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The present invention relates to the control of noise,
and more particularly concerns a sound cancellation sys-
tem and method for controlling and reducing the noise
emanating from electrical induction apparatus such as
transformers and the like.

The audible noise produced by transformers and the
complaints arising therefrom have become a major prob-
lem as a result of the trend toward locating power sub-
stations in or near residental areas. For this reason, the
noise level of transformers has become of primary im-
portance in the design, installation and operation of such
apparatus, and various attempts have been made in the
past to overcome the noise problem. One method sug-
gested has been to design transformers to operate at low
flux density, in order to reduce the magnetostrictive effects
causing noise at high levels of inducticn. Another ap-
proach involved the provision of double walls on the
transformer tank, or, to produce a similar effect, enclosing
the transformer in a surrounding masonry wall or housing
of suitable construction. A further expedient provided
for sound absorbent barriers inside the transformer tank.
However, these and other proposed noise reducing meas-
ures have generally proved expensive, impractical or in-
adequate.

It is an object, therefore, of the present invention to
provide an effective sound reduction system, especially
in combination with electrical induction apparatus such
as transformers, for reducing noise emanating therefrom
and which overcomes the above-mentioned disadvantages.

It is another object of the invention to provide a sound
reducing system and method for substantially eliminating
transformer noise at least in a particular area remote from
the transformer.

A further object of the invention is the provision of a
sound reducing system and method by means of which
the direction, size and angular position of the sound
cancelled zone relative to the sound producing apparatus
may be readily varied.

In its broad aspects, the present invention relates to a
system for effectively cancelling in a predetermined zone
remote from a primary source of sound the sound pro-
duced thereby, the primary source of sound having a com-
paratively large vibratory surface which propagates a
sound wave of given frequency, shape and amplitude, the
present system comprising in combination at least one
constant velocity variable volume auxiliary source of
sound having a comparatively small vibratory surface
located closely adjacent the large vibratory surface, and
means for driving the small vibratory surface of the
auxiliary source of sound so that when considered by
jtself is produces at least in the predetermined remote
zone a sound wave of essentially the same frequency,
shape and amplitude as, but substantially in phase op-
position to the first-mentioned sound wave in said zone
when said auxiliary source is not operating. - While the
exact mechanism of the effective sound cancellation or
sound reduction is not fully understood there is evidence
that in addition to interference between sound waves,
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the primary and auxiliary scunds also interact on each
other through a proximity effect which reduces their total
sound energy output.

In preferred embodiments of the invention, the auxiliary
source of sound is constituted by a loud speaker which
has a diaphragn serving as the small vibratory surface
and which is enclosed on one side by a baffle so that
only the other side of the diaphragm is in direct contact
with the air surrounding the primary source of sound.
The loud speaker may be energized by any suitable driving
mechanism to produce a sound wave of desired charac-
teristics relative to the sound wave propagated by the
large vibratory surface. Such an auxiliary source is an
example of a constant velocity variable volume source of
sound. In accordance with the invention, the driving
means is preferably an energizing system which pro-
vides for the control and adjustment of the frequency,
phase, and amplitude of the energy driving the loud
speaker. By suitable adjustment of the phase and ampli-
tude of the energizing system not only is an effective can-
cellation of sound in a remote zone achieved but also the
angular position of the sound cancelled zone may be
varied as-desired.

The invention will be better understood from the fol-
lowing description taken in conjunction with the accom-
panying drawings in which:

Fig. 1 1is a perspective view partly in section of a trans-
former arrangement including a loud speaker mounted
on the transformer tank wall in accordance with an em-
bodiment of the present invention;

Fig. lais an enlarged sectional view of the loud speaker
arrangement taken along the line ig—1g in Fig. 1;

Fig. 2 is a block diagram of a form of loud speaker
energizing system which may be utilized in the present
sound cancellation system;

Fig. 2a shows a different embodiment of the energizing
system shown in Fig. 2;

Fig. 2b shows still another form of the Fig. 2 energizing
system;

Fig. 3 is a circuit diagram of a specific form of energiz-
ing system of the type shown in Fig. 2a;

Fig. 4 is a graphical showing of results obtained with
adjustment of the sound cancellation system to produce
optimum sound cancellation in a zone in a given direction
with respect to the transformer;

Fig. 5 graphically illustrates the reduction of sound at
varying distances from the transformer in the direction
of sound cancellation zone as represented by Fig, 4;

