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The present invention relates generally to stereophonic 
systems, and more particularly to systems for expanding 
the apparent physical separation of sources of signal, 
whereby to provide the audible effect of sound derived 
from Widely separated transducers when in fact the trans 
ducers are closely spaced. 

Stereophonic systems may take many forms, i.e., 
record/reproduce, radio broadcast, public address. It 
is a common feature of all such systems to provide two 
(or more) physically separated microphones. The micro 
phones see any given sound source from different direc 
tions, which introduces a phase difference into the output 
bands derivable from the microphone, yand it is this phase 
difference which is in at least considerable degree re 
sponsible for the stereophonic effect. Additional audible 
effects derive from amplitude differences between corre 
sponding frequencies in the separate channels. 
The system output, whether derivable from a broad 

cast receiver, a recorder-reproducer, or loud speakers and 
amplifiers alone, ultimately includes at least two loud 
speakers desirably separated in space by adequate 
amounts, say six feet. If both the microphones and the 
speakers are adequately separated satisfactory stereo 
effects will ensue. If the microphones or the speakers are 
not separated adequately, the stereo effects are not notice 
able. Nevertheless, the situation may exist that micro 
phones or speakers cannot be adequate physically sepa 
rated, so that inadequate phase separations occur as be 
tween the outputs of the stereo channels, as heard by 
the listener. 
The system intermediate the microphones and the 

speakers may be of wide variety. For example, the micro 
phone output may be recorded, and reproduced at sorne 
later time. In such case it may be desir-able to accentuate 
phase or amplitude differences during reproduction only. 
The present invention is operative to accentuate phase or 
amplitude differences, so long as two stereo or binaural 
channels are available. 

It is a feature of the present invention to provide a 
phase and amplitude enhancement ̀ system for stereo and 
binaural systems, which employs the phase differences of 
the sound sources. 

It is a further feature of the present invention to pro 
vide stereo effect enhancement as between parallel chan 
nels carrying audio bands having some initial relative 
phase separation, by means of cross-feed among the 
channels, 'the' feed-back circuits being shift circuits. 

lThe above and still further objects, features and ad 
vantages of the present invention will become apparent 
upon consideration of the following detailed description 
of one specific embodiment thereof, especially when taken 
in conjunction with the accompanying drawings, wherein: 
FIGURE 1 is a block diagram of a system according 

to the invention; 
i FIGURE 2 is a block diagram, including a specific cross 
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feed-back circuit of a modification of the system of FIG- n 
URE 1; 
FIGURE 3 is a schematic circuit diagram correspond- ' 

ing with FIGURE l; and 
FIGURE 4 is a schematic circuit diagram correspond 

ing with FIGURE 2. 
Referring now to FIGURE 1 of the accompanying 

drawings, reference numeral lil denotes one microphone 
and 11 another microphone of a stereo system. These 
microphones are space separated and hence phase sepa 
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rated, in general. The separate microphones 10, 11 pro 
vide signal for separate signal channels 12, 13, which in 
turn drive separate loads, 14, 15. In a recorder-repro 
ducer loads 14, 15 may be magnetic record heads. In a 
public address or reproducer system loads 14, 15 may 
be speakers. In a broadcast system loads 14, 15 may be 
radio transmitters. In a reproducer system microphones 
1f), 11 may be reproduce heads. The system of FIGURE 
1 is, therefore, intended as a generalized representation 
of applicant’s novel concepts. 

According to the present invention, the phase separa 
tion between the bands handled by channels 12, 13 is in 
adequate to provide desired stereo effects. Cross nega 
tive feed-back circuits are accordingly provided, the chan 
nel 12 ̀ supplying signal to channel 13, and vice versa, via 
feed-back paths 16 and 17, each of which introduces a 
phase shift. The effect of the feed-back networks is to 
enhance the phase separation of the corresponding fre 
quencies in the two channels. The source phase differ 
ences will cause a corresponding amplitude difference be 
tween the two channels, due to one side becoming less de-` 
generative and the other more degenerative. For closely 
spaced microphones, however, it may be assumed that 
identical bands are received by the microphones except 
for phase, and that the stereo enhancement is accom 
plished in terms of phase enhancement, so that loads 14, 
15 provide output as if the microphones 10, 11 were 
greatly separated instead of slightly separated. A further 
phase separation occurs, in any stereo system, in proceed 
ing from loud speakers to the ears of the listener, which is 
a function of speaker separation. The effect of phase en 
hancement is then to increase the apparent separation be 
tween the speakers, which is particularly valuable in stereo 
consoles. 
The system of FIGURE 2 parallels the system of FIG 

