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1 Claim. 

This invention is concerned with D. C. am 
plifiers for Small currents and especially with 
D. C. amplifiers included in the output circuit 
of a maSS Spectrometer. 
A maSS Spectrometer is an apparatus for sort 

ing ions into a plurality of beams according to 
their mass-to-charge ratio, i. e., their specific 
naSS. These different ion beams are directed 
at an ion collector, so that the currents they 
bear are discharged. The several ion currents 
thus produced represent the mass spectrum of 
the material being analyzed in the spectrometer, 
for example, a gaseous mixture of different 
molecular constituents-say a mixture of hy 
drocarbons. 
The ion currents thus produced are very small 

and even when discharged through a large re 
Sistance of the order of 1012 ohms produce but 
a very low potential. They must be amplified 
greatly for purposes of recording and interpreta 
tion, for example by means of an amplifier con 
nected between the collector and a recording gal 
VanOmeter. In many types of mass spectrometers 
the beans are unidirectional and produce direct 
CUrrents. The amplification of these small direct 
Currents Without distortion and while maintain 
ing a high ratio of signal-to-noise is desirable. 
There are several sources of noise in a D. C. 

amplifier, the term "noise' being employed to 
describe the randomly fluctuating signal that ap 
pears in an amplifier due to changes in elements 
thereof. Such noise is present even when no 
Signal is being amplified and is generally of the 
Same magnitude regardless of the strength of 
the signal. It may be due to the production of 
gaseous positive ions within the envelope of a 
Vacuum tube due to the impression of potentials 
high enough to ionize residual gas therein, to 
thernal agitation of atoms and electrons within 
the input resistance, to statistical variations in 
the rate of electron emission from the cathodes 
of the vacuum tubes in the amplifier, or to the 
"ficker effect' which is apparently due to 
changes in the surface conditions of the emitting 
Cathodes. These sources of noise are discussed 
at length by McDonald (“The thermionic am 
plification of direct currents,’ Physics, Aug. 1936) 
who states that heater tubes are too irregular in 
their action to be of practical value in D. C. 
amplifiers. 
As a result of my investigations, I have dis 

covered that, under certain conditions described 
in detail hereinafter, a heater type tube (spe 
cifically a type 38 tube, i. e. a pentode type of tube 

(C, 

li) 

5 

20 

25 

30 

40 

45 

50 

19-1) 
2 

ment] a control or signal grid, a screen grid, a 
suppressor grid and an anode or "plate' and hav 
ing a gain, as connected, of unity) may be en 
ployed without difficulty and in fact with ad 
vantage as the first amplification tube in an 
inverse feedback operated D. C. amplifier, and 
that such an amplifier may be employed in place 
of an electrometer tube circuit having a large 
input resistance connected in the grid circuit, 
which has been proposed heretofore for ampli 
fication of small currents while maintaining a 
large signal-to-noise ratio, the term "electrom 
eter tube” being employed to describe a tetrode 
type provided with filament, space charge grid, 
control Or signal grid and anOde Or "plate,' and 
having a gain, as connected, in Substantial excess 
of unity, say in the neighborhood of 50. Such 
electrometer tube circuits usually incorporate the 
following features: 

1. They utilize electrode potentials below the 
ionization potential of any residual gases Within 
the electrometer tube. 

2. The electrometer tube itself, the input re 
sistance, and the lead to the ion collector are 
mounted in a highly evacuated chamber (pres 
sure equals 1 to 10 millimicrons Hg). 

3. Temperature compensating and battery volt 
age fluctuation compensating circuits are used 
to maintain uniform amplification factor. 
The practice of the present invention does not 

require the use of electrometer tubes or of the 
voltage and temperature compensating circuits 
associated therewith. Instead, my invention 
contemplates (in a D. C. amplifier for Small cur 
rents and including a circuit containing a plu 
rality of amplifier tubes connected in tandem 
and a current indicator in the output of the 
circuit), the combination which comprises an 
input heater-type amplifier tube connected ad 
jacent the input of the circuit and provided with 
a cathode, an anode, a signal grid and a highly 
evacuated envelope Within which the anode, 
Cathode and grid are disposed, means for im 
posing a negative bias on the signal grid, means 
establishing at the anode a positive potential, a 
negative feedback connected between the output 
and the input of the circuit, a grid resistor con 
nected between the grid of the input tube and 
ground and adapted for connection to the source 
of Small current, and a high resistance di-elec 
tric enclosing the grid resistor. A second highly 
evacuated envelope encloses the envelope of the 
input amplifier tube and in my preferred con 
Struction, at least one of these envelopes is con 

provided with a cathode (including heater fila- 55 ductively connected to ground. 
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Preferably, the input amplifier tube has an 
input signal voltage amplification factor that is 
greater than unity. Moreover, it is desirable to 
establish at the anode a positive potential below 
that at which gas present in the envelope may 
be ionized by electrons emitted from the cathode. 
Another aspect of my invention contemplates 

