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Looking over the reverberat ion market,  one views
everything from "space expansion" devices to gold foi l
models,  with equipment costs ranging from about $100 to
more than 50 t imes that amount.  You can' t  help but ask, is
there real ly that much di f ference in performance between
the var ious manufacturer 's equipment fal l ing within these
two extremes? Reverberat ion equipment seems to group
itsel f  in the general  pr ice ranges of (a) below 9500,
(b) $500-$1,000, (c) $1,000-$2,000, and (d) over $2,000.
The higher range can easi ly exceed the cost of  pr imary
recording equipment that the reverb would be ut i l ized
w i t h .

In the basic reoording equipment,  ski l l fu l  usage can
make recordings on budget equipment that are almost
unnot iceably di f ferent in qual i ty from those done on the
most  expens ive  equ ipment .  But  when dea l ing  w i th
reverberat ion equipment,  one f inds that the cost vs.
qual i ty required is not necessari ly proport ional to the
overal l  equipment budget,  nor does ski l l fu l  usage have
the same effect.  Five thousand dol lars worth of basic
recording equipment can make excel lent tapes, but
reverberat ion equipment worth of such tapes wi l l  add at
least % more to the investment.

A lot  of  ef fort  is being spent,  even today, by individuals
as wel l  as manufacturers on ways to achieve high qual i ty
reverberat ion without spending this apparent ly dispropor-
tionate amount of money that good reverberation seems
to cost. Over the years we have heard of many novel and
often rather extensive schemes to try and bypass the

requirements for the more expensive reverberation
devices. Only a very few of these attempts have been
capable of passing the l istening test.

BASIS FOR CRITERIA
The primary problem with any approach is that the

human ear is an extremely sophisticated device and is
quite particular about the type of reverberation that it
wants to hear. No special talent is required to make a
l istening test.  With very l i t t le experience, almost anyone
can pass judgement on a reverberation device and will
probably f ind himself in general agreement with others.

This very fact determines the quality required in
reverberation, regardless of the cost. lt is almost as if
poor reverberation is worse than none at all. Poor
reverberation is readily apparent when transient material
is involved, or, to put it another way, transient material
always requ ires good reverberation.

To the already diverse product lines of reverberation
devices now on the market, there will soon be appearing a
group of low priced delay lines which can be recycled and
thus form another type of reverberator which is very
similar in performance to the recycled tape loop, an
elementary set-up on the professional tape recorder.
From this assortment of electro-mechanical and now all-
electronic devices when taken in relationship to the
sophistication of the human ear, what are the criteria for a
reverberation device and how do they-equate to money
wel l-spent?



The primary consideration in reverberation is the
somewhat elusive qual i ty cal led di f fusion. Al l  reverbera-
t ion devices contain standing waves in their  output
structure, with the di f f  erence being whether these
standing waves are a large or small portion of the total
output energy.

A poor qual i ty machine wi l l  have a coarse comb f  i l ter
effect with almost complete cancel lat ion of s ignal at  the
comb minima points,  whi le a good reverberator wi l l  have a
f ine comb f i l ter ef fect and only a very smal l  amount of
cancel lat ion at the comb minima points.

The old technique for plot t ing out the standing waves in
a room or auditor ium is very val id for assessing the
dif fusion capabi l i ty of  an art i f  ic ial  reverberat ion chamber.
It is also a very easy test to perform. To make such a test,
s lowly (very slowly) sweep the chamber with a sine wave
osci l lator f  rom about 50 Hz to 5,000 Hz. Count the number
of output ampl i tude variat ions which occur,  as measured
with a VU or dBm meter,  or plot ted on a graphic recorder.

The result ing quant i ty of maxima points divided by the
f requency range covered (in Hz) is referred to as

Resonances per Hertz
and provides a strong indicat ion of the chamber's
performance qual i t ies. A good reverb wi l l  produce close
to one, or even more, resonances per Hz, whi le a poor
qual i ty machine wi l l  result  in a magnitude or more fewer
resonances per Hz.

