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,18 Clalms

'1’ lns mventmn relates to tmnsmlssmn .;y.;tems,’
and ‘more -particularly to - mgnahnc systems Jin .
~which echoes of -the- Griemal “Waves, are 1nt10--_'

duced..

7 ©ne .of - the obJeets of the mventxen. 1s the
chmm tlon or reductlon ‘of echo effects at the
<reeetving-endof-a . transmission: system.

_sion: :

“iThe - funda‘nental 1dea, 1nvolw=d m th\/ 1nven-
‘tion- is the’ ‘balancing out of the ‘echoes trans-
mitted 1o the’ “ccetvmg cncu' .by eﬂhees arti=
c‘ally pxoduced i’ that'cz cult "Thiis cancel~

)

mfelhglbllvty ‘of the s1gnals dum
since these distorting echoes Al
the réceiving ¢ivelit.” i
‘Other odjects and maturee
“will appeal “from ‘the -follswing—discussion-and
* from- thefollowing detaned description ‘of sspe-
-cific-apblications of- the-inventivaideas. -

‘be 1emoved m

ing drawing, ‘which presents ;a-seéries of “sche-
wigtic: di%losurce t,of ‘appiication's rof ."the:inven-.
-tion,

F‘vguxe 1 .of :the dl awmg mdlca,tes the rfenem-

tion.of _schoes at the transmitting exid-of a sys-~-

bem, iwhich: generation may. be artificial and for -

at-ths. receiving cend.of the: system an arrange-

: ment for- balancing out-the ‘transmitted  echoes
when the echo energyris: attenuated Wlth relation.

$0° the ougmel ENergy.
Fig. 2:shows 2

: Lhmn the original energy.
Coig. 3 shows:an, arr angement for producmsr
Secrecy, in ,Whl ch-distortion is introduced at the

P

‘ TS

celed out at the rece vmg end of. tne syste“n
CFig. 4 shows a’ Qemewha,t mole complex ar-

B0 mpission’of signals:
Hig,
cants fundamenta‘. idea to the measurementiin

“the receiving’ cncu it of eehees transmltted over

the syetem
lee characters of refe fence-in’ the ,,everal ﬁg-

ta
=4

~tems are'well understood in theart:”

. Another obJect of the mventmn is the’ deelease R
of- Jntelqublhty of- the sjgnals c.urmg mansmls—,

’ansmnsmh :

i} .—.the» ~mvent10n:

»'reeelvmg ‘cirouitare undes )
‘ures are ‘employed-eithei! to"ehmmate the- 850y ce S

the purbose "4 introducing -sécrecy, and §hows
With veference firstito’ 'q‘lg
o Fig modlﬁea avrangemenu for, off—’
0 gettine the .echo effects in & -réceiving: cireult’

when the .echo ‘energy is of ﬂreater magmtude E
‘over.‘a’line‘Lito the distant recesiving ¢ircuit RC -

ulansmltmng end a.ddlmom,l to tha,t 1nd1eatet1 i
- tain time mtelva,l 1\mth Télation ‘to’ thé ioriginal

! “zmrrevnent “for pr oducmg secrecy in- tne trans—, :

5 indicates -the -2 pnhcatlon of the apph—"

(Cl. 178—44)
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“ures of thre drawmg de51gnate correspondmg ele- o

: ‘ments

The origin of echoes 4in accoustlcal and elec—
,t11ca1 transmission ‘systems.and -the: desirability
of. ehmmatmg the effécts - of rechoes in -guch sys-
“In’an:dudi-

‘torium;for instanes, the.veice of 'a Speaker may

“be heard -over :the: direct air path to the listéner.

‘and alsoover: mdlrect paths:involving: ‘the refiec-- i

-tion-of ithe ‘sound waves’ from - the :walls -or-the -
ceﬂmg -of the auditorium Again, speech er
Lmusic may be.received from ‘two or more radio

“transmitters simuitaneously, -and the: txansmlt—
ters amay--be connected to ‘the microphone by
'traesnnsqon circuits having - different electrical
distafices.  ‘Further more, the mtloductmn pfap=

lem :calling for: treatment and solutlon by tele—

; phone -engineers.

preciable: echoe,a in long two-wire and four<wire
‘telephone-eircuits has been for some tlme 2 prob- -

