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Thisinvention relatesto stereophonic audio systems, 
and particularlyto stereophonicaudiosystems provided 
withareverberation efect,Suchaudio systemsareuse 
fulin connection with stereophonic phonographs,stereo 
phonictapeplayers,Stereophonicradios,and the like. 

Stereophonic reyerberation audio systems,of thetype 
havingleftandrightsignalchannels,have been provided 
withasignaldelay devicethrough which the sum ofthe 
left andright signals of the two stereophonic channels 
arefed,the delayed sum signal beingrecombined with 
theleftandrightstereophonicsignalsinthe stereophonic 
signal channels,so that the audble signals emitted by 
each of the leftandrightstereophonicloudspeakerscon 
tainsa delayed orreverberation sum component of the 
left and right signals,which createsa pleasingilusion 
of beinginalarge auditorium orconcert hal,In such 
stereophonic reverberation systems,itisnecessaryto ob 
taintheSum oftheleftand rightsignals?and,afterdelay 
ingthis Sum signal,to feedthe delayed sum signalinto 
bcth theleftandrightstereophonicsignalchannels,with 
out adversely,afectingthe Stereophonic separation be 
tween thcleftandrightsignals ofthetwo channels,i.e., 
without permittingtheleftsignaltobecome contaminated 
with the rightsignaland vice Versa?Previousy known 
?ircuitsfor stereophonic reverberation have employeda 
pair of amplifer tubes respectivey connected to the 
stereophonic channels forisolatingthe eftandrightsig 
nals from each other when combiningthese signals to 
form the Sum thereof forfeedinginto the delay device, 
and also have employed an additionalpair ofisolation 
amplifertubes forfeedingthe delayedsum signalto the 
respectiveleftandrightstereo channels?Theaddition of 
thesetubesto astereophonicamplifiercircuitaddstothe 
cost ofthe circuit,notonly because of the cost of the 
tubes,butalso because ofthecost ofprovidingincreased 
Power capacity in the amplifier to provide anode and 
heater power forthese additionaltubes?Furthermore, 
wheneverampliferstagesare thusadded to channels of 
astereophoniccircuitinordertoobtainasum oftheleft 
andrightsignals,thereisthe possibity ofincurringun 
desiredunbaiance ofthe sunsignalcomponents duetoa diferenceinamplificationfactorsofthetubes? 
Anobjectoftheinventionistoobviatetheabove-men 

tioneddrawbacks of priorartStereophonicreverberation 
circuits, , - - 

Anotherobjectistoprovideanimprovedstereophonic 
reverberationcircuit? - 

Afurtherobjectisto providearelativelyinexpensive 
stereophonicreverberationcircuithavingadequatestereo 
?honicseparation between theleftandrightstereophonic 
signalchannels. 
Anadditionalobjectisto proyideastereophonicrever 

beration circuit havingimproved balance ofthe leftand rightsignalcomponentsofthereverberatedsignal. 
Stlotherobjectswibeapparentfromthefolowing 

descriptionandclaims,andfromthedrawing, - 
Thesinglefgure ofthedrawingis anelectricalsche 

matic diagram of a preferred embodiment of theinven 
tion. - - 

Thestereophonicreverberation circuitoftheinvention 
comprises,basicaly,andinitspreferredembodiment,an 
input pairofelectricalimpedancemembers connected 
in Series directiy between the two signal channels of a 
stereophonicamplifertoprovide a sum ofthe stereo 
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phonic signalsatthe junction oftheseimpedance mem 
bers,areverberationsignaldelaycircuitconnectedtothe 
junction,an output pair ofelectricalimpedance mem 
bersconnectedin series directly betweenthetwo signal 
channelsand havingtheirjunction connectedtothe out 
put of the signal delay circuit,andelectricalimpedance 
membersrespectivelyinterposedin thetwo channels be 
tween the connections thereto of the aforesaid pairs of 
electricalimpedance members,Thus,the sum of the 
stereophonic signals becomes delayed or“reverberated” 
in the reyerberatorcircuitandthis reverberatedsum sig 
nalisfedto both ofthe stereophonic channels,whereby 
each of the stereophonic signals in the channelsis ac companiedbyapleasingreverberationefect? 
The invention further comprisescertain criticalratios 