Fig. 6 is a graphical showing similar to Fig. 4 but with
the sound cancellation zone shifted in angular position;

Fig. 7 shows the results obtained at varying distances
from the transformer with the sound cancellation zone in
the angular position shown in Fig. 6;

Fig. 8 shows results obatnied with the use of two loud
speakers;

Fig. 9 illastrates the sound reduction at varying dis-
tance from the transformer with the arrangement repre-
sented by Fig. 8; and

Fig. 10 graphically iliustrates the results of another ar-
rangement which clearly shows reduction in total sound
energy output,

Referring now to the drawings, and particularly to Fig.
1, there is graphically shown a power transformer of
known type comprising tank 1 containing a core 2, coils
3, and insulating and cooling liquid 4. The transformer
shown is also equipped with radiator tubes 5 attached to
tank 1 and through which the liquid 4 may pass for cool-
ing. The alternating magnetization of the transformer
core 2 during normal operation of the transformer gives
rise to magnetostriction effects in the core material which
cause vibration of the core surfaces. These vibrations
are communicated to the surrounding liquid 4 and travel
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as scund waves through it to the walls of the transformer
%, which in turn are caused to vibrate and send out
sound waves in the surrcunding air. The core vibrations
nay also be transmitted to the tank walls by the core
mountings., The result is an unpleasant hum which is
frequently sufficiently loud to be obje/'tionable in certain
lecations such as residential communities in or near
which the transformer is located.

In accordance with a preferred embediment of the
present noise contrcl system, a loud speaker 6 is mounted
by any suitable means preferably on a wall 7 of the trans-
former tank which faces the area in which it is desired to
reduce the transformer noise. As more clearly shown
in Fig. la, the diaphragm 8 of loud speaker 6 is mounted
in an enclesed bafile 6a (or closed-back cabinet) in such
manner that only the front surface of the diaphragm is
direct!ly exposed to the air. This construction is necessary
to avoid rendering the loud speaker ineffective due to the
sound pressure produced at cne surface of the diaphragm
being drawn into and nullified by the vacuum simulta-
neously produced at the opposite surface of the dia-
phragm in the absence of such an enclosure. The loud
spesker € is energized by the energizing system shown
diagrammatically, and more fully described below.

It has been found that by suitably energizing loud
speaker 6 at the frequency of the noise produced by the
transformer and by properly adjusting the phase and am-
plitude of the energy supplied to the loud speaker, an
astonishing degree of noise reduction can be achisved
in a desired area remote from the transformer. It has
forther been found that more than one such zuxiliary
source of sound similarly arranged adjacent the trans-
former and energized will produce even more improved
results in noise cancellation, as pointed out below.

Various means may be used for energizing the loud
speaker § to give the correct phase and amplitude of the
diaphragm moticn. Fig. 2 shows in block diagram one
type of energizing system which may be used, in which
a rectifier is incorporated. As shown in the diegram, the
rectifier, which may be connected to the transformer sub-
station power supply circuit, provides an electrical signal
com:msu., the same fundamental and harmonic fre-
quencies as the fundamental and harmonic frequencies
of the noise produced by the transformer and transmits
it to a system of three frequency channels of 120 cycles
and harmonics thereof selectively passed by suitable band-
pass filters. In this connection, it is to be understood
that the expression “non-sinusoidal shape” as recited in
the claims is intended to refer to the wave characteristic

tank

of a fundamental frequency having superimposed har- :

monic frequencies. Each frequency channel is provided
with a manually adjustable phase shifter and amplitude
control.  The proverly adjusted and controlled com-
ronent voltages are then recombined in an addition net-
work, suitzbly amplified and then transmitted for ener-
gizing the loud speaker 6 which is located closely adja-
cent the noise source, i. e., the transformer.

