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The presentinyention relates ingeneral to loud Speaker 
enclosures and in particularto reproducers for electronic 
CrganS. 

There are two general methods in Common usage for 
imparting Vibrato to the tones of the electronic organ. 
One involves periodically changing the pitch or amplitude 
of the tones by entirely electronic means. This is an 
electronic vibrato The cther operates to modify the 
organ tones iSSuing from the reproducing Speaker by 
mechanical or acoustical means This is an acoustic 
vibrato The present disclosure relates to the second 
method, 

Itis well known that the use of vibrato in the playing 
of organ rausic adds richness and appeal to the music. 
Thisis especially true of ballads and So called“popular" 
music This type of organ music achieved considerable 
popularity during the time when the theatre pipe organ, 
with its heavy vibratC?was common. 
The vibrato is obtained in the pipe organ by a rising 

and falling pressure in the wind supply which is blowing 
the pipes. This causes both the ampltiude and pitch of 
the pipe tones to rise and fall?thus producing the Vibrato. 
The electronic organ has now become more common, 

especially for entertainment purposes and for music of 
this type a heavy theatrical vibrato is often desirable. 
According to tone quality classifications there are two 
major classes of such organs. One includes those which 
produce tones which are essentially flute-like in charac 
ter?which tones are added together in various ways to 
produce tones cf more complex character The other 
class includes those electronic organs in which the tones 
as produced are complex and have many "natural" 
harmonics. These latter tones include Such voices as 
reed and String tones. 
A successful means for obtaining a heavy acoustic 

vibrato with the flute-like tones is in common usage and 
involves passing the toneg from the organ Speaker 
through a revolving horn (See Leslie 2,489,553)?This 
arrangement however is not very successful with the 
class of organs generating complex tones Accordingly. 
itis a principal object of this invention to provide means 
forobtaininga heavyacousticVibratowith organsgenerat 
ing complex tones as well as with organs which produce 
the fute-like tones. 
The normal vibrato rate is from approximately Six to 

Seven beats per Second It has been found in the Strac 
ture of the present disciCSure thatin addition to the nor 
mal or primary wibrato beat a Secondary vibrato beat, 
spaced in time between the primary beats is Very desir 
able itis therefore a fürther object of this invention to 
provide meansfcr cbtaining a SecGadary beatin addition 
to the normal Vibrato beat. 

Another Gbject of the invention is to employ a moving 
acoustic resonating chamber to fürther enhance the 
vibrato efect, 

Another objectisto employa fixed acoustic resonating 
chamber to increase the Vibrato efect. 

Another objectis to provide an organ tone cabinet 
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2 
which?in conjunction with the vibrato whichit produces, 
imparts a characteristictimbre to the tones. 
Another objectisto disclose how the invention can be 

used to adyantage in a tone cabinet for a church organ, 
and in a tone cabinet for an entertainment organ. 
Another objectis to provide means for producing the 

heaviest usefül vibrato for the entertainment organ. 
Other objects will appear from the following descrip 

tion reference being had to the accompanying drawings, 
in which; 

Figure 1 is a pictorial view of one form of the in 
Vention. 

Figure 2 is a diagrammatic end view of the structure 
Shown in Figure 1. 

Figure 3 is animproved form of rotorfortheinvention. 
Figure 4 is anotherimproved form of rotor. 
Figure 5 is a diagrammatic end view of one form of 

the invention. 
Figure 5 is a diagrammatic end view of another form 

of the invention, 
Figure 7 is a diagrammatic end view of another form 

of the invention. 
Figure 8 is a diagrammatic end view of another form 

of the invention, 
In Figure 1 is shown a pictorial view of a Speaker en 

cloSure ortone cabinet embodying one form of the in 
Vention A horizontal Speaker board 1 supports loud 
Speakers 2 and is mounted upon an enclosure herein 
afer referred to as the rear bafle and whichin this case 
is a box 3 entirely enclosed excepting for the open port 
4 near the bottom and at the rear of the cnclosure. 
Above the Speaker board are two end walls 5 and 5, 
and rear wall 7 These three walls in conjunction with 
the Speaker board H?form four sides of a box whichis 
hereinafter called the front bafle and will appearin 
modified forrns as shown in the other figures A flat 
wooden vane 8 called the rotor and mounted upon shafts 
9?is rotatably supported in bearings i9. By means of 
electric motor 13?pulley 11? and belt 2 the rotoris 
CauSed to rotate at a rate of approximately three revolu 
tions per Second By means of a signal source?such as 
an electronic organ and an amplifier (not shown)? 
Signals are impressed upon the voice coils of the loud 
SpeakerS. The tones issuing from the speakers are 
acouStically influenced by the rotating vane and a very 
pleasing vibrato is imparted to the tones Note that to 
produce avibrato of six beats persecond the shaft rotates 
three times per Second This occurs bccause any given 
angular position of the rotor occurs twice in one revolu 
tion of the shaft. 
The requirements for Successful design of a structure 

