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All IYpe', of midl'l'honc' MC rii'clJ',cd ~lld the functioning of th"ir tran,ducer elements 
j, np!.,inC'd. 

o INTRODUCTION 

A microphone i~ an eJectroacouqic dn iu' Cllnt<1ining 
a tran~dlJcer. \\ hich i~ actuated by sc)und \\ <1\ e~ and 
deliver" e~~entially equivalent electric \\ a\e~ II]. An 
eXample of a tran,ducer actuated b: ,ound \\ a\ e~ \\ hich 
fails to cunform to thi, definition i~ the Ra: kigh Di~c, 
\\ h ic h conver", th" energy of ~ound \\ a \e ~ in\() me­
chanical torque I~J. 

The clas~e~ of micrlll'hone~ are pre,~ure. pre,~ure 
gradient (velocity), combinati()n prn,ure and pre~,ure 
gradient, and wa\'C interference. The electrical re~ponse 
of a pressure microphone resulh from prn,ure \aria­
tion~ in the air. The directional (polar) pickup pattern 
is omnidirectional (nondirectional) because sound 
pressure is a scalar qUantity. \\ hieh po~~es~es magnitude 
hut no direction. The electrical re~ponse of a velocity 
microphone resulb from variations in the particle ve­
I(>cit) of the air. The polar paltern is hidirectional (cosine 
or figure of eight) hecause particle velocity is a vector 
quantity. \\ hleh pCl"e"es magnitude and direction. 
The electrical re,ponse of the comrination pres"ure 
and prc"urc:· .!'radlcnt miL r(lphone i~ al,o proportional 
t() thl' Pdrtlck \l'!Ollt: The pIllar p;ilkrn Tllay he car­
dl()ld ~'\ 1',1, ;",ll(lid. III '"]Jlbr C(l'iflc·functl<·,n Ilm<J~'on 
,f."Pl'· ;nld nld: hc flXl'ci (lr adJuq"hle 

A particuldr lla" of mluoplil'ne, ma: include one 
of the 1',>111 1\\ Ifl,l' t:, 1'''' 'If lr'Jn,ducers. c"rh(ln. ceramic. 
(unden'cr. mC)\ln,l' coil. Inducillr. rrhhlln. magnetic. 
ell-ctr(lnic. Ilr 'cllil'llnJuctlH. 

The functl,'nlng llf \;1fIOU, t:pn of nll,rophoncs is 
de'criht'd In thl' paper h:- rdcrence tll ti,l' cqui\i1lent 

*1'1C"cnll'd allhc ~nd .0\1.5 Ilddl.;.illln;,! C,'III, I,·nee . .-'\n 
"heim. C"lif"rnla. !LJI--" \1,,: 11 .. 1-1 

circuits of the <lclluQical and mechanical s),stems. The 
mechanical cl.jui\,alent circuit i~ comidered, for ,im­
plicit)" \\ hen the di'eu~~ion in\'ohes mathematical 
equations. In other instances. the di,cusslon omits 
mathematics, and the acou~tical network affords the 
clearest illuqration of operating principles. Tahle 4.3 
in Obon 13. pp 86-87]lists analogous electrical, me­
chaniCal and acou,tical quantities with the pertinent 
units. 

1 PRESSURE MICROPHONES 

1.1 Carbon Microphone 

A carbon microphone depends for its operation on 
the variation of resiStance of carbon contact~. The high 
sensitivity of thi~ microphone is due to the relay action 
of the carhon contacts. It i~ almost uniYersally u,ed In 
telephone communications. This is hecau~e the h~gh 
sen~iti\'it) elIminates the need for audio amplification 
in a telephone ,et. Re~tricted frequency range. distor­
tion, and earh(ln noise limit the application of the carbon 
microphone in other than voice communicatiom ap­
plic;ltiun, 

..\ typical 'ing!c·hutton carhon microphone and clec­
tTiC ellellit Me 'l1u\\ n in Fig. I. The Carhl)n tran,ducer 
l()n,jqS of a ,,,ntact l'Up filled \\ ith carhon gr"nules. 
\\ hich ,Jr,' usualh made from anthraCite coal III· The 
panuln m<Jke cc:ntact \\ Ith the elect Tical I: conductive 
diaphragm via the contact hut ton on the dlapllla,l'm 
The diaphragm is frequently made from a thin ,heetof 
aluminum allo)'. The periodic dl,placl'Illcnt of the dla· 
phr;i,l'm C.luses a variation in mcch<Jnlcal pre"urc ap­
plll'(l Itl th(' c;.nhon ,l'Tdnule,. Thi, T,"lIll' in <.J pnl(\dlC 
\dr;;lll(ln In l'lrctric rl"lq<Jnc'c fr,'m the diaphTJ),'m to 

,,14 J AudIO En!:; Soc Va' 33 No 7 e 198~ Jul)' AuguSI 



1, , "IT 
t !: ~ . I \~ 

tR, 
(I) 

(R,r. - RLI r/:t'inwll 

.., ht're 
e de \oltage Ilf hld\ ,ource 
h constant of orbon element, ohms per centi­

meter 
x amplitude of diaphragm, centimeters 
w 27f1 
1 frequency, hertz. 

The useful audio output is, of course, the ac com­
ponent of Eo, Eq. (I) may be expanded [3, p. 248] to 
show that the ac component consists of harmonics at 
I, 2/, ... , which means that the carbon transducer 
has intrinsic distortion. For a limited frequency range 
of reproduction, the distortion is not objectionable. 

The large second-harmonic distortion component may 
be eliminated by use of two carbon buttons in push­
pull. The double-button microphone is described in [3. 
pp. 251-253]. It was u<;ed in the 1920s for broadcasting, 
but was replaced by condenser, ribbon, and dynamic 
microphones, Although the double-button microphone 
has a wide-range frequency response and low distortion, 
it and the single-button types suffer from carbon com­
paction and carbon noise. These effects mean that the 
signal ·to-noise rat io or dynamic range of the microphone 
is variable. Repeatability of frequency re~ponse, sen­
sitivity, and noise measurements of carbon microphones 
is very poor. 

For improved performance in telephone and speech 
communications, carbon microphones are being re­
placed by dynamic, magnetic, and electret condenser 
microphones, which have built-in amplifiers. These 
amplifiers are powered by the direct current normally 
provided by the communications equipment for carbon 
microphones. These "carbon replacements" may offer 
noise-canceling features as well as improved frequency 
response and low distortion and noise. They are offered 
as replacement cartridges for telephone handsets, in 
replacement handsets, in hand-held microphones, and 
in headsets. 

1.2 Piezoelectric Microphone 

The piezoelectric microphone contains a transducer 
element \.\.hich generates a voltage when mechanically 
deformed. The voltage is proportional to the displace­
ment in the frequency range helow the resonance of 
the element. Rochelle salt cry!.tals were u,ed prior to 
1960. but were sensitive to humidity and heat. Nc\.\.er 
ceramic materials such a, barium titanate and lead zir­
conate titanate are more re,istant to environmental ex­
tremes and have replaced the Ro-.:hdle salt cystals. 
There are two I!cncral classific.1ti(ln, of -':cfdmic mi­
croph(ine~: dire~ct actuated anJ Jlclj':lfa!:,ll ;h·tuakd. 
Dlrectl) actuateJ tramducers c"lhi,' ,·f ~t.ll !'eJ a!la)~ 

J. A,' r ~~ Soc, VO' " '. ~ ~ • -"~ 

I' ,';, ,,' 'PU' j (ells.' i :,,'" Ife no\.\. 
,>'",:.Il·. ,'d .11,' .i:'cl:h,d 1,13. pp '''K .'':,OJ. \.\.here 
It I' :d,,) J','j1(\fIL.J th~t! ,! directly actu I'd milrophone 
\\3S con,lrllcrcd \~ith j harium titanalt' element, but 
the sensitivity \\as Inw. 

Fig. 2 shows the mllst commun construction in use 
today for a ceramic microphone. The e Icmen! j" mounted 
as a cantilever and actuated hy the diaphragm via the 
drive pin. The diaphragm is frequently made from thin 
aluminum sheet. although paper or polyester film may 
also be used. The impedance of the ceramic microphone 
is capacitative, on the order of 500-1 000 pF. This per­
mits use of a short length of cable with only a small 
loss in output level. The advantage of the ceramic mi­
crophone is that the output voltage is sufficient to drive 
a high-impedance input of an amplifier directly. The 
frequency response (with a very high input resistance) 
is uniform from a very low frequency up to the trans­
ducer resonance. which may be situated at 10 000 Hz 
or higher. The sensitivity and the frequency response 
are stable with time and over a wide range of temperature 
and humidity. The cost is relatively low. Therefore the 
ceramic microphone was widely used with tube-type 
horne tape recorders and low-cost communications 
equipment. With the advent of solid-state equipment, 
low-impedance microphones are needed, and the ce­
ramic microphone has been replaced by inexpensive 
moving-coil (dynamic) microphones or electret con­
denser microphones. They have integral field-effect 
transistor (FET) preampl ifiers wh ich convert their output 
to low impedance. 

JI 
',' ,-~ TERMINAL 

CONTACT CUP 

- CARBON GRANULES 

'I
I 

DIAPHRAGM 

COVER 

Fig. I. Carbon microphone and electric circuit. (Courte,y 
of Shure Brothers. Inc,) 

Fig.:2 ('('Jamie micr,'phone. «('ourtes) of Shure Brothcr~, 
Inc) 
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c~\lphu).(~ h,:~ h,"f, de". ;"t'ed for hcarillt' .jid~ 1-1].1 tIL 

nine) ((1;,,,1 r ullioll includes a Ihick film j"',:ilplif!cr 

"hieh lCo\\ cr!-. the impedance oflhe mil f('pr'"ne ~0 Ihal 
noi,c pi;. kup in Ihe cahle j, reduced, and Ihe microphone 
impedance i~ ~lJitahle for driving a ~olid·q;,tc amplifier. 
\lort recentl) thi' microphone ha~ heen ,uj'cf"cded by 
an electret unit with integral plcamplifi(;f \\ilh the ~ame 
very srri.~11 size,15]. 

A recent development is the piezoelectric diaphragm 
transducer. A thick or thin film of the polymer poly­

vinylideneftuoride (PVF2) may be processed to form a 
piezoelectric element. Similar to the ceramic element, 
it must be provided with plated-on output terminals. 
There is much in the current literature about the ap­
plication of PVF2 in underwater sound. Joscelyn et al. 
1.6] describe a small noise-canceling (pressure-gradient) 
microphone employing a PVF2 diaphragm which is 
partially plated with nickel-chromium. The diaphragm 
is tensioned accurately by a device which is the ~uhject 
of the palen!. This is necessary to rai"e the diaphragm 
resonance to a high frequency. similar to a cerllmic 
element. 

1.3 Electrostatic (Condenser) Microphones 

1.3.1 Condenser Microphone Operating 
Principles 

A condenser microphone depend~ for its operation 
on variations in its internal capacitance. Fig. 3 shows 
the capsule of an omnidirectional pressure-sensing 
condenser microphone [7]. Condemer microphones are 
divided into two clas~es: externally polarized (air con­
denser) or prepolarized (electret condenser). The func­
tion of the polarizing voltage, or its equivalent, is to 
translate the diaphragm motion into a linearly related 
audio output voltage, which is amplified by a very-

o 	~..-~-.-~--' 
E€LOW Rf~el\,.'ANCE 

Fig. 3. Conden,er pressu fe microphone and mechanical net­
work. (From Rasmus~en 17].) 
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}"l:J. ' .. ; I "Il'" I:I::T or tube plcilmplifier. which Illu!'t 
he jOCol!eJ clm( Il) Ihe (ap"ule. Alternately, thc ca· 
pacitance \ ariati()n ma) he u<,cd to frcquenq mCl(iu];,te 

an RF ("cillalo]. hut thi~ <,c heme will not he dl'cu'<,ed 
The diaphragm ufthi' micf(1phnne j, a thin Jliemhrane 

of nickel which i" "riiccd ahout 0,001 in !:.'::; fJ.n11 from 
the hack plale. Since Ihe ekctroacouslical ~cn'iti\ it) 
is inversely proportional IEq. (4)] to the ~pacing d, 
special measures must be taken to prevent this distance 
from changing due to temperature. The laboratory-grade 
microphone of Fig. 3 is almost entirely made of nickel 
and nickel alloys and has nearly constllnt sensitivity 
from 20 to 150"C. 

The performance may be determined by comideration 
of the mechanical network (Fig. 3). The resonance is 
placed at the hi.gh end of the usable frequency range. 
The back plate air load includes mass MB • complillnce 
CB. and resistance RB. MB and CB plus the diaphragm 
mass MD and compliance CD determine the resonance 
frequency. RB provides damping of the re,onance. Be­
low re~onance frequency. the microphone is stiffness 
controlled (reciprocal of compliance) and only CD llnd 
CB appellr in the circuit. 

The open-circuit output voltage E is given by 13. pp. 
253-257], [8J: 

i 
E x 	 (2)

jw 

where 

Eo polarizing voltllge (or equivalent voltage for 
electrets) 

d ~pacing from diaphragm to back plate, meters 
x dillphragm displacement, meters 
i diaphragm velocity, meters per second 
w 27Tf 

f frequency, hertz. 

