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My invention relates to improvements in sound 
reproducing apparatus, and more particularly to 
a distributor for de?ecting or diffusing sound 
Waves radiated from a loud speaker. 
In its broadest aspect, an important object of 

my invention is to provide means for obtaining 
a more uniform distribution of sound waves issu~ 
ing into a room from a loud speaker. 

‘More speci?cally, a further object of my inven 
10 tion is to provide means for effectively directing 

and spreading the high frequency sound waves 
radiated from a baffle connected cone type dy 
namic loud speaker having a substantially ex 
tended high frequency range, as constructed and 

15 operated in accordance with the teachings of 
my Patent No. 2,007,748 and Ringel Patent No. 
2,007,747, issued July 9, 1935. 
When a vibrating element, such as a diaphragm 

which radiates directly to the open air, is small 
in comparison with the wave length of the sound 
being radiated, the sound waves which are set up 
by the diaphragm are propagated spherically 
therefrom. On the other hand, when the radiat 
ing surface becomes comparable with or larger 
than the wave length of the sound waves being 
radiated, the wave propagation is substantially 
perpendicular to the effective moving surface and 
for a considerable distance from the surface, the 
propagation takes the form of a beam which does 
not spread or diffuse appreciably. As a result, 
there is a tendency toward an excess of high fre 
quencies directly in front of the loud speaker and 
an insufficiency of high frequencies at the sides 
of the loud speaker as well as above it. This re 
sults in an uneven response throughout the room 
in which the loud speaker is located, with an 
excess of either high or low frequencies accord~ 
ing to the position of the listener relative to the 
speaker. 
Furthermore, because of the fact that in gen 

eral the sound absorption characteristics of most 
boundaries used in rooms increase with fre 
quency, the high frequency radiation from a 
loud speaker is more quickly absorbed and there 
fore does not seem as diffuse as the low fre 
quency radiation. For this reason the sound in 
such rooms is localized by the ear through lis 
tening to the high frequency sound radiation. 
As a consequence, a. beam characteristic has 
been attributed to cone loud speakers. 
The principal factors involved in the acoustic 

performance of a radio receiver in a room are 
the response, directional and energy output char 
acteristics of the loud speaker in the receiver and 
the reverberation characteristics of the room. 
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The action and the various factors involved in 
this system are treated in detail in “Applied 
Acoustics”, by Olson and Massa, published by P. 
Blakiston’s Son, Philadelphia, Pa, page 351. The 
results may be summarized as follows: The ratio 
of reflected to direct sound (the reproduced re 
verberation) is proportional to the “angular 
spread” of the loud speaker and proportional to 
the reverberation time of the room. Since the 
room cannot be altered, the solution of the prob- 1U 
lem of increasing the high frequency reverbera 
tion is to increase the angle of high frequency 
sound radiation. It is the purpose of this inven 
tion to disclose a preferred system for increasing 
the angle of high frequency radiation from a 15 
cone loud speaker. 
In the case of a horn the radiation character 

istic is symmetrical about the axis of symmetry. 
If the cross section of the horn is comparable 
to a wave length, its action from the standpoint 
of its directional characteristics is independent 
f the environs. Then one means of increasing 

the angle of distribution is to employ several 
horns connected to the cone, of dimensions suit 
able to the range over which increased distribu 
tion is desired, the axes thereof being directed a 
to obtain the desired angular spread. In this 
particular application it is desirable to increase 
the spreadin the horizontal plane, the radiation 
in the vertical plane usually being sufficiently 
broad and satisfactory if directed upwardly from 
the horizontal. In accordance with my inven— 
tion the horn effect can be obtained inexpensively 
by utilization of vanes intimately coupled acous 
tically to the diaphragm, resulting in an arrange- V 
ment having the effectiveness of several small 
horns with axes inclined at different angles. 

Further, in accordance with my invention, I 
have devised simple and inexpensive means for 
directing the high frequency sound beam up 
wardly from the horizontal or ?oor thereby pre 
venting wasteful radiation at the ?oor level. 
For a more complete disclosure of the inven 

tion, reference should be made to the following 
speci?cation which should be read in connection 
with the accompanying drawing, in which 

Fig. 1 is a side elevation View, partly in section, 
and reduced in size, of acoustic apparatus em 
bodying my invention, 

Fig. 2 is a plan view, in relatively enlarged form a 
and partly in section, of a loud speaker and sound 
directing elements of the acoustic apparatus of 
Fig. 1, 

Fig. 3 is a side elevation view in section of the 
elements shown in Fig. 2, taken on lines 3—3, 
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Fig. 4 is a side view,'in enlarged form relative 
to Fig. 1, and with portions broken away, of driv 
ing means employed in the device shown in 
Fig. 1, ' 

Figs. 5 and 6 are graphs illustrating response" 
characteristics of acoustic apparatus without the 
features of my invention, and 7 

Figs. 7 and 8 are graphs illustrating response 
characteristics of the acoustic apparatus made in ' 
accordance with my invention. 