Fig. 3 is a circuit diagram of a specific form of the
Fig. 2 ezﬂrmzmg system incorporating a rectifier, which
may be used in accordance with the invention for driving
the loud sneaker. As shown in Fig. 3, a source of fun-
damental frequency and higher harmonics is provided by
a bridge rectifier 12, comprising, for example, selenium
rectifiers, which is arranged on the oufput side of a suit-
able transformer 31, the primary of which is connected
to a 1(5-volt alternating current power scurce by plug-
ging into a convenient cutlet or by other sunitable means.
The voltage cutput from the rectifier 12 is applied to the
inputs of parallel band pass filters 13, ¥3q, and 13b which
selectively pass the desired frequencies corresponding to
the fundamental and major higher harmonic frequencies
of the transformer wave. Phase shifting networks 14,

" 14a and 14b of typical construction as shown are con-
nected to the outputs of the band pass filters of the re-
spective frequency channels for manual adjustment of the
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phase angle of the current passing through each channel,
while potentiometers 15, 154, and 15b serve for adjust-
ment of the amplitude of the respective voltage outputs
of the phase shifting networks. The voltages are then
combined in series connection for transmission via am-
plifier 17 to loud speaker 18 which may be a 12-inch type
in a closed back cabinet, a switch i6 being provided for
turning the loud speaker energy supply on and off.

Fig. 2a shows a different embodiment of the loud
speaker energizing arrangement in which a vibration
pickup device including an amplifier is employed in place
cf the rectifier of Figs. 2 and 3, the vibration pickup being
fastened, for example, directly to the transformer tank
wall, radiator tubes or cther part of the transformer to
provide a source for energizing the loud speaker.

Fig. 2b shows still another form of energizing system
which incorporates a microphone 12 which may be at-
tached to the transformer tank to pick up the actual
sound of the sound source. The energy frcm the micro-
phone can be suitably amplified as shown, if necessary.
In this embodiment, a feed-back arrangement involving
the microphone and loud speaker is to be avoided, in
order to obviate the howling effect prcduced by such an
arrangement. It is desirable, therefore, to acoustically
isolate the microphone from the loud speaker to prevent
such feed-back, and in practice it has been found that
to avoid undesirable feed-back effects the microphene
should not be located in the vicinity of the loud speaker.

In field tests conducted on an actual transformer in-
stallation, a 12 inch loud speaker, direct radiator type.
mounted in an enclosure of 34 inch plvwood was mounted
on the tank wall of a 15,000 kva. transformer located
in an open field. To provide a source of vibration syn-
chronized with the sound output of the transformer, a
vibration pickup of known type was taped tc one of the
cooling radiator tubes of the transformer. The output
of the vibration pickup was amplified by means of a vi-
bration meter device of known commercial type and ap-
plied to a three-channe! filter and phase shifter circuit
of the type shown in Fig. 2 which isolated the 120-
(fundamental), 240-, and 360-cycle components of the
vibration pickup output from each other and permitted
adjustments in the magnitude and phase angle of each.
It was found that the only significant component of noise
in the 15,000 kva. transformer was the fundamental
120-cycle tone, so that the amplitude controls for ths 240
and 360-cycle channels of the filter phase shifter circuit
were set to zero.

After noise reduction tests were carried out by the
vibration meter pickup, the latter was replaced with a
selenium rectifier of the type shown in Fig. 3 on the out-
put side of a filament transformer whose primary was
plugged into a 110-volt convenience outlet connected
to the source of supply for the transformer. This pro-
vided a source of 120-cycle frequency and harmonics
thereof which worked as satisfactorily as the vibration
pickup device and was considerably less expensive and
more compact.

In making the initial sound tests the microphone of a
sound level meter was located at a distance of 100 feet
from the face of the transformer tank adjacent the loud
speaker and substantially on a radial axis extending
through the loud speaker and perpendicular to the facc
of the transformer tank. A sound analyzer was also lo-
cated at this point in the field and it was tuned to the 120
cycle frequency with its gain control set to give a zero
decibel reading.

After the sound cancellation equipment was energizad,
the magnitude and phase angle of its excitation was ad-
justed to give a minimum reading on the sound analyzer.
The audible effect of the noise cancellation thus produced
was considerable and surprising, the noise from the trans-
former being substantially eliminated in the test area.
Once the adjustment had been made, the transformer
noise could be turned off and on at will, merely by



9,776,020

switching the Joud speaker on and off. At the same ad-
justment, several sound level readings were taken at
different microphone positions with the speaker off and
on. The results obtained are shown graphically in Figs.
4 and 5.

Fig. 4 shows the sound levels found with the loud
speaker system adjusted for maximum cancellations of
the 120-C. P. S. component only in an area adjacent the
zero degree axis about 100 feet distance from the trans-
former, the loud speaker being mounted on the tank
wall about 6 feet high, ¥4 inch away, and facing the
approximate center of the tank. Fig. 5 shows the sound
levels plotted against the distance along the zero degree
axis obtained with the same arrangement of the loud
speaker but with the adjustment made for optimum can-
cellation at 50 feet. It will be noted from the graph of
Fig. 4 that a beam of sound reduction of at least 6 db
was produced which had a width of about 23°, 1t is
clear from Fig. 5 that substantial reduction in trans-
former noise was obtained with one adjustment along
the distance of 50-125 feet tested. In general, it was
found that the zone of sound reduction increased in
width or diameter along a radial line extending from
the transformer.