in accordance with the invention are as follows The 
rear bafle enclosure 3 in Figures 1 and 2 should be at 
least partially open for best frequency response charac 
teristics A completely enclosed rearbafie produces the 
heaviest vibrato but the frequency response is somewhat 
reStricted for average requirements. 
A Second requirement is that the front bafle should 

be partially enclosed In Figures 1 and 2 the front bafie 
is Comprised of the Speaker board H?the two end walls 
5 and @, and the rear wall 7 thus forming a box-like 
structure in which the front and top are open Other 
figures will Show how the front and top may be partially 
enclosed to provide different vibrato efectS. 
A third requirementis that the rotor vane 3 of Figures 

1 and 2 Should be nearly as large as the Speakerboard H. 
Thus as shown in Figure 2 when the bearings are cen 
trally located in the end Walls 5 and ó the clearance A 
between the rearwal17 and the edge of the rotor vane 3 
when in the horizontal position?Should be as smallasis 
practically possible Approximately one quarterinch will 
meet this requirement Similarly the clearance Bin Fig 
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"re 5 between the edge of the rotorin thevertical posi 
tion and the speaker board should be not more than 
approximately one quarter inch These three require 
ments cooperate in this structure to produce a vibrato 
(ortremulant) whichincludes three acousticefects The 
firstis a periodic changein pitch ofthe tones:the second 
is a periodic change in intensity of the tones: and the 
third is a periodic change in the timbre of the tones 
These are the same three efects which are producedin 
the tones from organ pipes when the wind pressure is 
raised and loweredtoproducevibrato. 
Another efect which has been found to enhance the 

Vibratois the introduction of a secondaryvibrato beatin 
addition to the normal or primary vibrato beat These 
Secondary beats are of somewhat lesser amplitude and 
are Spaced alternatelyin time between the primary beats. 
Figure 3 illustrates a modified form of rotor designed to 
produce asecondarybeatinadditiontothe normalvibrato 
beat and which may be substituted forthe single rotor 
Vane 8 In addition to the large vane 8 as shown in 
Figures 1 and 2 two smaller vanes 14 are mounted at 
right angles to and along the center Iine of the main 
Vane These vanes should be slightly wider (measured 
atright angles to the shafts) than half the width of the 
large vane 8 Thus if vane 8 measures12inchestip to 
tip then thetwo Smallervanes(measuredfromtiptotip), 
should measure approximately seven and one halfinches, 
With this arrangement the secondary beatis less promi 
nent than the primary vibrato beat The smaller rotor 
Vanes Should not be made too large forthen the second 
ary beat becomes too prominent Thisis very undesir 
able The Secondary beat should never be more than 
just barely audible as a secondary beatfor greatest effec 
tiveness The secondary beat has the efect of “filling 
Out" the vibrator cycle: makingit heavier and smoother. 
It has an equally important efectin the treble range of 
the organ as folows: other widely used acoustic type 
vibrato systems have a decided tendency to introduce in 
the treble range extraneous Sounds and beats?which are 
not pleasant Since this is the range wheremost of the 
harmonics lie in organs generating complex tones these 
Systems have not proven successful whenusedwith organs 
of this class An outstanding feature of the present in 
ventionisthatitimparts avery pleasingand heavyvibrato 
to the tones in the treble range withoutintroducing un 
desirable extraneous Sounds. 
Thisimprovementis due in part to the secondary beat 

feature and in part to the use of acoustic resonators. 
In one form?the resonatoris in fixed position? and in 
the Other form the resonatoris in motion andis a com 
ponent part oftherotor. - * 

Referringto Figure 2 the rotorvaneis shownin dashed 
Iines 16 in an intermediate angular position of rotation 
of approximately 45 degrees from vertical Figure 1 
Shows the rotorin approximately the Same position In 
this position a partially enclosed resonatoris formed by 
the three plane surfaces comprising speakerboard 1?back 
wall7 and the rotor vane The end walls 5 and 5 com 
plete this encloSure The speakeris coupled to this reso 
nator and fora briefinterval as the rotor passes through 
this position?the frequency response of the system is al 
tered somewhat. A change of timbre thus becomes a 
component of the vibrato cycle In this position also, 
thereis a reductionin audio outputlevel thusintroducing 
some degree of tremulantinto the vibrato cycle Arise 
and fallin pitch is simultaneously taking place due to 
the Doppler effect as the vanes rotate toward and away 
from the Speakers?The three efects therefore combine 
toproduceasatisfyingand organ-likevibrato. 