a mass spectrometer provided with a ID. C. ampli- . 
fier including a circuit containing a plurality of 
tubes connected in tandem and a current indi 
cator in the output of the circuit and also in 
cluding the combination which comprises an in 
put heater-type amplifier tube connected ad 
jacent the input of the circuit and provided with 
an anode, a cathode, a signal grid and a highly 
evacuated envelope within which the anode, 
cathode and grid are disposed, means for im 
posing a negative bias on the grid, means for. 
establishing at the anode a positive potential, a 
negative feedback connection between the out 
put and input of the circuit, an ion collector in 
the mass spectrometer, a grid resistor connected 
between the grid and the cathode of the input 
tube and to the ion collector and the aforemen 
tioned second highly evacuated envelope. 
In its preferred aspect, the amplifier of the 

present invention is a negative-feedback-oper 
ated D. C. amplifier utilizing a type 38 tube in 
its input or first stage, this tube being operated 
at the optimum heater filament current, (about 
230 milliamperes) and with potentials beneath 
the ionization potential of any gases contained 
in the tube (i. e. potentials of less than 8 volts 
between any of the tube electrodes). The tube 
is operated with potentials which produce an 
amplification factor in this tube that is greater 
than unity and preferably of the order of 50. 
Moreover, as indicated above, it is desirable to 
place the tube in a highly evacuated chamber 
or envelope and to employ a large input resistance. 

Because of the negative feedback of my D. C. 
amplifier, there is no need to provide tempera 
ture or voltage fluctuation compensation cir 
cuits. Moreover, noises which originate either 
in the plate circuit of the type 38 tube or in any 
of the subsequent circuits of the amplifier are 
negligible compared to the noise in the grid cir 
cuit. Hence the signal-to-noise ratio is main 
tained at a high level. 
These and other features of my invention will 

be more thoroughly understood in the light of 
the following detailed description taken in con 
junction with the accompanying two figures 
which are wiring diagrams of amplifiers incor 
porating the principles of my invention. 
The circuits illustrated in Figs. 1 and 2 are 

the same except for differences in the manner of 
Supplying potentials to the electrodes of the 
various amplifying tubes. In the apparatus of 
Fig. 1, the potential supply circuits are of a con 
ventional type, but those of Fig. 2 utilize poten 
tial dividers between successive stages, these 
dividers being connected across a pair of bat 
teries, the junction between which is grounded. 
Referring now to the figures, it will be observed 
that both circuits include three amplifier tubes 
T1, T2 and T8 connected in cascade. The first 
amplifier tube T1 is a type 38 tube, and is prefer 
ably operated with a filament out of about 230 
milliamperes, a bias. of -2 volts on its signal 
grid, and a plate voltage of less than about 8 or 

· 9 volts with respect to cathodes. Its screen po 
tential with respect to 
5 volts. 
Under these conditions the grid current is 

cathode should be about 
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about 2x10-12 amps., and the effective internal 
resistance of the tube between the grid and 
cathode is about 1012 ohms. With a plate re 
sistance of 0.5 megohm, the gain of the tube is 
about 100. 
At the input of the amplifier, there is a large 

input resistance R1 connected between the signal 
grid and ground. A small current such as that 
detected by an ion collector of a mass spectrom 
eter passes through this resistance, thereby pro 
ducing a voltage to be amplified. 
With the tube operated as described herein 

above, the largest input resistance which it is 
possible to use is about 1010 ohms, but this re 
sistance is Small compared to the grid-to-Cathode . 
resistance, so that fluctuations in the latter pro 
duce no appreciable effect on the input voltage. 
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There would be little advantage in making the 
resistance larger than about - 5X1010 ohms in the 
present circuit, because the use of larger re 
sistances will not improve the signal-to-noise 
ratio. This arises because thermal noise in 
creases as the square root of R1 while the shot 
noise and the signal increase in direct propor 
tion to the input resistance. Because of this, an 
input resistance is used which has a value such 
that the noise due to the shot effect is some 
what larger than the thermal noise. 
A resistance R2 is connected between ground 

and the cathodes of the input and output tubes, 
T1 and T3. This resistance feeds back part of 
the output signal to the input circuit, thereby 
effecting stabilization of the amplifier according 
to well-known principies of negative feedback. 
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When the product ug is very large compared 
to unity, where p represents the total amplifica 
tion of the tubes T1, T2 and T3 without feedback 
and 3 represents the feedback ratio, the current 
amplification factor of the amplifier may be 
shown to be equal to: 

The output circuit utilizes a resistance R3 con 
nected between the cathode and the positive 
terminal of a battery. The negative terminal 
of the battery is grounded, and two resistances 
R4 and R5 are connected in series to the positive 
and negative terminals respectively of the bat 
tery. The values of the resistances R3, R4 and 
R5 are so proportioned with respect to the in 
ternal resistance of the ouput tube T3 that the 
junction J2 between resistors R4 and R5 is at 
about the same potential as the junction Ji be-, 
tween the anode of tube T3 and the resistance 
R3. A current measuring or indicating device 
(not shown) may be connected between the junc 
tions J1, J2. Such a current measuring device 
may comprise four galvanometer circuits of 
different sensitivity such as those shown as ele 
ment 45 in Fig.1 of the Hoskins-Langmuir patent 
application, Serial No. 437,922, filed April 6, 1942, 
now Patent 2,380,439, dated July 31, 1945. 

