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This invention relates to electroacoustical ap-
paratus, and more particularly to a uni-direc-
tional microphone.

In the case of uni-directional mlcrophones em-

ploying & ribbon or other conductor mounted for

movement in a magnetic field and having a sec-
tion responsive to the pressure component of a
sound wave and another section responsive to the
pressure gradient component of the sound wave,
as shown, for example, in the Olson and Wein-
berger Reissue Patent No. 19,115, the require-
ments of fundamental resonant frequency dic-
tate a certain minimum length of ribbon con-
sistent with . proper mechanical design. ‘This
minimum usually lies in the order of one inch.
When the acoustic line or pipe is coupled to
the pressure responsive section of the ribbon, a
considerable mismatch in sensitivity between the
pressure responsive section and the pressure
gradient, or velocity; responsive section may re-
sult. This is especially likely to be so if the
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acoustic line or pipe is of small physical size; .

that is to say, of small diameter.

The conventional method of dealing wn;h this -

sitvation is to retain the mechanical length of .

the ribbon in the velocity section, but make a
portion of the velocity seétion inactive by ex-
tending it beyond the magnetic flield. This, of
course, assumes that the pressure responsive sec-
tion of the ribbon has the lower sensitivity, which
is usually the case. Extending a portion of the
ribbon beyond the air gap or magnetic field is
inefficient since it is equivalent to inserting a
_ resistor in series with the active portion of the
velocity section.

The primary object of my present invention is
to provide an improved uni-directional micro-
phone wherein the aforementioned difficulty is
- obviated. .

More particularly, it is an object of my present
invention to provide an improved uni-directional
microphone of the type-set forth which will have
improved sensitivity.

In accordance with one form of my invention,
I retain the entire length of ribbon in the velocity
responsive section and reduce the impedance of
the output circuit of said section. This may be
done either by inserting a suitable resistor in

_ shunt with the more sensitive ribbon section, that
is, the velocity responsive section in the case as-
sumed above, or by coupling the two ribbon sec-
ticns to a suitable output transformer and tap-
ping the common junction of the serially con-
nected ribbon sections to a suitable tap on the

25

179—139)

the impedance of the circuit including the veloc-
ity responsive section of the ribbon is reduced.
Another way of accomplishing this result is to
couple each of the ribbon sections to the primary
windings of two separate transformers with the
ratio of the windings such as to give a reduced
impedance in the circuit which includes the veloc-
ity responsive section.

In accordance with another form of my inven-
tion, I provide a magnetic structure in which.the

pole pieces associated with the two ribbon sec-

tions can be altered so as to provide a weaker
magnetic field for one section than the other.
By altering the flux densities in the two air gaps,
the sensitivities of the two ribbon sections can be
made equal.

The novel features that I consider character-
istic of my invention are set forth with particu-
larity in the appended claims. The invention
itself, however, both as to its organization and
method of operation, as well as additional objects
and advantages thereof, will best be understood
from the following description of several em-
bodiments thereof when read in connection with
the accompanying drawing, in which

Figure 1 is a side elevation of a conventional

‘ form of uni-directional microphone,
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Figure 2 is a wiring diagram showing the elec-

_trical equivalent of the conventional microphone,

Figure 3 is a wiring diagram according to one
form of my present invention,

Figure 4 is a wiring diagram of .another form
of my present invention,

Figure 5 is a wiring diagram of still another
form of my present invention,

" Figure 6 is a front elevation of a microphone

.embodying still another form of my invention,

and

Figure 7 is a somewhat modlﬁed form-of the
invention shown in Figure 6.

Referring more particularly to the drawing,
wherein similar reference characters designate .
corresponding parts throughout, there is shown
in Figure 1, a conventional uni-directional micro-
phone of the type disclosed in the above identi-
fied reissue patent and comprising a conductor in
the form of a crimped ribbon | mounted for
movement in a suitable magnetic field between
a pair of pole pieces 3. 'The ribbon | is clamped
at its ends and also at its center to provide a
pair of serially connected ribbon sections ia¢ and

. I8, The ribbon section 1a is open to the atmos-

phere both at the front and at the back whereby
it is responsive to the pressure gradient com-

pr1mary winding of the transformer such that 55 ponent of a plane sound wave. - Behind the rib-
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bon section 1b is placed an acoustic resistance in
the form of a pipe § leaving only the front of
the ribbon section b open to the atmosphere
whereby the section Ib is-responsive to the pres-
sure component of a plane sound wave. .