Referring to Fig. 1 of the drawing, a loud 
speaker, preferably of the electrodynamic direct 
acting type," comprising a ?eld winding i, a 
field yoke'S of magnetic material, a metallic sup- ' 
port base 5 and a diaphragm support or housing 
1, is provided with diverging vanes 9 and is sup 
ported preferably in the bottom portion of a radio 
cabinet M. It is mounted in a suitable manner 
as on a shelf or bottom wall l3 of the cabinet, 
and adjacent an opening l5 in a baliieor'front 
wall ll of the cabinet. > The speaker is supported 
in an inclined position, as by meansof wedge 
shaped blocks i9 and 2|, block 2! having an open 
ing 23in alignment with the baffle opening and 
effectively formingan acoustic seal between the 
ba?ie and the bases of the cone diaphragm and 
housing. The baffle is preferably vertical, prin 

' cipally for manufacturing reasons, but I do not 
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wish to be limited to such a structure. The angle 
of inclination of the speaker, between the cone 
diaphragm axis and the horizontal, is preferably 
around seven to ten degrees, This effectively 
gives a total spread of the high frequency beam 
.of the order of 30 to 35 degrees in the vertical 
plane and minimizes the possibility of frequency 
discrimination for points removed from the axis 
of the loud speaker. ‘ ' 

Referring to Figs, 2 and 3, the high frequency 
sound distributor 9, with its mounting structure, 
is shown in its relation to a speaker diaphragm 
25 of conical or equivalent form, which I will 
refer to as a cone type diaphragm structure. The 
diaphragm is provided at its small end with a 
double voice coil driving structure 21, shown in 
detail in Fig. 4 and disclosed in my patent above 
referred to, and at its large end is supported by 
the usual annular ?exible means 29 from the dia 
phragm housing. The ?exible ring is clamped 
toa ?ange on the housing 5 by a metal ring 3|.’ 
The distributor 9 consists of a plurality of vanes, 
four being shown by way of illustration in the 
apparatus built and’ used in accordance with my 
invention, which divide the space in front of the 
concave side of the cone diaphragm effectively 
into ?ve horns with horizontal axes inclined at 
different angles. The vanes are disposed, re 
spectively, in different vertical, non-parallel or’ 

' divergentrplanes, although the vane surfaces may 
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be curved, if desired. The vanes are held together 
in spaced relation by means of small metal rods 
33 spot-welded thereto andthe assembly is sup 
ported, by metallic strips 35, from the cone ring 
31 . The inner ends of the vanes are spaced close 
ly to ‘the small, end of the cone diaphragm and 
centering disc 3?, respectively, by an amount to 
allow for free vibration of the cone, of theorder 
of 1% inch. Such closeness of spacing is desir-v 
able for effective operation of the vanes as horns 
in the radiation of high frequency sound waves, 
for thepurpose of minimizing leakage between 
horn sections at the edges of the vanes near the 
diaphragm. I prefer to use sheet metal for the. 
vanes about 315 inch thick. I have found that 
paperor wood is not‘satisfactory‘ because of the 
high degree of absorption of these materials of 

2,102,212 
the higher frequencies, particularly when used 
in areas of high pressure. In other cases, where 
vanes have been distantly spaced in front of the 
cone, where the action’ is that of a re?ector, 
it is not advantageous to use metal.‘ . . 
Referring to the graphs of characteristic per 

formance, shown in Figs. .5-8, I have shown the 
result of tests of a speaker, without and with the 
vanes. The speaker employed, designated by Se 
rial No. PL—'7'7, had an eight inch cone of light 
paper and adouble voice coil, a small coil 39 
and a large coil 4i, shown in detail in Fig. 4. 
The coils were wound on a form 43 of light weight 
metal, provided with compliances 45- between 
coils. The tests were made with the speaker 
mounted behind a ?at baifle instead of in a 
cabinet, the action at the high frequencies being 
the same with a. baifle as with a large cabinet; 
To show the action of the sound distributor, 