of valtes for various of the aforesaidimpedancemem bers??achimpedancemenberoftheaforesaidinputpair 
has animpedance value considerably greater than the 
impedances ofthe stereophonicsignalchannelsto which 
these membersareconnected,thisimpedanceratio being 
atleast20to 1?Still further,the invention comprises 
a reverberation controlrheostatconnected betweenelec 
tricalgroundandthejunction oftheaforesaidoutput pair 
ofimpedance members,each of the members ofthe out 
put pair of impedance members having an impedance 
Value Considerablygreaterthan the maximumimpedance 
ofthe reverberationcontrolrheostat,thisimpedanceratio 
beingat1east4to1,Theaforesaidimpedanceratiosin 
sureadequate stereophonicseparation ofthestereophonic 
signals in the two channels,Preferably,the aforesaid 
impedance members thatare respectivelyinterposed in 
the two stereophonic channels between the connections 
thereto of the pairsofinpedance members,each hasan 
impedance Valueintermediate thatofeach oftheimped 
ance membersof theinput pairofimpedance members 
andthat ofeach of theimpedance membersof the out 
putpairofimpedancemembers. · 
Nowreferringto the drawing,the preferred embodi 

mentof theinvention comprisesastereophonicamplifer 
system havingaleftstereophonicsignalinputterminal11 
anda rightstereophonic signalinputterminal12,The 
leftandrightinput signals may be provided by apho 
nograph,magnetictape player,stereophonicradio,orthe 
like,Theleftsignalinputterminal?1iscoupled tothe 
grid13 of a left signalchannelamplifertube ?4,via a 
coupling capacitor16,The cathode 17of thistubeis 
connected toelectricalground via Series connectedresis 
tors?8and19,andthe grid13is connected tothejunc 
tion ofthe aforesaidresistors by means ofaresistor21, 
therebyprovidingpropergrid bias?Theanode22ofthis 
tubeisconnected,Via a resistor23,to aterminal24 of 
Suitable B?voltage andis coupled,via a capacitor26, 
to a conductor27,Aparalelcombination ofaresistor 
28 and capacitor29isconnected between the conductor 
27and theinputterminal 3? of an amplifer32 which 
may contain the usual volume control,balance control, andtonecontrols,A“left”1oudspeaker33isconnected 
totheoutputterminal34oftheampifer32. 
Therightsignalinputterminal12is coupled,via a 

capacitor36,to the controlgrid37 of a rightchannel 
ampifertube38,Thecathode39oftube38isconnected 
toelectricalgroundviaaSeriesconnected pairofresistors 
??and42,and the grid37is connected to the junction 
of these resistors via a resistor 43 to provide suitable 
grid bias,The anode 44 of tube 38 isconnected to a 
terminal46 of B?Voltage,via aresistor47,andalsois 
connectedto a conductor48viaacapacitor49,Apar 
alelcombination ofaresistor5?andcapacitor52,iscon 
nected betweenthe conductor48andthe inputterninal 
53 of a right channelamplifer 54 which may contain 
the usual voiume controland baiance controland tone 



3 
controls,the aforesaid controls of the amplifers32 and 
54conventionalybeinggangedtogethertoprovidesimul 
taneouscontrolofgain,balanceand tonein the twoam 
plfers32and54,A“right”1oudspeaker56isconnected 
tothe outputterminal57oftheamplifier54,Inthe cir 
cuit thus far described,the left stereophonic signalis 
amplifed,in theamplifertube14andin theamplifer 
32,and fed to the loudspeaker33,Simiarly,theright 
stereophonic signalisamplifed bytheamplifertube38 
and bytheamplifer54,andisappled to the“right” 
loudspeaker56,thereby providingstereophonicsoundin 
accordance with the leftandrightinputsignals? 
The reverberationcircuit comprisesan input pair of 

