A Professional Condenser

‘Microphone

R. WILLIAMSON

In 1957 the author decided to do what amateurs are not supposed to do—build a professional-quality
condenser microphone, Here are his footsteps for the serious, and extremely careful, amateur to follow.

for flexibility of use and superiority

of fidelity ome particular type of
microphone reigns supreme above all
others—the condenser (electrostatie or
vapuieitor Lo the technieal avant garde).
Now in almost universal use where the
highest guality is demanded, the modern
eondenser microphone has that often in-
definable “something” that makes it the

F:-: W AUDIO EXGINEERS would deny that

g

T
RARIFIED

AR UMDISTUZEED
AR
COMPRESSED
AR

(8)

PRESSURE

" PARTICLE

, :m

Fig. 1. (A) and (B} show generation of a

plane sound weve by o vibraling body.

(1) end (3) show node and anti-nade of

pressure component; (2) and (4) similarly

show node and anti-node of wvelocity

component, (C) and (D) show the same
thing in graphical form.
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Fig. 2. Phase-loss effect.
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Fig. 3. Diffraction by cylinder.

preferred type amongst diseriminating
profeszsianal engineers and audiofans
alike. Unfortunately, along with its su-
periority of performance, all condenser
mierophones share one common denomi-
nator, that of high eost. It was this
Iast factor which induced one impecu-
nions audio enthusinst to undertake in
1957 a detailed study of the hasie design
feature: of all eondenser microphones
and, if at all practicable, to actnally eon-
struet one. This artiele is intended as a
bhroad survey of a venture that so far
has proved highly suecessful and more
fruitful than originally anticipated. The
information herein may be of some help
to any other enthusiast who is tempted
{o tackle a vather difficult eonstruetion
‘project.

To understand fully the construetion
of a modern eondenzer microphone, it is
vital to familiavize oneself with the basie
design features first. Otherwise it is quite
casy to make what seems to be an insig-
nificant alteration 1o a parlicular con-
structional detail, with sobsequent ad-
virse effcels on the performance of the
finizhed mierophone.

All mievophones arve eleetroacoustical
transdueers; that 15, they convert acous-
ties energy into electrical energy. All
mwicrophones have a diaphragm coupled
to an eleetrieal generator and, in cop-
mon with ribbon microphones, the dia-
phragm of a condenzer shares both fune-
tions. Essentially, it i= o variable capa-
citor with one fixed vlement and one (the
diaphragm) free 10 move in sympathy
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Fig. 4. Effects of clamping ring (cavity resonancel,

with soumd vibrations impinging upon
it. Dependent upon the type of micro-
phone, the diaphragm will respond to
either the pressure or the veloeity com-
ponent in a sound wave, ignoring for the
moment the types which respond to hoth
(#g. 1). A veloeity-sensitive diaphragm
will réspond only to the pressure dif-
Ference between the two sides, so such
a diaphragm s open to the sound field
o both surfaces. A Lypical example is
the vibbon, and it 15 well known that all
such veloeity micropliones are bi-divee-
tional and have maximnm sensitivity to
sound sources at right angles to the plane
of each side of the diaphragm. Sinee,
Low, the forces which operate on each side
of the diaphragm are 150 deg. out of
phase, the electrical output will also be
150 deg. out of phase for sounds on each
side of the microphone. Pressure-oper-
ated mircophones, on the other hand,
respond only to the pressure component
in a sound wave and only one side of the
diaphragm is exposed to the sound field;
the other side is completely enclosed and
internal pressure is constant. Sinece the
pressuve component in a sound wave is
also constant, irrespective of direction-
ality of source, a pressure-operated mi-
crophone is omnidirectional, that is, gives
constant electrieal output whatever the
direction of the sound source. Into this
latter eategzory eame the earliest eon-
denser microphones,

