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room reverberation. However, there is a limit as to
how high you can increase the reverberation of the
room and have a speaker with enough “Q” that will
still give the best sound coverage possible.

As more churches began to accept and use sound
systems, audio contractors suddenly had to deal with
churches that had reverberation times of over 1.5 sec-
onds. (Most audio contractors rarely have to deal with
as hostile an acoustical environment as that which oc-
curs in churches.)

There are some speakers that have a “Q” of 50 . A po-
lice bull horn has a “Q” of over 50. Police bull horns
don’t sound very good. Many church sound systems
sound like bull horns but regular two way speakers
are being used which should sound very natural. Once
a speaker “Q” rating passes 25, it no longer sounds
natural due to too much compression of the sound
within the bell of the horn. (Horns compress sound in
terms of ratios. A highly projecting horn can have a
compression ratio of 12-15 to 1. A natural or musical
sounding horn has a compression ratio of 4-8 to 1. Low
compression, high “Q” speakers give the best overall
performance in a church.) Speakers with a “Q” of over
22 generally are not very musical. They have to be
supplemented with woofers. The end result is the
woofer drags the “Q” rating, over the full range of the
speaker system, down.

Later, someone discovered that if you stacked sev-
eral horns on top of each other, you could increase the
“Q” of the speaker system and maintain a reasonable
quality of sound.

This works fine but where do you draw the line?
When is it time to stop looking to sound equipment as
a magic wand to solve poor building designs or poor
use of construction materials?

In one photograph (page 348 in the book Sound Sys-
tem Engineering by Don Davis), it shows a speaker
cluster of 4 horns and 4 woofers stacked one on top of
the other. It was demonstrated that the test worked
very well but the speaker system looked awful. This
was an example of creating a high “Q” array using a
column speaker approach. In this case, it would have
been better to fix the room rather than having a
speaker system that looked like a monster.

There have been several studies and charts suggest-
ing the limits of reverberation and the “Q” of the
speaker system for churches. (These charts can be
found in the books mentioned earlier. Klark Teknik
has a manual that has excellent charts on this sub-
ject.)

From experience, a church with a reverb time of 2.4
seconds or longer at 200 hertz will not be able to count
on their speaker system to work properly for every
part of the worship service. “Q” is important but there
is a limit. The higher the “Q”, the more speaker com-
pression.

For churches that have ambitious music programs,
a medium to low “Q” speaker that sounds very musi-
cal and low reverberation are a must because in a
loudness war, the room always wins. (Alist of the 5 top
speakers for the HIS System discussing their good
points and bad points and when to use them will be in
the next update.)

Note: Dome tweeters and bullet horns have a very
limited use in a church. They have two major prob-

lems. If the speaker system was only controlling pre-
recorded music all day, they would work very well.
However, speech requires a lot of speaker output in
the mid range. Many domes and bullets fail and fall
short of the power demands of speech. Secondly, most
domes and bullet horns have such wide dispersions
that gain before feedback is seriously limited. Al-
though domes and bullets allow you to make a lower
cost speaker, the performance limitations and high
rate of failure make them impractical for use in a
church.

ARE ALL SPEAKER CLUSTERS THE
SAME?

It would be fair to say there are huge differences in
speaker components and the jobs they are designed to
do. It is also important to know that the position of a
speaker in a room is super critical. Every room has a
sweet spot. A speaker out by 1 foot can make $2,000
speakers sound like $50 A.M. radio speakers.

Some speaker systems are less critical than others
and in some rooms there is no room for error or flying
by the seat of your pants in design. You should have a
detailed knowledge of your sound system supplier.
The following is a list of things you should know about
your supplier:

1. Learn everything about the speakers you are be-
ing recommended. An audio contractor doesn’t have
time to know about every speaker that is available or
how they sound.

2. Avoid custom built speakers. A custom built
speaker is often designed on a given set of assump-
tions.

3. If you have a custom built speaker for an original
design, ask for the printed test results. Usually, there
is no laboratory testing on custom speakers so you
have no way of knowing 100 percent how the speaker
will behave under church conditions.

