Sound Systems for Churches

	Aims
	What do we want from our sound system



	
	Firstly we probably have at least two or three aims: 

We want to hear the pastor clearly during the message

We want the sound system to deliver a good balanced sound from the worship group louder enough so that we can sing without it seeming that we are singing a solo but not so loud that we can’t hear our selves at all.
Finally we probably want to record the message



	
	Each of these aims has a different needs so what’s important for each aim
The message

Clarity is the key requirement here. We don’t need a lot of volume but those in the back row want the hear and understand what is being said. In fact for most churches the minimum volume necessary is the best because that will keep the reflections off walls, ceiling and floor to a minimum. Traditional churches are better known for the great music with a choir and organ but also likely to have a lot of echo off the stone walls and floor. What helps the choral sound acts against us for clarity of the message. If at all possible aim for a dry non-reflective surfaces, carpets, padded seats and banners on the walls will help. One can always add in some reverb for the worship time. 
Some preachers like to stretch the dynamic range of the sound system by alternating between shouting loudly into a microphone close to their mouth and then dropping to almost a whisper with a microphone at a 18inches away from their mouth. Here a compressor/limiter can assist but better still a headset microphone will avoid all the problems associated with the distance a microphone is held from the mouth.

Worship Time

A worship group will require a system with monitors so that they can hear themselves. The frequency range is much wider than that needed by the pastor and this is extended further if a bass guitar is to be used. Bear in mind that the lower frequencies will require far more power than vocals or instruments in the higher frequency range. A balanced sound is easy in a concert situation where the group turns up for practise and sound checks beforehand but the church environment is very different with different people using the same microphone, musicians plugging new instruments in whilst the service is underway and the sound man expected to maintain a perfect balance at all times. A difficult task and one where the choice of the best equipment can give considerable assistance. For this role the ability to train the worship group in microphone techniques and good practise is a desirable quality for the sound man. Equipment-wise a good mixer with a meter bridge, a means of checking sound levels and a pair of good headphones are helpful.

Recording

The requirements for recording are different from either the message and worship time in that the ambiance. The recording will require the best quality from the pastor and a feed from the congregation so that the recording does not sound as if it has been recorded in a studio than a church. This might seem easy but as a different selection  of microphones is needed for the recording as against the speakers for the congregation in practise it is dependent on having a mixer with matrix or group outputs or realize the different objectives.


	Decimals and Sound Levels:
	Ideal sound levels would be 75db for the message and around 85 db for the praise and worship but of course these levels would be needed at the back so that one would expect there to be a differential between the back and front near the speakers so for a church where the is 60 feet between the speakers and the back the sound levels 10 feet from the speakers will be in the order of 90db for the message and 100db for the praise and worship. The sound levels at 5 feet will be even greater at 96 and 106 db respectively.
Exposure to loud sounds will cause damage to your hearing in proportion to the sound level and the length of time you have been exposed. Health and Safety at work requires someone working in a sound level greater than 85 db to wear hearing protection but this is a figure for an 8 hours day.

Drummers are exposed to high levels in excess of 120 db which explains how many drummers are at least partially deaf. Their hearing will survive longer if some thought is given to protection by using a silent stage where headphone systems are used instead of monitors.
Here is a sound exposure chart showing the maximum safe exposure at the various average sound levels.  For a church a level of 90db would be appropriate although it also shows that the levels could be a little higher for the praise and worship say 95db for 30 minutes before dropping down below 85db for the remainder.
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	Major components:


	

	Speakers


	

	Location
	At the front of the congregation 

	
	On stands so that they can be seen from the back of the church when everyone is standing. If you cannot see the midrange unit in the speaker you will not hear it clearly because the sound loses clarity as it goes through people. (frequencies below 125Hz behave differently and are the exception to the above rule).

	
	Sub-woofers or bass units can be on the ground as sound at these frequencies are omni directional.

	
	With a very long venue where additional speakers are needed, mount them and the sides on the wall or on stands but facing towards the rear. To achieve the best sound where more than one set of speakers are used a speaker management system will be needed to introduce delays into the side speakers so that the sound is coherent with that from the front speakers otherwise one is added echoes into the system and sound quality deteriorates. 

