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Speakers & Amplifiers for Houses of Worship
Seating Less Than 1,000

Blake A. Engel, All Church Sound
edited by Joseph De Buglio, JdB Sound, Acoustics
This is the full length version of the article published in the June 2003 (premier) issue of Religious Product News magazine. The web version posted on their site had been edited by their editors to fit in the space allotted; the print version of the magazine had been edited once again and eliminated a few other key sections.
Part 1
One could write a lengthy book on the subject of speakers, and another on amplifiers—no need to do so, however, it’s already been done more than once! I find many people in the church community don’t know the basics when it comes to what it takes to determine the proper speaker or amplifier for their church sanctuary. While there are many variables to consider, I’d like to cover a few basic issues that require consideration. Here’s a few points to keep in mind throughout your reading of this article.

1. The acoustics of the room determines how well any audio reinforcement system can work 

2. Speaker location determines if the system is great or just mediocre. 

3. Speaker choice shouldn’t be made based on brand name or what everyone else uses. 

4. Amplifier choice is nearly as important to the system as the speaker choice and location in achieving a great system. 

Acoustics First
First of all, you can’t choose a speaker or speaker system for your sanctuary unless you have an intimate knowledge of the condition of the acoustical environment. That is to say, the acoustics of the room determines how well any speaker will perform in the room. Put a great speaker in a great room, and you have great results. Put a great speaker in a poor room, and you have poor results. It can’t be stressed enough that the acoustics of the room places limits on how good the speaker system will perform and how good it’ll sound. Of course, the acoustical condition of the room also determines how well the choir will sound, how well the piano and organ will sound, how well the congregation sings, and how well people understand the minister. 

There are thousands of different speakers made for live sound use. Of these, only a portion should ever be considered for use in a church. If the acoustics are good, you can choose from many of the available models. If the acoustics are poor, you’re limited to selecting from a very small group of speakers that often cost quite a bit.

The argument is, you either spend a ton of money on expensive speakers that will work in a poor acoustical environment, or spend much less money on the speakers and fix the acoustical problems. If you go the route of the expensive speakers and leaving the room bad, then the only time people will be able to hear properly is when the audio system is used (assuming the system was designed and installed correctly). This means that smaller events held in the sanctuary that don’t need any audio reinforcement will have to continue suffering with the poor sound in the room. This would apply to small weddings and funerals, kids’ choir rehearsals, youth choir rehearsals, adult choir rehearsals, drama rehearsals, praise band and soloist rehearsals and even organ and piano rehearsals or recitals. Putting in the very expensive audio system can help only the times when it’s being used. It does nothing to address the fundamental problem – the room itself.

The other option is to fix the room. Just the other day I heard from my associate Joseph De Buglio of another church who had called to tell him of their joy with the acoustical work they did per his recommendations. They told him the sound system was terrific sounding and had a lot of gain before feedback they had never had before. Thing is, they were talking about the OLD sound system, the one they were in the process of totally upgrading! The only complaint they had was that since they were now able to really turn up the gain on some of the mics, they heard a radio station in the system. Well, the radio station had always been there, they had just never been able to run the gain as high as they could now. In other instances, improving the acoustics of a sanctuary results in the congregation thinking a new organ and sound system had been installed.

Taking the time to understand the acoustical situation in your sanctuary and addressing it correctly goes a long way in ensuring every sound event will be heard the way it should be. This means rehearsals go quicker because there’s no “could you repeat that?” or problems with timing. The pianist and organist can play together better, the drummer can beat as hard as he or she wants yet it won’t be overwhelming in the room. The minister can take 3 steps back from the pulpit, talk in a normal voice, and everyone in the congregation will be able to hear him because the acoustics are so good, the audio system can work the way it was designed to. Those with hearing loss will again be able to hear and understand what’s said because the noise and interference from the poor acoustical situation has been remedied. And finally, when the finance committee chairperson pleads with the congregation to help raise funds for a special project, people won’t bring in jar after jar of honey!

