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This invention relates to wave fransmission,
and has as objects distortion reduction and
transmission volume control.

Other objects are to effect volume control
without introducing unnecessary distortion in
the transmission and to facilitate obtaining the
desired range of volume control.

Automatic volume control devices or circuits
may be classified according to their speed of op-
eration, some acting instantaneously and others
involving delay. In some cases the device may
be required to operate instantaneously while in
others varying amounts of delay may be toler-
ated, or even required. Instantaneously acting
devices are usually associated with amplitude
distortion, and therefore with the accompanying
new Irequencies, but delayed. control circuits
may be so arranged as to minimize modulation.
By using degenerating circuits in velume control
work certain advantages can be realized, In the
instantaneous devices distortion can be reduced,
while in the delayed . devices the desired gain
variations can be more easily obtained through
the multiplying action of a degenerating cir-
cuit. .

.Other obiects and aspects of the invention will
be apparent from the following descrlptlon and
claims.

In the drawings:

Figs. 1, 2A, 2B, 2C, 3A, 3B, and 3C are -dia-

grams for facilitating explanation of the inven-

tion;

Fig. 2D is a limiter circuit or volume com-
pressor embodying one form. of the invention,
and includes also a cross-talk reducing circuit
embodying a form of the invention, and the cir-
cuit of this figure can also be adjusted to be a
volume expander embodying a form of the in-
vention, and including a volume limiter embedy-
ing a form of the invention; and

Figs. 4 to 11 show schematically other forms of
the invention.

Before discussing the various types of control:

circuits in detail some of the-properties of -de-
generating circuits will be noted by referenca
to the simplest form of degenerating circuif, ths
alternating current paths of which are shown
in Pig. 1. Here the degenerating resistance r is
commmon to both plate and grid circiits of an
amplifier tub The circuit equation is-

2,

V'I‘[,LVB::e ‘ .
or v=¢/(1+uB) o
where
PRI S
! _R+R0+1‘

(If the generator e were transferred from the

grid to the plate circuit, the equation would still:

(CL 178—44)

hold good.  When reactances are introduced in
circuit, g becomes a complex quantity.) The grid
voltage v is therefore less, in the case under con-
sideration, than the applied generator E.M. F. e
by the degenerating factor 1/(14-z8). In order
to raise the grid potential to that existing when
the feed-back is removed, the generator voltage
can be increased by the reciprocal of that factor.
The flow of modulated products may be attrib-
uted to fictitious generators in the plate circuit,
the amplitudes of which depend upon the funda-
mental plate current. The degenerating factor
operates on these E. M. F.’s so that the ratio of
modulation to fundamental is correspondingly
decreased.  Thus, Eaquation (1) applies to the
fundamental and also to the distortion.products
so that.at a definite fundamental output distor-
tion is smaller with the dengerative circuit by the
amount of the degenerating factor.

‘Tt is evident from: (1) that by varying z8 the
grid potential may be made to vary correspond-
ingly. The fundamental plate generator voltage
g,

N re

E=puv 1+ 4B )
reduces to e/g when p is large, so that the output
current is independent of the x in this case. When
u or B are functions of v the equations become
non-linear and in some cases of involved form.
A simple graphical construction to exhibit the
relation between v and e is always possible how-
ever, when, as will be assumed, ug involves no
phase angle. ' For example, with the grid biased
to negative potential below that corresponding
to plate current cut-off, such as the potential at
¢ in Fig. 2A, which shows the usual static char-
acteristic of tube i, a relation such as that given
by curve A of Fig. 2B is obtained between the
fundamental component of grid potential v and
the fundamental voltage component vug across
the resistance r of Fig. 1. Both v and vuB are
plotted to the same scale. Drawing the 45° line
indicated through the origin, the generator po-

