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My invention relates genetally to thermionic
tube circuits. -More specifically I have devised
improvements in thermionic' tube circuits in
which characteristic grid voltage-plate current

5 curves may be obtained which have a sloping

portion which abruptly changes to horizontal,
ne of the objects of my invention is to pro-
vide a vacuum tube circuit arrangement in which

the grid voltage-plate cufrent characteristic.

10 changes abruptly from = slope to ahorizontal

line as the grid electrode is made less negative
or more positive. Another object is the arrange-.

ment of a detector or rectifier circuit' in which
the positive cycles of alternating currents, im-
18 pressed on' the input circuit, will be completely
‘ eliminated in the output circuit, while the nega-
tive potentials of the sighal currents will, be
faithfully reproduced without distortion.

A further object. of my improvement is found

20 In the sharp cut-off characteristic which may be
had by practicing my invention. Another object
lies in & vacuum tube circuit in which the output
anode current 1s sharply: limited for an increas-
ing negative input grid voltage as well as an in-

5 creasing positive input grid voltage. - Further ob-

jects will be more apparent from the accompany
ing drawings and specification.

Figure I is-.a circuit embodying my invention,

" ma single screen grid tube. :
"sp. Fgure II is the grid voltage-plate current
characteristic curve of the conventional type. .

Figure III illustrates a family of grid voltage- .

*plate current characteristic curves of the circuit
of PigureI.
" Fgure IV is & mphic illustrhtion of & char-

acteristic detection action of the circuit shofm_ .

‘in Pigure 1.
Figure V. shows my mventlon appued to two
tubes for effecting a double cut-oﬂ or. gate chq.r-
40 8cteristic. -

Figure VI"is a graphic lllustratlon of-an operat- :

ing characteristic of the circuit of Pigure V.
In Figure I, | ‘represents a screen grid’ ther-

mionic: tube, in ‘which 2 is-the control grid, 3'is -

45 the cathode, 4 the heater, § the séreen, and § the
anode. The input voltage:is applied between-1

" ‘and 8. A suitable bias, either positive or nega-
tive, may be applied; by means of potentiometer -
. may be obtained from the circuit of Figure I, and

§ which is connected across battery 10. ‘Terminal

.80 8 13 connected by by-pass.condenser' 1 to the
cathode 3 .which is grounded at 12, B batteries

. ll and f4 are connected in series. 'The negative
terminal of 13 is connected to the cathode 3 and
ground 12. The positive terminal of {3 connects

#8 tothe negatlve terminal of Il

. The positlve ter- )

minal of T is conn ‘ to the resistance (5
‘which is, by preference, n-inductive, The re- -
maining terminal of the resistance 5 is joined -
to plate 6 and also connected to output condenser
IG; The output terminals are 17 and 18, ‘ 5
- A-suitable by-pass condenser {9 is connected
from the positive terminal of {4 to the ground
connection 12. A ‘potentiometer 20 is connected
across {3 and the movable terminal of the po-

-tentiometer 20 is connected to screen grid 5. A 10
‘by-pass condenser 21 is connected from screen

grid to cathode. It will be seen that the screen .
grid mmay be given a suitable potential with re-

‘spect to the cathode from zero to- positive by

means of the potentiometer 28. 15
. 'It should be observed that the normal char-
acteristic curve of grid voltage plotted against
plate current is & smooth uniform curve. The
curve shown in Flgure II represents a normal"
tube characteristic. . Although the curve of Pig- 99

ure II may be straightened somewhat by the use .

“of :an external plate resistance, the upper and ,
lower portions-will gradually curve.

By examining the following table those skilled |
in the art will recognize that I employ voltages.
and currents which are many times lower than
are recommended by ‘the tube manufacturers..
Bymeéans of these unusuallylow voltages, suitable
biasing, and relatively high external resistance,

‘I have arrived at operating characteristics en- gg

tirely different from those previously employed.-
By way of example, the following table shows

-” operating constants for two types of tubes under -
given condiﬂonr

T
-3

35
: | External | 5yt | Sereen | (U | vol
o 'anode re- d rent in
Type tube %ﬁgr s'sh::: Wlt’s "{g ‘micro- | 8¢ ¥/
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ﬂgure 1T {Hustrates a family of curves which

the operating constants shown in the above table. 50
It 'will be apparent that the platé current is sub-

stantially unchanged as the grid potential is va~

ried from the extreme positive voltage to lower
values until a critical angle is reached, I have -