Speaker Placement
If you don’t have this little detail correct, you won’t have a good system no matter what you paid for the equipment or how good it looks. If the speakers are in the wrong location, it makes the rest of the system sound mediocre even if the rest of the equipment is very, very high quality. In a typical mono system, speakers mounted to the left and right of the platform like a bad habit are just that—a bad habit. Such systems introduce dead spots and poor intelligibility—which results in listeners fatigue (or putting people to sleep). Speakers mounted in the four corners of a sanctuary make the problems of a typical left-right system seem bearable. Sitting near the rear of such rooms results in your eyes telling you the sound source is in front of you, yet your ears tell you it’s behind you. Talk about confusion! Improperly designed distributed systems can have the same effect.

What about pew-mounted systems? If you put enough money into one, use quality speakers and get all of the delay settings done properly, such a system can work for a speech only system. (In reality, such a high-quality system is rarely done based on the extreme expense.) As soon as any music is done, you’re going to struggle unless the system is turned off. Remember, electricity flows a whole lot faster through wire than sound waves travel through the air. Even with the delays set so the speech system works great, it’s just not right when it comes to music and congregational singing. Such systems are not worth the expense and problems for churches to invest in them.

All right, so if the speakers aren’t supposed to be mounted to the left and right of the platform, in the four corners, or on the pews, where should they go?, The short answer is that the speaker(s) should be mounted overhead, usually a few feet in front of the pulpit, centered left-to-right in the room. This is commonly referred to as a “cluster” or “point source speaker system”. This method ensures even sound coverage from front to back, and proper localization for the original sound source. Remember, God placed our ears on the side of our head; we can tell the direction of sound very well on the horizontal plane, but not in the vertical plane. Therefore, your brain will combine the visual input from your eyes and the audio input from your ears and let you know that the minister’s voice is indeed coming from him, while the speaker system is actually 25 or 35 feet above your head. The exact location of the speaker(s) is determined by the size and shape of the room, location of the platform and seating, plus the sound pressure levels required and other such factors.

Now, for rooms with a ceiling that’s lower than 18-feet, other methods must be used. This usually includes some form of a distributed system. Some rooms need only a couple delayed fill speakers to cover the most rear seating sections, other rooms must employ many rows of speakers, each one with a different signal delay time set for it. Such systems cost quite a bit of money, consider the quantity of speakers and amplifiers. Although most distributed system use smaller speakers than used in a cluster system, there are many of them, and many amplifiers, cables, and delay equipment is needed. In some cases, the cost difference can be as much as two or three times the cost compared to if the ceiling were another 15-feet higher.

Just as there’s a sweetspot in a home theater system or recording studio, there’s a sweetspot in every church sanctuary. The difference is that in the recording studio or home theater, the sweetspot is where you should sit to hear the best stereo sound. Live sound is always mono, but coming from different sources. In a church, the sweetspot is where the speaker should be placed to project mono sound into the largest area to achieve a greater level of intelligibility. This spot is typically very easy to find with two people. Hey, if you can gain one or two percent extra intelligibility by just putting the speaker in the right place, why not? This is a free upgrade! Don’t miss out on this important aspect. More information on the sweetspot can be read here.

If you’re working with new construction, the acoustics of the room should be dictating the size and location of the platform. This ensures a better environment for audio. You can’t design a room and then drop in platform and seating to make it look good; this isn’t using the knowledge we have about the laws of physics to your advantage. When you begin down the road of choosing the correct speaker(s) for your room, you must determine how much coverage is needed. How wide and how deep is your room? Will one speaker suffice, or will you need two, three, or more? If you room has a low ceiling and is deep, you’ll need extra speakers (often referred to as “delayed speakers”) to fill in the middle and rear seating areas.

	 

	
	
	Part 2
Professional speakers designed for permanent installations come in many flavors. Two-way, three-way, component systems and systems supported with subwoofer/bass boxes. Two systems are the most common. Two-way with a sub is a newer common preference and recent new 3-way speaker designs are also getting good marks in a church setting.

