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LOW INERTIA TREMOLO UNIT 

BACKGROUND OF THE INVENTION 

Rotating tremolo units have characteristically been 
drum-shaped speaker enclosures adapted for rotation 
on their cylindrical axis with a conventional speaker 
mounted inthe periphery of the drum. counterbalanc 
ing means are commonly situated within the drum op 
posite thespeaker to balance the assembly and avoid 
vibration, noise, and bearing wear. The speaker em 
ployed is conventional with a cone directly connected 
to a driver unit consisting of a permanent magnet and 
voice coil assembly which is relatively heavy and sub 
stantially displaced from the axis of rotation of the 
drum. The counter-balance, in practice, substantially 
doubles the moment of inertia of the overall assembly. 
In addition, the drum-shaped enclosure has typically 
been constructed of masonite which also contributes 
substantially to the inertia of the unit. 
A performer at an electronic organ or the like ex 

pects a response to tonal quality controls relatively im 
mediately. If a performer cues a tremolo tone, he does 
not want to wait appreciable seconds for the tremolo to 
develop or stop. A unit with a high moment of inertia 
will require either such time to accelerate or decelerate 
or a motor of a size grossly disproportionate to the nor 

mal operating needs of the system. 

‘SUMMARY OF THE INVENTION 

This invention contemplates the separation, in a 
speaker system, of the. driver assembly from the 
speaker cone and its location at the approximate center 
of rotation of the tremolo unit such that only the 
speaker cone, which has negligible mass in comparison 
with the driver, has any appreciable moment arm. The 
driver unit is connected to the speaker cone by a longi 
tudinally rigid connecting element which serves to 
drive the cone as effectively as if it were directly con 
nected to the driver unit. It is further contemplated that 
the center of mass of the driver unit be displaced from 
the center of rotation of the drum oppositely to the 
cone to counterbalance the mass of the cone and its 
supporting structure and thereby avoid the require 
ment of a separate counterbalancing element. It is fur 
ther contemplated that the rigid‘ and strong element 
necessary to support the drum for rotation and to sup 
port the driver unit and cone be reduced to a diametri 

cal strut, and the balance of the drum be de?ned by a 
pair of lightweight shells formed of polystyrene foam or 
the like to further reduce the peripheral rotating mass 
of the drum unit and thereby make acceleration or de 
celeration of the unit quickly possible with reasonable 
motor power. ' ‘i ' ' 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an‘ exploded perspective iviewyof a tremolo 
unit embodying this invention; - . . ' ‘ 

FIG. 2 is a" partial side elevation of the'strut of FIG. 
1 with the attached cone and driver in section,» 
FIG. 3 is a‘view similar to FIG. 1 illustrating-an op 

tional form ofl'the invention; and 
FIG. 4 is a section through the center block of FIG. 

3 looking in, the direction of the arrows. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The tremolo unit 10 of the present invention com 
prises a diametrical strut l2 and a pair of lightweight, 
foam, semi-cylindrical shells 14. The strut 12 is a plas 
tic or wooden rectangular member mounting a pair of 
shafts or stub axles l6 and 18 centrally on its long edges 
and blanked out to the front and rear of its axis of rota 
tion to de?ne front and rear ribs 20 and 22, a central 
rib 24 and longitudinal edges 26 and 28. The thickness 
of the strut 12 is suf?cient to accommodate the shafts 
16 and 18 in appropriate bores in which they are se 
cured. 
The front edge 30 of the central rib 24 has a central 

