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I NTRODUCTION

SELECTION

and
The many uses of wireless microphone systems can span appli-

OPERATION OF cations from live entertainment to earth-orbit communications. It can

WIRELESS include devicesfrom asingle“Mr. Microphone’ to a60 channel theme

MICROPHONE park system. It can evoke visions of freedom in prospective usersand

memories of ancient disaster in veteran sound engineers. In all its
SYSTEMS

forms, wireless has become a fact of life for people who design and

use audio systems. With increased use of wireless microphone sys-

tems has come the need for increased quantity and quality of informa-

tion on the topic.

The scope of thisguideislimited to wireless microphone systems
used in audio applications. The reader is presumed to be somewhat
familiar with basic audio. However, since wireless microphone sys-
tems depend upon certain generd principles of radio, some informa:
tion on basic radio is included. While there are similarities between
sound transmission and radio transmission, many of the characteristics
of radio systems are neither analogous to audio systems nor intuitive.

Still, though perhaps new, the key ideas are fairly straightforward.

The purpose of this guideisto provide the interested reader with
adequate information to select suitable wireless equipment for agiven
application and to use that equipment successfully. In addition, it is
hoped that the fundamentals presented here will equip regular users of
wireless with a framework to assist in their further understanding of

this evolving technology.

This guide is presented in two parts: how wireless microphone
systems work and how to make wireless microphone systems work.
Thefirst part isatechnical introduction to the basic principles of radio
and to the characterigtics of wireless transmitters and receivers. The
second part discusses the practical selection and operation of wireless
microphone systems for general and specific gpplications. The two
parts are intended to be sdf-contained. The first part should be of
interest to those who specify or integrate professional wireless equip-
ment while the second part should be of use to anyone who regularly

works with wireless microphone systems.
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CHAPTER 1

WIRELESS M ICROPHONE SYSTEMS:
How THEY WORK

RADIO TRANSMISSION

Radio refersto a class of time-varying eectromagnetic
fields created by varying voltages and/or currentsin certain
physical sources. These sources may be “artificial,” such as
electrical power and electronic circuits, or “naturd,” such as
the atmosphere (lightning) and stars (sunspots). The elec-
tromagnetic field variations radiate outward from the source
forming a pattern called aradio wave. Thus, aradio waveis
aseriesof eectromagnetic field variationstravelling through
space. Although, technicaly, any varying source of voltage
or current produces a varying field near the source, here the
term “radio wave’ describesfield variationsthat propagate a
significant distance from the source.

A sound wave has only asingle “field” component (air
pressure). Variationsin thiscomponent create apettern of air
pressure changes aong the direction that the sound wave
travels but otherwise have no particular orientation. In con-
trast, aradio wave includes both an eectric field component
and a magnetic field component. The variations in these
components have the same relative pattern adong the direc-
tion that the radio wave travels but they are oriented at a 90
degree angleto each other asillustrated in the accompanying
figure. In particular, it is the orientation of the dectric field
component which determines the angle of “polarization” of
the radio wave. This becomes especialy important to the
design and operation of antennas.
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Figure 1: radio wave

Like sound, a radio wave can be described by its fre-
quency and itsamplitude. The frequency of aradio waveis
the time rate of the field variations measured in Hertz (Hz),
where 1 Hz equals 1 cycle-per-second. The radio spectrum,
or range of frequencies, extends from a few Hertz through
the Kilohertz (KHz) and Megahertz (MHz) ranges, to
beyond the Gigahertz (GHz) range. The suffixes KHz,
MHz, and GHz refer to thousands, millions, and hillions of
cycles-per-second respectively. Asfar asispresently known,
humans are directly sengitive to radio waves only at frequen-

ciesin therange of afew million GHz, which are perceived
as visible light, and at those frequencies in the range just
below vishle light, which are perceived as heat (infrared
radiation). The overall radio spectrum includes both natural
and artificia sources asindicated by Figure 2.
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Figure 2: radio frequency spectrum

The amplitude of aradio wave is the magnitude of the
field variaions and is the characterigtic that determines the
“strength” of theradio wave. Specificdly, it isdefined to be
the amplitude of theeectric field variation. Itismeasuredin
volts per unit length and ranges from nanovoltsmeter
(nV/m) to kilovoltsmeter (K\VV/m), where nV refers to one
billionth of avolt and KV refersto one thousand volts. The
minimum level required for pickup by atypical radio receiv-
er isonly afew tens of microvolts (uV, amillionth of avalt)
but much higher levels can be found near transmitters and
other sources. Thewiderange of radio wave amplitudesthat
may be encountered in typica applications requires great
care in the design and use of wireless microphone systems,
particularly receivers.

Ancther characterigtic of radio waves, related to fre-
quency, iswavelength. The wavelength is the physicd dis-
tance between the start of one cycle and the start of the next
cycle asthewave movesthrough space. Wavelengthisrelat-
ed to frequency by the speed a which the radio wave trav-
es.

The speed of radio waves (in a vacuum) is equa to
approximately 3 x 108 meter/sec, or about 186,000 miles/sec,
the same as the speed of light. It does not change with fre-
quency or wavelength but is related to them in the following
way: the frequency of aradio wave, multiplied by its wave-
length always equas the speed of light. Thus, the higher the
radio frequency, the shorter the wavelength, and the lower the
frequency, the longer the wavelength. Typicd wavelengths
for certain radio frequencies are given in Figure 3.
Wavelength also has important consequences in the design
and use of wireless microphone systems, particularly for
antennas.

Unlike sound, radio waves do not require a physical
substance (such as air) for transmission. In fact, they “prop-
agate” or travel most efficiently through the vacuum of
space. However, the speed of radio wavesis somewhat s ow-
er when travelling through a medium other than vacuum.
For example, visible light travels more owly through glass
than through air. This effect accounts for the “refraction” or
bending of light by alens. Radio waves can aso be affected
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by the size and com-
position of objectsin
their path. In partic-
. ular, they can be
s ' reflected by metal if
the size of the meta

: object is comparable
L rend e to or greater than the
wavelength of the
radio wave. Large
surfaces can reflect
both low frequency
T— (long wavelength)

m" : and high fl’equency
' (short wavelength)
waves, but small sur-
faces can reflect only
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-y high frequency
(short) radio waves.

L Interestingly, a

q ? reflecting metal
object can be porous,

ie. it can have holes
or gpaces in it. As
long as the holes are much smdller than the wavelength, the
metal surfacewill behave asif it were solid. Thismeansthat
screens, grids, bars, or other meta arrays can reflect radio
waves whose wavelength is greater than the space between
the array elements and lessthan the overdl array size. If the
space between dements is larger than the wavelength, the
radio waveswill passthrough the array. Themetal screenon
the glass door of a microwave oven reflects microwaves
back into the oven but alows (shorter) light waves to pass
through so that theinside isvisible.

Even metd objects which are smaler than the wave-
length are able to bend or “diffract” radio waves. Generdly,
the size, location, and quantity of meta in the vicinity of
radio waves will have significant effect on their behavior.

Non-metalic substances (including air) do not reflect
radio waves but are not completely transparent either. To
some degree, they generdly “attenuate” or causealossinthe
strength of radio waves that pass through them. The amount
of attenuation or lossis afunction of the thickness and com-
position of the material and aso a function of the radio
wavelength. In practice, dense materias produce moreloss-
esthan lighter materials and long radio waves (low frequen-
cies) can propagate greeter distances through “lossy” mate-
rials than short radio waves (high frequencies). The human
body causes significant losses to short radio waves passing
through it.

An object which is large enough to reflect radio waves
or dense enough to attenuate them can create a“ shadow” in
the path of the waves which can greatly hamper reception of
radio in the area beyond the object.

Figure 3: radio wavelength chart
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Figure 4: radio wave propagation vs. wavelength when
encountering conductive obstacles.

A find pardle between sound waves and radio waves
lies in the nature of the radio wave pattern or “field” pro-
duced by various sources at a given location. If reflections
are present (which is nearly always the case indoors), the
radio field will include both direct waves (those that travel
by the shortest path from the source to thelocation) and indi-
rect waves (those that are reflected). Radio waves, like
sound waves, become weaker asthey travel away from their
source, a arate governed by theinverse-squarelaw: at twice
the distance, the strength is decreased by afactor of four (the
sguare of two). The radio waves that arrive at a given loca
tion, by direct or indirect paths, have different amplitudes
related to the strength of the origina source(s) and the
amount of loss due to reflections, materia attenuation and
the total distance travelled.

After many reflections radio waves become weaker and
essentially non-directional.  They ultimately contribute to
ambient radio “noise,” that is, generd radio energy produced
by many natural and man-made sources across awide range
of frequencies. The strength of ambient radio noiseis rela
tively constant in a given area, that is, it does not diminish
with distance. Thetotd radio field at a given location con-
sists of direct waves, indirect waves and radio noise.

Radio noise is nearly dways considered to be undesir-
able. Thedirect and indirect waves may come from both the
desired source (the intended transmission) and undesirable
sources (other transmissions and general radio energy emit-
ters). Successful radio reception depends on a favorable
level of the desired transmission compared to undesirable
transmissions and noise.

This discussion of radio transmisson has so far deslt
only with the basic radio wave. It is aso necessary to con-
sider how information is carried by these waves. Audio
“information” is transmitted by sound waves which consist
of air pressure variations over a large range of amplitudes
and frequencies. This combination of varying amplitudes
and varying frequencies creates a highly complex sound
field. Thesevarying pressure waves are able to be processed
directly by our auditory systems to perceive speech, music,
and other intelligible sounds (information).
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Radio “information” is generaly transmitted using only
onefrequency. Thissingle electromagnetic waveisvariedin
amplitude, frequency, or some other characteritic (such as
phase) and for most radio transmissions neither the wave nor
its variation can be detected or processed directly by human
senses. In fact, the wave itsdlf is not the information but
rather the “carrier” of the information. The information is
actualy contained in the amplitude variation or frequency
variation, for example. When a radio wave contains infor-
mationitiscaledaradio“signa.” Thetermfor variation of
radio waves is “modulation.” If the amplitude of the wave
is varied the technique is caled Amplitude Modulation or
AM. If the frequency is varied, it is caled Frequency
Modulation or FM.

Theamount of information that can be carriedinaradio
signa depends on the amount and type of modulation that
can be applied to the basic radio wave aswell asthe basefre-
quency of radio wave. Thisis limited by physics to some
extent, but is also limited by regulatory agencies such asthe
FCC. For AM signds, theradio wave has asingle (constant)
frequency of some basic amplitude (determined by thetrans-
mitter power). Thisamplitudeis varied up and down (mod-
ulated) by the audio signdl to create the corresponding radio
signa. The maximum (legal) amount of amplitude modula-
tion alows an audio sgna of only limited frequency
response (about 50-9000 Hz) and limited dynamic range
(about 50 dB).
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Figure 5: modulated AM carrier

For FM dignals, the radio wave has a constant ampli-
tude (again determined by transmitter power) and abasic fre-
quency. The basic radio frequency is varied up and down
(modulated) by the audio signd to creste the corresponding
radio signal. This frequency modulation is cdled “devia-
tion” since it causesthe carrier to deviate up and down from
its basic or unmodulated frequency.

Thedeviationisafunction of theamplitude of the audio
signa and is usualy measured in kilohertz (KHz). Typical
vaues of deviation in wireless microphone systems range
from about 12KHz to 45KHz depending on the operating
frequency band. The maximum (legal) amount of deviation
allows an audio signdl of greater frequency response (about
50-15,000 Hz) and greater dynamic range (more than 90 dB)
than doesAM.
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Figure 6: modulated FM carrier

Although the details of wireless microphone transmit-
ters and receivers will be covered in the next section, it
should be noted here that al of the systems discussed in this
presentation use the FM technique. The reasons for this are
the same as are apparent in commercia broadcast systems.
More “information” can be sent in the typical FM signd,
alowing higher fiddlity audio sgnals to be transmitted. In
addition, FM receivers are inherently less sensitive to many
common sources of radio noise, such as lightning and elec-
trica power equipment, because the AM component of such
interference is rejected.

ST B R A i
TI.I 1 " " I||| II
|||I‘|1|"'| || -

Ty

..I

._I.L__'LJ.L_"_iI lLl__

WIRELESS MICROPHONE SYSTEMS:

DESCRIPTION

The function of aradio or “wireless’ system isto send
information in the form of aradio signd. In this presenta-
tion, the information is assumed to be an audio signal, but of
course video, data, or control signascan all be sent viaradio
waves. In each case, the information must be converted to a
radio signd, transmitted, received, and converted back to its
origina form. The initid conversion consists of using the
original information to create aradio signal by “modulating”
a basic radio wave. In the fina conversion, a complemen-
tary technique is used to “demodulate” the radio signal to
recover the original information.

A wirdessmicrophone system consstsgenerdly of three
main components.  an input source, a trangmitter, and a
receiver. The input source provides an audio sgnd to the
transmitter.  The transmitter converts the audio sgnd to a
radio signal and “broadcasts’ or trangmitsit to the surrounding
aea The recaiver “picks up” or recaves the radio sgnd and
convertsit back into an audio signd. Additiona system com-
ponents include antennas and, possibly, antenna cables and
digtribution systems. The processes and the basic components
arefunctionaly smilar to commercid radio and televison and
other forms of radio communications. What differs is the
component scae and the physical system configurations.

Figure 7: radio
system diagram
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There are four basic configurations of wireless micro-

OPERATION OF phone systems, related to the mohility of the transmitter and
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receiver components, as required for different applications.
This presentation will focus on systems condsting of a
portable transmitter and a Sationary receiver. The transmit-
ter isusudly carried by the user, who is free to move abott,
while the recelver is located in a fixed position. The input
source in this setup is normally a microphone or an eec-
tronic musical instrument. The receiver output is typicaly
sent to a sound system, recording equipment, or a broadcast
system. This is the configuration of the standard “wireless
microphone’ and is the arrangement most widely used in
entertainment, public address, and broadcast applications.

The second configuration employs a stationary trans
mitter and a portable receiver. In this case, the receiver is
carried by the user, while the transmitter isfixed. Theinput
source to the transmitter for these setups is usualy a sound
system, playback system, or other installed source. The out-
put of the receiver is typicaly monitored through head-
phones or loudspeskers. It may feed a portable audio or
video recorder. Thisis the configuration of wireless micro-
phone systems for assigtive listening, smultaneous tranda
tion, in-the-ear monitors, and variousingtructional uses. Itis
also, of course, the configuration of commercia radio and
television systemswhen the receiver ismobile such asaper-
sond radio or acar radio.

Thethird configuration consists of both aportabletrans-
mitter and aportablereceiver. The usersof both components
are free to move about. Again, the input sourceis usudly a
microphone and the output is often aheadphone. Thisisthe
configuration of “wireless intercom” systems, though each
user in atypical setup has both a transmitter and a receiver
for two-way communication. Another gpplication of this
configuration is for transmisson of audio from a wireless
microphone to a portable cameralrecorder in broadcadt, film,
and videography.

The fourth configuration comprises a transmitter and a
receiver that are each stationary. Thetypica input would be
a playback source or mixer while the output might be to a
sound system or to a broadcast facility. Examples of this
setup are wirdess audio feeds to multiple amplifier/loud-
speaker arrays for temporary distributed sound systems,
radio remote-to-studio links and of course commercid and
non-commercia broadcasts from fixed tranamitters to fixed
receivers.

INPUT SOURCE

The input source is any device that provides a suitable
audio signd to the transmitter. “Suitable audio signa”
means an electrical signal within a certain frequency range
(audio), voltage range (microphone level or line level), and
impedance range (low or high) that can be handled by the
transmitter. Though this places some limits oninput sources,
it will be seen that dmost any type of audio signa can be
used with one system or ancther.

The most common input source is amicrophone, which
may take any one of avariety of forms. handheld, lavdiere,
headworn, instrument-mounted, etc. The audio signa pro-
vided by this source is audio frequency, microphone leve,
and usually low impedance. Sincethe“wirdess’ part of the
wireless microphone only serves to replace the cable, ided-
ly, the characteristics and performance of aparticular micro-
phone should not change when used as part of a wireless
microphone system.

Therefore, the selection of microphone type for awire-
less microphone system should be made following the same
guidelines as for wired microphones. The usua choices of
operating principle (dynamic/condenser), frequency
response (flat/shaped), directionality (omni-/uni-directiond),
electrical output (balanced/unbaanced, low or high imped-
ance), and physica design (size, shape, mounting, etc.) must
dill be made. The problems that result from improper
microphone choice will only be aggravated in a wireless
application.

Another widely encountered input source is an elec-
tronic musicd instrument, such as an electric guitar, electric
bass, or portable electronic keyboard. The signal from these
sources is again audio frequency, microphone or line leve,
and usually high impedance. The potentidly higher signal
levels and high impedances can affect transmitter choice.

Finally, genera audio signal sources such as mixer out-
puts, cassette or CD players, etc. can be considered, though
they exhibit awide range of levels and impedances. Aslong
asthese characteristics are within the input capabilities of the
transmitter they may be successfully used.

TRANSMITTER: GENERAL DESCRIPTION
Trangamitters can be either fixed or portable as mentioned
ealier. Regardless of type, tranamitters usudly feature asin-
gle audio input (line or microphone type), minima controls
and indicators (power, audio gain adjustment) and a single
antenna. Internally, they aredso functionaly the same, except
for the power supply: AC power for fixed types and battery
power for portable models. The important festures of trans-
mitter design will be presented in the context of portable units.
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Figure 8: transmitter illustration

Portable trangmitters are available in three different
forms. bodypack, handheld, and plug-on. Each of these has
further variations of inputs, controls, indicators, and anten-
nas. The choice of trangmitter type is often dictated by the
choice of input source: handheld microphones usualy
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require handheld or plug-on transmitters while nearly dl
other sources are used with bodypack types.

Bodypack (sometimes called beltpack) transmitters are
typicaly packaged in a shirt-pocket sized rectangular hous-
ing. They are often provided with a clip that secures to
clothing or belt, or may be placed in a pocket or pouch. In
theater and some other applications they may be conceaded
underneath clothing. Input is made from the source to the
bodypack via a cable which may be permanently attached
or detachable at a connector. This connector may alow a
variety of input sources to be used with one transmitter.