‘called this'angle A. It will also appear that angle g5
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A may be made to occur at positive, zero or nega-
tive grid voltages. The dotted line Ic shows the
grid current which may occur with the various
curves of the family. The mogst preferable condi-
tion is represented by the curves marked P or Q
because at these angles the grid current is zero.
The condition of zero grid current is desired be-
cause no load is placed on the circuit to which
my device may be connected. I also prefer to use
8 characteristic curve which has a slope with
straight line portion. :

The angle A may. be positioned or located on
any part of the characteristic curve by adjusting
the B battery voltage, the value of the external
anode resistance, and the screen grid voltage for
any given tube.
sistance, the lower the B battery voltage, and
the higher the screen grid voltage the more the
angle A is shifted from positive to negative grig
voltages; i. e., from M toward Q@ of PFigure IIT.
Likewise for increasingly high positive sereen
grid potentials, with a given B battery voltage
and external anode resistance, the more negative

" or less vositive the grid voltage at which, angle A
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occurs. .

In Figure III for each of the curves, a hori-
zontal portion is met by an angular portion which
finally bends and approaches zero.. The charac-
teristic may be changed from a steep to a gradual
slope by making the screen grid increasingly
positive with respect to the cathode. Since the
useful portion of the characteristic curve is the
slope, it should be understood that the less the
slope the greater may be the applied grid voltage
-variations and vice versa.

I prefer the screen grid type of tube. How-

ever, the invention ‘may be applied to other
types of tubes. Whiie the RCA 227 tube will give
results similar to the characteristic illustrated
in Figure III, it will be found that at radio fre-
quencies the interelectrode tube capacities will in-

terfere with complete realization of my: inven-

tion. This objection may be overcome by neu-
tralizing the grid plate capacity by any of the
well known methods. Even in the case of a screen
grid tube, it may be desirable to neutralize the
small interelectrode capacities present.

Tubes with uni-potential cathodes have char-
acteristics which are especially suited to my cir-
cuits owing to the sharp angle obtainable, but it
should be understood that I am not limiting my
invention to any particular type of tube. I have

" found a wide range of tubes, potentials and re-

sistances will accomplish the sharp angular cut-
off shown in Figure IIT. . _

I do not with to limit my disclosure to any par-
ticular theory of operation in setting forth the
following: The cathode is heated in the normal
manner. Electrons are emitted from the heated
cathode. The number of emitted electrons reach-
Ing the anode is relatively low because the po-
tential of the anode with respect to cathode is
in the order of zero or slightly positive. The elec-
trons passing from the filament form a space
chiarge which further restricts or limits the num-
ber of electrons which can reach the plate. . Since
the number of- electrons which can reach the
plate is limited by the space charge, the grid
electrode has no effect upon the plate current,
until the grid reaches a very critical potential at
angle A. In actual practice the location of angle
A is so precise and sharp, that it is difficult to
determine the exact grid voltage st which it oc-

curs. For increasingly less negative or more

‘The higher the external re- -

2,095,261

positive grid voltages beginning at angle A, the
plate current remains absolutely constant.

I shall now describe one application of my in-
vention. In Figure IV, I show how the character-
istics of the circuit of Figure I may be applied
to the detection of radio frequency currents. The
terminals T and 8 are connected to a source of
radio frequency current. The connection may
include &' tuned circuit in which capacity and in-
ductance are used. A signal reproducing instru-
ment may be connected to the output terminals
{7 and {8. The potentiometer 9 is adjusted until
the grid is slightly negative as shown in Pigure IV
as represented by the dotted line X. It will be
observed that X coincides with the critical angle
A. The radio frequency currents are represented
by the solid lines between Y and Z. Since the im-
pulses between X and Y are equivalent to a rela-
tively less negative grid, it will be seen that they
do not alter the plate current. On the other hand
the X7 impulses make the grid more negative
and appear, without distortion, as changes in
plate current. The above arrangement is a sub-
stantially perfect detector and avoids the dis-
tortional effects which take place in the. con-
ventional triode and pentode detector circuits.