rectangular notch 32 formed therein to receive a 
speaker driver assembly 34. The driver is a conven 
tional four—inch speaker having a basket 36 with a pc 
ripheral flange 38 perforated for mounting screws 40 
extending into the front edge 30 of the center strut on 
either side of the notch 32 and a permanent magnet 42 
mounted to the rear of the basket 36 and contained in 
the notch 32. A voice coil 44 is supported by a spider 
46 and the speaker cone 48 so as to be concentric with 
the permanent magnet pole piece 50. The voice coil 
form 52 extends through the apex of the cone 48 and 
is closed by a dome 54. The voice coil leads 56 are con 
nected to eyelets 57 in the cone which in turn are con 
nected electrically by leads 59 extending through the 
basket 36 to the axles l6 and 18, the leads 59 being se 
cured under the heads of screws 58 extending through 
the face of rib 24 into electrical contact with the shafts 
16 and 18. The shafts have spring metal contacts 60 
bearing against their ends at their center of rotation 
connected appropriately to an ampli?er. 
A pair of notches are formed in the longitudinal 

edges 26 and 28 at their intersection with the front rib 
20 to de?ne front facing surfaces 62 in the long edges 
to which opposite sides of a six X nine-inch speaker 
frame 64 are secured as by screws 65. The front rib 20 
has bores 67 therein aligned with the screws 65 through 
which the screws are tightened down on the speaker 
frame. The speaker frame has a six X nine-inch speaker 
cone 66 cemented thereto characterized, however, by 
the absence of a direct driver or any normally associ 
ated parts. Instead, the apex of the speaker cone has a 
center aperture 68 which would otherwise be occupied ' 
by the voice coil form and dome. 
A stiff paper cylinder 70 proportioned to ?t closely 

within the aperture 68 and slightly longer than the nor 
mal expected spacing between the aperture 68 and the 
dome 54 is cemented at its end 72 to the dome and ex 
ternally as at 74 to the edge of the aperture 68 of cone 
66, so linking cone 66 rigidly yet lightly to the voice 
coil from 54. Thus, as the voice coil vibrates, the mo 
tion is transmitted by the cylinder to the six X nine-inch 
cone 66,vand the mass of thev linkage is sufficiently 
slight such that the transmission is essentially without 
distortion. 
The excess length of the cylinder, of course, is to ac 

commodate certainly to manufacturing and assembly 
variations in the spacing between the dome 54 and the 
apex of cone 66. The driver 34 and the speaker frame 
64 are mounted respectively in their ultimate locations 
on the strut, and the cylinder 70 is then cemented to 
the cone 66 and dome 54 as at 72 and 84, so resulting 
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in an unstressed driving connection, free from distor 
tion. » 

Other methods have been conceived of making the 
connection between the driver and the cone. Shorter, 
telescoping cylinders may be connected, each, to the 
cone and the driver and cement applied to the ?nal as 
sembly on the circumference of the overlap of the tele 
scoped cylinders. A light rigid wire may be soldered to 
eyelets respectively in the dome and cone. A composite 
structure of a double tapering paper cylinder with short 
lengths of wire at its ends for dome and cone connec 
tion has been considered. The advantage of the princi 
pal described form is that it seems simplest and least ex 
pensive. 
The driver, as described in a four-inch speaker. A 

special driving unit lacking the cone 48 and related 
structure could undoubtedly be employed, but such a 
special product would probably be more expensive 
than a common four-inch speaker. The fact that the 
driver speaker is a sound producer also does not impair 
the operation of the device. First, the audio output sup 
plied _to both cones is the same. Second, the output of 
the six >< nine-inch cone will swamp that of the four 
inch cone because of the area difference and because 
the four-inch cone is wholly housed within a sound 
absorptive chamber and has no baf?e. 
The tremolo unit is completed by a pair of styrofoam 

bead or equivalent foamed plastic shells 14. They, with 
the strut 12, de?ne a drum or cylinder, and thus each 
is a slightly less than semicircular drum half consisting 
of approximately semicircular end walls 76 and a corre 
sponding arcuate side wall 78. The side walls are con 
cavely recessed as at 80 to conform to the six >< nine 
inch speaker frame 64 and expose the cone 66. The 
thickness of the shells is such that the cutouts or reces 
ses 80 ?t the frame 64, and the assembly thus provides 
an effective baf?e for the speaker 66. The strut 12 has 
locating pins 82 extending laterally out from the cor 
ners thereof and the shells have corresponding recesses 
84 therein to assure a proper alignment of the parts. 
The shells desirably are cemented to the faces of the 
strut or banded to complete the assembly. 
From the foregoing description it will be appreciated 

