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This invention relates to signal transmitting 
and receiving systems, such as are utilized for 
public address, Sound reinforcement or like pur 
pOSes, and has for its principal object the provi 
Sion of an improved apparatus and method of 
Operation whereby undesired feed-back from the 
loudspeaker to the microphone of such systems 
is avoided. . 
Such feed-back between acoustically coupled 

Sound reproducing and pick-up devices, com 
monly results from sound which (1) is produced 
by the loudspeaker, (2) is picked up by the micro 
phone and (3) produces a corresponding elec 
trical current which is amplified and fed to the 

If the microphone and loud 
Speaker are in the same room, the amount of 
Sound amplification which can be employed is 
practically always limited by the feed-back point 
which almost always occurs at the frequency at 
Which the Overall amplification is at a maximum. 
This involves the complete circuit, starting with 
the microphone and ending with the SOULnd re 
ceived by the microphone from the loud speaker, 
thus including such sound reinforcement or 
Sound losses as are imparted by the entire acous 
tical environment. Thus the microphone may 
be especially sensitive at one frequency or the 
loud speaker may be especially efficient at a par 
ticular frequency or the amplifier may have a 
peak at a certain frequency. All these factors 
have a part in determining the frequency at 
which feed-back becomes evident. 

It has been found that the usefulness of a 
Sound reinforcing system is greatly enhanced by 
minimizing all of the peaks in the System so that. 
the overall characteristic is as nearly uniform 
with respect to frequency as possible. Further 
advantage has been taken of the directive prop 
erties of both microphones and loudspeakers in 
order that the microphone may receive a mini 
mum of sound from the loudspeaker as compared 
with the sound which the loudspeaker radiates 
toward the hearers, and the sound which the mi 
crophone receives from the original Source. It 
has also been proposed to provide the amplifier of 
a public address system with a slow acting auto 
matic volume control of the "compressor' type for 
reducing the amplification when there is any pro 
longed sound. This would serve to stop feed 
back if the sustained sounds were due to feed 
back but no satisfactory arrangement has been 
proposed that will enable the microphone to dis-, 
tinguish between feed-back sounds which it is de 
sired to amplify. In spite of what it has been 

5 possible to accomplish along these lines, the use 

fulness of public address systems is still seriously 
limited by feed-back. 
A possible solution of the problem is the provi 

sion of means for causing the amplification to be 
momentarily increasdin response to speech. For 
this purpose, a quick acting expander circuit hav 
ing a limited range of volume control may be emi 
ployed. Such a system is disclosed by a Leslie 
J. Anderson application, Serial No. 113,131, fled 
November 28, 1936, and assigned to the same 
assignee as the present application. The theory 
of this approach to the problem is that the high 
amplification condition does not last long enough 
to permit the building up of feed-back Oscilla 
tions. 
A possible solution of the problem of enabling 

the control system to distinguish between cur 
rents resulting from feed-back and those due to 
useful sound is the provision of a system includ 
ing (1) means for causing the overall amplifica 
tion at a certain frequency to exceed that at all 
other frequencies so that feed-back, if it occurs 
at all, will be at this frequency, and (2) means 

0. 
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responsive to sustained currents of this frequency 
for reducing the gain at all frequencies to a level 
below that at which self-excited Oscillations can 
be maintained. Such a system is disclosed in my 
application, Serial No. 113,121, filed November 28, 
1936 and assigned to the same assignee as the present application. 
The present invention differs from those of 

the aforesaid applications in that it involves the 
provision of means for periodically shifting the 
phase of the loudspeaker output with respect to 
the microphone. As will hereinafter appear, this 
periodic shift in the phase relation between the 
loudspeaker output and the microphone may be 
effected by (1) cyclically varying the length of 
the air path between the microphone and loud 
speaker by moving the loudspeaker with respect 

or a continuous phase change introduced between 
the microphone and the loudspeaker. These 
solutions of the problem are based on the fact 
that feed-back at any given frequency is depend 
ent on a certain phase relation between the loud speaker output and microphone input, and any 
phase shift upsets the process of building up os 
cillations. 
The invention will be better understood from 

the following description when considered in con 
nection with the accompanying drawings and its 
scope is indicated by the appended claims. 

