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Patented Oct. 31, 1939 

UNITED STATES 
2,178,216 

2,178,216 

PATENT OFFICE 
ELECTROACOUSTICAL APPARATUS 

Leslie J. Anderson, Westmont, N. J., assignor to 
Radio Corporation of America, a corporation o 
Delaware 

Application June 30, 1936, Serial No. 88,174 
10 Claims. 

This invention relates to electroacoustical ap 
paratus of the type disclosed in United States 
Reissue Patent No. 19,115 of Harry F. Olson and 
Julius Weinberger, and has for its principal ob 
ject the provision of an improved arrangement 
of the acoustic labyrinth of the pressure. respon 
sive element of such devices. 

10 

5 

As pointed out in the aforesaid patent, a 
sound pickup device or microphone of the ribbon 
type may be operated partly in response to the 
pressure of a Sound wave and partly in response 
to the pressure gradient of the Sound Wave by 
terminating a portion of the ribbon diaphragm 
in a pipe or tube containing damping material. 
Such a microphone has the advantage that its 
response is substantially uniform throughout a . 
comparatively wide angle. 
The tube into which the pressure responsive 

part of the ribbon terminates in the construction 
20 

25 

30 
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of the above-noted patent has resulted in in 
creasing the bulk of the microphone and militat 
ing somewhat against its appearance and port 
ability. To overcome these disadvantages, it has 
been proposed to make the pipe or tube as 
a labyrinth formed by assembling a plurality 
of block-like rectangular members within a cas 
ing secured to the frame structure of the 
microphone, the blocks being grooved to provide 
communicating passages. Such a device is de 
scribed on page 145, volume 5 of the Journal of 
Acoustical Society of America (October, 1935) in 
an article by Weinberger, Olson and MaSSa en 
titled “A Uni-directional ribbon microphone.' 
The right angled bends at the turns of this laby 
rinth, however, produce reflections which are un 
favorable to the proper operation of the micro 

Moreover, no provision is made to pre-, . phone. 
vent leakage of air from the labyrinthian tube, 
and another disadvantage of the structure dis 
closed in the foregoing article is that the coupling 
transformer between the microphone and the 
amplifier is so located that the leads from it to 
the ribbon are quite long, thereby introducing 
unnecessary resistance in what should be a low 
impedance circuit. 

It is a further object of my invention, there 
fore, to provide an improved uni-directional mi 
crophone of the ribbon type which will be free 
from the foregoing disadvantages. 
Another object of my invention is to provide an 

improved microphone as aforesaid in which the 
pipe or tube which loads the pressure actuated 
section presents no abrupt changes in direction 
for the passage of the Waves. 

Still another object of my invention is to pro 

(C. 179-138) 
vide, in a microphone of the type described, a 
labyrinthian loading tube constituted by a plu 
rality of sections assembled in predetermined re 
lation and between which no leakage of air will 
take place. : 
A further object of my invention is to provide 

an improved labyrinthian structure as aforesaid 
which can be readily assembled in proper rela 
tion and adjustably pressed firmly together. 

Still a further object of my invention is to 10 
provide an improved microphone of the type set 
forth in which the ribbon tension may be read 
ily adjusted to obtain suitable tension thereon. 
Another object of my invention is to provide 

an improved microphone as described above in 
Which the transformer is so arranged that the 
leads therefrom to the ribbon are of minimum 
length. 

It is also an object of my invention to provide 
an improved microphone of the type set forth 20 
which is simple and compact in construction, 
which is comparatively light in weight and eas 
ily portable, which is economical of manufac 
ture, which can be readily assembled even by 
unskilled workers without danger of improper. 25 
assembly, and which is highly efficient in use. 
In accordance with my present invention, I 

make the major portion of the aforementioned 
tube in which the pressure actuated portion of 
the ribbon terminates of a plurality of cylindri- 30 
cal sections arranged to provide a continuous tu 
bular path which is partly substantially heli 
cal and partly spiral. The use of cylindrical Sec 
tions instead of rectangular sections permits a 
much simpler construction, and the combined 35 
helical and spiral path eliminates the right angled 
bends at which reflections take place. The coul 