Speaker Coverage
For live sound all full range speakers have a certain dispersion (coverage) pattern. This pattern is expressed as a horizontal and vertical angle. A common dispersion angle of a speaker is 90° horizontal and 60° vertical. What this means is that if you’re standing right in front of the speaker (on axis with it) and then walk 45° to the left or right (keeping the same distance from the speaker), when you reach that point, the sound pressure level will be 6dB lower than from where you started. The dispersion angles give the area the speaker covers, ±3dB. This area isn’t a square or rectangular, it’s more of an oval shape. There are, of course, other dispersion angles. It’s common to see combinations such as 90°x45°, 90°x60°, 60°x60°, 60°x45°, 45°x45° and even wide dispersions like 120°x60°. Determining what dispersion pattern to use or if you need more than one speaker each with a different pattern requires a good understanding of audio system design and acoustics.

Something you need to know about dispersion characteristics is that they are frequency dependant. Remember, sound waves have a physical size. To control them, the “controller” must be physically large compared to the wavelength of the sound wave itself. The horn and baffle board on a speaker is what does this controlling. If the horn is small, it can only control very high frequencies. If it’s very large, it can control lower frequencies. Smaller speakers will offer control down to 1200Hz and larger speakers can go as low as 500 hertz. This isn’t always the case, and you must read the specification sheet properly and know how to interpret the polar plots to determine exactly what’s going on. Some specification sheets will claim a speaker has a dispersion pattern of 60° horizontal, when in fact it doesn’t get that narrow until you’re up to 1,500Hz, well above the fundamental range of speech! The desire is to have the right dispersion to cover the seating area, but not the walls or ceiling. 
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Example of a polar plot for the horizontal coverage of a speaker.

If you’re looking at a 2-way or 3-way speaker, find out what the crossover point is between drivers. If, in a 2-way speaker the crossover point is at 1200Hz, that tells you there’s very little dispersion control in the speech range. This means there’s a great chance you’ll have problems with feedback in the system – especially if you are not using or able to use the sweetspot of the room.

Remember the problem with the mono left-right speaker system in regards to the frequency response? When two sound waves meet in the air, they will either add up and be twice as loud, or they’ll cancel. What exactly happens is determined by the distance between the speakers and how far the measurement point is between the two (and whether it’s equidistant from the two or if it’s closer to one side or the other). This effect is called comb filtering and is quite detrimental to intelligibility since some seats may have certain parts of speech boosted while other seats don’t hear other parts at all. Even with a cluster system, this is a concern when more than one speaker is used to cover the entire room. There will be some degree of comb filtering wherever the coverage patterns of two or more speakers overlap each other. Because of this, it’s very important to understand exactly what the dispersion patterns are doing with the speakers you’re using in the room you’re putting them in. Simple tricks like putting the overlap region in the isles can work well, but it’s not always that simple. More often than not, compromises must be made. Knowing what compromises are acceptable and which are not takes experience of a seasoned church audio professional.

Make it Loud!
How loud is the speaker? Better stated, how sensitive is the speaker to an electrical signal? This is often called the speaker’s sensitivity and it’s measured by playing a test signal with 1-watt of power into the speaker and measuring how loud the speaker is 1 meter away. A speaker with a sensitivity rating of 99dB (1W, 1M) is louder and more efficient than one rated only 95dB (1W, 1M). You would need two of the speakers rated at 95dB (1W, 1M) to equal what the other single speaker can do. In addition, the more sensitive speaker can use a less powerful amplifier and achieve the same sound pressure level. This goes hand-in-hand with the power handling of the speaker and the maximum output level. Will the speaker be able to play loud enough without distortion for both music and speech? If not, you need to either look at a speaker that can, or add enough speakers to do the job. Doubling the number of speakers only adds 3dB to the system. It takes an increase of at least 6dB to double the sound pressure level, and, as humans, we need about a 10dB change to think it’s twice as loud or half as loud. So, if you’re looking at a speaker that can play 95dB (1W, 1M), but you actually need 101dB (1W, 1M), you’ll need 4 of these speakers. It may be a lot cheaper and more aesthetically pleasing to simply find a speaker that has a higher sensitivity rating so you only need one speaker. Sure, the single, more sensitive speaker will cost more than one of the less-sensitive speakers, but it’ll be a whole lot cheaper than buying four of the other speakers and four amplifiers!