-7
o

: The- dppreciable: 1esu1t of an: echo isithat the -

ongmal sound-is repeated with a“time-delay/of

--eonsiderablé length.- 'The sericusness of the-echo
“effect depends of course, on ' the length of. the de-
ozilay-and qon fthe ‘magnitude

“The: descriptive  matter .appearing neremafter‘
"5 toibe. reed with- réferenee to the: a,ccompany-.

of: the echo -€NeTey.
Since, fin- praetlcelly ‘all ‘cases,-echo ‘eéfFacts-in-a.-
rable, 'various imeas-

80

-of the' echoes or’ to"‘educe the delay intervalor .

ithet magmtude of " thevreﬂected energy, or‘both
‘as far asiis possible:

- As“has been-stated abeve, the: central 1dea of.

the piesent ‘invention “i5-to -balariee -out“the
transm'tted echoes ‘in-the ‘Teceiving - c1rcu1t‘ by
lecally oredueed -echoés 6f hke ‘charasheristios

1+0f the- dra.wmg, le’”

it be assumed-that at’the: 1a,r1°~m1ttmg end TC ’

“of-a, ‘system : over - Wh10h areltransmitted? wavcs
-1ep1esent1ng seund,- echoes i the! erlgmal waves
<are’ -in:some’ ‘manmner - introduced:
rafi§imitted -fromi +the.: tlansmitt1ng -cireuit . TC

will -include: net only-the original energybutthe
echo igraves. - Thdse :echo’ waves -a¥e: llke e
original wavesiin Torm out arer de?ayed by-a cer-

~waves; and it will be- ‘gsstimedithat the: e¢hc en-
ergy ‘is- consmlerably attenuated w1th :relatmn to
"transmltted may: be bro;{en up! Hnto: components
,cmrespondmcr ito' ttime ~iritervals - equal to ‘the
“ec¢ho ~delay. uThe eompopents correspondlr\g to.
the consecutlve time' ivtervals. may be termatiid,

Jiol diie, ete.

“Théenergy o

e
&

100

105"

It willshe understood thdt: until
the expir atlon of the' first-unit-of tlme, the en- -

e
el
S



" 10

S5

"- Composite wave..._..__. a

20

25

ergy received in. the receiving -circuit RC will

" represent only: the original energy free of echo;
" that is, during this first time interval there is
impressed on the receiving circuit only the -com-

ponent @. In the second time interval there

‘will arrive the second .component..b, and along:

with it'there will arrive the echo of -a multiplied

. by some factor x, which in the cage assumed is a
. fraction.

.val. the component ¢ will have added to. it xb,
. which ‘s the eche of the original -component b,
. ete.:

Similarly, during the: third time inter-

Thus, the received.energy- may be repre-
sented according to. t1me 1ntervals by the Iullow-

~ing table:

Time interval. .|~ 1.7 ‘2 3. | 4| 50

bi-za ’

c-f-xb d—l—xc

~+In the arrangement_ of ‘Fig.-1 the »appiic_ant'
passes the' energy transmitted. over

“through-a unilateral vacuum tube circuit V'Tr to:

a transformer TRi. An outpul path leads on to

.a receiver R and-a branch circuit is .provided for

. feeding energy back to the transformer TRi:at

~‘the: input of the receiving -circuit.
© nals of -the input winding are designated: as 1;'
.and 2, the ferminals of ‘the output winding-as 3

30

The. termi~

and 4 and the terminals of the- feed-back Wmd-
‘ing as 5.and 6. In this feed-back circuit are
included -an attenuator Ai, a delay circuit Di,

. and a second unilateral vacuum tube circuit VTa.

'-',"The potential- applied to the terminals 1—2 fol-

85

lows.‘the. table: giveni above: Thus, during the

first time: interval the wave ¢ is received .and is .

. passed on.to the receiver R unaffected by the

40

- mitted echo with relation to the. -origingl. wave.:
Tt . will be understood. that the umlatew al device”
It will-
. now be understood that just as the energy of the
~.second time interval .b4-za reaches “the trans-
“former TR, the artificially produced wave za is

45

60
- .7 pack energy is opposed . t0 the mcomlng energy,
as-indicated in Fig. -1, the . transmitted ‘ocho 24 |

55

60

g5

70

. %

-however, is diverted at point ¥—
-to the input circuit through winding 5--6, is at-
tenua’ted by z in A1, and is subjeeted to a_delay.

