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3,?61,69? AcousTICALLY COVENSATED MICROPHONE 
WITH ADUSTABLE ACOUSTC RESISTANCE 

Frank Swinehart, Cedar Rapids, Iowa, assignor to The 
Turner Company, Cedar Rapids, jowa, a corporation 
of Iowa 

Filed Sept. 15, 1958, Ser. No. 760,985 
13 C}aims. (€Cl. 179—1415.5) 

This invention relates to a dynamic lavalier micro 
phone. More particularly, this invention relates to a 
microphone of the type which has a diaphragm-mounted 
voice coil which moves in the field of a permanent mag 
net and which is constructed so as to be adapted to be 
worn on a neck cord from which the microphone is Sus 
pended and positioned near the body of the user as at his 
chest. 
The size and type of construction required for the nor 

mal manner and position of use of lavalier microphones 
has in the past resulted in considerable difficulty in achiev 
ing the desired quality of audio output from them. Even 
though an appropriate balance between high and low fre 
quencies was achieved, lavalier microphones have in the 
past had a tight or boxy quality in the sound reproduced 
from them. It has been found that this difficulty can be 
overcome in an otherwise properly constructed lavalier 
microphone by tuning or resonating the back cavity there 
of by a vent tube which has been found to be most effec 
tive when its open end is near the top or front of the 
microphone. By this means in conjunction with other 
features to be described below, it has been found possi 
ble to eliminate the tight or boxy quality of the sound 
from a lavalier microphone and to achieve the pleasing 
and natural sound quality desired. 

It is therefore an object of this invention to provide an 
improved dynamic lavalier microphone. 

It is a further object of this invention to provide a 
dynamic lavalier microphone wherein the back cavity is 
tuned by a vent tube opening to the front of the micro 
phone. 

It is a further object of this invention to provide a 
dynamic lavalier microphone wherein the over-all fre 
quency response is such as to compensate for the fact 
that the microphone is used near the body. 

Other objects, features, and advantages of the present 
invention will be more fully apparent from the following 
detailed description taken in connection with the accom 
panying drawings in which like reference characters have 
been used to refer to like parts throughout and wherein: 
FIGURE 1 is a longitudinal sectional view showing a 

lavalier microphone constructed and assembled in ac 
cordance with the present invention. 
FIGURE 2 is an end view of the front or top of the 

microphone of FIGURE 1. 
FIGURE 3 is a detailed sectional view of a member 

inserted in the case of the microphone of FIGURE 1 to 
form the vent tube. 
FiGURE 4 is a detailed sectional view of the interior 

or voice coil and magnet assembly of the microphone 
shown in FIGURE 1. 
FIGURE 5 is a plan view of an inner grille member 

included in the microphone of FIGURE 1. 
FIGURE 6 is a schematic wiring diagram of the micro 

phone of FIGURE 1. 
FIGURE 7 is a graph of the frequency response of the 

microphone of FIGURE 1 wherein frequency in cycles 
per second is plotted as abscissa and response in decibels 
is plotted as ordinate. 
FIGURE 8 is an exploded view of the component parts 

of the microphone of FIGURE 1. 
Turning now to the drawings, there is shown in FIG 
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2 
URES 1 and 8 a lavalier microphone comprising a main 
case member 10 which is threaded interiorly at its back 
or bottom end to receive an end plug member 11 which 
has mating exterior threads on an indented shoulder 
thereof. The case member 10 has a top or front Sec 
tion 1 Ca of enlarged cross-sectional diameter on the in 
terior of which is formed a first shoulder 10b and a sec 
ond shoulder 10c. It will be noted from FIGURE 1 
that the case member terminates at its front or top end 
in a lip or flange member 10d which projects forwardly 
and that the first shoulder member 10b extends inwardly 
from this flange member 10d. The portion 10a of the 
case member between the first shoulder i0b and the sec 
ond shoulder 16c has an interior diameter which is in 
termediate between that of the interior diameter of flange 
10d and of the main portion of the case. The shoulder 
1(c extends inwardly from this intermediate diameter 
and merges with the main portion of the case member. 