Figure 1 expresses this concept.  The low qual i ty
machine wi l l  have a very wel l  def ined comb f i l ter ef fect
caused by the cancel lat ions due to standing waves in the
t ransmiss ion  pa th(s ) ,  resu l t ing  in  a  low f igure  (usua l ly
0.01 to 0.20) of resonances per Hz. This effect is very wel l
known, al though not in those terms, and is responsible
for the sound so often discussed and associated with an
inexpensive spr ing reverb.

Most people ref er to i t  a "Boint",  but i t  is a
character ist ic property of delay l ines, and not necessari ly
that of  the spr ing i tsel f  which happens to be the
transmission media most often used in electro-mech-
anical reverberation systems.

Because of this fact,  i t  has been possible to design at
least two very good reverberation devices using the basic
spring as the transmission medium. One of these spring
systems is general ly ref  erred to as the torsional
transmission l ine system. The other is the Master-Room
system which ut i l izes networks of special ly designed'spr ings ' ,  w i th  the  ou tpu ts  be ing  essent ia l l y  summat ions
of numerous interconnected and digi tal ly tuned sect ions.

Figure 1.  Sine wave sweep f requency test  shows comb
f i l ter  ef fect .  A poor qual i ty  system has coarse comb
response whi le  h igh qual i ty  system wi l l  have a magni tude
greater  of  maxima points.  The smal l  quant i ty  of  s tanding
waves resul ts  in  "boing"  or  f  lu t ter  echo ef fects.

ELECTRONIC REVERBS

Because of  i ts  cost ,  the e lect ronic  delay l ine has not  yet
achieved the popular i ty  of  the more common reverbera-
t ion device.  However,  there is  probably not  a person a l ive
who ,  hav ing  the  ava i l ab i l i t y  o f  a  d ig i t a l  de lay  l i ne ,  has  no t
t r ied to dupl icate some reverberat ion ef fect  by making the
l ine recycle i tse l f  .  What  is  soon d iscovered,  though,  is
that  the recycled delay l ine is  even more "boingy"  than i ts
e lect ro-mechan ica l  cou nterpar t .

The reason for  th is  rather  weird fact  is  that  the
e lec t ron i c  l i ne  i s  a  p rec i s i on  comb f  i l t e r  and  exh ib i t s  no
di f fus ion.  The e lect ro-mechanical  device is  not  as prec ise
in i ts  physical  design and therefore has some inherent
wh ich  tends  to  reduce  the 'bo ing '  p rope r t i es .

Since d i f fus ion is  the name of  the game to a very great
extent  in  reverberat ion,  and i t  is  th is  property  which
b reaks  up  sound  i n to  t he  mu l t i p l i c i t y  o f  r andom echoes
that  p lease the ear ,  i t  wi l l  take a lo t  of  design ef for t  to
make an e lect ronic  reverb that  is  as good as our  present
e lect ro-mechanical  systems.  New concepts wi l l  have to
be developed to prov ide d i f f  us ion in  a d ig i ta l  system s ince
the obvious mul t i - tapped delay l ine can sound worse than
even the automobi le " reverberators"  which were popular  a
few years ago.

There wi l lsoon be on the market  a formidable array ot
analog delay l ine uni ts  based on the bucket  br igade
dev i ces  (BBD 's ) .  Th i s  t ype  o f  de lay  l i ne ,  l i ke  i t s  d ig i t a l
counterpar t  and the e lect ro-mechanical  systems,  wi l l
s t i l l  have to fo l low the same set  of  laws,  however,  when
set  for  a recycl ing mode of  operat ion.

I n  t he  recyc l i ng  mode ,  t he  de lay  t ime  de te rm ines  the
pr imary resonance whi le  the method of  feedback
determines whether  the ref lect ions are odd or  even
mul t ip les of  the pr imary resonance.  Var ious conf igura-
t ions of  these systems are responsib le for  the " f  langer"
and  o the r  e lec t ron i c  sound  mod i f i e r s .  The  comb f i l t e r
which is  formed by a recycled delay l ine can have two
bas i c  modes ,  depend ing  upon  the  s ign  o f  t he  ou tpu t
summat ion .  F igu re  2  i l l us t ra tes  t h i s  e f f ec t .
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Figure 2.  Recycled e lect ronic  delay l ines have precise
per iodic  ampl i tude re inforcement  or  cancel la t ions at
harmonics of  the fundamental  resonant  f requency.
Fundamental  f requency is  determined by the rec iprocal  of
t he  de lay  t ime .

