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11 
This invention relates in general to electronic 

amplifier circuits and in particular to an ampli 
fier circuit which is adapted to be electronically 
Switched from cutoff to a linear operating con 
dition without a corollary change in plate cur 
rent flow. 
Under certain circumstances it is desirable to 

present two unidirectional waveforms simultane 
ously on the face of an oscilloscope in Such a 
manner that the waveforms are disposed in a 
back-to-back relationship and consist of oppos 
ing excursions from a common base line. The 
application of both Waveforms to the same de 
flecting plate of an Oscilloscope requires that one 
of them be passed through an inverting stage 
while application to opposite deflecting plates 
introduces the difficulty of maintaining a com 
mon base line. 

It is an object of this invention to provide a 
means whereby two waveforms may be alter 
nately applied to opposing deflecting plates in 
oscillographic equipment and WieWed simultane 
ously in a back-to-back relationship. 

It is another object of this invention to provide 
an electronic means for alternating the Source 
of applied signals between two deflecting plates 
of a cathode ray tube without change in the po 
tential between those plates. 

It is another object of this invention to provide 
a vacuum tube amplifier which may be biased 
periodically from cut-off condition to linear op 
erating condition by means of a gating voltage 
without causing to appear at the plate i of said 
amplifier any variation in potential as between 
the two conditions of operation. 

It is another object of this invention to provide 
an amplifier employing a single vacuum tube 
which, in effect, drawS no plate current in its 
quiescent condition but which, upon receipt of 
signals of various amplitudes amplifies each in 
a Substantially linear manner. 

It is another object of this invention to provide 
an electronic circuit comprising a single vacuum 
tube and associated components in which the 
Vacuum tube may be changed from a non-con 
ducting condition to a conducting condition by 
application of an external control voltage with 
out altering the output potential of the circuit 
and in which conducting condition signal volt 
ages applied to the circuit cause changes in the 
output potential directly proportional to the am 
plitude of Said signal voltages. 
Other objects and features of this invention 

Will become apparent upon a careful considera 
tion of the following detailed description when 
taken together with the accompanying drawings 
Of WhiC: 

Fig. 1 is a block diagram of one embodiment 
of this invention; 
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Fig. 2 is a group of waveforms illustrative of 

the operation of one embodiment of this inven 
tion; 

Fig. 3 is a circuit diagram of one of the com 
ponents illustrated in Fig. 1; and 

Fig. 4 is a group of waveforms representative 
of the operating characteristics of the circuit 
shown in Fig. 3. 
Reference is now had in particular to Fig. 1 

Wherein there is shown, in block diagram form, 
cathode ray oscillograph apparatus employing 
two linear response gate suppressing amplifiers 
7 and 9 constructed according to the teachings 
of this invention. In this embodiment, the ap 
paratus is designed to permit the simultaneous 
Visual comparison of the characteristics of two 
delay lines when identical signals are impressed 
on both. There is thus provided a means where 
by the performance of a delay line may be ascer 
tained in terms of a known standard delay line. 
In Fig. 1, delay line i represents a standard delay 
line the delay and resolution characteristics of 
Which are known. Delay line 2 represents a unit 
the corresponding properties of which are un 
known. Pulse generator 3 is employed to im 
press upon both identical Signals in order to 
eliminate the possibility of unreliable test results 
arising from the nature of the input to the lines 
being compared. 
This pulse generator may be of any suitable 

type, the principal requirements being that the 
frequency of pulses should be such that their 
time spacing is somewhat greater than the delay 
introduced by the standard delay line and that 
the pulse - shape should be reasonably constant 
and possess sufficiently steep leading and trailing 
edges to provide satisfactory time markers and 
a sufficiently rigorous test of resolution. 
The pulse output of generator 3 is also applied 

to sweep generator 4 so as to cause it to generate 
and apply to vertical deflecting plate 5 of cathode 
ray tube 6 a linearly decreasing sweep voltage in 
response to each applied pulse. In this way, the 
cathode ray tube trace is caused to move verti 
cally up the face of the tube at a uniform velocity 
each time a pulse is applied to delay lines i and 
2. The time duration of this sweep is likewise 
somewhat greater than the delay introduced by 
the standard delay line and may be divided into 
suitable time intervals by calibration of the scope 
face or by the introduction of electronically pro 
duced marker pulses according to any one of 
several known methods. 
The delayed pulse output of delay line i is 

applied through amplifier T to horizontal deflect 
ing plate 8 of the oscilloscope while the output 
of delay line 2 is applied through amplifier 9 to 