If the ribbon sections fa and b are of the
.same length, there results a mismatch in sensi-
tivity when the pipe 8§ is added to the system,
the section 1b becoming less sensitive. Because
of the requirements of fundamental resonant fre-
quency, the full length of each ribbon section
must be retained, and to compensate for unequal
sensitivity of the two ribbon sections, it has been
customary to shorten the pole pleces 3 so that
a portion of the velocity responsive ribbon sec-
tion {a will extend beyond the magnetic fleld.
The effect of this is equivalent to inserting a
resistor in series with the ribbon section la, as
shown in Figure 2 wherein the two ribbon sec-
tions are coupled to a suitable amplifier by a
transformer 1, and the velocity responsive ribbon
section is divided into its active portion ia’ (that
is, the portion thereof lying in the magnetic
field) and its inactive portion {a’’ (that is, the
ribbon portion thereof extending beyond the mag-
netic field).

Referring now, to Figure 2, if

Ri=resistance of the pressure section 1b,

Ra=resistance of the active portion fa’ of the

i . velocity section la,

Ra==resistance of the inactive portion {a’’ of the
velocity section la,

é1=voltage generated by the ribbon section la’,

éa=voltage generated by the ribbon section b,

ép=voltage across the piimary winding of the
transformer 1,

éo=voltage across the secondary winding of the
transformer 7,

Zo=impedance of the circuit of the secondary
winding of the transformer 7, and ‘

n=the ratio of {ie turns between the primary
and secondary windings ot the trans-
former 1, then

ep=e1+e; 4))
=n3(Ry+Ry+Rs) (0]
and : . .
K= ol netea)? _ (ate) , ®)
Z, w (Ri+Rs+R;)  Ry+Ry+R,

where K is the power ratio.

Now, if it is assumed that the sensitivity of the
velocity section fa of the ribbon is twice that of
the pressure section b if both of the velocity
section portions (e’ and la’’ were active, then,
for cancellation.

» ) Le1==83 )]
and '
=Ry+R, ®)
Substituting (4) and (5) in
__ (283 . 482 232 :
K Ri+RBy 2R, R, ©)

In Figure 3, I have shown one way of increas-
ing the overall efficiency of the microphone. In
this case, I retain the whole length of the velocity

section ta within the magnetic fleld, so that its

_ whole length is active, and shunt a resistor 9
across the. velocity section la, 'thereby reducing
the impedance of the -circuit of this section of
the ribbon. Now, if Ri=resistance of the pressure
section 1b (as in the previous case),
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Rs=resistance of the velocity section la,
=resistance of the resistor §, :
éa=voltage generated by the pressure section Ib

(as In the previous case),
=voltage generated by the velocity section la,
és=voltage across the resistor 9,
ép=voltage across the primary winding ot the
transformer 1,
=voltage across the secondary winding of the
transformer 71,
Zpy=impedance of the primary circuit ot the
transformer T,

‘Zo=impedance of the secondary circuit of the

transformer 1, and

n=the ratio of the turns hetween the primary
and secondary windings of the transformer
1, then
&=t ¢ (N
=
b=kl ©
Z, =Rt L)
Zo=n*Z, (11)
Substituting (11) in (10),
Zo=n’(R;+ R‘—R‘Iff', (12)
Now
e,,=n('e,+’a.[m’j ‘]) (13)
and
K—i (14)

Substituting (12) and (13) in (14), and sim-

plifying .
i [é=+é-(n%.)]’
Rl+ 4+ 5

If it is assumed that the velocity section 1q is
ttglce as sensitive as the pressure section fb,
en

(15)

&=2¢, (16)
and for cancellation
Ry 1
R+Ry 2 an

Substituting (16) and (17) in (15) and assum-
ing that the ribbon sections {a and ib are of the
same length, so that Ri=Rq4, then

L*'“’(z)] 2t

(18)
B +—
Now, dividing (18) by (6), the power gain will be
202e21
3B, _4
2[e;f 3
2R,

In other words, when the whole ribbon section la
is made active and the resistor 9 is shunted across
it, the power gain is 1.33 or about 1.25 db.