Referring to the drawings 
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cyclically varying the position of a loudspeaker, 
Figure 3 illustrates a mechanism for cyclically 

varying phase by varying the length of an air 
column which is introduced in the amplifying 
System between the microphone and loudspeaker, 

Figure 4 illustrates a system including an elec 
trical network for producing a variable delay ber 
tween the loudspeaker and microphone, 

Figure 5 is a block diagram of a system in 
which the phase shift is produced by causing 
a continuous drift of phase of all the frequencies 
throughout the audiogrange, and 

Figures 6 to 8 are Wiring diagrams of different 
circuits which are useful in producing the desired 
phase shift or frequency drift between the loud 
speaker output and microphone. 

Figs 1 and 2 illustrate a possible mechanical 
arrangement for causing a loudspeaker f to move 
in a circular path. The loudspeaker is mounted 
on a triangular plate or frame 2 which is Sup 
ported at the corners by arms 3 which are pive 
oted at 4 and carry counter-weights 5. The piv 
ots are of the ball and socket type, permitting the 
arms to move vertically or horizontally. Ball 
and socket joints are also provided at 6. The 
loudspeaker can therefore be readily moved either 
horizontally or vertically but is always pointed 
in the same direction. Motion may be imparted 
to the loudspeaker by means of a motor 7, which 
causes rotation of a crank pin 8. Two links 9 
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and ?o having ball and socket or universal joints 
at each end transmit rotational movements of 
the crank pin 8 to frame 2 and thereby to the 
loudspeaker. 

Fig. 3 illustrates a method of introducing a 
variable time lag between the picking up of a 
sound by the microphone 2 and its reproduction 
by the loudspeaker . After amplification, the 
Output of the microphone f2 is applied to a re-' 
ceiver unit 4 which produces sound at one end 
of the air column in the tubel 5, 7. The sound 
produced by the receiver unit 4 travels the length 
of this tube and is received by the transmitter 6 
the output of which after amplification is applied 
to loudspeaker . The time lag between the 
microphone 2 and the loudspeaker f is propor 
tional to the length of the air column in the 
tube f5. This length may be varied by construct 
ing the tube so that it may be telescoped as in 
the case of an ordinary slide trombone. The 
U-shaped portion 7 of the tube 5 slides over 
the fixed straight portions and may be caused to 
move back and forth by means of a motor driven 
crank 8 and connecting rod 9, a guide 20 being 
provided to take the transverse thrust of the 
connecting rod. The sliding and actuating ar 
rangements must be so constructed as to intro 
duce negligible noise in comparison with the use 
ful sound in the tube. Suitable damping must 
also be provided in order that standing waves may 
not be built up in the tube. The transmitter unit 
f6, if of a high efficiency electromagnetic type, 
can itself afford the required damping. A suit 
able vent 2 f must also be provided so that air 
may enter and leave the tube. The vent 2 
should be acoustically damped. 

Fig. 4 shows apparatus for producing variable 
delay in an electrical system. The output of the 
microphone 22 is amplified at 23 and supplied to 
an artificial transmission line 24 constructed of 
Suitably arranged series coils and shunt con 
densers. The waves on this line are uni-direc 
tional reflections being prevented by terminating 
the line with a resistance 25 of suitable value. 

throughout the audio range. 
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Figures 1 and 2 illustrate a mechanism for The voltage at various points along the line might 
be picked up by providing a commutator device 
or sliding contacts but I prefer to pick up the 
magnetic field which surrounds the line by means 
of an exploring coil 26, which is mounted on a 
slide 2 and moved back and forth by the motor 
driven crank 9. The voltage generated in the 
exploring coil 26 is amplified by the amplifier 29 
and applied to the loudspeaker . The artificial 
line 24 is designed so that the total time required 
by a wave to travel the length of the line is of the 
order of one complete cycle of the lowest fre 
quency for which there is any danger of feed 
back. At the same time if line 24 is constructed 
of lumped capacities and inductances, there must 
be at least three condensers per wave length of 
the highest frequency to be transmitted. . 

Fig. 5 shows a modification of the invention in 
which the change of phase is produced by causing 
a continuous drift of phase of all frequencies 

This continuous 
drift, rather than a reversed shift, insures better 
cancellation of the standing wave patterns for all 
frequencies. The arrangement of Fig. 5 has the 
further advantage that no moving mechanical 
parts are required. The output of microphone 
2. is applied to amplifier 32, the output of which 

is used in the balanced modulator 33 to modulate 
a carrier frequency supplied by oscillator 34. The 
frequency of the carrier should be well above the 
audio range, but the design of the system is sim 
plified if the frequency is not extremely high. 
A frequency of the order of 20,000 cycles is suit 
able. The balanced modulator is of a well-known 
type and results in the production of both side 
bands, but with the carrier frequency absent. 
Thus the output of balanced modulator 33 con 
tains components of frequencies equal to 20,000 
plus or minus the audio frequency. By means 
of the filter 3 one of the side bands is eliminated. 
For the purpose may aSSume that the upper 