0. 
Since the Simultaneous application of signals to 
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both plates 8 and f 0 would result in signal can 
cellation and a . confusing trace presentation, 
multivibrator f i has been provided to render the 
amplifiers alternately unresponsive. Thus, dur 
ing one half of the multivibrator cycle, amplifier 
9 is held unresponsive and amplifier 7 impresses 
ühe output of delay line i on the cathode ray 
tube. During the other half cycle, amplifier T 
is held unresponsive and amplifier 9 impresses 
the output of delay line 2 on the tube. 

Multivibrator ! ! may be of any several well. 
known free running types with the circuit values 
S0 Chosen that its cycle consists of a rectangular 
pulse occupying approximately, half the period. 
Such circuits contain two points of output pro 
Viding Wave trains which are 180° out of phase 
and these two output points are utilized in the 
circuit of Fig. 1 to provide the alternate blocking 
of amplifiers 7 and 9. The frequency of this 
multivibrator í f may be chosen from a wide 
range of values, the lower limit being i fixed by 
the persistence characteristics of the cathode ray 
tube Screen and the upper limit by the ability of 
the multivibrator to produce a reasonably sharp 
amplifier switching action. A frequency of 100 
Cycles per second is of the proper order to yield 
satisfactory results although a frequency as low 
aS 10 or 20 Cycles per Second may be employed as 
in radar hOmning equipment for Which the inven 
Ütion herein disclosed is admirably suited. 
A typical, though not limiting, set of operating 

Values for the components of Fig. 1 would be a 
fi'equency of 100 cycles per second for multivibra 
tor , a frequency of 5 kilocycles per second for 
pulse generator 3, and a vertical sweep duration 
of 50 microseconds employed to test lines having 
a. delay of the order of 25 microseconds. With 
this set of values, each amplifier responds to the 
output of the delay line to which it is connected 
for alternate periods of 5000 microseconds. This 
5000 microsecond period is the equivalent of an 
Output from pulse generator 3 of 25 pulses. This 
amplifier switching rate and the cathode ray tube 
persistence are such that the effect of optical 
continuity is a chieved to thereby permit the 
Simultaneous viewing of the output of both delay 
lines. v 

In the circuit shown, the output of pulse gen 
eiratorir 3 consists of a series of positive pulses 
Which, after passing through the delay lines, are 
applied to amplifiers 7 and 9 and there undergo 
in VerSion, amplification, and application to plates 
8 and i G of tube 6. Thus, signals reaching tube 
& from amplifier 7 cause a displacement of the 
cathode ray trace to the right while those - reach 
ing tube 6 from amplifier 9 cause a displacement 
to the left. In a manner described in subsequent 
paragraphs, the teachings of this invention per 
Init such displacements to occur from a common 
vertical base line so that a true back-to-back 
presentation is provided. Thus, if delay lines f 
and 2 have identical characteristics, a pattern 
Symmetrical about the common vertical trace is 
viewed on the tube screen. If, however, the at 
tenuation of delay line 2 is greater than that of 
delay line i for example, this will be reflected in 
the form of a lesser left hand deflection in the 
oscilloscope pattern. Obviously, if amplifiers 9 
and Í0 are not operated in a linear manner, the 
attenuated output of delay line 2 would be sub 
jected to a lesSer amplification than the output 
of delay line f. The result would be to exaggerate, 
the difference between the attenuation charac 
teristics of the two lines and thus render a direct 
com Parison impossible. 
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An attempt to operate ordinary high vacuumi 

tubes; in the, usual manner as amplifiers T and 9 
to secure linear operation encounters an obstacle 
Which prevents trulle back-to-back presentation. 
At a bias which provides the desired linear opera 
tion, a Substantial plate current flows and a cor 
responding quiescent voltage is applied to the 
cathode ray tube deflecting plates. At a bias 
which renders the amplifier unresponsive, plate 
current no longer flows and a different quiescent 
voltage is applied to the defecting plates. Thus, 
Such an arrangenent causes the vertical trace 
to be shifted from left to right as amplifier 7 is 
rendered responsive and annplifier 9 unresponsive 
arid from right to left as this condition is reversed 
in accordance with the output of multivibrator 

i. This trace shifting separates the patterns 
provided by the two amplifiers and back-to-back 
presentation is not obtained. ' . - . . . 
The requirement is for amplifiers 7 and 9. to. 