	
	The amplifiers for the speakers should be located to minimise the length of speaker cable. Where the mixer is located at the back the snake (multicore) carries the mixer main left and right signal back to the front for the amplifier input.



	Active or passive
	Active means that the amplifier is built into the speaker. 

Generally the active version will always sound better that the passive version of the same speaker being driven by a good quality amplifier.

The active speakers usually have separate amplifiers internally for the high frequency unit and for the woofer, plus limiters to prevent damage for the occasional signal level that is too high but most equipment, whether a mixer amplifier or speaker, will not survive being overloaded for long periods of time so if the red lights come on indicating an overload one must reduce the signal level for that component.


	Why use active speakers
	Active speakers have a going for them in that they reduce the equipment count for the church that has to set up every Sunday, also and probably more important they prevent catastrophic damage which follows if someone helping set up the equipment put the jack output of the power amplifier into any of the system inputs.

This is not so vital for fixed installations because once installed they are unlikely to be tampered with.

Where the church has smaller mid week or external functions the active speaker can be used with a stand and microphone as a simple sound system requiring the minimum of effort in setting up compared the full sound system.



	What speakers are needed
	The first decision is whether a sub-woofer is required – generally if you might have a bass guitar or a keyboard emulating one you should have a sub woofer which will lighten the load on the system.
If we have a bass guitar we will need speakers capable of handling some 500w but by using a sub woofer the sub can be 500w and the top speakers 150w – 200w to achieve the same sound levels but the separate tops will improve the clarity which is so vital for the message (sermon). Have a sub and top units allows the heavy sub unit to remain on the ground and act as the base for the top.

The top units can have 10” or 12” mid range speakers and the sub woofer 12” or 15” for lower powered systems and 15” or 18” for higher powered ones.

	Suggestions
	Without sub-woofers

	
	Without bass guitar 
	With bass guitar

	
	Carlsbro Orion 12A
	Carlsbro Gamma 12A

	
	Carlsbro Gamma 10A
	Mackie SR450

	
	Mackie SRM350
	Alto PS4HA

	
	Yamaha MSR100
	Yamaha MSR400

	
	Behringer B212A or 312A
	Behringer B212A or 312A

	
	For a very small church needing a highly portable system

Carlsbro Traveller DSP 

Alto OEX 400

	
	

	
	With sub woofer

	
	Sub woofer
	Tops

	
	Gamma 15/600A
	Carlsbro Orion 12A

	
	Alto Elvis 15 sub active of passive
	Yamaha MSR100

	
	Yamaha MSR800W
	Mackie SRM350

	
	Behringer B1800X or P1800S
	Behringer B212A or 312A

	
	Carlsbro Tytan system

	
	Golden rule for selection

Don’t be seduced into buying a mid range speaker that is so big/heavy/powerful that you cannot put it on a stand. It is better to use several 250w speakers than one 600w mid range speaker.



	Amplifiers
	Speakers are more often destroyed by using an amplifier that has too little power than by one that over drives the speakers. Overdrive the amplifier and the power lines flatten which clips the high frequencies which in turn caused the tweeter to over heat and blow.
Much better to use a good amplifier such as the Behringer EP2500 and don’t try to drive too many speakers from a single amp. Use one for the 2 sub-woofers and another for 2 or 4 mid range speakers.



	Speaker Cables and connections
	The cable between the amp and speakers have to carry substantial currents so the larger cable 2.5 mm cable can carry 25amps continuously. 
Most modern speakers and amplifiers have binding posts or speakon connection options. Always use one of these options to avoid damaging signal level being available on jacks.

	
	

	Mixers
Location
	Mixers should ideally be at the rear of the venue on the centre line and raised up enough to be able to see what is happening up front even when the congregation is standing. In practise the mixer station is often to one side and not higher enough to see who is using what microphone.



	
	Obviously if you have to move the mixer in very Sunday then a big unit such as the Behringer MX9000 is not a possible option but for fixed installation it is important to:-
Have sufficient channels 

Enough auxiliaries – 4 being a minimum

Groups so that recording is independent of the main outputs (and so that omni mics can be used to record the ambience)

Meter bridge – It is often forgotten that church users are not professional and will often swap mics so it is essential to know what is happening on each channel. Also problems are found much quicker when the metering can give indication of a mic where the gain has been set too high or the auxiliary level is too high.
PFL monitoring – this is so obviously necessary but Yamaha left it off one of its mixer models!!

