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This mventmn relfxtes to wave tlanslatmn
systems, as for example, systems for amplify-
ing electrical variations ‘with the aid of elec-

trical space charge devices, and more particu-

» larly it relates to improvements in such sys-
tems and in the circuit arrangements. of the
space charge device therein.
Repe‘\ters have been proposed for neutral—
izing distortion by picking oft :some of the
) output wave from the output of an amplifier
which distorts, neutralizing the undistorted
portion of the wave thus picked: off by means
of an undistorted wave from the input of the
amplifier, and then impressing the resultant
wave which comprises distortion components
only upon the input of the amplifier in such
phase and amplitude as to neutralize the dis-
tortion due to the amplifier.
if it could be perfectly adjusted, would not

“o only be substantially distortionless but would

also compensate for variations in the gain of
the amplifier due to variations of its circuit
constqnte and would thus tend to mamtam the
gain uniform.

<5 An arrangement, such as descmbed in-

volves a repeatﬂr with a feed-back cireuit of
a special type and inherently the perfection
of its operation. depends. upon the:balance.
Since it 1 impossible, in practice, to obtain a

1y perfect degree of balance, it may happen that

a. repeater provided with a special feed-back
arrangement of the type above described. will
not meet the requirements where a very high

degree of freedom from distortion'is neces-
5 sary.

Accordingly, it is proposed, in accord-
ance with the present invention; to prov1de

in a repeater of the type above descrlbed an ..

amplifier of such character that the inherent
distortion which must be balanced out Wllli{‘oe

)
.accomplish this result, it is proposed. to sub-
stitute for the ordmary multi-stage ampli-
fier in such a repeater circuit a.repeater that
in itself is provided with a feed-back connec-

7 tion. The result is that the repeater includes
a distortion neutralizing feed-back eircuit:

within another dlstortlon reducing feed back
circuit.
The invention will now be more. fully

70 understood from the following . description

Such a system,-

When read in connectxon w1th the drawmo's 1n o

which Fig. 1 is a schema,tlc diagram of a

type.of repeater to Wh1ch the invention may

be' applied; Fig. 2 is a schematic diagram
showing how the ordmary amplifier of g4 .dis- .
tortion neutralizing feed-back arrangement'

may be replaced: by -an-amplifier which;.in
itself, is provided with a distortion reducmg
feed-back circuit; Figs: 3 and 4 are symbolic

diagrams 1llustrat1no' modifications of distor- .
tion reducing amphﬁers which may be uti- -

lized in the- cireuit of Fig. 2-and Figs. 3 (a)
and 4 (a) are diagrams showing in more de-
tail circuit arrangements for carrying out the

;mventlon as embodled in. Fws 3 and 4, re- -
spectlvely

A -distortion neutrahzmg repeater of the
type to which the present invention is to be
applied is illustrated in Fig. 1 and comprises

-amplifier elements C, D- and E connected by

70

means of circuits M, 'N and S, as shown. In

this type of repeater, the amphfymg unit D

1is the principal amplifying unit for bringing

the currents up to the desired. large volume,

‘the-amplifying units C and E bemd worked
at ‘such. low levels that the: non—hneardls-‘

tortion due to their action may be neglected.

‘Due to the high levels at which* amphﬁer D

must:be worked such amplifier, if of the ordi-

nary multl-stage vacuum.tube-type, will-have :

a certain amount -of*non:linear- distortion

and S to compensate

Let us assume that a pure smusmdal wave :

is applied to the repeater of Fig.1 and that
the amplifier E is not functioning. = A pure
sinusoidal wave.will then appear at the point

‘between - amplifiers ‘C and D. - On. the: .out-
put'side of the-amplifier D, a similar sinu-

soidal “wave ‘appears but it has superposed
thereon. certain -distortion. currents. . By
means of the resistance coupling X, X, and

- Xy, the circuit M picks:off a portion ofithe

output wave with its distortion and by means

bined with a portion of the wave appearing
between the amplifiers C and. D, If care is
taken that the phase and relative amplitudes.