While the arrangement thus far described is
useful as a detector and limiter tube, it has limita-
tions which interfere with its use in what I have
termed “a gate”. There have been numerous
proposals in the art to employ thermionic tubes
as limiters. One conventional use has depended
upor; producing saturation eﬁects in the anode
current by reducing the cathode emission. An-
other use depended upon loading the tube by
excessive grid currents. These Hmiters have been
characterized by the relatively high voltages re-
quired before the limiting action became effective
and the distortion due to the bending of the
characteristic curves. -Although -these devices
may have had a useful limiting action for tele-
graphic signals, they were relatively useless
where telephonic currents were involved. This
failure is due to the requirement of excessive in-

put voltages and distortion, Many of the prior 4
art limiters were extremely inefficient because .

they were loss devices.

In contrast to these limiters, I propose a gate .

which will cut off at relatively low voltages and
pbass radio frequency currents, up to the cut off
value, without distortion and without Ioss, or
loading of the associated cireuits: By connect-
ing two of the devices of Figure I in series as
shown in Figure V, I can not only obtain the

characteristic angle A of Figure II but I can :

also obtain a second or complementary angle B
(see Figure VI). Furthermore, by suitable ad-
justments I can determine the size of the gate,
or the limits-of voltage impulses it will pass.

In Figure V, 31 represents a screen grid ther-
mionic tube, in which 32 is the control grid, 33
is the cathode, 34 the.heater, 35 the screen, and
3¢ the anode. The input voltage is applied be-
tween 37 and 38. A suitable grid bias, prefer-
ably negative, may be applied by means of poten-
tiometer 39 which is connected across battery 40
whose positive terminal joins 33. Terminal 38
is .connected by by-pass condenser 41 to the

cathode 33. The cathode is grounded at 42. A.

B battery 43 is connected between cathode and
a non-inductive resistance .45. The remaining
terminal of 45 is connected to the anode 36.
The screen grid 85 is connected to the slider
of potentiometer 46 which may be connected
across all or a suitable portion of B battery 43.
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. A by-pass condenser 47 is connected between the

positive terminal of 43 #nd ground 42, Another’
.by-pass condenser 48 may ‘be used between 33

and 35.
Thus far the descriptlon of Figure V is substan-

"tially the same as Figure I. A second screen grid

tube 5, with circuits similar to those ‘already

) descrlbed is arranged as follows: In tube 5§ the

i0

15

control grid is 52, the cathode 53, the heater 54,

the screen grid 55 and the anode §6. ‘The control -
- grid 82 is connected to the anode 36 of ‘tube 3i.-

The cathode 53 connécts to the slider of. poten- -
-tiometer 59 which is connected across battery 60

whose negative terminal is grounded at 62. A

by-pass condenser 61 may be used between cath-

ode 53 and ground 62,

The negative terminal of B battery 63 is

_ grounded at 62 and ifs positive terminal is con-

20

nected to non-inductive resistance 65. Resist-
" ance 65 in tutn connects to anode 56 and also to

. coupling condenser 66. The output terminals are
' represented by 67 and 68. A by-pass condenser
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- 69 shunts the B battery 63. A potentiometer 78
is connected across all or .a suitable. portion.of

battery 63. The slider of potentiometer 10 is
connected to screen grid 55 from which by-pass
condenser T{ is connected to'ground 62. Again
it will be noted that the second tube and circuit
of Figure V. is not unlike the arrangement of
Figure 1.

The operation of each of the tubes 81 and El ;

and their associated circuits corresponds sub—

stantially with the operation and theory of Fig- .

ure I - Substantially the same voltages, resist-

ances, and adjustments may be employed  for.
Figure V as already described for Figure I. Since
the voltage relation of tube 81 is substantially 180 -

degrees’out of phase with tube 8, it follows that
as grid of tube-3f.is made less negative and is

approaching its critical angle A, the grid of tube -
5f is golng further from its critical angle B. -

Likewise when the plate current of tube 8! starts

-to vary, the plate current of tube §i varl&s in the

' opposite- direction or may become fixed.

50

In the practical operation of Figure V, I set

the bias voltage on the grid 32 to zero. Next the

bias voltage on-grid 52 is adjusted by means of
89 until the grid is on a desired portion of the

slope. ‘Then for a given variable voltage applied

between 37 and 38, I find experimentally the
optimum value of grid voltage on 32 by means

cof 88,

' fully chosen, a condition is reached when the In-
"5 but voltage across 31—38 may be varied between
- wide limits and thé output currents across §7—88

" will be constant. Departing slightly from this-

60

65

If the various potentials of Flgure V are care-

condition by suitably biasing grids 32 and 52, I
can arrange the gate action described ‘above.

