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faiented July 15, 1924, 1,501,720 
UNITED STATES PATENT OFFICE. 

HOWARD L. PAGE, OF CHICAGO, ILLINOIS, 
SONID AMPLIFER FOR PRONOGRAPHS. 

Application filed December 27, 1921. Serial No. 524,893. 
To all whom it. may concern. 
Be it known that I, How ARD L. PAGE, a 

citizen of the United States, residing at Chi 
cago, in the county of Cook and State of 
tlinois, have invented a certain new and 

useful improvement in Sound Amplifiers 
for Phonographs, of which the following is a specification. 

it is well understood in the phonographic 
art that the vibrating diaphragm which de 
livers the sound waves to be received by the 
listening public and interpreted as sound is 
practically powerless in its operation unless 
some sort of an amplifying device is pro 
vided, in the older phonographic art, this 
device has been a plain horn, originally of 
sheet metal, more recently of wood. The 
theory on winich these old amplifiers act is 
that the sound waves delivered by the dia 
phragm are reflected forward and backward 
across the horn from its smaller to its 
larger end, until when they leave the horn 
and pass out into the room, they have set a 
sufficiently large volume of air into motion 
that the desired result is produced. It is 
well understood that as these diagonally re 
flected waves within the horn cross from side 
to side of the horn to produce this result, 
successive waves intersect each other with 
more or less distortion of the waves and a 
consequent blurring of the sound produced, 
so that, it is frequently impossible, when 
standing at the large end of the phonograph. 
horn, to tell which of several similar words 
was actually delivered by the diaphragm. 
The object of this invention is to provide 

a device for application and connection with. 
a phonograph diaphragm, which will per 
for all the desired functions of the phono 
graph horn of gommerce, and do away with aii of its objections, thereby producing prac 
tically clear and readily understood sounds 
throughout the room into which the phono graphic diaphragm is expected to deliver 
audible, pleasing sounds. 
Broadly speaking, the invention consists 

in replacing the phonographic horn of com 
ne:"ce, E. in the manner described, with a segmental spherical resonator of such 
a lateriai and such a shape that the Sound 
waves delivered by the phonograph dia 
phragm cause the walls of this sphere to vi 

in perfect synchronisin with the 
diaphragn, thereby producing in the room 
the proper ul ovements of Sufficient volures 
of air to give to the listener clear and dis 

tinct Sound reproductions of the actual 
mgyements of the phonograph diaphragm 
Without the distortion and mixing of sounds 
which has heretofore taken place in devices of the prior art. 
The invention further consists in many Special features and details of construction 

which will be hereafter more fully set forth in the specification and claims. 
Referring to the drawings, in which like 

numerals designate the same parts through 
out the several views 

Figure 1 is a sectional detail view of the 
complete mechanism illustrating this inven 
tion in its preferred form; 
Figure 2 is a somewhat reduced, sectional view on the line 2-2 of Figure ; 
Figure 3 is a diagrammatic sectional view 

of the conventional phonograph horn of the 
old art here inserted for illustrative pur poses, as referred to hereafter; Figure.4 is a corresponding diagrammatic 
view of the device of this invention; 
Figures 5 and 6 are sectional views of de 

vices of the type of this invention, in which the vibrating spherical portions are not of 
proper curvature to produée the desired re 
Sults, these figures being iriserted for illus 
trative use hereafter; 

Figure 7 is a sectional, detail view of a 
Supplemental Sound amplifying device ap 
plied to the device of Figures 1 and 2 of this 
invention; and 

Figure 8 is an end view of the device of 
Figure 7 but on a reduced scale. 
In the structure of Figure 1, the phono 

graph diaphragm 10 is shown enclosed 
within an annular ring 12 between two 
washers 14 and 16 and retained in place by 
a Suitable screw threaded annular nut 18. 
The ring 12 is screw threaded on its outer 
Surface so that it, and all the parts hereto 
fore referred to carried by it, can travel hori 
Zontally along internal screw threads 20 on 
the inside of a cylindrical opening formed 
in the sort of a hub 22 on one side of the 
truncated sphere 24, more fully described 
hereafter. This ring 12 is detachably se 
curable in adjusted position along the screw 
threads 20 by any conventional means, as 
for instance a set. Screw 26. By loosening 
this screw 26 and rotating the ring 12, the 
diaphragm 10 may be adjusted towards and 
from the center 30 of the truncated sphere 24. 
The spherical n: 'liber 24 is truncated or 
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cut off on a plane 52 so located on the oppo 
site side of the center 30 from the dia 
phragm 10 that a perforation 34 is formed in 
the sphere at this point, of substantially the 
same area as the vibrating portion of the 
diaphragm 10, this for reasons which will 
more clearly appear hereafter. 
The spherical wall portion of the trun 