The velocity is given by 

F PA
i 	 (3)

Z (l/jw)(1/CD + l/CM ) 

where 
F force on diaphragm. newtons 
P sound pressure on diaphragm, newtons per 

square meter 
A area of dillphrllgm, square meters 
Z mechanical impedance of system. mechanical 

ohms. 

The output voltllge is obtained by combining Eqs. 
(2) llnd 0), 

EoPA
E .."----	 (4)--~ --~ 

d(l/CD + l/CB) 

This means that, belov,' re~onance, the response is 
independent of frequency. 

The polarization field strength for most condenser 
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I ' ':', iI1dcp,:uJ,:nt or rh<.: t' , F' ,!' t'· 
'" I ,~ ", J.; r 0 fIno 000 V:C Ii I !I) j, "II ~ fJe "It;,; hie" t 

, ,,I ,,"~,! 'liniltic,n 1"'I\,.:en ,I,,;;,h;,1,' ",j h,,, k plate 

",,1 ,,"!'': 'mpul"i\~ m)i,e. due ttl arun,:', \1i,,;ror,hnne:, 
u""j iii ,,\1rro,i\e environmenb may dl' dup plDh\1lcs 
in 'he Iliaphragm, and the resulting c\)rfd5ion behind 
th~ didphragm e\~ntually may ~hort~ljrLujt the trans­

Jllcer. Normally, impulsive noise is caused by humidity, 
which can be elimin~Jed by desiccation. Fredericksen 
et aL [9] recommend the use of foam windscreens for 
protection in damp or corrosive environments. 

1.3.2 Electret Microphone 

The simplest type of electret microphone is the 
charged diaphragm type. This is illustrated in Fig. 4. 
The spacing between diaphragm and back plate is ex­
aggerated for clarity. Fig. 5 shows a schematic of the 
foil electret with the electric charge distribution illus­
trated. The electret foil is selected as a compromise 
between good electret properties and good mechanical 
properties as a diaphragm, Polymer materials such as 
polyacrylonitriJe, polycarbonate, and some fluoric resins 
are examples of suitable plastic films used as electret 

diaphragms. 
There are several methods of making an electret, and 

exact details are kept as trade secrets by the manufac­
turers. Typically, one side of the plastic film is coated 
by vacuum sputtering a conductive metal such as alu­
minum, gold. or nickel. The thickness of the coating 
is about 500 A (50 nm). The film is then heated and 
charged with a high dc potential, with the electret­
forming electrode facing the nonconductive side of the 
film [10]. A well-designed electret capsule will retain 
its charge and exhibit nearly constant sensitivity for 
10 years, and it is predicted that it will take 30 to 100 
years before the sensitivity is reduced by 3 dB, 

These plastic foil electrets generally will not stand 
the tension required to obtain the high resonant fre­
quencies commonly employed in externally polarized 
microphones. One solution is to reduce tension and 
support the diaphragm at many points by means of a 
grooved back plate (Fig. 6). This and other schemes 
used to increase stiffness lead to short-term instability 

[91. 
Therefore the charged diaphragm electret generally 

does not possess the extended high-frequency response 

• ,! I h:il'L'r l11icrophone. h~ great 

ad\ Int", ',thal >! ,.In h: rn:Hk very cheaply by au­
toni.lled ",;f1ufaduring lIlethods. 

,\n illl/'roved form of electret transducer is the "back 
electret" or charged back platc design 191~[111, Fig. 

7 shows a simplified cross "cction of a typical design. 
(Dimensions are exaggerated for clarity. This is a pres­
sure-gradient microphone, to be discussed later on.) 

The diaphragm is a polyester film such as Mylar,* ap­
proximately 0.0002 in (5 J.lm) thick. This is an ideal 
material and thickness' for a diaphragm. The diaphragm 
is coated on one or both sides with a thick film of gold 
or other metal. The electret is made of a fluoric film 
such as Teflon, * which must be at least 0.001 in (25 
J.lm) thick to form a stable electret. This electret is 
placed on the back plate, which must have a conducting 
surface to form the "high" output terminal. The electret 
element is charged similarly to the charged diaphragm 
electret. Since the electret does not function as a dia­
phragm, the material and thickness are chosen as op­
timum for high sensitivity and stability. The diaphragm 
to back plate (electret) spacing is the same as for the 
air condenser, approximately 0.001 in (25 J.lm). The 
equivalent polarization potential is 100-200 V, which 

'" Teflon and Mylar are trademarks of E. I. DuPont de 
Nemours and Co., Inc. 

11T\d~1" Chollgf" QtI O.KkP'it~ 

/ / 

Fig. 5. Positions of charges for space charge electret when 
electret is an integral part of the diaphragm, Frozen charge 
and charge on back plate produce the field in the air gap that 
is necessary for microphone operation. (From Fredericksen 
et al. [9].) 

~pl.~ I 

Fig.6. Principle used by SOnH! manufacturers to obtain suf­
Fig. 4. Typical design of electret ,ap,lIk ...·jrf 
diaphragm. (From Fredcrichen e! a! [9] j 

. ~'.jrrt'd foil ficiently high resonance frequency of plastic diaphragms 
having Ill .... ("r':cp stahility, (Frorn Fredericksen c't al [91,) 
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1.3,3 ('. ',i1<;f:f Micropfione rrequency 
:"i" ('pl".!'c<,. 

A.l:'l,q.!inr '"il"'pr.<llle Inuq r(:'·O<' c:-"'plional 
\Iahdll) :md fl',j'lann' tn ,'()llo,i\T Ul\ iJ('nmcnl" The 
hach electret nlTlccpt pcL.lits ,J moal oi"phr:H'm!(l he 
u'ed. The ldh"fal(lfy.t:f.,(k microph,'nc onclopcd h 
Ra'lllu,'cn i, idl'ntiea! 1(1 the metal di"phrapll air con'­
denser o~ Fig. 3, CAcepl that an electret i, placed on 
the hack plate . 


. Th~s :the back electret microphone is essentially 

IdentIcal to the air condenser save for the electret ele­

ment on the back plate. This means that the capsule is 

actually more costly to make than an air condenser. 

This cost is offset by the savings involved in the omission 

of a high-voltage power supply for polarization. 


CAsr-\ 
WNDUCll\lf CUATI~G 


O' ..... f'HS;A~M \ 


\ 

- LOCK RING
BACK fUClH£l (jACk PLA1£ 

OU1'-Ul HflM1NAl 

Fig. 7. Back electret capsule. (From Kubota IIOJ.) 

Response 

Thi, discussion. although about a C'ondcn'l'f micro­
phone. arr!ie, in principle to aJI pre<,<.ure min,'phl1nes. 

Fig. 8 shows the frequenC') rc'rome curw' of the 
\\'eqcrn Electric 640·AA conden~cr microphtlne This 
i~ an ANSI type L laboratory microphone ha\ing a 
nominal I-in (25-mm) diameter. It is similar to the 
Bruel & Kjaer microphone of Fig. 3, except that the 
latter is a newer design, which eliminates the cavity 
in front of the diaphragm. The 640-AA is illustrated 
in Beranek IB].It was the preferred calibration standard 
at the National Bureau of Standards for many years. 

The "pressure" response is the frequency response 
to a constant sound pres~ure on the diaphragm. This 
response can be very precisely measured by NBS by 
the closed-coupler reciprocity method 12]. This curve 
shows that the diaphragm resonance is approximately 
critically damped. The difference between the pressure 
re~ponse and the perpendicular incidence response 
(called the "free-field correction") depends only on 
the geometry of the microphone and is carefully mea­
sured on a typical microphone. The perpendicular in­
cidence response for a particular microphone is com­
puted by adding the free-field correction to the pressure 
response. The parallel incidence response is similarly 
computed. Not shown is the random incidence response, 
which is the response to randomly directed sound, such 
as that in a reverberation chamber. The random inci­
dence response follows the general trend of the pre~sure 
response. The 640-AA microphone has essentially flat 
pressure or random incidence response (to 10 000 Hz), 
which is called for in ANSI standards for laboratory 

fR£QU[NCY IN HERTZ 

Fig. 8. Frequency 1("P(>n'c~ of W{"tnn Elcl'tric 640·AA microphone. (After 112).) 
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'" U"b,)fh, J'i,i '," 'nJ lv, ci illt :','r.,. n . ! '. Ji • 
IlIlclllational ,1,,!',Ltlds r"quire lh~S": ,\.'I'Tf.,q,,:<, to 

I!Jve a flJt rCc-p,·n'..: t,l suund., Ofl-'l'Pl'"Ji., dar inLidcnce 
("flat for free fi,'ld"). The re~p()n~e (In he varied by 

..:hJnging the d.l'lping adju~tmcnt or the configuration 
of the protl'cti\(: grid. Therefore most manufacturers 
today offer b,)th \ersitln~ to satisfy both standards. For 
the calibration of sound sources used in testing micro­
phones, the IEC type is universally used. The free­
field correction, bei'ng a function of diameter, vanishes 
(below 20 000 Hz) as the microphone diameter becomes 
smaller than 0,50 in (12,5 mm). 

Pressure microphones used for sound and commu­
nications systems are generally larger than ] in (25 
mm) in diameter, but need only have speech range 
response (200-6300 Hz). These may have moving­
coii, magnetic, or ceramic transducers. They are gen­
erally designed to have a rising axial response char­
acteristic, which means that the off-axis and pressure 
re~ponses tend to be flat. If the axial response if flat­
tened, the off-axis response is rolled off, speech sounds 
mumed, and system intelligibility is reduced. In con­
trast, microphones smaller than I in (25 mm) in diameter 
do not suffer whcn designed for flat axial response. 

1.3.4 Boundary Microphone 

Recently Long and Wickersham patented [14] what 
they call the "pressure recording process" and a device 

that positions a conventional microphone very close 
to a plane surface such as a floor. This has given rise 
to a number of products which basically function as 
shown in Fig, 9, A miniature electret microphone is 
spaced about (0,04 in) (I mm) from a large reflecting 
plane. A conventional microphone, which is situated 
above the floor, receives the direct sound wave plus a 
reflected wave from the floor. It suffers from dips in 
frequency response, at the frequency where the spacing 
is one-ljuarter wavelength, and its harmonics, as the 
reflected sound wave interferes with the direct sound 
wave. When the spacing is reduced to about (0.04 in) 
(I mm), the null frequency moves far above the audible 
range, Therefore in actual use, the boundary microphone 
does not suffer from the "comb filter" series of dips 
in frequency response, The system has, in essence, a 
directional gain of 6 dB due to pressure doubling at 
the reHecting plane; for example, the reflected wave is 
in phase and adds to the amplitude of the direct wave. 

This results in a hemispheric pickup pattern where the 
90° response (direction parallel to the plane) is 6 dB 
down with respect to the 0° or perpendicular incidence 
response, Complete test data are reported in Sank [15]. 

A suitable transducer for the boundary microphone 
of Fig. 9 is the subminiature electret microphone de­
veloped by Killion and Carlson [5]. It incorporates an 
integral solid-state preamplifier. It is ideal for a floor­
mounted microphone becau:-.e it has extremely low vi­
bration sensitivity. This type of microphone element 
is molded into a pla'tic hou~ing which is fastened to a 
small metal plate in the ,'onlmacial product described 

,!l:J ,lcou·,tical paformdnce, 

,he ,!I rl:1Ic p f~l, "I' LOUIse, l:>c placed on a much 
~;lrgcr e;afl~ ,urfi1ce. 

In many applications it is desirable for a boundary 
microphone to be more directional. For in~lance. the 
rear portion of the hemispherical pattern In<JY pick up 
audicl1\.;c noise when the microphone is mounted on a 
stage floor. Bullock and Woodard [16] have described 
a directional boundary microphone where an electret 
element with cardioid directivity is mounted close to 
a surface, with the principal pickUp axis parallel to the 
surface. 

1.3.5 Probe Microphone 

For sound pressure measurements in very small 
spaces, a condenser microphone may be fitted with a 
small-diameter probe rube, as shown in Olson [3]. This 
introduces a high-frequency response roll off plus dips 
and peaks. The latter may be reduced by acoustic 
damping in the tube. The damping may be porous poly­
urethane foam or similar material, or the tube may be 
packed with pieces of music wire, Alternately a very 
small capillary tube may be used as a probe which has 
very high acoustic resistance due to the small diameter. 
The need for a probe microphone in measurements is 
less today because condenser microphones as small as 
0.125 in (3 mm) are available. 

Commercial magnetic microphones have been fitted 
with small probe tubes for convenient use on lightweight 
telephone and radio communications headsets that are 
mounted on the ear or on eyeglass frames. Ceramic or 
dynamic microphones may be fitted with plastic probe 
tubes for diagnostic testing of machinery. 

The term "probe microphone" has also been applied 
to pressure microphones which are small in diameter 
but relatively long. 