apply the same quiescent potentials to the de 
flecting plates of cathode ray tube 6 regardless 
of whether they be held responsive or unrespon 
sive by multivibrator 1 . 
In Fig. 2 are shown several waveforms illustra-. 

tiVe of the conditions described above in which 
waveform 20. is representative of the positive: 
pulse output of pulse generator 3. Superposed on 
this WaVeform is line 30 which indicates the in 
stant in time in which multivibrator I i renders 
amplifier. 7 unresponsive and amplifier 9 respon 
Sive. . . Waveform 2 í is representative of the de 
layed pulse output of standard delay line , f which, 
in addition to the delay imposed, has suffered. 
slight attenuation. The inverted and amplified 
output of amplifier 7 under conditions in which 
the switching of multivibrator í I is not accom 
panied by base line shift is illustrated by the 
waveform 22. Since amplifier 7 is rendered un 
responsive by multivibrator 1 il at the instant 
malked by: line 30, no amplifier output pulses ap 

i pear after that instant. Waveform 23 is repre 

45 

sentative of the delayed pudse output of delay 
line 2 which, though it has been delayed the 
same amount as was the output of the standard 
line, has suffered more attenuation. The inverted and amplified output of amplifier 9 under condi 
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tions in which amplifiers T and 9 are operated in 
a non-linear fashion so as to avoid base line shift 
is illustrated by waveform 24. Such non-linear 
action resulted in the lesser amplification illus 
trated by the exaggerated difference in amplitude 
of the pulses of Waveforms 22 and 24 as compared 
to those of 2 and 23. Such exaggeration is still 
more obvious on the face of the cathode ray tube 
as represented by oscillogram 26. If, on the other 
hand, amplifiers 7 and 9 are operated in a linear 
manner by ordinary means, their outputs appear 
as represented by waveforms 22A and 24A respec 
tively. The vertical Steps in these waVeform,S at 
instant 30 are caused by the abrupt changes in 
anode voltages of amplifiers 7 and 9 in response 
to the switching action of multivibrator f . The 
resulting effect on the cathode ray pattern is 
represented by oscillogram 27. In this oscillo 
gram the proper amplitude characteristics are 
portrayed but true back-to-back presentation is 
no longer obtained. Waveforms 22 and 25 are 
representative Of the Output of amplifiers T and 
9 under conditions in which these amplifiers func 
tion according to the teachings of this invention. 
Linear amplification of the delay line outputs is 
provided but is not accompanied by a shift in base, 
line. This is illustrated by oscillogram 28 which 
is a true, undistorted back-to-back presentation, 
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The advantages of this oscillogram over oscillo 
grams 26 and 27 would be still more pronounced 
had the two delay lines possessed different delay 
characteristiCS So aS to callUISe Vertical displace 
ment of the pulses With repect to each other and 
had the resolution characteristics of the lines 
been less exact. 

In general, the desired comparative oscillo 
gram is accomplished according to the teachingS 
of this invention by providing a vacuum tube, 
designated as tube 50 of Fig. 3, With a point of 
reversal in its transconductance characteristic 
So as to have a negative transconductance region 
on one Side of the point of reVerSal and a positive 
transconductance region on the other side. This 
reversal of transconductance characteristic 
makes it possible to bias the tube at a point on 
the linear portion of its transconductance curWe 
in Such a manner that the effect of normal elec 
tron flow to the anode is neutralized by Second 
arry emission. Under this biasing condition, the 
tube is responsive and produces an output signal 
directly proportional in amplitude to the ampli 
tude of the input Signal even though the quies 
cent output voltage is the same as when the tube 
is unresponsive. The usual cut off biasing creates 
the alternate unresponsiVe condition in which no 
electron flow reaches the anode and it is held 
quiescent at Supply potential eWem though input 
Signals may be applied to the tube. 