tential is given to scale by the horizontal distance-

between the point on the curve A corresponding
to a definite » and the 45° line so that the rela-
tion between v and e is definite. Apparently the
grid voltage v is limited the more sharply as uB
ijs-increased, approaching an asymptotic maxi-
mum as 8 becomes infinite; . for example, for
curve A’ the values of w8 are larger and for:
curve A’’they are smaller than the correspond-
ing values for curve A. The e—v relation is
plotted directly in Fig, 2C in which curves B, B’,
and B’’ correspond to curves A, A’, and A’',
respectively, of Fig. 2B. Each of curves B, B,
and B’’ has a linear range up to the point at
which the control tube is actuated, and beyond
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which a limitation on the maximum output is
imposed to a degree depending upon the value of
uB  Thus, the circuit acts to limit the grid po-
tential so that a. limiter circuit .is. formed: by
connecting an additional amplifier 2 between the

grid and cathode of tube | and a load circuit 3:

as shown in Fig. 2D. In a sense the circuit of
Fig. 2D acts as a compressor, with respect to

transmission from e to 3, since the gain to the .

fundamental is reduced zs:the amplitude is in-
creased. Transmitting through the tube 1, how-
ever, (i. e, considering R as the load circuit)
gives a device of the expander or cross-talk re-

ducer type since there is a large loss at low inputs’.

and.a low loss (or a gain) at high inputs. In
Fig. 2D grid battery § biases the grid of tube i
to the voltage at ¢ in Fig. 2A. Space current for
tube 1 is supplied from battery § through choke
coil' 8’ -'Grid bias for tube 2, which may operate
as an ordinary amplifier, 1§ supplied from bat-
tery 1 through high resistance 8. Stopping con-
densers § of low: reactance isolate the grids of
tubes § and 2 from each other as regards direct
current bias and prevent battery 6 from sending
current through resistance R. Battery {8 sup-
plies plate potential for tube 2.. '

“The circuit of Fig. 2D can be used as a volume
expander for transmissicn passing from source e
to load circuit 3, or as a volume limiter for trans-
mission from source e to load circuit R, by em-
ploying for the circuit of tube ! a static char-

acteristic such as that shown in Fig, 3A (instead’

of that shown in Fig: 24) and operating about
the point ¢’ in Fig, 3A, so as to obtain a uB
characteristic sueh as # of Fig. 3B instead of' A

of Fig: 2B." This can be done, for example, by

operating switches 11 to include resistance 12 in
the input circuit of tube | so as to produce the
bend in the upper portion of the characteristic
of Fig. 3A and adjusting battery 5 to bias the
grid of tube ! to the voltage at ¢’ in Fig. 3A.
The e—o relation can be obtained by the same

construciion as before, and is shown as curve G

of Fig. 3C.

- The same sort of effects may be obtained by

using” the degenerative circuit as an impedance
element” in series or in shunt  conhection as

shown™in’ Fig. 4 and Fig. 5, This comes about

from the fact that the impedance across the

© terminals of the circuit rises as the degeneration
is’ increased. From Fig. 4 in which the degen-

erative cifcuit of tube ! is connected in . series
between source e and load resistance A

e—(A+BY )it i } 5
‘ _ yBi% (R+Ro-+P)iy+ri (
from- Whibh ‘we get for uB>>r,
%%(A-P.B“l- ")+F‘B<m.)=(l4+3+r)+ﬂ53‘-

That is, the resistance B'is multiplied by the
Taetor: (I+pp) which may be made large (as for

example by using an:amplifier-in the feed-back

path). Thus; with the degenerative charactéris-
tic-of Fig. 2B the series connection of Fig. 4 gives

us a commpressor or'a limiter, while with-that of
Fig. 3B; the series' connection:gives us an: ex-

pander or a cross-talk reducer,  Thése functions
are -interchanged- when . the connection: is
chianged from series to shunt, asin Fig: 5, where-
in:B’ and 7" correspond respectively to B and
of Fig. 4 and resistances 20" and 2!’ control the
effect: of the shunt-impedance element on the. re-

2,012,286

mainder of the circuit, as regards change of
gain with level. In Figs. 4 and 5, and also in
Figs. 6 to 9 about to be described, the requisite
means for supplying cathode energizing current,
steady grid biasing voltage and unidirectional

.spbace current have been omitted to simplify the

disclosure, as they can readily be supplied in the
general manner indicated in Fig. 2D or in usual
and obvious manner by those skilled in the art.