1.4 Electrodynamic Microphones 

1.4.1 Moving-Coil (Dynamic) Microphone 

A cross section of a moving-coil microphone cartridge 
is shown in Fig 10, and the complete microphone as­
sembly in Fig, II [17]. The diaphragm, which is made 

of Mylar polyester film 0.00035 inches (9 /-Lm) thick, 

1 ~vND\ 
I 

/
~ 

- I 
.... 1·.:;1 ~;."".~t:.t:. 5 ... 1?t:4CE 

,r"'CI ..... ';.:> ........ 0 ¥\~~"lIiI:gl"-.l;:::;) 

..... VN [) FIVT/I'A...x"C 

~t'~J f) 

Fig.9. Bpulldarj microph,)ne principle. Dlmen~inns in mil· 
limeters 
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i~ glUt! ,0 ;, \'l':"C ' "ll,.,. ,,1 .\, ~ ',' illlpccLn,'c mic[;'phone input~ of 150­
Olirg.lp rhclh'~d ;itYI l':JUllOG(I\'.i"lllC) rhe 1.,(10 0 I, 1',1.:r ;crorhpne coil~ were on the order ofT' 
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Fig, )). Dynamic moving-coil microphone (RCA t)PC BK­
J6A). 

BRA"''''> 1<,\ N. Go. Nt. 
(D.<\>1PlNG, ADTVSTMtNT) 

Fig, 10. Dynamic moving-coil pressure microphone cartridge (RCA type BK-) 6A). 

integrated circuits directly. The coupler (Fig. 10) fits 
closely to the diaphragm to provide mechanical pro­
tection without frequency discrimination. The cartridge 
is shockmounted in the case of Fig. ] I, which includes 
a foam filter screen for dirt and breath "pop" protection. 
(The author developed this microphone; the parameter 
values are from memory_) 

The voltage induced in the voice coil is given by 

E Bli (5) 

where 
E open-circuil voltage. volts 
B air gap flux density, webers per square meter 
I length of conductor in air gap. meters 
x velocity of coil, meters per second. 

This show!> that the microphone will have uniform 
E with re~pecl to frequency if the coil velocity is uniform 
with frequency. The mechanical resonance of the coil 
and diaphragm (measured in a \'acuum) i5, about 800 
Hz. If not well damped, the coil velocity will peak at 
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ai.:OU'itic resi'itancc: ot the' ,I I nlping ring" ,,'; Ih' 
resulting rc~~wp"c is uniform from 40 to 20 ClOU Hz. 
The coil mntir·.1 is then ~aid to be resistance (.'ntrollt:d. 
The ca~e volume is sufficient to support thi, extended 
low-frequency response. In older microphones, it was 
necessary to add a vent tube inside the case, po"ibly 
as long as 4 in (10 em). This provided a sort of bass­
reflex action ~.here the mass of the air in the tube res­
onates with the comp'liance of the air in the case, This 
resulted in extended low-frequency response, and was 
known as a Thuras tube, being incorporated in the fa­
mous Western Electric "eight-ball" microphone, which 
was developed in the 1930s by Wente and Thuras [2J. 

1.4.2 Inductor Microphone 

Olson [3. p. 263J shows the RCA design, now ob­
solete, where a straight metal conductor is molded into 
a plastic diaphragm which positions the conductor in 
a magnetic air gap. These microphones were used in 
broadcasting and sound systems for many years, pri ­
marily for speech reproduction. This operated according 
to the acoustical principles of the moving-coil dynamic 
microphone de~cribed in the preceding section. 

A new printed ribbon microphone has been developed 
[18}. The moving system consists of a flat polyester 
film diaphragm with a printed-on spiral aluminum rib­
bon. It is different from the linear inductor microphone 
above because the capsule operates according to the 
principle of the ribbon velocity microphone. The man­
ufacturer states that the back of the capsule may be 
enclosed by a damped cavity to form an omnidirectional 
microphone. However, they do not presently offer a 
pressure microphone version, and [I 8J does not mention 
it. Therefore we choose to classify the printed ribbon 
microphone as a pressure-gradient type (see Sec. 2). 

1.4.3 Ribbon Pressure Microphone 

The ribbon transducer is discussed in Sec. 2 because 
it is a pressure-gradient (particle velocity-sensing) de­
vice. It is included in this section because an omni­
directional (pressure-sensing) ribbon microphone was 
developed by Olson 35 years ago [3, p. 268] and is 
shown in Fig. 12. The back of the ribbon transducer, 
which would be open to the atmosphere in a velocity 
(bidirectional) microphone, is terminated in an acoustic 
labyrinth. The labyrinth, to save space, consists of a 
cylinder which has many holes drilled or cast in the 
axial direction. Slots are cut or cast between holes, 
thus forming a folded pipe which is much longer than 
the microphone itself. This damped pipe must present 
a constant acoustical resistance over the useful fre­
quency range of the ribbon, so it is lightly packed with 
tufts of felt or ozite. The front side of the ribbon is 
terminated in a small pipe to form an unobtrusive in­
terview-type microphone. The end of the pipe is flared 
to a horn shape which accentuates the response above 
5000 Hz. This microphone- was used for many years 
in television broadc;;<:t,ng, but ...... as repl:iced by dynamic 
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1.5 M"lgnetic Microphone 

A magnetic microphone is shown in Fig. 13 ;Ind 
i.:onsists of a diaphragm. drive pin, and magnetic a,­
sembly. The magnetic assemhly includes a magnet. 
pole pieces, coil, and moving armature. The oltltion 
of the armature results in a corresponding Variation in 
magnetic flux through the coil. This flux variation in­
duces a voltage in the coil in accordance with Faraday's 
law: 

dq,
E -N­ (6)dt 

where 
E open-circuit voltage. volts 
N number of turns in coil 

4> flux in coil, webers 

Olson [3, pp. 271-275} shows that d4>/dt is propor­
tional to.t, the velocity of the armature. Similar to the 
moving coil, flat frequency response requires that the 

Fig. 12. Cross section of ribbon-type pressure miCQ)phoa. 
(From Olson (3, pp. 271-275].) 
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Fig. 13. \1 microphone I ('ourIC,} of Shure "olhe~ 
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,\ cl",. It) be rc~;',';tIl(",~ I.·U) ill'ilcd. fhL"fcfllll ) 
1 " 

of thc l "~I)idg\.· ul hg. 13 'l:u~t be ,nll('~cd <lnd the 
cal ity d'lll1pcd v. ilh iJ( c\l,tilal re~i~tdOl c mah:rial. 

1.6 Vacuum Tube and Solid-State Electronic 
Microphones 

1.6.1 Vacuum Tube Microphone 
:~-

The Vacuum.·tube microphone (Fig. 14) is an ampli­
tude-sensing transducer which consists of a diaphragm 
and drive pin enclosed in a housing. It is a special 
vacuum tube, called the mechanoelectronic tran~ducer. 
The tube has a movable anode which modulates the 
flow of electrons. Olson [3, pp. 271-275] shows the 
equations for the amplitude with respect to frequency. 
Due to the complicated mechanical network, uniform 
amplitude of diaphragm motion and flat frequency re­
sponse seem to have been difficult to obtain. The mi­
crophone of Fig. 14 was never developed as a com­

mercial product. 

1.6.2 Transistor and Semiconductor 
Microphones 

An experimental transistor microphone i~ de<,cribed 
in Sikorski [19] and is shown in Fig. 15. The sapphire 
indenter is fastened to the diaphragm and applies stress 
to the emitter region of the transistor. The output i~ 

taken from the collector. with suitable dc biasing of 
the transistor. The reasons for the stress sensitivity of 
transistors i~ not easily explained. The frequency re­
sponse of the microphone was very nonuniform. The 
output was adequate to drive an amplifier, but the signal­
to-noise ratio was only about 40 dB. This microphone 
was not commcrcialized. 

A semiconductor microphone was developed by 
Grover and Wood [20] and produced by Euphonics 
Corporation as a hand-held, close-talking communi­
cations microphone. The frequency response is smooth 
from 100 to 1000 Hz, then peaks at 2500 Hz. This 
microphone appears to have been intended as a carbon 

.... UDIO T 
OU1PUl 

SlC.lIONAL \l1[Y, (l£(TRIC. .... l S'(Sl[~ 

i11icrul'J",P" __ .l;".'.::mcnt. The ~cmillllldLl' I," ,nt 
\\ a<, a t\\ 1,leT "dicon trdn,duc<.:r demcnt ". hic h \1 as 

,urplied by Ende\Co Cnrp. Dc hia~ wa<, "l'rl] ",' :(1 the 
clement. which modulaled the current 11,1\\. Thi~ is 
'aid to he a piClore<,iqi\c microphone. 

A Tunnel diode microphone wa~ dncl(lp('d h: R,'t'('fs 

et al. [21] and i" ~hown in Fig. 16. Thi" IliidUph0ne 
functioned in two ways. First, it functioned a~ a pie­
zoresistive element where the applied stres~ modulates 
the applied direct bias current. Second, by adding ~ome 
inductors and capacitors, the diode was made to oscillate 
at about 30 mHz with FM audio modulation. However, 
the carrier fr~quency was subject to much drift. 

The frequency responses of this microphone were 
wide ranging, but there were many ragged peab in the 
1000-5000-Hz region. The signal-to-noise ratio was 
about 40 dB. This microphone has not been commer­

cialized. 

1.6.3 Integrated-Circuit Microphone 

The piczoresistive microphone developed by Sank 
122] is shown in Fig. 17. The transducer is a directly 
actuated strain gauge bridge deposited on a silicon chip. 
The chip was originally intended as a pressure trans­
ducer. This microphone is different from other solid­
state microphones in that no diaphragm is used. As a 
result of this simple construction, it was possible to 
obtain a flat frequency response from 20 to 20000 Hz, 
comparable to a laboratory condenser microphone of 
similar ~ize (0.3 in, 7.6 mm). The signal-to-noise ratio 
was not sufficient for even a close-talking microphone, 
but was satisfactory for the intended application, which 
was headphone measurements. Presumably the maxi­
mum input sound pressure level capability was very 
high, but experiments along this line were not con­
ducted. Development work was discontinued when the 
headphone measurements were completed. Pre~umably 

DIAPHRAG ... 

BASE 
CON1ACT 

o COlOR 
!,APPHIRE 

// 

!lASE [",'TTER COLLECTOR COLLECTOR 
CONTACT 

Fig. 14. Vacuum tube microphone. (From Obon 13. pp 271­
275].) Fig. 15 Tran~j~t()r microphone. (From Sikorski 119],) 
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Fig. 16. Direct-contact tunnel diode microphone assembly. 
(From Rogers et a!. l21].) 

.:,;;' .,t ,; .. :liliL'Ij h,''.,,~d intt..t'st 
11 11i~' tl ,.f' ~lI'.c'r "c':,w,,- ., t-: i~ a -'ymm, Trical. low­

ill!, Jdnce. b:il<Jn" d ,lcctril,d oUlput. rhis j~ important 
in military aircraft \l.hich have much eit'ctromagnetic 
dnd radio·frequency interference_ They were opposed 
10 ekdrd~ bec3U'c of the high-impedance unbalanced 
circuitry innljved, plus potential humidity and tem­
perature problems. The silicon pressure transducers 
are designed to resist liquids and have a wide temper­
ature range. 

2 PRESSURE-GRADIENT (VELOCITY) 
MICROPHONES 

2.1 Bidirectional Ribbon Microphone 

A sectional view of a ribbon velocity microphone 
(RCA type BK-IIA) developed by Sank and described 
by Olson [23] shown in Fig, 18. This microphone has 
an air gap 0.125 in (3.2 mm) wide with a flux density 
of 6500 G (0.65 Wb/m2). The ribbon is made from 
pure aluminum foil weighing 0.56 mg/cm2. This cor­
responds to a thickness of 0.000082 in (2 jim). The 
ribbon is 1.4 ins (36 mm) long and corrugated trans­
versely, as shown. Magnetic fine-mesh steel screens 
are on both sides of the ribbon to provide resistance 
damping of the ribbon and dirt protection. The ribbon 
resonance is approximately 30 Hz. The ribbon is sol­
dered to the clamp after assembly and tuning. Soldering 
has no effect on tuning when done properly. Without 
soldering, in several years the microphone impedance 
may rise and eventually result in an open circuit at the 
ribbon. The 0.2-0 ribbon impedance is stepped up to 
3011 50/250 0 by the transformer. The reactor and switch 

(C) 

Fig. 17. Integrated-circuit microphone. (a) Simplified sketch of ,hip. appr,.,u'I':lteJy 0.08 by 0.15 in (2 by 3.8 mm), (b) 
Schematic of chip. (c) Dc(ail~ of microphone assembly (From Sank [22]), 
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pln id-: ]\)Wfri.ljIH'nlY 11;::r ,UI tile !,1,,\, ,l. 