Seated on the second shoulder 50c is an insert member 
12 as shown in FIGURE 1 and as shown in greater de 
tail in FIGURE 3. Insert member 12 is a round sleeve 
of metal having a spiral groove 13 cut on the inner 
surface thereof. The spiral groove 3 terminates in an 
inlet 13a which is positioned in the forward or front part 
of the casing section ita and in an outlet 13b positioned 
adjacent the second shoulder in the casing 10. The 
metal sleeve 3 carrying groove 13a has an outer diameter 
equal to the inner diameter of the enlarged section 10a 
of the casing 8 and seats against the second shoulder 
Alic in the casing. 
A tubular sleeve member 14 having an outer diameter 

equal to the Smallest inner diameter of the sleeve member 
E2 is tightly fitted or pressed inside of the sleeve member 
to close the spiral groove in the sleeve member and there 
by form the vent tube. It will be noted that the tube 
R4 is longer than the sleeve S2 and projects forwardly 
of it. The exterior surface of this forwardly projecting 
portion of the tube 4 is threaded as at 15 and receives 
in threaded engagement therewith a front frame member 
16 which projects forwardly of the flange 10d on casing 
16 and terminates in an inwardly projecting shoulder. 
portion 6a. Resting in back of the shoulder 16a is 
the outer grille 17 bearing a name plate 18. In back 
of the outer grille an inner grille 9 is positioned in 
sandwiched relation between a pair of sealing washers 
20 and 2. The inner grille 19 is shown in plan view in 
FIGURE 5 and comprises a circular plate having a plu 
rality of openings therein as shown. 

in back of the sealing washer 21 is positioned the in 
terior assembly which for clarity of illustration is in 
dicated by the general reference character 22 in FIG 
URE, 1 and is shown in greater detail in FIGURE 4. 

interior 22 comprises a magnet 23 having a pole piece 
24 which is mounted in a yoke 25 by means of a machine 
Screw 26. A grounding lug 27 is conveniently seated 
under screw 26 whereas other lugs such as 30 may be 
attached to the yoke by screws 28, 29 and insulating 
member 31. It will be noted that a portion of the pole 
piece is exteriorly threaded as at 32 and receives a re 
taining ring 33 which is interiorly threaded to be mounted 
thereon. A felt ring 34 is mounted between retaining 
ring 33 and a stator plate 35 which is shaped to fit over 
the end of yoke 25 and has a central opening through 
which the magnet pole protrudes. The annular space 
36 between the edges of this opening and the magnet 
pole receives the voice coil 37 which, for clarity of illus 
tration is shown in FIGURE 4 in disassembled posi 
tion. Voice coil 37 is attached to diaphragm 38 which is 
Supported by diaphragm ring 39 which in turn rests on 
stator plate 35. The diaphragm ring 39 may conveniently 
be affixed to the stator plate by means of a bead of 
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cement around the outer diameter of the diaphragm 
Tling. 
As may be seen in FIGURE 1, the stator plate and dia 

phragm assembly are held in supported relationship 
against sealing washer 2 by means of another sealing 
washer 40 which abuts on one side against the end of 
tube 14 and on the other side underneath the shoulder 
formed by the stator plate 35 projecting down over the 
yoke 25. Front member 16 threadedly engages tube 
4 to retain this assembly in position. 
The “back cavity” of the microphone is formed by 

the net enclosed volume behind the sealing washer 49. 
It is important that all mechanical joints be tight in that 
leakage will impair the effectiveness of the resonance 
established between this back cavity and the vent tube 
formed by groove 13. The outlet 13b of vent tube 3 
opens to the back cavity through the space between tube 
14 and shoulder 10c. The inlet 13c of vent tube 13 opens 
to a passage formed between the inner surface of the por 
tion 0a of the casing 0 and the outer surface of the 
front support member 16 which is threadedly received 
in position on tube A4 after the interior assembly has 
been positioned on sealing washer 46 on the end of 
tube 14. The end of this passageway from the vent 
tube is covered by a vent grille 41 which seats in the 
first shoulder 6b of the outer casing member and is 
provided with a central aperture to snugly receive the 
front member 16. The sequence and mode of assembly 
of the parts may be seen more clearly by reference to 
the exploded view of FIGURE 8. 
A transformer 42 is positioned in case 10 in back of 