The cireuits so far described are instantane-
ously acting circuits in which the degenerative
circuit offers the advantage of minimizing dis-
tortion in the process of volume control. Where
time delays are permissible or required the de-
generative circuit may be applied fo provide an
effective amplification of the variable resistance
used to regulate transmission, for example as
shown in Figs. 6, 7, 8, and 9. Fig. 6 shows tube i
connected in a degenerative circuit which is like

that of ¥Fig. 5 and which is similarly used as a ¢

shunt across the transmission path that is to be
regulated i. e., the path from scurce or input cir-
cuit' ¢ to load circuit 30 in Fig. 6. Here an
amplifier-rectifier 35, which involves the desired
delay, is used to provide a bias which controls
the amount of regeneration.

With the degenerative characteristic of Fig. 2B
the shunt connection of Fig. 5 and of mig. 6
gives an expander or cross-talk reducer 3. e,ase
increases, pf increases and the amount of de-
generation and the shunt resistance increase) ;
and in Fig. 6, increase of e moreover causes ami-

plifier-rectifier 35 to render the grid bias of tube:

{ less negative, and consequently causes further

increase of 8 and of the amount of degeneration °

and of the shunt resistance; and by this further
increase of the shunt resistance the volume ex-
panding or cross-talk reducing effect is in-
creased. :

With the degenerative characteristic of Pig:
3B the shunt connection of Fig. 5 and of Fig. 6
gives a volume compressor or limiter, (i.e. as e
increases, up decreases and the amount of de-
generation and the shunt resistance decrease):
and in Fig. 6, increase of e moreover causes am-
plifier-rectifier 35 to render the grid bias of tube
I less negative, and consequently causes further
decrease of uB and of the amount of degeneration
and of the shunt resistance; and by this further

decrease of the shunt resistance the volume com-

pressing or limiting effect is increased; In- Figs.
6:to 9 the arrows indicate the direction of trans-
mission in the portions of the circuit at which
the arrows are placed. :

In Fig. 7 transmission from source or input
circuit e passes through tube I to load circuit 28,
The tube is connected for degeneration, resist-
ance 40 across the grid and filament being

shunted by the path through resistance 4! and

source e in' series so that the resistance 41 is
common: to the input circuit extending from the
filament through resistance 4{' and source e to
the grid and the plate circuit extending from ihe

filament through resistance 41, output side of.
amplifier-rectifier 3% and plate-filament space’

path of tube !. Resistance 4i corresponds to
resistance r of Fig. 1 in being common to an
input circuit and an output circuit of the tube |
S0 as to cause degenerative feed-back. In Pig. 7,
amplifier-rectifier 35 which, as noted above, in-
volves the desired delay, effects volume control
by changing the resistance (of the last tube of
the amplifier-rectifier) in the feed-back path.
Transmission from e to circuit 38 in Fig. 7 cor-
responds to transmission from e to circuit: Riin
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Tig. 2D, and the remarks above as to that trans--

mission in Fig. 2D-apply also to this transmission
in Fig. 7, wherein, however, there is involved the

delay arising in theé action of the amplifier-rec-:

tifier. .

In Figs. 8 and -9, tube { is connected in' a de-h

generative circuit, resistance 45:being common

to the input ahd plate circuits of thetube, and the:

voltage across the grid and filament of the:tube
is applied across the grid and filament of main
line ‘amplifier 2, as in Fig. 2D. = S

In Fig. 8, volume control of the transmission.

passing from source e to load circuit 30 :is ob~
tained by having amplifier-rectifier 35 change the

" erid bias on the control tube | in the same man-~:

ner as in Fig. 6; and in Fig. 9, volume control of
transmission passing from source e to load circuit
38 is obtained as in Fig. 7 by having amplifier-
réctifier 35 change the resistance (of the last tube
of the amplifier-rectifier) in the feed-back path.