In particular, Fig. 3 is the circuit diagram of 
One form Of a gate SuppreSSing linear reSpOnSe 
amplifier such as amplifiers 7 and 9 of Fig. 1 con 
Structed according to the teachings of this inven 
tion. In this form, tube 5 represents the single 
vacuum tube element required for the circuit and 
is, in this illustration, any one of several common 
receiving type multiple grid Vacuum tubes such 
as 6SA7. Input pulses from the delay line are 
applied at input terminals 5 l and gating pulses 
from multivibrator of Fig. 1 are applied at 
input terminals 52. Lead 53 communicates the 
variations in potential at anode 54 to one of the 
horizonal deflection plates of cathode ray tube 
6 of Fig. 1. 
Cathode 35 of tube 30 is so connected to ground 

potential and dual screen grid 56 is so connected 
to positive potential 5'i that a positive gradiant 
exists in tube 50 for the acceleration of electrons 
from the space charge of cathode 55. The num 
ber of electrons leaving the space charge is con 
trolled primarily by grid 58 and the number of 
Such electrons reaching grid 59 and anode 54 is 
controlled primarily by grid 60. 
Grid 58 is so connected to negative potential 

6 through resistance 62 that tube 50 is conduct 
ing at a rate which places the operation of tube 
50 in the linear range of its characteristics as 
hereinafter explained. Grid 60 is so connected 
to ground potential through resistance 63 that, 
in the absence of a negative gating potential at 
input 52, grid 60 allows the free flow of electrons 
to grid 59 and anode 54. The time constant of 
the circuit by which such negative gating poten 
tials are communicated to grid 60 from input 52 
COmprising resistor 63 and capacitor 64 is suffi 
ciently long that capacitor 64 collects negligible 
charge during a half cycle of multivibrator. . . 
In the presence of a negative gating potential at 
input 52, grid 60 prevents the flow of electrons to 
anode 54 and thereby holds the amplifier unre 
Sponsive to signals at input 5 . 
Grid 59 is so connected to high positive poten 

tial 65 that a positive potential gradiant exists 
from screen 56 to grid 59. A negative potential 
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gradient exists from grid 59 to anode 54 bý vírtué 
of the connection of anode 54 to lower positive 
potential 57 through leSistance 66. 
Under the conditions in Which grid 60 is not 

held below cut-off potential by a negative gate 
from multiVibrator , the electrons which leave 
the cathode Space charge under the accelerating 
influence of Screen 56 divide into a rather com 
pleX grO Uping. Certain Of the electrons leave the 
Stream by collision With the Surface of one or the 
other of the grids. Certain of the lower velocity 
electrons are gathered to screen 56 by anode ac 
tion. A similar group is attracted to grid 59 by 
anode action. Those, however, which avoid col 
lision and the anode action of grids 56 and 59, 
overcome the negative gradient from grid 59 to 
anode 54 and therefrom collide with anode 54. 
This last group constitutes conventional plate 
current flow Which travels in Such a direction 
through resistance 66 as to lower the potential 
of anode 54. This conventional plate current, 
Since it originates from the flow of primary elec 
trons to anode 54 may be termed primary current 
to distinguish it from the plate current described 
below which floWS as the result of secondary emis 
Sion from anode 54. 
As the primary electrons which : eventually 

reach anode 54 pa SS Screen 56, they emerge into 
the positive potential gradient existing from 
Screen 56 to grid 59 and are thus further ac 
celerated to the extent determined by the poten 
tials Of Screen 56 and grid 59. The termina ve 
locity of the primary electrons is, upon collision 
With anode 54, Sufficient to cause secondary elec 
trons to be dislodged from the Surface of that 
electrode. The total number of Such b0mbard 
ment emitted electrons is a function of the num 
ber of the primary electrons bombarding anode 
54, their collision velocity, and the work func 
tion energy of the surface of anode 54. The 
bombardment emitted electrons emerge into a po 
tential gradient which is positive from anode 54 
to grid 59 so that, except when this potential 
gradient is altered as hereinafter described, all 
Such secondary electrons travel to and are col 
lected by grid 59. 