of these two waves are properly. related the

= (]

‘which it'is the function of the -amplifiers C
~and. K- with .their assoclated c1rcu1ts M N

5
of the circuit N, the wave picked off:ig com- -~



sinusoidal. wave coming over the circuit N

~from the point between amplifiers C and D

~will just neutralize the sinusoidal part of the

© wave coming from the output of the am-

10

plifier D. - As a result, the current which-

is applied to ‘the input-of ithe .amplifier D

is made up -of ‘distortion -only. Now; i the
amplifier F is made to function, this.distor--
tion will be introduced into the main circuit .

‘on the input gide of the amplifiers T. Ac-
G and D and will appear in the-output. - If

~care is taken to properly relate the ampli-

15

‘tude and phase of .this .distortion- current:

(which was applied to the circuit over the
path:S)-to the phase and the amplitude- of

_the distortion components of the sinusoidal
" wave-after transmission through ithe ampli-

20

fier D, this -distortien may be made to neu-
tralize the distortion :generated in ‘the am-
plifier D so thet the nltimate output.of the

~amplifier D will be anundisterted:sinusoidal

“the amplifier T 4s made somewhat too great.

35

~ ‘tion in battery ‘voltage.

‘wave. ‘On the -other hand,.if -the gain -in

“tor too small), the repeéater will be made
to ' overieorrect (or under-correct) the dis-
tortion o that -digtortion generated in the
amplifier «C may ‘be ‘compensated, assuming,
‘however, that the -amplifier «C has the same
proportion of -second and -third harmonics
‘ag the amplifier D." " ‘

" ~A repester-such:as sbove-described has'an-

other desirable property in that it tends to-

compensate for variations in gain.. For ex-
‘amiple, -suppose the gain in amplifier D
‘changes, for some reason, such as a varis-
As -a -result,-the

 fundamental wave is not eompletely neutral-
" ized before entering amplifier E. In- other

40
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" hand, if the fundamental component comi-

" coming from the cireuit N, the phase-of the
55,

words, a_portion of the fundamental wave
is-amplified by the amplifier Ei-as well as
‘the distortion.  The mnet result.ofthis funda-

“mental wave component when applied to the

amplifier D is to keep the output in the line
‘constant, “For example; if the fundamental
‘component -coming ‘from the -circuit -M is
_greater  than' that coming from the cireuit
N, the resultant” wave passing through-the

~ amplifier E will be in such phase as to oppose

‘the excess transmitted from the output of the
amplifier D to the-circuit M, On the other

ing: from thecircuit M is smaller than that

resultant wave passing through the amplifier
E will be-such as to add to the fundamental

- component appearing in the output cirenit of

60

‘the overall gain.

the amplifier D. TIn other words, the cireuit

‘not” only tends to keep. the distortion’ zero

but tends to keep variations in-the gain of
the  amplifier' D from having any effect on

=" In order to get propér functioning with

T85

this type of apparatus, it is necessary that

‘the phase relations between the various wvaves

1,834,002

be approximately right. ‘This leads to the
following requirements: (1) The amplifiers
C, D and E must be resistance coupled or
very nearly so. (2) The total numper of the
stages in amplifier D must be an odd num-
ber. - (3) The total number of the stages in
amplifier-E plus-amplifier:C must -be an even

qnumber.

. .Any number of stages may be used .in the

s he .a ) " amplifiers C, D and E, subject to the fore-
cordingly, it will be amplified by amplifiers”

going requirements, depending upon the de-

-gived ;gain. --Obviously, stages may be taken
from the amplifier D and added to C so long

a8 the number in D remains odd and the sum
of the stages in'C and E is even. There is a

-distinct:disadvantage n'this;however,in that

the stages‘indhe amplifier C will:not.be with-
in ‘the compensated portion -of the -circuit.
‘Therefore, any distortion generated in these
stages ‘would be imperfectly -compensated.
‘Furthermeore, varistions in the gain-of ‘the
amplifier' C would ‘not be preperly compen-
sated. ~On the-other handl, the stages-of ithe