4. A good sound contractor will have a limited num-
ber of speakers they use and will know them inside
and out.

5. Learn how to read a spec. sheet and understand
what it all means.

After selling over 100 complete sound systems, it
never ceases to amaze me how a church can spend
huge amounts of money based on a proposal without
going to hear the finished product in other churches.
Many speaker clusters look the same. Many audio
companies use the same equipment. The end results
are like day and night. When you buy a church
speaker system, it must be assembled and strategi-
cally located in your church. What good is it to have a
speaker shoot-out at your church when the audio com-
pany doesn’t know how to install it for the best per-
formance. Speaker testing is often a waste of time for
the client. It is very important for the contractor.

In many speaker demonstrations, people are often
caught up in how a speaker sounds rather than know-
ing how a speaker performs. In reality, the differences
between speakers from the major speaker manufac-
turers is very small. It is the ability of choosing the
right speakers for a given job, that takes skill.

In a recent speaker demonstration in a church,
three different horn speakers from three manufac-
tures were represented. Before equalizing and before




setting the volumes at equal levels, all three speakers
had very distinct sound differences. However, after
equalizing the speakers and setting the volume levels
to equal loudness, the differences were very small. In
each case, the speaker system was limited by the per-
formance of the room. Once the room was factored in,
the sound quality of the speakers became very similar.
What was more noticeable was speaker coverage and
control. One speaker was more musical, the other
could play louder and the final speaker had better con-
trol.

WHAT DOES THE CHURCH NEED?
DOES THE CLIENT KNOW?

Speaker clusters have a very small window in which
to work. When you buy a sound system for your
church, it must include the skill of your contractor and
his sensitivity to the needs of the church and the
acoustics of the room. It is nice to buy the speaker sys-
tem that sounds the best, but if the best speaker sys-
tem can’t sound better than the others because the
room gets in the way, isn’t it better to find the best
combination supplier, speaker and room repair?

When a church asks for a demo in their sanctuary,
the smartest sales person is going to win. When a
church takes the time to visit other churches to hear
the system in action during a worship service, the best
performing system will win. Not all speaker clusters
are the same and not all audio contractors know how
to find the room’s sweet spot.

ONE RULE—ONE FACT

One of the most important rules for all sound opera-
tors is simple: Once the minister begins to preach, you
are allowed only one volume level adjustment
throughout the whole sermon (unless your minister
instructs you otherwise). With a good sound system,
the minister should be able to control their own vol-
ume by using the microphone properly (more effec-
tively). However, there is one adjustment most minis-
ters won’t mind.

Most sermons begin 3 to 7 minutes after singing.
Since most singing is very loud, your hearing of low
sounds is stressed for a while. Speech is intermittent.
Speech gives our ears a chance to rest between words.
When the volume is set right after a Hymn, chances
are it is too loud. Some people get the impression the
sound system has been turned up. Rather, it is our
hearing that became more sensitive to lower level
sound.

Often the sound person can lower the volume of the
system by 3 to 5 dB at about 5 to 10 minutes into the
sermon. The interesting thing is, if you don’t do this
and you need more volume from the sound system, it
won't be there.

Another rule is to turn off all other microphones not
in use during the sermon. The more mics that are on,
the less gain you have before feedback. This is impor-
tant for the times when your minister has a throat
problem but is determined to continue in a lower
voice. Furthermore, the sound tends to sound clearer
because there are no open mics to reinforce the first
sound. There are other reasons for turning things off
or down, but for now, these reasons will do.

A POWERFUL PERSON

One of the most important facts is, the soundman, in
churches with a good sound system, is the most pow-
erful person during a worship service. The soundman
can either enhance everything and assist people sit-
ting in the pews to be more involved with the service
or, the soundman can undermine everything the min-
ister does without the minister knowing it. It is time
we wake up to the fact the 95 percent of all churches
have a sound system of some kind. Unfortunately,
only 5 to 10 percent of these churches have a sound
system really usable as a tool. All other churches have
sound systems that get in the way. When something
gets in your way, it undermines everything. Even a
good sound system can have the same problems of get-
ting in the way.

For example: In a good system where people expect
to hear properly, the minister or a lay person may
move to a mic that has been turned off to give the
other mic better control. The sound person should be
alert and see the minister moving to the other mic.