The fru.jl'lnL)' 1('[,,;)<"[ i~ + 2 dB, 30 j. lhl) HI'. ,1!1 

,!JC)\,'" an LR eqll:lJi/cr which PiO\ Hk, "h0Ul 3 dB b,IO,1 

ill 10 000 HL ~\ jlh C('HC"p,'nd, ng reduction in ;..cn,iti ,it), 
The element' of1he complete equi\aJcnt mechanical 

circuit (Fif, IS) arc RL ilnd I~h, the mechanical re­
"jqancc and ma~~ of the air load on the rihhon, impme.d 
by the d~,rnping screens; Mf{ and CR, the mass and corn­
pliance~,o'f the 'ribbon; and Ms and Rs, the mass and 
mechanical resistance of the slits formed by the ribbon 
to pole piece clearance, which is nominally 0,005 in 
(125 J-Lm). Above resonance, the circuit is simplified 
as shown, and the ribbon velocity is given by 

(PI - P2)AR x (7)
jw(MR + Md 

where 
x ribbon velocity, meters per ~econd 
(PI P2 ) difference in sound pressure (pres­

sure padient) between two sides of 
ribbon. newtons per square meter 

AR area of ribbon, square meters 

MR mass of ribbon. kilograms 

ML mass of the airload acting on ribbon, 
kilograms 

w 2Tif 

f frequency, hertz, 

The driving sound pressure gradient (PI - p,:.) at a 
given frequency i!-. proportional to the size of the baffle 
formed by the maE net structure, The ribbon to pole 
piece cleanmce forms a "leak" which, if excessive, 
will reduce !-.ensitivity. To maintain a constant ribbon 
velocity with mass control per Eq. (7). the pressure 
gradient must increase linearly with frequency. The 
open-circuit ribbon voltage is given by 

E Bli (8) 

where 
E open-circuit voltage, volts 
B air Eap flux density, webers per square meter 
I length of ri bbon, meters 
i ribbon velocity, meters per second, 

At zero frequency the pressure gradient is zero. At 
the frequency where the path length around the baffle, 
from the front to back of the ribbon, corresponds to 
one-half the ~ound wavelength, the pressure gradient 
departs from a linear characteristic to 65q( of the value 
needed for a constant ribbon velocity. AI the frequency 
where the path length equals one wavelength. the pres­
sure gradient is zero. Fig. 19 shows the resulting E 
\'ersus frequency for an ideal microphone. applicable 
to the region well above ribbon Jesonance. A practical 
microphone may have small ripples in response in the 
region just above resonance frequency, plu~ dip!> or 
peaks at high frequencies due to pole piece shape or 
transverse resonances of the ribbon. 
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116 '.' h"'" the figure-of-l'i£ht !",Jar p,ll'crn 
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~wITCH 

I<>t1JP\.£P ~UT 

TRlI~srORM(A --­
CI.","p 

S*I\I[L 

Fig, 18. Ribbon velocity microphone (RCA type BK-IIAl 
and mechanical networks. 

Fig 19. Computed open-circuit \'oltage re~pon,e frequency 
characlerj,(ic of pre~,ur("gri:ldient ma,,·controlled electro­
dynamic microphone. (From Ohon [23].) 
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)!son describes a mill('rhone '''I it luI' ' Ie 

IOUf!<.peakcr, that hi!' C\,'l nt"llly unif/}!!l\ re~p"" "oj 

diredivity from 20 tv 20 nno Hz. Olson nok~ th 11 the 
pattern in the verti,,';]1 phne at high frequencies shuws 
~ome ~harpening, hut Ihi~ is not a serious problem for 
pickup of sound sources in the horizontal plane. A 
pressure condenser microphone of analogous quality 
must be less than 0.5 in (12.5 mm) in diameter. Un­
fortunately, fOf?pund reproduction purposes, the sen­
sitivity of both 'of these is too low. 

A compromise solution is found in the contemporliry 
ribbon velocity microphone (Beyer M130) shown in 
Fig. 2 L The head diameter is only 1.5 in (38 mm). 
The magnetic assembly is extremely small but efficient. 
The two ribbons are electrically in parallel and make 
use of most of the space and magnetic flux available 
in the air gap. The ribbons are corrugated longitudinally 
for most of their length, but a few conventional trans­
verse corrugations are formed near the ends to provide 
compliance. This ribbon, while very difficult to make, 
can potentially solve several problems as compared to 
the conventional ribbons with transverse corrugations: 
(I) The rigid central portion resists twisting, sagging, 

'1''' ,,',£1:., rhe pole piece~. (2) With the more 
fll!id Ilbt,\lrl. [he pulL: plc-L'e to ribbon clearance nlay 
I,c Jedu','l'd, thu5. jncrea<;ing sensitivity, (3) The short 
length of Ii ,insversc corrugations may reduce the need 
for labori(lus manual stretching and tuning, and may 
greatly reduce the downward drift of tuning with time, 
(4) The longitudinal corrugations may reduce or elim­
inate transverse resonances which produce small dips 
and peaks in frequency response above 8000 Hz, (5) 
The short length of the ribbon makes the polar pattern 
in the vertical plane more uniform with frequency. 

How much sensitivity is adequate for an electrody­
namic microphone? This is easy to calculate by first 
assuming that the microphone impedance is 250 0, 
resistive. 250 0 is a handy value because the dBm 
sensitivity rating is equal numerically to the dBV rating. 
The dBm rating is the power output level in decibels 
with respect to I mW that would theoretically be obtained 
if the microphone were operated into a matched load 
with a sound pressure input of I Pa (94 dB SPL) (I NI 
m2

). Similarly, the dBV rating is the open-circuit voltage 
of the microphone in decibels with respect to I V with 
a sound pressure input of I Pa, The latter rating cor-

Fig. 20. Directional characteristics of pressure- gradient microphone as a function of dimensions and wavelength. The polar 
graph depicts output, in volts, as a function of angle, in degrees. The maximum response is arbitrarily chosen as unity, (From 
Olson [23).) 

O(~ "'Il. 01= DUAL 

R'I>BC N AS,EM B l.Y 

Fig, 21, Beyer M 130 bidirectional dynamic ribbvn micro­
phone (Courtesy of Beyer Dynamic Inc,) 

responds to the real world, where microphones are op­
erated into a relatively high impedance. Sank [24] dis­
cusses microphone ratings and measurements, 

The thermal noise of a 250-0 resistor in a 15 000­
Hz bandwidth is calculated by Sank [25] to be - 132 
dBV. A typical noise figure for a modern solid-state 
mixer is 4 dB, which means an equivalent input noise 
voltage of - 128 dBV. Therefore for,a .250-0 electro­
dynamic microphone, the mixer noise'exceeds the mi­
crophone noise. A good condenser microphone (Shure 
SM 8 J) has an 1I1ll1'eighted equivalent noise level of 
26 dB SPL. with the A-weighted value 16 dB If we 
demand similar performance from an electrodynamic 
microphone, let 128 dBV equ~1 the microphone output 
for a 26-dB SPL input. The output (sensitivity rating) 
at I Pa (94 dB) will therefore be 60 dBV. 
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Ohon'" ideal ;:"C:' fie 1,<1 ,j ".r!"'i\jl) 01 'i4 
dl3ViPa. \\ hilh is <ob\;nu!>Jy IllUCh Ion low. The kCA 
RK·llA micr.'phone has a scmit;\ity of 56 dR/Pa. 
\\ hich i~ more than 'idcqu::tle. The Beyer 1\1 I 30 sensi­
tiyjtyof '" 59 dBV'Pa i!> ll,inimal hut adequate. 

!'-10Q ribhon microphones have low magnetic hum 
~ensiti\ity hL'cau~e the ribbon circuit is ca,ily de~igned 
to be "huryl.h\Jcking." Ribbon microphones have the 
lowest vibration '"ensitivity because the moving mass 
is very low. (The printed ribbon of the folJowing section 
may have high vibration sensitivity because of the rel­
atively massive diaphragm.) Wind sensitivity of all 
microphones, as Olson stated on many occasions, is 
"proportional to electroacoustical sensitivity," so rib­
bon microphones. contrary to popular belief, are not 
inherently wind sensitive. To the contrary, microphones 
such as the RCA BK-5B and Beyer M500 incorporate 
efficient blast filters. The latter microphone, with its 
acces~ory foam screen, resists "popping" by very close 
and loud vonJiists. Most of the catastrophic ribbon 
failure~ ob!>erved by the aUlhor seem to have been caused 
by checking of microphones or lines with ohmmeters 
or continuity checkers. Connecting a ribbon microphone 
to a conden~er microphone line with A-B powering can 
also produce the same effect: the ribbon is blasted out 
of the gap. 

2.2 Printed Ribbon Microphone 

A new type of inductor microphone ha~ heen devel­
oped which is called a "printed ribbon" type 118]. It 
is shown in Fig 22. The diaphragm is made of 0.0002­
in (4-jl.m) polyester film upon which is printed a ~piraJ 
ribbon of aluminum 0.0008 in (20 p..m) thick. The un­
conventional magnetic structure includes two ring 
magnets in front of the diaphragm and two in the back. 
Like poles face each other so the magnetic lines of 
force lie parallel to the diaphragm. Thus axial motion 
of the diaphragm causes the ribbon to cut Jines of force, 
which induces a voltage in the ribbon, according to 
Eq. (6). The magnetic structure is symmetrical on both 
sides of the diaphragm, so that the transducer capsule 

Fig. 22. Printed ribbon microphone cap~ule. (Courtesy of 
Fostex Corporation of America.) 

'1·,r;Jte~ at l'd" .;f tl' the principlt of the \e1(1cil) mi­
u!'pllllne (Sec. 2.1). Thi~ Tcquire5 a m3S' 'I'n:H,lJed 
triln~ducer \\ith the rc,onance at the ]oV<tr end Ilfthe 
lJ~cful ffl'qucilcy range. The printed rit1>on diaphragm 
rC'.on~mce is in the rc£ion of 50 100 Hl. The re,onance 
cannot he as low a~ for a rihh(lD hecau<,e ofthc relali\ely 
high stiffnes~ of the diLiphragm. Thnefure the TI:~ponse 
of the printed ribbon microphone is somewhat limited 
at low frequencies. Bidirectional and unidirectional 
types are available, and the frequency responses are 
generally uniform from 70 to 15 000 Hz. Sensitivity 
of the bidirectional model is quite high, - 52 dB VIPa, 
but this value is somewhat inflated due to the 600-fi 
impedance. These microphones are recommended for 
voice and pickup of individual musical instruments. 

3 COMBINATION PRESSURE AND PRESSURE· 
GRADIENT MICROPHONES 

3.1 Unidirectional Microphone Operating 
Principles r 
3.1.1 Combining the Polar Patterns , I 

~ 

Fig. 23 illustrates graphically how the outputs of a 
bidirectional and a nondirectional microphone trans­
ducer may be mixed to obtain three unidirectional polar 
patterns. Actually. there are an infinite number of uni­
directional patterns which may be obtained. The three 
patterns shown are: hypercardioid. cardioid, and li­
ma(,'on, from left to right. The energy responses to 
random sounds (such a~ room noise and reverberant 
sound) are also shown. relative to the nondirectional, 
which is assigned a value of unity. Note that the bi­
directional and cardioid have exactly the same response, 
but the hypercardioid is superior to both of them in 
discrimination against random sound. Quite a few uni­
directional microphones produced today are hypercar­
dioids, but the cardioid remains the most popular. The 
Jimac;on is not as popUlar, and so to obtain this pattern, 
a microphone with variable directivity is needed. An 
alternate way to obtain a unidirectional pattern is by 
using a single transducer with an appropriate acoustical 
phase-shifting system. Some single-transducer micro­
phones have a mechanically variable delay system so 
that the pattern can be varied from bidirectional to 
cardioid to nondirectionaJ. 

3.1.2 Frequency Response as a Function of 
Distance 

The low-frequency response of the velocity micro­
phone is accentuated when the distance between !,ource 
and microphone is less than a wavelength. This happens 
to a lesser degree with the unidirectional microphone. 
Olson 13, pp. 293-297J shows the equations. Fig. 24 
shows Olson's curves for the veJocity and unidirectional 
microphones. 1f the curves for zero degrees are plotted 
to a decibel scale. it turns out that the slopes follow 
linear 6-dB per Octave characteristics. The unidirec­
tional curves exhibit a corner (+3 dB) frequency which 
is one octave higher than those of the velocity micro-
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Fig. ::!3. Directional diagrams of various combinations of bidirectional and nondirectional microphones and energy response 
to random sounds. (From Olson [3, pp. 293-297J.) 
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thoe diq<lnce is halved. Th..:r.;;f..,re for e,leh di·Pncr·. a 
sirnpk IL sistance capacitance rolloff equali/L"f LJn be 
de~igncd to provide flat response. This ,c, <~Iled 
"proximity effect" pertains to all pre~sure· ient 
(velocity) <lnd combination pre~sure <.lnd pre, ... ur.:gr<l­
dient (unidirectional cardioid) microphones to the same 
degree. These characteristics are essentially invariant 
between models;Gfmicrophones. The exception to these 
rules is the variable-distance unidirectional microphone 
(Sec. 3.4.6), which has a reduced 'proximity effect. 