The pr imary resonant  f requency is  determined by
F=11T ,  whe re  T  i s  t he  de lay  t ime .  A  de lay  t ime  o f  one
mi l l i second  i n  a  de lay  l i ne  wou ld  resu l t  i n  a  p r imary
resonant frequency of

F = 1 / 0 . 0 0 1  = 1 , 0 0 0 H 2 ,
wi th addi t ional  resonances occurr ing at  a l l  mul t ip les of  T
(2T,  3T,  etc . )  to  the bandwidth of  the system. l f  the delay
l ine was 50 mi l l iseconds long,  the pr imary resonance
would be at  20 Hz.

Slanding Wave Response ot a Reverberation System



PULSE TESTING
Any  t rans ien t  i n  t he  recyc led  l i ne  can  shock  exc i t e  t he

sys tem to  r i ng  a i  t he  p r imary  and  /  o r  a t  ha rmon ic
resonance points.  These resonances are in terpreted as
"bo ing "  when  the  f requency  i s  w i t h i n  t he  range  o f
app rox ima te l y  50  Hz  to  3 ,000  Hz ,  and  as  f  l u t t e r  echo  when
the resonance is  beiow the lowest  f  requency that  the ear
can resolve.

I t  i s  t h i s  p rope r t y  o f  t he  bas i c  de lay  l i ne ,  no t  t he
ma te r i a l  used ,  t ha t  has  g i ven  the  s imp le  sp r i ng  reve rb  i t s
bad  name and  sound .

A t  M ICMIX  Aud io  P roduc ts ,  we  deve loped  (o r  a t  l eas t
s i gn i f i can t l y  improved )  ano the r  t echn ique  fo r  room and
reve rbe ra t i on  dev i ce  ana l ys i s  wh i ch  i s  s im i l a r  t o  rada r  and
sona r  t echno logy .  W i th  t h i s  sys tem,  a  sha rp  na r row  pu l se
i s  t r ansm i t t ed  and  the  resu l t i ng  echo  pa t te rn  desc r i bes
the  t ime  doma in  cha rac te r i s t i cs  o f  t he  s t ruc tu re  o r  dev i ce
be ing  tes ted .

F igu re  3  i l l us t ra tes  t h i s  sys tem as  app l i ed  t o  an
aud i t o r i um.  The  tes t  ou l se  i s  t r ansm i t t ed  and  the
resul t ing echoes are d isplayed on a storage type
osc i l l oscope .  The  t im ing  pa t te rn  d i sp layed  i s  capab le  o f
being in terpreted as a good or  bad reverberat ion system
and the f  requency of  any t rouble points can be located by
the  1 /T  f o rmu la .  l t  was  f rom th i s  t ype  o f  s tud ies  t ha t  t he
parameters for  the Master-Floom reverberat ion chambers
were  de te rm ined .

One  i n te res t i ng  aspec t  rega rd ing  these  s tud ies  o f  bo th
l i ve  rooms  and  a r t i f i c i a l  chambers  i s  t ha t  a l l  good
reverberat ion systems have a common sound when pulse
tes ted  and  mon i to red  au ra l l y .  Wh i l e  l canno t  read i l y
desc r i be  t h i s  t ype  o f  sound  i n  p r i n t ,  i t  i s  poss ib le  f o r
anyone  to  become fam i l i a r  w i t h  i t s  cha rac te r  a f t e r  j us t  a
l i t t l e  expe r i ence ,  and  the rea f te r  be  ab le  t o  qu i ck l y  spo t  a
poor reverberat ion system. The pulse test  a lso has the
abi l i ty  to  shock exci te any resonances in the reverberat ion
sys tem wh ich ' co lo r '  t he  resu l t i ng  echo  pa t te rn .