We can now consider the operation of
a simple condenser microphone system
consisting hasically of a stretched din-
phragm and a totally enclosed fixed elee-
trode. The capacitance between them will
vary as the diaphragm responds to sound
vibrations and if a polarizing potential
is applied aeross the diaphragm and
fixed electrode through a very high re-
sistanee, the charge will be held constant.
Sinee ¥ = (/0 the voltage aeross the eon-
denser will vary inversely with its ea-
pacitanee. The diaphragm of early
condenser mierophones was usually alu-
minnm or one of its alloys, and a fraction
of 0.001-in. thiclk., Tt was stretched so
that when the complinnee reactanee
cijualled the manss reactance, the result-

1R

ant resonanee ocenrred at the upper end
of the audio band. Eelow this frequeney
the diaphragm corpliance. determined
the velocity of mevement for a given
sound pressure. As the reactance of the
complianee varvies inversely with fre-
quency (complianee being analagous to

eapacitanee) the veeity will also vary

inversely with frequ-ney. Thus the amn-
plitude of movement will remain constant
wilh frequeney, but vising near the dia-
phragm resonance. The designer then
contrives to introdue: narrow chanuels
and ecavities in the space between the dia-
phragm and the fixed electrode, heavily
damping the diaphrasm vesonance. This
is roughly similar to resistance being in-
troduced into a resonant electrieal eir-
cuit to lower the “Q." Unfortunately,

_the “upper end” of the audio band has

been moving steadily upwards over the
past 30 years (and judging by some of
our hi-i amplifier specifications, is enr-
rently in the region of a megaeyele!).
Sinee sensitivity was inversely propor-
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Fig. 5. Diaphragm mcunting jig. Assem-
ble by alternating '3-in, long screws
with ¥-in. long ones. Knurled nuts are
screwed on the %-in. screws, and are
used to stretch the membrane by forcing

the boss on ring “C" into the plastic.

tional to the frequeney of this fiest fun-
damental resonanee, plus the difficulty of
stretehing the fragile metal usel as a
dinphragm, the early mierophones often
haul vesonanees as low as SO00-10,000
eps. Whilst this resonanee was n=ually
well damped, it did introduaee enloration
nto the sound and it has been suggested
that it was a contributory factor to the
“steely” string tone of our early LP’.
Superior dinphragm material eame along
with the rapid evolution of wodern
plastics—Ifirst polyvinyl chloride and now
polyester film is in almost universal us-
age. Metal is ravely used, except where
exeeptional stability of chavacteristics is
desired, such as aceurate sound field men-
surement. Plastic diaphragms ave ren-
dered electrically conduetive by an ex-
tremely thin film of metal, usually zold,
silver, or aluminum vaporvized in a vae-
uum and allowed to condenze on the
surface of the diaphvagm. Only one sur-
face 1s eoated, that which is nway from
the fixed electrode. This  provides o
safety mensure against accidental eon-
tact between diaphragm and fixed elee-
trode, thus permitting a vather smaller
gap than previously possible with metal
diaphragms. The lower mass of these
modern plastie foils has made it pos-
sible for the microphone designer to push
the resomance to a wmueh higher tre-
queney, certainly well out of nuisunce
range and is determined almost entirely
by the compliance of the air film in the
cavity Dbetween the fixed clectrode and
diaphragm.

So far we have considered the function
of the diaphragm and its influence on the
main eriterion of fidelity, frequency re-
sponse, and bandwidth. There are, how-
ever, other important factors which in-
fluence the performance of a mierophone
—its shape and size. Ideally, the best mi-
crophone is one not there at all. This is
not as nonsensical as it sounds and it is
not entirely out of aesthetic consideration
that modern mierophones, particularly
those used on 'I'V are hecoming more and
more inconspicnous. A microphoue liter-
ally stands in its own sound shadow,
and its very presence will influence its
frequency response and diveetional char-
acteristies. These effeets become signifi-
cant when the wavelength of sound is a
substantial fraction of the actual phy-
sical dimensions of the microphone. The
net effeet is usually to make the micro-
phone more sensitive to the incident
sound and less sensitive to reflected
sound. In other words, there is a devia-
tion from true omnidirectional charae-
tevisties and with inereasing frequency
to some degree of directionalily. This
may or may not be an advantage, de-
pendent upon the designer’s intention.
With microphones designed lor accurate
sound field measurement, such an effect
is usunlly undesivable and it can be