3'? '~uai L'l€ldcl it Unidirectional Microphones 

3,2.1 DIJa{·Ribbon Unidirectional Microphone 

The du:lI-ribbon unidirectional microphone (RCA 
type 77·B) was developed by Olson [3, p. ::!91] and is 
shov.n in Fig. 25. A common magnet structure is em­
plo:ed for both velocity and pressure sections. The 
ribbons for both sections are formed from one contin­
uous ribbon. Therefore the air gap and ribbon dimen­
sions and the flux density are identical for both sections. 
A very long folded pipe provides nearly constant 

rREQUENCY 

(d)(e) 

!':1:::r-. r:r 

....0"_0.-I""" 

Fig. 14. (a) Relative voltage output of a velocity (or pressure-gr;,di.:nt) mi.:rnptoonc as compared to a nnndirectional pre-,ure 
microphone for distances of 1. 2. and 5 Ft (0.3. 0 11. and 1 . .5 m). (b)· (d) Rclat Ive voltage output of a unidirectiona1microphone 
as compared to a nondire.:tional prc,,\lrt: micmphllnc for die' ,nee, of I. 2. and .5 f[ (0.3, O.h and 1.5 m) and fOI varic)us 
angle, of incident sound (From Obon 13. pp :?93-297J. 
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alUU';o>\IC;d rC~l~Llnre VI,' J. 1'1; (lUl'Ih':Y to nil j , !I, 

:h: ,'no ll!j~ micllJphoflC ;,ad a fixed ci:lidi(,jd P'j!L m. 

II \\ll~ ~upLf~l:dl'd by the polydireCiional t;1'C 71), 

and the later model 77-DX i~ q1l] in u~c !0dav. 

3.2.2 Ribbon and Moving-Coil Pofydirectional 
Microphone. 

Fig. 26 shcm's the Western Electric 639B microphone. 
The switch provides six mixing ratios of the outputs 
of the transducer units, and six polar patterns: bidi­
rectional, nondirectional, two cardioid patterns, and 
two hypercardioid patterns [26]. According to Olson 
electric equalizers are incorporated to correct the am­
plitude and phase of the dynamic element to equal that 
of the velocity element. 

3.2.3 Dual-Diaphragm Condenser 
Pofydirectionaf Microphone 

Eargle 127] gives a complete explanation of the 
v.orkings of the dual-didphragm polydirectional mi­
crophone tHm~ducer. Fig. 27 shows the basic scheme 
which is u~ed in nearly all dual-diaphra,gm microphones. 

The vibrating s)'stem consists of two diaphragms, 
each spaced a small distance from the back plate, similar 
to the pressure microphones of See. 1.3. The space 
bchind each diaphragm provides acoustical resistance 
damping as well as acoustical capacilance (stiffness). 
The cavities behind the diaphragms are interconnected 
by small holes in the back plate. The phase shift in 
this system plus the variable electriealpolarizing system 
make possible the variety of directional patterns shown 
in Fig. 27. 

With swilch position 1. the diaphragms are oppositely 
polarized, and the transducer has a bidirectional pattern. 
This may be deduced by obsen'ing that sound incident 
at 90° or 270° will produce equal but oppositely phased 

Fig. 25. Unidirectional microphone with ~creen removed. 
Ribbon-type pre~~ure and velocity clements. 

,'Uiruts flom ('<le1: Jiaplmlgm, .wd thus the net \oJtage 

'J1rut is a null. 
\vith the switch at po~ition 5, the diaphrcgms are 

'imiJarly polarized, and the outputs are in pha~e at all 
:Jncles of incidence, resulting in an omnidirectional 
pa~lcrn. At intermediate ~witch ~eltings, a variet)' of 
unidirectional pallerns are obtained, as in Fig. 27. ~ote 
that at switch setting 3, a cardioid pattern is obtained 
with maximum polarizing voltage Eo on the front dia­
phragm and 0 V on the back diaphragm. The unenergized 
diaphragm and the acoustical capacitance and resistance 
of the back plate form a phase shift network similar to 
the rear sound aperture of a single-element unidirec­
tional microphone, to be discussed in Sec. '3.3. 

The frequency response of the polydirectional mi­
crophone will be flat and the polar pattern uniform with 
frequency, if the diaphragms are carefully matched 
and the resistance elements are the controlling acoustical Iimpedances. Similar to the velocity microphone, I 
acoustical characteristics deteriorate as the frequency I 

f'
approaches that where the path length from front to 
back approaches a wavelength of sound. A diameter 
of 0.5 in (12.5 mm) maximum is required for uniform 
directional characteristics to 15 000 Hz. However, the 
axial frequency response of a ] -in (25-mm) diameter 
polydirectional microphone can be made uniform 10 

20 000 Hz, so some uniformity of polar pattern is often 
traded for the higher sensitivity and lower noise level 
which are obtained with the larger diaphragm trans­
ducers. 

3.2.4 Twin Cardioid Element Polydirectional 
Condenser Microphone 

The dual-diaphragm polydireclionaJ condenser mi­
crophone may be thought of as a superposition of two 
single-diaphragm cardioid microphones (Sec. 3.3) back 
to back _Fig. 28 shows how two cardioid capsules placed 

'[R~INAl PlUG 
./AND MQUNHHG 

REAR 

Fig.26. Rihbon and moving-coil unidirectional microphone 
(Western Electric (398). (From Tremaine 120).) 
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•";!l'k to back will fun, ~jon ",> a po!) ,",' 1~"Ltl !"; ",1 by'; i"", ,\, IDdi\idu,tl do ,j:" nutputs in the 
phone, Sir[1il,r to thc dL!al.~.lphr"gm tldO'"h,c'c! the' 11, U" Jlr,plitude ratiu~ ,wd polarities. 
frorlt tcansducn ha5 maximum polariling \'oltJgc 1:0 This p<Jlydirc,:i,mal microphone obviously has the 
at JII times, and maintains cardioid rc~ponse v. ith max­ moq uilif"rrn acoustical properties in the cardioid mode, 
imum sensitivity, The voltage on the fear trar"dll..:cr bccau~c nnly one transducer is involved. In the other 
is varied down to 7ero and up to .• Eo. the same as in modes. the spacing between capsules. which may be 
the dual-diaphragm transducer. The same polar pattern:. 0.4 ).2 in (10 ~30 rnm), comes into play, and the polar 
are obtained, Likewise. the same effect can aho be characteristics at high frequencies become nonuniform. 

Membrane and ring 

Spacer ring 

Back plate 

Acoustic Resistance! 
capsule housing 

Rubber gasket 

Capsule housing 

Contact pin 
(a) 

J 

~f.SULTA~TSWITCH 
''''TTUU~POSlTIOIiIt 

J 

(b) 

Fig. 27. Dual-diaphragm condenser p(l!:rdlr.:dl.mal microphone fa) Exploded view (Courte~y of AKG Acoustio.) 
(b) Principle o[ operation. (Adapted [WII' Eargle [27).) 
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3.3 Single-E!cment UnidirecHonal ~/icrtl-' ~; ,?S 

3.3.1 Ritbon Polydirecfional Microphone 

A "ingle-element lihl on poJydireClil)naJ lilie ruphonc 
(RCA type 77 DX) i" ~hown in Fig. 29. The ribhon i~ 
located hetv,cen the pole pieces of a reJati\cl) Jarge 
hor~e~hoe .I"!,agnet. The flux densit) is 13000 G (J 3 
Wb/m 2

), '.':1iich results in high sensitivity in all modes 
of operation. The vertical tube behind the magnet leads. 
to a damped pipe (acoustic line) in the centra] body of ' 
the microphone. The acoustic line has a developed 
length of about 3 ft (1 m) and is lightly packed with 
ozite so as to provide a constant acoustical resistance 
to the ribbon over a wide frequency range. The vertical 
conneclor tube is D shaped in cross section and has a 
long narrow slot which opens to the rear. This slot is 
covered with an organdy screen, which is inside the 
tube. The rotary shutter varies the effective size of the 
slot or rear sound opening. This provides six polar 
pallerns by means of a detent, but the actual number 
of a\'ailahle patterns is infinite. The shutter is shown 
at the bidirectional setting with the slot fully uncovered. 
When the shutter is rotated 60° counterclockwise, the 
slot is fully covered, and a nondirectional pattern is 
obtained. An additional 60° rotation results in the slot 
being about IOl}( uncovered, which yields a cardioid 
pattern. 

The simplified acoustical equivalent circuit of the 
microphone (Fig. 29) consists of the following elements: 

inertance (acoustical mass) of ribbon plus 
air load on ribbon 
acoustical resj~tance of air load on ribbon, 

I 
--to­ -8-" 

---..... 
I 
, 

~ 
Q 
'2 

~ -8~ 
I 

::.> 
0 
V) 

----? 

I 
~-8~ ± 

J­ I 
:z 
l!J 
a -11'" 

I 

-8~ + 
u I 
"<-­ I

-8­- + 

I 


il ,1. liJl~ front damping ~dten 
M, illnldJhC' of air in ,10t, incJudinr 'crecns 

R, (1couQical rcsiq(lncc of air in "lot. in,'luding 
~('JL'(; n, 

Rp ac(\u~tical rc"jqance of '1coUQic line 
PI front ~ound pre,~ure 
P2 rear sound pre"ure 

The circuit applies to the frequency range above rib­
bon resonance, where the acoustical capacitative re­
actance of the ribbon is negligible. When the shutter 
fully uncovers the slot, the impedance of (M. + R.) 
becomes very small and short-circuits Rp. Then the 
circuit becomes that of a pressure-gradient (velocity) 
microphone. The quantity (PI - P2) i~ the input pres,ure 
gradient. The acoustical circuit impedance is that of 
the ribbon plus air load and is inductive or mass con­
trolled. This results in a constant volume current U in 
(M R + Rd, constant ribbon velocit), versus frequency, 
and uniform ribbon output voltage (Sec. 2.1). The polar 
pallern is bidirectional or figure of eight. 

With the shutter fully closed. the impedance of 
(M, + R,) becomes very large, so P2 no longer drives 
the ribbon circuit. The acoustic line resistance Rp is 
large compared to the impedance of (MR + Rd, so the 
volume current U is given by 

U (9) 

This means that the microphone is pressure responsive 
and has a nondirectional polar pattern. 

With the shutter set for cardioid pattern, part of the 

I

--8- -$­
I 


I I 

-8-- -Go-­

I I 
I 

• -8-­
I 


I I 


-·8 e--­I 
,

I

·-8 -(8­
I 

Fig, 28. Condemcr polydirectional microphone using two cardioid tramducers back to back. (Adapted from Eargle 127}.) 
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~'Lc;o \1)IUlnC «(HI,nt L llows tillutl:,', (." 

IhlOugh Uris + R,). Thus the riV'on ;' r ';1} l II 1 
by PI dnd .h" line r,,:,tanre Rp. and is pr~"ulc ,c­
SP'LI!lI\ c The b;l;ancc of the, ibbon volumc ('1,rrt:llt U 
t1ov.!l through (A1, + R,), so the transducer is pdrtly 
vclocity responsive. The shutter selling for a I drdiuid 
pattern is at a cri(ical point v.hcrc the phase ,hih through 
(AI, + R,) is such that sound incident from 1800 arrives 
at point .. y" somev.hat delayed in time so as (0 match 

the phase of sound at PI' _Thus U = O. a null in response 
occurs at 180°, and a cardioid pattern is obtained. This 
'is the principle by which all single-element unidirec­
tional electrodynamic microphones operate. 

Three additional directional patterns are detent se­
lectable. The axial frequency response at the cardioid 
setting is reasonably flat from 30 to IS 000 Hz. The 
response at bidirectional setting slopes downward with 
frequency, whereas response at the nondirectional set­
ting slopes upward. This is a limitation of the ribbon 
polydirectional microphone. 

,.1 ';-111;/ H.iblj~)l1 Microphone 

I'he "unia'(ial" microphLli1e (RCA type BK-SB) de­
vd"p,d by Olson [3, pp. 303-305] is ~hown in Fig. 
10. The ()pcration is similar to that of the pnlydirectional 
ribbnn microphone with unidirectional setting. The 
ribh,m (.\.fR, CAR) is po:,jtioned between the pole pieces 
of a magnet structure which develops about II 000 G 
(II Wb/m2) in the air gap. The lobes and screens (Mal> 

rABI. MBI> rABd form a blast filter. The damped holes 
M2 • rA2. M 2" rA2s) provide the principal phase shift 
elements for sound pressure P2. Sound pressure PI is 
the frontal incident sound pressure. P3 and associated 
elements form a third phase shift network which sharp­
ens the polar pattern so that the 90° response is -8 dB 
instead of -6 dB as in a cardioid. Therefore the BK­
5B has lower response to random sounds than a cardioid 
or a hypercardioid. 

The simplified acoustical network of Fig. 30 illustrates 
the principle of operation in the frequency range above 

...; . 

SfOP 

R(ACTOIt ___ 

CA9 kul 

Fig 29. Ribbon po\}dirccli0nal rnicroph"lJc and acnu<;lical ndw,Hk (Re, type 77-DXl, 
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rib!>on rC'Ol1<lnl.'('. HI-. u'd rA,,' 'c the libl ,,-, ',e' hI,' 

dl,d ;jir luad roi~t'jncc rAI' i~ Ih,'l1Cl u-ri, :lll-<'1()f\cC 

of d'inlped pipe. R, and M, dTe the acouQiLal le'i"tl-lOee 
and inertance of the damped holes. Thcrcf('rc the ~im­
plified circuit i~ C),lIctly the ~aJlle a, Fig. 30. and so 

the basic operating principle of the unidirectional ribbon 
microphone i~ the ~ame as that of the polydirectional 
microphone in the unidirectional mode. 