That is, in Fig. 9 the resistance of the last tube.
of the amplifier-rectifier is a funection of the in-:

put amplitude, and this variable resistance is in

series with the feedback path and so changes the:
% amount of feed-back; whereas in Fig. 8 the .am-

plifier-rectifier provides & variable bias on -the
grid of: the- first- tube shown, which causes. the

resistance of the first. tube to change and 's0;

modifies the feed-back. Thus, the same kind of
effect is involved in . both:figures,
mechanism- is somewhat different.

‘The transmissions from- e to circuit 30 in Figs.
8 and 8 correspond to:transmission from e to. cir-
cuit' 3 in° Fig. 2D, and the remarks above .as to

that transmission in Fig. 2D apply also to these
transmissions in Figs. 8 and 9, wherein, however,

there is involved the delay arising in.the action
of the amplifier-rectifier. -

. Pig. 10 shows a part of a: telephone system
wherein o two-wire portion .and a four-wire por-
tion are connected by a bridge transformer «(hy-
brid coil) and line balancing network N in usual
manner, ‘The two-wire portion includes a tele~
phone station or subscriber’s ‘telephone set. 50.

. "The four-wire portion -includes outgoing circuit
or transmitting channel 51 and incoming circuit

or receiving channel 52. These: two:-.channels
may be of any desired type, as for example land
lines or radio channels. ' It will be understood

. that the one-way channels 51 and 52 form. a link,

as-for example a wire or radio link, for connecting
the  two-way  two-wire circuit - including = tele-
phone’ set 58 with a corresponding. remote two-
way line.  The remote terminal of the four-wire

=~ portion of ‘the system may be, for example, like

the terminal shown. ‘ :
.In this figure, block 55 is a voltage limiter or
volume compressor circuit like that of Fig. 2D,
for voice waves or. other transmission : passing
from source e to-circuit-d (or in other words from
telephone ‘set 56 to line 51 in Fig. 10).. There-
fore, in block 55 the resistance 12 of Fig. 2D is
omitted and the battery § is adjusted for opera-
tion of the circuit in this block as indicated by
the curves 24, 2B and 2C described above.

Block 56 is a volume expander like that of Fig.

9D for transmission from source e to circuit 3,
(or in other words from line 52 to telephone set
50 in Fig. 10). Therefore; in block 56 the resist-
ance 12 and battery 5 are adjusted for opera~
tion of the circuit of this block as indicated by
the curves 3A, 3B and 3C described above. The
circuib of block 56 is adjusted to expand the: vol-
ume of-transmission ‘passing from 52 to 50, for
example to compensate for volume -compression

althqugh the

3

produced at the remote end of the four-wire por-
tion of the system by.the voltage limiter -or vol-
ume compressor corresponding to that shown in
block 85. . . :
Fig. 11 shows a system such as that of Fig. 10,
except that the circuit of block 57.is used in place
of the circuit of block:55 of Fig, 10, ~In Fig, 11,
resistance 12.is included in the circuit of block 57

and ‘battery 5 is. adjusted for operation of the

cireuit of block 57 as indicated by the curves 34,
3B and 3C described above. Then the circuit of
this-block is'a voltage limiter like that of Fig. 2D
for transmission passing from source e to circuit
51 (or in other words: from telephone set 58 to line

51 in Fig. 11). : The expander-of block 5§ can
then compensate for volume control produced, for
example, at the remote end of the four-wire sys-
tem by a limiter corresponding to that just de-
scribed. - - ‘

. Systems with feed-back reducing gain, for ex-
ample for gain stabilization or distortion reduc-
tion, are claimed broadly in a copending appli-
cation of  H.-S. Black, Serial No. 606,871, filed
April 22, 1932; for Wave translation system, which
is generic to the present application as to such
subject-matter. - B ‘

What is claimed is: i ;

1."A wave translating system comprising means
for producing feedback in said system of waves
that reduce the magnitude ‘of its output waves,
and means for rendering the input-output char-
acteristic of said system with feedback non-linear
with respeet to its operating amplitude range.