URE 1, except for the cross-feed back system. In the. 
system of FIGURE 2, two series resistances 19, 20 eX 
tend between channels 12, 13, the junction of resistances 
19, 20 being connected to ground by capacitor 2-1, which 
is selected to provide phase shift. The use, of 90° phase 
shift is optimum, but smaller values can be used. 
FIGURE 3 is a schematic circuit diagram correspond 

ing with FIGURE 1, as applied to a tape recorder. The 
microphones 30, 31 are coupled, respectively, to the bases 
of transistors 32, 33, which in turn are coupled in cascade 
with transistors 34, 35. Transistors 32, 34 arer thus cas 
caded amplifying elements of a first stereo channel, and 
transistors 33, 35 of a second stereo channel. 
The emitters of transistors 32, 33, 34, 35 are connected 

to a common lead 36, which is connected to the positive 
side of battery 37, and to the common point 38 of two 
stero recording heads 39, 40. 
The negative side of battery 37 is connected via lead 

40 to the collectors of transistors 32, 33, 34, 35 via load 
resistances 42, 43, 44, 45. 
The bases of transistors 32, 33, 34, 35 respectively 

are connected back to lead 40, for signal coupling pur 
poses, via resistances 46, 47, 48, 49. In addition, a com 
mon capacitor shunted bias circuit 50 for all the bases is 
connected between lead 40 and lead 36. 
A feed-back circuit exists between the collector ofy 

transistor 32, i.e. at point. 52, back through capacitor 53 
and resistance 48 to point 54. Thereby, a feed-back 
voltage appears across resistance 55, and is communi 
cated to the base of transistor 32 via resistance 46. In 
an analogous manner, the potential at the collector of 
transistor 33, i.e. across resistance 43, is fed back through 
capacitor 56 and resistance 49 to point 54, and is thence 
communicated to the base of transistor 33. However, 
any voltage developed across resistance 55 appears at the 
bases of both transistors 32 and 33, identically. 
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All feed-back voltage, from both channels, is thus de 
veloped across resistance 55, and from that resistance is 
transferred to the bases of b_oth transistors 32 and 33. 
Each ‘phase shift circuit introduces its shift individually 

into its own channel, and also into the alternate channel. 
Insofar as feed-back intrachannel is concerned, phase 
shift occurs, but these shifts are identical in each channel 
so that no differential phase shift occurs. Insofar as 
interchannel feed-back occurs, on the other hand, the 
signals in the channels have an initial relative phase dis 
placement, so that the effect of feed-back is to accentuate 
and increase the relative phase shift which exists in any 
event as between the channels, i.e. which would have 
existed were the channels independent. 

It may be noted that the phase shift circuits employed 
are differentiating circuits. The circuits are designed to 
provide approximately 90° phase shift, i.e. the maxi 
mum available from the type of circuit employed. 
The transistors 34, 35 operate solely as drivers for the 

record heads 39„ 40. The voltage at the collectors of 
transistors 34, 35, appearing across resistances 44, 45, is 
transferred via D.C. isolating capacitors 60, 61, to record 
heads 39, 40, respectively. Resistors 62, 63 provide im 
pedance matching between transistors and record heads. 

In operation, then, two amplifying channels 12, 13, 
exist, each of which has internal feed-back involving a 
large (90°) phase shift. Where feed-back is internal, 
the gain equations of the system show that the total phase _ 
shift, between amplifier input an-d amplifier output, is less 
than the phase shift introduced by the feed-back network. 
The precise shift is a fun-ction of the percentage of signal 
which is fe‘d back, i.e. the so-called ß factor of the net 
work. 

In addition to internal feed-back, interchannel feed 
back occurs. This does not occur identically, considering 
the entire two channel system as a closed loop servo, to 
intrachannel feed-back, and has been found to introduce 
a spreading or increase of the relative phases and ampli 
tudes of signals in the two channels. 

Input signals from microphones 3f), 31 are applied to 
the separate bases of transistors 32, 33, relative to com 
mon lead 36, which is connected to the external conduc 
tors 66, 67 of the cables leading from microphones 30, 31. 

'The phase separation between signals of the same fre 
quency as they appear at heads 39, 40 is greater than the 
phase separation for those signals, as seen by the micro 
phones. Clearly, the same effect would occur were the 
heads 39, 40 speakers, and the audible stereo effect would 
be enhanced for inadequate space separation of the 
speakers, in such case, or, if the speakers were well space 
separated, adequate audible stereo effect would be pro 
vided even if the microphones were not sufficiently space 
separated. 