: ,:..." ~. 

3.3.3 Unidirectional Condenser Microphone 

The unidirectional condenser microphone is a rela­
tively recent invention. An early patent is Olson's 
"Directional Electrostatic Microphone" (8]. A modem 
high-quality microphone is described by Schulein and 
S('eler (11]. This is pictured in Fig. 31(a). It is a pre­
polarized cap~uJe where the electret is on the backplate. 
The construction of the diaphragm and back plate was 
described pre\'iously (Sec. 1.3.2). The unidirectional 
cap~ule back plate has hole5 which communicate through 
an acoustic resistance screen into the case volume 
(norma]]y having a cl05ed bottom end) and to the at­
mo~phere through resistance screens and rear ('ntry 
ports. 

The operation of the microphone of Fig. 31(b) may 
be determined from a consideration of the simplified 
mechanical network. MD and CD are th(' mass and com­
pli,mce of the diaphragm. R J is the resistance of the 
air film between diaphragm and back plate. R3 is the 
resi stance of the screen which connects to the case 
volume C3. R'2 lind M2 represent the holes and screens 
at the rear sound entry. (This simplified network is 
from [8], whereas the microphone of [] ]] has a more 
complex network.) 

The velocity xof the diaphragm is given by 

x (10) 

where 
ZM mechanical impedance of vibrating system, 

mechanical ohms 
FD force on diaphragm, newtons 
K transducer 
P sound pressure, newtons per square meter 
A area of diaphragm, square meters 
w 27fJ 
J frequency, hertz 

and the displacement is given by 

x KPA 
x (II)

jw 

The output voltage is given by Eq. (2). 
Thus for displacement (and output voltage) to be 

uniform with frequency, ZM must be resistive. The re­
sistance elements R), R'2, and R3 are the controlling 
elements. 

The phase shift network R:. M2• R3, and C 3 may take 
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,. \'<1riel) uf u ,,'JrUTd!iuns, ,ill 'Lll 10 !hL \al;"LI~ ,,,:t­
",lJks in llbbnn and d) n,,'qic mil Ili'hol'c,_ TIl( np­

,r;;lion of th(' phase ~hift ndwf'rk ;n ;; uliJ;rt'~ti'Jla) 
c;nJioid W2~ dc~cljhed in Sec. 3.3.1. 

3.3.4 Condenser Polydirectional Microphone 

Fig. 32 shows the microphone de\eloptd by Schocps. 
It is phy~ically symmetrical left to right. The diaphrdgm 
is centrally located between two back plates, which 
are perforated with holes. The mechanica1 assembly 
on the right slides left and right to provide three polar 
patterns. Note how the symmetry of the capsule favors 
a symmetrical figure-of-eight polar pattern. 

When the actuliting finger moves to the left, the cavity 
behind the diaphragm is sealed and becomes very lomalJ. 
The result is an omnidirectional pressure microphone 
where the moving system is stiffness controlled (Sec. 
1.3). 

When the actuator moves right, the back of the dia­
phragm is open to the atmo~phere, and li figure-of­
eight pattern results. For uniform limplitude of motion 
of the diliphrligm, as in Sec. 3.3.3. the moving sy!-tem 
is resistance controlled by the perforated hack plates. 

When the actuator is centrally located. a phli~e ~hift 
network is formed, and rear entry ports provide the 
input to the phase shift network. A cardioid pattern 
results, and the moving system is resistance controlled, 

3.3.5 Moving-Coil Unidirectional Microphone 

Fig. 33 shows the mechanical cross section flnd the 
acoustical network of the UNIDYNE* unidirectional 
microphone developed by Bauer in J94 L All unidi­
rectional moving-coil microphones which have one rear 
sound entry location follow these operating principles. 
The resonance of Ml and CAh the diliphragro and coil 
assembly inertance and acoustical capacitance, is at 
the low end of the usable audio frequency range. De­
pending on the application of the microphone, this may 
be anywhere from approximately 70 to ]40 Hz. Similar 
to the printed ribbon transducer, the lowest attainable 
resonance is limited by the stiffness of the plastic film 
djliphragm material. 

The moving-coil system is mass controlled above 
resonance, similar to the ribbon transducer. Therefore 
the difference in sound pressure between the two sides 
of the diaphragm must be proportional to frequency so 
as to maintain a constant volume current and a constant 
diaphragm and coil velocity throughout the useful audio 
frequency range. This is done by selection of the pa­
rameter values of the phase shift network. Also. the 
network values must provide for the correct deJay time 
versus frequency such that a null i... maintained at ]80 C 

for a cardioid pattern. Alternately, the network \'aJue~ 
may be adjusted for a hypercardioid pattern. 

3.3.6 Variable-Distance Unidirectional 
Microphone 

Fig. 34 shows a sectional view and the acoustical 
network of the variable-distance unidirectional micro-
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,:·'.me. The frunt to [c·dr ~OLllld cntr' ';·.ul1ce ,a"," 

approximately j·lvL'r,..:ly ;"1 f. 4>!,"lcy [3, pp. 3U5 ­
307], SO'JrHi pre.lIte PI (ll"~ Of) the front of the dia­
phragm. Prcs,llfcs Pc, p). and P4 'lct un the back of 
the diaphragm through suitable acoustic impedance. 
P2 acts in the high-frequency region, P3 at middle fre­
quencies, and P4 at low frequencies. The advantage 
of this design is that accentuation of low frequencies 
due to the proximity effect is reduced. Similar to the 
UNIDYNE, the mb'ving system resonance is in the re­
gion of 100 Hz and is mass controlled at higher fre­
quencies. 

4 ULTRADIRECTIONAL MICROPHONES 

For the purpose of this paper, we define an ultradi­
rectional microphone as one that has an energy response 
to random sound of less than 0.25, relative to an om­
nidirectional microphone, over a major portion of its 
useful audio frequency range. According to [28], 0.25 
is the random energy efficiency of a hypercardioid, 
which represents the highest directivity obtainable with 
a first-order gradient microphone. This category in­
cludes higher order pressure-gradient microphones and 
wave interference types of microphones. The appli­
cations of ultradirectional microphones include long­
distance pickup of sound in the presence of random 
noise and/or reverberant sound. or close talking in very 
high noise environments. 

rt should be noted that, of the many types of ultra-

r"ll r~Cl 

S[CTIONAl ~'[W 

ACouSTICAL ..nWORK 

u 
p,o­ P1. 

I ~ . .10 L'nidir.:.:tional ribbon microphune (Adapted from 
\.)Iop [.\. pp 301 305].) 
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. til';' "1-1. ·l:vdof'cd ... irjl,:t: 1938. only 
thC' 1i IlC t:, pC' ;'11t. T'lpiil llll' I" .. ,. 11' in common use today. 
It CI,'ph'ys high ,co·itivity conde-,beT or moving-coil 
electrod) oamic tran~ducers. 

4.1 Higher Order Gradient Bidirectional 
Microphones 

First-order pressure-gradient bidirectional micro­
phones were described in Sec. 2.1. The polar pattern 
of the first-order gradient microphone has a cosine­
squared pattern. The power of the cosine is the order 
of the gradient. Fig. 35 shows a second-order bidirec­
tional gradient microphone made up from two first­
order bidirectional gradient units connected in phase 
opposition. The cosine-squared pattern of this micro­
phone is shaded in Fig. 35. A family of cosine patterns 
is shown, beginning with order zero, which is the om­
nidirectional pattern. 

The frequency response of a first-order gradient mi­
crophone with a mass-controlled moving system is 
uniform above the resonance frequency. The response 
of a similarly constructed second-order gradient mi­
crophone is proportional to frequency, that is, the re­
sponse rises at 6 dB per octave. The response of a 
third-order gradient microphone rises at 12 dB per oc­
tave, and so forth. The useful frequency response range 
of a second-order microphone extends to the frequency 
where the spacing d equals one wavelength, as is dis­
cussed in the next section. 

The applications for higher order bidirectional gra­
dient microphones have been primarily limited to c1ose­
talking noise-canceling microphones. The random en­
ergy response of a gradient bidirectional microphone 

(a) 

F, P, A 

Ib) 

Fig. 311a) Unidirectional condenser microphone. (Courtesy 
of Shur, Hrothers. Inc) (b) Simplified mechanical network. 
(Ff<JlIl Olson [8]). 
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Translated by Dm'iri Sal: 

Fig. 32. Single-diaphragm polydireclional condenser microphone, (Courte~y of Po~thorn Recording~/Schoeps). 
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dire~·tional efficiency 
2n + 

SECTION A-A,RONT VIEW 

Fig.33. Front view, sectional view, and acoustical network 
of UNlDYNE unidirectional microphone. In the acoustic cir­
cuit, Mb rAI, and CAl = inertance, acoustical resistance, 
and acoustical capacitance of diaphragm and suspension sys­
tem: Ml and rAZ = inertance and acoustical resistance of slit 
between voice coil and pole; CA2 = acoustical capacitance 
of air space between diaphragm and pole; M3 and rA3 = 
inertance and acoustical resistance of silk cloth; CA3 = 
acoustical capacitance of air space in magnet; PI = pressure 
at diaphragm; pz pressure at voice coil. (From Olson [3, 
pp. 305-307].) 

i :~ l>i'~ \1 .'r·1;e- v.hen the source of sound is 
",1,; ..';,/ than n lill'CS a wavelength of sound from the 
microphone. An ;jdditional increase in discrimination 
agJin,r unv.anted noise from distant SOurces occur~ 
v.hen the ~ound source is very close to the microphone. 
This is becau~e the low-frequency accentuation due to 
the proximity effect increases with the order number. 
Fig. 35 showsan example where the frequency responses 
of zero-, first-, and second-order microphones are 
compensated to be flat at a source distance of 0.75 in 
(19 mm). The graph shows the responses of these mi­
crophones to random sounds at a distance from the 
microphone. Thus the noise discrimination of a second­
order microphone, relative to a pressure microphone, 
exceeds 30 dB at 100 Hz. This permits speech com­
munications in very-high-noise environments. In most 
noisy environments, however, the first-order gradient 
microphone is satisfactory. Therefore higher order bi­
directional gradient microphones are not in common 
use today. A novel second-order noise-canceling mi­
crophone employing a single diaphragm is found in 
[29J. 

4.2 Higher Order Gradient Unidirectional 
Microphone 

The higher order bidirectional microphones described 
in the preceding section are undesirable for many ap­
plications where a unidirectional microphone is more 
suitable. Fig. 36 shows that a second-order gradient 
unidirectional microphone can be made from two car-

SECTIONAL VIEW 

MI fA4 

M. fAS 

rAt MS 

'1' f\rr f'T CAI 

ACOUSTICAL NETWORK 

Fig. 34. Sectional view and acoustical network of variable­
distance microphoAe. PI sound pressure on front of mi­
crophone;Ph P3' and P4 = sound pressures acting at different 
parts on back of microphone; Mo == inertance due to mass 
of diaphragm; CAD = acoustical capacitance of diaphragm 
su'\pcnsion system; CAl acoustical capacitance of volume 
back of diaphragm; rAI acoustical resistance of shortest 
path: M" C~,. and rA5 inertance. acoustical capacitance, 
and acoustical resistance of diaphragm in circuit of medium 
path: MI> MI. C ;). rAJ. and rM = inertances. acoustical ca­
pacitance, and acoustical resistance;; involved in largest path; 
Me. rAz. and CAl = inertance, acoustical resistance, and 
;,c<:ntical capacitance in a ,Ide branch. (From Olson [3. pp. 
0:; . 3\171 ) 
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Fig. 35. Charactc-ristics of higher urder gradient microphones 
(Fron. Olson [3, pp. 312- 3:!!I].) 
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,'.'1<:) l,c\\\c:k. The ~""(jJLlk) IC~p()n', :" i' "j ,i,,·J 
hl fll'Y UUlc'Y a, ,huwn ;,nd Ihe "[1'0 Ji Illil .. j 1he u ,c:u \ 
fr.:qlJency range i, Ihc fr"CjlH:ncy \Ihele D cqua\!- lIne 
"3\cknglh of ,ullnd. Fig, 37 <11(1\\.., Iht LXpcrimcnta] 
model of the ,econd-nrih:r gn,di(:Dt unia'. j aJ mier C>l'hone 
c(1mmerc;i3Jized hriefly by RCA. Thi!- microphone was 
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Fig. 36, Operating principles of second-order gradienl uni­
direclional microphone. (From 130].) 

, ,', fruill tv,,' "l1i,;\ ial rihhpD 11licrnrl1tJne~ (rig. 30). 
II 'l'quirl'u callJulJy m;;ldlcd clcmenh and wa, c(lstly 
1\) make. The audio ntllrut wa, rather 10\\ \,lien it was 
u'cd at a diq(jnce from the ,ourcc. rlu, the lI;:r·]ll0n 

10 cardioid polar pancrn abovc :::000 Hz lurnLd (lUI to 
he a ,ignificant di,ad\'anlage compared to k,~ c(\qly 
line microphone, with high-0ulput d) namic or con­
dcn~cr Iran,clucers . 

