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LOUDSPEAKERBALANCNG SYSTEM 
This invention relates to balanced installation of audio 

systems. 
In public address or similar audio systems utilizing several 

or more speaker locations it becomes increasingly difficult to 
balance speaker output and to match the total load reasonably 
well to amplifier output without tedious and time-consuming 
readjustment of speaker transformer taps. The difficulties are 
accentuated by variation in equipment characteristics and by 
non-homogeneity in the environment, whether indoors or out 
doors. Mis-estimation of amplifier output requirement may 
lead to substitution of another amplifier, necessitating tap 
readjustment throughout, despite previous relative balance, so 
as to avoid a resulting mismatch and accompanying sound 
distortion and/or inadequate sound level. 
A primary object of the present invention is provision of an 

improved system for balancing speaker output in multiple 
speaker audio installations. 
Another object is ready matching of amplifier output and 

total load in such installations. 
A further object is provision of apparatus for accomplishing 

the foregoing objects. 
Other objects of this invention, together with means and 

methods for attaining the various objects, will be apparent 
from the following description and the accompanying dia 
grams. 

FIG. 1 is a largely schematic diagram of certain component 
apparatus arranged according to this invention; and 

FIG. 2 is a largely schematic diagram of other component 
apparatus so arranged to practice the invention. 

In general, the objects of this invention are accomplished in 
a system of balancing loudspeaker output for a multiple 
speaker installation fed by a given amplifier and wherein 
speakers at each of a number of speaker locations are con 
nected thereto through respective transformers whose secon 
dary windings are connected via appropriate taps to the 
speaker voice coils with proper impedance matching. As prac 
ticed the invention includes the steps of monitoring the ampli 
fier output and maintaining the load therefor essentially con 
stant, monitoring the output sound at any given speaker loca 
tion and adjusting the transformer primary winding taps, and 
further adjusting the secondary taps if required, to provide a 
desired output sound level. Each adjustment is made while 
monitoring preselected voice or music (or both) selections re 
peatable at will and uniform throughout each repetition. After 
such procedure has been followed for each and every speaker 
location an essentially correct sound level should prevail with 
little or no necessity for tap readjustment. 

FIG. 1 shows schematically certain apparatus components 
and interconnection thereof according to this invention. They 
are conveniently grouped at a single location and may be 
referred to as the "fixed' or "home' unit. It will be un 
derstood that for installations outdoors such unit usually will 
be grossly movable, as in a panel truck, to the locale of each 
installation but that once there it need not be moved to each 
speaker location, as distinguished from other apparatus com 
ponents (shown in FIG. 2) that are referred to as the "mobile" 
unit and discussed hereinafter. 
As illustrated, the fixed unit includes audio amplifier 10, 

which has associated with it adjustable resistor Rap as a gain 
or output control. The amplifier has power input leads from 
contacts x, to be connected to an external power line or an 
internal power supply (not shown). The amplifier output 
leads, one of which contains output relay 12 and adjustable 
load-compensating resistor Rel, go to contacts y,y shown 
further in the succeeding view. The output relay has a shorting 
connection discussed further below, from input relay 14. The 
input relay itself makes connections to the amplifier to control 
the signal input thereto. Arranged for alternative connection 
by the input relay to the amplifier are audio oscillator 16 and 
voicellmusic repeater 18, both of which are adapted to provide 
audio-frequency output thereto and also have power input 
from contacts x, x. The voice/music repeater has an intercon 
nection from the output relay and conveniently takes the form 
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2 
of a tape player provided with at least one endless loop of 
recorded voice or music (or both) selections to be monitored 
during installation of the various speakers in an audio system. 
More detailed description of these components would be su 
perfluous in view of their largely conventional nature except 
as noted in discussion of the functioning thereof set forth 
hereinafter, 

FIG. 2 shows schematically apparatus components of the 
aforementioned mobile unit in conjunction with several 
speakers by way of example, it being apparent that the number 
of speakers could be increased practically indefinitely. 
Speakers 1, 2, and 3 are connected in parallel to contacts y,y 
to receive the output from amplifier 10 (shown in FIG. 1) by 
way of respective transformers X, X, and X. Each trans 
former has conventional taps to its primary and secondary 
windings, indicated as PRI TAPS and SEC TAPS, respective 
ly, at opposite ends within the blocks representing the trans 
formers. Broken lines, with arrows, to the respective winding 
taps indicate interconnection for tap selection or adjustment 
by means of two sets of switches shown so connected to the 
first transformer: primary switches Sp to the primary taps 
and secondary switches Ssec to the secondary taps thereof. 
Two large vertical arrows in FIG. 2 terminate a pair of leads 