The bias of the grid of the second tube determines
the size of the gate, and the operating position =
on the characteristic curve of the gate i3 deter-

mined by the bias on.the grid of the first tube.
This same adjustment may be made by fixing the
biases on the grids 32 and 52 and shifting the
location of the angles A and B by varymg the

- potentials on screen grids 35 and 58.:

. tion of my invention can be observed in Pigure
'VI. 'In the case of an applied alternating cur-
_rent, as the grid:32 is made increasingly negative -
- from Y to Z the angle B is &pproached and less
--negative_ or, posltive voltages (from Z to Y) de- -
termines the approach to angle A. Between the .
7% lnput ‘voltage ‘limits tepresented by the angles.:

|70

The characteristic curve of the gate combina-

R o : s,ooa,sol

-varies uniformly.
- angles A and ‘B, no change is observed in the
-~ plate-current of the output tube. In Figure VI

-A-and B the plate current of the output tiube
Beyond the voltage limits of

for the sake of simplicity I have shown angle A:
as occurrlng in the second tube but it should be
understood that angle A actually occurs in the
first tube and is refiected in the anode current of

+ the second tube.
.~ If the grid of the input tube is biased to point'
X, all impresséd voltages on the grid, up to the

limits of Y and Z, will be faithfully reproduced

by corresponding anode current, changes in the
. second tube. All voltages on the first grid in ex-

cess of Y and Z will be cut-off by the sharp
limits of the critical angles A and B. The gate
may be made extremely small so that the poten-
tials beyond a very small fraction of & volt are
cut off.  Likewise suitable grid bias voltages may

“be employed to pass considerably higher voltages,

In practice the circuit of Figure V may be used

--in radio frequency reception of telephonic or tele-
. graphic signals without distortfon, and excessive

voltages, répresenting undesirable signals, will be
cut ‘off ‘or limited by the gate action described.

In the case of telephonic radio signals the
gate is made sufficiently large so that the mody-
lations of the carrier frequency are not cut off but

all impulses in excess of the gate size are cut off
as shown in Figure VI. The arrangement may-
‘also be employed in the elimination of one or both

sidebands in modulated contihuous wave trans-

mission or reception. Purther applications of the’

10
15
29 ‘- ‘
25

30

arrangement ‘will be found in iny co-pending ap- - '
plication, Serial No. 6,015, filed February 1ith;-35

1935, entitled Radio circuits for static limita-
tion. 3
e claim: . N

1 A thermionic tube “circuit’ comprism a

. thermionlc tube having ctathode, anode and con-~
trol electrodes, an external anode' circuit com-
‘prising an impedance, means for limiting the
.flow of ‘current in said anode. circuit, and other
-"ineans for decreasing the flow of current in said
--anode circuit, so that an abrupt change is ef-
fected in the anode current, said abrupt change
being characterized by the junction of two angu-

larly disposed lines within a radius represented.by
less than one-tenth volt on’the characteristic in-
put voltage-output current curve of said tube and

: clrcuit

2. A thez'mionic tube circuit ‘comprising, &

" thermionic tube having cathode, anode and con-

trol electrodes; an éxternal anode. circuit com-
prising a_resistance, means for limiting the flow

‘of current in said anode circuit, and other means
.-for decreasing the flow of current in said ahode

40

50 .

56

circuit so that an abrupt angular change is ef- '

fected in the anode current by a voltage change
between said ‘cathede and said control electrode
of less than one-tenth of avolt. - :

3. A thermionic tube circuit comprising, a
thermionic tube having cathode, anode and con-
trol electrodes, an ‘external anode circuit com-

-prising a resistance; means for determining the
‘normal slope of: the grid voltage anode current

hfuacterlstic of said tube, and means for abrupt-
1y 'altering said slope to effect a characteristic of

L}

65

constant current in said anode circuit, the change '

from said slope to: said constant current. being

represented by a radiiis occupying not more than ..

one-tenth volt on the grid.voltage-anode current

characteristic of said tube and ‘circuit, .
4. A" thermlonic tube circuit. comprising, a