It was also unexpectedly found that the beam of sound
reduction could be aimed merely by suitable adjustment
of the phase and amplitude of the loud speaker excita-
tion. The results shown in Fig. 6 were obtained with
the adjustment for maximum cancellation in an area
at —45° relative to the arbitrary zero axis and at a 100
foot radius, the loud speaker being arranged as pre-
viously described in connection with Fig. 4. As indi-
cated in the graph, a substantial reduction of sound was
likewise obtained in this manner in the new location.
Fig. 7 shows the results obtained with the Fig. 6 arrange-
ment along a distance from 60 to 125 feet in a direction
—45° from the zero degree axis.

It was found, further, that improved results in terms
of greater width of the sound reduction beam could be
obtained by two loud speakers operating in parallel from
the same source. In a test arrangement producing marked
improvement in this respect, two speakers were mounted
about 80 inches apart on the transformer tank wall,
facing the wall about ¥4 inch away and adjusted for
maximum cancellation at 100 feet along the zero degree
axis. Fig. 8 shows the results obtained by this arrange-
ment, and it is apparent from the figure the beam width
produced was about 35°, which constituted a substantial
improvement over the results obtained with a single
speaker.

Fig. 9 illustrates the results of a two speaker arrange-
ment obtained over a distance of 50-100 feet, the two
loud speakers being mounted 52 inches apart 6 feet high
on the tank wall and facing the wail 4’ away and with
the adjustment made for maximum cancellation at 100
feet along the zero degree axis.

While Figs. 5, 7 and 9 show that the present sound
cancellation system was effective over a distance of
about 50 to 125 feet, further tests made at distances
uy to 500 feet indicated that the sound reduction along
a radial line originating at the transformer was never
less than 6 db.

The results obtained in the above described tests were
measurements based on the 120-cycle component of noise
only, since in the 15,000 kva. transformer used this was
substantially greater than the other harmonics. How-
ever, it was found in a listening test that when the 360-
cycle harmonic was also cancelled, the improvement was
even more marked. This was true even though the 360-
cycle tone was 15 db below the level of the 120-cycle tone

efore cancellation was applied.

The principies underlying the reduction of transformer
noise by the present invention have not as yet been
clearly established, In part, they appear to involve the
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interference, at least in the area of sound reduction re-
mote from the transformer, between the scund waves pro-
duced by the transformer as the primary sound source
and by the loud speaker as the auxiliary sound source.
The principal source of noise from the transformer is
undoubtedly the magnetostriction effect produced in the
transformer core, as hereinbefore described, the vibrations
being transmitted to the transformer tank wall. If the
tank wall could be considered a point scurce of sound,
it would seem in theory that the arrangement of the loud
speaker as close as possible to the wall and energizing
the loud speaker to produce sound waves of the same
frequency, amplitude and shape as, but in phase opposi-
tion to, the sound waves produced by the transformer
tank wall would substantially eliminate by interference
effects all noise emanating from the transformer, and
produce quiet even close to the apparatus. As a practical
matter, however, the tank wall does not behave as a
point source of sound, and due to this as well as other
factors, such as the presence of sound reflecting surfaces
in the vicinity, wind effects, temperature variations and
the like, sound cancellation could not be achieved in all
areas surrounding the transformer. In fact, in certain
areas outside the sound cancellation zone obtained in field
tests by the present system the noise was actually in-
creased (as shown by Figs. 4, 6, and 8), presumably due
to reinforcement effects between the sound waves pro-
duced by the transformer and loud speaker, and this
effect was frequently observed, for example, in the area
in the immediate vicinity of the transformer which lay
directly between the remote zone of effective sound can-
cellation and the transformer. For similar reasons, it
has not been found possible to determine accurately
beforehand the particular arrangement of the loud speaker
relative to a given transformer installation, or the partic-
ular phase and amplitude adjustment of the energy sup-
ply driving the loud speaker, to cbtain the optimum re-
duction of noise in the desired area remote from the
transformer. It has been found, however, that for any
given set of conditicns it is necessary omnly to energize
the loud speaker at the noise-preducing frequency and to
suitably adjust the phase and amplitude of the loud
speaker excitation to produce effective noise cancellation
in the desired area. It appears that by such adjustment
the sound waves from the respective sound sources, i. .,
the loud speaker and the transformer wall, can be made
to interfere with each other to a substantial degree in
(at least) the remote zone where reduction of sound is
desired.