Acoustic resonators have been widely usedin speaker 
enclosures for bass frequency reinforcement and even for 
high frequency reinforcement but I am not aware of the 
use of acoustic resonators for intentionally and periodi 
callyalteringthe character of tones produced. 

These effects may be modified in various ways as 
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4 
Shown in the other figures?to produce other anduseful 
efectsinvibratoandtonecolorvariations. 
The efectiveness of the fixed resonatorjust described, 

may be increased by the addition of a partial top 15 to 
the front bafle This is shown in Figure 5. The reso 
nator thus formed when the rotoris in the vertical posi 
tion as shown is more enclosed due to the Smaller clear 
ances at Band C Itis therefore a more efective reso 
nator Also the Speakers are more closely coupled to 
the resonator The result of this change isto produce a 
heavier vibrato by increasing the amount of change of 
timbre. 

Figure 4 illustrates another form of rotor which is 
even more efective than that shown in Figure 3 This 
rotor may be used in place of either rotor previously 
described The requirementforminimum clearances with 
the front bafie walls still applies. Inthis rotor the large 
flat vane 8 has been replaced by a resonatorbox 7 which 
is open at both top and bottom. The shorter vanes 14 
have been replaced by Ionger vanes ?3 to provide a 
heavier Secondary beat Figure 6 is a diagrammatic end 
view of the tone cabinet Showing the rotor of Figüre 4 
in position The partial top 15 should extend approxi 
mately to the near edge of the reSonator 17 when the 
resonatoris inits vertical position In this rotor the tip 
to tip dimension of the vanes 13 should be the Same as 
the tipto tip dimension of the resonator 17 measured at 
rightanglestothe shafts 9. 

Figure 8 illustrates a diagrammatic view of one form 
of the invention which provides the maximum usable vi 
brato In this case the rear bafle 3is a box entirely en 
closed Mounted above the Speaker2 and resting upon 
the Speaker board 1?is a resonator box 22. This reson 
ator has Sloping Sides and is Shaped like a hollow wedge, 
with the top opento provide egress forthe tones from the 
Speaker The rotor of Figure 4 having the resonator 17 
is uSed and when the resonatorisin the vertical position 
as Shown in the figure the action of the two resonators 
is similar to that of a funnel so that nearly all the sound 
from the speakeris carried upward and out of the top 
opening of resonator 17. To furtherincrease this efect 
the top of the bafle is covered excepting for an open 
ing immediately above the openingin the resonator 17. 
Thisis accomplished by means of the partial top mem 
bers 15and 20. Also a partialfront19 has beeninstalled 
to cover the upperportion of the front baffle. 

During the interval when the rotor 17 is approaching 
and leaving the vertical position thereis a very marked 
change in the amplitude and timbre as well as the pitch 
of the tonesissuing from the speaker with the resultthat 
the Structure provides a very heavy vibrato Also it has 
Several peaks in its frequency response characteristic? 
which may be uSed to advantage. 
The vox humana organ voice is very beautiful and is 

widely used. Even for church organuse heavy vibrato 
isalways employed with the vox humana Normallythe 
vox humana harmonic distribution is approximately as 
follows: weakin the fundamental harmonic and any fre 
quencies below a few hundred cycles; moderately strong 
in the higher frequency harmonics between two to four 
thousand cycles; andwitha pronounced peakin the region 
between thirteen hundred to fiffeen hundred cycles. This 
is quite similarto the frequency response characteristic 
of the Structure illustrated in Figure 8. When the vox 
humana voice of an electronic organ is played through 
a tone cabinet of fhis construction the efectis exceed 
ingly realistic and closely resembles the vox humana 
voice of the pipe organ Other reed voices such as oboe 
and English horn as well as the string voices are also 
enhanced when played through thistype tone cabinet, 

In Figure 7 isillustrated another modified form of the 
invention The rear bafle 3 may be completely or par 
tialyenclosed Any ofthe threerotors disclosedmaybe 
used and the one of Pigure 3, having the large vane 8 
and the short vanes l4 is shown. The front bafie is 
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shown entirely enclosed excepting for the open top a 
front wall 2 having been added to the structure shown 
in Figure 1. In this arrangc?2nt the change in intensity 
Or tremulant duringthe vibrato cycleis more pronounced 
thanin any of the otherstructures shown. 

