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~ This invention reiates to electron discharge

device amplifiers and has for its object to pro-
vide improved and simple thermionic valve am-
plifiers wherein non-rectilinear distortion due to -

g curvature of the characteristic of an amplifier

valve or valves employed is substantially com-
pletely compensated for, while at the same time

high magnification is obtained.

| It is, of course, normally required fm_m a t_hefQ
10

curately correspond to but which are on a mag-
nified scale with relation to variations applied

18 to the input circuit. It is, however, well known |
that the characteristic curves ol _th_e—rmio-nic
valves as at present available are not absolutely

~ rectilinear, but are more or less curved, and this
curvature if left uncorrected for, results in what

 gg May be termed non-rectilinear distortion. In

o5 Case of high frequency amplifiers, such as car-
- #% rier frequency amplifiers for radio signalling, the

distortion leads to the introduction of undesired
" harmonics. In both cases intermodulation ef-

~ fects occur between different frequencies pres- -

ent simultaneously.

a0 . S R
" The difficulties above referred to are well

known and various expedients have been resorted

to with the object of correcting for the valve
characteristic curvature which is the cause of

- 95 ‘the -difficulties in guestion. . .So far as the pres~

*? ent applicant is aware, however, known proposals

~ with this object in view, have either been unde-
sirably complex or have involved serious loss of
‘amplification (as compared to the amplification

which would be obtained were there no correc-

40 tion) or have not provided substantially com-

~ plete correction. For example, it is known In
amplifiers to derive from the

thermionic valve

output circuit of the amplifier energy - Propor- .
45 tional to departures from rectilinearity. occa~ -
*Y- sioned by said amplifier and. to employ the dis-

tortion energy components thus obtained to sup-

plement the input energy proper in such manner

as to tend to correct for the distortion. “As will -

be ‘appreciated, however, this expedient cannot

" theoretically produce complete correction (and
in practice unless elaborate precautions be taken
the correction provided is generally considerably

60

short of that necessary) for it will be realized

85 that with this expedient no correction is ap-

responding to

mionic valve amplifier that it shall reproduce .
‘in its outpub circuit variations of voltage. cur-
rent or power (as the case may be) which ac--

the case of speech current and. similar low fre- |
 quency amplifiers the distortion gives rise to the
production of spurious and unwanted frequencies
higher than the input frequencies, while in the.

plied to the iﬁput '_Circuit'.__"ﬁnlésls distortion is
already present in the output circuit. . - -~

According - to this invention energy cor-
€ o0 departures irom rectilinearity by
a valve amplifier is separated out from the out-

put circuit of said amplifier and is applied at .
‘g point subsequent to the input circuit thereof =
such a degree as sub- -

in such.manner and to

stantially to compensate for the distortion. in-
troduced. In this way the actual output is In

effect itself supplemented in the required sense

and to the reguired degree to cause the total

on a magnified scale of the input. The invention
is thus distinct from" the known correcting ar-

which is supplemented but the output energy.

invention; and, . -~ - |

+*

 Figure 21is a diagrammatic representation of a
" preferred embodiment of the invention shown in

Figure 1. -

- In order that the oper
preferred embodiment to be described later here-

ohmic resistances. In the case to be considered

i. one end of which is connected to the grid 2

In the drawing, Figure 1 illustrates schemati-
‘cally a circuit diagram used in explaining the

output to be a substantially accurate replica - |

15
rangements wherein correction is applied as &
‘supplement to the input energy of a valve stage
introducing the distortion, for in carrying out -
the present invention it is not this input energy

20.

25

the method of ‘operation of a, | |

in may be the: better understood consider first -
the case shown diagrammatically in the accom-

panying Figure 1 of a simple triode amplifier in
which the input and output impedances are.

30.

