
T h e    G M M   I n f r a r e d    A u d i o   s y s t e m

The infrared audio system is a supplement for those who need aid in hearing spoken 
messages in the Meetinghouse. The audio system has several components. A stereo 
microphone is located on the Meeting room wall behind the facing bench. This 
microphone picks up speech from everywhere in the Meeting room. The signal is 
transmitted to a sound processor and then to the infrared transmitter, which sends the 
infrared signal to the ceiling where it reflects everywhere in the room.  Anyone attending 
Meeting can sign out a headset and wear it during regular First-day services or special 
occasions such as weddings or memorial services.  The headset picks up the stereo 
infrared signal from the ceiling and amplifies it for each ear. The headset has a volume 
control to control the loudness. Since the microphones are very sensitive, if the volume 
control on the headset is turned up one may notice background noise such as people 
coughing, traffic on the streets, children playing or birds chirping outside. To avoid 
hearing this type of  background noise, the headset can be removed when no message is 
being given. The headsets are powered by rechargeable batteries so it is necessary to 
charge them after use.

T u r n i n g    o n    t h e    s y s t e m

The infrared microphone system can be left on continuously but should be turned off 
when no use is planned for several hours.  The electronic components are located 
underneath the facing bench and can be seen by opening the cabinet door inside the 
entrance from the east vestibule.  The system's power is controlled by a switch that is 
labeled “Audio System”, which controls a power socket into which is plugged a white 
cord to a power strip. To turn on the system, flip the switch, after which the lights on the 
sound processor light up and the system is ready for use. After Meeting, for example 
when the overhead lights are being turned off, the infrared audio system should be turned 
off also.

H e a d s e t s

At a normal First-day Meeting for Worship, those who attend the Meeting may pick up a 
headset from the Meeting Office. Once they are familiar with the use of the audio system 
and headsets, members and attenders who use a headset regularly may prefer to purchase 
their own headset for convenience. At special occasions such as weddings and memorial 
services, the appropriate committee (Marriage and Funeral Arrangements committees, or 
Care and Visiting committee members in charge) are in charge of the distribution of the 
headsets with help from the Property Committee. On such occasions, headset use should 
be planned in advance so that the system can be explained to attenders who are not 
familiar with it. Several committee members may be needed to explain how to use the 
headsets if many are requested.



The headsets are stored in the Meeting Office, on the shelf in the computer room. 
Members and attenders may sign out a headset to use in the Meeting, and after use are 
responsible for replacing it.  There are several styles of headset. One type is similar to a 
standard headphone with a band that goes over the head and “ear-muffs” that cover the 
ears.  This type is useful if one wears a hearing aid and prefers not to remove it. A second 
type is the “stethoscope” type that one wears under the chin. Both types give equivalent 
performance, are powered by the same rechargeable battery type, and have a volume 
control and a power switch. 

Before placing the headset on your ears it is important to know where the volume control 
is and how to change it. The sound processor limits the loudness of the audio that you 
hear but if the volume control is set too high you may find the audio too loud. The 
headset receives its signal from the infrared beam near the center of the ceiling, so to hear
the audio you must wear the headset so its front is pointing towards the center of the 
Meeting room. If you place your hand on top of the headset it cannot receive the signal so
it may go quiet. If you hear a hissing noise but no familiar sounds this indicates that the 
headset is not working. Reasons for a weak or missing audio signal include: facing away 
from the center of the Meeting, sitting in direct sunlight, wearing the headset backwards, 
a discharged battery, or the audio system is not turned on. 
 
The battery can power the headset for up to 4 hours on a full charge.  After you use the 
headset, return it to the Meeting Office.  To recharge the battery, remove the battery by 
pulling on its tab and place the battery in one of the charger units located on the shelf in 
the computer room.  It takes about 3 times as long to recharge the battery as the time it 
was used. In any case it will be fully recharged in 24 hours. The Meeting Secretary in 
cooperation with the Property Committee will charge the batteries regularly.

Members and attenders who use the headsets regularly may find an advantage in 
purchasing a headset, to keep it clean and always have it on hand. This type of infrared 
headset is widely used in theater, other public events, and in the entertainment systems in 
cars, so you may use it in other venues. Before deciding to purchase one, you should try 
out the different headset styles to understand the pros and cons of each. The cost varies 
between $20 (car headphones), $40 (headphone style, Sony MDR-IRF240RK) and $120 
(large volume dial, Sennheiser RI-810).