2. A wave translating system comprising means
for rendering its dégenerating factor small com-
pared to unity, and means for rendering the in-
put-output characteristic of said system with de~
generation non-linear with respect to its oper-
ating amplitude range. o

3. A wave translating system comprising an
electric ‘space discharge device having anode,
cathode and discharge control means, means for
producing feedback in said device of waves that
reduce the magnitude of its output waves, and
means causing 'said control means to render the
input-output characteristic of sdid device non-
linear with respect to its’ operating amplitude
range. e ' k

4. A wave translating system comprising an
electric space discharge device, means for nor-
mally reducing space current of said device to
substantially zero value, and means for produe-
ing feedback in said device of waves that reduce
the magnitude of its-output-waves below their
value without® féedback. ‘

5. A wave-translating systém comprising an
electric space dischiarge device having anode cath-
ode and discharge control means, means for nor-
mally causing said control means to reduce anode
current of said ‘device to a valué approximately
as low-as zéro; and means for producing feedback
in said device of waves that reduce the magnitude
of its-output waves ‘below © their value withouf
feedback. ' ' S ‘

6::A wave translating system comprising an
electric < space -discharge -device having anode,
cathode and grid structure, means for-rendering
said-device degenerative and rendering its degen-
erating factor small ‘compared  to unity, and
means for biasing said-grid structure to a po-
tential’ that reduces space current of said device
to substantially zero value.

7. A wave translating system comprising an
electric space discharge device, means for mnor-
mally reducing space current of said device to
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substantially zero! value; rheans for produting:

feedback in said device of waves that redute the:
magnitude of its output waves below their value:
‘without feedback, and means for prevénting:

feedback . of unidirectional voltage with said: first
mentioned: waves. . . .
8. A wave translating. system commprising” an:

electric space- discharge device: having anode;

cathode and discharge control means, means for

i normally causing said control means: to-reduce

anode current of said device to a value approxi-

- mately as low as zero; means forming: with said:
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device a closed feedback loop for feeding back:

in said device waves. that reduce the magnitude

of its output waves below their value withoui
feedback, and means for preventing propagation:
of -direct current around said loop:. o :

9. A wave translating system' comprising an
electric space discharge device, means for nor-
mally reducing: space- current of said deviee to
substantially zero value, means for rendering:said
device degenerative and rendering. its degenerat-
ing factor small compared to unity, and means for
preventing feedback of direct current: in said:-de=
vice. _ e

10. A wave translating system comprising: an
electric space discharge devies having anode,
cathode and-discharge control. means, means for
supplying to said control means steady negative
biasing potential sufficient-to reduce space -cur-
rent of said device to approximately zero value,
means for transmitting direct-current to-the sub-
stantial exclusion-of alternating current connect-
ing said cathode and anode means; other means
for transmitting: alternating current to the.sub-
stantial exclusion of direct current conneciing
said cathode and anode means; and means for
feeding back from said other means.to said-con-
trol means waves, to the exclusion of unidirec-
tional voltage that reduce the magnitude of the
output waves- of- said device below their value
without feedback.

11. A wave- translating. system. comprising. an.

electric space discharge device, a-source of input

. waves therefor, meansfor interrupting space cur-
" rent of said deviee during a-considerable portion

of the negative swing of the waves. from. said
source, and means for producing feedback in.said
device- of waves that reduce the magnitude of its
output waves below their value without-feedback.

-12. A wave translating. system .comprising. an
electric- space - discharge - device. having: -anode,
cathode. and. grid structure, a. source of- input
waves for said. device,- means for rendering. said
device degenerative, and means for nermally bias-
ing said grid structure to a potential that causes
extinction-of anode current of:-said. device. dur-
ing a considerable portion-of the negative swing
of the waves from said source.. . . .