Figure 4 shows another way of improving the
sensitivity of the system according to this in-
vention while employing the full length of the
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velocity section fa of the ribbon. Here, again,
the impedance of the circuit of the velocity re-
sponsive section g is reduced relative to that of
~ the circuit of the pressure responsive section {a,
but in this case, I accomplish this result by em-

ploying a tapped primary winding for the trans--

former 1 and connect the common junction {1
of the serially connected ribbon sections ia and
{b to a tap I3 on the primary winding of the
transformer such that this result will be ef-
fected. Let

Ri=resistance
before),
R4=resistance
before),
éa=voltage generated by the pressure section ib
(as before),
és=voltage generated by the velocity section
" (as before),
és=voltage across the portion Ta of the primary
winding of the transformer dueto €3
¢’s=voltage across the portion Ta of the primary
~ winding of the transformer due to éz
* ¢¢=voltage across the portion 1b of the primary
" winding of the transformer due to é3,
é’s—voltage across the portion Tb of the primary
winding of the transformer due to éa,
ér—=total voltage across the whole primary wind-
ing of the transformer due to é3,
¢'1==total voltage across the whole primary wind-
ing of the transformer due to éz,

of the pressure section b (as

of the velocity .section fa (as

fa

'Zi—=impedance looking into the portion Te of the

primary winding of the transformer,
Z:—impedance looking into the portion 7b of the
primary winding of the transformer, and
X—the turn ratio between the primary wind-
ing portions Ta and Tb.

ASsuming that the two ribbon sections f¢ and 1b
are of equal length and therefore of equal resist-
ance, then ’

R,=R,=some common value B (19)
e,=&+e' (20)

. ésZI
Z,=Rx’ (22)

. _ eRx? _ &X?
. " _és_?_a. 'X’ — éaX V
S E=x=X\ 11 x) T X 24)
Now

r=esté (25)

Substituting (21) and (24) in (25) and simplify-
ing 7 .

L aX | &X _&(X+X) "
=TI tirxe 14X (26)
é e—ézR——fzzz @7
R Zz=;% ' (28)
Substibting (28) in (27) and simplifying
PR o152 X3 eR _ & @9
(8= T RTRXTE RGAAXY) 14X )
b +X—2 X2
. ea X
e's= ——1:2_ X (30)
é,7=éi5+6’5

(81
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Substituting (29) and (30) in(31),

oo 8X b _614X)
TIFOTIEXY IFX

For cancellation, é7 must equal ¢’7, whence, from
" (26) and (32) '

#(X+X) _a(1+X)

(32)

ES G @3)
or,
X+ X)=8(1+X) (34)
and, .
. 6 X=é, (35)
Assuming, again, that é;=2éz, then
‘ =1
X=3 (36)
" Substituting (36) in (26),
(111} 3&
elgtz) T 3,
a=—""T ~5~ 5 @7
14+ - '
.
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Then, from the assumption made above leading
to (36),

- (382) 68,

L

Since ép=¢é14-¢’1 and ér=é’r from the assump-
tion made above leading to (33), then

g ==

(38)

@9

. éa=2é‘l
Substituting (38) in (39).
t=2() =125 (40)
Now, it can be shown that ' , »
Z,=18R 1)
K= 2
7 42)
Substituting (40) and (41) in (42),
_(2.48))7
K="Tsr (43)

Hence, the gain in efficiency offered by this modi-
fication of my invention over the conventional
system of Fig. 2, dividing .

(2.4¢,)?
1.8k
R

(43) by (6)= =16

or a gain of approximately 2 db.
In Fig. 5, I have shown a modification of my

‘invention which is similar to that shown in Fig.