 

	
	For the churches that have to set up every Sunday it’s a pity the Behringer has stopped making their two best mixers MX3242X and the DDX3216
The current versions include the 16 mic input SL2442FX and the 24 mic SL3242FX. For 19” rack sized versions the biggest is the XENYX 2442FX with 10 mic inputs and a USB/audio interface to record straight into the computer at high quality. By the end of the year expect Alto mixer to appear with a USB interface built in.

Don’t be taken in by manufacturers quoting numbers of channels as these includes all sorts of return inputs. What matters is how many microphones inputs (XLR) does it have.

	
	Groups are useful for controlling all the vocals and all the instruments with a pair of faders each instead of having to adjust each and every channel.

	
	Good quality headphones are needed to monitor the individual channels models like the Sennheiser HD280Pro and Beyer DT770M cut out up to 35db of sound and allow the engineer to concentrate on the chosen channel(s)


	Microphones
	Your sound is not going to be better than what your microphones feed into your system While the mixer can change the emphasis of the tone it cannot remove mid-range noise that were a feature of vocal microphones 20 years old The modern view is that the sound should be transparent warm and round.
Suggested microphones:-

Audix OM3 or OM5 (particularly male vocal) or OM6. The new condenser VX5 is stunning.
Sennheiser e840 or 845 or 935 or 945 or the condenser version e865. This condenser capsule in the radio microphone version has been used for many major concerts such as Opera in Hyde Park so the quality is excellent for vocalists.
Shure Beta 58 (but not the much older design SM58)

Good microphones start at around £100 but if that is too much to spend on the backing vocalists then the Audix F50 is a good choice at £35 but it is easy to hear the difference.


	Sharing and choirs
	Two singers sharing a single microphone virtually never works in a high sound level church. It is much better to either invest in more microphones, have just one of the singers actually up close to the microphone or they have to be able to sing with standing either side of the microphone just one or two inches away – you might see this with professional singers but in a church singers are usually too reserved.
For choirs overhead hangings microphones are a solution but the good hypercardoid microphones that are necessary to make this work are very expensive and one canoot expect to get the same sound levels as with individual microphones. For a more portable solution hypercardoid microphones on carbon fibre stands can be used. Also consider whether improvements could be made to stop reflections on the wall behind the singers by hanging heavy curtains.


	Radio Microphones
	Be warned the UK legal UHF frequencies are 863.100 MHz to 864.900 MHz  and 173.800 to 175.000 MHz on VHF do not be tempted to buy cheap units abroad if they will not cover these legal frequencies and for  that matter just because you have bought a unit in this country does not guarantee that it will be on a legal frequency and in fact the variable frequency units we supply are invariably set by the manufacturers to illegal frequencies and we usually reset them on sale to a legal frequency.

The penalty for using equipment on illegal frequencies can be the confiscation of all equipment so it’s better to check your equipment and make sure you are on legal frequencies.


	Variable or fixed frequency
	Now that variable frequency units are readily available we would never suggest a fixed frequency model because if another church starts to user the same frequency in your vicinity you can get serious interference. With variable frequency units the available bandwidth will allow about 6 radio microphones provided good quality makes are used. We recommend Sennheiser, Audix and JTS. A higher power limit is allowed for bodypack transmitters compared with the handheld microphones so placing the receiver by the stage box may not be sufficient if the other church is very close. If you do get interference you should first increase the squelch but if that fails to cut out unwanted signals whilst your transmitter  is off you show leave your transmitter on for the whole service and use the mute for the times when you don’t want to use your radio microphone.

 

	Normalisation
	The setting of the equipment to its optimum levels

Every input and output channel of the mixer has a level shown on the meters as 0db which is optimum. This will then send the correct level to the outboard equipment and amplifiers.