In one of the leads to the output circuit, I 
utilize a monitor meter which is placed on the 
panel of the mass. Spectrometer so that visual 
indications are given of the intensities of ion. 
beams striking the ion collector. . . . . 
The signal grids of tubes T2 and T3 are con 

nected to slide wire contacts S1, S2 of poten 
tioneters included in the plate circuit of the 
preceding tubes T1 and T2, respectively. The 
movements of these sliding contacts change the 

75 biases on the tubes. T2 and T3 and thereby con trol the amount of current appearing in the out--   
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put circuit and affecting the galvanometers, 
thereby affecting the "zero' output level, i. e., the 
galvanometer defection corresponding to no in 
put signal. The output current is more Sensi 
tive to changes in bias of the signal grid of tube 
T2 than it is for tube T3. For this reaSOr, the 
sliding contact S1 connected to the tube T2 is 
called the "coarse' zero control, while that (S2) 
connected to the grid of tube T3 is called the 
“fineº Zero control. 

In order to Shield the amplifier from electro 
static pickup, the evacuated envelope Which in 
cludes the first tube T1 and the input resistance 
R1 is preferably made of metal. 

In practice, the bias battery in the input grid 
circuit, the battery which Supplies potentials to 
the screen, the filament supply for the input 
tube, and the feedback resistor and the plate 
resistance of the first tube are all mounted on a 
panel external to the evacuated chamber, and 
are connected to the appropriate part of the 
amplifier tubes through a shielded Conduit. 
In general, it can be shown that if the Various 

stages of a D. C. amplifier are Such that: 

(where en is the output voltage of the nth stage 
and en-1 its input voltage, and cn is the output 
voltage of this stage when there is no input to 
the D. C. amplifier), the instability in the out 
put voltage, deo due to some changes, dikcin, in the 
k's of the individual Stages is: 

(2) deo = A 
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The small changes dicn may be due to changes 
in plate supply, screen Voltage, etc. If the dkn 
are all approximately the same and if the n's 
(amplification of factors) are all equal to 10 or 
more, the only important term is the first. To 
keep this term Small it is important to have a 
large gain in the first stage of the amplifier. A 
in Equation 2 is the operating gain of the D. C. 
amplifier, which is approximately 1/6. 
From the foregoing, it will be seen that in 

creasing the gain of the later stages to get more 
overall negative feedback will not reduce the 
Zero instability due to unstable amplifier ele 
ments. This can only be done by increasing the 
gain of the first tube. But there is no advan 

6 
tage in increasing this too much, for other in 
stabilities such as changes in the heater voltage, 
which the amplifier does not distinguish from 
an input, become of greater importance. ASSum 
ing a large pig, the only advantage in increasing 
pu, is the improWement in linearity. The linearity 
of the present 3 tube amplifier, which has a 
pig of about 35 db., is better than 0.1%. 
I Clain: 
In a D. C. amplifier for Small currents, includi 

ing a circuit containing a plurality of amplifier 
tubes connected in tandem and a current indi 
cator in the Output of the circuit, the combina 
tion Which comprises animputheater type ampli 
fler tube connected adjacent the input of the 
circuit and provided with a cathode, an anode, 
a signal grid, a screen grid, a Suppressor grid, and 
a highly evacuated envelope Within which the 
anode, cathode, and grids are disposed, means 
imposing a negative bias on the signal grid, 
means establishing at the anode a positive po 
tential, a negative feedback connection between 
the input and the output of the circuit, a grid 
resistor connected between the signal grid and 
ground and adapted for connection to the Source 
of Small current, a Second highly evacuated en 
velope enclosing the envelope of the tube as Well 
as the grid resistor and the connection between 
the grid resistor and the tube, at least one of 
the two envelopes being metallic and connected 
to ground. 

ROBERT W. LANGMUIR, 

REFERENCES CITED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Number Name Date 
40 2,313,122 Brubaker ---------- Mar. 9, 1943 

2,324,279 Clark ------------- July 13, 1943 
2,271,291 Edson ------------- Jan. 27, 1942 
2,149,361 Rath --------------- Mar. 7, 1939 
2,138,891 Soller -------------- Dec. 6, 1938 

45 

50 

OTHER REFERENCES 

Pub., Review of Scientific Instruments, vol. 7, 
Jan. 936, page 47. (Copy in Div. 36.) 

Radio Engineering, a pub. by F. E. Terman, 
McGraw-Hill, 1937, page 248 only, 


