
July 27, 1954 E. A. GOLDBERG ET AL 2,684,999 
STABILIZED DIRECT CURRENT AMPLIFIER 

.an im? 
f z 

f7 
Wifi/vf 

Filed Aprii 28, 1949 

@L 



Patented July 27, 1954 

UNITED FEICE 
2,684,999 

STÁBILÉZED DIRECT CURREN T 
AMPLIFÄER 

Edwin A. Goldberg, Princeton Junction, and Jules 
Lehmann, Princeton, N. J., assignors to Radio 
Corporation of America, a corporation of Dela 
Ware 

Application April 28, 1949, Serial No. 90,072 

'i' Claims. 
1 

This invention relates to direct current am 
plifiers, and more particularly to means for 
stabilizing the drift and automatically setting 
the zero of such ampliñers so that the output 
voltage will be zero when the input voltage is 
zero. 

Amplifiers are normally stabilized relatively to 
gain by means of overall feedback. In the case 
of D. C'. amplifiers, the gain expressed as a ratio 
of change of output voltage to a change of input 
voltage may be stabilized by this method, but 
overall feedback does not insure that the output 
voltage will be zero for zero input voltage. This 
adjustment must normally be made manually, 
and the setting must be changed as a function 
of time since the tube characteristics change 
slightly with time. This adjustment is herein. 
after called the zero or ­threshold adjustment. 
Variations in the required threshold adjustment 
to insure zero output for zero input are normally 
quite slow. 
The present invention provides means for auto 

matically and continuously stabilizing D. C. am 
plifiers for zero, drift and gain. Stabilization 
for gain is accomplished as usual by the use of 
overall feedback. Stabilization for zero and drift 
is accomplished by means including a contacter 
type of modulator which chops the error voltage 
so that it may be ampliiied in an A. C. amplifier. 

The output of this A. C. amplifier is rectified applied to the D. C. amplifier at a point where 

the zero setting voltage is normally applied. 
As will appear, the ampliiier herein described 

may function as a summing ampliñer, a difier 
entiator or an integrator depending on the com 
ponents of its input and overall feedback circuits. 
The principal object of the invention is to proh 

vide an improved means and method of opera 
tion whereby a D. C. amplifier is continuously 
and automatically stabilized for gain, .zero and 
drift. A further object is the provision of an 
improved feedback circuit which is responsive to 
an error voltage and functions to provide a cor 
rection or stabilizing voltage adapted to climi» 
nate the effect of such error voltage. 
Another object of the invention is the pro­ 

vision of an improved means which (1) functions 
to stabilize an ampliñer for drift and zero when 
it is operated as a D. C. amplifier and (2) does 
not substantially aiïect the high frequency re 
sponse characteristics of the amplifier when it 
is operated as an A. C. ampliiier. 
The invention will be better understood from 

the following description considered in coh 
nection with the accompanying drawings and 
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2 
its scope is indicated by the appended claims. 
Referring to the drawings: 
Fig. 1 is a block diagram showing the relation 

between the Various parts of the ainpliiier, 
Fig. 2 is a block diagram similarly illustrating 

a modiñed form of the amplifier, and 
Fig. 3 is a wiring diagram of the amplifier of 

Fig. 1. 
Fig. 1 shows an amplifier ill as provided with 

input terminals i! and l2 and with output ter 
minals I3 and lll. A resistor l5 is connected in 
the input circuit and a resistor i6 is connected 
in the overall feedback circuit from the output 
to the input of the amplifier. With these con 
nections, the amplifier is stabilized for gain. 
In order to stabilize the amplifier for zero and 

drift, there is connected between the junction 
point of the input resistor l5 and feedback re 
sistor I6 and the point to which the correction 
voltage is to be applied a circuit which includes 
a vibrator or chopper I7, an A. C. amplifier I8 
and a synchronous rectifier i9. 