	Setting up the mixer

	The basic start position for a mixer is to have all EQ levels controls at 0 (12 o/clock), the faders at 0db and all channel and auxiliary output fader/controls at zero (fully anticlockwise).
To bring a particular channel up to the correct level get someone speaking into the microphone, press the PFL button and increase the gain until the meter comes up to one or two segments below the 0db. (most meters are green below 0db and amber above it but changing to red when clipping point is reached). Repeat this for every channel in turn including the instruments. This will bring the mixer into a rough balance – why do I say rough well the person speaking into the microphone for you may not be the person who is going to ultimately use that microphone and people are always much quieter for sound checks than they are when the are singing for real. This is where having a meter bridge improves the balance because the different levels can be seen at a glance rather than have to go through each channel.



	Balancing the sound
	When the PFL meter levels are the same and the faders at the same level everyone is at the same level in the output but you probably don’t want that. It is usual to have the worship leader and the lead instrument (usually the keyboard) a couple of meter segments higher than everyone else so that the congregation can follow their lead. For the foldback (monitors for musicians and singers) put the auxiliaries for these two one or two divisions higher than everyone else


	Monitors
	The musicians and singers cannot hear properly from the main speakers because are facing away from them. For them to be able to sing and play properly they will need their own monitors. In the simplest of setups this can be a duplicate of the main speakers, but it is better for musician and singers to have their own and different monitors. The musicians generally need a monitor with a 12” or 15” woofer so the bass can be handled properly and the singers 10” or 12” monitors because they do not need the bass. In an ideal world each musician has his own monitor and dedicated auxiliary so that he can have his own instrument and the worship leader in the foreground. The Worship leader will probably want themselves in the foreground with the keyboard and vocals behind in that order of levels. The backing singers will need an almost flat signal – same as out of the main speakers so that they can hear fine balances between them.


	Why not combos
	Combo just have the one instrument in them and hence are very negative to another musician or singer. If you line up 3 musician, keyboard, lead guitar and bass guitar, each with their own combo and setting each so that each instrument can be heard with just that one instrument playing. When they all play together they will be forever turning up their combo to try to make themselves heard above the others. I call “Anything you can play I can play louder” Musicians don’t suffer from the same feedback problems as vocalists so when combos are in use one should not expect the singers to hear themselves. Also combos are invariable pointed in the wrong direction for the musician to hear. 

All instrument outputs should go via DI boxes and the snake to the mixer and then the mixed composite auxiliary signal used in the monitor.

 

	Silent Stage
	The sound levels in the musician’s area can get far too loud if their hearing is not to be impaired; in fact most drummers are substantially deaf caused by the high sound levels. Modern thinking is towards a silent stage where the musician wear sound reducing headphones or in ear monitors to allow themselves to hear over the sound of the drums or better still with electronic drums. Silent stages though still expensive increase the control of what the musician hears in his monitor i.e. he can control it himself and frees the singers or choir to be able to hear themselves without having to first get monitor levels above those of the musicians.


	Sound levels
	Firstly sound levels are deceptive because if they are increased gradually the increase in often unnoticed
Be very careful in balancing the sounds in a mixer – you notice that someone is too quiet and therefore think to increase that channel BUT it is often that one or more of the other channels is too loud. Up it not always the right way to obtain a good balance, down of the loudest channel(s) is usually the correct option.

In the UK Health and Safety at work laws make it compulsory for workers to wear ear defenders when sound levels exceed 85 db. This is regarded as the level that it is ok to be in for an 8 hours day without causing permanent damage to ones hearing. This level can be increased if the exposure is for a much shorter duration. For the praise and worship we want to have a higher enough sound level that the congregation can just hear themselves sing without it feeling to them that they are singing a solo. That ideal sound level is probable between 85 and 95 db. Test it for yourself – if you cannot hear yourself sing the volume level is too high. The ideal level for the message is probably around 70 -75db i.e. a little louder than what you would use to speak to someone in a quiet room, but then there will be a little noise coming from the congregation. If a baby starts crying the correct response is not to turn everything up to drown its cry but to ask the parent to take the crying baby out of the hall and into a side room. In other words the same principle for the mixer operation if one signal is too quiet see if another is too loud and deal with the loudest signal first before raising the quiet one.
Remember if you get you sound levels wrong you will be causing deafness in the musicians and people nearest to the speakers.

While I’m not suggesting that you should not be praying for the deaf to receive back their hearing I am saying strongly that you should not be the ones making them deaf.
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