The book “Why Are Church Sound Systems & Church Acoustics So Confusing” written by Joseph De Buglio contains many tips and guidelines for choosing the right number of speakers and amplifier power for the system. The book includes a chart which suggests combinations based on room shape and denomination (Traditional, Evangelical, and Pentecostal/Charismatic).

Many people are under the false impression that it takes a bigger system for music than it does for clean undistorted speech. If your minister raises and lowers their voice a lot, that could be a range of 15 to 25dB. Music often is performed within a 10dB range or 10 times the power. If a person speaking has a range of 25dB – which many ministers do, the power demand can be 128 times. This difference in power is tremendous; will the speaker be able to handle this wide range of power? (Will the amplifier be able to provide this amount of power without distortion?) A system designed for music only or primarily won’t stand up to the needs for clear, undistorted speech when the time comes.

Distortion
At one contemporary church, members complained it was much too loud when the SPL (sound pressure level) reached 95dB. Down the street was a Methodist church with a pipe organ and seating for 600 people. During a typical service, one could measure levels of over 110dB when the organ was played and the congregation sang. No one complains it’s too loud. What you need to understand is that clean, undistorted sound is much more pleasing to our ears than distorted sound. In fact, a speaker playing with only 50 watts of power and 10% distortion will always be perceived to be louder (and often more annoying) than a speaker playing with 200 watts of power and no or very little distortion.

Using speakers not large enough for your requirements or amplifiers which can’t supply the needed power without distortion means you’re not just annoying people, but turning them away unnecessarily.
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Remember, the acoustic output of any acoustic instrument always results in a pure waveform that’s not distorted. Distortion comes from the electronics we use (and in some cases, extreme poor acoustics), not from the instruments themselves. If our desire is to reproduce the sound of instruments and speech in a natural way, we must avoid distortion at all costs.


Fidelity
How good do you want that speaker to sound? Today’s professional speakers all sound pretty good. There are some that aren’t quite as good as the typical, and there are quite a few which sound much, much better. However, such fidelity comes with a price many churches can’t justify. If the standard fidelity system was to be installed properly and the acoustics of the room were correct, everyone would be quite happy and it would be a rather exciting system. The only way they would know any different is if they were to install the more expensive, higher fidelity system in the same room.

Bass Boost
If you need more bass, consider a subwoofer. These speakers reproduce the very low frequencies some of which are often felt more than they’re heard. Once again, before you decide to add subwoofers to your system, assess the acoustics of the room. Acoustical problems will limit how much bass you’ll have in the room. In one church, they had two twin-18 subs and wanted to get two more. Remember, doubling the number of speakers only adds 3dB to the level. Well, for about the same cost of purchasing the two speakers, amplifiers, cable, and installation time, they improved the acoustics of the room and guess what – they gained 6dB in the low frequency range! Not only that, but as a side effect, the choir now sounded better, the piano and organ sounded better, and the congregation was able to learn new songs faster. So, once again, don’t bypass the acoustics of the room thinking you can solve all of your problems with equipment. It can’t be done.

Where should the subwoofers be located? Should they be on the floor or up in the air with the cluster? Placing them with the rest of the cluster helps preserve the time arrival issues for all of the seating areas. Placing the subwoofers on the floor results in a more rock-and-roll sound and decreases the gain before feedback of the system. Some people try to get around this by feeding the subs a separate signal from a submaster or auxiliary send off the mixer different than the main mix. Then they simply dial in which instruments they want in the subs and leave out any vocal mics. At this point, the subwoofer becomes a special effect system and not part of the overall system. There are many components of the human voice than can make use of a properly adjusted subwoofer system, so deciding to use the subwoofer only for instruments sets it apart from the main speaker system by default.

Some designers have been known to set up systems with three and even four low-frequency speakers, each covering a narrow portion of the audio spectrum. This results in the ability to choose the right speaker for each frequency region and gives more control and power to the system.