that the above invention meets excellently and in novel 
fashion the desired objection of a low moment tremolo 
assembly. It provides a baffled speaker wherein the pri 
mary massive element is situated on the axis of rota 
tion. The mass of peripheral elements has been reduced 
to a minimum. This derives from the displacement of 
the speaker driver from direct association with the 
speaker cone to the center of the system and from the 
concept of mounting the speaker elements on a rela 
tively thin diametrical strut. This being the primary 
supportive structure, the remainder of the enclosure 
can be constituted by the foamed half-cylindrical 
shells. 
A further re?nement of this invention resides in the 

‘ possibility of avoidance of counterbalancing so further 
reducing the rotational moment. Once the concept of 
separating the driver from the cone is arrived at, it be 
comes possible to use the massive driver element as the 
counterbalance itself by positioning its center of mass 
minor distances from the axis of rotation to compen 
sate any imbalance in the system. Dependent on the 
exactness of counterbalance desired, the front edge 30 
of the center strut 24 can be positioned to achieve this 
balance, determined by the allowable tolerances of the 
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4 
driver, the speaker,_and the strut 24. Alternatively for 
greater precision, the driver could be adjustable with 
respect to the axis of rotation of the unit (on the front 
edge 30) in obvious fashion to obtain a more precise 
balance. 
FIGS. 3 and 4 illustrate an optional con?guration of 

the invention. In this modi?cation, a vertically oriented 
?at block 100, here shown to be octagonal, is hollowed 
out from the back side into a sort of centrally apertured 
dish with a peripheral ?ange 102 and an annular front 
lip 104 surrounding a central aperture 106. The driver 
unit 108, which may be identical with the driver 34 of 
the first described form, is secured by screws 1 10 to the w 
front side of the lip 104 with the permanent magnet‘ 
112 of the driver extending through the aperture 106 
into the hollowed out back of the block 100. Stub axles 
114 are secured oppositely in the ?ange 102 of the 
block to mount the assembly for rotation as the stub 
axles 16 of the principal described form. Electrical con 
nection of the voice coil leads 116 of the driver unit 
108 are made in any suitable form to the stub axles 1 14. 
The strut, in this modi?cation, consists of‘a horizon-v 

tal frame 120 constructed on the block 100 with the 
block occupying generally a central position. The 
frame 120 consists of side rails 122 contained in central 
notches 124 in the vertical edges of the block 100, a 
rear end piece 126 spanning. the side rails at'the rear 
end and a front end piece 128 spanning the side rails 
at the front end. The side rails 122 arenotched out ad 
jacent the front end piece 128 to provide a shoulder 
comparable to the shoulder 62 of the principal de 
scribed form to which the mounting ?ange 130 of a 
speaker cone 132 may be secured in the same fashion 
as illustrated in FIG. 2. The front end piece 128 is pro 
vided with holes 134 for the insertion of screws into the 
speaker cone ?ange 130 connecting it to the side rails 
122. 
The speaker cone 132 is desirably connected to the 

driver assembly 108 by a cylindrical paper tube 136 
precisely as described in the principal modi?cation 
hereof. It will be evident, of course, that the other sorts 
of linkages described above between the cone and the 
driver can be employed in this case as well as in that. 
The horizontal frame 120 has locating pins 138 ex 

tending upwardly and downwardly from the corners 
thereof for purposes of locating accurately the baf?e 
shell 140. 
The baf?e 140 in this modi?cation is again a foamed 

