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Reverb, Pa rt 1Reverb, Pa rt 1
BY ALEX CASE

What does space sound like ?

Deep space, w h e re NASA probes and Holly wood stars
h ave often ve n t u re d , d o e s n ’t sound like mu ch . S o u n d
t ravels through air, wa t e r, s t o n e . . . a ny t h i n g . The only
thing that doesn’t propagate sound is... n o t h i n g . That is, a
room full of nothing, a va c u u m , will not have sound,
w h i ch needs an elastic medium through which to trave l .
Outer space is there fo re completely silent.

Fo rget outer space then. What does the sound of a
p hy s i c a l ,a rch i t e c t u ral space sound like? What does a
c a t h e d ral sound like? An opera house? A hall? A club?
As you no doubt have ex p e r i e n c e d , all these spaces add
their own signature to whatever sound happens within
t h e m . When we listen to music in anything other than an
a n e choic ch a m b e r, we listen to the sound of the mu s i c
plus the sound of the ro o m .

The room acts like a signal processor: music in, mu s i c
plus effects out. In fa c t , thanks to many different mu s i c -
gear make rs , a rch i t e c t u ral spaces have essentially been
s q u e e zed into ra ck spaces. R everb units are signal
p ro c e s s o rs acting like acoustic spaces.

Blueprint
An understanding of the sound of a physical space

begins with a look at the floor plan of a ro o m . Fi g u re 1
s h ows a source (S), w h i ch might be a singer, c e l l o, o r
d i d g e r i d o o. It makes a sound in the ro o m . Time passes
and the re c e iver (R) hears it.

As the rays show, we hear first the direct sound fro m
s o u rce to re c e ive r. I t ’s the shortest path. But the re f l e c-
tions are audible too. So that direct sound is fo l l owed by
a quick vo l l ey of re f l e c t i o n s . S h o r t ly after the sound com-
mences the listener is immersed in a field of these
reflections—too many to be identified discre e t ly. Th i s
reflected sound energy in a room is reve r b e ra t i o n .

These reflections are different from the direct sound in
time of arriva l , angle of arriva l , and spectral content.

Since the reflected sounds travel along a longer path than
the direct sound, t h ey re a ch the re c e iver after the dire c t
s o u n d . Bouncing off wa l l s ,f l o o r, and ceiling (and furni-
t u re , music stands, and other mu s i c i a n s ) , t h ey also gener-
a l ly arrive at a different angle than the direct sound.

A Look under the hood

Figure 1: Room reflections. The heavy line is the
direct sound, solid lines are single bounces,
dashed lines double bounces, and the dotted
line shows one of millions of multiple-bounce
paths that make up the reverberant sound.
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Fi n a l ly, due to the energy the
sound loses as it travels through the
air and bounces off various ro o m
b o u n d a ry surfa c e s , the amplitude of
the signal at different fre q u e n c i e s
ch a n g e s . Air and fuzzy surfaces (like
c a rp e t , f i b e rglass and foam) tend to
absorb high fre q u e n c i e s . F l ex i b l e
s u r faces (like ve ry large windows or
panels of wood) tend to absorb a
good amount of low fre q u e n c i e s .

All said, the room intro d u c e s
d e l ay, changes the angle of arriva l ,
and manipulates the loudness and
s p e c t ral content of a signal.

Time
H ow delayed are the reflections? It

depends on the room size and geome-
t ry. The reflections in larger ro o m s
t a ke longer to re a ch the listener than
the reflections in smaller ro o m s . I f
the source or re c e iver is particularly
close to a room surfa c e , that ch a n g e s
the pattern of re f l e c t i o n s .

Listening to a sound fo l l owe d
i m m e d i a t e ly by its reflections seems
l i ke ly to be a rev i ew of the Nuts &
Bolts Delay Tr i l ogy just completed
( Ju ly–October 2000). We discussed
h ow a delay of about 5 milliseconds
i n t roduces comb filtering when com-
b i n e d , in approx i m a t e ly equal parts,
with the undelayed signal.