cated portion 24 is made up of any suitable 
vibrating material, in the particular case 
here illustrated and préferably, a series of 
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contacting wooden segments 24, glued to 
gether along their respective lines of con 
tact 36, as shown in the drawings. These 
segments are made of a suitable sort of 
wood and sufficient thinness so that when 
they are fastened together to form the Seg 
mental sphere 24, the finished segmental 
spherical surface will be an efficient vi 
brating, spherical sounding board which will 
take up sound waves impressed upon it 
from the inside and deliver them to the 
outside room from the outside surface of 
the sphere. 
The foregoing requirement is of great 

importance in this invention as the correct 
operation of the device depends upon im 
parting to the air particles in plane 32 a. 
maximum motion and insuring that the 
pressure at this point be a minimum. 

It is evident that as plane 32 and dia 
phragm 10 are both planes of maximum 
motion with reference to the center 30 of 
the sphere 24 that their successful co-or 
dination rests upon the maintenance of 
center 30 in a nodal relation. It is further 
evident that point 30 acting as a Sound 
node would be a point of minimum mo 
tion at all times, and further that as the 
walls 24 vibrated outwardly, point 30, 
would undergo a minimum pressure while 
when the walls 24 were moving inwardly, 
point 30 would undergo a maximum pres 
S8. 

This maintaining of point 30 as a sound 
node while the diaphragm vibrates requires 

55 

60 

85 

that the area of both the diaphragm 10 
and that of aperture 34 shall bear a de 
finite relation to the vibrating walls 24 
and it is through the co-ordination pro 
duced by this relation that we secure the 
maximum vibration of walls 24. - 
For the purpose described, the phono 

graph diaphragm 10 when used as a re 
producer is energized by conventional means 
not entering into this invention and there 
fore not shown, which delivers the neces 
sary vibrations to the diaphragm by means 
of the conventional rod 38 connected to the 
center of the diaphragm. 
In order that the truncated sphere shall 

produce the desired results of this inven 
tion, it is necessary that the sphere have 
its center, in the case shown in Figures 
1 and 2 the center 30, at such a point with 
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reference to the diaphragm 10 that when 
the sound waves delivered by the dia 
phragm 10 are projected into the truncated 
sphere 24, plane 32 shall become ar n 
tinode with reference to the center 30. It 
is to insure this operation of the device 
that the adjusting mechanism at the left 
hand end of Figure 1 is provided so that 
the operator may adjust the diaphragm back 
ward and forward toward the center 30 of 
the sphere until this result, or tuning of the 
device, is accomplished. The total volume 
of air in the sphere 24 greatly affects the 
degree of vibration of the walls 24, and in 
order to secure the most perfect vibration, 
the volume of air is adjusted by the rela 
tive position of diaphragm 10. The penal 
ty for not providing means so that the de 
vice can operate in this manner is shown 
in Figures 5 and 6. Figure 5 shows a de 
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vice in which the relative area of the dia 
phragm 40 is too small to produce satis 
factory results. In this case, the area of 
the diaphragm 40 is not sufficient to im 
part to the large volume of contained air 
the energy necessary to cause the walls 42 
to vibrate in unison with all the sounds 
produced by the diaphragm 40. The de 
sirable sounding board effects of walls 42 
are not developed as their area is rela 
tively so great that the amplitude of their 
vibration is too small to produce satisfac 
tory results. In Figure 6, the sphere is 
truncated on one side to make a large 
opening 52 where the diaphragm 54 is lo 
cated and is truncated on the other side 
in a small opening 56. In this case the 
area of the diaphragm is greatly in excess 
of that indicated by aperture 56. This dif 
ference in area prohibits the maintenance 
of an antinode at aperture 56 as the sphere 
center 60 is no longer a node of minimum 
motion. The large diaphragm 54 tends to 
produce a node at some point nearer the 
aperture 56 than the point 60, say at point 
58. It is evident that point 58 cannot 
maintain the same nodal relation with both 
of the points 62 and 64, situated on the 
Sounding beard. 
cal sounding board does not satisfactorily 
vibrate and the device would not produce 
satisfactory results. Further, the shifting 
of the nodal center toward the aperture 56 
results in a large loss of sound energy 
through this aperture which is to be avoided 
as the device indicated in Figure 1 is par 
ticularly designed to retain the maximum 
amount of sound energy inside the sphere 
in order to insure the greatest degree of 
vibration of the walls of the device. It 
will be noticed that in order to secure 
the best results from the device of Figure 
1 that the walls 24 should be in the cor 
rect sound phase relation to the vibrating 
diaphragm 10. It is to secure this harmoni 