While placing the loud speaker as close as possible to
the transformer tank wall did not in practice always pro-
duce substantial noise reduction in the immediate vicinity
of the transformer under conditions where a remote zone
of silence could be cbtained at a desired point, it did
appear that the closer to the tank the loud speaker was
mounted, the larger was the zone of silence produced.
This phenomenon may possibly be explained on the basis
(1) that the rate of drop in amplitude of the sound waves
produced by the two sound sources along their coincident
paths would be more nearly alike the closer the two
sources were to each other, to thereby produce more
effective interference over a longer distance, and (2) the
shape of the respective wave fronts would be more nearly
alike, i. e., the radii of curvatures of the wave fronts
would be nearly uniform over an area beginning nearer
the sources if the latier were close together, thus produc-
ing an interference (silent) zome of greater angle in
azimuth.

In certain cases it has been found that locations of the
loud speaker other than on the tank wall would give
optimum results. For example, in a test involving a
transformer installation surrounded by a masonry wall,
it was found that mounting the loud speaker on the top
of the wall at a corner thereof nearest the desired zone
of sound cancellation gave best results in sound reduction
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in the intend=d area. In this case, apparently the sound
produced by the transformer which caused objectionable
noise in the particular remete zone concentrated at the
top of the masonry wall and served, in effect as a sound
source, so thet arrangement of the loud spesker at that
point was tantamcunt to mounting the loud speaker on
the transformer tank wzll under the usual cenditions
where no surrcunding barrier was present.

As indicated, the tests described above were conducted
in the field in connection with full-sized transformers.
In crder to obtain scund rednction data in 2 mere ideal
envircument and to aveid ambient ncise, weather varia-
tions and other factors which might affect the results ob-
tained, tests were made on a scale model 125,000 kva.
transformer (34 normal size) in a large sound-proof
anecheic chamber. o these tests an array of four 2 inch
foud speakers were located adjacent the transformer, and
cancellation tests were made st the fundamental (840
C. P. 8.) and second harmenic (1680 C. P. S.) frequen-
cies of the mode] transformer noise. The results of a
typical test made under these conditions are shown in
Fig. 10, which shows the relative arrangement of the
transformer 24 and loud speaker array 21.

As shown in the Fig. 10 graph, while the sound can-
cellation was effective throughont a beam width of about
26° as indicated by zone 22 along the 270° axis, it left the
noise level practically unchanged in areas outside the
cancellation zone. It seems apparent, consequently, that
a phenomenen may be involved which is not in all respects
the same as the interference phenomenon already dis-
cussed, since the total sound energy produced by both
sound sources seems to be reduced, in view of the Fig. 10
results. The principle involved in producing the latter
effect may perhaps be explained by considering at least
a portion cf the vibrating transformer wall as the primary
noise generating surface which it is desired to neutralize
and the loud speaker as an acoustic compensating device
for neutralizing the primarv sound source. The size of
the compensating device and its distance from the primary
neise generating surface which it is desired to neutralize
must beth be small compared with the wave length of the
frequency of sound involved, i. e., under 14 wave length.
The comvpensating device changes in volume at the fre-
quency of the sound invelved. A non-baffled or simple
moving diaphragm deoes not accomplish the desired pur-
pose. When the primary noise generating surface moves
outward against the air the compensating device contracts
in volume and provides a place for the air displaced by
the primary noise generating surface to go, so that the
amount of force that must be applied by the primary
surface to the air is reduced and the amecunt of energy
transferred from the primary surface to the air is re-
duced by virtue of the presence of the compensating
device. Since less energy is transferred from the primary
surface to the air, less energy is transmitted through the
air away from the primary surface and the objective of
neutralizing, to a degree, the noise radiated by the
primary source is accomplished.