juxtaposed to the lines from contacts yy to indicate ready 
connection thereto and disconnection therefrom, which nor 
mally takes place at or near each speaker transformer location 
as will be further apparent from the functional discussion 
hereinafter. Shown so connected in parallel across this pair of 
leads are supplemental load 21, having supplemental switches 
Ssue associated therewith as indicated by the interconnecting 
broken line and arrow, start switch (button). So, visual moni 
tor 23 in series with adjustable resistor Real, and aural moni 
tor 25 in series with adjustable attenuator Rol. 
The supplemental load includes numerous fixed resistors 

variously connectable by means of the supplemental switches, 
conveniently multiple-paralleled and calibrated in watts, to set 
the total load including any connected speakers essentially 
equal to the amplifier power output, as mentioned further in 
the functional description hereinafter. The primary switches, 
also conveniently calibrated in watts, are connected to the 
taps of the primary winding of the transformer for any given 
speaker being balanced to permit selection of whatever por 
tion of that primary winding will provide proper speaker out 
put. The secondary switches, which are conveniently 
calibrated in ohms, are connected to the taps of the trans 
former secondary winding to permit selection of whatever 
portion of the secondary winding will match the speaker im 
pedance. 
The primary and secondary switches are preferably of ro 

tary type or autonomous self-cancelling bank type (break be 
fore make). The visual indicator preferably comprises a high 
impedance (negligible loading) highly ballistic meter move 
ment with good frequency response over a range of at least 50 
to 8,000 hertz and with an indicator scaled in keeping with 
transformer primary notation, such as 0 to 100v. for a 70v. 
line. The aural monitor preferably comprises high-fidelity 
bridging earphones of circumaural type to negate ambient 
noise masking. Both monitors facilitate checking on the ampli 
fier output: visually for amplitude output and aurally for 
undistorted output per type of voice or music input. 

Operation of this system to practice the present invention 
will be readily understood from the foregoing description of 
the apparatus components and interconnection thereof and 
the following procedural explanation directed particularly to a 
first speaker and its transformer. It is assumed that the audio 
amplifier's gain has been properly set internally, as by adjust 
ment of Rap, to deliver its rated wattage or required portion 
thereof, e.g., 80 watts, at appropriate constant voltage, such as 
the conventional 70.7v. If no speaker is yet connected the sup 
plemental load is the total load and is set by depression of the 
appropriate supplemental switch(es) in the amount of the am 
plifier rated wattage. At this stage the system is in "standby". 
mode, with the audio oscillator (as standby audio means) 
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providing an input to the amplifier via normally closed con 
tacts of the input relay, but with the output being insufficient 
to actuate the output relay. Depression of the appropriate 
secondary switch(es) matches the transformer secondary 
winding impedance to that of the speaker voice coil, usually 4 5 
ohms or an even multiple thereof. Then the installer or opera 
torestimates the desired wattage of the speaker and depresses 
the corresponding primary switch(es) to complete the circuit 
from the amplifier to the speaker. 

After making tentative or trial connections to a speaker as 10 
just summarized, the operator presses the start switch button, 
which shorts out such load entirely (i.e., effectively shorting 
contacts y,y together) so that the entire output voltage ap 
pears across Ret momentarily, thereby actuating it the output 
relay. The closing of the output relay applies power from x, x 15 
to the tape transport motor (or equivalent means) of the vo 
ice/music repeater, and by way thereof the input relay, actuat 
ing both. Actuation of the input relay opens its normally 
closed contacts, thereby removing the audio oscillator output 
as the amplifier input, and closes normally open contacts to 20 
substitute as such input the output of the voice/music re 
peater. The input relay also closes a pair of normally open 
contacts flanking the output relay (and parallel resistor Rs) 
thereby shorting them out of the amplifier output line, 
whereupon full amplifier power is developed across the in- 25 
tended load. 

Notwithstanding release of the start button, the input relay 
holds until completion of the voice/music tape transmission, 
thereby providing a preselected period of time, such as from 
about one-fourth to one-half minute, for primary tap adjust- 30 
ment by means of the primary switches. The holding action, 
conveniently provided by the tape transport motor potential, 
is broken at the end of a complete voice/music transmission 
cycle in any suitable manner, as by presence of a conductive 
strip at the endpoint on the tape loop, which deenergizes the 35 
tape-transport motor and, thus, the input relay. This removes 
the short in one of the amplifier output leads, to restore the 
output relay and parallel resistor Reitherein, and restores the 
audio oscillator to the amplifier input, whereupon the system 
is back in the standby mode. 40 
Whenever the start button is next depressed the entire cycle 