Beavers and Brown 131] recently developed a third­
order gradient unidirectional microphone employing 
four condenser elements. The stated application was 
speech pickup. Woszczyk 128] reported experiments 
",ith spaced cardioid microphones where second-order 
unidirectionality was obtained to 200 Hz. The appli­
cation was music recording. 

4.3 Line Microphone 

A simple line microphone is shown in Fig. 38. An 
acoustic line (pipe) with equally spaced sound OPenings 
along its entire length is connected to a pres~ure mi­
crophone element. The transducer element may be of 
the electrostatic Of electrodynamic varieties. described 
previously. A high order of directivity is indicated by 
the frequency response curves in the mid- and high­
frequency region where the 90° and] 80° responses are 
far below the 0° curve. The low-frequency limit of the 
u~eful range of ultra directiona I characteristics is given 
by 132] 

Ie 
c 

2L 

CONNECTOR SCREEN 

180 

200 H,.. 
Fig. 37. Second-order gradient unidirectional microphone (RCA type BK-J OA). (From Olson (3, pp. 312-328].) 
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y f'CqUl' ncy. hutz 

s VI 1,!City of sound, 331 11l,!S 


n total length of line.
L 

The high-frequency limit of the ultradirectional region 
is determined by the hole ~pacing dS: 

c 
In = 2dS 

s 
,S where dS is the hole spacing in meters. 

:r IfIe is chosen to be 100 Hz, then L must e~ual 65 
in (1.66 m), which is too long for most practical ap­
plications. However, this requ~rement ~~y be eased 
by substituting a pressure-gradient cardiOid eleme~t. 
This provides good 1800 rejection below Ie. and with 
careful optimization of parameters, a microphone of 

n practical length can have good rejection at 90°, well 
below k It is relatively easy to achieve In 10 000 
Hz or higher with practical hole spacings. 

Alternately, the line may consist of a bundle of small 
d tubes of lengths which vary from dS to L in even steps 

of dS. Similarly, a single pipe with a series of slots 
may be used. With modem small-diaphragm condenser 
transducers, the single pipe is appropriate, because the 
diameters of the tubes in a bundle would be so small 

Ii that the acoustic resistance (viscosity) loss would reduce 
sensitivity and roll off the high-frequency response 

Olson [33], [34J developed many types of line mi­
crophones in the late 1930s. These were generally 
complex, involving a lot of metal tubing. He obtained 
a variety of polar patterns, using pressure or pressure­
gradient ribbon elements. His patents were voluminous, 
All modern line microphones utilize the technology 
developed by Olson prior to 1940, although they are 
much different in form and more suited to today's ap­
plications. At the time RCA introduced television at 
the 1939 World's Fair, it was thought that a wide-fre­
quency-range line microphone would be needed for 
long-distance pickup of voice or music. Olson developed 

dS dS 

1 r2'1'3'1~:":":'':'';''':'':'':''2'I=[J
CI I I I 

L-L:dSXN J 
Sound Wdvi; Fron I Transeucer 

t t t 
Ps 

Ie 

Fig 38. Operating prir,('iplr, uf lin',' Ini('!O!1hd,,,' (\ 11011, 1-\01 ) 

/1,., ,.hi"h \\J~ 10 fl (305 111) I,mg. l'lllpln)ed 
:i\\. 'Iii,>" Ifld fi\l' ; hhon tran"ducers covering contig­
Cl(',h fr,,'quency hdnd<;, It had ~harp directivity do'.'. n 
to X~ Hz. 

rhe modern era in line microphones began in 1961 
'.'.hen Olson [8 J parented the single-diaphr:lgm condenser 
unidirectional microphone. M, Rettinger of RCA in 
Burbank, CA, did the product design of the MI 10006A 
varidireclional microphone [Fig, 39(a)], which con­
sisted of a bundle of plastic tubes atl:lched to a cardioid 
condenser element based on Olson's patent. The novelty 
of the design was that the microphone could be changed 
to a cardioid by removing the pipes. This microphone 
was used for a time in motion picture sound recording, 
but reportedly suffered from electric impulse noise. 

Concurrently, Electro-Voice introduced the model 
642 and 643 line microphone. Each used dynamic 
moving-coil cardioid transducers, which had large, 
heavy magnets and high sensitivity. The 642 employed 
a short line, only 12 in (0.3 m) long, whereas the 643 
was 6 ft (1.8 m) long, The 642 proved to be very popular 
for television and film recording and is still used today. 
The 643 was used for specialized applications such as 
presidential news conferences, but is little seen today, 
The!c of the 12-in (0.3 m) line is 552 Hz, but with the 
cardioid element plus low-frequency cutoff filters, the 
642 was satisfactory for voice pickup. 

Fig. 39(b) shows a modern electret condenser line 
microphone with a very-small-diameter line and a 
transducer capsule only 0.6 in (16 mm) in diameter. 
The capsule and line are made as an assembly which 
is interchangeable with standard cardioid and pressure 
elements. Although Ie is 420 Hz, IS-dB rejection is 
maintained at 90° down to 100 Hz, according to mea­
surements by Sank [35]. The author has often used this 
microphone as a "direction finder" in outdoor studies 
where multiple sources are involved. The close spacing 
dS of holes in the line results inIn = 32 600 Hz. 

4.4 Combination Line and Gradient Microphone 

Olson [3, p. 319], in reference to his second-order 
gradient uniaxial microphone, states: "Since operation 
shifts from the two microphones to the single micro­
phone in the front in the high frequency region, it would 
be a comparatively simple task to develop a microphone 
with a sharper directivity pattern in the high-frequency 
region for use as the front microphone if this appeared 
to be desirable." 

Fourteen years later, Kishi and colleagues patented 
a microphone [321 which had three elements instead 
of two as Olson suggested, but otherwise conformed 
to the idea of a second-ord~i gradient microphone with 
improved high-frequency directi~·ity. Fig. 40 s~ows 
the principle of operation: a line micropho~e Wll~ a 
cardioid condenser capsule (Scc, 4,3) is combmed With 
a second-order gradient unidirc'ctional microphone 
having two cardioid conden~Lr l'-tl'"ules. The line mi­
crophone operates abp, " J()01l HI, and the gradient 
rliinoptwne- below IOOi} III The sensitivities of the 
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(a) 

(b) 

Fig. 39. Line microphones. (a) Bundled pipes (RCA type M I ~ 10006A), varidirectional, air conden~er. (b) Single pipe with 
holes (Nakamichi type CM700tCP703), electret condenser. 
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Fig. 40. Combination line and gradient microphone. (From [30).) 
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(c) 

u:a~jU\:C:l~ lrC b:tldllced by adju,,[,1l(:n:, II, ii ... iLl 
prc.1fJlpliticrs in the ~li._r.aphGne Thereror~;, ilj~~ ,Jr(t r 
of dire, ~:, ity i:. m:Jlntawcd over the cnt!re dud",rrc­
qucncy range. This microphone was briefly CO!1,llier­
cializcd by Sony as model C-77 Telemicrophone. 

4.5 Parabolic Reflector Microphone 

A parabolic reflector may be used to concentrate dis­
tant, parallel rays of sound. at a microphone placed at 
the (ocus [Fig. 41(a)]. As in all wave-type,microphones, 
the reflector must be large compared to a wavelength 
of sound to obtain a high order of directivity. Olson 
(3. pp. 312-328] shows the polar patterns of a dish 3 
(t (0.91 m) in diameter, fitted with a pressure micro­

phone. 

200 

\n ..l,')II<ic kJ1~ is:j ]. .l·:,t,: ;j,vj\C IIlade of sheet 
n,dal v. hich Ldn [('eu'> s,)und r:lys onto :1 microphone 
,imilar to the parah"lic reflector [Fig. ~ I(h)]. The di­
rectivity [ollow~ the laws of wa\ e-type microphones 
much the same ilS the parahnla [3. pp. 312-3281. 

4.7 Large-Surface Microphone 

A large-surface microphone consisting of a large 
number of pressure microphone elements arranged on 
a spherical surface is shown in Fig. 41(c). Olson [3, 
pp. 312-328] indicates that the polar pattern is similar 
to that of a curved surface sound source, which emits 
uniformly over a solid angle subtended by the surface 

1000,"",'" 

Fig. 41. Wave microphones. (a) Parabolic nt:,'Clor, (b) I ep, (e' I 'f!!'- l'hce. (from Ol<;on [3. pp 312-328J.) 
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allhe <"C:ldll Of Cc:I\·,,'Ilf(.' rhe .pi, ;,],1 . il(c) 
;~ ~ ft (1.:11 Ill) in di:llll'1t:I and 1 .~" dT; ; ~I'll·;jd 

of :'-0° The ll;lllt>m is rC.j<,onaoly uniform ('hove 300 
Hz. 

5 MISCELLANEOUS TYPES OF MICROPHONES 

5.1. Stereophonic Condenser Microphone 

A""'two~channel microphone such as the one shown 
in Fig. 42 is a convenient tool for sound pickup in the 
x-y or M-S stereophonic modes where coincident mi­
crophone transducers are required. The AKG C-422 
utilizes two dual-diaphragm condenser transducers. 
which were de!\cribed in Sec. 3.2.3. These are mounted 
on top of each other, and in adjacent capsules sharing 
a common axis, and the capsules may be rotated with 
respect to each other. A remote-control unit permits 
anyone of nine polar patterns to be selected for each 
channel. 

5.2 Soundfield Microphone 

The original soundfield microphone was dC\eloped 
for the "ambisonic" surround sound system patented 
by the United Kingdom National Research Corporation 
and was produced by Calrec Audio Limited. Thi5. system 
was a form of quadraphonic sound. As interest in quad 
sound waned. Calrec introduced a new version of the 
wundfield microphone (Fig. 43), which is essentially 
an electronically stecrable stereophonic microphone. 
Four single-diaphragm cardioid condenser capsules are 
mounted in a tetrahedral array and connected to an 
electronic control unit. This unit permits selection of 
cardioid, figure-of-eight, and omnidirectional patterns 
for each stereo output. In addition, the sound pickup 
axes may be electronically steered in azimuth and el­
evation. By processing the pressure and pressure-gra­
dient components of, the audio signal, the microphone 
may be apparently moved fore and aft as the ratio of 
direct to reverberent sound is varied. The electronic 
steering may be done before or after the audio is re-

i ':-]Ch1 
-, S42E rch2 

'('rded, i!.,\\ ing ftc:xibility in the pn'-lpr(lductilln phal..\ 
of w,'nd fCl,nding. 

5.3 	 Ouadraphonic Microphone , 
. . h d rFig. 44 ~hows two quadraphonIC mlu(>p ()ne~ e·, 

vel oped by Yamamoto [36]. ~hc ribbon' Cf,i,ln C\lnq"b Ii 
of four ribbons mounted at fight angles to each other. , 
These are apparently backed up by a common air volume! 
and a common acoustic labyrinth which provides the! 
resistive termination re~uir~d for unidirectional polar I 
patterns. Apparently thIS mIcrophone was never con­
structed. The condenser version was constructed ex- ~ 
perimentally and consists of four cardioid conde~seT; 
capsules, with pipes providing back-to-back acoustIcal; 
communication between capsules. ' 

Both the ribbon and the condenser versions includ( • 
common air chambers behind the transducer elements.; 
which essentially provides crosstalk between channels. 
The need for this feature is obscured by comple). math-l 
ematics. The frequency response measured by Yama··, 
moto on the condenser version extends to only 8000. 
Hz. This performance, plus the waning interest in 
quadriphony may account for these microphones not, 

being commerci alized. 

5.4 Two-Way Dynamic Unidirectional 
Microphone 

Fig. 45 shows the two-way dynamic unidirectio~al ~ 
microphone (AKG model D-202) developed ~)' Wem"l 
gartner. His paper (37] describes a comprehenSIve study; 

Gold plated, 
tetrahedral capsule 
mount ensures Iorlg­

_fII..c.....----term reliability. 

Ceramic weshel'$ 
maintain the 
e"'remely high 
insulation required lor 
very low noise 
performance. 

Heated mounllng 
Slem conducts 
through to the 

"----- capsule mount to 
eliminate 
condensation. 

Fig. 43. Soundfield microphone tran~ducers (Calrec type MK 
Fig. 42. Stereophonic ('onden~er microphone (AKG·C422). IV). 
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,'1 Jc.)u:,ti, al riet\\.,Yk~ or L.fitii, ti c'!'']1 '; ,,:' _ 
.;rophones. He conclud"d (hI'! it \\ I ,lid be Ji;ij"uil :0 

mcwufacture a mi"fophpne v. ,Ih 0[1" tran~ducer that 
would Illaintain un: for rn fr.:quen.:)" rl'sp()n~e and polar 
p:<tt-:rn ,Hcr the entire "udio frequl'ncy range. His ~o­
lutiun was to divide the range at "i00 Hz and use ~cpara!e 
dyn:Jrnic transJucers for high ;md low frequencies. This 
rc~ulting microphone has uniform frequency re"ponse 
Imd cardioid pattern from 30 to 15 000 Hz. According 
to the author, the' performance is comparable to a con­
denser microphone. The 0-202 microphone is still in 
use today. 