70

75

80

85

amplifier ‘C may .all be embodied in the am-

plifier E provided the:number of stages is
even, On the whdle; the preferred design
avould ;apear to-be a limited even number of
stages in -amplifier E and the necessary odd
number of stages in amplifier D, with the
amplifier ‘C eliminated -entirely so that the
‘paths S-and N:-will be bridged together-across
the input circuit of ‘the amplifier . In Fig.
1-of the drawings,a specific-design is indicat-

‘ed m which five stages are employed in am-

plifier D and two stages in amplifier E with
no gtages in amplifier C, these conditions
being indicated -by the numerals below the
Jetters indicating the amplifiers. '

90
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In the foregoing discussion of the -opera-

tion, it is assumed conditions are ideal and

avheré certain components are to be neutral-
ized orbalanced out, the conditions of balance

-will be perfect: In actual practice, however,

these -conditions do not obtain and sonie dis-

-tortion ‘will ‘appear in the output of the re-

peater even with the neutralizing feed-back
combination MNSE provided. For example,

-the amplifier D ‘may be looked upon as in-

ficrently “introducing a certain amount of

‘non-linear ‘distortion” which is, say, I dec-

ibels beélow: the main’ tiansmission. ~The
feed-back ~apparatus shown ' in' the figure

“may be thoughtof as reducing this distortion

by an amount, say, N decibels. ” The total ef-

-fect is that the Tesultant distortion is down
by N+N’ decibels from the main transmis- -

Y : o U . 5
sion. Now, suppose, we have an operating
condition which reguires that N+ N’ should

‘equal 75. “Under the best conditions of bal-

ance, the feed-back arrangement might be in-
capable of making a reduction in distortion

- such-that N’ would be larger than 35. Tn or-

der to meet the required condition, it would
be necessary for the amplifier D to be suf-
ficiently distortionless so that the value of

110
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_ distortion neutralizing repeater involving - :
~where the amplifiers ¥, ¢’ and E” are of one
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N would not be less than 40, a condition which
is- difficult of attainment by the use of or-
dinary amplifiers. - - = ) :
In order to overcome this difficulty, it is
proposed, in accordance with the present in-

vention, to reduce the distortion introduced

by the amplifier D of Fig. 1 by making: the

amplifier D in the form of a repeater with a-

distortion neutralizing network .of the type
heretofore considered. . The most obvious ap-
plication ‘of this idea would then take the
form illustrated in Fig. 2. Comparing this
arrangement: with that of Fig. 1, it will be
seen that the amplifier D of Fig. 2.instead of

being a straightforward multi-stage ampli~

fier will now in itself assume the form of d

the main amplifier D’, auxiliary amplifiers
C’ and E’ with associated feed-back con-

nections. M’, N’ and. 8’. These elements all

tend to function in the manner already de-
scribed, with the result that the apparatus
comprehended within the dotted rectangle

D will in itself tend to reduce the normal dis-

tortion due to the operation of the amplifier

-D’, this distortion being further reduced by

the normal feed-back arrangement compris-
ing circuits M, N and S together with aux-
iliary amplifiers C and . ‘ '

If, however, the circuit of Tig. 2 is con- -

sidered more critically, it" becomes evident
that there exists a difference between the type
of amplifier shown within the dotted lines D
and the ordinary one-way multi-stage ampli-

fier, Whereas an ordinary one-way amplifier’

does not transmit any wave backward from
its output to its input, the arrangement within
the dotted lines D does return.such a wave as

~a result of current delivered by amplifier K.

With' a circuit arrangement such as shown in
Fig. 2, some of this current would find its
way into the amplifier E over the path N and
thus upset the neutralization which would
normally be expected to result from the use
of the feed-back cireuit M:  In order to pre-
vent such false action of the circuit shown
in Fig. 2, it is necessary to prevent transmis-

sion in the reverse direction at the points.