the interior assembly 22. The transformer may con 
veniently be mounted in the case by sponge rubber 
packing 43 which surrounds it to prevent shock and 
vibration. The forward wall 43c of this packing defines 
the rear wall of the back cavity. The space between 
the transformer 42 and the rear of the interior 22 which 
extends substantially down to the second shoulder 10c 
is preferably packed lightly with spun fiber glass in 
sulation 44. Such spun fiberglass insulation 44 is prefer 
ably also lightly packed in back of the vent grille 35 
down to the inlet end of the spiral groove vent tube 13. 
The electrical connections to and from the voice coil 

transformer 42 to the microphone and shielded cable 45 
are conventional and are shown in the assembly view 
of FIGURE 1 and in the schematic wiring diagram of 
FIGURE 6. The cable 45 may enter the plug member 
11 through rubber tubing 46 held in position by a grom 
met 47 which in turn is held in plug 11 by a pressure 
plate 48 attached to the plug 11 by any convenient means 
Such as Screws to which lugs may also be attached as 
shown. 

Referring to FIGURE 8 it will be noted that the shield 
of cable 45 is directly connected by a wire 50 to the 
center lug 30 on the interior 22 thereby grounding its 
yoke. The three conductors 51, 52 and 53 of the cable 
45 are respectively connected to the two ends and the 
center tap of the primary winding of transformer 42, 
The secondary winding of transformer 42 is of course 
connected by wires 54 and 55 to lugs on the interior as 
sembly which in turn are connected to the voice coil 
in the usual manner. 

In use, the microphone may be positioned in any con 
venient holder to which a neck cord may be attached to 
Support the microphone near the body of the user. The 
enlarged portion 10a of the casing terminating in the 
narrowing section which forms the shoulder 10c affords 
on the exterior of the casing a convenient shoulder 
or stop means which permits the microphone to be 
inserted and retained in such a holder. The over-all fre 
quancy response of the microphone is selected to help 
compensate for the fact that the microphone is to be 
used near the body. A preferred exemplary frequency 
response is shown in the graph of FIGURE 7 wherein 
frequency in cycles per second is plotted as abscissa 
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4. 
against response in decibels plotted as ordinate. In gen 
eral terms, it may be stated that the desired frequency 
response is a smooth curve which has the medium and 
high frequencies from four to six decibels above the low 
frequencies. In particular, the cavity in back of the in 
terior, which, to a large extent, controls the low fre 
quency response of the unit (below 200 cycles) is di 
mensioned so as to be resonant with the vent tube at 
approximately 70 cycles. Furthermore, the open end 
of the vent tube is arranged in such a ways as to take 
best advantage of its functioning. That is to say, the 
open end is positioned near the front of the unit and the 
low frequency sound enters the microphone primarily 
through this vent tube. Extensive tests have shown that 
even though the balance between the high and the low 
frequencies shown in FIGURE 7 was achieved, the tight 
or boxy quality of prior art lavalier microphones per 
sists if the vent tube is not used. It was only after the 
back cavity was tuned by a vent tube (in one exemplary 
embodiment having a cross-sectional area of approxi 
mately 0.014 square inch and a length along the spiral 
groove of approximately 8 inches) that the desired pleas 
ing and natural quality of sound was achieved. Ex 
periments have also shown that the vent tube is most 
effective when its open end is near the top of the micro 
phone. 