Bodypack transmitter contrals include at least a power
switch and usually a mute switch, alowing the audio input
to be silenced without interrupting the radio signal. Other
controls may include gain adjustment, attenuators, limiters
and, intunesble systems, aprovision for frequency selection.
Indicators (usually LED’s) for power-on and battery condi-
tion are common and desirable, while tuneable units some-
times include digitad readouts of frequency. Findly, the
antenna for a bodypack transmitter may be in the form of a
flexible attached wire, a short “rubber ducki€’ type, or the
input source cable itself, such as a guitar cable or lavaliere
microphone cable.

Handheld transmitters, asthe nameimplies, consist of a
handheld vocal microphone element integrated with atrans-
mitter built into the handle. The complete package appears
only dightly larger than a wired handheld microphone. It
may be carried in the hand or mounted on a microphone
stand using an appropriate swivel adapter. Input from the
microphone element is direct via an internal connector or
wires. Some models have removable or interchangesble
microphone elements.

Handheld transmitter controls are generdly limited to a
power switch, a mute switch, and gain adjustment, though
again, some models may include frequency selection.
Indicators are comparable to those in bodypack transmitters.
The antennaiis usualy conceded inside the handheld trans-
mitter, though certain types (primarily UHF) use a short
externd antenna.

“Plug-on” tranamitters are a specia type designed to
attach directly to atypica handheld microphone, effectively
allowing many standard microphonesto become “wireless.”
The transmitter is contained in a smdl rectangular or cylin-
drica housing with an integra female XL R-type input con-
nector. Controls and indicators are comparable to those
found in bodypack types and the antennais usudly internal.

While transmitters vary considerably in their externa
appearance, internally they al must accomplish the same
task: usethe input audio signa to modulate a radio carrier
and transmit the resulting radio signa effectively. Though
there are many different ways to engineer wireless transmit-
ters, certain functional eements are common to most current
designs. It isuseful to describe these elementsto gain some
insight to the overdl performance and use of wirdlessmicro-
phone systems.
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Figure 9: crystal-controlled transmitter block diagram

TRANSMITTER: AuUDIO CIRCUITRY

The first part of the typical transmitter is the input cir-
cuitry. This section makes the proper eectrica match
between the input source and the rest of the transmitter. It
must handle the expected range of input levels and present
the correct impedance to the source. Gain controls and
impedance switches allow greater flexibility in some
designs. In certain cases, the input circuitry also provides
electrical power to the source (for condenser microphone
elements).

The signa from the input stage passesto the signal
processing section which optimizes the audio signal in sev-
erd ways for the congtraints imposed by radio transmis-
sion. Thefirst
processisaspecia
equalization called
pre-emphasis,
which is designed
to minimize the

wpamt Ie/d Of Level frwﬂcies freng:ci&s

hi gh frajlue’]cy unchanged boosted

noise (hiss) that is Frequency ——»

unavoi débly added Figure 10a: pre-emphasisin transmitter

during the trans-

mission. The

“emphasis’ isa et i
i . requencies (and noise)

specificaly tailored T ‘ reduced

boost of the high AF

ﬁ
frequencies

unchanged

frequencies. When
thisis coupled with
an equa (but oppo-
dte) “de-emphasis’
in the receiver, the
effect is to reduce high frequency noise by up to 10 dB.

The second process is called “companding” (com-
press/expand), which is designed to compensate for the lim-
ited dynamic range of radio transmisson. The part of the
process performed in the transmitter is “compression,” in
which the dynamic range of the audio signal is reduced or
compressed, typicaly by afactor of 2:1. Again, when thisis
coupled with an equal but opposite (1:2) “expansion” of the
signd inthereceiver, theorigina dynamic range of theaudio
signal is restored. Nearly dl current wireless microphone
systems employ some form of companding, dlowing a
potential dynamic range grester than 100 dB.

A refinement that is found in afew compander designs
is to divide the audio signd into two or more frequency

Frequency ——

Figure 10b: de-emphasisin transmitter
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Figure 11: compander

bands. Each band is then pre-emphasized and compressed
independently. In the receiver, de-emphasis and expansion
are applied separately to these same bands before combining
them back into a full-range audio signal. Though more
expensgve, multi-band companding systems may have a bet-
ter ability to improve dynamic range and apparent signal-to-
noise ratio across the entire audio range.

In many transmitters, an additiona process called limit-
ingisapplied to theaudio signal. Thisisto prevent overload
and digtortion in subsequent audio stages or to prevent
“overmodulation” (excessive frequency deviation) of the
radio signad. The*“limiter” automatically prevents the audio
sgnal level from exceeding some preset maximum level and
isusually applied after pre-emphasis and companding.

TRANSMITTER: RADIO CIRCUITRY

After processing, the audio signal is sent to a voltage
controlled oscillator (VCO). Thisisthe section which actu-
ally convertsthe audio signal to aradio signal by atechnique
called frequency modulation (FM). The (relatively) low fre-
quency audio signal controls a high frequency oscillator to
produce a radio signal whose frequency “modulates’ or
variesin direct proportion to the audio signd.

The maximum value of modulation is called the devia-
tion and isspecified inkilohertz (KHz). The amount of devi-
ation produced by the audio signal isafunction of the design
of the transmitter. Systems with deviation grester than the
modulating frequency are called wideband, while systems
with deviation less than the modulating frequency are called
narrow band. Most wireless microphone transmitters fall
into the upper end of the narrow band category.

The “basg” or unmodulated frequency of the oscillator
for a gngle frequency system is fixed. By design, the fre-
quency of thesigna fromtheVCO (for aconventional, crys-
tal-controlled transmitter) is much lower than the desired
output frequency of the transmitter. In order to achieve a
given transmitter frequency the output from the VCO is put
through a series of frequency multiplier stages. These mul-
tipliers are usualy a combination of doublers, triplers, or
even quadruplers. For example, a transmitter that employs
two triplers (for a 9x multiplication) would use aVVCO with
a base frequency of 20 MHz to achieve a 180 MHz trans-
mitted frequency. The multipliersaso function asamplifiers
5o that the output signal is at the desired power level aswell.

A few tuneable transmitters use multiple crystals to
obtain multiplefrequencies. Thebasefrequency of theVCO

RF
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Radio Frequency

Figure 12a: unmodulated FM signal spectrum

RF
Level

Radio Frequency

Figure 12b: modulated FM signal spectrum

for mogt tuneable systems is adjustable by a technique
known as frequency synthesis. A control circuit caled a
phese-locked-loop (PLL) is used to calibrate the transmitter
frequency to a reference “clock” frequency through an
adjugtablefrequency divider. By changing thedivider indis-
crete steps, the tranamitter frequency can be precisely varied
or tuned over the desired range. Fregquency-synthesized
designs allow the audio signal to modulate the VCO direct-
ly at the transmitter frequency. No multiplier stages are

required.
e

COMPRESSOR
(AND LIMITER)

SYNTHESIZED | |
veo

RF AMP

PRE-AMP PRE-EMPHASIS |——

PROGRAMMABLE
FREQUENCY DIVIDER
AND PLL CONTROL

AF RF

Figure 13: frequency-synthesized transmitter block diagram

Thelast internal element of the transmitter is the power
supply. For portable transmitters, power is supplied by bat-
teries. Since the voltage level of batteries fals as they are
discharged, it is necessary to design the device to operate
over awide range of voltage and/or to employ voltage regu-
lating circuitry. Most designs, especidly those requiring a
9V battery, use the battery voltage directly. Others, typicaly
those using 1.5 V cdlls, have DC-to-DC converters which
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boost the low voltage up to the desired operating value.
Battery life varies widely among transmitters, from just a
few hours up to twenty hours, depending on output power,
battery type, and overal circuit efficiency.

RECEIVER: GENERAL DESCRIPTION

Receivers are available in both fixed and portable
designs. Portable receivers resemble portable transmitters
externally: they are characterized by smadl size, one or two
outputs (microphonelline, headphone), minimal controlsand
indicators (power, level), and (usualy) a single antenna
Interndly they are functionally similar to fixed receivers,
again with the exception of the power supply (battery vs.
AC). The important features of receivers will be presented
in the context of fixed units, which exhibit a greater range of
choices.

Fixed receivers offer various

signalswhich are substantialy above or below the operating

SELECTION

and

frequency of thereceiver. For asinglefrequency receiver the OPERATION OF

front end can be fairly narrow. For a tuneable receiver it
must be wide enough to accommodate the desired range of
frequenciesif the front end filter itself isnot tuneable. Filter
circuits of various types ranging from simple coils to preci-
sion “heicd resonators’ are used in front end filters.

The second receiver section is the “locd oscillator”
(usually abbreviated as“LO"). Thiscircuit generates a con-
stant radio frequency thet is related to the frequency of the
received radio signd but differs by a “defined amount.”
Single frequency receivers have a fixed frequency local
oscillator (LO), again using a quartz crystal. Tuneable
receivers have an adjustable LO, which generaly uses afre-
quency synthesis design.

. ol
outward features. units may be free o
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standing or rack-mountable; outputs
may include balanced/unbalanced
microphone or line level aswell as
headphones; indicators for power
and audio/radio signd level may be
present; controls for power and out
put level are usudly offered; anten-
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nently attached.
Like transmitters, receivers can
vary greatly in packaging, but inside

< fF

they must achieve a common god:
receive the radio signa efficiently
and convert it into a suitable audio
signal output. Once again it will be
useful to look at the main functional
elements of the typicd receiver.

REcEIVER: RADIO CIRCUITRY

The first section of receiver circuitry isthe “front end.”
Itsfunction isto provide afirst stage of radio frequency (RF)
filtering to prevent unwanted radio signas from causing
interference in subsequent stages. It should effectively reject
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Figure 14: receiver illustration
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DOUBLE CONVERSION CRYSTAL RECEIVER
Figure 15: crystal receiver block diagram

Next, the filtered received signd and theloca oscillator
output are input to the “mixer” section. Themixer, inaradio
receiver, isacircuit that combinesthese signas (in a process
caled “heterodyning”) to produce two “new” signals. the
first new sgnd is at a frequency which is the sum of the
received signal frequency and the local oscillator frequency,
while the second is a a frequency which is the difference
between the received signa frequency and the local oscilla
tor frequency. Both the sum and the difference signals con-
tain the audio information carried by the recelved signal.

It should be noted that the LO frequency can be above
or below the received frequency and still yield the same dif-
ference frequency when combined in the mixer. When the
LO frequency is lower than the received frequency (the
usua case) the design is cdled “low-side injection.” When
itisaboveitiscaled “high-side injection.”

The sum and difference signals are then sent to a series
of filter sageswhich are dl tuned to the frequency of the dif-
ference signal. Thisfrequency isthe “intermediate frequen-
cy” (IF), so-called because it islower than the received radio
frequency but ill higher than the findl audio frequency. Itis
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aso the “defined amount” used to determine the local oscil-
lator frequency of the previous section. The narrowly tuned
IFfilters are designed to completely rgect the sum signd, as
well as the LO frequency and the origind received signd,
and any other radio signasthat may have gotten through the
front end. The IF filters dlow only the difference signal to
pass through. This effectively converts the received radio
frequency (RF) signd to the much lower intermediate fre-
quency (IF) signd and makes subsequent signa processing
more efficient.

If only one LO and one mixer stage are used then only
one intermediate frequency is produced and the receiver is
said to be a“single conversion” type. In a*“double conver-
sion” receiver theincoming signal is converted to thefina IF
in two successive stages, each with its own LO and mixer.
This technique can provide increased stability and interfer-
ence rgiection, though at significantly higher design com-
plexity and cost. Double conversion is more common in
UHF receiver designswherethereceived signal frequency is
extremely high.

The IF signd is findly input to the “detector” stage
which “demodulates’ or extracts the audio signal by one of
severd methods. One standard technique is known as
“quadrature.” When two signals are out of phase with each
other by exactly 90 degreesthey are said to be in quadrature.
When such signals are multiplied together and low-pass fil-
tered the resulting output signal consists only of frequency
variations of the origina input signal. This effectively eim-
inates the (high-frequency) carrier frequency leaving only
the low-frequency modulation information (the origina
audio signd).

In a quadrature FM detector the IF signal passes
through a circuit which introduces a 90 degree phase shift
rativeto the origind IF signal. The phase-shifted IF signal
isthen multiplied by the straight IF signdl. A low-passfilter
isapplied to the product which resultsin asigna that is now
theaudio signal originally used to modulate the carrier in the
transmitter.

REcEIVER: AuDIO CIRCUITRY

The audio signa then undergoes signal processing to
complete the dynamic range recovery and noise reduction
action begun in the transmitter: first a 1:2 expansion, fol-
lowed by ahigh-frequency de-emphasis. Asmentionedinthe
tranamitter section, thismay be amulti-band process. Finally,
an output amplifier supplies the necessary audio signd char-
acterigtics (level and impedance) for connection to an exter-
nal device such asamixer input, recorders, headphones, etc.

RECEIVER: SQUELCH

One additional circuit which is important to proper
receiver behavior is caled “squelch” or muting. The func-
tion of this circuit is to mute or silence the audio output of
the receiver in the absence of the desired radio signd. When
the desired signd is lost (due to multi-path dropout, exces-

sive distance, loss of power to the transmitter, etc.) the
“open” receiver may pick up another signa or background
radio “noise” Typicdly, thisis heard as “white’ noise and
is often much louder than the audio signal from the desired
source.

The traditional squelch circuit is an audio switch con-
trolled by the radio signd level using a fixed or manualy
adjustable threshold (level). When the received signd
strength falls below this level the output of the receiver is
muted. Idedly, the squelch level should be set just above the
background radio noiseleve or at the point where the desired
signd is becoming too noisy to be acceptable. Higher set-
tings of squelch leve require higher received signal strength
to un-mute the receiver. Since received signd strength
decreases as transmission distance increases, higher squelch
settings will decrease the operating range of the system.

i i

un-muted

squelch

RF threshold

Level

RF signal
and noise

Radio Frquency

muted
\J

Figure 16: threshold squelch

One refinement of the standard squelch circuit is
referred to as “noise squelch.”  This technique relies on the
fact that the audio from undesirable radio noise has a great
ded of high frequency energy compared to a typica audio
signal. The noise squelch circuit compares the high fre-
quency energy of the received signal to a reference voltage
st by the squelch adjustment. In this system the squelch
control essentiadly determinesthe“ quality” of signa (signal-
to-noise ratio) required to unmute the receiver. This dlows
operation at lower squelch settings with less likelihood of
noiseif the desired signd islost.

RF Noise
Audio
A Characteristic

AF i
Noise
Level

muted Noise Squelch

Threshold
unmuted
___ Audio
"7 Characteristic

Audio Frequency >

Figure 17: noise squelch

A further refinement is known as “tone-key” or “tone-
code” squelch. It enablesthe receiver to identify the desired
radio signa by means of a supra- or sub-audible tone which
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isgenerated in thetransmitter and sent along with the normal
audio signal. The receiver will un-mute only when it picks
up aradio signal of adequate strength and it detects the pres-
ence of thetone-key. This effectively prevents the possibil-
ity of noise from the system when the transmitter signal is
logt. Turn-on and turn-off delays are incorporated so that the
transmitter power switch operates silently, eiminating the
need for a separate mute switch.

AF
Level

tone squelch

threshold
¥ ine

20Hz 20kHz 32kHz
tone

Audio Frequency

Figure 18: tone key squelch

DIVERSITY

Fixed receivers are offered in two basic external con-
figurations. diversty and non-diversity. Non-diversity
receivers are equipped with a single antenna while diversity
receivers generdly have two antennas. Both systems may
offer otherwise similar outward festures. units may be free
standing or rack-mountable; outputs may include bal-
anced/unbalanced microphone or line level as well as head-
phones; indicators for power and audio/radio signd leve
may be present; controls for power and permanently
attached.

Though diversity receivers tend to include more fea
tures than non-diversity types, the choice of adiversity vs. a
non-diversity receiver is usudly dictated by performance
and reliability considerations. Diversity receivers can Sig-
nificantly improve both quaities by minimizing the effect of
variationsin radio signa strength in a given reception area.

A necessary element in the concept of diversity radio
reception is the occurrence of “multi-path” effects in radio
transmission. In the smplest case radio waves proceed
directly from the transmitting antennato the receiving anten-
nain astraght line. The received signal strength is only a
function of the transmitter power and the distance between
the transmitting and receiving antennas. In practice, this sit-
uation could only occur outdoors on level, unobstructed ter-
rain.

In most situations, however, there are objects that atten-
uate radio waves and objects that reflect them. Since both
the transmitting and receiving antennas are essentially omni-
directiond, the receiver is picking up avarying combination
of direct and reflected radio waves most of the time. The
reflected waves and direct waves travel different distances
(paths) to arrive a the receiving antenna, hence the term mul-
tipath. These multiple paths result in differing levels, arriva
times and phase rel ationships between the radio waves.

The net received signd strength at any location is the
sum of thedirect and reflected waves. Thesewavescanrein-
force or interfere with each other depending on their relative
amplitude and phase. The result is substantial variation in
average signa strength throughout an area. This creates the
possibility of degradation or loss of theradio signd at certain
points in space, even when the transmitter is a a relatively
short distance from the receiver. Cancdllation of the signd
can occur when the direct and indirect waves are Smilar in
amplitude and opposite in phase.

Figure 19: multipath illustration

The audible effects of such signd strength variation
range from a dight swishing sound (“noise-up”), to severe
noises (“hits’), to complete loss of audio (“dropout”).
Similar effects are sometimes noted in automobile radio
reception in areas with many tall buildings. However, the
effect is usudly short-lived because movement of only a
quarter wavelength is often enough to escape the problem
area. Nevertheless, the results are unpredictable, uncomfort-
able, and ultimately unavoidable with single-antenna (non-
diversity) receivers.

Diversity refersto thegenera principle of using multiple
(usudly two) antennas to take advantage of the very low
probability of smultaneous dropouts at two different antenna
locations. “Different” meansthat the signds are substantial-
ly independent at each location. Thisisalso sometimescalled
“gpacediversity,” referring to the space between the antennas.
In most cases, a least 1/4 wavelength separation between
antennas is necessary for significant diversity effect, though
increased benefit may be had by grester separation, up to one
wavelength. Beyond one wavelength separation diversity
performance is not significantly improved but larger areas
may be covered due to more favorable antenna placement.