Because sound travels at ro u g h ly
one foot per millisecond, that means
that a signal whose reflected path is
about five feet longer than the dire c t
path will create comb filtering.
Right? Not necessarily.

Try taking a harmonically rich
sound like a piano patch or tra ck .
Send it to a short delay of about 5
m i l l i s e c o n d s . Monitor both at ab o u t
the same vo l u m e . With both signals
panned to the same location in the
s t e reo landscape, h a rd left for ex a m-
p l e , the comb filter alteration to the
f re q u e n cy content of the signal is
u n m i s t a k ab l e .

N ow pan the delay to hard right.
P resto—the comb filtering seems to
d i s a p p e a r. Instead we get a localiza-
tion cue: the delay seems to shift the
image of the piano towa rd the unde-
l ayed signal.

Fo l l ow that thought and slow ly
d e c rease the delay time. As the
d e l ay time appro a ches ze ro, t h e
placement of the stereo image heads
t owa rd the center. All the while, t h e
comb filtering effect is gone.

This points out an enigmatic pro p e r-
ty of short delays: the angle of arriva l
m a t t e rs! Short delays dire c t ly com-
bined with their undelayed bre t h re n
will create comb filtering. S h o r t
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d e l ays re a ching the listener from a
ve ry different direction do no such
t h i n g . In our look at reve r b e ra t i o n ,
this leads us to ask:

Where do the room reflections
come from? This too depends on the
physical geometry of the room. You
need only patience and a ruler to
figure out which reflections reach
the receiver.

Fi g u re 1 shows the first handful or
so of re f l e c t i o n s . Some reflections we
hear after a single bounce off a sur-
fa c e . Other reflections strike two,
t h re e , or more surfaces befo re finally
re a ching our ears . The direction fro m
w h i ch they come seems to be a lot
about luck , s t a t i s t i c s , and/or the
p hysical geometry of the ro o m .

Yet our personal audio analy s i s
systems (ears and brains) can make
sense of this. Though it isn’t intu-
i t ive , it is important to know that we
a re n ’t distracted or confused by
these re f l e c t i o n s .

L e t ’s make the
s o u rce a singer, s i n g i n g
your re c e n t ly penned
t u n e , “Insulate the
A t t i c .” We zoom in on
the first wo rd of the
c a t chy chorus for this
h i t - wa i t i n g - t o - b e - d i s-
c ove re d . She sings “ Fi b e rg l a s s . . .” a n d
for the sake of analysis we slow time
d own like a Holly wood mov i e . Th e
re c e iver hears the wo rd first dire c t
f rom the sourc e ,“ Fi b e rg l a s s .” Then a
reflected ve rsion of the wo rd arrive s
f rom one side, then the other, t h e n
f rom behind, “ f i b e rg l a s s . . . f i b e r-
g l a s s . . . f i b e rg l a s s .”

This ought to be confusing, but it
i s n ’t . As you know from listening to
music and conve rsations in re a l
s p a c e s , the reflections coming fro m
all around do not stop us from know-
ing—at all times—where the singer
is and what she’s singing.

R e s e a rch e rs have teased this out
of various ex p e r i m e n t s . We localize
the source based on the angle of
a r r ival of the first wave form and t h e
pattern of reflections that immedi-
a t e ly fo l l ow; we synthesize an opin-
ion about the room in which the
sound event happens based on the
a m p l i t u d e , q u a l i t y, and angle of
a r r ival patterns of these supporting
re f l e c t i o n s .

I t ’s tempting perhaps to think that
the reflections from all around are
i g n o red so as not to confuse our per-
sonal audio analysis system. Q u i t e
the opposite. Sounds without the
support of reflections are difficult to
listen to, difficult to localize , a n d
sound just plain stra n g e .