-liown that the dimensions of such a mi-
crophone should be of the order of 34-in.
diameter or less, Tlowever, for reasons
it would take too long to po into, it has
een found that complete omnidirec-
somal eharacteristies mre rarely desirable
cith, for example, orchestral musie, and
ee of directionality i1s an ad-
vantage—say, above 5000 eps. Diwmen-
of 1 to 1%%-in. are numuum; and
the attendant non-linearity ean be mini-
wized by the actual shape of the miero-
A sphere 1s the ideal, but does
mtroduee construetion problems, partie-
ularly for the amateur. There is also
Utle pomt in designing a small miero-
vhone element unless the easing in which
1 is mounted has comparable dimensions.
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L= we will see later, the ecasing of our
:l|-|:1“|_‘\r|" |'||Hl||'||‘1'r'l' ”il"ril]lh”lli' Ll-'i."\ {1
wontain rather more than just the mi-
craphone element and as the writer has

scovered, this was not amongst the
wast of the problems involved. A exlin-
der s the next favoured shape and iz a
atisfactory compromise, giving a rea
crathle performanee commensurate with

ustructional difienltics. Figures 2 ol

show the devintion {rom frequeney
mearity vesulting from the two main
cifects know as “diffraction” and “phase
22" Grraphice illustration of these effects
uas asswned a perfeet plane wave, that
which the entire wavefront

at a vight angle to the dirvection of
vropagation, Such perfect plane waves

ole In

n free nir arve rave, althouzh the con-

Fig. 6. A disman-

tled capsule with

a discarded dio-

phragm. Assembly

on left is dio-

phragm mounting
iig.

dition is approached for spherieal waves
at a considerable distance from the
source. Also, sound never strikes a mi-
erophone from a precise angle (exeept
in an anechoic room) but is diffused by
surrounding objeets, e walls and so
on. So it i perhaps fortunate for all mi-
crophone designers that the subjective
performance of a microphone is usually
far superior to that predicted in theory,
otherwise an embarrassingly large pro-
portion «f the world's microphones
would have been thrown out by their
owners long ago!

One final consideration
avoidance of envity resonance. .“lll_\' cavi-
ties in clo=e proximity to the microphone,

remains—the

having dimensions comparable to wave-
lengeths within the andio speetrum, ean
resonate snd so modify the sound field
pattern. A simple experunent can show
this effeet hy speaking with a can held
against the mouth. The hollow sound that
results i= vaused by the absorbtion of a

narrow hand of frequencies withmn the
andio spectrum, Obviously, the miero-
phone easing itself is a possible cause
of o presouneed eavity resonance and
l;:'m-;luh.--_? must he T.'ll\'l‘ll :IJ_’.’l]ll'l."\l. this.
Effective zealing of the wain hody of the
microphe:e easing against exeitation by
the sound deld 15 the only method of pre-

vention. A less obvious resonant cavity

aotnal diphragm-clamping  as
v shallow cavity is formed of
the diapkragm elamping ring, thickness

15 the

hl'lllhi}'.