There are at least five diversty techniques that have had
some degree of success. The term “true” diversity has come
to imply those systems which have two receiver sections, but
technicdly, any system which samplestheradio “fidd” at two
(or more) different locations, and can “intelligently” sdlect or
combine the resulting Sgnadsis atrue diversty system.
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SELECTION

and
possibleif switching isincorrect. Rangeisthe same asfor a

single antenna system. Cost is relatively low and setup is
convenient.

OPERATION OF

WIRELESS A vaiation of thefirst two techniquesis“ antenna phase
RECEIVER L—s  AUDIO OUT switching and combining.” It aso employs two antennas
MICROPHONE and asingle receiver but provides acombining circuit for the
two antennas which can alter the phase of one antennarela-

SYSTEMS

tive to the other, based on evauation of the signal. This
eliminates the possibility of phase cancellation between the
two antennas. However, switching noiseis possible as well

Figure 20: passive antenna diversity

The simplest technique, called “ (passive) antennadiver-
sity” utilizesasingle receiver with a passive combination of
two or three antennas. In its most effective form (three
antennas, each at right angles to the other two) it can avoid
complete dropouts, but at the expense of range. Thisisdue
to the smple combining of antennas which yields an output

asother audible effectsif switching isincorrect: this system
cannot anticipate the audible results before switching occurs.
Range is sometimes greater with favorable antenna combi-
nations. Cogt is relatively low. Setup requires somewhat
greater antenna spacing for best results.

“Receiver switching diversity” is the most common

that is the average of the array. Thiswill dmost dways be

less than the output of asingle antenna a the optimum loca-

. . ANTENNA 1

tion. If only two antennas are used dropouts can till occur

: . . RECEIVER

due to possible phase cancellation between the two. Costis :

relatively low but setup can be somewhat cumbersome. l
ANTENNA 2 T

A second technique, “antenna switching,” consists of a
ANTENNA 1
ANTENNA 2
ANTENNA
L —
type of diversity system. It consists of two complete receiv-
er sections, each with its own associated antenna, and circuit-
ry which selects the audio from the receiver that has the bet-
Fioure 21t st ter sgna.  Switching noise is possible but when properly
1ure 22 artenna Swieing Iustretion designed these systems can have very good dropout protec-
tion with little chance of other audible effects dueto incorrect
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Figure 23: receiver switching illustration

SWITCHING
PROCESSOR

single receiver with two antennas. Thereceiver includescir-
cuitry, sometimes controlled by a microprocessor, which
selects the antenna with the better signa according to an
evauation of the radio signal or of the audio signa.
Switching noiseis possible but this system avoids the possi-
bility of phase cancellation between antennas because the
antennas are never combined. Since the receiver hasonly a
singleradio section and asingle audio section it cannot antic-
ipate the effect that switching may have on the audio. The
system must eva uate the result after each switching decision
fast enough to avoid any audible effect. Audible effects are

T ANTENNA 1

ANTENNA

AUDIO

RECEIVER ouT

sdection. This is because the system compares the signd
condition a each recever output before audio switching
occurs. Range is the same as with single antenna systems.
Cost is somewhat higher, setup is convenient.

“Ratio combining diversty” aso uses two complete

ANTENNA 1 T
ANTENNA 2 T

recelver sectionswith associated antennas. Thisdesign takes
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Figure 24: receiver combining illustration
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advantage of thefact that, most of thetime, thesignal at both
antennas is useable. The diversity circuitry combines the
outputs of the two receiver sections by proportionally mixing
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Figure 22: antenna phase switching illustration
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them rather than switching between them. At any given
moment, the combination is proportional to the signal quali-
ty of each recelver. The output will usually consist of amix
of thetwo audio sections. In cases of loss of reception a one
antenna, the output is chosen from the other section.
Excellent dropout protection is obtained with no possibility
of switching noise since the diversity circuit is essentialy an
intelligent panpot, not aswitch. Signa-to-noiseisimproved
by up to 3dB. Range can be greater than with single anten-
nasystems. Cost is somewhat higher, setup is convenient.
A properly implemented diversity system can yiedld mea
surableimprovementsin reliability, range, and sgna-to-noise
ratio. Although a comparable non-diversity system will per-
form quite adequately most of the time in typica setups, the
extra insurance of a diversity system is usualy worthwhile.
Thisis particularly true if the RF environment is severe (mul-
tipath), troubleshooting time is minima (no rehearsd), or
dropout-free performance is required (idedly aways). Since
the relaive price of diversty vs. non-diversty sysems has
come much closer recently, diversity receivers are typicaly
chosenin al but the most budget-conscious agpplications.

ANTENNAS

In addition to the circuitry contained inside transmitters
and receivers, acritical circuitry element isoften located out-
side the unit: the antenna. In fact, the design and imple-
mentation of antennasis at least as important as the devices
to which they are attached. Although there are certain
practica differences between transmitting and receiving
antennasthere are some considerationsthat apply to both. In
particular, the size of antennas is directly proportiona to
wavelength (and inversely proportional to frequency).
Lower radio frequencies require larger antennas, while
higher frequencies use smaller antennas.

Another characterigtic of antennas is their relative effi-
ciency at converting eectrica power into radiated power and
vice versa. An increase of 6 dB in radiated power, or an
increase of 6 dB in received signal strength can correspond
to a50% increasein range. Likewise, alossof 6 dB insig-
nal may result in 50% decrease in range. Though these are
best (and worst) case predictions, the trend is clear: greater
antenna efficiency can give greater range.

The function of an antenna is to act as the interface
between the internal circuitry of the transmitter (or receiver)
and the externdl radio signal. In the case of the transmitter,
it must rediate the desired signd as efficiently as possible,
that is, a the desired strength and in the desired direction.
Since the output power of most tranamitters is limited by
regulatory agencies to some maximum level, and since bat-
tery lifeis afunction of power output, antenna efficiency is
criticd. Atthe sametime, size and portability of transmitters
isusualy very important. Thisresultsin only afew suitable
designs for transmitter antennas.

The smdlest smple antenna that is consistent with rea
sonable trangmitter output is an antenna which is physicaly

Figure 25: transmitter antennas

(and dectrically) one quarter aslong as the wavelength of the
radio wave frequency being tranamitted. Thisiscdled a“1/4
wave’ antenna. It takes different forms depending on the type
of trangmitter being used. For some bodypack transmitters,
the antennaiis atrailing wire cut to an gppropriate length. In
other designs the cable that attaches the microphone to the
tranamitter may be used as the antenna.  In dther case, the
antenna must be alowed to extend to its proper length for
maximum efficiency. The effective bandwidth of this antenna
typeisgreat enough that only about three different lengths are
required to cover the high-band VHF range.

For transmitter applications requiring even smaller
antenna size a short “rubber ducki€’ antenna is sometimes
used. Thistypeisdtill (electricaly) a 1/4 wave antenna, but
itiswound in ahelicd coil to yield a shorter package. There
issomelossin efficiency duethe smaller “gperture’ or phys-
ical length. In addition, these antennas have a narrower
bandwidth. This may require up to six different lengths to
cover the entire high-band VHF range for example.

Handheld transmitters generally conced the antenna
inside the body of the unit, or use the outer metal parts of the
case asthe antenna. In either design, the antennaiisrarely a
true 1/4 wave long. This results in somewhat less radiated
power for a handheld transmitter with an interna antenna
vs. acomparable bodypack design with an external antenna.
However, antenna output is somewhat reduced when placed
close to the body of the user. Since the antenna of a hand-
held transmitter is usualy at some distance from the bodly,
though, the practical difference may be small. Plug-on type
transmitters normally use the microphone body and the
transmitter caseitself as the antenna, though some manufac-
turers models have used an externd antenna. In practice the
typica VHF transmitter antenna is less than 10% efficient.
UHF types may be significantly better because the shorter
wavelength of these frequencies is more consistent with the
requirement for asmall antenna

In al of these
designs, the radio
wave pattern emit-
ted by the /4 wave
antenna is omnidi- .
rectiona in the -
plane perpendicu- :
lar to the axis of the
antenna. For aver-
tically oriented 1/4

Figure 26:
single antenna
wireless receivers
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wave antenna the radiation pattern is omnidirectiona in the
horizontal plane, which isthe typical case for atrailing wire
antenna. There is very little output adong the axis of the
antenna. A three-dimensiona representation the field
strength from a vertical antenna would resemble a horizon-
tal doughnut shape with the antenna passing through the cen-
ter of the hole.

Recall that aradio wave has both an electric field com-
ponent and amagnetic field component. A verticadly orient-
ed 14 wave transmitter antenna radiates an electric field
component that is also vertica (while the magnetic field
component is horizontal). This is said to be a “verticdly
polarized” wave. Horizontal orientation of the antenna pro-
duces a“horizontaly polarized” wave.

In receiver gpplications, the antenna must pick up the
desired radio signd as efficiently as possble. Since the
strength of the received signd is dways far less than that of
the transmitted signd this requires that the antenna be very
sengitive to the desired signal and in the desired direction.
However, since the size and location of the receiver areless
restrictive, and since directiona pickup may be useful, a
much greater sdection of antenna types is generally avail-
ablefor recaivers.

Again, the minimum size for adequate reception is 1/4
wavelength. A whip or telescoping antenna of this size is
supplied with most receivers, and it too isomnidirectional in
the horizontal planewhenitisverticaly oriented. Animpor-
tant consideration in the performance of a 1/4 wave receiv-
ing antennalis that its efficiency depends to some extent on
the presence of a“ground plane,” that is, ameta surface at
least 1/4 wave long in one or both dimensions and €lectri-
caly connected to the receiver ground at the base of the
antenna. Typicaly, thereceiver chassisor receiver PC board
to which the antenna is attached acts as a sufficient ground
plane.

If more sengitivity is desired, or if it is necessary to
mount an omnidirectional antennaremotely from the receiv-
er, 1/2 wave or 5/8 wave antennas are often used. These
antennas have atheoretica “gain” (increase of sensitivity) up
to 3 dB greeter than the 1/4 wave antenna in some configu-
rations. This can trandate into increased range for the sys-
tem. However, the 5/8 wave antenna, like the 1/4 wave type,
only achieves its performance with an gppropriate ground
plane. Without a ground plane unpredictable effects may
occur resulting in asymmetric pickup patterns and potential
signa loss due to the non-idedl cable/antennainterface.

A properly designed 1/2 wave antenna does not require
aground plane, dlowing it to be remotely mounted with rel-
ative ease. It can aso maintain proper impedance at the
cable/lantenna interface or can be directly attached to a
receiver or antenna distribution system. In addition, it is
resistant to the effects of eectrical noise which might other-
wise be picked up at the interface.

When antenna size is an issue, such as for portable
receivers, the previoudy mentioned 1/4 wave rubber duckieis

an option. UHF designs can use 1/2 wave rubber duckies
because of the shorter wavelengths. Ancther relatively smal
Sze remote antenna can be found in the form of a 1/4 wave
antennawith an attached array of radial e ementsthat function
as an integra ground plane. Both of these types are omnidi-
rectiona in the horizontal plane when mounted verticaly.

For maximum efficiency receiving antennas should be
oriented in the same direction as the transmitting antenna. In
the same way that a transmitter antenna produces a radio
wave that is “polarized” in the direction of its orientation, a
receiver antenna is most sendtive to radio waves thet are
polarized in its direction of orientation. For example, the
recelving antenna should be vertical if the transmitting
antenna is verticd. If the orientation of the transmitting
antenna is unpredictable (ie. handheld use), or if the polar-
ization of the received wave is unknown (due to multipath
reflections) a diversity receiver can have even greater bene-
fit. Inthiscaseit is often effective to orient the two receiv-
ing antennas a different angles, up to perhaps 45 degrees
from vertical.
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Figure 27: directional antennaillustration

Unidirectiona antennas are dso available for wirdess
microphone systems. These designs are comprised of ahor-
izontal boom with multiple transverse elements and are of
the same genera type as long range antennas for television
reception. They can achieve high gain (up to 10 dB com-
pared to the 1/4 wave type) in one direction and can also
rgject interfering sources coming from other directionsby as
much as 30 dB.

Two common types are the Yagi and the log-periodic.
The Yagi consists of adipole element and one or more addi-
tiond elements: those located at the rear of the boom are
larger than the dipole element and reflect the signa back to
the dipolewhilethoselocated at the front are smaller than the
dipole and act to direct the signd on to the dipole. The Yagi
has excellent directivity but has a fairly narrow bandwidth
and is usually tuned to cover just one TV channe (6 MH2).

The log-periodic achieves greater bandwidth than the
Yagi by using multiple dipole dementsinitsarray. Thesize
and spacing between the dipoles variesin alogarithmic pro-
gression so that a any given frequency one or more dipoles
are active while the others are functioning as reflecting or
directing elements, depending on their size and location rel-
ative to the active dement(s). The longer the boom and the
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greater the number of elements the greater is the bandwidth
and the directivity.

Although these directional antennas are somewhat large
(3-5 ft. wide for VHF) and may be mechanically cumber-
someto mount, they can provide increased range and greater
rgection of interfering sources for certain applications. It
should aso be noted here that these antennas should be ori-
ented with the transverse elements in the vertical direction
rather than the horizontal direction (as would be used for
television reception), again because the transmitting anten-
nas are usualy also vertical.

ANTENNA CABLE

Animportant but often overlooked component of many
wireless microphone systems is the antenna cable.
Applications in which the receiver is located away from the
transmitter vicinity and/or within metal rackswill requirethe
use of remote antennas and connecting cables. Compared to
audio frequency signals, the nature of radio frequency signal
propagation in cablesis such that significant losses can occur
in relatively short lengths of cable. Thelossisafunction of
the cable type and the frequency of the signal. The follow-
ing figure gives some approximate losses for various com-
monly used antenna cables at different radio frequencies.

It may be noted from this chart that these cableshave a
“characterigtic” impedance, typicaly 50 ohms or 75 ohms.
Idedly, for minimum signa loss in antenna systems, all
components should have the same impedance: that is the
antennas, cables, connectors and the inputs of the receivers.
In practice, the actua losses due to impedance mismatches

50 OHM CABLES

75 OHM CABLES

require repested setups. Findly, the number of connectionsin
the antenna signal path should be kept to a minimum.

ANTENNA DISTRIBUTION

The last component found in some (larger) wirdess
microphone systems is some form of antennasigna distrib-
ution. It is often desirable to reduce the totad number of

antennas in multiple systems by distributing the signal from
one set of antennasto severd receivers. Thisisusudly done

\nlenna A
N 2P

Anlennay
72

12vDC
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ANTENNA IN L4 DIVERSITY WIRELESS RECEVER ANTENNA IN

Figure 29: antenna distribution

to smplify system setup, but can aso improve performance
by reducing certain types of interference aswill be seen later.

There are two genera types of antenna distribution
available passive and active. Passive antenna splitting is
accomplished with ssimple in-line devices that pro-
vide RF impedance matching for minimum loss.

SMALL DIAMETER | RG-58 C/U Belden 8262
Notes: This is a very flexible cable with stranded conductors
which is easy to work with, but usuable only for very short runs

at this frequency due to losses

Loss: 7.5 dB/100 ft. RG-59 /U Belden 9259 Loss: 4.5 dB/100 ft
NOM. In. Dia.
0.195 (50 Ohm)

0.242 (75 Ohm)

conductors, which are not as flexible.

Notes: This cable has a stranded center conductor and braided
copper shield, but it has cellular polyehtylene insulation which is
not as rugged as polythylene. Other versions have solid center

Still, asingle passive split resultsin about a3 dB loss,
which may trandate into some loss of range.

MEDIUM DIAMETER

as a solid cer
nated with a crimp-on BNC conne

NOM. In. Dia.
0.274

RG-6 /U type Belden 9248  Loss: 3.1 dB/100 ft
Notes: This

onductor. It can be termi-
ctor (Belden BNC0048)

Multiple passive splits are impractica due to exces-
svesignd loss.
To dlow coupling of antenna signds to more

LARGE DIAMETER

RG-11 /U Belden 8238

RG-213 /U len 8267 Loss: 2.7 dB/100 ft.
Notes: This i ed cable with stranded conductors and
le for temporary or per-

P
manent indo

NOM. In. Dia.
0.405

outd:

RG-8 /U type Belden 9913 Loss: 1.8 dB/100 ft.

Notes: This is a special very low-loss VHF/UHF cable with
solid center conductor and semi-solid polyethylene insulation
with spiral spacer. Itis a superior cable for permanent indoor
installations, but it will not take the constant flexing of tempo-
rary setups such as traveling shows.

Figure 28: antenna cable chart

in wireless recelver antenna systems are negligible com-
pared to the losses due to antenna cable length. For thisrea
son, we have indicated cable types of both impedances,
which can be used interchangeably in most applications.
Obvioudy, the benefits of even a high gain antenna can
be quickly lost using the wrong cable or too long acable. In
genera, antenna cable lengths should be kept as short as pos-
shle. Inaddition, the construction of the cable should be con-
Sdered: coaxid cableswith asolid center conductor and Hiff
insulator/shield are most sitable for permanent indallation,
while cables with stranded conductors and flexible insula-
tor/shield should be used for portable gpplications which

Loss: 2.9 dB/100 ft.
nduc

receivers and to overcome the loss of passive split-
“ener ters, active antenna distribution amplifiers are used.
These are dso known as“ active antenna splitters’ or
“antenna multi-couplers.”  Although they provide
enough amplification to make up for splitter loss,
they usually operate a “unity” gain overal, that is,
no net amplification occurs. Though a multi-coupler is gen-
eraly a separate accessory some receiver designs are
equipped with internal antenna distribution when multiple
recelver sectionsareincorporated inthe same chassissuch as
modular or card-cage systems.

Stand-alone type active antenna splitters can typicaly
feed up to four recelvers from one set of antennas. If more
recelvers are required, the outputs of one distribution ampli-
fier can feed theinputs of a second set of distribution ampli-
fiers. Each of these can then feed severa receivers. Further
active splitsareimpractical, dueto the potential for increased
RF distortion and interference.
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SELECTION

and
Onthe subject of licensing, it should be noted that while

manufacturers must be licensed by the FCC to sdll wireless
equipment, it is the responsibility of the operator to observe

FREQUENCY BANDS FOR

WIRELESS SYSTEMS
Every wireless microphone system transmits and

OPERATION OF

WIRELESS

MICROPHONE
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receives on a specific radio frequency, called the operating
frequency. Allocation and regulation of radio frequenciesis
supervised by specific government agenciesin each country
with the result that alowable (legd) frequencies and fre-
quency bands differ from country to country. In addition to
frequency, these agencies typically specify other aspects of
the equipment itself, including: allowabletranamitter power,
maximum deviation (for FM), spurious emissions, etc.
These specifications differ from one band to another and
from one user to another within a given band. For this rea-
son, it is not possible to select a specific frequency or even
frequency band that is (legaly) useable in dl parts of the
world. Furthermore, it isnot possibleto desgn asingletype
of wirdless equipment that will satisfy the specifications of
all or even most of these agencies around the globe.