Since this arrangement consists in part of what may
be called acoustic interference it is important to note
that more than acoustic interference is required to pro-
duce the desired result. If two systems of plane acoustic
waves tend to cause continuously opposing space dis-
placement of the air at a given point, the cpposing tenden-
cies cancel each other and the air at the point does not
move. This constitutes interference at the given point,
and at any cther point where the two systems of waves
are in the necessary phase relationship. In other loca-
tions the phase relationship is such that the effects are
additive instead of subtractive. Over a volume of many
wave lengths in each dimension the amount of addition
approaches equality with the amount of subtraction and
the average density of energy flow is not changed.

The compensating mechanism described reduces the
total accustic energy in the sound field by permitting the
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primary noise generating surface to move without trans-
ferring significant amounts of energy to the adjacent air,
and in order to accomplish this purpose it is necessary to
go beyond a process which might be interpreted as acoustic
interference. It is reasonable to consider that the com-
pensating procedure described constitutes a special way
of obtaining interference which results in decreased total
energy as.opposed to the customary concept which com-
prises decreased energy levels at certain spots and in-
creased energy levels at other spots.

Mumerous tests of the type described above have led
to the formulation of a sound cancellation procedure in
accordance with the invention which has given satisfac-
tory results in most cases. The technique which has
been evolved is as follows:

3¥ith the loud speaker placed as close to the transformer
as possible, the amplitude controls of all frequency chan-
nels in the loud speaker energizing equipment should be
turned to zero. The sound analyzer is set to 120 C. P. 8.
and with the phase control of the 120 C. P. S. channel set
at an arbitrary point, the amplitude control cn the 120
C. P. S. channel is increased. The gain is increased until
the 120 C. P. S. noise has either begun to diminish or has
increased approximately 3—4 db. The gain control is
aliowed to remain at this setting and the 120 C. P. S.
phase control is is adjusted until a minimum in 120
C. P. 8. sound is reached. This alternating adjustment is
continued until a reduction of 15-20 db is reached. After
the 120 C. P. S. sound is thus reduced, the process is re-
peated for the 240 C. P. S, 360 C. P. S. and higher fre-
quency sounds. If sound tests show that the silent zone
is not sufficiently wide or deep to cover disturbing trans-
former noise over the entire region desired, one or more
additional loud speakers may be provided in an array.
as already described, to cover the area desired.

While particular types of transformer, lond speaker and
relative arrangements thereof have been described and
shown, it is to be understood that sound cancellation
constructions and procedures may be used which differ
from those described. For example, the transformer
may be a gas-filled type, and the loud speaker may be
suitably arranged within the transformer whether of the
liquid or gas-filled type. Further, the loud speaker or
Ioud speakers may be located at any suitable position or
in desired arrangement on or near the tank wall or other
portion of the transformer structure depending on opti-
mum sound reduction results obtained. Tests have been
carried out both with the loud speaker diaphragm facing
toward the tank and away from the tank, and each position
has been found to produce improved results under differ-
ent conditions. Moreover, auxiliary sound sources other
than loud speakers may be used, and it is contemplated
that any vibrating surface which can be controlled in
frequency, phase and amplitude may be employed.

It will be understood, therefore, that numerous modi-
fications may be made by those skilled in the art without
actually departing from the scope of the invention. Ac-
cordingly, the appended claims are intended to cover all
such equivalent variations as come within the true spirit
and scope of the foregoing disclosure.

What we claim as new and desire to secure by Letters
Patent of the United States is:

1. A system for effectively cancelling in a predeter-
mined zone remote from a primary source of sound the
scund produced thereby, said primary source of sound
having a comparatively large vibratory surface which
propagates a sound wave of given frequency, shape, and
amplitude, comprising, in combination, at least one aux-
iliary source of scund having a comparatively small vi-
bratory surface located closely adjacent said large vi-
bratory surface, and means for driving said small vibra-
tory surface of said auxiliary source of sound so that
it produces at least in said predetermined remote zone
a sound wave of essentially the same frequency, shape
and amplitude as, but substantially in phase opposition to,
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said first mentioned wave, so that said waves are substan-
tially in interference with each other in said predeter-
mined remote zone.

2. A system for effectively cancelling in a zone remote
and in a given direction from an electrical induction ap-
paratus the sound produced thereby, said apparatus hav-
ing a comparatively large vibratory surface which propa-
gates a sound wave of given frequency, shape and ampli-
tude, comprising in combination, at least one auxiliary
source of sound having a comparatively small vibratory
surface located closely adjacent said large vibratory sur-
face of said elecirical induction apparatus, and means for
driving said small vibratory surface of said auxiliary
source of sound so that it propagates in said given direc-
tion a sound wave of the same frequency, shape and am-
plitude as, but substantially in phase opposition to, said
first-mentioned wave so that said waves are substantially
in interference with each other in said remote zone.