resistors 61 and 62,preferably ofequalvalue,connected 
in Series directyacrossand between the conductors27 
and 48 of the leftandrightstereophonic channels,A 
resistor 63is connected between electricalground and 
the junction64ofresistors61and62,andthe control 
grid66ofasum signalamplifertube 67is connected 
tothe junction 64,The cathode68 oftube 67iscon 
nected to electrical ground via aresistor 69,and the 
anode 7?is connected via aresistor72to a terminal 
73of B?voltage?The anode7?alsoiscoupled,via a 
capacitor74,totheinputterminal76ofareverberatorde 
layunit77,Thereverberatordelayunit77maycomprise 
anyofthevariousknownmeansfordelayinganelectrical 
signal,such asan electrical delayline,oracoustical or 
mechanical delaymeanssuch asare describedin U.S. 
Patent2318417issued May4,1943toW.D.Phepsand 
assigned to the same assignee as the presentinvention. 
An outputterminal78 of the unit 77isconnectedto a 
grid 79 ofareverberationsignalamplifertube 81,A 
resistor82and capacitor83are paraHelconnected be 
tween electrical ground and the grid 79,Acathode 86 
oftube81isconnectedtoelectricalgroundviaa paralel 
combination of a resistor87anda capacitor88,An 
anode 89oftube8?isconnected,viaaresistor 91 to a 
terminal92 of B?Voltage,and alsois connected,Via 

,acouplingcapacitor93,tothe controlgrid96ofasecond 
amphfertube97,The grid96iscoupledtoelectrical 
ground Viathe paralelcombination ofaresistor98and 
capacitor99?The cathode100isconnected toelectrical 
ground viaaresistor95,An outputanode1?1 of tube 
97isconnected,viaaresistor102,toaterminal103of B?voltage,andalsoisconnected,via a couplingcapaci 
tor104,to areverberationcircuitoutputtermina1106? 
Apairofoutputresistors107,198are connectedin Series 
directly between the input terminal 3? of amplifer 32 
andtheinputterminal53ofampifer54,thejunction of 
theseresistors107and108beingconnectedtotherever 
beration circuit output terminal106, Preferably,the 
resistors?07and108 have equalvalues ofresistance?A 
rheostat111isconnected between the junction 196and 
a signal reference point such as electrical ground,A 
switch112isconnectedacrosstherheostat111?If de sired,the Switch112may be mechanicaly connected to 
beclosed whenthecontrolknob113oftherheostat111 ispuledtoan“outer”position, 
The circuit functions as folows,As has been ex 

Plainedabove,the leftsterophonicsignal passesthrough 
the amplifiertube14,the paralelcombination ofresistor 
28and capacitor29,andthe amplifer32,tothe“left” 
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The amount of delayischoSentogive apleasingefect? 
Asuitable delay hasbeenfoundtobeabout25—50mili seconds,Thereverberatordelayunit77may,ifdesired, 
beprovidedwitha pluralityof delaydevicesrespectivey 
havingdiferentamountsofdelay,wherebythe sumsignal 
is delayed simultaneously by diferentamounts,thereby 
increasing the overal reverberation efect,The rever 
beratedsum signalatthe outputterminal78 ofthe re 
verberatordelayunit77isamplifed bythetubes81and 
97,andappliedtotheoutputjunction186from whichthe 
reverberated sum signalis respectively fed,viathe re sistors197and103,totheinputterminals31and53of 
the leftandright channelamplifers32and 54,Thus, 
the“left”1oudspeaker33providesanaudblesignal hav 
ingascomponentsthereoftheleftstereophonicsignaland 
the delayedsum oftheleftandrightstereophonicsignals, 
andthe“right”1oudspeaker56 providesaudible signals 
havingascomponentsthereoftherightstereophonic sig 
nalandthe delayed sum of the left and right signals? 
The rheostat11?functionsasa volume controlforthe 
amountofreverberationefect?Switch112,whenclosed, 
turnsofthereverberationefect, 
The circuit ofthedrawingisprovided with component 

Values of the resistors(in ohms)and capacitors(in 
microfarads except where otherwise indicated),because 
the values of certain resistors are critical with respect 