It will be seen that the direction of plate cur 
rent flow represented by the escape of secondary 
electrons from anode 54 is opposite to that repre 
Sented by the primary electrons reaching anode 
54. Thus, the potential of anode 54, as deter 
mined by plate current flow through resistance 
66 is a function of the relative amounts of pri 
mary current and secondary current. If second 
ary current exceeds primary current, the poten 
tial of anode 54 rises above cutoff potential while 
a greater primary current than secondary cur 
rent causes anode 54 to fall below its cutoff 
potential. In an amplifier circuit constructed 
according to the teachings of this invention, 
ShoWn in one form in Fig. 3, the transconduct 
ance characteristic of tube 50 is represented by 
waveform 70 of Fig. 4 in which net plate current 
(Ip) has been plotted as the vertical coordinate 
against the potential grid of 58 (Eg.) on the 
horizontal axis. At grid potential a and below, 
Space current flow is negligible and net plate 
current flow is likewise negligible. In the grid 
potential range from a to c secondary current 
eXceeds primary Current in Such a manner 
that, from a to b, the transconductance charac 
teristic is negative. At the reversal point b, the 
difference betWeen the two CurrentS starts to de 
crease so that at grid potential c, the difference 
becomes Zero and net plate current flow is Zero, 
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Between points c and d, the difference between 
the primary current and secondary current in 
creases in favor of the primary Clurrent in a imaI2 - 
ner which is linear with respect to the potential 
of grid ö8. The reversal at point b results from 
the space charge effect of the electron Strealin 
traveling at high velocity toward anode 54. This 
space charge, which increases as the density of 
the electron stream increases, forces an increaS 
ing number of secondary electrons from anode 5 
back to anode 54. Thus, tube 50 has been pro 
vided with a reversal point b in its transconduc 
tance characteristic and has a negative trans 
conductance region a to b and a positive trans 
conductance region b to - d. i - As an i example, a 
screen and plate supply voltage 57 of --150 and 
a grid 59 voltage 65 of . --175 were employed to ob 
tain a transconducta ince characteristic of this 
type. Depending upon the particular tube chosen 
and upon the value of grid bias desired for point 
c, i certain changes in the electrode potentials may 
be made to fit particular requirements. It is not 
essential :: that the plate , and screen supply Volt 
ages be the same, the principal requirement being 
one of establishing the i voltage i gradient condi 
tions hereinbefore described. 
The corresponding variations at anode 54 (Ep) 

have been plotted against grid 58 potential (Eg) 
in waveform . . . Of interest in this Waveform is 
that fact that, regardless of whether grid 60 is 
biased i so as to cut off the electron Stream to 
ainode 54 or at ground potential, the quiescent 
potential of anode 54" is the same if grid 58 is 
biased at point c. When, however, i grid 58 is 
biased at point c, and grid 60 is at ground poten 
tial, tube 5 is operating in a linear region in 
which positive signals applied to grid 58 cause a 
change in the potential of anode 54 Which is pro 
portional to the signal amplitude. This means 
that, in the range of grid 58 potential from c to d, 
the response of the amplifier of Fig. 3 to positive 
signals is linear and COrresponds to the type of 
operatio required for correct signal presentation. 

By similar, but somewhat simpler means, a re 
versal point may be introduced into the trans 
conductance characteristics of other ciaSses of 
vacuum tubes Such as ordinary receiving type 
pentodes and tetrodes. In Such cases, the prin 
cipies are the Same but the multiplicity of control 
grids provided by SULch tubes as tube 53 of Fig. 3 
is not available. They may, hoWever, be employed 
wherever their construction proves advantageous. 
With anplifiers i and 9 both of the construc 

tion Shown in Fig. 3, let it be a SSurned that the 
circuit of Fig. 1 is in operation and that an in 
stant of time has been selected in which ampli 
fier i is held responsive and amplifier 9 unire 
Sponsive. The anode 54 of amplifier 9 is at 
quiescent potentiall 57 Since multivibrator i 
holds grid 6 at a potential which prevents the 
flow of electrons from screen 56 to anode 54. 
Aino de 54 of amplifier T is liikeWise ait quiescent 
potential 57 since multivibrator holds grid 60 
at ground potential and grid 58 is biased at point 
c of Fig. 4. Thuis the potential between the two 
deflecting plates of cathode ray tube 6 is zero and 
the Vertical trace is in the Center Of the Screen. 
Each time a positive pulse from delay line f 
reaches amplifier 7, it is reproduced in the form 
of a displacement of the trace to the right. NOW 
let it be assumed that multivibrator f f changes 
states and amplifier 9 is rendered responsive and 
amplifier i un responsive. For the reasonS , eX 
plained above, this action causes no change in 
trace position since the anodes of both amplifiers 
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are again, at potential 57. Now, pulses reaching 
amplifier 9 are reproduced in the form of a dis 
placement of the trace to the left. While it is 
true. that the transition of the amplifiers is ac 
companied by variations at the anodes, these 
transitory i variations i occur at such a s low rate. 
and are of such short duration that they are Wir 
tually indistinguishable. even. I though they arrive 
during a vertical sweep on the tube face. In this 
manner, amplifiers 9 and : 0 . have functioned: in 
the circuit of Fig. 1 to make the transition from 
a state of linear. operation to a state, of non-con 
duction alad vice versa, , and have in So doing Sulp 
pressed from the cathode ray tube presentation 
all but a transitory. effect of the gating i potential 
of multivibrator i f. 