l'f it be assumed that 

c1=1nput voltage, 
e‘OzOutput voltage, 
eg1=Error voltage, or actual input voltage of the 
main amplifier, 

eg2=Zero setting voltage, , 
Z1=Input series impedance (resistor l5), 
Z2=Feedback impedance (resistor le), 
G1(W>=Gain characteristic of the amplifier I0 

for (cgi-e512), p 

G2<W>=Gain characteristic of the stabilizing 
circuit, and 

_elZiNWHZIi-ZZ 
The factor G2<W> contains the threshold in 

formation. The value of the threshold is a func 
tion of the vibrator contact potential and any 
stray pickup. Both of these factors are made 
extremely small by careful design and con 
struction. 
For low frequencies, G20/V) is made quite large 

by incorporating a large gain in the A. C. am­` 
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pliñer i3. ri‘his means that the threshold for 
these frequencies is controlled by the threshold 
of the vibrator il’. The maximum rate at which 
the stabilizing network IT-IB-IS can adjust 
the threshold is a function of the frequency of 
the vibrator. A 60 cycle vibratcr'haslbeen found 
to be satisfactory. Since the normal rate of 
drift of zero is quite small, adequate stabilization 
is realized in spite of the necessarily low cut-off 
frequency of GzfW). 

Since G2(W) is negligible at high frequencies, 
the gain factor becomes G1(W) , and the analysis 
of the operation of the amplifier l-ü. is the same 
as though it were a normal; amplifier without 
zero and drift stabilization. The zero setting 
voltage may be inserted in the amplifier l0 any 
where past the point where egi appears. As 
explained in connection with Fig. 3, a dual triode 
with a common cathode resistor may be used for 
the first stage of the amplifier l0. In this case, 
the error voltage egr is applied tol one grid and 
the stabilizing or correctiony voltage'egz is- applied 
to the other grid; 

Fig. 3 shows the amplifier Il) of­ Fig. ly as in 
cluding three stages 25, 2t and 212:. The input 
voltage el is applied' through the resistor' l5 toa­` 
first input circuit which includes the grid 23 of 
the stage 20. The voltage e1 is also applied 
through resistors l5', 24' andj 25 to the ñxed con 
tactl 26 of the vibrator E71 This vibrator has a 
Contact 2i' which is movable between the con 
tact 26 and av contact 28- at a frequency deter 
minedby the frequency of the potential4 applied' 
to its operating coil 29a The contact 28l is cou 
pled to ground through a resistor 3|. The'con 
denser 36 is connected between the junction of 
resistors 2Q and 25- and ground to prevent higher 
frequency components of egr from reaching the 
vibrator. 
The A. C. amplifier I8 of Fig. l is shown in 

Fig. 3­' as including three stages 32, 33r andv 34. 
The vibratory member 21- is coupled- through a 
capacitor 35 to the control gridl 36 of the-input 
stage 32. As indicated in connection with Fig. l, 
the unidirectional component of the input volt 
age @g1 is chopped by the vibrator lî, is amplified 
by the A. C. ampliñer 32--33---34y andthe ampli 
fied voltage is rectified by the synchronous rec 
tifier I9 which may be of> any suitable type. 
The correction or stabilizing voltage egg ap 

pears at the output of the synchronous rectifier 
lei and is applied through» a lead 37 toa second 
input circuit of the D. C. amplifier which in 
cludes the grid 38 of the stage 261 
Operating potential is applied from a +B lead 

39 through separate resistors to the anodes and 
screen grids of the stages 32, 33 andl 34 of the 
zero and drift stabilizing circuit, and these stages 
are intercoupled through capacitors di! and lil. 

, Operating potential. is applied from a +300 v. 
lead 42 through a resistor 43“ to the anode of the 
left hand triode ofthe stage 20 of the D. C. am 
plifier, and through resistors 44' and 45 to the 
ancdes of the stages 2| and 22. From a +75 v. 
lead lië, potential is applied to the anode of the 
right hand triode of the stage 20 and to the screen 
grid of the stage 2|. Bias potential is applied to 
the control grids M and 48 of the stages 2i and 
22-­ from a _500 v. lead 49. The stage 20 is cou 
pled to the stage 2l through a resistor âûfshunted 
by a capacitor 5| and the stage 2l is coupled to 
the stage 22 through a resistor 52 shunted by a 
capacitor 53. rThe cathode of the stage 2l is con 
nected to the groundedside of the input and out 
put circuits of the D. C. amplifier. A _300 v. lead 
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54 is connected directly to the cathode of the 
stage 22 and through a resistor 55 to the two cath 
odes of the stage 2B. 
With these conditions, the stabilization voltage 

agg. functions to vary the voltage drop of the re 
sistor 55.-V and' the potential of; the cathodes in 
such a way that the input, e1, and output, e0, of 
the D. C. amplifier will have a zero value simul 
taneously by causing egi to be zero at all times. 
The modification of Fig. 2 is similar to that of 

Figs. 1 and 3 in most respects. It differs there 
from in that the output potential e0 is taken off 
the resistor 55 of a cathode follower 5'! which is 
responsive to the output of the D. C. amplifier Il. 