If the mic is set right, the mood of the service contin-
ues. If the minister speaks for 3 seconds or longer with
the mic off, and the minister notices it, what happens?
It breaks the mood and often, his concentration. This
single event upsets more ministers than anything
else. Moving from one mic to another at the closing of
a sermon may be just what the minister needed to do
to make his final plea or point. A soundman asleep at
the controls is unacceptable.

Of course some will suggest using a wireless lapel
mic. In my opinion, a wireless lapel microphone has
some noticeable limitations. Most churches do not
have the acoustics needed to use a lapel mic effec-
tively. (Usually this means a dead room and most
churches don’t want dead rooms.) With a lapel mic you
cannot raise or lower your voice too much without los-
ing something or distorting the wireless. (Automatic
volume controls will cause other problems.) With a
wireless, all you get is plain vanilla in the presenta-
tion. Just as some ministers wear the well-earned ti-
tle of word smith, a person can also be an amplified
voice smith—a person who knows how to present a
message using all of the inflections of voice. Casey
Kasim has the most recognized voice on TV today. He
has made millions of dollars selling his voice to televi-
sion.

On PBS, the public broadcasting service, there is a
weekly show called Nature. The success of Nature and
its continuance is based on the voice of George Page.
This is a voice that brings life to the screen. Jason Ro-
bards, Lorne Greene, Robin Williams and Dick Van
Dyke are all examples of the use of voice. As they say
in the business world, it’s not what you say but how
you say it. A good sound system accurately reproduces
everything you say and how you say it — the key to a
successful presentation.

A lapel mic can not give you anything more than a
vanilla presentation. Then again, there are many
gifted ministers who know how to make plain vanilla
taste like chocolate. Of course, this is only an opinion
based on many experiences. What have your experi-
ences been?

This is not to say wireless are not effective. For
drama presentations, plays and other specialty
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best way to install a permanent system. The left/right
mono system is strictly a portable or temporary sys-
tem setup. It was (and still is) a fast and convenient
system by which entertainers could put on a show for
their public.

There are four main reasons for not using such a
system in a church:

1. Dead Spot

When you have two mono sounds separated by 10
feet or more, the left and right speakers will start can-
celing each other out in the overlap areas and when-
ever you are at a different distance from each speaker.
When you are at an equal distance to each speaker,
the sounds are summed together, often increasing the
sound level 6 to 9 dB.

When, you include wall reflections, the problem is
compounded and it creates additional dead spots.
When the speakers are 25 feet apart or wider, the ar-
eas of overlap increase dramatically. A dead spot can
be easily measured with an inexpensive sound level
meter such as the one Radio Shack stores sell.

In many testing experiences with computerized
measurement systems, some very interesting pic-
tures of sound began to appear. In many churches
with a left/right system, it could be seen how the
sound from the left speaker was louder than the right
speaker but, the test microphone had been placed in
front of the right speaker. This position would be
about 30 to 55 feet out and about mid point of the right
side of the church. By standing at this position and
running the test signal, you could indeed hear which
speaker was louder. Please, remember that dead spots
are often frequency dependent. That is, since every
frequency has a different wave length, not all sounds
or notes will cancel or boost at a given position. A
sound level meter can tell you whether the sound is
lower or louder. A computer system is needed to deter-
mine if certain sounds are missing in a given position.
In translation it means that in this pew the vowel “a”
and a “Mc” are not audible and all “b” and “ch” sound
are too loud. Some people can fill in the blanks better
than others. People with hearing aids have problems
in this setting.

2. Gain Before Feed Back

In a left/right speaker installation, the speakers are
often placed behind the pulpit at equal height or
slightly higher than the pulpit. Most speakers have
great vertical dispersion control but poor horizontal
control. This is like placing a microphone in front of
the speaker, and we all know that will cause the sys-
tem to feedback. The causes of feedback are a combi-
nation of acoustics, angles of incident, proximity ef-
fects and oscillation. As you turn up the level of a
microphone, it is able to pick up and amplify every-
thing. This includes any low level noise generated by
your electronics (mixer, amplifier, equalizer, pre-
amps, effects devices and other pieces of electronics
connected to the sound system that is unstable. Poor
wiring and electrical induction are other causes of
noise.) As a result, any speaker close to a microphone
will cause feedback. Any speaker that has a signal
path with an angle of incident that reflects sound back
to the microphone will cause feedback. When the gain
of the mic is turned up so loud that the noise from the
system is being recycled (that is when the noise in the

system is being produced by the speakers and picked
up by the microphone, the level increases in a cycle
many times until you hear it. This can appear to hap-
pen instantaneously), it causes feedback.