in this case, the spheri 
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ous relation that the position of the dia 
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phragm 10 is adjustable for if the repeated 
sound waves generated by the continual 
vibration of the diaphragm 10 should not 
reach the spherical sounding board 24 so 
as to re-enforce each the effect of the other, 
this condition will be rectified by moving 
the diaphragm 10 the fraction of a sound 
wave length either forward or backward. 
This cooperative relation is essential to 
cause the walls 24 to manifest their maxi 
mum vibratable qualities. 
One of the features of the invention is 

to make the opening 34 of substantially 
the same size as the effective vibrating part 
of the diaphragm 10 so that when the de 
vice is used as a receiver for the purpose 
of making phonographic records, the voice 
of a person talking into the opening 34 at 
a point, say 66, has a chance to travel, 
as shown in Figure 4, directly through the 
truncated sphere to the diaphragm 10, with 
all portions of the sound waves 72, which 
lie between the parallel lines 68 and 70, 
entirely unaffected by the walls of the 
sphere 24, only the extreme and unimpor 
tant ends 72 of such waves 72 coming in 
contact with the interior of the sphere. The 
result of this is practically perfect trans 
mission of the voice speaking at 66 to the 
diaphragm 10, something which is impos 
sible in devices of the horn type, for as 
illustrated in Figure 3, a person talking 
into the horn 74 from the point 76 and 
toward the diaphragm 78, produces sound 
waves 80 which as they progress toward 
the diaphragm 78 are bent by the converg 
ing walls of the horn until at the time the 
waves strike the diaphragm they have the 
curved form 82 which, as is well under 
stood in the art, fails to give the diaphragm 
the same sound which is produced by the 
straight lines 80. The further bad result 
is obtained in devices of the prior art, by 
the fact that two adjacent curved waves 
S2 will, as shown in Figure 3, strike the 
diaphragm 78 at the same time, produc 
ing sound confusion. 
in explanation it may be stated that the 

use of this truncated spherical resonator 
to obtain the desired results is made pos 
sible by the use of very must larger dia 
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phragms, as 10, than has heretofore been 
the practice. This is true both in the case 
of receiving and reproducing. 

If for any reason the truncated sphere 
24 does not deliver into the room sufficient 
ly loud reproductions of waves delivered 
by the diaphragm 10, still greater sound 
reproduction may be obtained by surround 
ing the initial truncated sphere 24 with 
a supplemental curved surfaced soundirg 
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board 84 of suitable material, preferably 
wood, and connecting the two spherical 
members together by two oppositely dis 
posed, aligned radial posts 86 of suitable 
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material, usually wood, performing exact 
ly the same functions as the post which 
is found in the center of a violin for trans 
ferring sound waves from the upper sur 
face to the lower surface of the violin. In 
actual practice this supplemental device 
materially increases the sound delivering 
capacity of the mechanism as the vibrations 
of the walls of member 24 are imparted 
without distortion to a member capable of 
affecting a larger surface of air. 

For recording purposes, the device op 
erates most satisfactorily when the dia 
phragm. 10 is of gold beater skin or other 
parchment like material, as is fully set forth 
and claimed in a companion application. 
For reproducing purposes the ordinary 
metal, mica or glass diaphragm is perfect ly adaptable. 
What I claim is: 
1. In mechanism of the class described, 

a hollow sphere, of vibratable, sound trans 
mittable material, cut away on one side to 
form an opening for a vibratable dia 
phragm, a vibratable diaphragm at said 
opening and means for shifting the dia 
phragm toyards and from the sphere cen 
ter, for the purposes set forth. 

2. In mechanism of the class described, 
a truncated hollow sphere having openings 
of approximately equal size on opposite 
sides, a vibratable diaphragm mounted at 
one opening, and means for shifting the 
diaphragm toward and from the sphere cen 
ter, for the purpose set forth. 
In witness whereof, I have hereunto sub 

scribed my name. 
HOWARD L. PAGE. 
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