C o m p o n e n t s    o f    A u d i o    S y s t e m

The audio system has several components:

     Electret condenser boundary microphones (2)
     Microphone preamplifiers (2)
     Microphone preamplifier power supply (1)
     Audio compressor (Alesis 3630 dual channel compressor limiter with gate)
     Infrared modulator, Sennheiser SI-1015, 2-channel
     Infrared emitter, Sennheiser SZI-1029-24
     Infrared headsets (to operate with 2.3/2.8 MHz infrared signals):
        Sennheiser RI-810, stethoscope style with large volume dial, automatic switch.
        Sennheiser HDI-302, stethoscope style with small volume control including switch.
        Sennheiser  IS-380, headphone style with volume, balance controls separate switch.
        Sennheiser RI-810-S with headphone jack, induction neck loop or hearing aid input.
        Sony MDR-IF240RK - headphone style with volume, separate switch

D e s c r i p t i o n    o f    C o m p o n e n t s

M i c r o p h o n e s

Boundary (or Pressure Zone) microphones generate an enhanced signal for sound sources
at a distance, especially when the sound source is directly in front of the microphone. The
microphones are installed on the wall behind the facing benches mounted face down on a 
sheet of plexiglass about 1 mm above the surface. This provides enhanced sensitivity, 
frequency response (10 Hz - 20 kHz) and omnidirectionality. The microphones are placed
about 12” apart which gives an excellent stereo image in the headphones, important to 
allow the sound from someone speaking to be discriminated from background noise. The 
microphones are constructed from an electret condenser microphone cartridge (Panasonic
WM-34, WM-60, or Radio Shack 270-090) glued to a wood cantilever mounted on the 
plexiglass base. The electret micrphones are powered remotely by the shielded 
microphone cord which has 3 conductors (signal, power, ground=shield). The 
microphone cord is plugged into a low-noise microphone preamplifier (gain of 50x using 
OP-27 or NE5534 operational amplifier chips) powered by a 12 V power supply. The 
preamplifiers are located near the microphones and are powered remotely, and are 
connected to their power supply through a long (30') cord with 1/4” stereo jacks. The 
signal transmitted by the preamplifiers is at a “line” level (50 mV) so it will not pick up 
interference or noise in a long wire run, and can be connected to a standard signal 
processor.

S o u n d    p r o c e s s o r

The signal from the microphone preamplifiers is passed into the sound processor (Alesis 
3630 compressor/limiter) which reduces loudness fluctuations when the microphones 
pick up loud sounds.  The processor has two identical sets of controls on its front panel, 



on the left and right sides. Each set controls one of the channels, but for stereo a push 
button in the center causes the right side controls to be set by the left side controls (leave 
the push pressed in to enable this feature). On each side, at the left, the “Threshold” knob 
sets the sound level at which compression starts to take place, i.e. above this level the 
compressor reduces the loudness of the sound to make it more constant. We have set this 
threshold knob to start  compressing at a little louder than a typical voice. The 
compression is indicated by a line of red LEDs below the knob. Next, the “Ratio” knob 
sets how much compression, i.e. 1:1 means no compression, and 20:1 means a lot of 
compression. We have set this knob at  6:1 - 10:1, or a moderate amount of compression. 
Next, the “Attack” knob sets how fast the compression occurs after a loud sound is 
detected.  We have set the attack time to 5-10 ms. Next the “Release” knob sets how long 
the compression lasts after the loud sound is gone. We have set the release time to 200-
500 ms. Next, the “Output” knob sets the amplification of the sound going to the 
headsets. We have this set a little below maximum to allow the headsets to give a loud 
signal but not so high to cause distortion of the signal in the infrared system. The 
input/output level (set by a button) is displayed on a line of green LEDs below the knob.  
There are 2 more knobs to the right that control the “sound gate” feature. The first one, 
“Gate Threshold” sets the level at which the sound gate allows sound signals to pass.  If 
the sound is weaker than set on the threshold, the gate turns off and no sound passes to 
the output. The “Rate” knob sets the time after a sound for which the gate stays on.  
When the Gate is set to activate (by turning up the knob so the red light underneath goes 
on), background noise is reduced but the sound becomes “choppy”, going on while 
someone speaks, then off quickly, tending to confuse the headset listener.  Therefore we 
have the “Gate Threshold” knob set to “off”, i.e. no gating, always on.