The subwoofer system helps extend the frequency response of the entire system. In a typical setup, the full-spectrum audio is fed into a crossover which then divides the audio signal into the bass (subwoofer) frequencies and the remainder of the frequencies (fed to the full-range speakers). (Some systems are 3-way, 4-way, or even more; such systems are divided into the subwoofer frequencies, the low frequencies, and high frequencies.) Another form of wiring the subwoofer is to feed it from an auxiliary or submaster send on the mixer. This way, the sound operator can selectively send specific inputs to the subwoofer (and not others). For example, you might wish to send the bass guitar and kick drum to the subwoofer, but not the lead vocal. This type of system setup uses the subwoofer as an effect, not part of the speaker system as a whole.

Speaker Mounting Safety
How does one mount speakers? That’s another long discussion we could entertain. The simple answer is this: the best way to hang a speaker or speaker system is by using a custom made all-steel bracket which is welded together properly. Such a bracket ensures the speaker(s) won’t go anywhere. The solid construction also means that you’re coupling a good portion of the low frequencies directly into the structure. This results in the sensation of bass without having to turn it up really high. Thus, the teenagers are happy since they “feel” the bass, and the older folks are happy because it’s not so loud.

If you use chain or cable, you need to have a backup support. That is, if you use chain, you need to have a cable backup. If you use cable, you need to use a chain backup. This is the safest way to install them no matter what state laws says. Remember, playing sound through a speaker will cause the suspension system to swing. Also a ceiling fan or an air duct can blow enough air past a speaker causing a slow swing too. Cable or chain suspension wear out the metal links until the speaker falls. It may take 10 years or longer before the speaker support fails, but it does happen. It often takes two or three times longer to install a system with cable or chain than it does with a steel bracket. It also costs more than the steel bracket. Any cable or chain system should be inspected yearly to ensure the rigging components are all in good condition and nothing is wearing out. Will you have to rent a lift or scaffolding to do such an inspection? Hey, touring groups check their rigging hardware each time they fly their equipment. If something looks worn or damaged, they destroy it and replace it with a new part.

While I’ve not personally seen any speakers fall in churches, I’ve heard a number of first-hand reports from my associates in the field. In one case, the contractor used a hydraulic scissor lift to get up to the peak of a church to replace the speaker system. When the lift got near the peak, the handrail of the lift touched the existing speaker and moved it slightly. This minor bump resulted in the speaker suddenly releasing from it’s mounting and collapsing onto the floor of the lift basket. Upon further inspection, the original installation used standard off-the-shelf hardware which, over the years, had begun to allow the links to slowly open up, aided by the 24 hour a day, 7 days a week, and 365 days a year slow swinging provided by nearby ceiling fans. It was only a matter of time that this speaker had before it fell to the sanctuary floor, causing either massive damage, serious injury, or even death. 
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speaker mounted with an all-steel bracket

Finally, make sure the speaker is designed to be flown, many are not. A speaker box assembled with glue and finishing nails isn’t going to hold together very well near the roof of a church where temperatures can be quite high for days and weeks on end. Some manufacturers will help you in adding the needed structural support to the box so it can be hung safely. Once again, the all-steel bracket allows so many possibilities when it comes to speaker mounting and doing it safely.

Making the Choice
With nearly a dozen big-name speaker manufacturers out there (and many other smaller lesser-known names), where do you start when it comes to figuring out which speaker(s) to use in your room? First, figure out how much sound level you need in the pew. A church that needs only 90dB maximum can use less expensive speakers than a church that needs 105dB or 115dB. Yes, this means that traditional churches can save a few dollars compared to contemporary churches requiring high levels of amplification for each and every instrument used. Next you need to figure out your coverage. Will a 90 x 60 speaker do or do you new 140 degrees up front and only 40 degrees at the back? Will one speaker do the job, or do you need several to cover different portions of the room or to provide higher SPL than a single speaker can provide? If the reverberation time is short, you can use less expensive speakers. If it’s long or too long and the church won’t change the acoustics, then be prepared to spend more on your speakers to keep as much sound on the people and not on the walls. Another point to remember—the narrower the dispersion a speaker has, the worse it sounds. Have you ever heard a good sounding bull horn? I didn’t think so. How much gain is there available in the room? If you only have 3dB of gain, then keep adding zero’s to the cost of the speakers. If you have 12dB of room gain, then you can keep the speaker cost lower. If this all seems overwhelming and you already have the books and math on audio, then you may need professional help. If you first limit your speaker choices and system design based on the math, you will do very well. Then again, a single slip in the calculations with the math and you can make a big mistake too. If you choose the speaker because of hype or an emotional attachment to a name brand, then you might as well do better playing the lottery.