Although in this description the secondaryvibrato beat 
has been considered only as a Secondary beat of the same 
periodicity as the primary vibrato beat it might also be 
thought of as introducing a double vibrato rate com 
ponent into the overall Vibrato cycle; and in fact the 
maximum efectivenessis obtained when the double beat 
is just barely apparentas Such. 

It will be seen frcm the foregoing that there are nu 
merous Combinations of the Six basic features disclosed, 
which may be utilized to provide a plurality ofinteresting 
and useful effects in electronic Organ tone cabinets for 
both churchuse and entertainmentuse. 
The number of loud Speakers actuallyusedin the tone 

Cabinet is not important So long as the other require 
ments laid down are met, 

In Stimmary the six basic features disclosed are; 
(H) Apartiallyenclosed front bafie, 
(2) Enclosed and partially enclosed rear bafle. 
(3) Fixed resonatorchamber coupled to the speaker. 
(4) Resonator chamberin rotor. 
(5) Minimum clearance between the rotorandthe walls 

Of the front bafie. 
(6) The Secondary vibrato beat added to the normal 

Vibrato beat. 
I am aware thatin the prior art moving horns vanes, 

speakers drums and deflectors have beenused to pro 
duce acoustic vibrato but I am not aware that any 
of them have been used in structures similar to those 
disclosed herein Cr that any of them have been as efec 
tive with organ tones of complexcharacteras the present 
disclosure Andin fact almostany of the priorartstruc 
tures would beimproved by the addition ofthe secondary 
Vibrato beat feature. 
Although for the purpose ofillustrating and describing 

the invention certain preferred embodiments have been 
Shown it will be apparent to those skilledinthe art that 
Various Inodifications can be made such as theuse of dif 
ferentrotorshapes ordiferentbafileconfigurations with 
out departing from the basic principles of theinvention. 
? therefore do not wish to be limited to the precise de 
tails Set forth herein but desire to include within the 
Scope of the invention those modified forms by means 
of which Similarresults may be obtainedin substantially 
the Sameway. 
Havingthus described myinvention Iclaimasfolows: 
1 In a tone cabinet for an electronic organ a bafie 

enclosure a Speaker a rotor forinfluencing sound from 
Said Speaker means for rotating said rotor said rotor 
comprising a main defecting means and a secondary 
defectingmeans Said main deflectingmeans operatingto 
produce a wibrato beat of one intensity said secondary 
deflecting means operating to produce a secondary vi 
bratobeat ofiesserintensity. 
2 in a Sound radiating device of the class described, 

acoustic radiating nieans means forrestricting the radia 
tion Gf Sound in one direction means for periodically 
altering the Sound radiated in another direction?said 
1atter means comprising means forimpartinga firstacous 
tic beat Cf normal vibratorate and a secondary acoustic 
beat to the radiated Sound. 

3. In a device of the class described a bafie enclosure, 
a load Speaker means for imparting acCuStic vibrato to 
the tonesissuing from Said loud Speaker means for caus 
ing said acoustic vibrato to have primary beats of one 
inteasity and secondary beats of lesserintensity?said pri 
1mary beats and Said Secondary beats being alternately 
Spacedintime. 

4. In a tone cabinet for an electronic organ a horizon 
tal speaker support a partially enclosed rear bafile a 
speaker a front bafie a retor Said Speaker mounted 
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6 
upon Said Speaker Support with the body of Said speaker 
within Said rear bafie Said front bafle comprising two 
end walls and a rear wall vertically mounted upon Said 
Speaker Support and a horizontal top member partiaily 
covering the top opening of Said baffle Said horizontal 
top disposed rearward and adjacent Said rear vertical 
wall bearing means centrally located in Said end walls, 
Said rotor rotatably mountedin Said bearings mechanical 
means for rotating Said rotor the outermost edges of 
Said rotor while in rotation passingwithin approximately 
one quarterinchin each case the Surfaces of Said Speaker 
Support Said vertical rearwall and Said horizontal top 
member?Said rotor comprising means for causing a 
primary vibrato beat of one intensity and a Secondary 
vibratobeat ofalesserintensity. 