In the system of FIGURE 4, the microphones 70, 71 
(connected 180° out of phase) are coupled capacitively, 
by capacitors 72, 73, to the bases of transistors 74, 75. 
Shunt condensers 76, 77 provide bias or high frequency 
filtering. The emitters of transistors 74, 75 are con 
nected directly together, and to a common lead 7S, which 
is also directly connected to the junction of microphones 
70, 71 and to the positive terminal of battery 80. 
The negative side of battery 80 is connected to a com 

mon lead S1, from which extends loads 86, 87, 88, 89 
:for the collectors of transistors 74, 75 and of two further 
transistors 90, 91 connected in cascade with transistors 
".74, 75, respectively. 
The emitters of transistors 90 and 91 are connected 

back to positive common lead 78, via -variable bias re 
sistances 92, 93. Base biases for transistors 74, 75 are 
provided by means of resistances94, 9S which connect 
back to the collectors of transistors 74, 75, whereas in the 
case of transistors 90 and 91 bias resistances 96, 97 ex 
tend between the bases and negative common .lead 81. 

lConnected across the collector load-s 88, 89. are cou 
pl-ing and hi-gh frequency lay-pass capacitors 100, 101, 
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102, 103, which supply A.C. output .signal to record 
heads 104, 105. The common point of the latter is con 
nected to positive common lead 78, which may be taken 
as apoint of reference potential. 
To this point in the description, the system involves a 

pair of channels for conveying Ámicrophone signal to re 
cording heads, the separate channels being per se conven 
tional, and' involving common elements for purpose of 
convenience only. 

In accordance with the present invention, a pair of 
equal resistances 110, 111 extend in `series between the 
collectors of the transistors 74, 75. From the junction 
point 113 ofthe resistances 110, 111 to lead 78, extends 
a capacitor 112. The valves of resi-stances 110, 111, and 
capacitor 112 are such as to introduce a 90° phase shift, 
approximately, with respect to collector, at the junction 
point 113. " 
The circuit composed of resistances _110, 111 and capaci 

tor 112 provides interchannel coupling, with phase shift. 
Assuming an initial phase difference, as between the 
channels, for any specific frequency, the cross feed or 
interchannel coupling, will accentuate the difference. 
The concept of cross feeding between channels to ac 

centuate an initial random .phase separation ena-bles the ac 
centuation to be proportional to lthe initial separation. 
This'cannot be accomplished by designing the amplifiers 
to have different phase shifts. ' 
The microphones vare connected 180° out of/phase in 

the systems of FIGURE 2 and FIGURE 4. 
This is so that there will be more degeneration or less 

generation in each channel, depending on the phase dif 
ference (from 180°) of the two signals. 

This is not the case in the circuit of FIGUREl 3, Where 
the degeneration is not obtained by having each amplifier 
signal 180° out of phase with the other. 
The circuit of FlGURE 3 is degenerative because the 

signals between channels are fed by the following stage,l 
which is 180° out of phase due to the'action of the 
grounded emitter transistor. . 
The microphones in FIGURES 2 and 4 are connected 

to be 180° out of phase. The cross fed signals are some 
what degenerative event if the sound source is directly in 
front of each michophone. vThe phase shift networkbe 
tween the two amplifiers, 12, 13, then causes one _ampli 
fier to be less degenerative and the other more degenera 
tive if the sound source is shifted so that the space time 
relation of the two microphones are different inY respect 
to the sound sources. 

While I have described and illustrated one specific em 
bodiment of my invention, it will be clear that variations 
of the details of construction which'are specifically illus 
trated and described may be resorted to without departing 

‘ from the true spirit and scope of the invention as defined 
in the appended claims. 
What is claimed is: 
1. A system for accentuating phase difference and am 

Y plitude difference between phase separated signals of 
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corresponding frequency in discrete similar stereophonic 
amplifier channels, comprising circuitry for cross-feeding 
said signals between channels, said circuitry including 
means for deriving respective approximately ninety de 
gree phase shifted signals from the first-mentioned signals 
in each of said channels and for respectively applying the 
phase shifted signals so derived each to a channel other 
than that from‘which derived, to enhance the initial phase 
separation of signals conveyed by said chann-els. 