Amplifier Quality
In the last 10 years the quality of amplifiers has excelled. To the audience, there’s less and less of an audible difference between units. You do have to pay attention to the power output and the impedance however. Some amplifiers are advertised with a specific power rating that sounds really good, until you see that it’s into 4? load. For example, if an amplifier is rated for 800 watts into a 4? load, when you connect it to a typical 8? speaker, you’ll really only have about 400 watts driving the speaker.

Amplifier Inputs
Another issue with amplifiers is the input stage. Some amplifiers don’t have a proper differential/balanced input; they only have a quasi-balanced input. Such inputs can allow noise and ground problems into the system. This type of input is typically found on less expensive models–even from the same manufacturer. Such inputs can’t ignore noise picked up on the audio cable very well. If the cable run is short and interference isn’t a problem in your area, you might get away with it. If, however you have a long cable run, the area is prone to interference, or if the sending piece of equipment (most likely an equalizer) also has a quasi-balanced output, you’re going to have problems.

What’s interesting to note is that many people will say it’s no big deal to have quasi-balanced inputs (or outputs) and that you can get away with it. To an extent, this is true. The problem is, when there is a problem, many people don’t know exactly what’s causing it, and it’s rarely blamed on the input or output stages of the equipment, wherein the real problem lies. Thus, some will say they’re never heard of a problem with using such equipment—simply because the blame was never put where it should have been.
(here's a nice article on interconnction issues with balanced and unbalanced circuits from Sony, and here's a great one from Rane)

It’s NOT a Volume Control!
Keep in mind the control knob found on the amplifier is not a volume control but an input attenuator. What it does is determine how high the input signal must be to drive the amplifier to full output without distortion. Even with the input attenuator set to a very low level, a signal that’s high enough will drive the amplifier to full output and often with distortion. The distortion can come from the input stage of the amplifier being overdriven (in an attempt to make the output level louder).

What Size?
So how do you know what size amplifier to get to power a specific speaker? The best option is to use an amplifier that has an output rating higher than the speakers’ power handling rating. One of the biggest reasons speakers get blown up is because they’re underpowered. If you use an amplifier that’s too small, it can often cause distortion due to lack of control. This distortion creates heat, and before long the speaker fails. To be safe, the amplifier should be able to provide twice the power of the maximum power handling of the speaker. If you can’t get this close, multiply the maximum power handling level of the speaker by 1.8 and 2.5; look for an amplifier that has an output within this range.

Output Specifications
Are you familiar with the way output specifications are listed for power amplifiers? You’ll see that they list the power output based on the impedance of the speaker connected. Most ratings are given for loads of 8Ω, 4Ω and 2Ω. Now, ohm’s law states that if you have a power rating into a specific impedance, cutting the impedance in half will result in twice the amount of power flowing. When it comes to power amplifiers, we would then expect the following to take place, assuming an initial rating of 100W (100 watts) into an 8Ω load:
8Ω - 100W
4Ω- 200W
2Ω - 400W

Unfortunately, this isn’t the case when it comes down to real life. The power conversion in an audio power amplifier isn’t quite so true. Here’s a real life example from a few different amplifier manufacturers:

	Load
	Output
power 
	
	Load
	Output
power 
	
	Load
	Output
power 

	8Ω/ch
	300W
	 
	8Ω/ch
	400W
	 
	8Ω/ch
	1100W

	4Ω/ch
	475W
	 
	4Ω/ch
	660W
	 
	4Ω/ch
	2050W

	2Ω/ch
	550W
	 
	2Ω/ch
	975W
	 
	2Ω/ch
	3000W

	 
	 
	 
	 
	 
	 
	 
	 

	8Ω/bridge
	950W
	 
	8Ω/bridge
	900W
	 
	8Ω/bridge
	4100W

	4Ω/bridge
	1100W
	 
	4Ω/bridge
	1100W
	 
	4Ω/bridge
	6000W


The first three listings for each amp are the specifications given for each channel when the amp is operated in stereo mode. The last two listings are the specifications given when the amp is operated in bridge-mono mode.