We don’t hear sounds in anech o i c
ch a m b e rs ve ry often, after all, s o
our hearing mechanism isn’t tai-
l o red to that ex p e r i e n c e . If yo u ’ ve
h e a rd sound in an anechoic env i-
ro n m e n t , you know it’s unnerv i n g
and a little confusing. In fa c t ,
re s e a rch has shown our localization
abilities suffer without some add i-
tional re f l e c t i o n s , even though they
come from directions different than
the direct sound.

Using amplitude, time of arriva l ,
and spectral content, we make use of
the clues these reflected sound wave s
o f f e r. Our personal audio analy s i s

system has developed the ability to
absorb a complex sound field, ex t ra c t
the direct sound, i n c o rp o rate the
reflected sound field, and add it all
up into a complete perception of a
sound in a space. P retty darn cool.

Synthesized space
To create the sound of a ro o m

without the use of an actual ro o m
one need only assemble the set of
reflections a room would add to a
d i rect sound.

A grotesque ove rs i m p l i f i c a t i o n .
But even simplified, the illusion
wo rk s . E a ch reflected sound suffers
a bit of delay and attenuation hav-
ing traveled farther than the dire c t
s o u n d , and a bit of equalization
due to air and boundary energ y
ab s o rp t i o n .

The only processes at wo rk are
changes of amplitude, e q , d e l ay, a n d
angle of arriva l . Good new s , b e c a u s e
effects ra cks and pull-down menu s
a re full of that sort of capab i l i t y —
t raditional studio signal pro c e s s i n g

c a n , c l eve rly employe d , s i mu l a t e
reve r b e ra t i o n . R a ckmount units dis-
p l ay the wo rd ‘hall’ and do a fun job
of sounding like one.

Digital reve r b e ra t o rs are , to sum-
m a r i ze , ve ry shrewd vo l u m e
a d j u s t e rs , spectrum manipulators ,
ch a n g e able panners , and va r i ab l e
d e l ay s . An audio wave form goes in
and triggers a nearly infinite set of
fa d e d , e q u a l i ze d , p a n n e d , a n d
d e l ayed ve rsions of itself.

N a t u ra l ly, some equalize rs sound
better than others , some delay units
sound better than others . And the
whole algorithm used to simulate the
c o m p l ex pattern of sound energy is
going to have an audible effect on
the sound of the reve r b .

Not surp r i s i n g ly then, some reve r b
d evices sound better than others . A t
the ve ry least, most reverb dev i c e s
sound different from most others on
the marke t . E a ch manu fa c t u re r
o f f e rs its own appro a ch , c reating its
own sound; our studios benefit fro m
h aving many different reve r b s . Th e re
is no single best, just a broad palette
of reverbs awaiting our cre a t ive use.

Reverbus ex machina
L iving as we do at the edge of a

n ew millennium in a thriving digital
e c o n o my full of dot
com mira g e s , we may
fo rget about life
b e fo re audio was dig-
i t i ze d . But some-
w h e re between the
time all those critters
b o a rded ship with
Noah and the pre s e n t

d ay, we had a period of non-digital
a u d i o.

While it is fa i rly trivial today for a
computer to do a decent job simu l a t-
ing the sonic ch a racter of a space, i t
is ve ry difficult to do so with analog
e l e c t ro n i c s . R e s o u rceful equipment
d e s i g n e rs looked for physical sys-
tems that could sustain a sound like
a decaying acoustic space wo u l d .
Th ey found some success using two
d evices: the spring and the plate.

The spring reverb offers an intuitive
a p p ro a ch . Initiate subtle vibration in a
spring using your audio wave fo r m ,
and b o i n g ,let it go.The spring contin-
ues to vibrate for a time, a bit like a
hall sustains a single violin note.

We l l , s o r t a . The fact is, s p r i n g s
d o n ’t ex a c t ly behave like ro o m s .
Th ey are elastic and can respond to
mu s i c , but the simulation ends there .

H oweve r, the musical value doesn’t !
Just because a spring doesn’t sound
l i ke the Musikve reinssaal in Vi e n n a
d o e s n ’t mean it isn’t good enough fo r
Jimi or Stevie or Yo u . Leo Fender put

The room acts like a signal process o r :

music in, music plus effects out. 
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spring reverbs in electric guitar amps,
and there ’s been no turning back .