(d) nnd its dinmeler (D). Figure 4 shows
the and
clenrly demonstrates that for it Lo have
negligible effeet, the depth of the eavity,
and thus the thickness of the clamping,
ring, should not be greater than 1/10 the
dunneter.

effects of such a resonance

Construction

We have now reached the point where
the actual construction details of the
prototype microphone can be examined.
Whilst many of the design parameters
could have been worked out mathemati-
cally beforchand, 1t was deeided that
the empirical approach would be tried
first. At least, if preliminary tests proved
encouraging it would be some indieation
whether the project was worth pursuing.
(Tt must be admitted that the original
intention was some practical demonstra-
tion to silence the “doubting Thomases”
amongst the writer's fellow audiofans.
All had declared the whole project hare-
brained—amateurs just don't make mi-
cropliones.) A number of test micro-
phone capsules were constructed of vary-
ing diameter, in which provision was
made for adjustment of the gap depth
bebind the dinphragm and the size and
depth of the damping boles. A series of
tests were made to show the influence of
any variation in these factors upon the
sensitivity and frequency response, The
two basic tests were free field measure-
ment and direct excitation of the dia-
phragm with an electrosiatie dise. These

early experiments revealed that a sur-
prising degree of latitwle was permis-
sihle in actnal counstruction details, so
from the data obtained a prototype cap-
sule was made. The diaphragm material
used was polyethylene terephthalate, a
polvester film of British origin, marketed
under the trade name “Melinex.” It can
be obtained in G yu thickness and coated
with a thin film of aluminum. (No doubt
“Mylar” of sunilar thickness would be

Fig. 7 (left). Schematic of microphene. Fig. 8 ‘below). Sche-
matic of power supply.
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Fig. 9. Internal construction of one of
the microphenes. The plafe-to-line trans-
former (bolanced 30-50 ohms) is at the
lower end, Note that the 2-in. diometer
metal case and bottam cap are not
shown.
equally satisfactory). The body of the
capsule was fabricated on a lathe from
one of the methacrylate plasties, “Per-
spex.” (Again, “Plexiglas” would prob-
ably do just as well.) The clamping ring
and center electrode are of brass. The
construetion of the capsule demands rea-
sonable proficiency in lathe work and
the simple technigue adopted to provide
the aceurate gap between the fixed elee-
trode, and dinphragm should be of inter-
est. Both electrode anid body are made
slightly over thick, with the clectrode a
snug fit inside the body. A shim of 1-mil
thickness is fitted behind the electrode
and firpnly clamped hy the retaining
serew into the plastic body. The Face of
the entire asseinhly 1s then turned down

20

carefully in the lathe to the required
dimension. Tool marks should be as little
as possible, although a high polish is
neither necessary or desirable. Both body
and electrode are then given a minute
“key” mark at the edge with a senber
and the electrode removed. With the slim
discarded, the clectrode is thoronzhbly
cleaned and replaced, the “key” marks
being used to ensure an identieal posi-
tion in the plastic body. The uniformity
of the 1-mil gap ean be checked visually
by a steel ruler held edgewise against
the surface of the plastie surround and
examined whilst held up-to the lizht.
If all is well, the holes ean now be
drilled, again with great eare, all burrs
and metal particles being thoroushly
cleaned away on completion. The aciual
diaphragm mounting technique was a
minor problem and was eventually solved
with a simple mounting jig (Fig. 5 and
fi). There was some toying with the nlea
of a self-stretehing clamping ring, but
such o ring always effectively increazed
the dimmeter of the eapsule. As wen-
tioned earlier, this was undesirable and
s was rejected. The plastic is elamped
between the two rings, coated side up-
wards, The third ring with the streteling
hoss is earefully fitted over the four long,
alternately spaced clamping serews. s
the plastie very zently stretehed by tizht-
ening the four knuvled nuts, Stretehing
should be only just enough to remove

