, power supply 
means for said stages including a source of al 
ternating electrical energy, means for applying 
output circuit of the final one of said stages, rec 
tifier means connected to said source, a filternet 
work, said filter network comprising a con 
denser and a first suostantially non-capacitive 
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fier and said power source and a second con 
deaser and a second substantially non-capacitive 
impedance connected in parallel with said first 
condenser, but not with said first impedance, 
eans for applying a portion of the voltage 

across said second condenser to the output cir 
cuits of a first and a second of said stages, the 
output circuit of said second stage being cone 
Enected to the input circuit of said final stage, 
and means for applying a portion of the voltage 

across said arst named impedance to the input 
circuit of said final stage, the values of said con 
densers and impedances being so chosen that 
the ripple introduced into the input circuit of 
said final stage from said source of power is can 
celled out by the ripple introduced by said source 
of power into said input circuit from the: first 
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and second stages. 

  