This may be accomplished by introducing
a one-way device such as an amplifier at the

points z— so that transmission cannot take

place from 8’ to circuit N. With the intro-
duction of such a one-way device, the appara-
tus comprised within the rectangle D may

‘take the form indicated in Fig. 8, where a
one-way device F’ is connected ahead of the

circuit S’, as indicated. : S

1f, now, the arrangement D of Fig. 8 be
considered in connection with the circuit of
Fig. 1, it will be seen that, in:accordance
with the design shown in Fig. 1, amplifier
D should comprise five stages.. In Fig: 3,
these five stages are split up between the am-
plifying elements F’, C’.and D’, the total

‘number of stages in these three amplifiers

being an odd number, therefore conforming

to the requirement (2) for amplifier D, as
previously laid down. - The number of stages

in the amplifier D’ must also be an odd num-

ber for the same reason as:given for the-
:amplifier D, which means that the total num-
ber of stages in B’ and ¢’ must be an even
Tnumber,

In accordance . with - requirement
(8) previously laid down for the arrange-
ment of Fig. 1, it follows that the total num-
ber of stages in amplifiers C” and K’ must
be an ‘even number; These various require-
ments. are -satisfied by the design in Fig. 3

(in- which the number of stages in each-
amplifier is indicated ‘by. the numeral be-

low the letter: designating: the -amplifier)

stage each and amplifier D’ comprises three
22 , I 5 1

‘stages. 'The resultant amplifier, correspond-
ing to the amplifier-D of Fig. 1, requires, in *
‘efiect, only one additional .amplifier tube,

namely, that of the one stage amplifier E’.

. A slightly different . design for the-am-
plifying -apparatus within the rectangle D
‘1s illustrated in Fig. 4. Here the foregoing
.design requirements are satisfied by making
.amplifiers F* and O/ of two stages each; am-

plifier D’ .0f one stage; while no stages are

comprised “within the amplifier E/. It will -

be.seen that the total stages in F’, C/ and
D’ isan odd number. D’ itself comprises
an odd number and the total number-of stages
in amplifier B’ and- €’ comprises an even

number.  This.arrangement has the. advan- .

3
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tage that it provides a substitute for the am-

plifier D of Fig. 1, which utilizes only five -
"stages of amplification and still provides a
neutralizing feed-back arrangement. for: re--
ducing the distortion:. However, it has the
disadvantage, as compared to Fig. 3, that

only the distortion due to the one stage am-

‘plitier D/ is:compensated. -While it is true-

_that by means of -over-compensation or un-
der-compensation it is-possible.to take care

of the other stages (F’ and ') in part,never-

theless, - this -arrangement, .in  this respect,
would be somewhat inferior-to that of Fig.
3...It is:one which might. be preferred:to

it, however, where greater simplicity is de- .

sired than in-the case of Fig. 8. -

Various: other combinations of stages are

possible but the arrangements shown in Figs.
3.and 4 are sufficiently illustrative of the

principle so that it is deemed unnecessary

to illustrate other modifications which will
obviously suggest themselves. : R

of the one-stage amplifier ' is. also-con-

nected-to the input of the a»m’pliﬁe_er" whose -

105
110
5

120

. The schematic arrangement shown inFig. -
3 is illustrated in-more detail in Fig. 3 (a).
: As will be seen, the output-of the three-stage.
“amplifier D is connected by means of a feed-
‘back circuit-M” to-the input of the aux-
‘1liary one-stage amplifier K’.

125

The output

130
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“olitpiit, ‘in turn, ‘ts Cornected ‘by ‘nieans of
S’ to'the'inpiit of ‘the ofie:stage amplifisr o,
avith the tésult that this combmatlon of de’
vices Jwill “function as-a distortion ‘reducing
_ smplifier, Performiny ‘the finetion of am-
¥ plifier-D o1 Fig. 1. Tlie otitput’ of this am-
plifier arrannemevxt is ¢dnnected by means

ot b feed-back ‘connedtion M to ‘the input of*

the ‘tWo-stage ‘auxiliary ‘amplitier E whose

Hiput 1§ also connected by the ‘path N to: the

hptit of ‘thie system. The outptit of ‘the win-

plifier- B is also conriedted by path: S to the
1np1ﬂ; ‘of the Eystem.