The Value of 
each oftheinputresistors6?and62ofthereverberation 
circuitmust berelativelylarge compared with the signal 
impedance ofthe conductors27and48 of the left and 
right signal channels,The impedances of the left and 
right signal channels at the conductors27and 48 are 
primarily determined bythe Values ofthe plate loadre 
sistors23and47,respectively?Thus,resistor 61 must 
have a relatively larger vahue than that of resistor23, 
and resistor62 must havearelativeylarger Value than 
that of resistor47,Asuitable ratio of these resistor 
valuesisatleast20to1,Thisratio ofimpedance Values 
insures that relatively little of the left signal can pass 
throughtheresistors61 and62totherightchannelcon 
ductor48,andlikewiserelativelylittle oftherightsignal 
canfowthroughtheresistors61and62totheleftchan 
nel conductor27,Thus,adequate stereophonic signal 
separationis maintained inthetwo channels, 

Toinsureadequatestereosignalseparation betweenthe 
two channelsatthe output of the reverberation circuit, 
each oftheresistors107and108should havearesistance 
value considerablygreaterthan that of the rheostat1?i? 
Theratio ofresistancewalue ofeach oftheresistors197 
and108,tothe maximum resistance Value oftherheostat 
111,should be atleast 4to 1?Howeyer,even if the 
resistance oftherheostat?11isnotas lowin proportion 

,tothevalues ofresistors197and108asis requiredto 
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loudspeaker33,Simiary,therightstereophonicsignal “ 
passesthrough the amplifertube38,the paralelcom 
bination ofresistor51and capacitor 52,andtheampli 
fer54,tothe“right”1oudspeaker56,The leftstereo 
phonicsignalalsopasses,from theleftchannelconductor 27andthroughtheinputresistor61?tothereverberation 
circuitinputtermina164,andtherightstereophonicsignal 
passes,from therightchannelconductor48and through 
the inputresistor 62,to the terminal64. Thus,there 
is proyided at the terminal64 a Sum of the left and 
rightstereophonic signals,Thissum signalisamplifed 
bytheamplifertube67,andisappliedtothereverberator 
delay unit 77,wherein the Sum signal becomes delayed? 
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maintainstereo separation betweenthetwochannels,the 
stereophonic-separation wil be lost only in the Same 
degreeasthereverberationisinjectedintothetwo chan 
nels,andwithahigherdegree ofreverberationsignalfed 
tothetwo channels,itisnotsoimportanttomaintaina 
high degree of stereophonic separation,because the add 
tion of reverberated sum signalinto the two channels 
tendstoreducetheamount ofstereophonicsignalsepara 
tion, ··? 

The resistors28and51,whichrespectivelyare con 
nected between the channel conductors27 and 48 and theinputterminals31and53oftheleftandrightchannel 
amplifers32 and54,are forthe purpose of isolating 
theinputandoutputconnectionsofthereverberationcir 
cuit,Theparalelcapacitors29and52areforthepur 
pose of boostingtheamplitudes ofthe higherfrequencies 
slighty,in ordertocompensatefora slightlossin high 
frequencyresponse which the resistors28 and 51tend 
to cause?Thevalue ofeachof the resistors28and51 
should preferably lie between the Value of each ofthe 
inputreverberation circuitresistors61and 62,andthat 
of the reverberation circuitoutputresistors197and108. 
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Otherisolatingmeans,suchasamplifer Stages?Couk be 
usedin lieu oftheresistors28and5?? 