.vaclmm tube having cathode anode and control

75
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electrodes; an anode circuit comprising said
cathode, said anode, a non-inductive resistance,
and a source of potential; a control electrode for
limiting the maximum flow of current in said
anode circuit; and a second control electrode for
varying said anode current below but not above
said maximum current flow, the junction of the
charactenstxc curve of said varying and said
maximum current characteristics being effected
by not more than one-tenth volt change of input
voltage., -

5. A thermionic tube circuit comprising, g
thermionic tube having cathode, anode, and grid
electrodes; a source of anode potential; means
for limiting said anode potential to a value
insuring constant current in the anode circuit;
and means for impressing a constant potential on
said grid electrode so that varying potentials ap-
plied to said grid electrode will decrease but not
increase said constant current, the junction of
the characteristic curve representing said de-
creasing and said constant anode current being
represented by a change of less than one-tenth
volt grid potential.

6. A thermionic tube ecircuit comprising, a
screen grid thermionic tube having cathode,
anode, screen, and control electrodes; a source of
anode and screen potentizls; means for estab-
lishing said screen potential at a value insuring
current saturation in the anode circuit; means for
applying a constant potential to said grid elec-

trode so that varying potentials applied to said-

grid electrode will decrease but not increase said
saturation current, and establish a sharp angular
junction between said decreasing currents and
said saturation currents represented by a grid
potential change of less than one-tenth volt.

7. A thermionic tube circuit comprising, a
thermionic tube having a uni-potential cathode,
anode, and grid electrodes; a source of anode
potential; means for limiting said anode potential
to a value insuring constant current in the anode
circuit; and means for impressing a constant
potential on said grid electrode so that varying

potentials applied to said grid electrode will de- .

crease but not increase said constant current, the
junction of the characteristic curve representing
said decreasing and said constant anode current
being represented by a change of less ‘than one-
tenth volt grid potential. . .
8. A thermionic tube circuit comprismg, .

_screen grid thermionic tube having & uni-poten'—

tial cathode, anode, screen, and control elec-
trodes; a source of anode and screen potentials;

means for establishing said screen potential at a

value insuring constant current in the anode cir-
cuit; means for applying a constant potential to
sald grid electrode, whereby varying potentials
applied to said grid electrode will decrease but not
increase sald constant current, and having a
characteristic input voltage-output current graph
in which the junction of said constant current

and said decreasing current is fepresented by &

radius equivalent to less than one-tenth volt input
voltage change. !

9. A thermionic tube circuit for detecting
radio’ frequency currents comprising, a ther-
mionic tube. having cathode, anode, and grid
electrodes; a high resistance external ‘to said
tube connected to said anode for limiting the

anode potential to a value normally insuring con-:

stant current in the anode circuit; means for
normally biasing said grid electrqde to a poten-

tial not effecting said constant current; means

for coupling a signal indicating instrument to said

2,005,261

anode circuit, and having a characteristic input
voltage-output current graph in which the junc-
tion of said constant current is represented by &

‘radius equivalent to less than one-tenth volt input

voltage change.

10. A thermionic tube circuit for detecting
radio frequency ' currents comprising, a ther-
mioni¢ tube having cathode, anode, screen, and
grid electrodes; a high resistance external to said
tube connected between said anode and cathode;
means for impressing a constant potential on said
screen electrode to normally insure constant cur-
rent in the anode circuit; means for normally
biasing said grid electrode. to a potential not ef-
fecting said constant current; means for coupling
a signal indicating instrument to said anode cir-
cuit, and having a characteristic input- voltage-
output current graph in which the junction of
said constant current and the portion approach-
ing said constant current is represented by a
radius equivalent to substantially less than one-
tenth volt input voltage change.

11. A-thermionic tube circuit comprising, two
thermionic tubes connected in series each having
cathode, anode, and control electrodes, means
for limiting the anode potential of each of said
tubes to values normally insuring constant cur-
rent in the anode circuit, means for impressing a
constant potential on each of said control elec-
trodes, means for connecting the output of the
first tube to the input of the second, and repre-

sented by an operating graph in which the con- -

stant anode currents are represented by two sub-
stantially parallel lines, each terminating in a
common sloping connecting line in which said
straight parallel lines and said sloping line have
junctions which are equivalent to a radius of
less than one-tenth volt of input potential.