' In thisicase, the. output voltage e0 is fed back in 
series with the input voltage e1. With sufficient 
gain in the D. C. ampliñer and the zero stabili 
zation circuits, the voltage cgi may be made as 
near zero as desired. Under these conditions es 
will be very nearly equalïto e1. 
What the invention provides. is an. improved 

circuit which (l) is readily adapted to operate. 
as­ a- D. C. amplifier, a diñ'erentiator or an: in: 
tegrator and (2) is continuously and automatical 
ly stabilized so that its input and outputv volt. 
ages will always have their zero values at the 
same time. The invention further providesthat 
the high frequency response characteristics of 
saidamplifier will be substantially unaffected- by 
such means for stabilizing for D. C. drift. and 
zero. 
What we claim is: 
l. in a circuit for continuously. andy automat 

ically stabilizing a D. C.. ampliûer. of. the. type 
having first and second input circuits. and anout 
put circuit, the combination of. meansto apply. 
a signal voltagev to said first input circuit, inverse 
feedback. means connected between said, outputv 
circuit and said first input circuit. whereby a 
D; C. error voltage is produced. atsaid?rst input 
circuit, means coupled to said first inputcircuit 
and responsive to said D. C..er­ror voltage atsaid 
first input circuit for converting. said. error volt 
age to a voltage varying in- value at a.. predeter» 

î minedl rate, an A. C. .amplifier having»v its.- input 
connected to said converting4 mea-ns.. to» amplify 
and tofinvert the polarity of said varying voltage, 
means independent of said-converting means con»v 
nected between the output ofv said A. C. .amplifie-r 
and said­ second input circuit for synchronously 
rectifying the output of> said A. C. amplifierv and.: 
applying to said secondV input circuit ar D. C. 
stabilizing Voltage. 

2. In a circuit for continuously and automat- 
_ ically stabilizing aD. C. amplifier of the type` 
having first and second input circuits and> an` 
output circuit, the combination of means tov ap 
ply a signal voltage to said-first input circuit, in'-V 
Verse feedback means connectedI between said* 
output circuit and said first input circuit where 
by a D. C. error-voltage is produced at said first 
input circuit, a vibrator having two-'fixed contacts: 
andY a movable contact, said ñxedv contacts being; 
connected to said ñrst input circuit for convertingî 
said error voltage at said first input circuit toV a= 
voltage varying in valueat a predetermined fre 
quency, A. C. amplifying means connectedv to said.V 
movable contact of said vibrator to amplify and: 
to invert the polarity of said- Varying voltage, 
means including a synchronous rectifier con 
nected between saidY A. C. amplifying means and» 
said second input circuit for applying a D. C. 
stabilizingl voltage to saidsecondinput circuit to 
develop in said D. C. amplifier a D. C. voltageto 
cancel. said. error voltage. 
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8. The combination of a D. C. amplifier having 
an output circuit and having an input stage in 
cluding a duo-triode with a resistor common to 
both its cathode leads, means to apply a voltage 
to the grid of the first of said triodes, means 
coupling said duo-triode to said output circuit, 
a feedback connection between said output cir 
cuit and the grid of the first of said triodes, a 
vibrator having a pair of ñxed contacts and a 
movable contact, one of said fixed contacts being 
coupled to the grid of the first of said triodes, 
a source of reference potential connected to the 
other of said fixed contacts, means including said 
vibrator to generate an A. C. voltage proportional 
to the D. C. voltage at the grid of said first triode, 
an A. C. amplifier coupled to said movable con 
tact of said vibrator and responsive to the A. C. 
output voltage of said vibrator, and means in 
cluding a synchronous rectifier responsive to the 
output of said A. C. amplifier for applying to the 
grid of said second of the said triodes a stabilizing 
voltage such that the input and the output volt 
ages of said D. C. amplifier are zero at the same 
time. 