In'the design'shown in Fig. 3 (a) the last

gt ‘stageof the: alnphﬁﬂr D’ may comprise a so-

) alled Litube Whilethe other stages-are made

Wp of ‘so-called N tubes.

- -0f the N tube is‘about one volt-while that of

. theLitubeds about 4 volts.: For‘proper oper-

“5p Wtion’the-grid of ¢he N tube should be biased

- “abotit 6 volts niote negative than its filiment

O/

1

while the Litube should have its'giid potential -

abott 9 Wolts Hegative tith 1espeut to the
filamert. The cn‘cult 1s'86 arranged that the
ﬁlaments of all of the tubes are dontiected in
‘series, ‘&5 Wwill be clear fiom an inspection of

‘the drawing, and ‘the biasing potentials for

. the ©iids of the varicus tubies nmay be taken
- from taps in the filament'supply circnit. In
%o Otder to accomplish this vésult, a ‘mumber of
Tegistances 6f about two ‘ohins sach are Lro-
vided in the filament supply ¢ircuit so that
~ ithie dropis about ‘equivalent to that throufﬂl
- an N tube filament. A 28-ohm’ 1es1sLance is
Vg shiited ‘across the filaments of the various M
- tubes to take cate of the Tact thiat the fil: ament
current for an N tube is only 14 ampere as
compared with a-14 ampe‘re for the L tube.
Tf the connections from theerid to the various
tubes inthe filament supply cireuit betraced,
it will be found thag the ‘erid of ¢ach N tube
will be connected to a pomt in the filament
‘supply éircuit biased 6 volts more négative
than’ thie negative-sids of its filanient “while
the Tu tabe: w111 have its ‘grid ‘connected to a

‘point abioit'9 volts neg ative with réspect to its

filament. n analyzmd thiese connections, it

“Sheuld b temermbered. tllat filantents of Ehe»

“‘tubies are ‘connected in tha following order:

. ¢, tube Ny of am plifier K’ tuoes N, and N,
- of amplifier E ancl ﬁnally the tube N; of the
“amplifier T,

- The schematic- armnvement of Tig. 4 is
‘l80 shown in more detall inFig. 4 (a). Here
the amplifier D’ comprisés a smole L tube
designated T - The amplifier. E’ is sliminated

and thé amphﬁer €’ comprises two N tubes.
"5 The one-way deviée F’ also comprises two

N tubes as does the atixiliary amplifier 1 of

~the f3in eiréuit: Analy51s of this cireuit

arfdtigemeént shiows that it conforms to the
‘ gehertiatic layout of Fig. 4 and will therefore
-45 operate in the: marner prevmusly descrlbed

“The Alament drop

y. Tube T, followed by the tubes Ny and N..of -
the amplifier D’, then tube N, of amplifier

1i834; 002

'Here, again, the ﬁlaments of all of the tubes
“are’connected in series in:the same filament

supply circuit and the potenumls of 'the'grids

‘are obtained from taps in the filameéiit supply

girctiit for which: purpose a- nmber: of 'two- 70
-olith resistanices are connected in series, eic
“of which will have a- drop about equiva alént to
"‘that through ‘the filanient of one N tube. By
tracing thie coniections-of the variots n'rlds

eich

to the variots taps in the filamient: supply cir- 15

‘cuit, it will be seen that the’ grid of the T.‘tube

is9 Volts Tiegative tyith' 1espect to'its‘filamerit
and the orld of each N-tube'is biaged negative

“dbout 6 volts In'tr acing these connectlons it
-shiotild Be borne in raind that the filaments- 80
‘of the ‘titbes are connected in the following
‘order
and N, 6f ampbﬁer ¢, followed by the two