The acoustics part of the picture is more complex.
All large rooms are constantly flexing and moving.
This is a constant effect altered by room temperature
and humidity. Speakers move air. Microphones will
amplify everything whether you can hear anything or
not. At a level you can not hear, the room’s flexing is
being picked up by the sound system. As long as the
level of sound system is kept low, the sound system is
stable. When the levels of the sound system are
turned up, decay time of the rooms flexing becomes
longer. Now, at the same time, the speaker system is
moving air and exciting the room, multiplying the en-
ergy output hundreds of times. This creates a chain
reaction in which the sound system amplifies the reso-
nant frequency of the room (room flexing) and causing
feedback. Acoustics play an equal part in the causes of
feedback. When there are multiple speaker locations
in a room, the number of wave forms that will excite
the room increases. Also, the number of hot spot re-
flection points increase which causes feedback. This is
only a partial explanation.

3. Intelligibility

Intelligibility is the understanding of individual
words. As discussed earlier, in a 45 minute sermon a
minister can speak about 10,000 words. A sound sys-
tem with a score of 80 percent intelligibility will mean
that 2,000 words in a 10,000 word sermon were
missed or misunderstood. Depending on your seating
position, one speaker will either boost or cancel cer-
tain frequencies. That means every “ch” sound is can-
celed and every “a” sound is amplified. As a result,
many words and word fragments are missed. Fortu-
nately, our brains are usually fast enough to fill in the
blanks because of familiarity with the subject matter
and the person speaking. A visitor to the church does
not have this advantage. For this reason, no church
should accept a sound system that scores below 87
percent intelligibility. Below 87 percent people can
misunderstand complete phrases. The TEF or
MLSSA acoustical measurement systems can test a
room’s intelligibility in minutes.

4. Localization

Churches always say they don’t want to see or hear
the sound system, but it must be loud enough and
crystal clear. When you have a sound source at ear
level, you are automatically programmed to first look
at where the sound comes from, then to look for the
source of the sound. This is a basic protective instinct
all creatures possess — to be able to tell where danger
is coming from is natural. Since humans have no
natural enemies that attack from overhead, man has
his eyes and ears where they are, on the front and
sides of our heads. A mouse is most often attacked
from overhead. They need their eyes and hears closer
together, near the tops of their head. A mouse can also
rotate the ears to find the noises.

When the sound is coming from one direction
(Speakers) and the visible source is in another direc-
tion (the person speaking), the human brain goes into
overtime matching up the two events. When you com-
pound low levels due to feedback problems, low intelli-
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C1.USTER HEIGHT

The maximum height for a cluster should be no
higher than 40’ and no lower than 13'. However,
height is also determined by the speakers throw dis-
tance and other room restrictions. Remember, the
closer to the ceiling, the more bass the speaker system
will produce. If the room is bass heavy, hang the
speaker lower if there is room to do it.

If you require a throw distance greater than 145’, a
sub cluster system may be required. Ceilings below

Height 13 Max. Length 48
“ 20 " 72
" 25' " 85’
“ 30 " 110’
“ 35 " 130’
“ 40 " 145’

Height Ratios. The target point is usually the
third row of pews from the back wall.

13’ may require other system designs. This book will
not discuss these requirements in detail in this edi-
tion. Send for a Supplement for your church.

SPEAKER SAFETY

Hanging a speaker from a ceiling presents some con-
cerns that need to be addressed:

1. Cabinet construction: Ceilings in many churches
have a wide temperature range. During the summer
in some churches, the ceiling can exceed 120 degrees
for many days on end. Many speakers are only fas-
tened with nails and glue. There are a number of sto-
ries circulating the Audio Engineering Society (AES)
and the National Sound and Communications Asso-
ciation (NSCA) that describe how speakers are falling
apart and falling down. Look for a speaker cabinet
that is reinforced for roof suspension.

2.Do not use chain: Speakers vibrate and it can
cause metal fatigue to the chain links. Also, a lot of
bass sounds are lost with chain suspension.