. 7—8

feed-back arl,angement A- palt of this energy,

8 and is returned

in D1 'which is equal to-the delay of the trans-

VT2 introduces: neither gain nor ioss.

fed back:to.the terminals. 5-—6 of the tmnsform~
er; it wﬂl be understood fmther that if this fed

and ‘the locally produced echo: ra.oppose each

-other, and since the pote_ntlals are of equal mag=
nitude the two echoes are balanced out and-the .
',,resultant wave -which ‘passes on to-the receiver

‘R is.b, free of the echo za. -

- Similarly; a part of bis dwelted at the pomu
is -attenuated  and delayed in -the :feed-
back cncult and serves 1o halance out the echo

b which accompanies- the wave ¢ corresnondmg
It is -thus seen -

to the third time interval, ete. | ¢
that while the. energy which is-transmitted and

received: represents -the signal. .accompanied by

a- substantlal echo, the energy ﬁnally passed on
to ‘the receiver R is free of echo.
It will -be understood that the’ umlate?al de-

_v1ce VT prevents the. echo balancing currents

from-returning to the line I,-and that: ‘the uni~
lateral device VT2 serves to paermit. nhe balanmrvT
currents to pass.in onl,/ one -direction:. - :

< Tt is" evident to those’ skilled in the art- thau

‘unless ‘the. feed-back circuit: of ¥ig. 1 involves
‘& net loss, there will -be a téendency foward sing-~
:ing in the receiving circuit RC. - Thus, it is seen

1,921, 063

_nals
portion of the energy passes -over the lower -

rd
R . branch and through an attenuator A and a

Iime L the incoming energy are then combined 5o as

~cording- to time

- Time interval.-._

that the arlangement of Fig. 1 will functlon
well if the echo attenuation factor x represents

a considerable. difference of magnitude between

the original energy: and the reflected energy.
Since, however, there are echoes which exceed
the origindl energy in magnitude, it becomes de-
sirable to provide a modification of the arrange-

‘ment of ‘Fig. ‘1, which is not subject to the

hazard of singing. Such an arrangement is in-

‘dicated in Fig. 2.

in the case of Fig. 2, the energy coming. in

‘over line L from a distant - transmitting point

is passed_through a unilateral vacuum tube cir-

- cuit VT1 and-is caused -to divide at point 1—2.

A -portionr of the energy passes over the upper
branch through a delay circuit Dy to the termi-
3—4 of a transformer TR:. - The other

unilateral device V'Tz to the terminals 5—6 of
the transformer TR2. -These two portions of

to oppose each other and to produce a resultant
potential across the winding 7—8 of the trans-
former TRs.- This output 1s then passed on to

{he receiver R.

80
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The .incoming  energy whlch is d1v1ded ac- -

“intetvals equal to the' delay
time, may be represented by the following table:

Txmemterval._._.___;'..u R 30 4 5

c+f)b e+od

Compositewave...____2| .a btya dtye

Tt is understood that v may .be greater than
unity. Since the delay introduced in Di is ‘equal
to the echo delay, the wave appearing at termi-

‘nals 3—4 of . the transfonner TRz may be 1epre-
vsented as follovvs ool

i1 2 | sa |5

btva | ctgd | dde

Compos1te WAV oos [0} ‘e

In.‘:other words, the. transmitted wave is ~de-
layed “by one time unit. The energy which is
passed through- the:attenuator A: will appear
ab t’el*minals 5—6 of the transformer as follows:

’Tunemterva]-._--..-.-.‘__v 1| 28 4 5
i Cdmpoéite wave.......| .8 b, e, |4 e
o e we - 7 gra | gtb | gte | gt

When these two branch-path outputs are com-

-~ bined - in  opposition in' the transformer TRa,

there results across the terminals 7—8 of the

“transformer a wave Whlch may be 1epresented

-as follows:
Time interval ._-... |1 B R 4 5
Composite wave:.....| @ bl | g 7 £

7 ¥ zr+_”" y ol z/"',””

It is seen that the alrangemem of ng 2 fails
to produ & the echo elimination of the arrange-
ment of Fig. 1. There is, however a consider-

" able. improvement introduced with a large re-
-duction of the echo effect. - It will be seen from
the last tabular picture that there is some dis-

tortion of the-original signal but that the dis-

110

‘115

120-

125

130

135

140

145

orting components are greatly attenuated.' This 150
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. 1s, of. course, a favorable condltlon as’ compared