- input energy is applied across an input resistance '

35

of the valve 3. The anode 4 of the valve is *

connected to one end of an output resistance 5
from the terminals of which output energy is
taken. A tapping 6 upon this last resistance is

connected through two equal resistances 1, 8,

in series to the grid of the triode. For the sake *
of simplicity only the essential impedances oi -

a
h |
vl
a ah F

the circuit are shown and bias and other neces-

sary circuits have been omitied.

Now if in the circuit of Figure 1 the valve
amplification is completely rectilinear in charac-
ter the output variations set up across the out-

put resistance 5 will be an exact copy on a mag-
nified scale of the input variations applied across

the input resistance | and will, of course, be in

opposite phase. Let the ratio of these output

variations to these input variations be m. Itis

50.

therefore possible to select the tapping point 6 |

in such manner that a fall of potential at this

said point will exactly equal & causative rise in

6,
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input potential at the grid of the valve &nd vice
versa, and ifor this result the position of the tap-
ping point 6 should be so selected that the ratio

- of the whole output resistance 5 to the portion

between the said tapping point and the end of the
said resistance remote from the anode is equal to
m. Accordingly if the tapping point be so Se-
lected, since the said tapping point is connected

to the grid through two equal resistances 7T, 8,
the mid-point 9 between these two equal re-

sistances will remain at a steady potential irre-
spective of the input and output variations as-
suming, of course, that the said two equal re-
sistances are of large value as compared to the
input and output resistances t and 5. If, how-
ever, as in practice is the case, the valve char-
acteristic is not completely rectilinear the point
between the two equal resistances, which point

may be termed the neutral point, will not re-

mailn at a steady potential, but will fluctuate to
an extent which is a measure of the departure
Irom rectilinearity of the valve characteristic.
It is these fluctuations in potential of a neutral
point which are utilized in the preferred method
of carrying out the invention for adding fo the
output the necessary correction. It should be
noted that since in the circuit just described by
way ol explanatory example, the neutral point 9

Is between two equal resistances 1, 8, the distor-

tion components appearing at the said neutral
point will be in the ratio of

1

S —————

2m

- to the distortion components appearing across
the output resistance 5.

- In the preferred embodiment of this invention
1llustrated in the accompanying Figure 2 the
above described explanatory circuit is taken as
the starting point and the neutral point 9§ is
connected to the grid of an auxiliary valve i1
arranged to have a magnification of 2m. The
anode 12 of this valve is connected to g suitable
source of anode potential (not shown) through
a resistance {3 the voltage fluctuations across
which will accordingly be equal to the distortion
variations set up across the resistance 5. The
anode 12 is connected to the anode 4 of the valve

3 through two large equal resistances {4, 15, the
- Junction joint {6 between which is connected to

the grid 171 of a succeeding valve (8. It will be
seen, therefore, that providing the resistance {4,
15, are large as compared with resistance I, 5,
the grid 171 will not vary in potential due to dis-

- tortion components and the valve 18 will receive

an accurate copy, magnified by |

Il

p—

2

of the input variations applied across resistance i,

65

For the sake of convenience only those portions
of the circuits necessary for an understanding
ol the invention have been referred to in the
preceding description and shown in the drawing.
It will, however, be understood that in practice
blocking or coupling condensers must be intro-
duced at all points where static differences of po-
tential (due to anode and grid bias sources) occur
and grid leaks must be introduced where grids

~ which would otherwise be insulated oeccur.

70

s

The illustrated arrangement of Figure 2 will be
found to give ample correction for most practical
purposes, since correction for non-rectilinearity
of characteristic on the part of the valve 2 is
obtained. There will, of course, still remain un-
corrected second order non-rectilinearities due

9,183 781

to curvature of characteristic on the part of the
valve 1. Generally such second order non-rec-
tilinearities will be too small to matter in practice

‘but if in any case, further correction is required,

the method of the invention may be applied to

obtain correction for non-rectilinearity on the

part of the valve (1 also.