3.You should not use aircraft cable because of sound
quality in the bass. It has the same problem as chain.

4.Speakers should be supported from the side walls,
not from the top of the cabinet only. (Some speakers
have metal rods or bars that run through the speaker
box to support the bottom of the speaker from the in-
side. Also, look for a speaker with a space frame type
of construction.)

SPEAKER BRACKETS.

Custom steel speaker brackets are the best way to
support the speaker system and they are very inex-
pensive to make. A properly welded steel bracket wins
in many ways. Depending on the number of speakers
in the cluster, there is a wide variety of fast and simple
adjust you can make that are often too awkward with
chain or cable.

In most single and two speaker clusters, the steel
bracket is very cheap to make. A bracket that is safe
up to 400 pound can often be made for under $50. That
includes the steel, welding and paint .

THE BEST ILLUSION OF THEM ALL!!

There are three very strong effects only a central
cluster can do. The first, which has already been men-
tioned, is localization. From 80 to 90 percent of all the
seating in the church, when someone on the platform
of the church speaks, sings or plays, everyone’s atten-
tion is on that person. Since the cluster is positioned
in the vertical axis of our ears, the sound arrives to
both ears at the same time. The reflected sounds will
give the direction.

Since the reflected sounds are much lower, your first
reaction is to look at the pulpit area or center to the al-
tar area. At the same time, your eyes will focus on the
first moving object or to the tallest person standing at
or around the pulpit. The only people who will notice
the cluster are people seated at the extreme right and
left of the front three rows of pews.

The second effect clusters give is the illusion that
the minister is only four or five feet away. Since you
are listening to only one speaker in your seating posi-
tion, there is no presence cancellation. Generally, this
effect is for 70 percent of the seating and when the
RT60 is below 2 seconds. When the RT60 is longer, not
only does the sound system lose intelligibility but the
music program is degraded.

Multi sound source speaker systems can never give
this effect. This system gives the illusion the minister
is further away than what he is in reality.

The third and most exciting illusion a cluster has to
offer is movement of sound. Since 80 to 90 percent of
the people seated have sound arriving to both ears at
the same time, it is very difficult to say where the
sound is being amplified from except from the source,
the minister, lay person or singer. When the person
moves, the sound appears to move with them. There is
a limit to this. If the minister moves from a central
pulpit position to the extreme left, talking the whole
time with a wireless lapel mic, it leaves the audience
thinking the sound followed the minister until he had
moved half the distance, then the speaker is high. Ex-
ample: If the cluster is 20 feet high, the minister can
move 10 feet to either side of the pulpit and have the
illusion that the sound is following him.

Since it is natural to look at what we hear, the cen-
tral cluster approach to church sound is the only truly
natural method of sound reinforcement.

SOUND OPERATOR TIP

One of the rewards of installing a high quality and
affordable sound system is in the listening to the sys-
tem. When a system is properly adjusted, for the
many different parts of a worship service, you will
have the impression that the sound system is not on
at all. Although many listeners like the effect, a new
problem keeps showing up.

For every new system, you try your best teaching
the volunteer operators of the system. In recent years,
video taping the training session has become a valu-
able tool in reminding the sound operators of all the
tricks to using the new system. However, as good as
some sound operators are, training can take many
sessions.

As stated earlier, many people with audio experi-
ence have generally picked up many bad habits. The
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one habit that is hard to break is the most obvious. In
many retraining sessions, I have found the operator
has changed the channel equalizers or the main
equalizer in such a way that the sound system sounds
like a bull horn.

It seems that hearing the minister as though he
were only 2 feet away is not enough. Many sound op-
erators want to hear the sound system sound like a PA
system so they will be convinced the system is work-
ing. The bottom line is, they don’t trust their hearing.
Although this is not a serious problem, it has caused
some embarrassment to the suppliers of such sys-
tems.

If you operate a good sound system, trust your hear-
ing. As long as you can understand the minister, eve-
ryone else will too.

MIXER LOCATIONS

The best location for a sound operator in a church is
on the main floor, 1 to 3 rows from the back of the
church and in the pews. Preferably, just inside of the
outside isles.