. _’L()

with that in -which the :signal~is accompanied
by an-echo of greater mten51ty tha,n the ongmal
energy N

With reference again to F1g 1 of the draw-
1ng, it has been stafed that.the arrangement

. ‘therein-disclosed—and also-the arrangement’ dis-

«closed -in -Fig. 2—serves to improve. the: recep-

tion in. the’ receiving rcircuit RC. of  gignals

transmitted from: the . .distant transmtung cir=

‘euit ‘TC:. In the normal case, of ‘course, the
echoes generated‘ in TC are unavoidable and the-
only ‘thought is to eliminate or reduce the o~

jectionable efféct. at the receiving. end. of ‘the
system. However the applicant’s ‘balancing ar-
rangement at the receiving end permits the arti-
ficial distortion of ‘the transmitted energy at the

- transmitting - end, for the purpose of. reducing

20

the intelligibility .of the sighals during transmis-
sion-witha view to secrecy. In the arrange-
ment of “Fig. 1, the energy. traveling over the
line L.-isdivided at the point 9—10. The por-
tion‘of the energy passing over the upper branch

“reaches - the point 11—12  without distortion.’
~The portion which passes -through” the lower

© branch, hewever, is subjected: to. a-delay in the

;_5
43

fom
[

delay circuit D and. preferably. to an attenuation:
in’ the “attenuator A. _ Accordingly, “when '-this .

portion of the energy .is fecombined - ‘with” the:

- other at points 11—12; the energy sent on-over
the :line L has" the form of the original-signal”

accompanied: by an echo. - It-will be understood

that the unilateral vacuum tube circuits VI and .

VT/:are included to insure the unilateral action

: of the-branch paths and may introduce gain or

loss  if: desired for’ other purposes. When -the

distorted energy: reachies uhe distant -receiving -
circuit RC, it is, of -course; des1rable 4o restore:

the normal - intelligibility -of :the sighal; and ‘the:

above-described” technique s empTOyed Whereby;}
‘echoes are produced in the receiving circuit and

are opposed to:the incoming echoes transmltted
from the-transmitting end.” :
‘The idea just: dlscussed ‘can, ‘of course be car-

- ried to a further point as: indicated in.the dr--

: ra,ngements of Figs. 3 and 4:" Tn Fig. 3 at -the

k cycles.

. &the but also-the distortion of-frequency -inver-
7 sion. +In the-lower - branch*path ‘of the' eireuit. -

- the -attenuatorA; and ‘the ‘delay_circuit D,
“added an mverter I;.

. three hra.nch paths

‘only the distortion of the artificially 1ntroduced

TC, aleng with -the-delay-circiiit D-and the at-

- tenuator A, is’ included an inverter I As is‘weéll
understood in the art, this device is g modulater=.

like-circuit in which the high frequencies of the

¢ signal apppear as-low frequencies, and:the low -

frequéncies ‘as high. For instance; the -inver=
sion may be arranged to take’ place ‘over a: fre:
‘quency-range-of about 3600 cycles:‘a- speech fre=

—~queney of 300 cycles for mstance, -will ‘appear in -
© theé output  of -the inverter as 2700 ¢ycles and,

similarly, a high speech frequency of 2500 cycles,
for instance,  will appear in-the output-as 500
At the ‘recelving circuit RC- the feed-
back: arrangement of F1g 1is employea, ‘and to

‘duced at ‘the termlnals 5—6 ‘of the transformer
TR: is opposed to the. dlsuorted wave transmit=

ted for the purpose of’ ‘secrecy, and: ‘the two are:
canceled out, leaving’ the’ signal of ‘normal in-.

telllglblht,,r tobe. passed on'to'the: recelver R.
In the arrangement of Fig. 4, tne energy in

Cthe ’mansmlttmg circuit TC- is: d1v1ded betwecn
The ﬁrst branch path m—'

cireuit RC:

Capplied-for - the spurpose of measuring

':cu‘t should “be a,dJustable

-the"

cl'ldes merely the: unﬂafceral device VT.: The

second hranch: mcludes the unilateralideviee VT,

-4 delay civcuit D and an attertiator A.. The

third:branch- path includes  a-unilateral device.