5.5 lavalier Microphone 

The term refers to a small microphone which is fas­
tened to the clothing or suspended by a lanyard around 
the neck. Olson, Preston, and Bleazey [38] described 
the application of personal microphones. They showed 
that a microphone mounted on the chest should have 
a rising high-frequency response to compensate for the 
loss in response due to its location off the axis of the 
mouth. The early models of lavalier microphones were 
omnidirectional dynamic microphones which were 
suspended by a lanyard. Newer models include om­
nidirectional dynamic and electret microphones, which 
are small and light in weight, and are clipped to clothing. 
The microphone shown in Fig. 46(a) is one of several 
very small electret condenser models available today, 

END PLATE 

9 

\ 

s 

MAGN[T 

N N 

TO ACOUSTIC 

LABYRINTH 


~.'2 

I DIAPHRAGM 

2 BACK ELECTRODE 

:5 AIR CHAMBER 

4 NYLON CLOTH 

~ CONNECTING PIPE 

6 OUTLET FOR LEAD 

WIRE 

" , ! : , .; ; a i (I; " , ; i: jll' r. t s i11l iIarIo Ihat 
,'Iq' ,1 ;'») Kdli,)!) .ii,,1 Carlv)f] [5J. ft is light enough 
;0 \\ (ii;.ht ~,) that it Illay be Ll~l.:ncd to the clothing by 
me]r' of a ~m;Jll clip attached 10 the cable below the 
micruph"ne. The flat frt:tju~ncy response of this mi­
ell/phone requires high-frequency equalization \.I.hcn 
u',,:d on the chest. 

Fig. 46(b) shows tht, RCA BK-12A dynamic moving­
coillavalier microphone, which was developed by the 
author. It has a 250-0 coil, requires no output trans­
former, and is 0.75 in (19 mm) in diameter by 1.5 in 
(38 mm) long. It clips onto the clothing, and the fre­
quency response is acoustically equalized for use on 
the chest. The transducer cartridge is similar to that 
shown in Fig. 10. The microphone is designed to with­
stand a 6-ft (l.8-m) drop to a concrete floor, and is 
virtually dirt- and waterproof. 

lOVi-fRiOUEHCY /
srSHM. __~_, 

IIASS TUBE 

CE~ml SCREW 

HOUSING 

REAR SCUNO OPENINGS 
WiTH \~I~nS:REcN 

Fig. 45. Two-way dynamic unidirectional microphone. (From 
·U. Quadr.lphonlc rnic'oph(,n,," (FreHl] Yallldlllotu [361.) Wt:inpartnl'r (37).) 
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Fig ...~ - ,1,ows a ~) ',lLm \ \ I( iA ,";L h I '!'l't K 42) 

\\ hich lI'O a lJdlldhdd ':li,! "phone I'. ith Q built in 
Ir:Jo'rni!tcf. Thi~ unit !l,m~mit, l.n a \HF h"i,d hl the 
receiver illU'\1 ated. The r.:cci\ IT audio i~ fed tn the 
~(lund Tcinf')lcCllwnl. hroadnlq, or recording mixing 
romole. AI1t:rnately, a "hody p<lck" tran<,rnitter may 
be u~ed \\11h an eJectretlavajier microphone similar to 
that shown in Pig. 46(a). These systems are widely 
used in television broadcasting and in professional en­
tertainment applications. They are not as frequently 
used in schools and churches due to the high cost. 

5.7 Auto-Mixer Microphone 

These are special microphones to be used with au­
tomatic mixing systems. Juhtrom and Tichy 139] de­
scribe an automatic mixing system involving mUltiple 
microphones, where a particular microphone is gated 
"on" only when a talker is positioned in front of the 
microphone within ± 60° of the microphone axis. The 
microphones (Fig. 48) contain two cardioid electret 
condemer element~ positioned back to back. The gating 
of the system is done by measuring the ratio of the 
outputs of front and rear elements. 

Fig. 48(a) shows one model of the microphone (Shure 
AMS-22) which contains two electret condenser ele­

1: ' , f)'~ p:", l·d \t ry ,Ir'''e \0 the toh"-: upun \\ hit h the 
,)ii,:r(lj:l:ufle i~ J1lc"'l d. rhi~ foJ]ow~ the prin"ipk of the 
!""jf)(LlfY miclllphclne ot'c,crihed in Sec. 1.3.4 Fig. 
';X(h) ~how~ a more c(lm cntionil) ,I: Ie ('hurl' .\ \1S­
26), in \\hich the two ('lcmenl~ arc l,'T;l"ined in the 
cJ(lfl,!;:Jll'd ,crcen 'cetion. 

5.8 Zoom Microphone 

Ishigaki et a1. [40] de!>cribe a microphone intended 
for use with video cameras which has variable directivity 
(Fig. 49). The system has three unidirectional electret 
microphone units, and the polar pattern can be contin­
uously varied from omnidirectional through cardioid 
to second-order gradient unidirectiona1. The directivity 
control is linked with the zoom lens control on the 
camera. The authors do not show a photograph or !'.ketch 
of the experimental microphone. 

5.9 Noise-Canceling Microphone 

Fig. 50 shows a drawing of the Knowles BW-1789 
!'uhminiature electret noise-canceling microphone ele­
ment. This is similar in construction to the pre~sure­
~ensjng microphone developed by Killion and Carlson 
[5], except that both sides of the diaphragm are open 
to the atmosphere, similar to a pressure-gradient velocity 

\~' : • I :~ 
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i 

(a) 

---L..~-------"ONOGRAM 

fiLTER 'SCRE£" 
__~~er­

;.-----GASKET 

CAR1RIOOE 

..,nll: PLAn 

"'ACM'''( SCREWS -----"'" 

(b) 

Fig. 46. Lavalicr microphoncs (a) Electret conden~er 
(Countryman As~ociates modeJ ISOMAX 11-0). (b) Dynamic 
moving coil (RCA type BK 12A). 

(a) 

(b) 

Fig. 47. Wireless microphone system. (a) Vega hand-held 
transmitter Model T-87 and (b) diversity receiver Model 
R-42. 
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•.. ,~,llOr,,; Ihe " 1. ,;',( III Fig'U :, J ,;,! 

IllU\! be muunted ill h()'l~;iqb for lI' e ')'! a hc',,,.lsct. 

The graph sht)wS the principle of ope· ,Hinn: tr'e rar­
field re~ponse to a d,~fanl "olJnd "uurce rise~ ,j( 6 dB 
rn octave because the displacement-sensing element 
i~ actuated by the pre.;,ure difference between the front 
and back sound openings, v.hich rises with freyuency. 
The ncar-field response, with a person speaking very 
close to the microphone, is uniform with frequency 
due to the proximity:effect of a velocity microphone 
being additive to the far-field response curve. 

If the far-field sound sources are ambient noise, the 
noise-canceling effect is the difference between the 
near- and far-field curves. Therefore the noise-canceling 
microphone is most effective in canceling low-frequency 
noise, and is used in voice communications in com­
mercial and military aircraft, spacecraft, land mobile, 
and marine applications. Dynamic moving-coil and 

(a) 

(b) 

Fig. 48. Direction-sensing microphones. (a) Shure model 
AMS-22. (b) Shure model AMS-26. 

• "';"j I. t! .. " ,3 I nth ,~' \.. ! d i l. nJ p L t ") G S 

.,1! ,lrd li"if!c;ll,cr i" raptdly rcpLk ing l1IJny of 
>IlL"! I ',dlieers Carbon Ir3n~ljucers v.ere used in 
n,)i~e·";JT)'cling microphones, but are littk used today. 
Style~ ,)f lIuise-canceling microphones include b.,nd­
held and ,t3nd·mounted type~ in 3ddition to the boom­
mounted ht:dd"ct models. 

5.10 Conference Microphone 

Fig. 51 (c) shows a teleconferencing microphone 
which was described by Snyder [41]. This microphone 
is currently being provided by Bell Telephone as part 
of their teleconferencing system. The microphone is 
placed at the center of a conference table and is claimed 
to provide uniform pickup of speech from all partici­
pants, while rejecting reverberant sound and noise. 
The microphone consists of a vertical array of omni­

/ALI HOLES LIE WITHIN~ 

(.. / .. "~'''''' ". "'''' 'T@B' 
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1 __ I~ -I-~ 
i '1 ---=--r 

-J L5 59( 2201 L.S4 {,025)~H'~U'" 

1000 

Fig. 50. Noise-canceling microphone element (Knowles 
Electronics model BW-1789). Dimensions in millimeters 
(inches). Nominal weight 0.28 gram. 

PHASE 
COMPEN~ATOR 

Fig. 49. Zoom microphone, (f-. , !.;., .Iki rt aL [40].) 
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dirL-,:lional ,kell!:1 L'.-n,L. '1'l r c:' ,,'U);, 1'1.;, L I :, 

a .':160° toroidal 'h"pc'd pickup I'Clfh:1fi \\;th ",,\II>IUIII 

"ul,itj\ it} in Ihe plane ,If the I.·j"crs· r,;Olllhs. The 
lHlncn "r.:l,inf' ofthl' l'lcllh:nts pLl\idc, hCII('1 rcjl:c\ion 
of ~(lund, al 90° III Ihe plane of maxin',um ~Ln';li\ il\. 

Ol~un 133) dc,crihes a line microphone \\ ilh a rihh~n 
pre,,~ure element which ha~ m;J\imum ~cn"ili\'it\' at 
right ang!~"S to the line axis and a toroidal ratler~ as 
~hown in'Pig. 5l{a) C:lnd (b). This .Iine microphone is 
equivalent to a verlical array of pressure microphones, 
and so the theory developed by Olson applies to the 
teleconferencing microphone. 

5.11 Hot-Wire Microphone 

The hot-wire microphone (Fig. 52) consists of a fine 
wire which is heC:lted by direci current and cooled by 
Ihe allernating air flow of a sound wave. This causes 
a change in the electric resislance of the wire. The 
output \\aveform is twice the frequency of Ihe sound 
wa\'~ hecause Ihe wire is cooled by positive and negative 
particle velocilies. Therefore according to Olson [3, 
PI'· 329-33 J], i! cannot be used for the reproduction 
of sound. 

(a) 

The throat micJllplwnc is rictured in Fi!C . ."3 .. nd 
dc'c) ihcu hy 01 s(ln 13 J. Ttl(' carhon Ir~m ,duler i, d j! cell) 
dli\cn by conli1ct \\ ilh the Ihrnal. The ;il,\u~l;cal 

impcrLmcc of the \ ibraling ~\qL'm j, hil'hcr t1"jf; for a 
minclrhnne that i~ used in ·air. hCLiiu:e of the hil'h 
acouqical impcd<Jnce of the fie,h of the thf(lat. The 
high-frequency response of the microphone rnu~1 be 
boosted to compensate for loss of high-frequency con­
sonants in passing through the throat. Other kinds of 
transducers may be used. The throat microphone was 
used in mililary aircraft in World War II, but is now 
obsolete. 

5.13 Ear Microphone 

The ear microphone pictured in Fig. 54 was intro­
duced a few ye<Jrs ago by Lear-Siegler for radio com­
munications applications where the hands remain free. 
It is simply a magnetic earphone transducer used in 
reverse. The voice sound pre~ent in the ear canal is 
missing much of the high-frequency consonant ~ounds, 
so high-frequency boost in the amplifying system is 
required. The author heard a demonstration of a syslem. 
and speech was quile intelligible. An additional novelty 
of the system i~ that the transducer is used as an earphone 
as well, thus providing two-way communications. 

5.14 Tooth Microphone 

This was developed by Brouns [42] for providing 

(b) (c) 

Ffig . 5 J, Conference microphone. (a) Ri.bbon/line type, OIl'on. J 939. (From Olson! 33].) (b) Three-dimensional polar pallern 
o (a) at L = 2>.. (c) Teleconference mIcrophone. 
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\.\ no J.[C' t\t(:a~h i g f:!:!!urn. It l'un~j>t" "'( ,i i':' Pi~' 
 \:1_ 

acCdcr,)J1It'ter \\ hi,'h i Lj~:"!lcd to J tooth ~hg (i). 

Tht' ctuthnr iudie alc's that the microphone produ'c, in­
tc:lligibk "pccch but reports (Pllsiderahle: difficulty in 
hal ing a II in: protrude from the mouth. He rect1rnnlcnds 
,orne: fllrm of telemetry to eliminate the hard wiring 
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Fig, 52. Hot-wire microphone. (From Olson [3, pp, 329­
33Ij.} 

CASE 

Fig. 53. Throat microphone. (From Olson [3, pp. 329-331].) 

Fig. 54. Ear microphone, (Courte~y of Centurion Inl<'.'n.: 
tiona1) 
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Fig. 55. Tooth microphone. (From Brouns [42J.) 