I n f r a r e d    m o d u l a t o r

The sound from the audio processor is connected to the infrared modulator (Sennheiser 
SI-1015, 2 channels). This changes the signal from a line level audio signal into a stereo 
radio-frequency signal (2.3 and 2.8 MHz, frequency modulation). The modulator has 
loudness controls for both channels. We have set these controls to near maximum to keep 
gain high without distortion. The modulator outputs both channels into each output socket
(BNC) at the back, and passes the signal through 50-ohm (RG58U) cable.  In addition the
modulator has a connection block at the back to power the infrared emitter remotely. 
Both modulator and emitter run on the same power supply, and the modulator can power 
1 SZI-1029-24 emitter (24VDC, 1.65 A). The power wire to the emitter is a 2-conductor 
#14 speaker wire. The power supply is a 24VDC, 2.5 A power supply (Sennheiser 
NT1015 or Jameco 161605).

I n f r a r e d    e m i t t e r

The wire from the infrared modulator passes down into the basement and then up through
the east wall of the Meetinghouse to the window above the door where the infrared 
emitter is located. The emitter (Sennheiser SZI-1029-24) receives the radio frequency 
signal from the modulator and converts it to infrared light (880 nm) with 100 infrared 



LEDs, emitting 5 watts of infrared power. The infrared is emitted at a fairly wide angle 
(30-40 degrees) and we have set it to point to the center of the ceiling. This allows the 
infrared beam to be received by a headset anywhere in the Meeting room. The emitter 
generates quite a bit of heat (~25 watts) and this heat must be dissipated from heat sinks 
on its back and sides. Therefore the emitter cannot be enclosed in a tight box.  The LEDs 
can be seen to glow deep red when emitting infrared. When the emitter has 24V power 
but no signal, it turns off its infrared LEDs and displays a bright red light indicating that 
it is not operational. If some of the LEDs are not working the emitter can still function 
but when too many of its LEDs do not function the red indicator light will come on.  The 
emitter can be sent back to the manufacturer to replace the LEDs. When it is fully 
operational a green light comes on (the normal case).

H e a d s e t s

Sennheiser RI-810. This is a stethoscope style headset (same as included in SET-810) that
is purchased alone without any base for charging or listening to TV. The big volume dial 
is easy to turn and the headset is very light and unobtrusive.  The headset is worn under 
the chin and the dial must point away from the body to receive the infrared signal. There 
is no manual power switch because when the headset is removed from the head the power
is switched off automatically (by the angle of the stethoscope). This headset cannot be 
used with a hearing aid so hearing aids must be removed before wearing it. ($120 new)

Sennheiser SET-810.  This is set containing the RI-810 headset (described above), a base 
that can plug into a TV set (for watching TV at home quietly), and a power supply. When 
not in use, the headset is placed back onto the base which charges the headset's battery.  
($220 new)

Sennheiser HDI-302. This is a stethoscope style headset that is designed for 2-channel or 
monophonic use. It is worn under the chin and the writing must point away from the body
to receive the infrared signal. When the volume control is turned down to “0” (zero) the 
power is switched off. Remember to switch off the headset when not in use.  ($180 new)

Sennheiser IS-380. This is a “headphone” style headset that has (confusingly) 2 dials 
(volume and balance). There is a separate power switch, labeled (“on” and “off”). The 
headset is worn over the top of the head and has earpads that rest softly on the ears. This 
headset can be used with hearing aids in the ears. Remember to switch off the headset 
when not in use. ($50 refurbished, $75 new).

Sennheiser RI-810-S is similar to the RI-810 above but features an audio output jack for 
connecting a pair of headphones, an induction neck loop, induction couplers or a hearing 
aid with audio input. The receiver has the same large volume dial as the SET-810, but has
and an integrated clip for attaching it to the clothing. You can plug in any type of 
headphone (with miniature phone plug). If you have a hearing aid that can receive 
induction signals you can plug in an induction loop and wear it around your neck. ($250 
new).



Sony MDR-IF240RK  a "headphone" style headset is similar to the Sennheiser IS-380 
(no longer available), but less expensive and higher performance. It has a volume control,
a separate power switch, and a red LED light that indicates when the headset
is operating.  The battery is a NIMH AAA cell that runs for 30 hours. ($40 new)

B a t t e r y     c h a r g e r s 

All the Sennheiser headsets that work with our infrared system use the same type of 
rechargeable battery (Sennheiser BA-151). The batteries can be charged with the chargers
that come with the IS-380 and SET-810 headsets. The batteries must be charged 3x the 
duration of time that the headsets have been turned on, i.e. for a 1 hour service the 
batteries must be charged 3 hours. A battery can power the headsets up to 4 hours so it 
does not need to be recharged after each use, however it should not be allowed to fully 
discharge. The batteries can remain in the charger indefinitely so they need not be 
removed when fully charged.

The Sony headsets run with a AAA NIMH rechargeable battery and a standard AA-AAA 
battery charger is available to charge these batteries.