- 2. The system according to claim 1 wherein said cir 
cuitry is negative feed-back circuitry common to said 
channels. _ l ` ` 

3. The system according to claim 1 wherein said cir 
cuitry is interstage circuitry common to said channels.l 

4. In a stereophonic system, wherein“ an initial phase 
separation exists as between signals of identical frequency 
in separate stereophonic channels, said separation contrib 
uting to stereophonic effect, comprising a first ampli 
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íier for amplifying a first ste-reophonic signal, a second 
amplifier for amplifying a second stereophonic signal, said 
amplifiers each having input terminals and output termi 
nals, a separate load connected to each of said output 
circuits, a separate transducer connected to each of said 
input circuits, phase shift circuits interconnecting said 
channels and having a common element, said phase shift 
circuits being symmetrical with respect to said common 
element, and means for connecting said common element 
commonly to signal input points of said channels, said 
phase shift circuitry being arranged and adapted to en 
hance the existing phase separation between identical fre 
quencies existing at said separate transducers, respectively. 

5. The combination according to claim 4 wherein said 
phase shift circuits are constituted of a pair of series 
resistances connected between corresponding signal bear 
ing points of said channels, and a phase shift condenser 
connected between the junction of said resistances and a 
point of reference potential. 

6. The combination according to claim 4 wherein said 
phase shift circuits are separate series circuits, each of 
said series circuits including a resistance and a condenser, 
said circuits extending from corresponding signal bear 
ing points of said channels to a common resistance, said 
common resistance being in the input circuits of both 
said amplifiers. 

7. In a stereophonic or binaural system a pair of sub 
stantially identical stereophonic signal amplifying chan 
nels, circuitry interconnecting similar signal bearing points 
of said channels to a point of reference potential, said 
circuitry including two paths each leading from one of 
said signal bearing points, each of said paths including an 
approximately 90° phase divergence enhancement circuits 
for signals of the same frequency existing in said chan 
nels, respectively, and for feedback circuitry extending 
from a point common to said paths tothe inputs 0f said 
channels, respectively. 

8. In a stereophonic amplifier, first and second ampli 
fiers for amplifying separate stereophonic signals, nega 
tive feedback phase shaft circuitry interconnecting said 
amplifiers, said phase shift circuitry being arranged and 
adapted to enhace existing phase differences between sig 
nals of the same frequency in said amplifiers. 

9. The combination according to claim 8 wherein said 
negative feedback phase shift circuitry includes two sub 
stantially equal resistances cross-connecting said ampli 
fiers, and a capacitor connected between the junction of 
said resistances and a point of reference potential. 

10. In an audio system, sources of first and second 
audio bands having components of the same frequency 
differing in phase and amplitude, and means for enhanc 
ing the phase and amplitude differences in proportion to 
the existing differences comprising means for shifting 
the phases of said first and second audio bands by approxi 
mately ninety degrees to provide first and second phase 
shifted audio bands, and means for combining the second 
phase shifted audio band with the first audio band, and 
the first phase shifted audio band with the second audio 
band, the relative phases being selected to provide phase 
difference enhancement, ' 
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11. The comb-ination according to claim 1 wherein said 

means for shifting includes negative feedback circuits. 
12. The combination according to claim 10 wherein 

said means for shifting includes means for shifting phases 
by ninety degrees. 

13. In a system for enhancing directional discrimina 
tion among signals having different directional factors, 
means for deriving one version of said signals, means for 
deriving a second version of said signals, said versions hav 
ing phase and amplitude differences representing said di 
rectional factors, and cross channel feedback means for 
increasing said phase and amplitude differences propor 
tionally to the first mentioned phase and amplitude dif 
ferences. 

14. In combination, a first microphone, a second micro 
phone, said microphones receiving identical audio sig 
nals of different directional characteristics, a first ampli 
fier channel connected to said first microphone, a second 
substantially identical amplifier channel connected to said 
second microphone, said microphones being connected to 
said channels, respectively, in opposite phases, means for 
feeding signal from a point of said second channel to a 
point of said first channel, means for feeding signal from a 
point of said first channel to a point of said'second chan 
nel, the points corresponding in the separate channels, 
and a load device for each of said channels, said means 
for feeding signal including identical phase shift circuits. 

15. The combination according to claim 14 wherein 
said phase shift circuits provide at least approximately 
ninety degrees of phase shift. 

16. In combination, a first transducer, a second trans 
ducer receiving identical signals of different direction 
characteristics, a first amplifier channel connected to said 
first transducer, a second substantially identical ampli 
fier channel connected to said second transducer, said 
transducers being connected to said channels, respectively, 
in opposite phases, means for feeding signal from a point 
of said lsecond channel to a point of said first channel, 
means for feeding signal from a point of said first chan 
nel to a point of said second channel, the points corre 
sponding in the separate channels, and a load device for 
each of said channels, said means for feeding signal in 
cluding identical phase shift circuits. 
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