Use of these bands in the United States is regulated by
the FCC (Federa Communication Commission) and certain
frequencies within each band have been designated for use
by wireless microphones aswell asby other services. Inthe
US, the frequencies used for these systems may be grouped
into four genera bands or ranges. low-band VHF (49-108
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FCC regulations regarding their actud use.

We will briefly describe each band and its advantages
and disadvantages for wirdess microphone system opera-
tion, based on the designated users of the band, the physica
characteristics of the band, and the regulatory limitations of
the band.

VHFE

At the beginning of the low-band VHF range is the
49 MHz region, used not only by wireless microphones but
aso by cordless telephones, wakie-takies, and radio con-
trolled toys. 54-72 MHz is occupied by VHF televison
channels 2-4. The 72 MHz areaiis used by “assistive listen-
ing” type wireless microphone systems. 76-88 MHz are
assigned to VHF television channels 5 and 6. At the top,
88-108 MHz is the commercia FM radio broadcast band.
All of these regions have been used at one time or another
for wirdess microphone systems. Allowable deviation lim-
its (typicaly up to 15KHz) can accommodate high-fiddlity
audio (the same as for FM broadcast). The propagation of
these wavesthrough the air is very good, asistheir ability to
pass through many non-metallic substances (aresult of their
ratively long wavelength). The most
attractive feature of operation in this
band islow equipment cost.

Except for assigive listening
systems, however, low-band VHF is not
recommended for serious gpplications.
Due to the large number of primary and
secondary users, and high levels of gen-
era radio frequency (RF) “noise” this
- band is prone to interference from many

sources. Transmitter power is limited to

less than 50 mW (except in the 72-76
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Figure 30: frequency band illustration

MHz), high-band VHF (169-216 MHz), low-band UHF
(450-806 MHz) and high-band UHF (900-952 MHz). VHF
stands for “Very High Frequency,” UHF stands for “Ultra
High Frequency.”

The FCC further determines who can operate in each
band and who has priority if more than one user is operating.
“Primary” users include licensed broadcagters (radio and
television) and commercial communications services (2-way
radio, pagers, and cellular telephones). Wireless microphone
systems are aways considered to be “secondary” uses. In
generd, priority is given to primary users. secondary users
may not interfere with primary users but secondary users
may be subject to interference from primary users.

==— |- MMHNL

MHz range where up to 1 wett isallowed
for assistive listening systems). Finaly,
the minimum proper antenna size for
unitsin this range can be over one meter
long (1/4 of afive meter wave), which
can severely limit portability and/or efficiency.

Next isthe high-band VHF range, the most widely used
for professional applications, and in which quality systems
areavailable a avariety of prices. Inthe US, the high-band
VHF range is divided into two bands which are available to
wireless microphone users. Thefirst of these, from 169-172
MHZz, includes eight specific frequencies designated by the
FCC (Part 90.263b or just “Part 90") for wireless micro-
phone use by the general public. Thesefrequenciesare often
referred to as “travelling frequencies,” because they can
(theoretically) be used throughout the US without concern
for interference from broadcast television. Legal limits of
deviation (+ 12 KHz) alow high quality audio transmission.
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Once again, power is limited to 50 mw. Propagation char-
acteristics are good, and antenna length is more manageable
at about one-half meter for a 1/4 wave type.

Unfortunately, the primary users in this band include
many business band and government operations such as
forestry, hydro-electric power stations, and the Coast Guard.
Since the secondary user category is not restrictive, the
potentia for interference from both primary and other sec-
ondary users is aways present. Also, general RF noise is
still fairly strong in thisband. In addition, due to the limita:
tion of available frequency bandwidth, and the spacing of the
prescribed eight frequencies, it is only feasible to operate, at
most, two or three units smultaneoudy on travelling fre-
quencies. Findly, these frequencies are not generaly legal
outsde of the US and Canada.

Thelarger part of the high-band VHF regionis 174-216
MHz. The primary users of this band are VHF television
channels 7-13. Once again, high quality audio is possible
within legal deviation limits (+15 kHz). The 50 mw power
restriction is the same as for low-band, propagation losses
are gill minima, and acceptable 1/4 wave antenna sizes
range down to less than 14 inches.

The possibility of interference from other secondary
users and general RF noise exists, but it is much less likely
than for low-band frequencies. In addition, athough this
range includes primary users (televison channels 7-13),
there are ample frequencies available (locally unused televi-
sion channels) in amost any part of the US and in most other
countries as well.

UHF

Like the VHF region, the UHF region contains severa
bands that are used for wireless microphone systems.
However, certain physical, regulatory, and economic differ-
ences between VHF and UHF regions should be noted here.
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Figure 31: UHF worldwide allocation chart

The primary physica characteristic of UHF radio wavesis
their much shorter wavelength (one-third to two-thirds of a
meter). The most apparent consequence of this is the much
shorter length of antennasfor UHF wireless microphone sys-

tems. One less obvious consequence is reduced radio wave
propagation both through the air and through other non-
metallic materials such aswalls and human bodies, resulting
in potentidly less range for comparable radiated power.
Another istheincreased amount of radio wave reflections by
smaller metd objects, resulting in comparatively more fre-
quent and more severe interference due to multi-path
(dropouts). However, diversity receiversare very effectivein
the UHF band, and the required antenna spacing is minimal.

While the regulations for users and for licensng are
essentidly the same in the VHF and UHF bands, regulations
for the equipment alow two potentid differences. For FM
signds in the UHF band, greater occupied bandwidth is
dlowed. This effectively permits grester deviation, for
potentially wider frequency range and wider dynamic range
of the audio signd. In addition, greater tranamitter power is
alowed (up to 250 mw). Findly, the available radio spec-
trum for UHF wireless microphone system use is amost
eight times greeter than for high-band VHF. This alows for
amuch larger number of systems to be operated smultane-
oudly.

In practice, the effectively greater deviation limits of
UHF are not generally used because of the resulting reduc-
tion in the number of smultaneous systems that may operat-
ed: the corresponding increased occupied bandwidth of each
system uses up more of the available frequency range. Also,
use of increased transmitter power israre dueto the resulting
severely decreased battery life and to the increased potentia
of mutual system interference. Even with limited deviation
and power, however, the capability for an increased number
of smultaneous systems is a significant benefit in certain
gpplications. Thisis especidly true since UHF systems can
generally be used in conjunction with VHF systems at the
same location without interference.

The primary economic difference between VHF and
UHF operetion is the ratively higher cost of
UHF equipment. Typicdly, it is more difficult
and hence more expensive to design and manu-
facture UHF devices. In many ways thisis a
consequence of the behavior of high frequency
(short wavelength) radio signdls. Current UHF
systems cost two to ten times as much as com-
parable VHF systems. This cost differentia
applies to antennas, cables, and other acces
sories as well as to the basic transmitter and
receiver. Until theeconomiesof scae extend to
the UHF band this premium islikely to remain,
athough the trend is toward a lower range of
UHF equipment prices.

The low-band UHF range of frequencies
may be considered as two overlapping bands:
low (450-536 MHZz) and high (470-806). The primary users
of these bands are business services such asland mobileradio
and pagers (450-536 MHz) and UHF tdevision channds
14-69 (470-806 MHz). As in the high-band VHF region,
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unused televison channels are dlotted for wireless micro-
phone system use by broadcasters and video/film producers.
Therearemany primary users (businessand television) inthe
low part of the band, but interference from primary usersis
rarein the high (non-business) part of the band, dueto therel-
atively smal number and shorter range of UHF televison
dations. Other secondary users and RF noise are also less
likely at these frequencies.

Like high-band VHF, licensing is till required in this
UHF band. Therequired minimum 1/4 wave antennasizefor
UHF radio wavesis 4-7 inches (only one-quarter to one-half
that for VHF). Equipment is moderately expensive and
diversity systems are strongly recommended, but high quali-
ty audio can be achieved along with alarge number of smul-
taneous systems.

The high-band UHF range (above 900 MHz) includes
studio-to-tranamitter links (STL) and other primary users.
This band offers additional channels and potentidly less
interferencefrom RF noise, aswell asantennalengths of only
3 or 4 inches. Other operating characteristics are smilar to
low-band UHF.  Findly, it should be kept in mind that the
alocation of these bands is dways subject to change as
demand for spectrum increases. Inthe US, for example, pro-
posasto designate unused VHF TV channelsin mgjor urban
areasfor use by land-mobile services are being considered, as
are proposals to designate additional bandwidth to existing
stationsfor High Definition Television. Technologiessuchas
spread spectrum transmission may aso further limit the
availability of certain bandsfor wirelessmicrophone use. As
aways, these allocations vary from country to country in an
even less predictable pattern.

FREQUENCY SELECTION

The process of wirdless microphone system sdlection
involves choosing first an appropriate radio frequency band
and second the desired number of operating frequencies
within that band. Asindicated above, thereisafinite number
of wireless microphone systems that may be used smultane-
oudy in any one frequency range. The reasons for this limi-
tation are several and they fal under the generd topic of fre-
quency coordination or “compatibility.” Wewill definethese
factors and examine each in terms of origin, effects, and rel-
ative importance to tota system compatibility. In the first
section we will consider only interactions that may occur
between the individual wireless microphone systems them-
selves. Outside (non-system) interactions will be discussed
in the second section.

At thispoint it should be stated that frequency coordina-
tion is a process that must take into account various factors
including the physical (limitations), the mathematical (calcu-
lations) and the political (regulations). Itisnot necessary for
most users to go through the details of this
process. Wirdess manufacturers providethis service through
pre-selected frequency groupsand can adso offer assistancein
complex applications using proprietary computer programs.

What follows here is an introduction to the process for the
interested user.

SysTEM COMPATIBILITY

Thetwo main areas of concern are: interaction between
transmitters and receivers related to their operating frequen-
cies, and interactions between trangmitters and receivers
related to their interna frequencies. Thefirst class of inter-
actions is the more important one and may occur in any
group of wireess microphone systems. It is dso the one
more cumbersome to calculate. The second class of interac-
tionsislessproblematic and isaso relatively easy to predict.
However, it is determined by specific system characteristics.

OPERATING FREQUENCIES:

INTERMODULATION

A single wireless microphone system can theoreticaly
be used on any operating frequency. When a second system
is added it must be on a different operating frequency in
order to be used at the same time asthefirst. Thislimitation
arises from the nature of radio receivers. they cannot prop-
erly demodulate more than one signal on the same frequen-
cy. Inother words, it is not possible for areceiver to “mix”
the signas from multiple transmitters. If one sgna is
substantialy stronger than the others it will “capture” the
receiver and block out the other signals. If the signas are of
comparable strength none of them will be received clearly.

The effect of this is often heard in automobile radios
when travelling out of range of one station and into the range
of another dtation at the same frequency. The receiver will
switch back and forth between the two stations astheir rela
tive signa strength changes, often with considerable noise
and digtortion. The result isthat neither sation islistenable
when the signals are nearly equd.

If the wireless microphone systems must be on different
frequencies, how “different” should they be? The limiting
characterigtic of the receiver in thisregard isits “ selectivity”
or its ability to differentiate between adjacent frequencies.
The greater the selectivity the closer together the operating
frequencies can be. Most manufacturers recommend amin-
imum frequency difference of 400 kHz (0.4 MHZ) between
any two systems.

When athird systemisadded to the group it isno longer
sufficient only that the frequencies be at |east 400 kHz gpart.
In order to choose afrequency for athird system to be com-
patible with the first two it is necessary to consider potential
interactions between the operating frequencies. The most
important type of interaction is called intermodulation (IM),
and it arises when signals are applied to non-linear circuits.

A characterigtic of anon-linear circuit is that its output
contains“new” signalsin additionto the original signalsthat
were gpplied to the circuit. These additiona signds are
caled IM products and are produced within the components
themsdves. They consst of sums and differences of the
original signals, multiples of the origind signals, and sums
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and differences of the multiples. Non-linear circuits are
inherent to the design of wireless components and include
the output stages of tranamitters and the input stages of
receivers.

IM can occur when transmitters are in close proximity
to each other. The signal from each transmitter generates 1M
products in the output stage of the other. These new signals
are transmitted along with the origina signals and can be
picked up by receivers operating a corresponding frequen-
cies.

IM can aso occur when transmitters are operated very
closetoreceivers. Inthiscase M products are generated in
the receiver input stage which can interfere with the desired
signa or be detected by the receiver if the desired signal
(transmitter) is not present.

The smplest IM products that can occur between any
two operating frequencies (f1 and f2) are the sum of the two
frequencies and the difference between the two frequencies:

fl1+f2
f1-f2

If we choose f1 = 200 MHz and f2 = 195 MHz, then:

f1+f2=200+ 195 =395 MHz
f1-f2=200-195= 5MHz
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Figure 32: illustration of non-linear circuit behavior

These IM products are sufficiently far away from the
origind frequencies that they will generally not cause prob-
lems to a third wireless microphone system in the original
frequency band.

However, as mentioned earlier, the other products of
non-linear circuits are multiples of the origina (fundamen-
tal) frequency. That is, application of asingle frequency to a
non-linear circuit will produce additiona products at double,
triple, quadruple, etc. the origind frequency. Fortunately, the
strength of these products decreases rapidly asthe multiplier
increases. The practical result is that only the products at
two times and three times the original frequency are signifi-
cant. Since these products then combine with the original
frequencies, the following additional products can occur:

2 x 1)
2xf2)

(3xf1)

3xf2)

2xf1) %2
@2xf2) f1
@2xfl)+(@2xf2)
(3x 1) %2
(3xf2) % f1
@xfl)+(@2xf2)
(3xf2) (2% f1)
3xfl)+(3xf2)

The “order” or type of IM product is identified by the
particular combination of frequencies that created it. The
order of an IM product is the sum of the multipliers (coeffi-
cients) of the frequencies in the expressions above.

The complete group of possible frequencies (origind
frequencies, intermodulation products and combinations)
that can exist when two systems (at 200 MHz and 195 MHz
for this example) are operated smultaneoudly isthus:

Product Order Frequency Significant
f1 (fundamenta) 1 200 Yes
f2 (fundamental) 1 195 Yes
2xfl 2 400 No
2xf2 2 390 No
f1+f2 2 395 No
f1-f2 2 5 No
3xfl 3 600 No
3xf2 3 585 No
(2xf1) +f2 3 595 No
(2xf1)-f2 3 205 Yes
(2xf2)+f1 3 580 No
(2xf2)-f1 3 190 Yes
(3xf1) +f2 4 795 No
(3xf1)-f2 4 405 No
(3xf2)+f1 4 785 No
(3xf2)-f1 4 385 No
(2xfl) +(2xf2) 4 790 No
(2xfl)-(2xf2) 4 0 No
(Bxfl) +(2xf2) 5 990 No
(B3xfl)-(2xf2) 5 210 Yes
(83xf2) +(2xf1) 5 985 No
(83xf2)-(2xf1) 5 185 Yes
(B3xfl) +(3xf2) 6 1185 No
(83xfl)-(3xf2 6 15 No
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and
Though thislist of cdculated frequency combinationsis

OPERATION OF lengthy, it can be seen thet only the IM products at 185, 190,
205 and 210 MHz are in the same generd band as the two

Inthisexample, it can be seen that there aretwo 3rd order
two-tranamitter products, (2 x f2) - f1 and (2 x f2) - f3. The

product potentialy created by transmitters 1 and 2 falls direct-
WIRELESS

MICROPHONE
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origina operating frequencies. These products will not cause
compatibility problems between the two origind systems but
can interfere with other systems that may be added in this
band. Inthisexample, the operating frequency of athird sys-
tem should be chosen to avoid these four IM frequencies.
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Figure 33: intermod product graph

In generd, only odd-order IM products are considered
because even-order products typicdly fall well avay from
the origind frequencies, as shown above. Furthermore,
though higher odd-order IM products may aso fal near the
original frequencies, only 3rd order and 5th order IM prod-
ucts are strong enough to be of concern.

If three or more systems are operated simultaneoudy,
the situation becomes somewhat more complicated but the
same principles apply. In addition to the IM products calcu-
lated for each pair of frequencies, products due to combina
tions of three transmitters must aso be considered.

For determining compatibility of three frequencies
(200 MHz, 195 MHz and 185 MHz in this example) the
significant combinations become:

Product Order  Frequency
f1 1 200
f2 1 195
f3 1 190
fl1+f2-13 3 205 *
f1-f2+13 3 195
f2+f3-f1 3 185
(2xf1)-f2 3 205
2xf2)-f1 3 190 *
(2xf2) -3 3 200 *
(2xf3)-f2 3 185
(2xf1)-f3 3 210
(2xf3)-f1 3 180
(B3xfl)-(2xf2) 5 210
(3xf2)-(2xf1) 5 185
(3xf2)-(2xf3) 5 205
(3xf3)-(2xf2) 5 180
(B3xf1)-(2xf3) 5 220
(3xf3)-(2xf1) 5 170

ly on the operating frequency of receiver 3. Thissuggeststhat
if thefl and f2 transmitters are placed close together or if they
are both placed close to the f3 recaver the resulting IM prod-
uct could causeinterferencein thef3 receiver, especidly if the
f3tranamitter isturned off. A Smilar Situation occurswith the
f2 and f3 trangmitters and the f1 receiver.
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Figure 34: two-transmitter intermodulation

The figure below illustrates the possibility of interfer-
ence due to a combination of al three transmitters. In this
case the resulting 3rd order three-transmitter product
(f1+f2-f3) fdls
directly on the El

operating
frequency of

receiver 4, =
Again, this possi-

bility increases
with the proximity
of the transmitters
to each other or

to the fourth
receiver.