5. The combination set forth in claim 4 in which Said 
rotorincorporates an acousticresonator. 

6. In a tone cabinet for an electronic organ a partially 
enclosed rearbafle a horizontal Speaker mounting board, 
a Speaker mounted thereon a partially enclosed front 
bafie having four Sides mounted vertically upon Said 
Speaker mounting board and forming a five sided box 
the top ofwhichis open?bearing means centrallymounted 
in opposite ends of Said box a rotor comprising an 
acGusticresonating chamber?Said rotorrotatablymounted 
in Said bearings the dimensions of Said rotor being Such 
that while itis in rotation the minimum practical clear 
anCe exists between the edges of the rotor and the Walls 
cfsaidbox means formechanically rotating Said rotor. 

7. In a tone cabinet for an electronic organ a partially 
enclosed rear bafle a partially enclosed front bafie a 
Speaker mounting Support a Speaker mounted thereon, 
a rotor bearing mounting means for Said rotor means for 
rotating Said rotor Said rotor comprising two flat vanes 
Setat right angles to each other one of Said Vanes being 
largerthanthe other. 

8??n a tone cabinet for an electronic organ a partially 
enclosed rear bafie a partially enclosed front bafie a 
Speaker mounting Support a Speaker mounted thereon, 
a rotor bearing mounting means for Said rotor means 
for rotating Said rotor?Said rctor comprising an acoustic 
resonating chamber having at least three plane surfaces. 

9. In a tone cabinetforan electronicorgan a horizontal 
Speaker mountingboard an enclosedrearbafie a Speaker? 
a rctor a partially enclosed front bafie said Speaker 
mounted upon Said Speaker board with the body of Said 
speakerwithin Said enclosed rear bafle said front bafie 
comprising a siX Sided box?Said Speaker board forming 
the bottom of Said box bearng means Centrally located 
in the opposite end walls of Said box?Said rotor rotatably 
mounted in Said bearings an opening in the top of Said 
box opposite to Said Speaker an opening in one of 
the sides of said box adjacent Said speaker board a fixed 
8coustic reSonator located within Said box and closely 
COLipled to Said Speaker?Said rotorincorporating a Chan 
nelmeans of Such configuration that when Said rotoris in 
its Vertical position Sound is conducted from said Speaker 
via the channelto the openingin Said top and mechanical 
means forrctating Said rotor. 

10. The combinationset forth in claim 9in which Said 
fixed resonatoris shaped like a hollow wedge having the 
top open to provide egress for the tones from Said 
Speaker. 

11 In a device of the class described at least one loud 
Speaker encioSure means Serving both as an acoustic 
bafile and as means for restricting radiation of Sound 
from one Side of Said Speaker means including fixed 
bafie wails and a rotatable member for modifying Sound 
radiated from the opposite side of Said speaker Said 
rotatable member comprising means forimparting a pri 
maryvibrato beat of one intensity anda Secondary vibrato 
beat of lesser intensity to the Sound radiated from Said 
Speaker. 

12. in a tone cabinet for an electronic organ a loud 
speaker and a Supporting means therefor?Said Supporting 
means Serving also to restrict Sound flowing from the 



2,780,302 
7 

rear Surface of said speaker cooperative means for in 
fluencing Sound flowing from the front surface of Said 
Speaker said cooperative means comprising both fixed 
and movable members?Saidfixed members mounted upon 
said Supporting means ina plane normal with the axis of 
said Speaker?Said movable member rotatably mounted in 
a plane at right angles to the axis of Said Speaker and 
closely adjacent said supporting means and Said fixed 
memberS?Said fixed members and Said movable member 
cooperatingtoforma partially enclosed acoustic resonator 
during at least part of a revolution of said movable 
member. 

13. The combination set forth in claim 12 in which 
said movable member comprises means for producing a 
primary influence and a secondary influence upon the 
soundflowingfrom the speaker. 

14 The combination set forth in claim 12 in which 
said movable member comprises an acoustic resonator 
chamber having at least three plane Surfaces. 

15. In a tone cabinet for an electronic organ Speaker 
supporting means forming the upper Surface of a box-like 
bafle enclosure said enclosure having an opening along 
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the lower edge of one wall speakers mounted upon the 
underside of Said support means and directed upward, 
means forintroducing an acoustic vibrato into the tones 
issuing from Said Speakers said means comprising fixed 
members and a movable member?Said fixed members 
comprising three walls mounted vertically upon said sup 
port means and forming therewith foursides of a partial 
enclosure the two opposite of said three walls having 
?earings means centrally mounted therein Said movable 
member comprising a narrow box shaped acoustic resona 
tor open at top and bottom and having a flat vane 
mounted longitudinally upon and at right angles to, 
each of its long Sides Said movable member being rotat 
ably Supportedin Said bearing means mechanical means 
to cause Said movable member to rotate. 
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