- First, the tube Ly, then N ‘tubes N

N ‘tubes of amplifier B’ which are in tirn _

’ followed by the tubes N; and N6 of the auxﬂ- 85

iary amplifier E.
It will be obvious that the 0eneral prin-
c1p1es herein disclosed-may be “embodied 1n

‘many other organizations widely different

from - those 1llustrf1ted without depcutlnfr 90
from the spirit of the- 1nvent10n ‘as ‘defiriéd
in ‘the following claims. . S
" What is claimed is:

1. Ina dlstortmn neutralizing repeauel a
main’ amplifying ‘arrangement mcludmﬂ a:95

principal- amphﬁel an auxilia ary an 1pllﬁe?‘ a

“feed-back contiection from the output of smd
‘principal amplifier to the input of said prin-

cipal amphﬁer, and ‘a4 connection from the
input of said principal ampiifier to the input: 100
of said auxiliary amplifier; a second aux-

iliary amplifier, 4 feed-back conrection from

the output side of said main amplifying ar-
rangement through said” second - auxiliary

famphﬁer to tHe input side of said main am- 105

plifying arrangement; and a connection from

the 1input side of said Mmain amplifying ar-

rangement to the input of said second aux-

'111ary amphﬁer

2. In a-distortion neutmhzm(r 1epeater, 2110
main amplifying arrangement 1ncludm<r a
priveipal amplifler,; an aumhary ampllﬁel,
a-feed-back connection from the output of
said principal amplifier through said.aux-
1liary. amplifier to the input of said prin- 115
¢ipal aniplifier, and a connection from the
input of said principal amphﬁor to the input
of said auxiliary amplifier; a second aix-

~ary amplifier, a feed-back connection from

the output side of:said main amplifying ar--120
rangement through said sécond. aukilidry am-
pllﬁer to the mpu‘r side-of said main ampli-
fying arrangement, a conrection from the in-
put side of said ‘main amplifying arrasge-
ment to the input of said second auxﬂnry 125
amplifier, and means to prevént transfer of
énergy - from said first-mentioned feed- back
connection over said last-mentionéd connéé-
_tion to said second auxﬂnry amplifier.

3. In a distortion néutralizing repeater, a-130
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main amplifying arrangement including a
principal amplifier, an auxiliary amplifier, a
feed-back connection from the output of said
principal amplifier through said- auxiliary.
amplifier to the input of said principal am-
plifier, and a connection. from the input of
said principal amplifier to the input of said
auxiliary amplifier; a second auxiliary am-
plifier, a feed-back connection from the out-
put side of said main amplifying arrange-
ment through said second auxiliary amplifier
to the input side of said main amplifying ar-
rangement, a connection from the input side
of said main amplifying arrangement to the
input of said second auxiliary amplifier, and
a one-way device interposed between said
first-mentioned = feed-back connection. and
said last-mentioned connection to said second
auxiliary amplifier, said device being so,
poled as to prevent transmission from the
former connection to the latter connection.

4. In a distortion neutralizing repeater, a
main amplifying arrangement including a
principal amplifier, an auxiliary amplifier, a
feed-back conneéction from the output of said
principal amplifier through said auxiliary
amplifier to the input of said principal am-
plifier, and a connection from the input of
said principal amplifier to the input of said
auxiliary amplifier; a second auxiliary am-
plifier, a feed-back connection from the out-
put side of said main amplifying arrange-
ment through said second auxiliary ampli-
fier to the input side of said main amplifying
arrangement, a connection from the input
gide of sald main amplifying arrangement to
the input of said second auxiliary amplifier,
and a vacuum tube amplifier interposed be-
tween said first-mentioned feed-back connec-
tion and said last-méntioned connection to
said second auxiliary amplifier, said vacuum
tube amplifier being so poled as.to prevent:
transmission from the former connection to
the latter connection. ) :