Having now particularly described and ascer-
tained the nature of my said invention and in
what manner the same is to be performed, I de-

clare that what I claim is-
1. In combination a thermionic valve having

an effective magnification (ignoring departures

from rectilinearity of characteristic) m, an im-

‘pedance in the anode circuit of said valve; a

tap on said impedance such that the ratio of

- said impedance to the portion thereof on the side

of the tap remote from the anode is m, a high

- resistance between said tap and the input grid

of sald valve; an auxiliary valve arranged to have
a magnification factor 2m: a connection between
the mid-point of said high resistance and the
Input grid of said auxiliary valve ; & second high
resistance between the anode of said auxiliary
valve and the anode of the first mentioned valve;
means for applying signals to be amplified to
the input grid of said first mentioned valve; and
means for taking off corrected amplified signals
from the mid-point of said second high resistance.

2..In amplifying apparatus, an electronic tube
having an input electrode and an output elec-

trode, said tube having a, characteristic certain

portions of which depart from a straight line
whereby there are introduced into the energy fed
through the tube certain distortion components
which correspond to the departures from recti-
linearity of the tube characteristic, resistance
means connected between the output electrode
and input electrode of the tube for comparing the
output voltage of the tube with the input voltage
thereto and producing a potential which 1s sub-
stantially proportional to the distortion compo-
nent present in the output of the tube, a load
circuit connected to said output electrode and
means connected between said first named means

and the load circuit for impressing upon the load

circuit said derived potential in opposite sense to
the distortion component present in the output
of said tube whereby the distortion component
present in the energy fed from the output to the
load circuit is substantially balanced out in the
load circuit. -

3. In a relay circuit, a space discharge device
having an anode, a cathode and an input grid
electrode, an anode circuit for said tube includ-
Ing a load impedance element, a tap on said load
Impedance, a high resistance between said tap
and the input grid electrode, an auxiliary space
discharge device having an anode, g cathode and

a grid electrode, a connection between the mid- i,

point of the high resistance and the grid elec-
trode of said second named space discharge de-
vice, a second high resistance element connected
between the anode of said second named space
discharge device and the anode of the first named
space discharge device, means for applying sig-
nalling energy to the input grid electrode of said

- first space discharge device, a load circuit pro-

vided with an input terminal and means for con-

- necting said input terminal from the midpoint of

sald second named high resistance element.

4. An arrangement as described In the next
preceding claim characterized by that said load
circuit comprises a thermionic tube having an
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anode, & cathode and a grid electrode and by that 75
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the input terminal which is conne'cted"to the mid-

point of the second named high resistance ele-
ment is connected to the grid of the last named

tube, e - o
‘5, In amplifying apparatus, an electronic tube . F _ ‘ _
the input grid electrode, an auxiliary space dis-.

-~ amplifier having an input circuit and an output

circuit, a potentiometer device connected between

said circuits, a second electronic tube having an

input circuit and an output circuit, said last

nared input-circuit being energized from a point
on said potentiometer at which no voltage exists
in the presence of undistorted amplified signals
in the output circuit of said |
o utilization device connected both to the output
circuit of the first tube and to the output circuit
of the second tube, said connections being so. a0~
justed that any amplified products of distortion

.,

in the output of the second tube transier equal

and opposite effects to said utilization device as
the distortion transferred thereto by said first.
tube. - e e - . -

rst named tube,

_ 6. Tn a relay circuit, & space discharge device
having an anode, a cathode and an input elec-

trode, an anode circuit for said tube including a

load impedance element, a tap on said load im-
pedance, a high resistance between said tap and

electrode of said second named Space discharge

device to an intermediate point of said high re-
‘sistance, a second high resistance element con- .
nected between the anode of the second named
~ space discharge device and the anode o1 the first
named device, means for applying signalling en-

ergy to the input electrede of said first device, &

ot

" charge device having an anode, a cathode and a :
orid electrode, means for connecting the grid

15 :
 load circuit _provided‘with_ an input terminal, and |
means for connecting said input terminal to an

intermediate point of the ._Second named high re-

sistance element.

' GEORGE MAURICE WRIGHT.
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