Spring reverb rings with its ow n
distinct ch a ra c t e r. S u b t ly used, it fills
in underneath a tra ck , a dding sup-
port and shimmer. O ve rd r ive n , i t
c rashes and wo bbles (ever move a
guitar amp while it was cra n ke d
a n d — c r w u waw u wawoing—the spring
gets jostled?).

Taking the spring idea and making
it two-dimensional leads us to the
plate reve r b . This device is essential-
ly a sheet of metal with a drive r
a t t a ched to it to initiate vibra t i o n
and a sensor or two or more to pick
up the decay that ensues. ( Will sur-
round sound lead to mu l t i ch a n n e l
plates? I fear the answer is ye s . )

The plate is another mech a n i c a l
s i mulation of an acoustic space. B a n g
on a sheet of metal and it rings for a
w h i l e , again somewhat like the solo
violin in a symphony hall. And like
the spring, as a simulation of an
actual space the plate falls short.

But as a pop music effect it is a
sweet success.

Sweet sound, funky smell
When an actual large hall isn’t fea-

sible and a spring or plate reve r b
i s n ’t ava i l ab l e , t h e re ’s always the
b a t h ro o m . L a rge spaces are reve r b e r-
ant in part because they are larg e
spaces (I get paid to say this sort of
t h i n g ? ) . That is, the reve r b e rance of
a space is dire c t ly proportional to
the size of the ro o m . M a ke the ro o m
w i d e r, l o n g e r, and/or higher, and the
reverb time increases (because the
reflections have farther to trave l ) .

The other key driver of reve r b e ra-
tion in a physical space is the
ab s o rp t ivity of the room surfa c e s .
A b s o rp t ive materials on the floor,
wa l l s , or ceiling will lower the reve r b
t i m e . H a rd re f l e c t ive surfa c e s
i n c rease the reverb time.

The trouble with using reverb fro m
a hall during a studio production is
that there isn’t usually a hall aro u n d .
So lacking a large space with its
associated long reve r b e ration time,
we go to the only room around with
re a l ly hard shiny surfaces: the tiled
b a t h ro o m .

Because the tiles reflect sound ener-
gy more than your typical room finish
t reatments like gypsum wall board or
c a rp e t i n g , the bathroom has a little
reve r b e rant kick .K i t chens sometimes
a re a close second place. R a re ly car-
p e t e d ,t h ey have a decent amount of
h a rd surfaces: countertops, a p p l i-
a n c e s , wood cab i n e t s , and such .
E l evator shafts and high rise fire
s t a i rs have contributed a big reverb to
the studio that could get away with it.
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N a t u ra l ly, some studios built reve r-
b e rant bathrooms on purp o s e .L o s e
the plumbing fixtures and make the
room a little bigger and yo u ’ ve got a
reverb ch a m b e r. Put in loudspeake rs
(inputs) and microphones (outputs)
and yo u ’ ve got a physical space
reve r b e ra t o r.

What it lacks in physical vo l u m e —
i t ’s now h e re near the size of an opera
house—it makes up for in highly
re f l e c t ive surfaces of stone, t i l e ,
c e m e n t , beer bottles, and such . Th e
re s u l t , of cours e , i s n ’t an opera house
s i mulation on the ch e a p, but a wholly
d i f f e rent kind of reve r b e ra t i o n .

C h a m b e rs offer their own unique
s i g n a t u re to the audio sent to them.
The art of building and maintaining
them has distinguished a select few
studios that get bookings partly fo r
the sound of their ch a m b e rs .

Breaking it on down
R everb in all its flavo rs — p hy s i c a l

p e r formance spaces, digital effects
d ev i c e s , m e chanical resonating sys-
t e m s , and acoustic ch a m b e rs—can be
b ro ken down into a few para m e t e rs .
But I must pre face it with this: all
reverbs offer unique and subtle
sonic contributions to your audio
that defy measure m e n t . Ta ke two dif-
f e rent reverbs and set them to the
same patch , dialing in the same va l-
ues for all their adjustable para m e-
t e rs , and they’ll still sound differe n t .