5. In a distortion neutralizing repeater,
a principal amplifier, an input connection
thereto, a first auxiliary amplifier, a feed-
back connection through said first auxiliary .
amplifier to the input of said principal am-
plifier, a neutralizing -connection from the
input of said principal amplifier to said
feed-hack  connection to. produce -at least
partial neutralization of components ‘of
waves fed back corresponding to the input
wave; a second auxiliary amplifier, a second
feed-back connection from the output- side
of said principal amplifier through said sec-
ond auxiliary amplifier to the input side of
said principal amplifier, and a second neu-
tralizing connection from the input side of
said principal amplifier to said second feed-
back connection to at least partially neu-
tralize components of waves fed back over
said second feed-back and corresponding to

5

waves applied to theybinputf side of said prin-

cipal amplifier. Sl el
- 6. In a distortion neutralizing repeater, a

‘principal  amplifier, 'an' input connection

thereto, a first auxiliary amplifier, a feed-

amplifier to the input of said principal am-

plifier,, & neutralizing connection from the
input'-of said principal amplifier to said.

feed-back connection to produce at least par-

back connéction through said first auxiliary '

76

tial peutralization of components.of waves-:

fed back corresponding to the input wave; a
second auxiliary amplifier, a second feed-

back conhection from the output side-of said

principal amphifier through said second

80

auxiliary amplifier to the input side of ‘said .

principal  amplifier, a second neutralizing
conneetion from the input side of said prin-

“cipal amplifier to said second feed-back con-

nection:to at least partially neutralize com-
ponents of waves fed back over said second
feed-back and corresponding to waves ap-
plied to the input side of said principal am-
plifier,-and means to prevent transfer-of en-
ergy from-said first feed-back connection to
said.second neutralizing. connection.

7. In a distortion neutralizing repeater, a

90

principal - amplifier, an' input connection

thereto,. a first auxiliary amplifier, a feed-
back connection through said first auxiliary
amplifier to the input of said principal am-
plifier, ‘a neutralizing connection from the

“mput of said  prineipal. amplifier to- said.
‘feed-back connection to produce at. least

partial neutralization . of components: of

wave; a second auxiliary amplifier, a sec-
ond feed-back connection from the output

100 .

waves fed back corresponding to the input -

side.:of said principal amplifier through

said second auxiliary amplifier to the input

1056

side of said principal amplifier, a second

neutralizing connection from the input side
of said ‘principal amplifier to said second
feed-back connection to-at least partially
neutralize - components of *waves fed bac

over said second feed-back and correspond- -
ing to waves applied to the input side of

said princ¢ipal amplifier, and a one-way de-
viee so ‘connected as to prevent. transfer of

energy from said first feed-back connection.
to said second neutralizing connection.

8. In a distortion neutralizing repeater, a

“principal amplifier, an input  connection
‘thereto, a first auxiliary amplifier, a feed-
~back’ connection through said first auxiliary

110

115 -

120

amplifier to the input of said principal am- -

plifier, a neutralizing connection from the

input of said principal amplifier to said:
feed-back'- connection to produce at least

partial neuntralization of  components of

125

waves fed back corresponding to the input: -

wave; a second  auxiliary amplifier, a sec-
ond : feed-back connection from the output

side “of said principal amplifier through -
said second auxiliary amplifier to the input

130,
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e ot Said pr1nc1pal runphﬁer a second ¢ i

_peutralizing connection from the’ mput side .-
of said principal” ampllﬁer to said second
feed-back connection to. at léast partially -
neutralize® components of waves fed back -~ -
over.said second feed-back and correspond-
ing to waves applied to the input side -of _
sald‘prmmpal amplifier, and & vacuum tube = © -
“aniplifier o econnected and so poled as to
prevent transfer of energy from said first
feed-back connection to sald second neutral-, o
1z1ng connection. . - ’
T testimony whereof, I have signed my -
nameé to this spe01ﬁcat1on thls 13th day of

September 1929. -
: : HARRY NYQUIST
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