5 

pling transformer is placed in a cylindrical case 
formed by several of the uppermost sections, 
which lie adjacent the field structure or ribbon, 40 
instead of near the lowermost sections, as in the 
construction described above, whereby only very 
short leads are required from the transformer 
to the ribbon. Leakage between Sections is pre 
vented by means of resilient gaskets disposed be- 45 
tween the cylindrical sections. These gaskets 
may be of rubber, for example, and may be con 
veniently cemented to the bottom of each Sec 
tion. Proper alignment of the sections is main 
tained by providing a key slot in the periphery 50 
of each one and fitting each slot onto a guide 
rod, and a plurality of set screws associated with 
a pressure plate at the bottom of the assembly 
may be employed for pressing the sections firm 
ly against each other after assembly. 55 
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The novel features that I consider character 

istic of my invention are set forth with particu 
larity in the appended claims. However, the in 
vention itself, both as to its organization and 

5 method of operation, as well as additional ob 
jects and advantages thereof, will best be un 
derstood from the following description of one 
embodiment thereof, when read in connection 
With the accompanying drawings in which 

10 Figure 1 is a perspective view of one form of . 
my improved microphone, 

Figure 2 is a fragmentary section taken. On the 
line 2-2 of Fig. 1. 

Figure 3 is a central section of the acoustic 
15 labyrinth of my invention arranged to cooperate 

With the pressure responsive portion of the mi 
crophone ribbon. 

Figure 4 is a bottom plan view thereof, 
Figure 5 is a plan view of the uppermost sec 

20 tion of the acoustic labyrinth, 
Figure 6 is a central Sectional view thereof 

taken on the line 6-6 of Fig. 5, 
Figure 7 is a detail sectional view taken on 

the line 7-7 of Fig. 5, 
25 Figure 8 is a plan View of the next lower Sec 

tion of the acoustic labyrinth, 
Figure 9 is a central Sectional view thereof 

taken on the line 9-9 of Fig. 8, 
Figure 10 is a plan view of the third lowest 

30 section of the acoustic labyrinth, 
Figure 11 is a central sectional view thereof 

taken on the line f - of Fig. 10, 
Figure 12 is a plan view of the fourth and 

Sixth lowest Sections of the acoustic labyrinth, 
35 Figure 13 is a central sectional view thereof 

taken on the line 3-3 Of Fig. 12, 
Figure 14 is a plan view of the fifth and sev 

enth lowest sections of the acoustic labyrinth, 
Figure 15 is a central sectional view thereof 

40 taken on the line 5-f 5 of Fig. 14, and 
Figure 16 is a detailed fragmentary elevation 

showing the ribbon tensioning means according 
to my invention. 

Referring more particularly to the drawings, 
45 wherein similar reference characters designate 

corresponding parts throughout, there is shown, 
in Fig. 1, a supporting yoke provided with an 
internally threaded mounting socket 2 which is 
suitable for mounting on a stand, the yoke 

50 carrying a cylindrical casing member 3 which 
is closed at each end by the end plates 5 and 7 
threadedly received thereon. The upper end 
plate 5 supports a bracket 8 on which are mount 
ed one or more permanent magnets 9, a clamping 
member serving to clamp the magnets 9 to 
gether if more than one magnet is employed. 
The bracket 8 also supports a pair of pole pieces 
3 in contacting relation with the magnets 9 
and in Spaced relation to each other to provide 

60 an air gap therebetween in which a conducting 
element is mounted for vibratory movement. 
The conducting element may comprise a 

thin, elongated, transversely corrugated ribbon 
clamped at each end and also at its center to 

65 provide two independently actuable ribbon por 
tions 5 and 7, the portion 5 being freely ac 
cessible to sound waves from both the front and 
the back whereby it is responsive to the pres 
sure gradient, or velocity, component of a Sound 

70 wave, and the portion 7 being covered at its 
rear by the somewhat expanded end 9 of a tube 
or pipe 2 whereby the portion is accessible 
to Sound waves only from the front and there 
fore is responsive only to the pressure component 