the shape of the wave front directly in front of 
the cone, with and without the distributor,‘ was 
determined by means of a'microphon'e explorer 
moved so thatrthe phase of the wave Was‘the 
same for each observation point. The line in 
front of the cone in each ?gure represents a line 
of equal phase of the sound, and the numbers 
along theline indicate relative sound pressures 
at the various points at which the pressures were 
determined. A comparison of the curves of Figs. 
6 and 8 illustrate the veffectiveness of the vanes 
in spreading the high frequency sound beam. 
While readings were taken for the range of 3000 
to 8000 cycles, only those for 6000 and 8000 cycles 
are illustrated. Those below 6000 are not suf? 
ciently different or signi?cant to warrant illus 
tration. _ 7 ~ 

I am aware of the fact that certain workers 
in the art have proposed to spread the high fre 
quency beam horizontally by means- of re?ecting 
vanes‘placed in front of the cone diaphragm. 
They have not, however, appreciated the fact 
that it is highly desirable, for effective results, 

' to place the vanesfas close to the cone as is 
consistent with maximum amplitude of vibra 
tion in order to reduce leakage around the edges 
of the vanes adjacent the cone. In effect, such 
vanes, as previously used, have been reflectors, 
the high frequency sound waves having impinged 
against the vanes and literally bounced off at an 
angle depending upon the inclination of the 
vanes. This has resulted in distinct beams to 
either side of one straight ahead of the cone, 
with a. considerable amount of space in-between 
characterized by an absence of high frequency 
sound waves. In my arrangement the. vanes 
constitute a plurality of short horns arranged 
to direct the high frequency waves from the 
source, close to the diaphragm surface, with the 
well known desirable action of a horn. 

I am aware also that still others have inclined 
speakers with the cone axis up from the hori 
zontal, as by inclining a baf?e board and speaker, 
presumably for’ the purpose of raising the high 
frequency beam from the floor. Inclined ba?‘les 
have had certain disadvantages; they take up 
more room'in a cabinet and the assembly is more 
expensive. ' - ' 

However, the problem of high frequency sound 
wave distribution has heretofore not existed to 
any practical extent, since the problem arises to 
a substantial degree only when really high ?del 
ity apparatus is used. The speakers in general 
use for several years are well known to have an 
upper limit of 4000 to 5000 cycles in response 
characteristics. The curve in Fig. 5 shows that 
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apparatus, there was no beam effect. Beyond 
6000 cycles, the response in the case of prior 
apparatus was negligible, as may be seen by re 
ferring to Fig. 4 of my Patent No. 2,007,748, 
which illustrates a curve made from a standard 
dynamic speaker of fairly recent design and one 
made from a high ?delity double voice coil 
speaker. 

It Will be seen that, as a result of my invention, 
the response for all frequencies is appreciably 
more uniform than heretofore. Without the high 
frequency distributor the radiation was found to 
be attenuated 6 decibels, for example, at 25 de 
grees. With the distributor, however, the radia 
tion, assuming an average of curves taken from 
3000 to 8000 cycles, was attenuated 6 decibels for 
an angle of 45 degrees; or the total spread is in~ 
creased from 50 degrees without the distributor 
to 90 degrees with the distributor. 
While I prefer to employ my sound distribu 

tor device in combination with a double voice 
coil dynamic speaker for both highs and lows, 
it has utility when used with a speaker designed 
to reproduce only the high frequencies. I have 
employed it to good advantage with a similar 
arrangement, invented by me, wherein high fre 
quencies are radiated only from the front sur 
face of a cone type diaphragm and low frequen 
cies are taken from the rear thereof. 

It is to be understood that the apparatus set 
forth is for explanation and illustration only and 
that many changes therein can be made without 
departing from the spirit and substance of my 
invention, the scope of which is to be limited 
only by the appended claims. 
What I claim is: 
1. In a sound reproducing apparatus, a sub 

stantially vertical baffle having an opening, a 
loud speaker having a cone type diaphragm 
adapted to be driven to radiate directly low fre 
quency sound waves and a beam of high fre 
quency sound waves, means for mounting said 
speaker in operative relation to said opening and 
with the axis of said diaphragm inclined up 
wards for raising said beam from the horizontal 
and means positioned adjacent the concave sur 
face of said diaphragm in intimate acoustic cou 
pling relation therewith for diffusing said beam 
of high frequency sound waves horizontally. 