This is what happens with EVERY audio power amplifier, regardless of who designed it, who sells it, or whose name is on it. The power conversion doesn’t follow ohm’s law.

What this means is that if you have a speaker rated for 500 watts at 8Ω and you connect it to an amplifier rated for 500 watts at 8Ω, you’ll be just fine. What many people do, however, is connect two of those 500 watt speakers to the amplifier channel, thinking that with twice the impedance (now 4Ω if they’re in parallel), they will each get 500 watts of power from the amplifier. In reality, they each only get 325 watts or so—again, due to the power conversion not following ohm’s law. This is really cheating yourself when it comes down to it; instead of trying to find a larger amp that can run two speakers per channel with the proper output power, you should really just get smaller amplifiers and connect one speaker to each amplifier channel. Remember, it takes doubling the power to increase the sound pressure level by 3dB; you need to increase the power level 3 times (9dB) to double the (perceived) loudness of sound (though in a closed room, this rule doesn’t always apply).

Here's some more examples to look at in regards to connecting stage monitors. Click any of the images below to open them in a different window.



 HYPERLINK "http://www.allchurchsound.com/ACS/edart/spe_amps/monitors.html" 
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Bridge-Mono Mode
What is it? Using a normal two-channel amplifier, bridging is done by using only one of the input stages to drive both channels of the amplifier. The two amplifier channels work together, one side pushing, the other pulling. This creates an output with more power than the single channels alone could provide. This of course turns your two-channel amplifier into a one-channel amplifier (which may or may not be an issue). When using an amp in bridge-mono mode you also limit the lowest impedance you can connect to the amplifier. Most quality amplifiers can support a load of only 4Ω, sometimes as low as 2Ω when used as a two-channel amplifier. When used in bridge-mono mode, these same amplifiers often suggest no less than an 8Ω load, sometimes as low as 4Ω. This usually isn’t a problem (since you’re only connecting one speaker to one amplifier channel), but you do need to be aware of the issue to ensure you don’t create a problem.

The lower the impedance an amplifier has to drive, the harder it has to work, the more heat it generates, and the short its life span is.

Amp Mounting Locations
If the amplifiers will be located in an equipment room, a typical fan-cooled amplifier is a fine choice. However, if the amplifiers are located within the sanctuary or in a noise sensitive area, you must use convection cooled units. These of course, cost more than the more common fan-cooled units.

How close should the amplifiers be to the speakers they’re driving? The closer, the better, but you don’t need to go overboard by mounting them up in the attic! Most churches have no trouble keeping the speaker cable run less than 100 feet, this is just fine. Remember, the longer the cable, the more signal loss will occur. This means you need to use heavier cables which cost more. More often than not, amplifiers are located in an equipment closet in a balcony or behind the platform. Just ensure this room doesn’t experience high temperatures, especially in summer. Many such equipment closets never get HVAC vents put in them (why bother?) and thus the rooms are very cold in winter (fine for the amplifiers) and very hot in the summer (not good for the amplifiers). The life expectancy of electrical components is directly related to the temperatures they’re exposed to both long and short term. The warmer it is, the shorter life they have. For some components, this means that for each increase in temperature by 10-degrees Fahrenheit, their lifespan can be cut in half. Thus, if a component is rated to operate 10 years at 90ºF, it may only last 5 years at 100ºF or 2.5 years at 110ºF. If a piece of equipment such as an amplifier is in a high-temperature environment, it can’t be cooled properly and thus wears out much sooner than it should.
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chart showing capacitor life vs. Temperature

Cables & Speaker-to-Amp Ratio
Finally, when it comes hooking it all up, for the best performance, each main speaker in the system should have its own amplifier channel. No amplifier channel should drive more than one speaker. By default, each speaker should have its own dedicated speaker cable run from it to the amplifier. Don’t share speaker cables or amplifier channels. This ensures the system can be set up and adjusted properly. It also aids in troubleshooting if there’s ever a problem. 