In operation, the sound in addition to directly actu 
ating the diaphragm 39 and voice coil 37 also passes 
through the vent grille 41 and enters the inlet 13a of the 
vent tube 13. The sound is carried down the rest of the 
length of the vent tube spirally arranged around the 
interior 22 and enters the back cavity through the outlet 
53b of the vent tube near the shoulder 10c and behind 
the diaphragm. The purpose of the spun glass 44 and 44a 
is to smooth out the frequinency response of the unit. 
The resonant frequency of the back cavity is deter 

mined by the enclosed volume of the cavity and the length 
and cross-section of the vent tube. This relationship may 
be expressed in terms of the electrical equivalent as 
follows: 

where: L=inductance in henries 
C=capacity in farads 

The resonant frequency of the cavity-vent tube system can 
also be determined by this same relationship; the “L” 
terms being determined by the length and cross-sectional 
area of the vent tube and the "C" term being determined by 
the cavity. 

It has been experimentally found that if the interior 
22 is mounted in a sealed cavity, that is, without a vent 
tube to resonate it, the frequency response will show that 
the microphone starts to lose output at about 300 cycles. 
As the frequency is lowered, the response continues to fall 
so that the quality of the sound is impaired. The resonant 
back cavity-vent tube system overcomes this defect. Fur 
thermore, if the interior 22 is mounted as shown in 
FIGURE 1, but without the inner grille 19, the response 
will show a serious loss above about 4000 or 5000 cycles. 
It is, then, the back resonant cavity-vent tube system, 
the interior itself, and the inner grille which determines 
over-all performance of this microphone. The external 
shape also has an influence upon this performance. Fur 
thermore, by adjusting the retainer ring 33 shown in 
FIGURE 4 which compresses the felt ring 34, it is pos 
sible to influence the microphone output. Tightening this 
ring tends to lower the response below 1000 cycles with 
respect to the higher frequencies. Adjustment of this 
retaining ring is the last step in finally determining the de 
sired response for the microphone. 
The frequency response shown in FIGURE 7 achieved 

by a microphone having the above enumerated construc 

Fres.= 
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tional characteristics has experimentally been found to 
afford an optimum quality of sound output in use as a 
lavalier microphone near the body of the user. 
While a preferred exemplary embodiment of the present 

invention has been described in detail above, it will be 
understood that modifications and variations may be 
effected therein without departing from the spirit and 
scope of the novel concepts of the present invention as 
defined by the following claims. 

I claim as my invention: 
1. In a small compact microphone of the dynamic 

type having a movable voice coil mounted on a dia 
phragm substantially closing, and resonating with, a rear 
cavity, all in a casing having an open front, means, 
including an outer grille over the open front of said 
casing and said diaphragm and a grille-like baffle disk 
between said outer grille and said diaphragm, said baffle 
disc having perforations therethrough of a size to selec 
tively increase the high end frequency response of the 
frequency response curve of said microphone. 

2. In a dynamic microphone of the diaphragm-Voice 
coil type, the improvement to better the reproduction of 
tonal quality comprising means forming a cavity posi 
tioned to the rear of, and communicating with the back 
of, said diaphragm and a vent tube connecting said 
cavity to the front sound field adjacent to said diaphragm 
by an annular opening around said diaphragm. Sonic 
damping means in said annular opening, means other 
wise substantially sealing said cavity, said cavity and said 
vent tube together being resonant to increase the lower end 
frequency response of said microphone. 

3. A dynamic microphone comprising, a generally cy 
lindrical outer case having a front opening, said cas 
ing enclosing inner and outer sleeve members, a back 
cavity at least partly in said sleeve members, said vent 
passage opening at one end to said back cavity inside said 
case member to be resonant therewith at low frequencies 
and opening at the other end to the outside front of 
said case, a permanent magnet assembly in Said sleeve 
members having a central pole and a surrounding an 
nular pole radially spaced therefrom to define an an 
nular air gap, a ring of fibrous material between said outer 
annular plate and a retaining ring adjustable along Said 
inner pole, a diaphragm mounted voice coil free to move 
said air gap, said diaphragm being operatively connected 
to said annular outer pole, said retaining ring being axially 
adjustable to variably compress said fibrous material to 
change its sonic resistance and thus adjust the frequency 
Eresponse of said microphone. 