If there is a balcony with seating under it, the mixer
desk is best located 2 or 3 rows out from under the bal-
cony’s front edge. Although it is a new concept to most
churches of today, historically, churches started the
idea of having a sound operator controlling the sound
system from within the congregational seating area in
the 1940’s.

As it turns out, it is impossible for a person to adjust
sound levels from one area for people in another area.
It doesn’t work. The idea of having a mic mixer in a
place like a pulpit or a room behind the altar is very
awkward. How many times have you been to a church
with such a setup and have heard the sound system
ringing or sounding like someone is speaking through
a tin can through the whole service. People come to
church to pray and hear what the Minister/Priest has
to say. It is annoying, insulting, and rude to have to
put up with something that could have been adjusted
in seconds.

And of course, when someone complains, the Minis-
ter/Priest says he didn’t hear it! Well of course not. You
have to be in front of the speakers to know what is
happening. Well, enough with people frustrations.

Having a sound operator and a lockable secured
wooden or steel mixer desk is the best choice. For
some denominations, that have a very structured
hour of worship, in most services the levels can be pre-
set with 3 or 4 mics and no one needs to operate any-
thing. The only problem with this or any automated
system is that everyone speaks differently from week
to week, day to day, minute to minute. Even with the
most professional presenters, no one is able to speak
at a constant level for everyone to hear all the sounds
at the same volume. True, you can get expensive
gates, limiters and compressors but their use is very
limited. For example, if you set your limiters for a per-
son with a powerful voice who is speaking very close to
a microphone and seconds later pass the same micro-
phone over to pick up the choir at 10 feet away, you
will hear nothing. Move the mic 5 ft. away and you
still hear nothing. But if you bypass the limiter, com-
pressor, and gate you will find that you have more
than enough audio level.

If there are several things going on at the same time
in which many mics need to be turned on or off, having
a sound operator is the most natural and best way to
run the sound system. With a good operator, most peo-
ple will not be aware that any adjustments are being
made. Besides, when the operator is in the pews, he
cannot day dream or fall asleep. He is forced to stay
alert.

It is no secret that the fewer mics that are turned on,
the higher the system can be turned up. Most
churches that have tried to use an automated mixer
system wind up having the bypass switch on all of the
time. This translates into a $10,000 expense that is
not being used. The only place where an automated
mixer will work well is in rooms with RT60s that are
below 1.3 seconds and the NC is 15. There is nothing
better than a person operating the mixer for live
sound reinforcement.

Balconies are an option under certain conditions
and if the sound operator is young and in good health.
Stairs are not fun. Setting up a service that has spe-
cial music or concerts takes three times longer when a
balcony is the location of the mixer. Operating from
the balcony is a two man job unless you are willing to
hold up the service from time to time to let the sound
man finish the set up.

From a listening stand point, the balcony must not
have an arch or beam above the railing. If there is a
beam or arch, it automatically reduces the sound level
considerably unless the sound operator is in from the
beam by 10 feet.

A good quality custom mixer desk that matches to
pew design and color can cost from $900 to $1,500 to
make. The mixer desk would only contain the mixer,
tape machines, wireless receivers and remote controls
for lighting and AV (Screens).

SPEAKER, MICROPHONE WIRES AND
WIRING

Microphone Wire

Recommended Pin connections should be:

Pin 1 ground, drain wire

[do not solder pin 1 to the shield]

Pin 2 ( + ) Hot Red wire

Pin 3 (-) Cold Black wire

This is a standard followed by many contractors and
audio companies. However, some manufacturers use
pin 3 as hot. Check the manufacturer’s specification
sheets before you interconnect your electronics as it
can often cause some hums and noises when pin 2 and
3 are incorrect.

All microphone { LINES } shall be of a LOW IMPED-
ANCE TYPE.

All microphone { CORDS } shall be of a LOW IM-
PEDANCE TYPE.

The line will consist of 2 stranded lines with 1 drain
wire or ground and foil shield.

Shield must be aluminum foil wrap for permanent
wiring. This is currently the best available shielding
that will give 100 percent protection from RF. This
wire is not suitable for mic cords as the foil shield is
prone to breakage or unraveling.

For movable mic cords use a stranded shielded wire.
Depending on the manufacturer, the best braided
shields are between 85 to 93 percent. However, short
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