- side band is transmitted consisting of frequencies 
equal to 20,000 cycles plus whatever frequency is 
present in the microphone output. A secondos 
cillator 35 is tuned to a frequency differing from 
that of 34 by only a few cycles per second, for 
example, 20,002 cycles. This second carrier cur 
rent is mixed with the upper side band from the 
filter 3. The side band combined with the new 
carrier frequency is applied to the detector 37, 
amplifier 38 and loudspeaker . Since we have 
assumed the transmission of the upper side band 
and a new carrier higher in frequency by 2 cycles 
per second than the original, the audio currents 
Supplied to the loudspeaker will be lower in fre 
quency than the originals by two cycles per sec 
Ond. Therefore, the phase relations between the 
loud speaker and the microphone will shift 
through 360 twice every second. If oscillation 
tends to build up, the oscillatory condition will 
hardly be established before the phase of the 
waves reaching the microphone will have shifted 
by 180 and tend to cancel the effects of what has 
preceded. 
The method of producing phase shifts between 

the loudspeaker and microphone becomes more 
effective as the distance between the loudspeaker 
and the microphone is increased. It is thus more 
helpful in a large auditorium than in a small one. 
The reason for this is that the larger the audi 
torium or the greater the distance, the longer it 
takes to establish the system of standing waves 
which is usually responsible for building up the 
pressures at the microphone to the point at which 
feed back can occur. - 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 



5 

10 

15 

2,157,178 
Difficulty is sometimes encountered in operat 

ing two oscillators at very nearly the same fre 
quency since they tend to lock into step even 
though the transfer of energy from one to the 
other may be kept to a minimum. If, in addi 
tion to avoiding actual synchronism, it is neces 
sary to maintain the difference frequency within 
narrow limits, the problem is still more difficult. 
For example, if it is desired to operate two OScil 
lators, one at 20,000 cycles and the other at 20,001 
cycles, it is necessary that both oscillators main 
tain their frequency within less than one part in 
20,000. 
If the difference in the two frequencies is large, 

a sum or difference frequency can readily be ob 
tained by modulating an oscillator and eliminat 
ing the carrier and one side band by means of 
a filter. Where the difference between the two 
desired frequencies is very small, no filter can 
be designed which will properly separate one side 
band from the carrier and other side band. 
One of the possible methods of obtaining an 

alternating current of frequency f2 from a fre 
quency f1 is to supply a polyphase stator with 
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frequency f1 and rotate the secondary winding 
at such a speed that f-fi pairs of poles are 
passed per second. In power work, transformers 
for such service are sometimes called Selsyn mo 
tors or Selsyni generators. In radio frequency 
work, an air core coil may be employed, but 
the principle of operation is the same. 
In Fig. 6, 4 represents an oscillator supplying 

current of frequency f1. The converter 42 has 
two windings 43 and 44, so disposed as to produce 
magnetic fields at right angles to each other. 
The winding 43 is supplied directly and the wind 
ing 44 through a delay circuit 45 designed to 
cause the current in winding 44 to lag 90° with 
respect to that in winding 43. Resistances 46 
are included in the circuits to properly load the 
lines so that the delay circuit will function prop 
erly. Coil 47 is mounted on a shaft, and can be 
rotated so that it will alternately be in line with 
winding 43 and 44. The voltage induced in coil 
46 has a frequency f2, equal to f1--fa, if coil 47 
is rotated fa revolutions per second in one direc 
tion. Or equal to fl-fa if coil 47 is rotated in the 
opposite direction. 

Fig. 7 shows an all electrical system for ac 
Complishing the same purpose without the use 
of moving mechanical parts. In this arrange 
ment 48 is an oscillator producing alternating 
current of frequency f1, which, for purpose of 
illustration, we shall assume to be 20,000. A 
second oscillator 49 produces a low frequency 
by which the desired source is to differ from f1. 
This is taken for illustration as 5 cycles per 
second, it being assumed that the desired fre 
quency f. is 20,005 cycles. Two balanced modu 
lators 50 and 5 are employed, by which the 
20,000 cycle output of oscillator 48 is modulated 
at the rate of 5 cycles per secondi. The two mod 
ulators function in identical manner, except that 
both the high and the low frequency voltages 
applied to modulator 50 are in quadrature with 
those applied to modulator 5. The quadrature 
relation of the 20,000 cycle voltages is produced 
by means of the delay circuit 52, and that of the 
low frequency or modulating voltage by means 
of the delay circuit 53. Resistances 54 and 55 
are used to load the phase shift circuits. Each 
balanced modulator produces a current which " 
has an average frequency equal to fi but which 
rises to maximum, falls to zero, rises to maximum 
in the opposite phase and falls to Zero again, with 