just described will repeat itself. If the operator has completed 
adjustment of the first speaker satisfactorily, he wires into the 
circuit the taps so selected and moves the mobile unit on to 
the next speaker and repeats the procedure with its trans- 45 
former, and so on. As each speaker is added to the line, the 
operator readjusts the supplemental switch(es) so as to sub 
tract from the setting thereof the wattage load represented by 
the primary switch setting of the newly connected speaker, as 
well as the previous speaker loads. Of course, the voice/music 50 
repeater may be recycled as often as desired at any single loca 
tion, until the operator is satisfied with the speaker output at 
that location. Similarly the operator can return to a previously 
adjusted speaker transformer and cycle the voice/music trans 
mission to recheck that speaker and to readjust the trans- 55 
former taps, as may be necessitated by environmental 
changes, for example. 

Notwithstanding description and illustration of a preferred 
embodiment of this invention hereinabove, various modifica 
tions may be made therein, as by adding, combining, or sub- 60 
dividing parts or steps, while maintaining at least some of the 
advantages and benefits of the invention. The invention itself 
is defined in the following claims. 
The claimed invention is: 
1. In a system of balancing loudspeaker output for a multi-65 

ple-speaker installation fed by a given amplifier and wherein 
speakers at each of a number of speaker locations are con 
nected thereto through respective transformers whose prima 
ry windings are connected via appropriate taps to the amplifi 
er output and whose secondary windings are connected via ap- 70 
propriate taps to the speaker voice coils with proper im 
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4 
pedance matching, the improvement comprising monitoring 
the amplifier output and maintaining the load thereforessen tially constant, monitoring the sound output at any given 
speaker location, and adjusting winding taps of the trans 
former to provide a desired output sound level. 

2. Speaker balancing system according to claim 1, including 
the step of providing a repeatable audio transmission having 
known characteristics to the speakers during such adjustment. 

3. Speaker balancing system according to claim 2, wherein 
the amplifier output is provided with a supplemental load, 
which together with the load provided by the speakers equals 
the rated amplifier output, and including the step of readjust 
ing the supplemental load to compensate for each change in 
load occasioned by any change in speaker connections. 

4. In a system of balancing loudspeaker output for a multi 
ple speaker installation, wherein sound output at each of a 
plurality of speaker locations is monitored aurally during ad 
justment of speaker transformer taps, the improvement com 
prising providing a repeatable voice/music transmission to be 
so monitored during such adjustment, and including the step 
of providing a standby output to the amplifier when the re 
peatable voice/music transmission is absent, the resulting am 
plifier output being adapted to effect substitution of the re 
peatable voice/music transmission as the amplifier input upon 
momentary shorting out the speaker load. 

5. Speaker balancing system according to Claim 4, includ 
ing the steps of switching manually from the standby input to 
the repeatable voice/music transmission and switching auto 
matically to the standby input after each repetition of the vo 
ice/music transmission. 

6. In a loudspeaker balancing system for an audio installa 
tion having speakers at a plurality of locations and multi 
tapped audio transformers for use therewith, the combination 
of an audio amplifying means having an output line across 
which the tapped primary windings of the speaker transfor 
mers are connectable in parallel as the principal load, the 
secondary windings of the transformers being connected with 
proper impedance matching to voice coils of the speakers, 
calibrated audio input means operatively connected to the 
amplifying means and adapted to provide thereto a repeatable 
audio transmission having known characteristics, supplemen 
tal load means for connection across the output line, and 
switch means for varying the transformer winding connections 
and for varying such connection of the supplemental load, in 
cluding output relay means connected in series in the output 
line, shorting switch means across the output line at a location 
between the output relay means and any load across the line, 
the output relay being responsive to shorting of the output line 
by the shorting switch means and effective to actuate the 
audio input means. 

7. Speaker balancing system according to Claim 6, includ 
ing standby audio input means, input relay means normally 
connecting the standby audio input means to the input of the 
amplifying means and responsive to actuation of the 
calibrated audio input means to disconnect the standby audio 
input means therefrom and connect the calibrated audio input 
means thereto until completion of the repeatable audio trans 
mission. 

8. Speaker balancing system according to claim 7, wherein 
the input relay means also is adapted to short the output line 
around the output relay means. 

9. Speaker balancing system according to claim 7, wherein 
the input relay means is adapted to remain in actuated condi 
tion regardless of discontinuation of the short across the out 
put line by the shorting switch means and release of the output 
relay means. 

10. Speaker balancing system according to claim 9, wherein 
the calibrated audio input means is adapted to deactivate the 
holding relay means upon completion of one complete trans 
mission of the audio signals therefrom. 
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