Should difficulty. arise from such transitory: ef 
fects, i multivibrator i li may be Synchronized with 
pulse generator: 3 so as to operate atº a convenient. 
subharmonic thereof and the gating so i timed 
that it occurs between vertical sweep traces. In 
this , manner, even the transitory. gating Varia 
tions : May be suppressed. 
The use of such of the embodiment as that 

illustrated in Fig. 1. raeed not be confined to the 
comparative testing of delay lines. For example, 
the performance of two one shot multivibrators 
may be compared on the oscilloscope. To those 
familiar with the art of oscillography º will occur 
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variations in embodiments and other applica 
tions. Further, thie use of the gate suppressing, 
linear i response amplifier herein disclosed is not 
coaffined to such uses as laboratory or field test 
ing but may be employed to advantage in radio º 
homing devices in which visual comparison of 
relative echo signals is used to determine relative 
beairg. 

SiFace certain further changes; may be made in 
the foregoing constructions and different embod 
iments of the invention may be made without de 
parting from the scope thereof, it is intended that 
ali matter shown in the accompanying i drawings 
or set forth in the accompanying i specification 
shall be interpreted as illustrative and not in a 
imiting SenSe. 
The invention described herein may be manu 

factured and used by or for the Government of 
the United States of America for governmental 
purposes without the payment of any royalty 
thereon or therefor. 
What is claimed is: 
1. A method of presenting two unidirectional 

Waveforms simultaneously on the viewing screen. 
of a cathode ray oscilloscope comprising, ampli 
fying one of said unidirectional waveforms in a 
linear manner, applying said one amplified Wave 
form to one plate of one pair of deflecting plates 
of a cathode ray tube, amplifying the other of 
said unidirectional waveforms in a linear man 
ner, applying said other amplified waveform to 
the i other of said deflecting plates, applying a 
sweep producing voltage to the other pair of de 
fiecting plates of said cathode ray tube, alter 
nately preventing the amplification of said two 
waveforms in such a manner as to suppress from 
the viewing screen of the cathode ray oscilloscope 
any visual evidence of Said amplification pre 
vention. 

2. In combination; a vacuum tube arranged so 
as to contain a reversal point in its transconduct 
ance characteristic, said reversal point being 
bounded by a negative transconductance region. 
on one side thereof and a positive transconduct 
ance region on the other side thereof whereby 
two points of effective plate current cutoff are 
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established, one of said points being situated in 
a lithear portion of the positive region of said 
transconductance characteristic, and means 
biasing said tube to operate at said one of said 
points Whereby linear operating characteristics 
Of said tube are obtainable. 

3. In combination; a source of voltage, a vac 
ullum tube having at least a plate, a cathode, a 
Screen grid, and a control grid, means connecting 
the elements of said tube to said source of voltage 
in Such a manner as to produce a reversal point 
in the transconductance characteristic of said 
tube, Said reversal point being bounded by a neg 
ative transconductance region on one side there 
of and a positive transconductance region on the 
other Side thereof whereby two points of effective 
plate current cutoff are established, one of said 
pointS being situated in a linear portion of the 
positive region of Said transconductance charac 
teristic, and means biasing said tube to operate 
at Said one of Said points Whereby linear operat 
ing characteristics of Said tube are obtainable. 