4 but employing two separate transformers {8
and 11, respectively, for the ribbon sections la
and Ib. The secondary windings of the trans-
formers 15 and 1T may be connected either in
series or in parallel depending upon the condi- -
tions of use, although the serles connection, as

_ shown, is preferred since, under conditions of a

76

loaded output, the series connection gives better
results. )
1If, as in ¥ig. 4, the resistances of the ribbon
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sections 1a and 1b are equal and have & value
R and "

é3 =voltage generated by the pressure section ib,
é3 =voltage generated by the velocity section la,
és =voltage across the secondary winding of the

transformer 186, :

5

¢és =voltage across the secondary winding of the -

transformer {7, -

¢éo =total output voltage across the secondary
windings of both transformers I§ and 17,

Zs=the impedance looking into the secondsa

" winding of the transformer I8, - :

Zg-~the impedance looking into the secondary
winding of the transformer 7,

Zo—total output impedance as viewed from both
secondary windings of the two transform-
ers,

nis=ratio of turns between the two windings of

' the transformer 15, and

nir=ratio of turns between the two
the transformer 17,

then

Zo=238-+Zp (44)

Zs=(n15)2R 45)
and i

Zp‘=(n17)’R v (46)
Substituting (44) and (45) in (46),

Zo=(ms)’R+(nn)’R. (YD)

Now .

€o—¢ég4-€9 (48)

For a unidirectional microphone', the condi-

tion must be met where ,
' éa=éo (49)
Now
é8=(n15) &3 (50)
Substituting (49) and (50) in (48),
' éo=2n15¢3° (51)
Now, let .
::_5= k where k>1 (52)
Then, in order to satisfy (49),
nyy=kns (53)
Substituting (53) in 4D,
Zo=(ns)?B+ (knis)?’R=(1+E) (nip)2R  (54)
whence the power ratio
=£éo_)z= (2n4565)2 - 4é2 - (55)
Zy (1+¥)n?R Q1+EHR
Assuming that k=2, then '
€3=2¢é2 (56)

Now, dividing (65) by (6), and substituting (56)
in the resulting equation, the gain in efficiency
of the system of Fig. 5 over the conventional
system of Fig. 2 is

47 4(28)° - 1662
ATME_(U+OE_BR _8_
258 2@ 2@ 5 -
R R R

. Here, again, therefore, there is a gain of about
2 db. over the conventional system.

In Fig 6. I have shown a still further modifica-
“tion of my invention wherein the field structure
associated with the two ribbon sections can be

windings of

10
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for one section than for the other. In this
modification, the ribbon sections le and (*may
be separated, if desired, and their ends clamped
between suitable blocks 21 in a well known man-
ner. One or more magnets 23 associated with the
pole pieces 5 supply the necessary flux in the air
gap. When properly designed, the flux density
in the pole air gap will be uniform. Since, as
was assumed in connection with the previous de-
scribed modifications, the velocity section fa is
more sensitive than the pressure section ib, in

. order to obtain the same output from. each rib-
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bon section, it is necessary to make the flux
density in that portion of the air gap where the
velocity section fa is mounted weaker than .in
that portion thereof where the pressure section
ib is mounted. To sccomplish this, I split the
pole pieces 3 and insert brass or other suitable
non-magnetic blocks ‘25 therebetween to pro-
vide a reluctance. In this way, there will be less
flux flowing through the air gap of the velocity -
section la than through the air gap of the pres-
sure section fb. The length of the two ribbons
or ribbon sections le and {b are kept the same
as before. If desired, the pole. pieces 3 may be
formed somewhat L.-shaped, as shown in Fig. 7,
and the adjacent split sections thereof con-
nected by means of a screw 271 or the like of
brass so that the sections of the pole pieces may
be made adjustable relative to each other and.
the reluctance thereby varied. ]

From the foregoing description, it will be ap-
parent that I have provided an improved uni-
directional microphone which has greater sensi-
tivity than conventional microphones of this
type. Although I have shown and described
several modifications of my invention, it will be
apparent to those skilled in the art that many
other modifications, as well as changes in those
herein described, are possible. I therefore, wish
it to be understood that I do not intend to be

limited except insofar as is made necessary by

the prior art and by the spirit of the appended

- claims. .

45

50

60

65

I claim as my invention: : .