75 thereof. A pair of conductors 23 connected to 

5 5 

the upper end of the ribbon portion f7 and a 
conductor 25 connected to the lower end of the 
ribbon portion 5 couple the conductive element 
5-7 to a coupling transformer (not shown) 
which in turn connects the microphone to suit- 5 
able amplifying means (also not shown) through 
a cable 27, the conductors 23 and 25 being, pref 
erably, arranged in the manner set forth in the 
United States patent of Harry F. Olson and 
Barton Kreuzer, No. 1,897,732. Preferably, also, 10 
the parts just described are housed within a per 
forated protecting casing (not shown) adapted 
to be fitted into a cup-like member 29 on the 
plate 5. 
The pipe or tube 2 terminates into a laby- 5 

linthian acoustic loading tube constituted by pas 
Sages formed in a plurality of cylindrical sections 
3, 33, 35, 37, 39, 4 and 43 housed within the 
cylindrical casing 3. The uppermost sections 3, 
33 and 35, which are nearest to the vibratile con- so 
ducting ribbon 5-7, are toric in shape and 
enclose a space 45 within which is placed a cylin 
drical casing 47 of highly permeable material for 
housing the aforementioned coupling transform 
er. By reason of the proximity of this trans 
former to the ribbon 5-7, it will be obvious 
that the leads 23 and 25 may be made very short 
in length, and therefore no unnecessary resist 
ance is introduced into the microphone circuit. 
The passage 49 in the section 3 is generally 

circular in shape and has an inlet 5? and an out 
let 53. As seen in Figure 7, the inlet 5 f is pro 
vided with a Smooth curve 55 and the outlet 53 
With a Smooth curve 57 So that there are no 
abrupt bends in the Section 3. A pin 59 serves 
to properly locate the section 3 within the casing 
3 with respect to the tube 2, whereby the latter 
will accurately communicate with the inlet 5. 
The sections 33 and 35 are quite similar to the 

section 3 ?, each being also toric in shape and 
respectively having the generally circular pas 
sages 6 and 63 therein similar to the passage 49. 
The passage 6 has a smoothly curved inlet 65 
with which the Outlet 53 communicates, and a 
Smoothly curved outlet 67 which communicates 
with the Smoothly curved inlet 69 of the passage 
63, while the smoothly curved outlet 7 of the 
passage 63 communicates with the passage 73 
of the next succeeding section 37. By, reason of 
the toric configuration of the sections 3, 33 and 
35, it will be observed that their communicating 
passages 49-6-63 constitute substantially a 
helix within the convolutions of which the space 
or chamber 45 is provided. 
Of the sections 37, 39, 4 and 43, the sections 

37 and 4 are identical with each other, and the 
sections 39 and 43 are substantially identical to 
one another, and for this reason only the sec 
tions 3 and 39 will be described in detail. The 
section 37 is made substantially cup-shaped and 
its passage 73 has a smoothly curved inlet 75 ad 
jacent the periphery and a smoothly curved out 
let at the center of the Section, the passage 
73 being in the form of an inwardly wound spiral, 
i. e., one starting at the periphery and extending 85 
inwardly to the center. In the section 39, how 
ever, of which the passage 79 is also spiral, the 
passage 79 starts at the center and travels out 
wardly to the periphery, its inlet 8 and outlet 
83 being also smoothly curved. From the outlet 70 
7, therefore, the labyrinthian passage or tube 
continues through the inlet 75, the Spiral passage 
73, the outlet TT, the inlet 8 of the section 39, 
the spiral passage 79, and through the outlet 83. 
Here the labyrinth again continues through the , 
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spiral passages of the sections 4 and 43 in pre 
cisely the same way as through the sections 37 
and 39, respectively, and terminates, adjacent the 
periphery of the section 43, since the spiral pas 
sage in the section 43 connes to a dead end in 
stead of having an outlet. Thus, the shape of the 
labyrinth is in part substantially, helical and in 
part spiral, and throughout its entire length from 
the inlet 5t of the section 3 to the dead end of 
the spiral passage in the section 43, it constitutes 
a circuitous passage of gradually changing direc 
tion and entirely free from any abrupt bends, the 
labyrinth being made up wholly by the assembly 
of the sections 3, 33, 35, 37, 39, 4 and 43 in 
the manner described. 

In order to insure accurate assembly of these 
sections, their peripheries may be marked with 

20 

30 

35 

5 

CO 

70 

tion 5. 