5th order
two-trangmitter M
products are not
usually strong
enough to cause
problems, but may
be afactor in cases of extreme transmitter or recelver
proximity. 5th order three-transmitter IM products such as
(B3xfl)-f2-f3 and (2xf1) - (2xf2) + f3 are generaly too
wesk to be of concern.

Again, maintaining adequate physica distance between
transmitters and between transmitters and receivers will
minimize the creation of IM products. The figure below
indicates the effect of distance on the amplitude of 3rd order
IM products created by two transmitters.

190

195

N

Figure 35: three-transmitter intermodul ation
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solid—transmitters 1 meter apart
dashed—transitters .1 meters apart

RF
Level

Radio Frequency

Figure 36: intermod product strength vs. distance

In order to avoid potentia IM problems most manufac-
turers recommend a minimum margin of 250 kHz (0.25
MHZz) between any 3rd order IM product and any operating
frequency. Thisfurther restricts available frequency choices
as the number of smultaneous systems increases. It should
be apparent from this discussion that the prediction of poten-
tial compatibility problems dueto IM productsis best left to
computer programs. The complexity increases exponential-
ly for additional systems: agroup of 10 wirelessmicrophone
systems invalves thousands of calculations.

INTERNAL FREQUENCIES:

LO, IF, CRySTAL MULTIPLIERS

In addition to frequency conflicts due to intermodula
tion between operating frequencies there are certain other
sources of potentia conflicts due to the various “internal”
frequencies present in the norma operation of transmitters
and receivers. These differ from manufacturer to manufac-
turer and even from system to system from the same manu-
facturer.

Onesuch sourceisthelocd oscillator (LO) of the receiv-
er itsdf. Although thisisalow-level sgna which is genera-
ly confined withinthereceiver, it ispossblefor theloca oscil-
lator of onereceiver to be picked up by another receiver tuned
tothat LO frequency if they or their antennasarein close prox-
imity to each other (stacked, for ingtance). For example,
assuming atypica intermediate frequency (IF) of 10.7 MHz,
areceiver tuned to 200.7 MHz would haveits LO operating at
190.0 MHz. Another receiver tuned to 190 MHz should not
beusad closeto thefirgt receiver because the second unit could
pick up the LO of the firg, especidly if the 190 MHz trans-
mitter is turned off or is operating & a grest distance. Good
design and shidlding in recelvers and physical separetion of
receiverswill minimizethe possibility of LO interference. For
multiple units, active antenna splitters will effectively isolate
antenna inputs from each other. However, it is sill recom-
mended that operating frequencies be chosento avoid LO fre-
quencies by &t least 250 KHz.

Another source of possible interference is caled an
“image’ frequency. Inareceiver, recal that the frequency of
theloca oscillator (LO) awaysdiffersfrom the frequency of
the received signal by an amount equal to the intermediate

frequency (IF). Specifically, the operating frequency isat an

RECEIVER RECEIVER

/

189.3 MHz

=200 MHz
(LO=189.3 MHz)

=189.3 MHz
(LO=178.6 MH2)

Figure 37: local oscillator illustration

interval of exactly 10.7 MHz (or whatever IF value is used
by the receiver) above the local oscillator frequency. When
thesetwo frequencies are applied to the mixer section (anon-
linear circuit) one of the output frequencies of the mixer is
this difference frequency (the IF), which is the tuned fre-
quency of the subsequent IF stage filters.

If the frequency of asecond signd is a the sameinterva
below the loca oscillator frequency, the difference between
this second frequency and the LO frequency would again be
equd to theintermediate frequency (IF). Themixer stagedoes
not discriminate between “positive” or “negetive’ frequency
differences. If this second (lower) frequency entersthe mixer
stage, it will result in another (difference) signd getting to the
IF stages and causing possible interference.  This lower fre-
quency iscdled the“image’ of theorigina frequency. Again,
assuming an IF of 10.7 MHz, areceiver tuned to 200.7 MHz
would haveitsLO at 190.0 MHz. A signd from another trans-
mitter at 179.3 MHz would appear as an image frequency
sinceit is 10.7 MHz below the LO frequency or 21.4 MHz

below the operating frequency.

» 10.7 MHz - 10.7 NIHz w|:

-60

-80

179.75 19045 20115

TVCh.7 LO. Carrier
Sound Carrier Freq. Freq.
(Image Freq.)

Figure 38: image frequency illustration

The image frequency differs from the operating fre-
quency by an amount equa to two times the intermediate
frequency (2 x IF). Thustheimage frequency for the typica
single conversion receiver is at least 20 MHz away from the
operating frequency. Double conversion receivers, which
have ardatively highfirst IF, have image frequencieswhich
are even farther away from the operating frequency. In most
cases, the front end of the receiver should be ableto rgject an
image frequency unlessit isextremely strong. Nevertheless,
it isrecommended that operating frequencies be chosento be
at least 250 KHz from any image frequency.

The last internd frequency issue concerns the VCO in
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crystd controlled transmitters. Recal that the actud VCO
frequency is a relatively low radio frequency that is multi-
plied to obtain the fina transmitter frequency. A smdl
amount of the original crysta frequency remains after each
multiplier sage. Thus. the output signa includes not only
the final operating frequency but also low-level “spurs’ or
spurious emissions due to the multipliers. These spursoccur
above and below the operating frequency at intervas equal
to “harmonics’ (multiples) of the origind crysta frequency.

For example, assuming a 9 x multiplier, a 180 MHz
transmitter would have a 20 MHz crystal frequency. This
would produce spurs a 160 MHz and 200 MHz, 140 MHz
and 220 MHz, etc. Good transmitter design will minimize
the amplitude of such crystal harmonics but, again, addition-
al receivers should be chosen to avoid these frequencies by
at least 250 KHz.

RF
Level

I

160 180 200 220
Radio Frequency

[

Figure 39: crystal harmonic illustration

Frequency-synthesi zed transmitters do not produce spu-
riousemissions of thistype because they do not employ mul-
tipliers. However, both types of transmitters can produce
other spurious emissions due to power regulating circuitry,
parasitic oscillations, carrier harmonics, etc. These emis-
sions can al be controlled through careful design.

It can be seen that the cdculation of both locd oscillator
conflicts and image frequencies depends on the intermediate
frequency (IF) of the recaiver while caculation of crysta
harmonics depends on the number of multipliers in the
tranamitter. If recaiverswith different IF sor transmitterswith
different multipliers are being used together (i.e. units from
different manufacturers) this must be taken into account.
Unfortunately, presently available computer programs for
frequency sdlection do not have this capability. Input to any
of these programs assumes that dl units are of the same
design. For this reason, accurate prediction of compatibility
between systems of different design is not currently possible.

NON-SYSTEM RADIO INTERFERENCE

Even though a group of wireless microphone systems
may be carefully chosen to avoid mutua interference there
always existsthe possihility of interference from non-system
sources. These sources fall into two categories. broadcast
(including television and other defined radio sources) and
non-broadcast (narrow band or broadband sources of radio
noise). We will look at each of these sources in terms of
potentia problems and possible solutions.

BROADCAST TELEVISION

The transmission of a TV channd actualy consists of
three Sgnals, each at aspecified carrier frequency within a6
MHz block (in the US). The picture or “video” information
isan AM dgnd a 1.25 MHz above the bottom (low fre-
quency end) of the block. The sound or “audio” information
isan FM dsgnal located at 0.25 MHz below the top (high fre-
quency end) of the block. The color or “chroma’ informa-
tion isan AM signal a 3.58 MHz above the video signdl.
The energy distribution and occupied bandwidth of these
three Sgnalsis not equal: the video signd has the highest
power and widest bandwidith, followed by the audio signal
and finally the chroma signal with the lowest power and
smallest bandwidth.

F e
| Eaunn
O] I
| W Zon
=i ok
158 cx Lt
4Hx wH: _—
- - I_#
-l 1
a2
= - -

Figure 40: TV channel a RF illustration

Asindicated previoudy, the primary users of both high-
band VHF and low-band UHF frequencies are broadcast
televison sations. In the US these are VHF TV channels
7 through 13 and UHF TV channels 14 through 69. Each TV
channel isalotted a6 MHz block for itstransmisson. VHF
channel 7 begins at 174.0 MHz and extends to 180.0 MHz,
channel 8 occupies 180-186 MHz and so on up to channd
13 at 210-216 MHz. UHF channd 14 begins at 470 MHz
and extends to 476 MHz with successive channels up to
channel 69 at 800-806 MHz.

The 6 MHZ/TV channd block is found in the US, the
rest of North America, South America and Japan. Other
countries, most of Europe and India for example, use a
7 MHZ/TV channd block, while France and China, among
others, use an 8 MHZ/TV channd block. In these other sys-
tems, the video and audio signas arelocated &t the same fre-
quencies reletive to the channel boundaries asin the 6 MHz
systems, but the frequency of the chroma signd differs
dightly in each to accommodate the various color systems:
NTSC (6 MH2), PAL (7 MHz), and SECAM (8 MH2).

To avoid potential interference between broadcast tele-
vigion stations, regulatory agenciesdo not alow adjacent TV
channel operation in a given geographic area, thus guaran-
teeing the existence of certain “unused” TV channelsin that
area. For example, inthe US, if alocally active TV channd
9 exigts, channels 8 and 10 will be vacant. These vacant
channels can then be used by wireless microphone systems
with little concern for television interference.
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A similar situation could also occur in the UHF band though

Channel Channel the digtribution of UHF TV channelsis not as dense.

Number Boundaries Picture Color Sound The effects of interference from television broadcast are
dependent on the strength of the television signd and the
VHF Television Frequencies operating frequency of the wirdless microphone system.
(Low Band) Direct conflicts with any of the three signals that make up a
5 54.60 5505 55.83 50,75 given TV transmission cen produce nqise, distortion, and
3 60-66 61.25 64.83 6575 Short range or dropout. Pickup of the video or (_:hromagg—
4 66-72 67.25 70.83 71.75 has (which are AM) can cause digtinct “buzz”’ in the wire-
5 76-82 77.25 80.83 81.75 less receiver, while pickup of the audio signd (FM) will
6 82-88 83.25 86.83 87.75 resultinthe TV sound being heard. 1t is sometimes possible
(High Band) to use frequencies just above or just below the chroma carri-
er since that signad has the least power and the narrowest

7 174-180 175.25 178.83 179.75 occupied bandwidth though thisis not dways religble.
8 180-186 181.25 184.83 185.75  The mog effective solution for broadcast television
190 12%3@ ﬁgég igglgﬁ, g%g interference is to av_oid using frgquenci& of locdly active
11 198-204 199.25 202.83 203.75 TV channels. Televison transmitters may operate at power
12 204-210 205.25 208.83 209.75 levels up to several million watts while wireless microphone
13 210-216 211.25 214.83 215.75 gystemstypically have only 50 mw (fifty one-thousandths of
UHF Frequencies one watt!? of outth power. For this reason i.t is unwise Fo
14 470-476 471.25 474.83 475.75 choose wireless mi Crophone system frequenC|eS thet fal in

15 476-482 477.25 480.83 481.75 an activelocal TV channel block.

“Locd” is generdly considered to be up to 75 miles,
depending on the coverage area of the particular TV trans-
mitter and on the location of the wireless microphone sys-
tem. Indoor satups are a less risk than outdoor setups
because building structures will usudly strongly attenuate
TV sgnds. Neverthdess, since the locations and assign-

68 794-800 795.25 798.83 799 75 Ments of television stations are well-known it is relatively
69 800-806 801.25 804.83 805.75 easy to choose fixed wireless microphone system frequen-

Figure 41: Chart of TV carrier frequenciesin the U.S.

Many manufacturers pre-select groups of wireless
microphone system frequencies based on the availability of
vacant TV channels. They dso have information on TV
channel digtribution throughout the US. It is usudly suffi-
cient to indicate the destination of the wireless equipment at
the time that it is specified in order to avoid broadcast tele-
vison interference.  The following figure indicates high-
band VHF TV dationsin severd US cities.

One consequence of therelatively dense VHF TV chan-
nel digtribution in the US is that it is not generdly possible
to use a given set of fixed-frequency wireless microphone
systems everywhere in the country. As the distribution of
vacant channdls changes from city to city it is amost
inevitable that a “touring” system will experience interfer-
ence from atelevision station in some location. For exam-
ple, Los Angeles has active high-band VHF TV channels 7,
9, and 11. Therefore, a suitable setup for use there would
include wireless microphone systems on frequencies corre-
sponding to TV channels 8, 10, and/or 12.

If this setup wastaken to San Diego, which has TV chan-
nels 8 and 10, it islikely that one or more of the units would
experience interference, especidly if used outdoors or even
indoorsin abuilding near one of thosetelevision transmitters.

ciesto avoid themin aparticular area.

BROADCAST RADIO

High-band VHF wirdess FM systems are not generally
subject to interference from commercid AM or FM radio
gations. Both commercid AM and FM bands are well
below the VHF band and in particular, these systems are not
typicaly sensitive to moderate AM signds. UHF systems
are even lesslikely to respond to commercia radio sources.
However, occasiond interference, in the form of distortion
or short range, can occur in cases of extreme proximity to a
high-power commercid transmitter.

OTHER RADIO SERVICES

Direct pickup of 2-way, pagers, business band, ham-
radio etc. israre. However, since some of these sources can
be quite strong locdly thereis the possihility of interference
due to intermodulation or if the source appears as an image
frequency. For example, operating a walkie-takie near a
wireless recelver can cause noise, distortion or gpparent loss
of range.

In particular, the “travelling” wireless microphone sys-
tem frequencies (169-172 MHz) share space with a number
of unpredictable primary usersincluding government (Coast
Guard, Secret Service), industry (forestry, hydroelectric),
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land mobile and paging services. Direct pickup or inter-
modulation from these sources is possible in this band.
Symptoms may again include noise, loss of range or actual
audio pickup.

Of course nearby use of other (unexpected) wireless
microphone systems can create interference through inter-
modulation or direct frequency conflict. Given the finite
number of wireless frequencies available, especidly in the
“travelling” channdls, it isalways possible to encounter other
wireless microphone users in locations such as hotels, con-
vention centers, and news events.

Remedies for such interference involve identifying the
interfering source if possible and relocating the source or the
wireless microphone system to reduce proximity. If thisis
not sufficient it may be necessary to change the operating
frequency of the wireless microphone system especialy if
the interfering source is a primary user.

NON-BROADCAST SOURCES

Non-broadcast sources are those that produce radio fre-
quencies as a by-product of their operation. There are three
main types which are of concern to wirdess use:  digital
audio devices, digitd computers, and certain AC power
equipment.

Digital audio devicesinclude: digital signa processors
(DSP's) such asdelays, reverbs, pitch shifters; digital record-
ing and playback devices such as DAT recorders, CD play-
ers, hard drive recorders and samplers; digital eectronic
musical instruments such as synthesizers, organs, and MIDI-
controlled instruments.

Digital computing devices include:  microprocessor
equipped units (PC's, calculators), minicomputers (worksta:
tions) and main-frame computers. In addition, controllers
for lighting, AV presentations, industrial equipment and cer-
tain video equipment contain microprocessors.

Digital devices can produce broad band RFI (radio fre-
quency interference) in close proximity to the source. Any
device which carries an FCC type approva labd such as
“Class B computing device” can be assumed to be a poten-
tial source of interference. The audible effect isusualy high
frequency noise or distortion and it generaly only occurs
when the recelver is close to the digital device and thetrans-
mitter is at a distance. Unfortunately, thisis often the case
when wireless receivers are located in or near racks of digi-
tal gear while the transmitters are being used on a stage.

The best remedy for this type of interference is to locate
the receivers and antennas at least severd feet from any digi-
tal device. Inarack of different equipment thiswould suggest
mounting the wireless recalvers at the top, andog equipment
below that and digitd equipment at the bottom. In extreme
cases, choosing higher wirdless frequencies may improve
matters. However, as the speed (clock frequency) of digitd
equipment increases this technique will be less effective.

Finally, any equipment that uses or controls high volt-
age or high current AC power can generate radio frequency
interference (RFI). Examplesinclude lighting dimmers and
some types of gas discharge lamp supplies such as neon or
fluorescent ballasts.

Audible effects of this type of source include buzz or
hum in the signal. Again, the first remedy isto relocate the
offending source or the wireless equipment to minimize
pickup. In some cases specid filtering may be applied to the
various power and connecting cables of both the source and
the wirel ess equipment to block RFI from leaving the source
or entering the wireless equipment.

A property of FM reception which can reduce the audi-
bility of many types of interferenceis the so-called “capture
effect.” When multiple signds (close to the operating fre-
guency) are present, the strongest signal will capture or lock-
inthereceiver. If thedesred signd issufficiently strong, the
interfering signals may not be heard. Since the strength of
the desired signal (the transmitter) is dependent on the oper-
ating distance, a nearby transmitter can often overcome
wesk or distant interference sources.

SPREAD SPECTRUM

A transmission technique which has some future appli-
cation to wireless microphone systems is known as “ spread
spectrum.” The object of this technique is to improve per-
formance by reducing interference effects and increasing
efficiency of band utilization. Instead of concentrating the
information and energy of the transmission at a single, con-
tinuous frequency, the signd is spread out over awide radio
frequency range. The two most common methods are “fre-
quency hopping” and “direct sequence spreading.”

Frequency hopping systems utilize a transmitter which
changes its operating frequency many times per second
according to a predetermined pseudo-random pattern. The
receiver is synchronized with the transmitter so that it
changes its operating frequency in exactly the same pattern.
At any instant the system is operating on only one frequen-
cy but over time the range of frequencies used may be sev-
era MHz. Theinformation may be carried asan FM signal
or asadigitd signal.

Direct sequence systems operate around a center fre-
quency but the effective total modulation (bandwidth) of the
signal is sgnificantly increased. This is accomplished by
modulating the phase of the carrier with a high-speed, pre-
determined pseudo-random digital sequence (pattern).
Again the receiver is synchronized with the transmitter
according to the same pattern. Inthissystem theinformation
can be carried as an anadlog FM signd or as adigital signal,
mixed with the phase modulating sequence.

By spreading the transmission power of the desired sig-
nal over agreater portion of the radio spectrum, the average
energy of the desired signal at any one frequency is reduced.
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Figure 43: illustration of frequency hopping spectrum

This reduces the potentia for interference from a particular
transmitter. In addition, the receiver becomes less sengitive
to undesirable radio sources at any one frequency because it
spreads the energy of the interfering source over a wider
range a much lower average level. Itisnot only possbleto
decrease certain radio interference effects but also to increase

Figure 44: illustration of direct sequence spectrum

the number of usersthat may operate in a given band.