No symphony hall sounds ex a c t ly
the same as any other. No plate
sounds ex a c t ly like any other. A lway s
listen for what you like; it’s just the
sound of the add e d , s y n t h e s i ze d
ambience that matters , not the
reverb time, not the algorithm, a n d
c e r t a i n ly not the reverb make and
model nu m b e r.

Reverb time
E a s i ly the most cited descriptor of

reve r b e ration is Reverb Ti m e .
Sometimes called RT 6 0 , reverb time
m e a s u res the number of seconds nec-
e s s a ry for the sound in a room to
d e c ay by 60 dB. P ra c t i c a l ly and histor-
i c a l ly speaking, RT60 measures how
long a sound lingers in a room after

an impulse (e.g. a sharp clap, g u n
s h o t , balloon pop, or electro n i c a l ly
s y n t h e s i zed click) until you can’t hear
it any m o re (ro u g h ly 60 dB quieter).

Some of the most famous symphon-
ic halls have reverb times ave ra g i n g
just under two seconds; opera houses
ex t ract better speech intelligibility by
shortening reve r b e ration to just ove r
one second. Digital reve r b s ,s p r i n g s ,
and plates empower you to dial in any
reverb time you like . H ave fun.

Spectrum
L i s t e n , in your mind, to the sound

of a room decay i n g . Cut that sound
up into different fre q u e n cy ra n g e s
and create a reverb time measure-
ment for each spectral region of
i n t e re s t .

RT60 typically re f e rs to the decay
of the octave band centered on 1 kHz.

But there is nothing stopping us fro m
measuring the RT60 at the octave
bands below and ab ove 1 kHz.

In fa c t , a rch i t e c t u ral acousticians
m e a s u re and calculate the reve r b
time at all audible fre q u e n cy bands.
L i ke using a tone contro l , a c o u s t i-
cians design spaces with differe n t
reverb times at different fre q u e n-
cies to satisfy musical taste, not sci-
entific purity.

A c t u a l ly, halls are distinctly not flat
in the spectral content of their reve r b .
Halls for classical and romantic mu s i c
re p e r t o i re typically have low fre q u e n-
cy reverb times that are a bit longer
than the mid fre q u e n cy reverb times.
This gives the halls a degree of
warmth that seems to support the type
of music that will be played there .

You’ll see this ex p ressed in
acoustics litera t u re and reverb signal
p rocessor manuals as Bass Ratio.
Bass Ratio mathematically compare s
t wo octaves of low fre q u e n cy reve r b
(125 Hz and 250 Hz) to two octaves of
mid fre q u e n cy reverb (500 Hz and
1000 Hz). The resulting ratio quanti-
fies a hall’s wa r m t h , what we might
call its Phatness.

Hall designers are finding what
wo rks for a Gore cki symphony and a
Puccini opera . But only you know the

Real spaces alw ays have some predelay .

If they have it, why shouldn’t reverb patc h e s ?
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color of reve r b e ration that wo rks fo r
t o n i g h t ’s tra ck , “Insulating the
A t t i c .” Experiment with the tone
color of your reverb by adjusting its
Bass Ratio if it offers one. A Bass
Ratio of 1.2 will warm up the reve r-
b e rant wash of ambience by telling
the reverb to create a low fre q u e n cy
reverb time that is 1.2 times as long
as the mid fre q u e n cy reverb time.

Some reverbs don’t offer bass ra t i o
c o n t ro l . Shape the color of yo u r
reverb by using eq on the reve r b
returns on your mixer or on the send
to the reve r b . C o n t rol the low end to
a dd wa r m t h , not mu dd i n e s s . Or if
you are going for a brighter reve r b
( w hy not?), find some magic shim-
mer and airiness but avoid painful
sizzle and sharp n e s s .