3 
each cycle of the modulating frequency fa. If 
a voltage which is modulated in this manner is 
added to another of the same frequency and am 
plitude, but in quadrature with the first, the rise 
and fall of the second voltage being also in quad 
rature with that of the first, the resultant voltage 
will have a frequency equal to that of the original 
frequency f. plus or minus the modulating fre 
quency, depending On how the outputs of the bal 
anced modulators are added. The relationship 
may be shown mathematically as follows: 
The output of modulator 50 may be repre 

sented as 
A (cos 2nfit) (cos 2nrfat) 

and that of modulator 5 as 
A (sin 2arfit) (sin 2arfat) 

The sum of these may be shown to be equal to 
A coS 2ar (f-fa) it 

and their difference to 
A COS 2 (fil-fa) it 

If the modulation rate is very low, as for ex 
ample, 1 to 5 cycles per second, a delay circuit 
to produce a quadrature phase shift is difficult 
to obtain. Under these circumstances, resort 
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may be had to the method of producing the low 
frequency voltage by means of beats between 
voltages of higher frequency, and rectifying the 
Sun of the higher frequency voltages. Although 
Some difficulty might be encountered in con 
structing two oscillators of high frequency, as 
for example 20,000 cycles or thereabouts which 
differ in frequency by only a few cycles per sec 
Ond, it is easy to build two low frequency oscilla 
tors whose frequencies differ by a very small 
amount. We may, for example, construct two 
oscillators for 20 and 21 cycles respectively, and 
these could be well enough stabilized to main 
tain the one cycle beat-rate over a long period 
of time, 
of the two voltages which are beating together, 
a corresponding phase shift takes place in the 
beat. A comparatively simple delay circuit will 
Suffice to produce a 90° phase shift in a 20 cycle 
Current. 

Fig. 8 shows a system including two oscillators 
56 and 57 and four detectors 67, 68, 69, To in 
push-pull arrangement, which may be utilized to 
obtain two sources of one cycle voltage which 
differ in phase by 90'. For illustration, we may 
assume that Oscillator 56 is supplying current of 
frequency fa=20 cycles, and oscillator 57 is supply 
ing current of frequency f2=21 cycles per second. 
The output of oscillator 56 is supplied to both 
pairs of detectors in like phase, but the output 
of Oscillator 57 is applied direct to one pair of 
detectors and through a 90° phase shift cfcuit 58 
to the other pair of detectors. This arrangement 
causes the beats between the two frequencies to 
occur in quadrature relation in the two detector 

If a phase shift is produced in either - 

60 

arrangements, and if the beats are in quadrature, 
so likewise will be the one cycle currents which 
result from rectification of the beating twenty 
and twenty-one cycle currents. 
Since it would be difficult to construct a trans 

former to operate at 1 cycle per second, the "see 
saw' or push-pull effect required for the balanced 
modulators 65 and 66 of Fig. 8 is obtained by em 
ploying two rectifiers, one Ön each side, and the 
transformers 7, 2, 3 and 74, through which 
the 20 and 21 cycle voltages are combined for ap 
plication to the rectifiers, are connected in op 
posite directions for the two rectifiers of a pair, 
so that when they are adding on One side they 

65 
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varying the length of the acoustic air path of the 
Waves between said devices. 

12. The method of minimizing tendency to 
feed-back between acoustically coupled sound 
reproducing and pickup devices, which includes 
causing a change in frequency of all of the com 
ponents of the output of the sound pickup de 
vice. 

13. In a sound reinforcing system, the method 
of producing continuous changes of phase, con 
sisting of modulating a high frequency current at 
audio frequency, eliminating the original carrier 

5 
current, supplying a new carrier current having 
different frequency from the original, and detect 
ing or demodulating the resulting modulated 
high frequency current. 

14. The combination of acoustically coupled 
Sound reproducing and pickup devices, an am 
plifier connected between said devices, and means 
including a delay network and a reciprocating 
exploring coil associated with said network for 
changing the phase relation between the sound 10 
waves at said devices. 

EDWARD W. KELOGG. 