Floor monitor speakers can afford to share amplifier channels if needed, but you need to ensure you don’t overload the amplifier. Such connections are set up so the speakers are wired in parallel with each other. Never wire speakers in series, this results in poor audio quality and can lead to overheating and damaging your amplifier.

Don’t skimp on the size of cable you use. One of my associates reminds people to “buy the largest piece of copper you can afford”. This is good to a point, of course, but you don’t need to go to extremes either. 12-guage speaker cable is easily found at a low price. Unless your speaker is rated less than 100 watts or is closer than 50 feet, use it. Otherwise, 14-guage is a good choice for those smaller speakers or short runs. Be sure to use twisted cable. This is cable where the two conductors are twisted around each other. Using flat zip-cord style cable can mean problems with noise in the audio system. Every amplifier has what’s called a feedback loop which sends a portion of the output back into the amplifier. If you use flat non-twisted conductor cable, it acts just like an antenna and can feed noise and or RF right into the feedback loop. This results in hearing all sorts of noises – or not hearing anything, but wondering why your high frequency drivers are being blown out all of the time (if the frequency of noise is very high, the amplifier will amplify it and the speaker will TRY to reproduce it). Some will suggest using normal THHN wire as used by electricians for wiring electrical circuits. This wire is fine to use, however you need to twist it and then ensure it’s well labeled as being the audio system and that future electricians shouldn’t tap into it. The extra efforts required to do these simple things ends up taking too much time and energy and makes standard off-the-shelf speaker cable a much better choice. (If you’re wondering, yes, there have been cases of electricians tapping into the cables used for amp to speaker wiring when THHN is used in conduit.)

Powered Speakers
What about powered speakers? If you’re doing a self installation, you need an electrician to install the AC and then run another set of cables for the signal lines. Before installing it, fire up the whole speaker system while it’s still on the ground. Make sure you don’t have a Pin-1 problem or other AC problems. (Powered speakers are well known to have Pin-1 problems.) If there are problems once it is installed, there’s not much you can do besides take it down and send it in for repair. If you use a separate speaker and amplifier, you can still swap amplifiers to determine if it’s a faulty amplifier or speaker. I feel powered speakers are fine for touring groups who set up and tear down every few nights, but for now, I don’t feel comfortable suggesting their use for permanent systems in churches. If inspected on a regular basis and easily swapped out for repair, (as in a temporary portable system) they can be a good option. But for a church who wants to install it and forget about it, it’s not worth the convenience.

Conclusion
The selection of an amplifier is based on the power handling of the speaker it will be used with and the requirements of the system as a whole. For the most part, you’ll do well with any of the higher-quality amplifiers available on the market. This doesn’t mean they need to cost a lot. Expect to spend $500 to $800 for an average amplifier capable of 400 watts into each channel at 8?. Speaker selection depends on the acoustics of the room, the size and shape of the room, the coverage required, the sound pressure level required, and the fidelity desired. There are just too many variables to consider and too many speaker manufacturers and products on the market for the average person to determine what’s best for their sanctuary. If you find this too daunting, get professional help or an independent consultant. Speaker prices range from $500 to $1,500 for an average “main system” speaker. Larger, more powerful speakers or those suited better for rooms with poor acoustics can cost $1,800 to $4,000 and more. Smaller speakers used for filling in or a delayed system can cost $100 and up. If you have acoustical problems, a low ceiling, or need a great deal of pattern control or sound pressure level, you will need to make a bigger investment if you want to do it right.

Don’t use what another local church used or what other churches in your denomination have used just because it worked well for them and you like the sound. Ten churches can look the same, be of the same size and use the exact same sound system design, yet each church may need different models of the same speaker line, different amplifiers and be installed differently even by a few feet for all of them to sound good. You need to choose the product that fits the situation, not the hype. Speaker types and locations are the most important parts of a good audio reinforcement system. The amplifiers that drive them are nearly as important; you need to ensure you’ve made a good match. The design of your system is forever and the equipment will need to be upgraded as it ages. Designing your system right is the single most important step to good sound after acoustics. The less you compromise here, the healthier your church will be.