Predelay and Early Reflections
B eyond the length and color of the

reve r b , t wo other fundamental pro p-
erties of reve r b e ration are the time it
begins (pre d e l ay) and the timing of
the first few bounces—single
bounces from the source to a wall to
the listener (early re f l e c t i o n s ) . If yo u
use a spring or plate reve r b , the wa s h
of decay commences the instant yo u r
sound starts. In a large hall (or gym-
n a s i u m , or canyo n , or domed stadi-
um) it takes an instant befo re the
reverb begins, and there are one or
m o re distinct bounces befo re the
wash of reverb sets in.

By adjusting the parameter identi-
fied on most devices as Pre d e l ay, we
can adjust the time gap betwe e n
sound start and reverb start. P re d e l ay
s i m p ly inserts a delay between the
d i rect sound and the reve r b e ra t i o n
a l g o r i t h m . In the wo rld of digital
a u d i o, a dding a delay is fa i rly triv i a l ,
so pre d e l ay controls are found on
almost any digital reverb dev i c e .

In the realm of analog audio, d e l ay
i s n ’t so easy. Plates and springs there-
fo re ra re ly give you this feature .
When using a plate or spring reve r b —
or a bathro o m — h ave the best of both
wo rlds by inserting a digital delay on
your reverb send so that you can add
a contro l l able amount of delay befo re
the reverb begins. Tape delay is a
common feature in this role as we l l .

E a rly reflection control is common
even on the most inex p e n s ive digital
reve r b s , and has been for a long time.

In genera l , the simplest units let yo u
c o n t rol the proportion of the early
reflections by setting their re l a t ive
vo l u m e . Their pattern depends on the
shape of the room yo u ’ ve selected

What good do these para m e t e rs
do? The answer is built in two wo rl d s :
p hysical acoustics and psych o a-
c o u s t i c s . Fi rs t , real spaces alway s
h ave some amount of physical pre d e-
l ay because it takes time for the
sound to travel out to all the ro o m
boundaries and bounce back at the
l i s t e n e r, f i rst in distinct early re f l e c-
tions and then in an enveloping wa s h
of reve r b . If real spaces have it, w hy
s h o u l d n ’t reverb patch e s ?

S e c o n d ,p re d e l ay is ve ry va l u able to
our personal auditory analysis system.
Listen care f u l ly to the sound of a

fixed amount of reverb with and with-
out pre d e l ay. As pre d e l ay separa t e s
the reve r b e rant decay from the initial
sound in time, it also separates them
in our mind. It is easier to hear the
reverb after a bit of pre d e l ay. Wi t h o u t
p re d e l ay, the direct sound masks the
reve r b , making it less appare n t .

This suggests two important cours e s
of action when you want a touch more
reverb on a tra ck: raise the reve r b
send so that the reverb gets louder, o r
lengthen the pre d e l ay so that the
reverb that yo u ’ ve alre a dy put in the
mix becomes more audible. It isn’t
a lways the case, but often you can add
the feeling of reverb by adding some
p re d e l ay.This appro a ch is clever as it
a dds more of the desired effect with-
out adding clutter to a mix.

E a rly reflections do their part by
suggesting the rough shape of the
reve r b e rant space: is it a toilet stall or
a cathedral? Selecting a room shape
becomes a critical choice in cre a t i n g
realism due to these re f l e c t i o n s .

N ext month we stir up these reve r b
i n gre d i e n t s — ch a m b e r, p l a t e , s p r i n g ,
RT 6 0 , bass ra t i o, p re d e l ay, e t c . — i n t o
a few different concoctions and see
h ow they combine to create a terrific
variety of pop music flavo rs .

Even in kindergarten, Alex Case was
m o re interested in reverb time than
p l ay time. Sustain N&B articles
through case@re c o r d i n g m a g . c o m .

Bass Ratio = RT Lows divided by RT Mids = (RT60@125Hz + RT60@250Hz) / (RT60@500Hz + RT 6 0 @ 1 0 0 0 H z )
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