It has been found thatthe stereophonicreverberation 
ofthisinventionachievesthe desiredobjects,and provides 
a pleasingstereophonicreverberation efect withasimple 
andrelatively low-cost circuit, 
Whie a preferred embodiment of the invention has 

been shown and described,various other embodiments 
and modificationsthereof wilbecome apparenttothose 
skiedintheartbutwilfalwithinthescope ofinvention 
as defnedin the folowingclaims. For example,whie 
described in connection with 2-channel stereo,the in 
Vention can be applied to stereo having more than two 
channels,by addingtogetherthe signals of al channels 
bymeansofresistorssimiarto Glandé2,and byfeeding 
the delayed sum signalto alof the channelsby means of 
resistorssimilar to ?07 and198, 
What Ickaimis: 
??A reverberation circuitarrangement for a stereo 

Phonic system having at least two stereophonic signal 
channels,comprisingafirst plurality ofimpedance mem 
bers respectively connected between ajunction thereof 
andfirstsignalPointsinatleasttwo of Said signalchan 
nels to provide a Sum signal at Said junction,a Sum 
signaldelaycircuitconnectedtoSaidjunctionandadapted 
to provide a delayed Sum signalatan outputthereof,a 
Second plurality ofimpedance members respectively con 
nected between Saidoutputofthe delaycircuitandSecond 
Signalpointsin Said signalchannelsto applythe delayed 
Sum signalthereto,and signalisolating means respective 
1yinterposed in said signal channels between said frst 
and Second signal points, 
2,Anarrangementasclaimedin claim ?,in Which Said 

Signalisolatingmeanseachcomprisesanimpedancemem 
ber, 
3.Anarrangementasclaimedin claim2,in whichthe 

impedance members of saidfirst plurality thereof have 
Substantialy equalimpedance values,in which the im 
pedance members of Said Second plurality thereof haye 
substantialy equalimpedance values,and in which the 
impedance members of Said signalisolatingmeanseach 
has an impedance Value intermediate that of Said first 
Plurality ofimpedance membersand that of Said second 
plurality ofimpedance members? 
4,Anarrangementas claimedin claim1,includinga 

reverberation control rheostat connected between said 
outputofthe delaycircuitandasignalreference point? 
5?An arrangement as claimed in claim 4,including 

a reverberation control switch connected electricaly 
acroSSSaid rheostat? 
6?Areverberation circuit arrangement for a stereo 

?honic system having at least two stereophonic signal 
channels,comprisinga plurality of impedance members 
respectively connected between a junction thereof and 
signal pointsin at least two of said signal channelsto 
providea Sum signalatSaidjunction,a Sum signaldelay 
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6 
circuit connected to Saidjunction and adapted to pro 
vide a delayed Sum Signal,tranSducer means and means 
forapplying Said delayed Sum signalto Said transducer 
II1C3?S? 

7,An arrangement as claimedin claim 6,in which 
Said signal channels have a given Value of signalim 
pedanceat Said signalpoints,andin whicheach of Said 
impedance members hasa value ofimpedancerelatively 
greaterthanthatof SaidgivenValue of signalimpedance? 
8,An arrangement as claimed in claim 7,in which 

eachofSaidimpedancemembershasavalue ofimpedance 
atleast twentytimesasgreatasthat of SaidgivenValue 
of signalimpedance? - 
9.A reverberation circuitarrangement for a stereo 

phonic System having at least two Stereophonic signal 
channels,comprising means connected to at least two 
of Said channels andadapted to provide a sum of the 
signals of Said lastnamed signalchannels,a Sum signal 
delay circuitconnectedtoreceive Said Sum ofthe signals 
andadaptedtoprovideadelayed Sum signalatan output 
thereof,anda plurality ofimpedance membersrespective 
lyconnected betweensaidoutputofthe delaycircuitand 
signal pointsin at least two of Said signal channelsto 
apply the delayed Sum signalthereto? 
?0?An arrangementas claimedin claim 9,including 

a reverberation controlrheostat connected between said 
Outputofthe delay circuitandasignalreferencepoint? 
???Anarrangementas claimedin claim10,including 

a reverberation control Switch connected electricaly 
across Said rheostat? 
12?Anarrangementas claimedin claim ?0,in which 

each of Said plurality ofimpedance members hasanim 
pedance value substantialy greater than the maximum 
impedance ofsaidrheostat? 
13.Anarrangementas claimedin claim12,in which 

each of said plurality of impedance members has an 
impedance value atleastfourtimesasgreatasthe maxi 
mum impedance ofsaid rheostat? 
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