1. In a sound translating system employing a
unidirectional microphone having a conductor
movable in a magnetic fleld, said conductor hav-
Ing two sections of unequal sensitivities, . the
method of increasing the overall sensitivity of
said system which comprises reducing the effec- -
tive impedance of the more sensitive of said

conductor sections.

2. In a sound translating system employing a
unidirectional microphone having a conductor
movable in a magnetic fleld, said conductor hav-
ing two sections of unequal sensitivities, the
method of increasing the overall sensitivity of
sald system which comprises shunting a resist-

-ance across'the more sensitive section whereby to

reduce the overall impedance of the circuit of
said last named section. :

3. In a sound translating system employing a
unidirectional microphone having a conductor
movable in a magnetic fleld, said conductor hav-
Ing two sections of unequal sensitivities; the
method of increasing the overall sensitivity of
said system which comprises coupling said sec-

- tions to the primary winding of a transformer

70

“altered so as to provide a weaker magnetic fleld 75

and connecting the common ends of said sec-
tions to a tap on said primary winding such that
the circuit of the more sensitive one of said sec-
tions has a lower impedance than the circuit in~
cluding the other of said sections.

4. In a sound translating system employing a
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unidirectional microphone having a conductor

" movable in a magnetic field, said conductor hav=

ing two sectlons of unequal sensitivities, the
method of increasing the overall sensitivity of
sald system which comprises coupling each of
said sections to the primary winding of a pair
of transformers and so choosing the ratio of
the turns of the winding in circuit with the more
sensitive one of said sections to the turns of the
winding in circuit with the less sensitive one of
said windings that the impedance of said first
named circuit will be less than the impedance of
said second named circuit.

. 5. In a sound translating system, the combi-
nation of & uni-directional microphone having &
sound wave pressure responsive element and a
sound wave pressure gradient responsive ele-
ment, said elements being serially connected, and
an output transformer therefor, said elements
being connected to the primary winding of said
transformer, and the common junction of said
elements being connected to a tap on said trans-
former such that the impedance of the circuit
of said pressure gradient responsive section is
lower than the impedance of the circuit of said
other element.

6. In a sound translating system, the combi-
nation of & uni-directional microphone having a
sound wave pressure responsive element and &
sound wave pressure gradient responsive element,
said elements being serially connected, a pair of

output transformers, sald first named element

being connected to the primary winding of one
of said transformers, and said second named ele-
ment being connected to the primary winding of
the other of said transformers, and the second-
ary windings of sald transformers being con-
nected together, the ratio of the turns of said
first named primary winding to the turns of said
second named primary winding being such that
the impedance of the circuit of said second named

b
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element is lower than the impedance of the cir-
cuit of said first-named element. :

7. In a sound translating system employing a
uni-directional microphone having a pair of con-
ductors movable in magnetic fields, one of said’
conductors being responsive to the velocity com-
ponent and the other to the pressure component
of a souhd wave and satd first named conductor
being more sensitive than sald second named .

“conductor, the method of increasing the overall
sensitivity of said system which comprises reduc-
ing the effective impedance of said first named
conductor. T )

8. In a microphone system, the combination of
means providing s magnetic fleld, & ‘pair of vi-
bratile conductor sections disposed in sald mag-
netic field and arranged to be actuated by sound

' waves, one of said sections being capable of pro-
ducing a greater voltage than the other of said

20 sections in response to sound waves, and means
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connected in shunt relation with said first named

“section for lowering the impedance thereof an
amount to substantially equalize the voltage out-
puts from sald sections. -

9. In s microphone system, the combination of
means providing a magnetic field, a pair of vi-
bratile conductor sections disposed in said mag-
netic field and arranged to be actuated by sound
waves, one of sald sections being capable of pro-
ducing & greater voltage than the other of said
sections In response to sound waves, and a trans-
former having two primary windings connected
one to each of sald sections, respectively, the
ratios of transformation of said ‘windings differ-
ing to such an extent and in such direction that
the effective impedance of sald first named sec-

tion, as viewed from the secondary winding of -

said transformer, is lowered and the overall sensi- -
tivity of said system is increased.

LESLIE J. ANDERSON. =