4. Apparatus as in claim 3 wherein fibrous material is 
lightly packed in at least a portion of said resonant Sys 
tem formed by said back cavity and said vent tube to 
smooth out the frequency response curve of said micro 
phone. 

5. A microphone of the diaphragm-voice coil type com 
prising a diaphragm, a magnet having an axially ex 
tending central pole piece means forming a vented, 
resonating cavity positioned to the rear of said diaphragm, 
a restricted and transversely extending passage means 
connecting the back of said diaphragm to said vented 
cavity, said cavity being resonant With said diaphragm 
to increase the lower frequency response thereof, sonic 
friction producing means to control the intermediate 
frequency response of Said microphone comprising a 
layer of sonic friction producing fibrous material in, and 
extending across, said passage means, and means to vari 
ably tune said intermediate frequency response of said 
microphone comprising a Wall means adjustably movable 
axially along said elongated central pole piece means to 
variably compress said layer of fibrous material, said 
movable wall means defining one side of said transversely 
extending passage means. 

6. A microphone of the diaphragm-voice coil type com 
prising a diaphragm, an elongated, small diameter vent 
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6 
tube means opening to directly receive low frequency 
sound separately from said diaphragm, means at the rear 
of said diaphragm forming a cavity vented by and 
resonant with said vent tube means and communicating 
with a smaller volume at the back of said diaphragm. 
by a restricted passage means to increase the lower fre 
quency response of said diaphragm, means to control 
primarily the intermediate frequency response of said 
microphone comprising sonic friction producing, fibrous 
material in said restricted passage means and an adjust 
ably movable wall means variably defining said restricted 
passage and engaging and variably compressing said 
fibrous material. 

7. In a microphone of the dynamic diaphragm-voice 
coil type having a diaphragm mounted voice coil movable 
in the air gap of its permanent magnet mounted in 
back of said diaphragm, the improvement to better the 
tonal quality and the response curve of said microphone 
comprising a grille-like restricting member perforated to 
increase the upper end frequency response of said micro 
phone and mounted outwardly from the front of said dia 
phragm, means forming an enclosed cavity in back of 
Said diaphragm, and means forming a long, small cross 
Sectional area vent tube extending around, and connecting 
Said cavity to the periphery of the front of, said micro 
phone, said cavity being resonant with said vent tube to 
increase the lower end frequency response of said micro 
phone. 

8. A dynamic microphone comprising a permanent 
magnet unit having a central pole and an outer annular 
pole portion to define an annular air gap therebetween, 
a retaining ring adjustable aoling said central pole, a ring 
of fibrous material on said central pole adjustable clamped 
between said annular pole portion and said retaining 
ring, a diaphragm secured relative to said annular pole 
portion, a voice coil mounted on said diaphragm for 
axial movement in said air gap, means to control the 
higher frequency response of said microphone including 
a perforated grill-like member in front of said diaphragm, 
an outer grill member protectively covering said perforated 
member and said diaphragm, said magnet-diaphragm 
assembly being mounted in a case having an opening in 
the front thereof, an enclosed cavity in said case and in 
back of said diaphragm, means forming a long vent tube 
passage helically surrounding said magnet-diaphragm as 
Sembly in said case, said vent passage opening at one end 
to said enclosed cavity and opening at its other end to 
the outside of said case, said cavity being resonant with 
its vent passage at lower frequencies to increase the lower 
end response of said microphone, said retaining ring being 
adjustable in position to adjust and tune the intermediate 
frequency response of said microphone. 