Historically, this technique has been applied to commu-
nication and data transmission, particularly in military appli-
caions. Presently it is found in some consumer cordless
tel ephone equipment and has been used in at least one MIDI
wireless microphone system. However, current spread spec-
trum technology may not lend itself to the highest fiddlity
audio transmission in a wireless microphone package with-
out significant tradeoffs in size and cost.

RANGE OF WIREL ESS MICROPHONE SYSTEMS

A logical question concerning wireless performance is
the transmission range of various systems. Unfortunately,
the answer is much more complicated than asimple distance
measurement. Ultimately, the receiver must be able to pick
up a“useable’ sgna from the tranamitter. “Useable’” means
that the strength of the desired signd is within the sengitivi-
ty range of the receiver and further that it is sufficiently
stronger than (or different from) undesirable sgnals and RF
noise to produce an acceptable sgna-to-noise ratio at the
audio output of the receiver. Elements that affect usesbility
arethetransmitter/antenna, the transmission path, the receiv-
er/fantennaand RFI. Some characterigtics of these elements
are controllable, some are not.

Important transmitter characteristics are power output
and antenna efficiency. Maximum power is limited by gov-
ernment regulations and battery capability. Antenna effi-
ciency is limited by sSze and design. Recdll that the effi-
ciency of typica wireess transmitter antennas is fairly low,
about 10% or less for VHF. This means that for a 50 mwW

VHF transmitter the effective radiated power (ERP) is less
than 5 mW. Thismay be further attenuated by proximity to
the body or other lossy objects.

Important receiver characteristics are antenna efficien-
cy, receiver sensitivity and the ahility of the receiver to reject
unwanted signalsand noise. Antennaefficiency isagainlim-
ited by size and design but receiver antennastend to be much
more efficient than transmitter antennas since they can be
made large enough to be better tuned to the proper frequen-
cy. Other receiver characteristicsare limited by design. Both
elements are limited by cost.

The transmisson path is characterized by distance,
intervening obstructions and propagation effects. Losses due
to these characteristics are generally frequency dependent:
the higher the frequency the greater theloss. Once the oper-
ating frequency is chosen, only the path length and antenna
locations are controllable. These are usudly limited by the
application itsdlf. Under good conditions (line-of-sight) at a
distance of about 100 ft. the field strength of the signal from
a 50 mW trangmitter is on the order of 1000 uV/m, well
within the range of sengitivity of atypicd receiver.

Finally, RFI is characterized by its spectrum, that is, its
distribution of amplitude and frequency. It typicaly consists
of both broadband noise and discrete frequencies. However,
its strength can be comparable to or greater than the desired
signa in poor conditions. Except for a few predictable
sourcesit islargely uncontrollable.

Rather than quote a specific maximum operating dis-
tance most manufacturers of wireless microphone systems
give a “typicd” range. For systems of the type discussed
here (50 mW, VHF or UHF) thetypica range may vary from
100 ft. to 1000 ft. Thelower number represents amoderate-
ly severe environment while the upper figure might be
achieved in absolute ideal conditions. Extremely poor con-
ditions could result in a range of only 50 feet or less. Itis
impossible to accurately predict the range of an arbitrary
wireless microphone system in an arbitrary application.
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CHAPTER 4

W IRELESS SYSTEMS:
How To MAKE THEM WORK

SYSTEM SELECTION

The proper sdlection of a wireless microphone system
consists of several steps based on the intended application
and on the capabilities and limitations of the equipment
required for that gpplication. It should be remembered that
while wireless microphone systems cannot ultimately be as
consistent and reliable as wired systems, the performance of
currently available wirdess can be very good, alowing
excellent results to be obtained. Following these steps will
insure selection of the best system(s) for agiven application.

Firg, define the application. This definition should
include the intended sound source (voice, instrument, etc.)
and theintended sound destination (sound system, recording
or broadcast). It must also include adescription of the phys-
ical setting (architectural and acoustic festures). Any special
requirements or limitations should also be noted: cosmetics,
range, maintenance, other possible sources of RF interfer-
ence, etc. Findly, the desired performance level must be
defined: radio qudity, audio quaity, and overal reiability.

Second, choose the microphone (or other source)
type. The application will usually determine which micro-
phone physica designisrequired: alavdiereor clip-on type
attached to clothing, or a head-worn type, both for hands-
free use; a handheld type for a vocalist or when the micro-
phone must be passed around to different users; aconnecting
cable when an dectric musicd instrument or other non-
microphone source is used. Other microphone characteris-
tics (transducer type, frequency response, directionaity) are
dictated by acoudtic concerns. As mentioned earlier, the
microphone choice for a wirdess application should be
made using the same criteria as for awired application.

Third, choose the transmitter type. The microphone
choice will usualy determine the required tranamitter type
(handheld, bodypack or plug-on), again based on the appli-
cation. Generd festures to consider include:  output power
(usualy 50 mw for VHF), antenna style (interna or exter-
nal), control functions and location (power, muting, gain,
tuning), indicators (power, battery condition), batteries
(operating life, type, accessibility), and physica description
(size, shape, weight, finish, materid). For handheld and
plug-on types interchangesbility of microphone eements
may be an option. For bodypack transmitters, inputs may be
hardwired or detachable. Multi-use inputs are often desir-
able and may be characterized by connector type, wiring
scheme and electrica capability (impedance, level, biasvolt-
age, etc.).

Fourth, choosethereceiver type. Thebasic choiceis
between diversity and non-diversity. For reasons mentioned
in the receiver section above, diversity recelvers are recom-
mended for al but the most budget-conscious applications.
Though non-diversity types will work well in many situa-

tions, the insurance provided by the diversity receiver
against multipath problems is usualy well worth the some-
what higher cost. Other receiver featuresthat should be con-
sidered are: contrals (power, output level, squelch, tuning),
indicators (power, RF level, audio levd), antennas (type,
connectors), electrical outputs (connectors, impedance,
line/microphone/headphone level, balanced/unbalanced). In
some gpplications battery power may be required.

Fifth, determine the total number of systems to be
used smultaneoudy. This should take into account future
additions to the system: choosing a system type that can
only accommodate a few frequencies may prove to be an
eventua limitation. Of course the totd number should
include any exising wireless microphone systems with
which the new equipment must work.

Sixth, specify the geogr aphic location in which these
systems will be used. Thisinformation is necessary in the
next step to avoid possible conflict with broadcast television
frequencies. In the case of touring applications this may
include citiesinside and outside of the US.

Seventh, coor dinate frequencies for system compat-
ibility and avoidance of known non-system sources.
Consult the manufacturer or a knowledgeable professional
about frequency sdlection and integration of the planned
number of systems. Thisshould be doneeven for singlesys-
tems and must certainly be done for any multiple system
installation to avoid potential interference problems.
Frequency coordination includes the choice of operating
band (VHF and/or UHF) and choice of the individual oper-
ating frequencies (for competibility and avoidance of other
transmissions). For fixed locations choose frequencies in
unused TV channels. For touring applicationsit may be nec-
essary to carry additional systemson alternate frequenciesor
to employ tuneable units to insure the required number of
systems at all venues. It is sometimes possible to use up to
three VHF “travelling” frequencies in conjunction with
unused TV channd frequencies. However, as noted in the
frequency selection section above, the VHF “travelling” may
be subject to interference from various unpredictable sources
and are dso generdly not legal in countries outside of North
America

Eighth, specify accessory equipment asneeded. This
may include remote antennas (1/2 wave, 5/8 wave, direc-
tional), mounting hardware (brackets, ground-planes), anten-
na splitters (passive, active), and antenna cables (portable,
fixed). These choices are dependent on operating frequen-
cies and theindividua application.

CrystaL CoNTROLLED VS.

FREQUENCY SYNTHESIS

Crystal controlled wireless units can be designed with
wide audio frequency response, low noise, low ditortion,
and relatively long battery life. They are the most cost effec-
tive choice for fixed frequency applicationsinvolving amod-
erate number of Smultaneous systems. One limitation inher-
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enttoacrysta controlled transmitter isthe generation of spu-
rious emissions due to output multiplier stages, though these
can generaly be kept to a minimum with careful design.

For tunegble systems, frequency synthesis is the most
practical technique. The absence of spuriousemissionsfrom
the transmitter also simplifies coordination of multiple sys-
tems. However, it is more difficult (and more expensive) to
design equdly low noise, low digtortion frequency synthe-
sized systems. A limitation inherent to the audio frequency
response of this type of tranamitter results from the use of a
sharp lo-cut filter to prevent very low audio frequenciesfrom
interfering with the PLL contral circuit. Thisplacesalower
limit on the audio frequency range that may be transmitted.
Specid techniques are required to achieve extended low fre-
quency responsein frequency synthesized systems. In addi-
tion, the grester power consumption of frequency synthe-
sized transmitters reduces battery operating time.

As in the choice of other wireless microphone system
characteristics above it is necessary to evauate the applica
tion to determine which frequency generation method is
preferable. For most fixed applications crystal controlled
systemsare suitable. Frequency synthesized systems should
be considered when frequency agility is a primary require-
ment or if there are other included features that are desirable
for the application.

Once the wireless microphone system(s) choice is
made, careful setup and proper use are necessary to obtain
the best performance.

SYSTEM SETUP. TRANSMITTER

Transmitter setup first requires optimizing the source-to-
tranamitter interface.  Sources include dynamic and con-
denser microphones, eectronic musica instruments and gen-
erd audio sources such as mixer outputs, playback devices,
etc. The output signal of each of these sources is character-
ized by its level, impedance and configuration (balanced or
unbalanced). For sources such as condenser microphones
some type of power (phantom or bias) may be required.

The transmitter may be a bodypack, plug-on or hand-
held type and its input will aso have a characterigtic level,
impedance and configuration (balanced or unbalanced). It
may be capable of supplying power to the source. Theinter-
face can consist of sometype of connector or it may be hard-
wired, either internally or externaly.

The smplest interface isthe handheld transmitter. This
design should insure that the microphone element is aready
optimaly integrated (electrically and mechanically) with the
transmitter. The only choice involves systems that offer a
selection of microphone elements. Assuming that each is
equipped for proper interface the decision should be made
based on the performance characteristics of the microphone
element for the intended application.

The plug-on transmitter offers a greater range of inter-
face possihilities. Mechanicaly, the 3-pin XLR type con-
nector isstandard but the electrica characteritics of the cho-

sen microphone and transmitter combination must be con-
sidered. The input impedance of the transmitter should be
higher than the microphone output impedance. All transmit-
ters of this type will work with typica low-impedance
dynamic microphones. If the transmitter input impedanceis
high enough (>10,000 ohms) a high impedance microphone
may also be used. Most plug-on transmitters will work with
either balanced or unbalanced microphone outputs.

Some plug-on transmitters are o capable of supplying
“phantom power” to a condenser microphone. Thisis only
possihle with a balanced transmitter input and baanced
microphone output. Eventhen, the transmitter must supply at
least the minimum phantom voltage required by the micro-
phone (usualy between 11 and 52 volts DC). If lessthan the
minimum is available the condenser microphone perfor-
mance may be compromised with lessheadroom or more dis-
tortion. This is not a concern with dynamic microphones
(which do not require power) or with condenser microphones
powered by an internd battery.

The bodypack transmitter presents the greatest range of
possible interfaces. The smplest arrangement is the hard-
wired lavdiere or headset microphone. Again, it can usud-
ly be assumed that this design aready providesthe optimum
interface for the components provided. If various hardwired
microphone choices are offered the sdection should be
based on the intended application.

Many bodypack transmitters are equipped with an input
connector to alow the use of a variety of microphones and
other input sources. Microphones and input cables supplied
by amanufacturer with a given wireless microphone system
can be assumed to be compatible with that system.
However, they may not be directly compatible with wireless
microphone systems from other manufacturers. At a mini-
mum a connector change is often required. In many cases
additional circuitry or modifications to components will be
necessary. A few combinations simply will not work.

In order to determine the suitability of a particular
microphone for use with a particular transmitter it is first
necessary to determine the connector type(s) involved.
Connectors include 1/4 inch phone jacks and a variety of
multi-pin designs.

Next, the wiring of the microphone connector and the
wiring of the transmitter connector must be compared.
Unfortunately there is no standard input connector, and fur-
ther, the wiring scheme of the same connector may differ
from one manufacturer to another. A 1/4 inch input jack is
usualy wired unbaanced with the audio signdl at thetip and
shield on the deeve. Thetypical multi-pin input on a body-
pack transmitter has at least one pin for the audio signal and
onepin for shield or ground. There may be other pinsto pro-
vide “bias’ (a DC voltage for a condenser microphone ele-
ment) or to provide an dternate input impedance. Some
transmitters have additional pins to accept audio signals at
different levels or to provide a combination audio + bias for
certain condenser elements.
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microphone should be within the acceptable input leve
range of the transmitter and the output impedance of the
microphone should be less than the input impedance of the
transmitter.  In addition, the input configuration of most
bodypack units is unbaanced. Microphones intended for
use with wireless are also invariably unbalanced, though a
bal anced output dynamic microphone can usualy be accom-
modated with an adapter cable.

If the microphone has acondenser element and does not
have its own power source then the required bias voltage
must be supplied by the transmitter. Most transmitters pro-
vide about 5 VDC, suitable for atypical electret condenser
element, though some elements may require as much as 9
VDC. In this case it is sometimes possible to modify the
transmitter to provide the higher voltage.

Many condenser elements and associated transmitters
use a 2- conductor-plus-shield hookup in which the audio is
carried on one conductor and the bias voltage on the other.
A few condenser eements and some tranamitters use asin-
gle-conductor-plus-shield arrangement in which the audio
and bias voltage are carried on the same conductor.
Interfacing a microphone of one scheme with a transmitter
of the other may require modification of one or both com-
ponents.

In generd, for non-standard combinations, it is best to
directly contact the manufacturer of the wireless microphone
system and/or the manufacturer of the microphone to deter-
mine the compatibility of the desired components. They can
provide the relevant specifications and can usually describe
any limitations or necessary modifications.

Non-microphone sources include eectronic musica
instruments and possibly outputs from sound systems and
playback devices. Though none of these sourcesrequire bias
or phantom power their interface presents a much wider
range of level and impedance than a typicd microphone
source.

Musical instruments such as electric guitars and basses
can have output levels from a few millivolts (microphone
level) for instruments with passive pickups to a few volts
(line level) for those with active pickups. The transmitter
must be capable of handling this dynamic range to avoid
overmodulation or distortion.

Ordinary (passive) magnetic instrument pickups have a
high output impedance and require a transmitter input
impedance of about 1 Megohm to insure proper frequency
response. Active (powered) pickups have fairly low output
impedance and will work with almost any transmitter input
impedance of 20,000 chms or greater. Piezodectric pickups
have very high output impedance and require a 1-5 Megohm
transmitter input impedanceto avoid loss of low frequencies.

Mixers and playback devices produce line level outputs.
These sources typicaly have low-to-medium output imped-
ance and may be balanced or unbalanced. They can some-

times be interfaced with a smple adapter cable. However,
these high level input sources often require additional (exter-
nal or interna) attenuation to prevent overload of the trans-
mitter input, which is usudly expecting amic-level signdl.

Once the sourceftransmitter interface has been opti-
mized, control adjustment should be performed. The only
control adjustment available on most transmittersis for input
level or sengitivity. It consstsof asmall potentiometer and/or
aswitch. The control is often placed insde the battery com-
partment or in arecessed position to avoid accidenta maad-
justment. Some bodypack designs have separate level adjust-
ments for microphone inputs and instrument inputs.

The control(s) should be adjusted so that the loudest
sound level (or highest instrument level) in actud use pro-
duces full modulation of the radio signdl. This is usudly
determined by speaking or singing into the microphone (or
playing the instrument) while observing audio level indica-
torson the receiver. Typicaly an audio peak LED will indi-
cate full (or nearly full) modulation. A few designs have
peak indicators on the transmitters themsalves. In systems
that indicate peaks at lessthan full modulation thisLED may
light fairly often. For systems that indicate full modulation
this should light only briefly a maximum input levels. In
either case, sustained peak indication requires reducing input
sengitivity or level to avoid audible distortion.

If the transmitter is equipped with a compander system
(noise reduction) defeat switch make surethat it is set to the
same mode as the recelver. The only situation in which this
system would be defeated iswith the use of areceiver which
is not equipped with compander circuitry.

For tuneable transmitters make sure that the transmitter
is set to the same frequency as the receiver.

The last step in transmitter setup is placement.
Placement of ahandheld or plug-on system is essentialy the
same as for awired microphone of the same type. The unit
may be mounted on astand, boom or fishpole with an appro-
priate stand adapter, or it may be handheld.

Bodypack transmitter placement is dependent on the
particular gpplication. If the input source is a microphone,
such as a lavdiere or headset, the bodypack is normally
clipped to a bdlt or pants waistband. It may be attached in
other ways aslong asthe antennais alowed to extend fredly.
Insure thet there is adequate access to the controls if neces-
sary and that the connecting cable, if any, has enough length
to permit the source and the transmitter to be located as
desired. When the input isa musical instrument it is often
possibleto attach the transmitter directly to the instrument or
to its strap asin the case of an eectric guitar.

As much as possible, proper transmitter placement
should avoid large metal objects and previoudy mentioned
sources of RF such asdigital devicesand other wirdlesstrans-
mitters. If an individuad is using more than one wireless
microphone system at the same time, such asawireless head-
set and awirdessmusicd instrument, the transmitters should
be kept asfar apart as practica to avoid intermodul ation.
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SETUP. RECEIVERS

Receiver setup involves two interfaces.  antennato-
receiver and receiver-to-sound system. Herewewill discuss
the sound system interface. Remember that the basic func-
tion of a wireless microphone system is to replace the con-
necting cable between the source and the sound system. In
the typicad case, the output of the wireless receiver will
resemble the output of the origind source both eectricaly
and physicdly. That is, most wireless microphone receivers
have a balanced, low impedance, microphone level output,
usudly on astandard 3-pin XLR-type audio connector. This
can be connected to a standard microphone input of asound
system using an ordinary balanced microphone cable.