VT, a-delay circuit D' and an -attenuater A’
It-will be understood that -the: delays Antrodiced

“by D.and B! are different and that.the attenua-~

tions introduced:by A and A’ are different. At
the zeceiving end two feed-back-circuits are pro-
vided, the first-including an attenuator As and:a

~qelay “¢ireuit D1, and the second including an
in -this’

adtenuator. As-and a delay. circuit Do,
receiving circuit RC there are -differences of .de-

‘layiand attenuation corresponding to thoese idn-

troduced -at the fransmitting end, and sccord-

3

80
85

- 90

ingly, waves:-resulting at the. terminals 5-—6 and -

13—147ef the transformer TR1 serve to remeve

the: dzstortmn 1ntr0duced at the tlansmlttlng

end
With reference to F g, 4 it w111 be L.‘lderetood
that: the Anversion: 1dea of Fig. 3"may be. com-

“bined- with the multiple. ech’o idesa of Wig:4. 'If

this: is .desired, an inverter ‘T is included.in one

of ‘the branch paths, for instance, of the circuit
TC,. and correspandmgly, an inverter Ii is-in-
cluded in one

100
the feed bacx cv cults of theg-'

- In general the transrmsswn loss gnd the phase -

zh;rt of ~the. echo path vary-with the frequency.

Such variations, if ‘known, can be’ imitated: to
‘make- the - elimination of  the. echoes: complete.-
~Thus it will ‘be understood that ‘in the arranze-
ments.of Figs. 3 and 4 forms .of distortion other :
“than frequency inversion ‘might well be used. -

‘The. fundamental ‘idea. of . .creating: artlﬁcml
echoes in the receivirig cireuit and, causing them
t0: balance out’ ‘the transmitted echoes; may be
received

‘echpes. ! correseonds

The. arrangement of Fig: 5

to-the- recewmg ‘cirveuit, a,nangemer_t of -Fig. 1.
“The: ongmal Energy -coraponents..of the received

wave:are passed ‘on to.a receiver, while ‘@’ por-

the purpose “of* measurmg echoes, the attenw
and nhe delay cucurt of. the: feed -hack cir-
The operat T Wﬂl

listen at the recexver and will adjust the, attenu-
ator and the delay. eircuit until the 1eceptron is

105

130

15

. tion of each component is diverted at the point
7--8 and af fter being - stibjected to gttenuation
‘and delay is-fed: ’back to the mput -of ‘the' eircuit

_ ) 'RC in ‘opposit ion uD nhe “incoming echo energy.
transmlttmg ¢ircuit TC there-is intreduced not -

120 -

125

free of: echo effect: He wﬂl thcn read-or -other~ -

Wise.: detelmme the degree ‘of attenuauon imtro-
»duced in:the: feed-back cireuit and the: degree of

delay.in’.the. delay circuit” therein. Since’ the

“s,bsence :of ‘echo. means that-there is. 2 ‘balance in
these ‘determined |

‘input - of . the cir cuit,
a,mou‘lts of a,ttenuatmn and delay wﬂl ‘repressnt

the magmtude and ’che deray of the recelvedr

‘echo. -
Whrle the. lnventmn has been dlsclosed in cer-

‘tam ‘embodiments for the. purpose- of 111ustratxon- :
- “it-is 'to ‘bé understodd that such disclostire is not
entirely” limiting but that the true scove of the
The distorted : wave: pro-‘

1nvent10n 1s tobe determmed from the appended
clalms .

What 1s clauned is:

. 1:Ina system in Whlch waves are tx a,nsmxtted
to a4 receiving circuit. and in- which ‘echoes .are
introduced, the imethod of dealing” with .-the

126 -

140

ot
(%]

‘echoes Whlch eonsists in producmg in:the re-- .-

-celving mrcult echoes havmg the same charac~

terlstlcs as, those prevmusly 1ntroduced and op-

15
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posing to each other in said circuit the trans-

mitted ‘and the locally: produced echoes.-

2, In & system in Which- waves’ representmg

-sound are- transmltted to a receiving circuit and
in: which waves which are echoes of the original

waves, delayed with ‘relation thereto, are intro-
duced -in the course of the transmission, the
method of eliminating the echo waves in the
receiving - circuit which. consists in producing

-therein- echo waves - like those produced -in the.
course-of the transmission, and opposing to each
" other'in the receiving circuit the transmitted and -

the locally pr oduced- echo waves.
:3.-In & system in which waves are tr ansmnted

to a-receiving circuit and in which echoes of said .
‘Wwaves are infroduced, the method of- improving

the reception of the waves at the receiving end
of -the system which consists in-dividing the in-
coming energy into two portions, subjecting one
of said portions to a delay; subjecting one of said
portions ‘to-an attenuation, and comblmng the'
two -portions in opposition.