REVERBERATION PATTERNS OF TRANSIENT
RESPONSE IN AN AUDITORIUM OR

ARTIF IC IAL  CHAMBER
TIME IN SECONOS

(A)  TEST PULSE

(C)  ACCEPTABLE RESPONSE (D)  POOR RESPONSE

Figure 3.  A good reverberat ion system wi l l  have only
sma l l  va r i a t i ons  i n  amp l i t ude  due  to  s tand ing  waves
created when tested wi th a sharp pulse s ignal .  F i rs t  500
mi l l iseconds of  reverberat ion t ime are most  s igni f  icant  in
th i s  t es t .

Pulse testers for  th is  purpose are extremely s imple
dev i ces ,  F igu re  4  i s  a  schemat i c  o f  one  c i r cu i t  us ing  a
un i j unc t i on  t r ans i s to r  wh i ch  can  be  bu i l t  f o r  j us t  a  f ew
dol lars worth of  par ts  and which del ivers a very usable
pu l se  w i th  more  than  adequa te  amp l i t ude .

Care  mus t  be  taken  w i th  t h i s  c i r cu i t  i n  no t  us ing  too
much  amp l i t ude .  Because  the  ou tpu t  has  such  a  l ow  du ty
cycle (manual ly  operated push but ton)  and a very sharp
pu l se ,  i t  i s  qu i t e  easy  to  use  too  much  ou tpu t  and
over load the input  ampl i f  ier  of  the system being tested,
whether  a speech input  system or  an ar t i f  ic ia l  reverbera-
t i on  dev i ce .

Such  ove r l oad ing  w i l l  t o ta l l y  de fea t  t he  pu rpose  o f  t he
tes t .  A  l i t t l e  expe r imen ta t i on  w i th  t he  pu l se r  w i l l  soon
g i ve  an  i dea  o f  t he  p rope r  pu l se  amp l i t ude .  F rom use  o f
the Dulse test ,  one can learn a substant ia l  amount  about
reverberat ion devices and become a good judge of  qual i ty
ra the r  qu i ck l y .  As  an  add i t i ona l  bene f  i t ,  t he  pu l se  t es te r  i s
an  exce l l en t  a i d  i n  tweak ing  up  EMT and  AKG un i t s  t o
obta in best  oer formance.

F igu re  4 .  S imp le  pu l se  t es t  c i r cu i t .  Typ i ca l  UJT ' s  a re
2N4851 ,  HEP 210  o r  ECG 6401 .  A  pa i r  o f  s tanda rd  9  vo l t
t r ans i s to r  ba t te r i es  i n  se r i es  p rov ides  the  power  supp l y .
The  un i t  i s  ope ra ted  by  dep ress ing  the  momen ta ry  sw i t ch
un t i l  a  pu l se  occu rs .  Se t  t he  ou tpu t  l eve l  l ow  enough  to
avo id  ove r l oad ing  the  sys tem be ing  tes ted .

A P P L Y I N G  T H E  C R I T E R I A

Purpose  o f  t h i s  a r t i c l e  was  to  t r y  and  c lea r  up  a  l i t t l e  o f
the wi tchcraf t  that  has surrounded reverberat ion devices
f  o r  a  number  o f  yea rs ,  and  to  p rov ide  a  s imp le  t es t  me thod
whereby one can have a standard for  compar ing not  only
a r t i f  i c i a l  chambers  bu t  acous t i c  sys tems  as  we l l .

I n  t he  nea r  f u tu re  t he re  w i l l  be  many  mode ls  o f
e lec t ron i c  de lay  l i nes  and  space  expans ion  t ype  sys tems .
Some no  doub t  w i l l  be  ve ry  good  wh i l e  o the rs  w i l l  be  o f
ques t i onab le  va lue  to  t he  p ro fess iona l .  W i th  t hese ,  as
w i th  ex i s t i ng  dev i ces ,  I  wou ld  l i ke  t o  re i t e ra te  one  po in t ;
i . e . ,  r eve rbe ra t i on  i s  cons ide rab l y  d i f f e ren t  t han  a  speech
inpu t  sys tem and  the  human  ea r  i s  ve ry  soph i s t i ca ted  i n
the type of  reverberat ion i t  l ikes to hear .  l t  pays to
evaluate a reverb system before spending one's  cold hard
cash,  and thereby e l iminate the of t - repeated lament  that
what  was bought  was not  sat is factory for  the desi red
e f  f  ec t .