{which, ineidentally, should be examined
carefully for any minute flaws before
being seclected for use). It cannot be
emphasized too strongly that the whole
mounting process must be carried out
in conditions absolutely elean and free
from dust. It is admittedly difficult to
create in the average amateur's work-
room conditions akin to a fuctory “white"
area, but the writer ecan confirm from
hitter experience that the slightest par-
ticle trapped hetween diaphragmm and
clectrode will eventually cause failure
of the eapsule and usually at the most
inconvenient moment. The body of the
capsule should now be held against the
unconted side of the stretched plastice
and by breathing on the coated side the
position of thie serew holes for the elamp-
ing ving will hecome visible. At the
same time, the swrface of the diaphragm
should be examined to ensure that no
particles of dust or grit are trapped
behind the diaphragm. If during the
entire mounting procedure there is any
indication of this, then the whole process
mnst bezin again. It is permissible to
clean the surlace of the electrode with
a lintless eloth moistened with carbon
tetrachloride, but eleaning of the plastie
should be kept to a minimum, no more
than a very gentle hrushing with a soft

sable brush.
If at this stage all is well, the dia-
phragm is very gently pierced with a
(Continued on page 43)

the natural wrinkles in the plastic
Fig. 10. Dimen-
sions of the cap-

sule,
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CONDENSER MICROPHONE

(From page B0)

-
J:-"I-I' vl [wn lonslies i |I1l|‘rll.‘-i.llte siiles
i I capsule body, The clamping ring
= Phen ill;|l‘l':i over e eoaled surfaee
ol e plastie; Two serews e inserial
gieougle the holes in the ving and the
plastic and earefully serewed into the
body. This procedure is followed with the
remaining six, inserting caeh serew on
opposite sides of the 1'ing: When all are
fitteel, each 1s tightened with equal firm-
ness. The whole capsule can now be re-
pwnvetl by cutting away from the mount-
ine g and trimming off the surplus
],]-;1,«1u:. At no time during this process
ghonld cither surface of the plastic be
touched with the fingers.

The final step is heat treatment of the
mounted diaphragm. This has the effect
of Turther shrinkage of the plastic and
slabilizes the diaphiragm against ex-
tremes of temperature change. A hot
blast of air from a hair dryer held close
tv the eapsule for 3 or 4 minutes is the
recommended method.

Tlaving now eompleted the “heart™ of
the microphone, atteution can be given to
catering to ifs electrical requirements, A
~mdenser capsule of this type is almost

& ecapacitance and a typical value is

i the region of 100 pf rising a little
when the polarizing potential is applied.
Thi= s eansed by electrostatie attraction
between dinpliragm and fixed electrode,
< reducing the nominal gap. It will be
“appreciated that one cannot connect the
capsule by ordinary cable to the ter-
minal equipment with which it 1s being
used. Kven using coax, n substantial part
of the signal can be lost due to the shunt
capaciluner of the eable itsell. So the
usnal practice 15 a “head amplifier” in
rloze proximity to the eapsule and within
the body of the microphone casing itzelf.
Actually, the term “head amplifier” is
something ol a misnomer, sinee its prine
Lunction is to mateh the very high souree
impedanee of the eapsule down to a
more manageable low impedance usually
the familiar 30 or 600 ohms. Figures 7
awd 8 indicate the line adopted by the
writer, hut should not be regarded as
definitive, Althouzh a tube of Buropean
Mririn was nsed sinee it was ideally suited
Tor this partieular application, there are
Probably a number of American alter-
ativies, A triode with a plate resistance
btween 10,000 and 20,000 olims de-
sened for low-noise work should fit the
ie requirements, and one seetion of a

- AYT, or its “preferved” equivalent
G072 wonld seem a satisfactory substi-
tule. Tn thiz partienlar application, the
most Jinpartant faetor to aim at is low
noise 5o that, due to the high impedance
i the grid eireuit, doe. “heating” is ab-