13.. A wave translating system comprising: an
electric. space discharge deviee -having .anede,
cathode-and grid means, a source of input signal
waves for said deviee, means-for rendering said
device degenerative, and means for normally bias«
ing said grid means to-such potential-as to render
anode current of said deviee extinct during. a
considerable portion of the negative. swing' of
the signal waves from said:-source,. said- means
for rendering said device .degenerative. rendering
the degenerating. factor small compared to unity
for reducing: distortion of the signal output,

14. A wave transmission: system' comprising 2
wave:souree, & load; an electrie- space. discharge
device having anode, -cathede and grid-structure,
with- its- input and- its-output. connected respec~

2,012,286

tively- to- said: source  and said: load: for trans~

mission through the device fromi the source to-

the'load; means-for supplying to:said-grid struc<
ture potential for causirg said deViee to trans—
mit portions only of the waves supplied thereto.

. fromssaid source; and:means feeding back in said

device waves- thét reduce the distortion caused
by the transmission of portions only of the input
waves: :

15; A- transmission volume limiter comprising’

a degenerative circtiit including a vactum tube

having gn anode; g-cathode and:a'discharge con-
trol element; an: output circuit connected across

said cathodée and’ control element, and means-

supplying to-said confrdl: element a- negative
biasing potential substantiglly greater than that
required: to reduce- the ariode current- to- zero
value. :

16. A trafismission: volume expander compris-
ing a degederdtive circuit. including. a- vacuum.
tube having an-anode, a cathode and: a-discharge
coritrol element, an output' circuit connected

across: said- cathode’ and' control element,. and-

means- for supplying” to- said .control element- a,
biasing potertial of such value as to- operate
said vacuurh tube- about a point- substantially
midway between: the upper and the. lower knees
of its input-otutput characteristie..

17. A’ wave transmission system  comprising. a-

resistance for controllirig: the: transmission- effi-
ciency of the systeri, and a degenerative. circuit:
incliiding: said- resistance for increasing the im-
pedance of said resistancde to transmission in
the systern, said: degenetative circuit’ comprising
a vacuum- tube havitig means for normally re-
ducing: its space current to zero value. -
- 18. A volume control: cifeuit- comprising a- re-
sistance in series in said: ¢ircuit for controlling
the transmission efficiency of the ecircuit, . and
a degenterative circuit including said resistanee
for inereasing: the. irhpedance of said resistance

to: passagé of transmission- therethrough, -said

degenerative’ circuit” including & vacuum tube
having an anode, a cathode and-a discharge. con-

“trob etement, with-said resistance connected be-

tweeri said cathode and: said-control element and
with means  biasing” said’ conirol’ element- to a
Potential that neormally: reduees- anode current
of said- tube td Zero value:. -

19, A volume control circuit-comprising a re-

sistanee  in shunt to said circuit for controlling
the transinission efficiency of the circuit, and a
degenerative circuitineluding said resistanee for
increasing the’ inipedance of said- resistance- to
passage- of- transmission: therethrough; said: de-
generative circuit including a vactium:tube hav-
ifig ai-anode; & cathode and a discharge control
elemeént; with' said resistarice connected between
said cathode and said cotitrol elenternt and with
medns biasing saidicofitrol eleient to g potential
that-normally reduces‘anodé ctirrent of said tibe
to zero value:
" 20: In g wave transmission system, s degeners-~
tive circuit. for controlling the transmissioti effi-
ciency of said system; mears responsive to
changes of transmission level' for controlling
operation of said degenerative cireuit; and means
for producing delay in the detion” of said secotid
mentioned means..

21. In a wave tiansmission system, a resistance
for controlling the transmission. efficiency of the
system; a-degenerative. circuit in-effect: multiply-
ing the value of. said ‘resistance, means responsive
to-changes in-transmission level for- varying the
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amount of degeneration in said degenerative cir-
cuit, and means for delaying action of said first
mentioned means.

292. The combination of a wave translating de-
vice for discriminating between waves of dif-
ferent amplitudes by virtue of non-linearity of
its input-output characteristic in its operating

range, and means for rendering said device de-
generative and rendering its degenerating factor
small compared to unity, said device comprising
a vacuum tube having means for normally re-
ducing its space current to zero value.

EUGENE PETERSON.