12, A thermionic tube circuit comprising, se-
rially connected thermionic tubes each having
cathode, anode and control electrodes; a connec-
tion from the anode of the first tube to the con-
trol electrode of the second tube; means normal-
ly determining constant currents in the anode
circuits of each tube; means for applying con-
stant potentials between cathode and control
electrodes of each of said tubes, and having an
operating characteristic represented by a graph
having substantially parallel lines for the con-
stant anode currents, each terminating in a com-
mon sloping line, said terminations being equiv-
alent to a radius of substantially less than one-

" tenth volt input potential.

13. A thermionic tube circuit comprismg, se-
rially connected thermionic tubes each having
uni-potential cathode, anode, and control elec-
trodes; a connection from the anode of the first
tube to the control electrode of the second tube;
means determining the saturation of the cur-
rents in the anode circuit of each tube; means
for applying constant potentials between cath-
ode and control electrodes of each of said tubes,
and represented by an input voltage-output cur-
rent operating graph having substantially par-
allel lines representing said saturation currents
and terminating in a commmon sloping line, each
termination being equivalent to an input voltage
change of less than one-tenth volt.

14, A thermionic tube -circuit comprising, a
pair of serially connected vacuum-tubes each hav-
ing cathode, grid, screen, and anode electrodes:
a connection from the anode of the first tube to
the grid of the second tube; connections for ap-
plying a constant potential on the screen grid of
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the anode circuits in said pair of tubes, blasing limits determined by sb.id anode constant currents,

. voltages for the grids of each of said tubes, and

10

further characterized by an input voltage out-
put current curve which has a constant current
portion, a variable current portion and a second
constant current . portion, the junctions of said
portions being effected by an input potential
change of less than one-tenth volt.

15. A thermionic tube circuit comprising, a pair
of serially connected vacuum tubes each having

" a uni-potential cathode, grid, screen, and anode

15

electrodes; a connection from the anode of the.

first tube to the grid of the second tube; connec-
tion for applying a constant potential on the
sereen grid of each tube, for determining the sat-
uration of the currents in the anode circuits in

- said pair of tubes; biasing voltages for the grids

20

25

30

35.

of each of said tubes so that variable voltages

applied to the grid of the first tube produce

changes in the anode current of the second tube
not exceeding sharply defined limits and char-
acterized by an input voltage-output current:

graph having a sloping portion terminsating in
two non-sloping flat portions, said terminations
having a radius of substantially less than one-
tenth volt of input potential.

16. A thermionic tube circuit comprismg, two
serially connected thermionic tubes each having

cathode, anode, and confrol electrodes; a high re- .

sistanice connected to the anode of the first tube;
& second high resistance ‘connected to the anode
of the second tube; .2 connection from the anode
of the first tube to the control electrode of the
second tube; sources of anode potentials for each

of said tubes normally insuring currents in each’

anode circuit; biasing voltages for the control
grids so that varying voltages impressed on the
control electrode of the first tube produce changes

in anode current of the second tube within the -

and characterized by :an input voltage-output

current graph having a variable voltage variable
current portion terminating in two constant cur-
rent variable voltage portions, said terminations

. having a radius of substantially less than one-

tenth volt of input potential.

S

‘17 A device of the character described, in-

cluding serially connected thermionic tubes, a
connection from the anode of the first tube to the
grid of the second tube, means for limiting the

maximum anode currents in each of said tubes .

to predetermined constant cwrrents and meahs
which limit the output currents of the second tube
to sharply defined - minimum and maximum
values so-that the input. voltage output current
characteristic may be represented by a graph
having & sloping portion terminating in non-
sloping portions equivalent to said minimum and
maximum values, the -angular - intersection of
said portions having radii equal to less than one-
tenth volt of input potential change.
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© 18. A device of the character described, includ- ‘

ing serially connected thermionic tubes, means for
limiting the maximum anode currents in each of
said tubes \to predetermined constant values,
means which lmit the output currents’ of
the second tube to sharply deflned minimum
and maximum values, and means which de-
termine the difference in said -minimum and
maximum anode currents so that the input
voltage output current characteristic may be

.represented by & graph having a sloping

portion terminating in non-sloping portions
equivalent to said minimum -and maximum
values, the angular intersection of sald portions
having radii equal to less than ene-tenth volt
of input potential change.
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