The e lect ronic  reverb is  somewhere in  the f  u ture and i t
is  probably safe to say that  a l l  o f  us in  the manufactur ing
business have several  systems running in  development
for  evaluat ion.  Other  than as a novel ty ,  however,  the
professional  qual i ty  a l l -e lect ronic  reverb at  a somewhat
reasonab le  p r i ce  may  be  qu i t e  some  t ime  i n  t he  f u tu re
because  i t  i s  so  much  more  d i f f i cu l t  t o  ach ieve  ou r
present  qual i ty  in  reverberat ion e lect ronical ly  than i t  is
e lect ro-mechanical ly .  The e lect ro-mechanical  (passive)
de lay  l i ne  i s  no t  a ' no i se '  gene ra to r  and  can  be  more  eas i l y
oroduced on a cost-ef fect ive basis  to achieve the
di f fus ion that  is  so necessary Ior  good reverberat ion
q u a l i t y .

New techno logy  usua l l y  w ins  ou t  i n  t he  end ,  bu t  du r i ng
the in ter im i t  is  a lways wise to le t  qual i ty  be the
de te rm in ing  fac to r  i n  mak ing  a  dec i s i on ,  ra the r  t han
novel ty  or  pr ice.

Pulse Tester
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PULse MASTER''

AUDIO
TEST
GENERATOR

PULSE MASTER is a new and effective tool for determining the performance characterist ics of
art i f  icial reverberation chambers as well as that of l ive chambers, control rooms and auditoriums.

The sharp, 1 ms wide pulse generated by PULSE MASTER is a much better transient for testing
than a drum beat, hand clap or microphone tap. Non-electronic transient signals do not have the
preciseness or repeatabil i ty of PULSE MASTER, and their lack of sharpness can easily mask any
response measurements of the system under test. PULSE MASTER readily provides a standard of
exactness when making repeated tests or when comparing one system against another.

While PULSE MASTER can be used in conjunction with a graphic recorder or storage type
oscil loscope for sophist icated measurement data, mere l istening to the sound produced by the
system under test can, for all practical purposes, be just as effective. All good reverberation
systems have a common type sound when pulse tested and monitored aural ly. With a l i t t le
experience, i t  is possible for almost anyone to quickly spot the differences between a good
system and a poor system. PULSE MASTER also has the abil i ty to shock excite resonances in
reverberation systems which 'color'  the result ing echo pattern and can be used as an aid in
tweaking up AKG and EMT systems to obtain best performance.

Output of the PULSE MASTER is adjustable f rom 0 to 12 volts peak and impedance is less than
100 ohms. l t  is therefore capable of overdriving the input of most systems and care must be taken
in testing that only the minimum pulse amplitude necessary is uti l ized. Overloading the system's
input wil l  result in incorrect data and total ly defeat the purpose of the test. In some instances,
overdriving could possible result in equipment damage. l f  pulse amplitude metering is not
available, some experimentation start ing at low levels wil l  soon provide an indication of the proper
pulse amplitude sett ing. One word of caution: VU meters have extremely poor response when
measuring pulses of this nature and cannot be depended upon for amplitude indication.

In addit ion to reverberation systems, PULSE MASTER is also useful in establishing peak
overload points in most types of recording and audio processing equipment when used in
conjunction with a quali ty type peak program meter such as the MASTER AUDIO METER.

PULSE MASTER is battery powered and draws current only when the Test button is depressed,
thus assuring long battery l i fe. The button may be pressed only long enough for a single pulse or
held down for repetit ive pulses which occur at approximately 2 second intervals.
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