2. The invention as set forth in claim 1, char 
acterized in that said diffusing means comprise 
a plurality of metal vanes disposed, respectively, 
in different non-parallel planes. 

3. In a loud speaker of the direct acting type, 
an acoustic diaphragm structure, means for driv 
ing said diaphragm structure as a piston over a 
lower range of frequencies, means for driving 
at least a portion of said diaphragm structure 
over a higher range of frequencies for radiating 
waves of dimensions comparable to or shorter 
than the radiating surface of said diaphragm, 
said waves being characterized by a beam effect, 
a baflle structure cooperating with said dia 
phragm structure and low frequency driving 
means for the effective radiation of sound waves 
in said lower range, and a plurality of vanes di 
vergently disposed with edges adjacent said dia 
phragm structure, forming a plurality of horns 
coupled in close acoustic relation to said dia 
phragm structure for the effective radiation and 
diffusion of the waves throughout said higher 
audio range. 

4. In a sound reproducing apparatus, a cone 
type loud speaker, a cabinet housing for said 
speaker adapted to be placed in a room, means 
for mounting said speaker in said cabinet adja 

3 
cent the bottom thereof with the cone diaphragm 
axis inclined upwardly from the horizontal, and 
means forming a plurality of horns positioned 
closely adjacent the concave surface of the small 
end of said diaphragm for diffusing high fre 
quency sound waves radiating from the surface 
of said diaphragm. 

5. In a sound reproducing device, a cone dia 
phragm adapted to be driven to radiate a beam 
of high frequency sound waves, a housing for 
supporting said diaphragm, a plurality of direct 
ing vanes of sheet metal divergently disposed in 
the concave side of said diaphragm, the inner 
ends of said vanes being closely disposed to said 
diaphragm and forming a plurality of horns 
coupled in close acoustic relation thereto, and 
means for supporting the vanes, in spaced re~ 
lation, from said housing. 

6. In a sound reproducing apparatus, a loud 
speaker having a cone type diaphragm for di 
rect radiation of low frequency sound Waves and 
adapted to be driven to radiate sound waves of 
such a high frequency that the waves are ra 
diated in a narrow beam, a plurality of horns 
having their small ends closely coupled acousti 
cally to the concave surface of the small end of 
said diaphragm in a high pressure high frequency 
area, said horns being mounted in divergent di 
rections to diffuse said waves. 

7. In a loud speaker, a cone diaphragm, a plu 
rality of sheet metal vanes for effectively par 
titioning the space enclosed by the concave side 
of said diaphragm into a plurality of divergent 
short horns, means for positioning the edges of 
said vanes adjacent different portions of the 
diaphragm as close as possible thereto consistent 
with vibration of said diaphragm, whereby leak 
age around said edges is substantially reduced. 

8. In a loud speaker of the direct acting type, 
a cone type diaphragm adapted to radiate di 
rectly low frequency sound waves and tending to 
radiate a beam of high frequency sound waves 
of a length comparable with or shorter than the 
radiating surface of said diaphragm, a driving 
structure for said diaphragm comprising a plu 
rality of substantially independently acting 
means, one of which is adapted to drive at least 
a portion of said diaphragm to radiate said high 
frequency sound Waves, a plurality of horns hav 
ing their small ends disposed adjacent the con 
cave surface of said diaphragm in intimate acous~ 
tic coupled relation therewith in a high frequency 
high pressure area and extending in divergent di 
rections into a low‘ pressure area for the ei?'cient 
radiation and diffusion of said beam. 

9. In a loud speaker of the direct acting type, a 
cone type diaphragm adapted to radiate sound 
waves of a limited lower range of frequencies and 
sound waves of a limited higher range of fre 
quencies, a compound driving structure for said 
diaphragm comprising a plurality of substantial 
ly independently acting means connected to the 
small end of said diaphragm, one of said driv 
ing means being adapted to drive at least the 
small end of said diaphragm to radiate said high 
frequency sound waves and a plurality of vanes 
divergently disposed on the concave side of said 
diaphragm for effectively subdividing the en 
closed space in front of the diaphragm into a 
plurality of horns, the edges of said vanes being 
so closely disposed to different portions of said 
diaphragm that said horns are intimately cou 
pled acoustically to said diaphragm for the effec 
tive radiation of sound waves over said high fre 
quency range. 

HARRY F. OLSON. 
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