4.'In a-system in which waves. representmg
sound are transmitted to-a receiving circuit and

in - which echoes are introduced’ having the same
forms as the “original waves | bub delayed. with

relation thereto and having a dlfference of mag-
nitude -therefrom, the ‘method - of impr oving the

. reception of the 'sound ‘at the receiving end of

30

35

40

the system which consists in dividing the incom-

ing energy into portions, delaying the transmis-

- sion of one: portion by & time-equal to-the delay
. ‘of ‘the transmitted: echoes, attenuating one. pors
tion by:the difference in-magnitude between the
_original and the-echo energy, and recombining

the portions.of the received energy in opposition.
5.-In s system in which waves representmc
sound are transmitted to a receiving circuit and

_in which. echoes are:introduced having: the same
~forms. as ‘the ongmal waves -but; delayed with. :
time -interval separating the original waves and

relation thereto by a certain timie interval and
havmg a.difference of magnitude therefrom, the

‘" method of improving. the reception of the sound

‘at the réceiving end of the system which con-
.sists :in_dividing the transmltted energy. between
'branch paths, 1ntroduc1n<r in-one of the -branch

) paths an altlﬁmal delay. equal to ‘the certain

- 750,

time Jinterval,. introducing in one of the branch

paths an. artificial change . of magnltude and.
'comblmng the outputs of the branch paths 1*1‘
‘opposmon :

6.:In'a system in Whlch waves are {ransmitted

" “to-a“receiving circuit - and in which echoes of
- such waves are introduced, means in the receiv-

ing circuit for producing echoesresembling those -

transmitted, and means in said circuit for oppos=

_ing to each other the tr ansmltted and-the locally

* . produced echoes:

. 60

65

7. In a; system in Whmh Waves representmg'
,sound are ‘transmitted to'a- receiving circuit and-

in which echoes: of such waves are introduced
in the course .of transmission; means in the re-

ceiving circuit for producing ‘echoes havmg equal-
“att enuation’ and “delay w1th the “fransmitted
.echges, ‘and means for balancing agamst each
‘other. the t‘ransrmtted and the locally producnd

‘echoes.’
8. In a system in Whlch Waves representmg

) “sound are transmitted to a receiving cucmt and -
700

in"which’ there are introduced ‘echo ‘waves hav-

" ing ‘a certain ‘attenuation and a" celtaﬂn delay

with - relation’ to the" original waves, the method

".of - eliminating the echo effects in the receiving

¢ircuit which consists in dlvertlng a portion of
‘the- or1g1na1 enéergy which has passed the mput

© 1,921,068

of said circuit, subjecting the diverted energy
to attenuation:and delay-equal: fo the attenua-
tion and delay of the transmitted echo, and feed-

ing-the attenuated and delayed diverted energy .

back to said. input ‘so as to balance out the in- -

coming echo energy.
9. In a system in which waves. representmg
sound are transmitted to a receiving circuit and

" in which there are introduced echo: wayes hav-

ing a . certain. attenuation. and a certain delay
with relation to the original waves, means in the

output -of the receiving ‘circuit for diverting a

portion of the energy passed.thereto, means for
subjecting the diverted energy to attenuation
and ‘delay equal to the attenuation and. delay
of the transmitted. echo,” and means .for feed-
ing the attenuated .and delayed diverted energy

back to the input of the receiving - circuit -in

opposition, to: the incoming echo energy.

-.10..In a system in which waves representing
sound- ‘are transmitted to a receiving -circuit
and in which echoes of said waves are intro-
duced, -the ‘method of reducing the echo effects

in: the receiving circuit which consists in divid--
ing. the energy entering. the receiving cireuit
into two: portions, subjecting one portion to-a

delay, subjecting the other portion to an atten-

.uation, -and combining the two pmtlons of the

energy-at the output of the receiving c1rcu1t in
opposition.