3. A sound cancellation system comprising, in com-
bination, a constant velocity variable volume primary
source of sound whose sound is to be minimized in a
predetermined zone spaced from said primary source by
a distance equal to many times the maximum dimension
of said primary source, said primary source propagating
in the direction of said zone a sound wave of given fre-
quency, shape and amplitude, an auxiliary constant ve-
locity variable volume source of sound having a maxi-
mum dimension many times smaller than the maximum
dimension of said primary source and located no more
than a small portion of the length of said sound wave from
said primary source, and means for driving said auxiliary
source of scund so that it produces at least in said pre-
determined zone a sound wave of essentially the same
frequency, shape and amplitude as, but substantially in
phase opposition to, said first-mentioned wave so that said
waves are substantially in interference with each other
in said predetermined zone and said sources interact on
each other through a proximate effect which reduces their
combined total sound energy oufput.

4, A system for effectively cancelling in a predeter-
mined zone remote from a primary source of sound the
sound produced thereby, said primary source having a
comparatively large vibratory surface which propagates a
sound wave of given frequency, shape and amplitude,
comprising, in combination, a plurality of auxiliary sources
of sound each having a comparatively small vibratory
surface located closely adjacent said large vibratory sur-
face, and means for driving the small vibratory surface of
each auxiliary source of sound so that said auxiliary sound
sources produce at least in said remote zome sound
waves of the same frequency, shape and amplitude as,
but substantially in phase opposition to, said first-men-
tioned wave so that said first and said second-mentioned
waves are substantially in interference with each other in
said remote zone.

5. A system for effectively cancelling in a predeter-
mined zone remote from an electrical induction apparatus
the sound produced thereby, said apparatus having a com-
paratively large vibratory surface which propagates a
sound wave of given frequency, shape and amplitude,
comprising, in combination, at least one auxiliary source
of sound having a comparatively small vibratory surface
located closely adjacent said large vibratory surface,
means for energizing said auxiliary source of sound to
drive said small vibratory surface thereof, and means for
controlling the frequency, phase and amplitude of the
vibration of said small vibratory surface of said auxiliary
source of sound so that it produces at least in said re-
mote zone a sound wave of the same frequency, shape
and amplitude as, but substantially in phase opposition to,
said first-mentioned wave so that said waves are substan-
tially in interference with each other in said remote zone.

6. A system for effectively cancelling in a predeter-
mined zone remote from an electrical induction apparatus
the sound produced thereby, said apparatus having a vi-
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bratory surface which propagates a scund wave of given
frequency, shape and amplitude, comprising, in combina-
tion, at least one auxiliary source of sound comprising
a loud speaker having a diaphragm enclosed on one sur-
face thereof and located closely adjacent said vibratory
surface of said apparatus, means for energizing said loud
speaker to drive said diaphragm thereof, and means as-
sociated with said energizing means for controlling the
frequency, phase and amplitude of the vibration of said
diaphragm so that it produces at least in said remote zone
a sound wave of the same frequency, shape and ampli-
tude as, but substantially in phase opposition to, said first-
mentioned wave so that said waves are substantially in
interference with each other in said remote zone.

7. A system as defined in claim 6, wherein said ener-
gizing means comprises a vibration pickup device associ-
ated with said electrical induction apparatus.

8. A system as defined in claim 6, wherein said ener-
gizing means comprises a microphone associated with said
electrical induction apparatus and arranged remote from
said diaphragm of said loud speaker,

9. A noise-controlled electrical apparatus providing
sound cancellation in a predetermined zone remote there-
from, comprising, in combination, a source of alternating
electric current; an electrical induction apparatus ener-
gized at a given frequency by said alternating current
source and having a comparatively large vibratory sur-
face which propagates a sound wave of given frequency,
shape and amplitude; at least one auxiliary source of
sound comprising a loud speaker having a diaphragm en-
closed on one surface thereof and located closely adjacent
said large vibratory surface of said induction apparatus;
means comprising a full-wave rectifier connected to said
alternating current source for energizing said loud speaker
to drive said diaphragm thereof; and means associated with
said energizing means for controlling the frequency, phase
and amplitude of the vibration of said diaphragm so that
it produces at least in said predetermined remote zone a
sound wave of the same frequency, shape and amplitude
as, but substantially in phase opposition to, said first-
mentioned wave so that said ‘waves are substantially in
intereference with each other in said remote zone.