solutely es-entinl, TU will e nofed e the
wriler's power supply that @ common
Bk oo heater supply 35 used with the
mnwanbed vollaee heine deopped down
to the J'i'Ill..il'l.'f[ 12 volts at 100 mA h\
a lege preset resistor, This may secm a
wasleful way of going about it and there
are more convenlional methods, but it
does use lesz components than a separate
heater supply, and a suitable transformer
happened to be available, There is one
advantage—the heater supply is from a
virtually constant current source and the
microphone cable can be extended at will
from a short to a very long length with-
out appreciable losses in the cable itself.
With the more orthodox low-voltage
heater supply, there may be fluetnations
in the heater voltage due to wvariations
in eable resistance if the length is altered.
The actual polarizing voltage was de-
termined experimentally and is in the
region of &0 volts for the capsule shown.
Higher potentials have little advantage;
the sensitivity does not  inerease ap-
preeinbly above a cerfain voltage level
and there iz the risk of collapse of the
diaphragm from excessive electrostatic
foree. The choice of values for the polar-
izing and erid resistors warrant some
mention. The vecommended value for the
polarizing resistor is 150 megohms and
it must be a high-stability type, as in-
deed should all the resistors i the head
amplifier. The choice of value for the
grid resiztor is mildly controversial. First
of all, both polarvizing and grid resistors
are effectively in parallel with the eap-
sule. Sinee the source impedance is pure
cupaeitance at a certain low frequeney,
when the zouree impedanee equals the
two resistors in parallel, output will fall
3 db and thereafter at 6 db per octave,
It is preferable that the polarizing re-
sistor be 2s high as practieable to mini-
mize aecidental leakage enrrvents, there-
fore the value of the grid rvesistor can
ultimately determine the low-frequeney
response of the mierophone. One sehool
of thought suggests that, aside from low-
frequency considerations, the value of
the grid resistor should also be as high
as practiezble, on the grounds that theo-
retically a low noise fizure results. Con-
trary to thiz. it has heen found even more
desivable t4 use the grid resistor in com-
bination with the ecapacitanee of the
enpsule a2 4 high-pass filter and o pro-
portion viiues to attenuate evervthing
helow 30 eps. The response of the eap-
sule extends well down into the subsonic
region and it 15 contended that nothing
below 30 ¢ps has any musical value. In
fact, there is adequate proof that it ean
e o positive nusanee and any such
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winet= milzht even overload the ampli-
ger i extreme cases, The eapsule shown
= o souree capacitanee of 120 pt when
polarized, 50 a grid resistor of 60 mee-
s was chosen. The over-all bandwidth
of the completed microphone ecan be
cweked by inserting a low value of re-
-tor in the “ground” side of the eap-
aebe and injeeting an audio signal via a
pe el high resistance.

~.. uch for the construction of the
protaiype microphone. Figures 9 and 10
<iww the basie construetion technigue
-miuph.‘l.l by the writer, with the whole as-
sembly  built  turret-fashion on two
threaded-metal pillars. Tube base and
line transformer are mounted on circular
lastic dises, suitably dimensioned to a
comfortable fit in the tubular metal body.
These dises are drilled and fitted with-
rivetted soldering lugs and, as shown, the
eomponents are wired between the two

o
A
]
. 2
o a0 0+
A
o “@ * R
B
N
\\ 180®
C

Fig. 11. Varicus microphone patterns:

(A) circular (omnidirectional); (B) cosine

hidirectional); (C) cardioid . (unidirec
tional), or (A) + (B).

dises. The rest is dependent upon the con-

structor’s skill at metal work and there

are, no doubt, other ways of solving the
eonstruction problems involved. The im-
portant factors are avoidanee of any
open cavities in_the microphone struc-
ture, neghglbLsound obstruetion around
the capsule and above all, very thor-
oughly shleidmg_,becansa of the excep
tionally high impeédanee of the grid ¢ir
cuit at hum frequencies.