4. A gate Suppressing linear response amplifier 
comprising, a Va, Culum tUbe arranged so as to con 
tain, a reversal point in its transconductance 
characteristic, Said reversal point being bounded 
by a negative transconductance region on one 
Side thereof and a positive transconductance re 
gion on the other side thereof whereby two points 
of effective plate current cutoff are established, 
one of said points being situated in a linear por 
tion of the positive region of said transconduc 
tance characteristic, the other of said points 
being situated on the other side of said reversal 
point from said one point and in a region where 
complete suppression of input signals results, 
means bia,Sing Said tube to operate at said one 
Of Said points Whereby linear operating char 
acteristics of Said tube are obtainable, and means 
for changing the point of operation of said tube 
to the other of Said pointS. 

5. A gate Suppressing linear response amplifier 
COmprising, a Source Of Voltage, a Waccum tube 
haVing at least a plate, a cathode, a screen grid, 
and a control grid, means connecting the elle 
ments of said tube to said source of voltage in 
Such a manner as tO produce a reVersal point in 
the transconductance characteristic of said tube, 
Said reversal point being bounded by a negative 
transconductance region on One Side thereof and 
a, positive transconductance region on the other 
side thereof whereby two points of effective plate 
current cutoff are established, One of Said points 
being Situated in a linear portion of the positive 
region of said transconductance characteristic, 
the other of Said points being situated On the 
other Side Of Said reWerSal p?int frOm Said One 
point and in a region where complete Suppression 
of input Signals results, means bia,Sing Said tube 
to operate at Said one of Said points Whereby 
linear operating characteristics of Said tube are 
obtainable, and means for changing the point of 
operation of Said tube to the other of Said points. 

6. In an electrical circuit Where inpUt Signals 
are to be alternately suppressed and amplified, 
the combination of; a vacuum tube amplifier ar 
ranged so as to contain a reversal point in its 
transconductance characteristic, said reversai 
point being bounded by a negative transconduc 
tance characteristic on one side thereof and a 
positive transconductance characteristic on the 
Other Side tereof Whereby two points of effective 
plate current cut-off are established, one of said 
points being situated in a linear portion of the 
positive region of said transconductance char 
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10 
acteristic where linear amplification may take 
place, the other of said points being situated on 
the other side of said reversal point from said 
One point and in a region where complete sup 
pression of input signals results, and an elec 
tronic Switching device for alternately switching 
the Operating bias for said tube between said 
two points. 

7. A cathode ray oscillograph apparatus com 
prising, a cathode ray tube means, means gener 
ating and applying a Sweep producing voltage to 
one pair of deflecting plates of said cathode ray 
tube, a first amplifier means receiving and ampli 
fying input signals, means applying said ampli 
fied Signals to one of the defilecting plates of the 
other pair of deflecting plates of said cathode ray 
tube, a second amplifier means receiving and am 
plifying input Signals, means applying last said 
amplified Signals to the other deflecting plate of 
last Said pair of deflecting plates, said first and 
Second amplifier means each comprising a vac 
lulum tube arranged so as to contain a reversa 
point in its transconductance characteristic, said 
feVersal point being bounded by a negative trans 
conductance region on one side thereof and a pos 
itive transconductance region on the other side 
thereof Whereby two points of effective plate cur 
rent cutoff are established, one of said points 
being situated in a linear portion of the positive 
region of said transconductance characteristic 
Where linear amplification may occur, the other 
of said points being situated on the other side of 
said reversal point from said one point and in a 
region where coimplete suppression of input sig 
nals results, and means arranged to bias said 
amplifier means alternately to operate at said 
one of said points so established in said linear 
portion of Said tubes and at said other of Said 
pointS in SUch a manner that said first and sec 
ond amplifier means alternately apply received 
input Signals to la St Said pair of defecting plates 
of Said Cathode ray tube. 

8. The method of operating a vacuum tube so 
as to produce linear amplification thereby, which 
comprises, producing a reversal point in the 
transconductance characteristic Of Said Wacuum 
tube, said reversal point being bounded by a meg 
ative transconductance region Om One Side there 
of and a positive transconductance region on the 
other side thereof whereby tWo points of effec 
tive plate current cutOff are established, one of 
said points being situated in a linear portion of 
the positive region of Said transconductance char 
actertistic, and biaSing Said tube to operate at 
said one of said points Whereby linear operating 
characteristics are provided. 

MILTON W. ROSEN. 
CONRAD H. HOEPPNER. 
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