9. A dynamic microphone comprising, an outer case 
having an opening at the front thereof, an outer sleeve 
member positioned within said case near said front open 
ing, an inner sleeve member supported within said outer 
sleeve member, one of said sleeve members having a heli 
cal groove therein defining with said other sleeve mem 
ber a long vent passage of Small cross-sectional area, a 
permanent magnet unit having an air gap and mounted 
Within said inner sleeve member, a diaphragm mounted 
Voice coil free to move in said air gap, means to support 
said diaphragm in front of said sleeve members, a cavity 
in back of and Substantially enclosing said diaphragm, 
Said vent passage opening at one end to said enclosed 
cavity and at its other end to the front portion of said 
case, said cavity being resonant with said vent passage 
to increase the lower end frequency response of said 
microphone. m 

10. A dynamic microphone comprising a permanent 
magnet assembly having a central pole and a surrounding 
olater annular pole portion spaced therefrom to define 
an annular air gap therebetween, a retaining ring thread 
edly received on said central pole, a ring of fibrous mate 
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rial on said central pole between said adjustable ring and 
said annular pole portion to define an adjustable Sonic 
friction passage, a diaphragm secured relative to said outer 
pole portion, a voice coil mounted on said diaphragm 
for axial movement in said air gap, an inner grill-like 
member perforated to increase the higher frequency re 
sponse of said microphone and mounted in front of Said 
diaphragm, an outer grill member protectively covering 
said perforated member and said diaphragm, said mag 
net-diaphragm assembly being mounted in a case having 
an opening in the front thereof, a cavity in said case 
and in back of, and substantially close by, said diaphragm, 
means forming a vent passage helically surrounding said 
magnet-diaphragm assembly in said case, said vent pas 
sage opening at one end to said enclosed cavity and open 
ing at the other end thereof to said opening in the front 
of said case, said cavity being resonant with its vent pas 
sage at lower frequencies to increase the lower end re 
sponse of said microphone, said retaining ring being ad 
justable in position to adjust the intermediate frequency 
response of said microphone, and fibrous material lightly 
packed in at least a part of said resonant system formed 
by said vent tube and said enclosed cavity to Smooth out 
the frequency response thereof. 

11. A microphone comprising a diaphragm means form 
ing a vented resonating cavity positioned to the rear of 
said diaphragm, passage means connecting the back of said 
diaphragm to said cavity, said cavity being resonant 
with said diaphragm to increase the frequency response 
of said microphone below approximately 200 c.p.s., said 
passage means including a chamber of smaller volume 
than said cavity positioned directly back of said dia 
phragm, said chamber forming a resonating part of said 
cavity, means to better the intermediate frequency re 
sponse of said microphone below approximately 1,000 
c.p.S. comprising Sonic friction producing, porous mate 
rial in said passage means between said chamber and said 
cavity, means to better the tone or quality of said micro 
phone and increase its frequency response above approx 
imately 5,000 c.p.s. comprising baffle means positioned 
forwardly of the front of said diaphragm. 

12. A microphone comprising a sound vibrated dia 
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phragm having its front exposed to the front sound field, 
means forming a resonating cavity positioned to the 
rear of said diaphragm, passage means connecting the 
back of said diaphragm to said cavity, said cavity being 
resonant with said diaphragm at a frequency of approxi 
mately 300 c.p.s. and means forming an elongated pas 
sage venting said cavity to outside of said microphone 
through sonic damping means, said elongated passage 
having a small cross-sectional area to attenuate high Sonic 
frequencies and having a length to resonate with said 
cavity and said diaphragm at approximately 70 c.p.s. . 

13. In a dynamic microphone of the compact small 
lavalier-type having a diaphragm mounted voice coil free 
to move in the air gap of a permanent magnet unit posi 
tioned in back of said diaphragm, the improvement 
comprising, an enclosed cavity positioned to the rear of, 
and communicating with the back of, said diaphragm, 
cylindrical means forming a long and small cross-sectional 
area vent tube in a helix, said cylindrical means being 
positioned around said magnet, an inlet to said vent tube 
positioned at a front peripheral edge of said microphone 
and adjacent said diaphragm, an outlet from said vent 
tube being in open communication with said cavity, said 
cavity being otherwise substantially sealed, said cavity 
and said vent tube being resonant to increase the lower 
end frequency response of said microphone. 
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