suitable indexing means. As shown in the draw 
ings, each section has a notch or key slot 85 
formed in its periphery and a guide rod 8 is 
inserted through all the slots 85 to accurately line 
up the several sections. Theoretically, the lab 
yrinthian passage should be of infinite length, 
but since this is impossible, each section may have 
its passage filled with suitable damping material 
9, such as loosely packed, uniformly distributed 
hair felt, in order to simulate the effect of a load 
ing tube of infinite length. This effect is further 
approached if leakage of air between the several 
sections is prevented. For this purpose, there 
may be cemented or otherwise Suitably secured 
to the closed bottom of each section a rubber, 
leather, cork or other similar gasket 93, each 
gasket having an opening therein coinciding with 
the outlet opening of the section to which it is 
Secured and another opening therein coinciding 
with the inlet opening of the next succeeding, or 
next lowermost, section. The tops of the respec 
tive sections are all opin and their upper edges 
dig into the resilient gaskets when pressed to 
gether. Pressure may be applied to the several 
Sections by means of a plurality of set screws 95 
threaded into the bottom end plate 7 and bearing 
against a pressure plate 97, the pressure being ap 
plied after the end plate 7 has been screwed into 
place, as by means of a suitable tool inserted into 
the openings 99 thereof. 
From the foregoing description, it will be ap 

parent that I have provided an improved acoustic 
labyrinth for the pressure responsive portion. T 
of the conductive ribbon. This portion of the 
ribbon is preferably initially arranged as to ten 
Sion during manufacture and maintained in in 
itially set condition. Under certain circum 
stances, however, it has been found desirable to 
change the tension of the velocity actuated por 

manner by clamping the central portion of the 
ribbon between a pair of fixed members and its 
lowest end between a pair of bridge elements of 
through which a pair of set screws O3 pass, be 
ing locked thereto by the nuts 05. The screws 
03 are threadedly received in the pole pieces 3 
and may be adjustably fixed therein by means of 
the nuts Ol. 

ribbon portion 5 in a longitudinal direction. 
Although I have shown and described but one 

form of my invention, I am fully aware that many 
modifications and changes therein are possible. 
I therefore desire that only such limitations be 
imposed thereon as are necessitated by the prior 
art and by the spirit of the appended claims. 

sections. . 

This may be accomplished in a facile 

By properly manipulating the nuts, 
05, the desired tension may be applied to the 

transformer. 

3 
I claim as my invention: 
1. In electroacoustical apparatus, a vibratile 

element, and means associated with at least a 
portion of said element for rendering said portion 
responsive to the pressure of a sound Wave, said 
means comprising a plurality of assembled sec 
tions each provided with a circuitous passage of 
gradually changing direction throughout its 
length, the passages of adjacent sections con 
municating with each other whereby to provide 
a continuous passage. 

2. The invention set forth in claim 1 character 
ized in that certain of said sections have their 
paSSages formed adjacent their peripheries, and 
certain other of said sections have their passages 
extend between their respective peripheries and 
their centers. 

3. The invention set forth in claim 1 character 
ized in that certain of said sections have their 
passages circularly formed adjacent their periph- 2 
eries, and certain other of said sections have their 
passages formed spirally between their respective 
peripheries and centers. 

4. The invention set forth in claim 1 character 
ized in that said sections are each open at one 
end and Substantially closed at the other end, 
Said closed ends each having an outlet opening 
therein terminating the passages in the respective 
Sections, and characterized further by the addi 
tion of means between adjacent sections adapted 
to prevent the leakage of air from between said 
sections. 

5. The invention set forth in claim 1 character 
ized in that said sections are each open at one 
end and Substantially closed at the other end, 
Said closed ends each having an outlet opening 
therein terminating the passages in the respective 
Sections, characterized further by the addition of 
resilient means between adjacent sections for 
preventing the leakage of air from between said 
sections, and characterized still further by the 
addition of means for adjustably pressing said 
Sections into firmly engaging relation. 

6. The invention set forth in claim 1 character 
ized in that each of said sections is provided with 
peripheral indexing means whereby said sections 
may be assembled in proper relation to each other. 

7. The invention set forth in claim 1 character 
ized in that each of said sections is provided with 
a peripheral key slot, and characterized further 
in that guiding means extends through all of said 
slots whereby to insure proper assembly of said 

8. The invention set forth in claim 1 character 
ized in that said section passages are individually 
So formed as to provide a continuous passage 
which is partly Substantially helical and partly 
Spiral, said helical part being located nearest to 
said vibratile element and the space within the 
convolutions thereof providing a chamber for 
housing a transformer. 

9. The invention set forth in claim 1 character 
ized in that several adjacent sections are toric 
in shape and enclose a space adapted to house 
a transformer. 

10. The invention set forth in claim 1 charac 
terized in that those several of said sections which 
are nearest to said vibratile element are toric in 
shape, and enclose a space adapted to house a 
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