~1ll.In g system in Whlch ‘waves rﬂplesentlng
sound. are transmitted to a receiving circuit and
in which there are introduced echo waves ‘like
the original waves'.in form but differing there-
from in magnitude and delayed with relation
thereto by a certain. time interval, the method

80"

85

90"

95

100

105

110

of: reducing the echo effects in the receiving ecir- -

“-¢éuit which consists in dividing: the energy en-

tering the. receiving  circuit: into. two. portions,
subjecting -one portion- to & delay equal to.the

transmitted -echoes, subjecting. the other. portion

_’to‘ an attenuat_ion equal -to’ the difference of
magnitude between the original waves:and the

transmitted echoes, and combining the two por-
tions oi-the: energy at the ouftput of -the receiv-
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ing ecircuit in opposmon substa,ntla,lly as. -de- -

scribed. -
12.In a system in Wh1ch wavns 1eplesent1ng

'sound are transmitted to.a receiving circuit and
_in which there are introduced echo waves, means

in the receiving circuit for dividing the incom-
ing energy -into two portions, means for delay-
ing the transmission of one of said.. portions,
means for attenuatmg the other of sald por-

,t1ons ‘and means for combmmg the two portions

in opposmon thereafter.

1257

130

13.- In a siznaling system,: ‘the. method of de- 8

creasing the intelligibility: of -the. signals- du11ng
transmission and restormg the normal infellig~
1b111ty at the receiving end of the sybtem which
consists in producing, echoes of the signal waves
at: the ‘transmitiing end transmlttmg to.-the
receiving end - both the. 51gna1 waves - and “the
echoes, producing: ab ‘the recelvmg end. echoes

. like those produced. at the tra,nsmlttlng end,. and

balancmg out-at the réceiving end the tzans—

mltted and ‘the.locally produced echoes. -
214, In ‘a system for the. transmission of 51gna1

wa,ves .means at the transmitting’ end of the

_system for mtroducmg echoeés of the transmitted

waves, means at " the receiving. end of the
system' for producing echoes of: the transmitted

system for 'canceling out the transmitted and
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waves, and means at the receiving end .of the .

150
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: the locally produced echoes whereby the 1nte1— .

ligibility of the signal waves is decreased during

" ‘transmission and is Testored: to normal at the

10

receiving end of the. system;

15:In a-system for the transmlssmn of 51gna1,
‘waves,; means at the transmxttmg end of the sys-
tem’ for introducing echoes -of the transmitied:
““waves, means at the receiving end of the system:
- for producing: echoes: of the ‘transmitted waves

equal in delay and: attenuation to the echoes: in-
troduced at the transmlttmg end, and meansat

'the receiving énd of ‘the- system for-canceling

15
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out the" tlans'nrtted a.nd the locally produced

.echoes. :

16. In‘a- 31gna11ng system, ’che method of de-
~‘creasing -the intelligibility of the signals during
transmission and restoring the normal intelli--

gibility at:the receiving end of the-system, which

consists in producing echoes of the signal waves -
-at the transmitting end, inverting the frequency:

band. of the - 'echoes -so prodiiced, - transmitting
to the recelvmg end both' the sighal waves-and
the distorted echoes; producing at the: receiving

cend echoes like those produced at thie transmit-
ting end,.inverting ‘the frequéhcy band of the’
. echoes 80 ‘produced, -and balancing out at -the -
-receiving end the tla,nsmltted and the locally :
& produced dlstorted echoes. -
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17..In a: system f01 the transmlssmn of 51gnal - .
waves, means at the transm1tt1ng end .for pro~ -
ducing echoes of the signal waves, means -for:

inverting the frequency band of  the echoes,

nieans ‘at the receiving ‘end for: producing echoes"u
like- those produced at - the  transmitting: end,
means for inverting the frequency band of the,,

echoes. produced at the receiving end, and means

80

at the receiving end for balancing out'the trans-- -

‘mitted and ‘the . locally produced dlstorted

echoes.
18: In &’ system in whlch Waves 1ep1esent-

85

ing sound are transmitted to-a receiving’circuit -
and in which. echoes are introdueed; the method

of measuring the echices in the receiving circuit

uation and ‘delay, feeding the diverted - energy
back to said input so as to oppose the incoming

termining the degree - of attenuation and delay
mtroduced to produce the echo-free: result.
HERMAN A AFFEL.
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“which consists in diverting a portion of the orig-
inal energy which has passed the input of said:
“circuit, subjecting the diverted energy-to atten-

- 95

~echo- energy, observmg the sound output of said
-circuit; adjusting the attenua,tlon and the delay
to which the diverted energy is subjected until -
.sald output'is free of appreciable echo, and. de—,
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