Somerreceivers, particularly those designed for usewith
electric instruments, may be equipped with a 1/4 inch phone
jack instead of (or in addition to) an XLR connector.
Normally, this output is an unbalanced, low or medium
impedance, microphone or instrument level signal. 1t can be
directly connected to the input of an instrument amplifier
using a standard shielded instrument cable.

In addition, a few receivers have line level outputs
available. These can be connected to line or aux level inputs
of sound systems equipped with Smilar types of input con-
nectors.

If it isdesired (or necessary) to connect one type of out-
put to a different type of input a few possihilities should be
conddered. For abaanced XLR output to an unbalanced 1/4
inch input an adapter which connects Pin 2 of the XLR to the
tip of the phone plug and connects Pin 1 and Pin 3 of the XLR
to the deeve of the phone plug may beused. A smilar adapter
(with gppropriate XL R connector) may be used to connect an
unbaanced 1/4 inch output to abaanced XLR input. Simple
adaptersof thistypewill usudly work if thelevelsand imped-
ances of the outputs and inputs are competible.

In some cases smple adapters cannot be used due to
significant impedance or level differences. Also, the 1/4inch
phone-to-XLR hookups just described (which cause the cir-
cuit to be unbalanced) can occasionaly creste audible hum
problems due to ground loops between the receiver and the
sound system. In either case, the use of a transformer may
offer asolution. It can provide the proper transition between
different impedances and between balanced and unbalanced
circuits. The transformer aso alows ground loops to be
eliminated by lifting the shield connection &t the source end
of the balanced cable.

Finally, the presence of phantom power at the balanced
microphone input of the sound system must be considered.
If the receiver output is unbalanced, phantom power may
cause noise or digtortion in the signal. Phantom power
should be turned off at that input if possible. If not, a suit-
able transformer or an adapter with capacitors will block the
voltage in the connecting path. If the receiver output is bal-
anced, phantom power is usualy not a problem though a
manufacturer may specify the maximum voltage that the
receiver can tolerate. A few recevers present a significant

load to the phantom source. This can result in alowering of
the phantom voltage at other inputs on a mixer which has
insufficient isolation of the phantom supply between inputs.

Oncethereceiver has been properly connected, then the
sound system controls may be set. The first control adjust-
ment on areceiver isthe output level. Thisusually consists
of arotary pot and possibly aswitch to select microphone or
linelevel. Thegenera procedureisto set the output level so
that it is approximately the same asthat of awired source of
the sametype. Thiswill provide norma gain structurein the
rest of the sound system. Though microphone level is most
common, line level can be appropriate for long cable runs or
for driving line level devices such as equalizers, crossovers
or power amplifiers. For most receivers, theaudiolevel indi-
cators are pre-volume control and are unaffected by receiver
volume control settings. Use the indicators on subsequent
equipment to gauge the actual output level.

The second important adjustment on a receiver is the
sguelch control. Recall from the previous discussion that the
function of the squelch circuit isto mute the audio output of
the receiver when the transmitted signal is lost or becomes
unacceptably naisy. If asguelch contral is present the usual
adjustment procedureis:

1) Turn the transmitter power off to eiminate the desired
signal.

2) Turn on dl associated equipment in nearby locations to
create the “worgt-case” signa condition.

3) Set the receiver volume control to minimum to avoid
excessive noise in the sound system.

4) Turn the receiver power on.
5) Observe the RF and audio indicators on the receiver.

6) If the indicators are showing a no-signa condition the
squelch setting may be left asiis.

7) If theindicators are showing asteady or intermittent Sg-
nal-received condition increase the squelch control set-
ting until a no-signd condition is indicated. Set the
squelch control dightly past this point to provide a
threshold margin.

8) If the no-signal condition cannot be achieved even with
high squelch settingsit may be possibleto find and €lim-
inate the undesirable signal. Otherwise it may be neces-
sary to select a different operating frequency.

9) Turn the transmitter power on.

10) Make sure that the receiver indicates a signa-received
condition with the transmitter at normal operating dis-
tance. Remember that high squelch settings reduce the
operating distance.
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Other receiver controls may include monitor (head-

OPERATION OF phone) leve, indicator sdlectors, channd sdectors, etc.
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These may be set as desired for a particular application. If
there is a compander (noise reduction) defeat switch make
surethat it is set to the same mode asthe tranamitter. Again,
there is no reason to defeat the compander in the receiver
unless the transmitter is not equipped with compander cir-
cuitry. If the receiver is tuneable make sure that it is set to
the same frequency as the tranamitter.

Proper placement of receiversinvolvesboth mechanical
and electrica considerations. Mechanically, wireless
receivers are usually designed to be used like other standard
rackmount products. Theelectrical concernsarepossible RF
interference and possible hum or other eectrica noise
induced intheaudio circuits. Recelvers should be kept away
from RF noise sources such as digital processors, computers
and video equipment. They should also be separated from
large AC sources such as power supplies for high current or
high voltage equipment as well as lighting dimmers, fluo-
rescent light ballasts and motors.

If wireless receivers are to mounted in racks with other
equipment it is best to place them with low-power analog
devices nearby and potentialy troublesome devices farther
away or inaseparaterack. Obvioudly, if receiversare placed
in metal racks or mounted between other metal devices it
will be necessary to make sure that antenna function is not
compromised.

SETUP: RECEIVER ANTENNAS

Setup of receiver antennas involvesfirst the antenna-to-
receiver interface and then antenna placement. The Smplest
case is areceiver with the antenna(s) permanently attached.
The antennais typicaly a 1/4 wave telescoping or possibly
“rubber ducky” type. Receiverswith non-detachable anten-
nas should be placed on an open surface or shdf, in line-of-
sight to the transmitter, for proper operation. They are often
not suitable for rack mounting except perhapsasasingle unit
at thetop of arack and then only if the antennas are mount-
ed on the front of the receiver or can project through the top
of therack.

A receiver with detachable antennas offers more versa-
tility in setup. In most cases the antennas attach to the rear
of the receiver. If the receiver is to be mounted in a metal
rack the antennas must be brought to the outside of the rack.
Some designs alow the antennasto moved to the front of the
receiver, while others provide an accessory panel for anten-
narelocation. Again, the receiver should be mounted high
enough in the rack so that the antennas are essentially in the
open.

Here are somegeneral rulesconcerning setup and use of
receiver antennas:

First, maintain line-of-sight between the transmitter
and receiver antennas as much as possible. Avoid metal
objects, walls, and large numbers of people between the
receiving antenna and its associated transmitter. 1dedlly, this

meansthat receiving antennas should bein the sameroom as
the transmitters and elevated above the audience or other
obstructions.

Second, keep the receiver antenna at a reasonable
distance to the trangmitter. The maximum distance is not
condant but is limited by transmitter power, intervening
objects, interference, and receiver sendtivity. Closer is
preferable to farther but aminimum distance of about 10 feet
is recommended to avoid potential intermodulation products
intherecaiver. Idedly, it isbetter to have the antennalreceiv-
er combination near the transmitter (and run a long audio
cable) than to run a long antenna cable or to transmit over
long distances.

Third, use the proper type of receiver antenna. A
1/4-wave antenna can be used if it is mounted directly to the
receiver, to an antennadistribution device or to another pane
which acts asaground-plane. If the antennaisto belocated
a a distance from the receiver a 1/2-wave antennais rec-
ommended. This type has somewhat increased sensitivity
over the 1/4-wave and does not require a ground-plane. For
ingtallations requiring more distant antenna placement or in
cases of strong interfering sourcesit may be necessary to use
adirectiona (Yagi or log-periodic) antenna suitably aimed.

Fourth, sdect the correctly tuned receiver anten-
na(s). Most antennas have afinite bandwidth making them
suitable for recelvers operating within only a certain fre-
quency band. When antenna distribution systems are used
receivers should be grouped with antennas of the appropri-
ate frequency band as much as possible. If the range of
receiver frequencies spans two adjacent antenna bands, the
longer (lower frequency) antennas should be used. If the
range spans al three antenna bands (for VHF), one long
antenna and one short antenna should be used (no middle
length antenna). Telescoping antennas should be extended
to their proper length.

Fifth, locate diversity receiver antennasa suitabledis-
tanceapart. For diversity reception the minimum separation
for dgnificant benefit is 1/4 wavelength (about 17 inches for
VHF). The effect improves somewhat up to a separation of
about one wavelength. Diversty peformance does not
change substantially beyond this separation distance.
However, in some large area goplications overdl coverage
may beimproved by further separation. In these casesoneor
both antennas may located to provide a shorter average dis-
tance to the transmitter(s) throughout the operating area.

Sixth, locate receiver antennas away from any sus-
pected sourcesof interference. Theseinclude other receiv-
er antennas aswell as sources mentioned earlier such asdig-
ital equipment, AC power equipment, etc.

Seventh, mount receiver antennas away from metal
objects. 1dedly, antennas should be in the open or else per-
pendicular to metal structures such as racks, grids, metal
studs, etc. They should be at least 1/4 wavelength from any
paradld meta structure. All antennas in a multiple system
setup should be at least 1/4 wavelength apart.
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Eighth, orient receiver antennas properly. If trans
mitter antennas are generally verticd then receiver antennas
should be approximately vertica as well. If transmitter
antenna orientation is unpredictable then receiver antennas
may be oriented up to 45 degrees from vertical. Yagi and
log-periodic types should be oriented with their transverse
elements vertical.

Ninth, use the proper antenna cable for remotely
locating receiver antennas. A minimum length of the
appropriate low-loss cable equipped with suitable connec-
tors will give the best results. Refer to the chart presented
earlier. Because of increasing losses at higher frequencies,
UHF systems may require special cables.

Tenth, usean antenna distribution system when pos-
sble. This will minimize the overal number of antennas
and may reduce interference problems with multiple
receivers. For two recelvers a passive splitter may be used.
For three or more receivers active splitters are strongly rec-
ommended. Verify proper antenna tuning as mentioned
above. Antennaamplifiersare not usually recommended for
VHF systems but may required for long cable UHF systems.

SETUP. BATTERIES

Always use fresh batteries of the correct type in the
transmitter and/or receiver. Most manufacturers recommend
only akaline type batteries for proper operation. Alkaline
batteries have amuch higher power capacity, more favorable
discharge rate and longer storage life than other types of sin-
gle-use batteries such as carbon-zinc. Alkdine types will
operate up to 10 times longer than so-called “heavy duty”
non-alkaine cells. They are dso far lesslikely to cause cor-
rosion problemsif left inthe unit. Consider bulk purchase of
alkaine batteries to get the greatest economy: they have a
shelf life of at least one year.

The battery condition should be determined before sys-
tem use and checked periodicdly during use, if possible.
Most transmitters are equipped with a battery status indica
tor of somekind that will at |east indicate ago/no-go or some
minimum operating time. Some units have a “fuel gauge”
that can dlow more precise indication of remaining battery
life. A few models even have the capability of transmitting
battery condition information to the receiver for remote
monitoring.

Use rechargeabl e batteries with extreme caution: their
power capacity is much lower than the same size akaline
and their actua initial voltage is usualy less. The conven-
tional rechargeable battery uses a Ni-Cad (nickel-cadmium)
cell. The voltage of an individual Ni-Cad cdl is 1.2 volts
rather than the 1.5 volts of an dkaline cdll. Thisisa20%
lower starting voltage per cell. The standard adkaine 9 volt
battery is made up of 6 cdlsin serieswhich yidds an initial
voltage of at least 9 valts.

The typical “9 volt size’ rechargesble also has 6 cdlls,
givingitaninitia voltage of only 7.2 volts. When combined
with itslower power capacity the operating time may beless

than 1/20 of an dkaline, only about 15 minutes in some
units. The “better” 9 volt size rechargeable has seven cdlls
(8.4 valtsinitid), but ill has only about 1/10 the operating
timeof andkaline. Itispossbleto obtain 9 volt size Ni-Cad
batteries which have eight cells (9.6 valts initiad) but even
these have less than half the dkaline operating time and are
quite expensive.

If it isdecided to use rechargeable batteries, battery man-
agement is very important. For systems in daily service a
minimum of 3 batteries per unit is recommended due to the
chargingtime: one charged, one charging, one to be charged.
In addition, the batteries must periodically be completely
cycled to get maximum sarvice life and avoid developing a
short discharge “memory.”  Ultimately, the long-term poten-
tid savingsin battery cost must be weighed against the short
operating time, initid investment and ongoing maintenance
requirements for rechargesble batteries. Experienced users
amogt invariably choose akaline batteries.

SysteM CHECKoOUT AND OPERATION

Good practice with any wireless microphone system
cdls for a checkout of the system ahead of performance
time. As suggested in the squelch adjustment section this
should be done with al associated production equipment
aso on. This may reved potentid problems that are not
gpparent in awireless-system-only test.

1) Verify good batteriesin al transmitters.

2) Check receiver squelch settings as outlined above,
activating individua systemsone at atime.

3) Perform a stetionary listening test with each individ-
ual system one at atime to verify proper audio leve
settings.

4) Perform alistening test around the performance area
with eachindividual system oneat atimeto verify no
dropouts.

5) Turn on al receivers (without transmitters) and
check indicators to verify no interference.

6) Turn onindividua transmitters one a atimeto veri-
fy activation of proper receiver. Transmitters should
al be a acomparable distance (at least 10 feet) from
receiving antennas.

7) Turn on al transmitters (with recelvers) to verify
activation of dl receivers. Transmitters should al be
a a compaable distance (at least 10 feet) from
receiving antennas and at least 3 feet from each other.

8) Perform alistening test around the performance area
with each individual syssem while all systemsare on
to verify no audible interference or dropouts.

It should be noted in step 6) above that certain combina
tions of active trangmitters and receivers may indicate pickup
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of an individua transmitter by more than one recaver.
However, in setup 7), when al transmitters are active each is
picked up by just itsintended receiver. Unlessthereisaudi-
ble interference when dl transmitters are on this should not
pose a problem, since a receiver should not normdly be
turned up when its own transmitter is not active.

Once the wireless microphone systems have passed this
checkout there are a few recommendations to achieve suc-
cessful operation during the performance:

1) Again, verify good batteriesin al transmitters.
2) Receivers should be muted until transmitters are on.

3) Do not activate unneeded transmitters or receivers.

4) Once the system is on, use the “mute” or “micro-
phone’ switch to turn off the audio if necessary, not
power switch. (Thisis not a concern for tone-key
squelch systems.)

5) Do not bring up the sound system audio level for any
receiver which does not have an active transmitter.

6) Maintain line-of-sight from transmitter antennas to
receiver antennas.

7) Maintain transmitter-to-receiver antenna distance of
at least 10 fest.

8) Maintain transmitter-to-transmitter distance of at
least 3 feet if possible.

9) Operate transmitters in the same general perfor-
mance area.

10) At the end of the event mute receiver outputs before
turning off transmitters.

TROUBLESHOOTING WIRELESS MICROPHONE
SYSTEMS

Even when wireless microphone systems appear to be
properly selected and set up, problems may arise in actua
use. While it is not practica here to offer comprehensive
solutions for al possible situations some general guidelines
are suggested.

Though problems with wireless microphone systems
eventually show up as audible effects these effects can be
symptoms of audio and/or radio problems. The object of
troubleshooting in either Stuation is first to identify the
source of the problem and second to reduce or eiminate the
problem.

The following abbreviations are used in these charts:
AF-audio frequency, RF-radio frequency, RFl-radio fre-
quency interference, TX-tranamitter, RCV-receiver

A common symptom in multiple system operation is
apparent activation of two receivers by a single transmitter.
This can be due to one of severa causes: operating fre-
quencies the same or too close, crystal harmonics, transmit-
ter at theimage frequency of the second receiver, IM with an
unknown source, etc. If activeting the second transmitter
results in proper operation of both systems this effect can
usudly beignored. Recommended operating procedureisto
turn up arecever only when its transmitter is active. If itis
desired to alow open receivers without transmitters read-
justing the squel ch settings may suffice. Otherwise the oper-
ating frequencies may have to be changed.

APPLICATION NOTES

Following are some suggestions on wireless micro-
phone system selection and use for some specific applica-
tions. Each section gives typica choices and setup for
microphones, transmitters and receivers as well as a few

operating tips.
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Conditions. TX on, RCV on, single system

TROUBLESHOOTING GUIDE

Symptom TX - RCV Possible cause Action
Distance
No AF signal and no RF signal any low TX battery voltage replace battery
NoAF signal and no RF signal any TX and RCV tuned to retune one or both units
different frequencies

NoAF signal and no RF signal average multipath dropout use diversity RCV or repogition TX
and/or RCV

NoAF signal and no RF signal long out of range move TX closer to RCV

No AF signal but normal RF signal any TX muted un-mute TX

No AF signal but normal RF signal any microphone or other input source check input source

Digtortion with no AF pesk indication any low TX battery voltage replace battery

Digtortion with AF peak indication any excessve TX input level decrease source level or TX input level

Digtortion with AF peak indication in any excessve RCV output level decrease RCV output level

subsequent equipment

Noise with low AF sgnd and normal RF signal any insufficient TX input level increase source level or TX input level

Noise with low AF sgnd and normal RF signal any strong RFI identify source and eliminate, or change
frequency of wireless microphone system

Noise with norma AF sgnd and low RF signd  average moderate RFI increase squelch setting until RCV mutes

Noise with normal AF and RF sgnas any very strong RFI identify source and eliminate, or change
frequency of wireless microphone system

Intermittent AF signal and low RF signal long out of range move TX closer to RCV

Intermittent AF signal and low RF signal long insufficient antennagain use higher gain antenna

Intermittent AF signal and low RF signal long excessve antenna cable loss use low loss cable and/or less cable

Intermittent AF and RF signds average multipath interference use diversty RCV or reposition TX
and/or RCV

Intermittent AF and RF signds average obgtructionsin signal path remove obstructions or reposition TX
and/or RCV

Intermittent AF and RF signds average squelch set too high decrease squelch setting

Intermittent AF and RF signds average very strong RFI identify source and eliminate, or change

frequency of wireless microphone system

When multiple systems are in use some additional problems can occur due to interaction between the systems. Turning individual systems on and
off and trying systems in different combinations can help to pinpoint the cause. However, this can become much more difficult as the number of systems

increases.

Following are some multiple system troubleshooting suggestions for symptoms observed when al systems are active.