10. A system for effectively cancelling in a predeter-
mined zone remote from a primary source of scund the
sound produced thereby, said primary source of sound
having a comparatively large vibratory surface which
propagates a sound wave of given frequency, shape and
amplitude, comprising, in combination, at least one aux-
iliary source of sound having a comparatively small vi-
bratory surface located closely adjacent said large vibra-
tory surface, and means for driving said small vibratory
surface of said auxiliary source of sound so that it pro-
duces at least in said predetermined remote zone a sound
wave of the same frequency, shape and amplitude as, but
substantially in phase opposition to, said first-mentioned
wave so that said waves are substantially in interference
with each other in said predetermined remote zone, said
driving means being operable for varying the angular
position of said predetermined remote zone relative to
said primary source of sound.

11. A system for effectively cancelling in a predeter-
mined zone remote from an electrical induction apparatus
the sound produced thereby, said apparatus having a com-
paratively large vibratory surface which propagates a
sound wave of given frequency, shape and amplitude,
comprising, in combination, at least one auxiliary source
of sound having a comparatively small vibratory surface
located closely adjacent said large vibratory surface,
means for energizing said auxiliary source of sound to
drive said small vibratory surface therecf, and means for
controlling the frequency, phase and amplitude of the
vibration of said small vibratory surface of said auxiliary
source of sound so that it produces at least in said re-
mote zone a sound wave of the same frequency, shape
and amplitude as, but substantially in phase opposition
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to, said first-menticned wave so that said waves are sub-
stantially in interference with each other in said remote
zone, said controlling means being coperable to vary the
angular pesition of said remote zone of cancelled sound
relative to said electrical inducticn apparatus.

12. A system for effectively cancelling in 2 predeter-
mined zone remoie from a transformer the noise emanat-
ing therefrom during its operation, said transformer hav-
ing a large vibratery surface producing a sound wave of
given frequency, phase and amplitude, comprising, in
combinaticn, at least one loud speaker means mounied
closely adjacent said transformer and having a baffled
diaphragm only one side of which is in direct contact
with the air surrounding said transformer and being a
small fraction of the size of said large vmmmw surface,
energizing means connecied to said loud T omesns
for driving the same at the frequm\,y a harmaonics
thereof at which said vibratory surface of said transformer

ribrates, filter means for selectively transmitting to said
Ioud speaker said frequency and harmonics therzof, and
control means associated with said filter means and said
loud speaker means for controlling the phase and ampli-
inde of the vibration of said diaphragm of said leud
speaker means at each of said frequency and harmonics
thereof, said control means being cperable for produc-
ing from said baffled diaphragm at least in said prede-
termined remote zone a scund wave of the same fre-
quency, shape and amplitude as, but substantially in
phase opposition to, said first-mentioned wave so that
said waves are substantially in interference with each
cther in said remote zone.

13. A noise-controlled transformer arramgement pro-
viding sound cancellation in a predetermined zone remote
therefrom, comprising, in combination, a transformer
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having a large vibratery surface which propagates ia said
remote zone a sound wave of given frequency, shape and
amplitude, at least one loud speaker mounted adjacent
seid large vibratory surface of said transformer aad hav-
ing a baffled diaphragm of an area smail compared to
said large vibratory surface, and means for driving said
diaphragm of said loud speaker so that it produces at
least in said remote zone a sound wave of the same fre-
quency, shape and amplitude as, but substantially in phase
opposition to, said first-mentioned wave so that said
waves are substantially in interference with cach other
in said remote zone.

14. A noise-controlled transformer arrangement pro-
viding sound cancellation in a predetermined zone remote
therefrom, comprising, in combination, a transformer hav-
ing o large vibratory surface driven-at approximately 120
cycles per second which propagates in said remote zone,

ound wave of given frequency, shapz and amplitudc,
at least one loud speaker mounted adjacent szid large
vibratory surface of said transformer and having a baffled
diaphragm of an area sinall compared to said large vibra-
tory surface, and means for driving said baffled dizphragm
of said loud speaker at 120 cycles per second :md for
producing at least in-said remote zone a scund wave

of the same shape and amplitude as, but substantiaily in
phase opposition to, said first-mentioned wave so that
said waves are substantially in interference with each
other in said remote zone.
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