plastic cylindrical or drum-shaped enclosure formed 
desirably of expanded polystyrene bead material di~ 
vided into two identical shells. In this case, however, 
the plane of division of the baf?e into the two shells is 
perpendicular to the axis of the drum rather than con 
taining the axis. Thus, the shell halves 142 are shallow, 
cylindrically walled cups. The walls have semi-elliptical 
cutouts 144 formed therein to conform to and expose 
the speaker cone 132 for sound emission. On either 
side of the cutout, depressed shoulders 146 are pro 
vided with vertical holes in the horizontal surfaces to 
accommodate the ends of the front end piece 128 and 
of the associated locating pins. Opposite the semi 
elliptical cutout, the cylindrical edge of the shell is 
notched to receive half the thickness of the rear end 
piece 126 and has holes therein to receive the associ 
ated locating pins. The shell halves are centrally perfo 
rated as at 152 to receive the stub shafts 114 which are 
long enough to extend through the material of the shell 
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halves and be received in bearings and arranged for 
electrical connection as shown in FIG. 2 hereof. 
The shell halves 142 will, of course. be secured to the 

end segments 128, 126 and to each other along the free 
edges thereof as by an adhesive, etc. So assembled, the 
unit provides the full functional equivalent of the struc 
ture described in FIGS. 1 and 2, although the structural 
conception is somewhat different. It will be appreciated 
that here, as in the modi?cation of FIG. 1, the shell 
halves are identical and a single mold may thus provide 
both halves of the enclosure. 

I claim: 
1. A tremolo assembly for an electronic musical in 

strument comprising: 
an enclosure of sound absorbing material de?ning a 

central axis and a sound-transmitting opening in a 
peripheral area thereof spaced from said central 
axis; 

means for supporting said enclosure for rotation 
about said central axis; 

a speaker cone mounted in said peripheral area of 
said enclosure adjacent said sound-transmitting 
opening; 

a driver assembly for said speaker cone, including a 
voice coil form, mounted within said enclosure at 
a position such that said central axis of said encloi 
sure intersects said driver assembly; and 

a longitudinally rigid coupling element mounted be 
tween said voice coil and said speaker cone; 

whereby the moment of inertia of said tremolo as 
sembly is substantially reduced to permit rapid ac 
celeration and deceleration thereof. 

2. Apparatus as claimed in claim 1, wherein said 
means for supporting said enclosure comprises a sup 
port structure mounted internally of said enclosure and 
intersecting said central axis thereof; said support 
structure having a front rib for mounting said speaker 
cone adjacent said sound transmitting opening, a cen 
tral rib for mounting said driver asembly, and an open 
ing communicating between said front and central ribs 
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6 
for receiving said coupling element. 

3. Apparatus as claimed in claim 2, wherein said en 
closure comprises a pair of shells having complemen 
tary shapes mounted on opposite sides of said support 
structure, said shells being formed of lightweight, 
foamed plastic to minimize the moment of inertia of 
said tremolo assembly. 

4. Apparatus as claimed in claim 1, wherein said cou 
pling element comprises a cylindrical tube fastened at 
one end to said voice coil form and at the other end to 
the apex of said speaker cone. 

5. Apparatus as claimed in claim 1, wherein said 
driver assembly comprises a high compliance, small di 
ameter speaker. 

6. A tremolo assembly for an electric musical instru 
ment comprising: 
an enclosure; 
a speaker cone; and 
a driver assembly for said speaker cone; 
said enclosure comprising a transverse strut and a 

pair of shells secured to opposite sides of said strut, 
said strut being adapted to rotate said enclosure 
about a central axis and to mount said speaker 
cone and said driver assembly internal to said en 
closure with at least said speaker cone mounted ad 
jacent a peripheral area of said enclosure, said pair 
of shells having complimentary shapes to de?ne a 
sound-transmitting opening in said enclosure adja 
cent said speaker cone and being constructed of 
lightweight foamed plastic to reduce the moment 
of inertia of said tremolo assembly. 

7. Apparatus as claimed in claim 6, wherein said strut 
is adapted to mount said driver assembly with its center 
of mass substantially at said central axis to minimize the 
moment of inertia of said tremolo assembly and 
thereby to permit rapid acceleration and deceleration 
thereof, and a coupling element is mounted between 
said driver asembly and said cone. 
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