Different Patterns

So far the microphone discussed has
been of the omnidirectional type, and
when the preliminary field trials con-
firmed its obvious superiority in ﬂdehty
over the others in the writer's micro-
Phone armory, it was frequently tempt-
I0g to use it where its omnidirectional

cteristics were wholly unsuitable.
So back to theory and experiments with
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the test eap=ules. As shown earlier, a

plane sound wave has a veloeity and a
pressure  eomponent and  the diagram
shows that each 15 displaced in phase
from the other by 90 degz. It can he

demonstrated that when the output from
a pressure-sensitive microphone (e.g., a
dynamie) is combined with that of a
veloeity sensitive microphone (eg., a
rihhon) a cardiond pattern results, as-
suming hoth outputs are equal (Fig. 11).
(This ean he proven experimentally with
two microphones and a mixer; the two
mierophones should be very close to-
gether.) This is one way of obtaining a
cardioid pattern electrically and is, in
fact, the basis of at least one commercial
design. With condenser mierophones, the
mixing is carried out acoustically and,
in the single-diaphragm type, sound
from the back of the eapsule is allowed
to reach the diaphragm via phase delsy
networks. These take the form of long,
narrow channels through the body of the
capsule. With careful proportioning of
the length and diameter of the channels,
the phase of the veloeity component can-
cels the pressure foree for sounds from
the rear of the capsule. Thus a ecardioid

. response results. In the capsule illus-

trated (Fig. 10) these “velocity conver-
sion” tubes are shown and unblocked,
the eapsule has an excellent cardioid
response. If on oceasion an omnidirec-
tional response is required, it is a simple
matter to block these holes with small
metal plugs. In the extensive tests since
1960 this basic design has acquitted it-
self admirably and in faet, quite & num-
ber have been constructed successfully.
It has been tempting to continue work
on the more sophisticated capsules such
as the twin-diaphragm, mu]tl-pattern
types. However, experimental work is
under way to try to solve some of the
¢onsiderable construetion dxﬂiculhes of
a single-diaphragm velocity capsule first.
It may be possible to give details of this
at a later date.

It might be asked, how does this miero-
phone measure out by the usual objective
tests? Anechoic chambers are not for the
amateur, so free-field measurements have
been eonducted in the open air, using as
aﬁ‘m_:gnd source the most Imear tone
gource available—a full-range electro-
static” loudspeaker. Since an ‘accurate
calibrated reference m:crophone was not
avauable; results of this' test cannot be

arded as highly accurate because the

amplitude nonlinearity of the speaker
was included. Nevertheless, the frequency
response ean be regarded with confidence
as substantially flat from 30 cps to 16,-
000 ecps. Total harmonie distortion
measured at 200 cps was less than 1 per
cent up to an extremely high volume
~level—in fact, the limit that could be
handled by the test speaker. In the ear-
-dioid mode, the back to front diserimi-
nation was 18 db at 1000 eps and holds
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to this figure, or hetter, over a substan-
tial part of the audio band. Finally,
sinece most microphones are used to re-
cord musie, how does it sound? In one
word—superb—and more than worth
the consuderable work it has entaled.
In conclusion, an apology. If, in de-
seribing some of the highly complex de-
sign features of microphones generally.
the writer has been guilty of over-sim-
plification, this has been solely in the
interest of brevity. Any reader wishing
to pursue a more detailed (and possibly
accurate!}) analysis, is referred to the
numerous texthooks on the subjeet of
electroacoustics, £

LETTERS

(from page &)

that there are five of order four, 12 of
order five, 35 of order six, and 108 of
arder seven.

If one substitutes certain parameters
derived from group theorctical arguments
concerning the polyminoes of order four
into Aschinger's equation for the a.c. load
resistance we obtain a “resistanee” of 5
ohms.” Similarly, using parameters for
the other orders successively in the equa-
tions for emitter feedback resistance, low-
fﬂ:‘llul_'lll‘.}' ininlt, resistance and minimuom
input resistance we obtain values of 12.
35, and 108, respectively! Even more as-
teumding perhaps is the faet that il ane
puts in the appropriate parameters for
order cight into the cutput resistanee equa-
tion we obtain the number 370. Heretofore
the number of pelyminoes of order eight
has been unknown but I strongly suspect
that 370 is the correct answer. Perhaps
some other readers have come to the same
conelusions,

M. Bropoeoy
2201 Channing Way
Berkeley, California
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