4. In a system for continuously and automat 
îcally stabilizing a D. C. amplifier having a first 
input circuit adapted to be connected to a source 
of signals to be amplified and having a second in 
put circuit and an output circuit, inverse feed 
back means for coupling said output circuit to 
said first input circuit, 4in combination, a con 
verter coupled to said first input circuit for con 
verting D. C. voltage in said first input circuit to 
A. C. voltage, an A. C. amplifier coupled to said 
converter to amplify said A. C. voltage, a recti 
fier connected to said A. C. amplifier to convert 
A. C. voltage obtained from said A. C. amplifier 
to a second D. C. voltage, and means coupling 
said rectifier to said second input circuit to ap 
ply said second D. C. voltage to said second input 
circuit to develop in said output circuit a D. C. 
voltage of polarity opposite to that of said first 
named D. C. voltage, said converter comprising a 
vibrator having a pair of fixed contacts and a 
movable contact adapted to contact said fixed 
contacts alternately, one of said fixed contacts 
being connected to said first input circuit, a source 
of reference potential being connected to the 
other of said fixed contacts, and said movable 
contact being connected to said A. C. amplifier. 

5. A D. C. amplifier comprising a first input 
circuit adapted to be connected to a source of 
signals to be amplified, an output circuit, direct 
current-coupled amplifying means connecting 
said circuits, an inverse feedback network con 
necting said circuits, a second input circuit con 
nected to said amplifying means intermediate 
said first input circuit and said output circuit, 
converter means connected to said input circuit 
to convert D. C. voltage obtained at said nrst in 
put circuit to A. C. voltage, an A. C. amplifier 
connected to said converter, a rectifier connected 
to said A. C. ampliñer to convert A. C. voltage 
obtained from said A. C. ampliñer to D. C. volt 
age, and connections from said rectifier to said 
second input circuit to apply said last named 
D. C. voltage to said second input circuit, said 
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6 
converter means comprising a vibrator having a 
pair of fixed contacts and a movable contact 
adapted to contact said fixed contacts alter 
nately, one of said ñxed contacts being con 
nected to said first input circuit, a source of ref 
erence potential being connected to the other of 
said ñxed contacts, and said movable contact 
being connected to said A. C. amplifier. 

6. A D. C. amplifier having an input circuit 
and an output circuit, an inverse feedback net 
work connecting said circuits, means coupled to 
said input circuit to convert D. C. voltage ob 
tained at said input circuit to alternating volt 
age, an A. C. amplifier connected to said convert 
ing means to amplify said alternating voltage, a 
rectifier connected to said A. C. amplifier to con 
vert amplified alternating output voltage ob 
tained from said A. C. ampliñer to unidirectional 
voltage, a second input circuit for said D. C. am 
plifier, and connections to apply D. C. voltage 
from said rectifier to said second input circuit to 
develop in said output circuit a D. C. voltage of 
polarity opposite to that of said first named 
D. C. voltage, said converting means comprising 
a vibrator having a pair of fixed contacts and a 
movable Contact adapted to contact said fixed 
contacts alternately, one of said fixed contacts 
being connected to said input circuit, a source of 
reference potential being connected to the other 
of said ñxed contacts, and said movable con 
tact being connected to said A. C. amplifier. 

7. In a D. C. ampliñer of the type having an in 
put stage including an electron tube having a 
cathode and a control grid and having an output 
stage coupled to said grid of said input stage by 
an inverse feedback network, the combination 
with said amplifier of means to apply a signal 
voltage to said grid of said input tube, means 
connected to said input stage to convert D. C. 
voltage at the grid of said input tube to an alter 
nating voltage, an A. C. ampliñer connected to 
said converting means to amplify said alternat 
ing voltage, means connected to said A. C. ampli 
fier to rectify the amplified A. C. output voltage 
thereof, and means coupling said rectifying means 
to said input stage to vary the grid-to-cathode 
voltage of said tube as a function of the output 
voltage of said rectifying means, said converting 
means comprising a vibrator having a pair of 
fixed contacts and a movable contact adapted to 
contact said fixed contacts alternately, one of 
said nxed contacts being connected to said input 
stage, a source of reference potential being con 
nected to the other of said fixed contacts, and 
said movable contact being connected to said 
A. C. amplifier. 
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