Conditions. TX on, RCV on, multiple systems

Symptom Distance Possible cause Action

Digtortion on two (or more) systems with no any units on same frequency change frequencies

AF peak indication

Distortion on one (or more) systems with no TX-TX short TX + TX intermod change frequencies

AF peak indication

Distortion on one (or more) systems with no TX-TX short TX + TX intermod increase TX to TX distance
AF peak indication TX-RCV short  TX + TX + RCV intermod change frequencies
Distortion on one (or more) systems with no TX-RCV short  TX + TX + RCV intermod increase TX to RCV distance

AF peak indication
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PRESENTERS

The most common wireless choice for presentations is
alavaiere/bodypack system which allows hands-free use by
a single spesking voice. A smdl condenser microphone is
connected to a bodypack transmitter and the combination is
worn by the presenter. Thereceiver islocated in afixed pos-
tion.

The bodypack transmitter is generally worn & the
waistband or belt. It should be located so that the antenna
can be fredy extended and so that the controls can be
resched easly. Transmitter gain should be adjusted to pro-
vide suitable level for the particular presenter.

The receiver should be located o that its antennas are
line of sght to the transmitter and at a suitable distance,
preferably at least 10 feet. Once the receiver is connected to
the sound system the output level and squelch should be
adjusted according to the previous recommendations.

The most important factor in achieving good sound
quality and adequate gain-before-feedback with a lavdiere
system is microphone choice and placement. A high qudlity
microphone placed as close as practica to the wearers
mouth isthe best starting point. Anomnidirectiond lavdiere
microphone should be attached to the presenter on atie, lapel
or other location within 8-10 inches of the mouth for best
pickup.

In Stuations of limited gain-before-feedback or high
ambient noise levels a unidirectional microphone may be
used. This type should be located like the omnidirectional
type but it must also be aimed at the presenter’s mouth. The
user should be aware that unidirectional types are much
more sensitive to wind noise and breath blasts (p's, b's, t's,
d's, etc.) aswell as noise from clothing rubbing against the
microphone or cable. Unidirectional lavaliere microphones
should always be used with a windscreen and mounted in a
way to reduce direct mechanical contact with clothing or
jewdry.

MUSICAL INSTRUMENTS

The most appropriate choice for an instrument wireless
applicationisabodypack system which will accept the audio
signal from various instrument sources. Thereceiver can be
adiverdty design for highest performance or non-diversity
for economy applications and is located in a fixed position.

The transmitter can often be attached to the instrument
itself or to the instrument strap.  In any case it should be
located to avoid interfering with the player but with its con-
trols accessible. Instrument sources include electric guitars
and basses as well as acoustic instruments such as saxo-
phones and trumpets. Electric sources can usudly connect
directly to a transmitter while acoustic sources require a
microphone or other transducer.

Receivers for instrument systems are connected to an
instrument amplifier for electric guitars and basses or to a
mixer input for acoustic instruments which are not otherwise
amplified. Be aware of the potentia for interference from

digital effects processorsin the vicinity of the amplifier or at
themixer position. Connections should bewell-shielded and
secure. Again the usud distance and line-of-sight consider-
ations apply.

The most important factor in the performance of an
insrument system istheinterface between the instrument and
the transmitter. The signas from dectric instruments fitted
with magnetic pickups are generaly comparable to micro-
phone signals, though the levels and impedances may be
somewhat higher. Other transducers such as piezo-electric
types have output signas that dso are smilar to microphone
signals but again may have higher levels and substantialy
higher impedances. With any of these sources care should be
taken to insure that there is compatibility with the transmitter
input in regard to level, impedance and connector type.

Occasiondly it is found that certain wireless micro-
phone systems do not initially work well with certain instru-
ments.  Symptoms may include poor frequency response,
digtortion or noise. In most cases this can be traced to an
impedance or level mismatch between the two. Frequency
response changes are most often due to impedance prob-
lems. Make sure that the transmitter has sufficiently high
input impedance. Digortion is usudly due to excessive
input leve to the transmitter. Instruments with active cir-
cuitry (battery powered preamps) often have very high out-
put levels which may need to be attenuated for some trans-
mitters. They may aso suffer from RFI caused by the wire-
less microphone system. This may reduced by the addition
of RF bypass capacitors in the instrument.

A common type of noisethat is heard in wireless micro-
phone systemsisoften called modulation noise. Thisisalow-
level hiss which accompanies the actud instrument sound.
Though it is usualy masked by the instrument sound certain
factors may make it more pronounced. These include low
audio signd levels, low RF signd levels and high RF noise
levels, Modulation noise can be most noticesble when the
wireless microphone system is connected to a high gan
instrument amplifier with boosted high frequencies and dis-
tortion circuits engaged. The apparent level of modulation
noise can be reduced by setting the transmitter gain ashigh as
possible (without causing distortion), maintaining adequeate
RF sgna level and avoiding sources of RF noise.

Some dectric guitars and basses used with wireless
microphone systems may aso exhibit intermittent noisewhen
their control pots are moved to or from the endpoints of their
rotation (full-on or full-off). This is due to metal-to-metal
contact which occurs at these points in certain potentiometer
designs. A different type of pot may need to be substituted.

Microphones for acoustic instruments may be omni- or
unidirectional and are usually condenser types. Microphone
sdlection and placement for acoustic instruments is a subjec-
tive process that may involve a certain amount of triad and
error. Seethereferencesin the bibliography for suggestions.
It is advised to consult the manufacturer of the wireless
equipment and/or the manufacturer(s) of the instruments,
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microphones and transducersif problems persist. They may
have details of suggested modificationsfor oneor both units.

One wireless benefit of interest to guitar playersis the
elimination of the potential shock hazard created between a
wired electric guitar and a wired microphone. Once the
hardwire connection between either the guitar and amplifier
or between the microphone and the PA system is removed
the polarity of the guitar amp is of no consequence.

VOCALISTS

The usud choice for vocdigts is a handheld wireless
microphone system for close pickup of the singing voice. It
consists of a suitable vocal microphone element attached to
ahandheld transmitter used with afixed receiver.

The microphone/transmitter may be handheld or
mounted on a microphone stand. Microphone technique is
essentially the same as for awired microphone: close place-
ment gives the most gain-before-feedback, the least ambient
noise pickup and the most proximity effect. An accessory
pop filter may be used if wind or breath blast is a problem.
If the transmitter is equipped with an externa antennaavoid
placing the hand around it. If the transmitter has externally
accessible controls it may be useful to conced them with a
deeve or tape to avoid accidenta switching during a perfor-
mance. Battery condition should be checked prior to this if
the indicator will be covered. Transmitter gain should be
adjusted for the particular vocaist at performance levels.

Thereceiver should belocated at asuitable distance and
in line of sight to the transmitter. Since this is often at the
mixer position check for possible interference from nearby
digital signal processors. Again antenna and audio connec-
tions should be well-shielded and secure.

The primary considerations for sound quality in ahand-
held wireless microphone system is the microphone element
and its proper integration with the
transmitter. The choice of dement for a wirdess micro-
phone system would be made according to the same criteria
asfor awired microphone. Idedly the wirdess version of a
microphone will sound identica to the wired version.
Ultimately this is up to the manufacturer of the wireless
microphone system. For this reason it is highly recom-
mended to compare the performance of the proposed wire-
less microphone system to itswired counterpart to make sure
that any differences in sound qudlity or directiondity are
minimal.

AEROBIC/DANCE INSTRUCTION

Aerobic and dance gpplications most often require
bodypack wireless microphone systems to alow hands-free
use by theinstructor. The microphone is most often a head-
worn type, with aunidirectional element. Thiswill give the
best resultsfor feedback control and overall sound quality. A
lavaliere microphone may be used if gain-before-feedback is
not a problem but it will not have the same sound quality as
a headworn type. The receiver may be diversity or non-

diversity depending on the performancelevel required andis
located in afixed position.

Thetransmitter isworn at thewaist and must be secure-
ly attached since the user is generdly quite active. The
antenna should be freely extended and the controls accessi-
bly located. Gain should be adjusted for theindividual under
actud use conditions.

The receiver should be located with the usud regard to
distance and line of sight. In addition it should be out of the
way of moving bodies and feet. Since these systems are
often sat up and taken down the connections should be reg-
ularly checked.

The primary criterion for aerobic/dance systemsiis reli-
ability under extremely active conditions. These conditions
include vibration, impact, heat, humidity and various bodily
fluids! The basic system must certainly be durable but there
are some additional steps that can be taken to improve long
term reliability. An accessory belt or pouch made of neo-
prene can protect the transmitter from mechanical damageas
well as perspiration. It aso provides a pad between the
wearer and the transmitter to improve comfort and alows
the transmitter to be easily repostioned if the ingtructor is
doing floor exercises. etc. A design which covers the con-
trols and/or connectors will further resist corrosion damage
at these points of entry.

Microphone cable life can be prolonged by routing the
cable to avoid extreme flexing or pull. Allow dack at the
headband and at the point of entry to the transmitter. A side
entry design provides more strain relief and also dlowsfor a
drip loop in the cable to prevent perspiration from flowing
down the cableinto the connector. If an adjustable headband
is used it should be adjusted only as often as necessary to
maintain adequate stability.

The microphone eement can be somewhat protected by
using a foam windscreen. Periodicaly remove the wind-
screen, sponge it in warm soapy water, rinse and let dry.
Replace when it shows signs of wear. However, even with
these precautions the microphone and cable assembly in such
asystem should probably be considered a consumableitem.

THEATER

Theatrica applications dso generdly cal for lava
liere/bodypack wireless microphone systems. The micro-
phone and transmitter are worn by the performer while the
receiver isin afixed location. Theater combines aspects of
presenter, vocalist, and aerobic/dance applicationswith addi-
tional unique requirements.

In current theater practice the lavaliere microphone is
often concealed somewhere on the head of the performer:
just in front of the ear, on the forehead, in the hair or beard,
etc. In some casesit is concealed in some part of the cos
tume such asahat or high collar. Theintent isawaysto get
the microphone as close to the performer’s mouth as possi-
ble without being visible. The close placement maximizes
gain-before-feedback and minimizes noise and acoustic
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interference.  Miniature omnidirectional types are used
almost exclusively, but they must be of high qudlity for both
speech and singing. Avoid obstructing the ports on micro-
phones with makeup or adhesives.

Transmitters are aso conceded in or under costumes
and are often subject to an even more severe environment
than the aerobic/dance situation. Specia packs and bindings
are available to attach trangmitter to various parts of the
body. Routing microphone cables and antennas and il
allowing quick costume changes presents a serious chal-
lenge. Norma wear and tear on cables and connectors will
take a rapid toll on anything but the most reliable micro-
phones and transmitters.

Receivers for theatrical gpplications are not unique but
they must be of high qudity to alow multiple system use
without interference. It is not unusua to use as many as 30
smultaneous wireless microphone systems in a professiond
musica theater production. Thisnumber can only be handled
with systems operating in the UHF range. 10 to 15 systems
is the practicd limit & VHF frequencies. In addition, sepa-
rate antennas and antenna distribution systems are necessary
for any ingtdlation involving alarge number of systems.

Though small-scale theater applications can be done
with a moderate investment in planning and equipment,
large-scale productions usualy require professional coordi-
nation of wireless microphone systems to achieve successful
results. This becomes an absolute necessity for a touring
production.

WORSHIP

Worship services may include presenter, vocdist and
instrument applications. While wireless vocd and instru-
ment useis essentialy the same as outlined in the preceding
sections, the presenter function may be somewhat different.
Microphone, transmitter and receiver selection are as before
but placement of the components may require extra consid-
eration.

In particular, proper location of the lavaliere micro-
phone and/or transmitter may pose problems because of
robes or vestments. It isdtill necessary to position the micro-
phone as close as practica the the user’'s mouth for best
results. Different methods of attachment may be necessary.
Access to transmitter controls can also be problematic. Use
of accessory microphone mute switches similar to those
worn by sports referees can be the answer.

Though an omnidirectiona type microphoneiseasier to
use, a unidirectional model may be chosen to alow more
gain-before-feedback.  In this case pop senstivity and
mechanica noise should be taken into account. Againitis
very important to adjust the transmitter level for the individ-
uals voice under actua conditions.

Because most worship services involve both wired
lectern microphones and wireless lavaliere microphones it
often happens that the person wearing the wireless is dso
speaking at the lectern. If the voice is picked up by both

microphones an acoustic phenomenon known as “comb fil-
tering” occurs which creates a hollow, unnatural sound. The
solution isto turn down one of the two microphones when-
ever they are within one or two feet of each other. In most
cases it will be less noticegble to turn down the lectern
microphone when the wireless wearer approachesit.

Proper frequency sdlection is necessary for any worship
application. Since a fixed location is the norm, unused TV
channe frequencies are the best recommendation, not “trav-
dling” frequencies. The simultaneous use of other wireless
microphone systems by vocdists and musicians during the
service must be consdered as well. In addition, wireless
microphone systems a other churches or facilities within
1000 feet of the site should be included in any program for
frequency coordination.

Findly, receivers should be located and adjusted
according to the suggestions made earlier. Even with prop-
er suelch settings, though, it isvery strongly recommended
to turn off or turn down the outputs of any receiversthat do
not have an active transmitter. This will avoid noise from
random RF interference being heard in the sound system.

BINGO

Wireless microphones have become common in large
scale bingo halls. Though the caler is typicaly in a fixed
location and uses a hardwired microphone the checkers must
be able to move about the hdl in order to verify the cards.
Handheld systems are the usua choice but bodypack sys-
temswith either headworn or lavaliere microphones are dso
used. Receiversarein fixed locations.

Selection and operation of wirelessfor thisapplicationis
sraightforward though often strongly influenced by budget.
Inparticular, itisoften requested that asinglereceiver beused
for multiple transmitters on the same frequency since only a
single checker need be onthe air a any onetime. Whilethis
istechnically possible it becomes difficult in practice for two
reasons. failureto turn off transmitters when not needed and
noise that occurs when tranamitters are switched on and off.
Asindicated previoudy, S multaneous operation of morethan
one transmitter on the same frequency creates severe inter-
ference. In addition, some amount of switching noise is
inevitable except in tone-key squelch systems.

Transmitters should be muted when not being used, but
power should remain on to eliminate possibility of noise. If
it is desired to turn the checker wireless transmitters off dur-
ing the event, make sure that squelch levels are adjusted
properly. Idedlly, the corresponding receiver(s) should be
turned down until needed. Tone-key squelch systems are
useful inthisapplication to alow transmittersto beturned an
and off without noise.

Receivers and antennas should be located properly for
coverage of the intended area. The usual suggestions con-
cerning frequency sdection apply. In particular, unused TV
channe frequencies are recommended since bingo systems
are generdly in fixed locations.
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FiLM/VIDEOGRAPHY

Film and videography applicationsusually call for lava-
liere/bodypack wireless microphone systems to minimize
the visibility of the microphone. Handheld transmitters may
aso be used when visua appearance is not an issue.
However, the receivers may be ether fixed or portable. A
common choice is a camerasmounted receiver used with a
camcorder.

Microphone/transmitter selection and placement are as
outlined in other sections. Directional microphones are use-
ful to control ambient noise. Placement can be consistent
with visua reguirementsbut should be positioned asclose as
practical to the sound source. The overdl audio qudity is
largely determined by microphone selection and placement.

An important area in the use of wireless microphone
systemswith video and film equipment isthe eectrical inter-
face between them. The interface is specified in terms  of
level, impedance, configuration (balanced/unbalanced) and
connector.  While the output characteristics of wireless
receivers are well specified and fairly standard the audio
input characteristics of video equipment are often unspeci-
fied and unique. Thisis especialy true for consumer video
camcorders. Professona video units are normally designed
with standard professional audio inputs.

Most camcorders that have a built-in microphone also
have an input jack for an externa microphone. Thisis usu-
aly a 1/8" mini phone jack. If the wireless receiver is
equipped with a microphone-level 1/4” phone jack output a
simple adapter cable will generdly suffice. If the receiver
only has an XLR-type output some additional concerns
aise. An adapter cable or transformer can be used as
described in the receiver setup section above.

Stereo camcorders often use an 1/8” stereo (tip-ring-
deeve) externa microphone jack. To deliver amonophonic
wireless signa to both the left and right audio channels a
mono-to-stereo adapter must be inserted at the input jack.
Some camera-mount receiversinclude aspecial output cable
designed to work in either mono or stereo inputs.

Certain camcorder microphone inputs also supply aDC
bias voltage for condenser microphones. Inthiscaseatrans
former or blocking capacitor may required to isolate the out-
put of the wireless receiver from the DC. Consult the cam-
corder literature or manufacturer for details.

Camcorders that do not have manual audio level con-
trols are aways equipped with an automatic gain control
(AGC). Itsfunction isto maintain a constant audio record-
ing level by increasing the gain for weak signalsand decreas-
ing the gain for strong signals. This circuit is generally not
defeatable. When using the built-in microphone most direct
sound sources are a a Sgnificant distance. At the micro-
phone the overall variation between direct sound level and
background sound level not very large.

Close-talked microphones, either handheld or lavdiere,
present a much stronger signal reletive to the background
sound level. With these devicesthe AGC will operate at high

gain when only background sound is present and will quick-

SELECTION

and

ly reduce gain when a strong close-talk signal occurs. This OPERATION OF

will result in audible “pumping” of the background noise
level. Thesameeffectistypically heard in live sports broad-
casts. the crowd noise is quickly suppressed when the
announcer speaks and dowly returns when the announcer is
silent. Unfortunately, if theAGC isnot defeatablethereisno
convenient way to diminate this effect. Operating the wire-
less microphone system a very low levels can force the
AGC to operate a full gain but thiswill result in noisy audio
tracks.

Frequency sdlection for film/videography should be
done according to the guidelines dready presented. One
additional source of potentia interferenceisthe video equip-
ment itself since it contains digital and RF circuitry. Listen
for audible effects from both the transmitter and from the
receiver when they are used close to the cameraand/or video
recorders.

BROADCAST

Broadcast applications may require handheld, plug-on
and bodypack wireless microphone systems. To interview
random subjects most field reporters and roving talk show
hosts prefer ahandheld or plug-on transmitter for maximum
mobility and control. Bodypack systems are used to pick up
asingletalent when a handheld type would be cumbersome.
Receivers may be in afixed location for studio use or may
be portable for field use.

Omnidirectiona microphones are the preferred choice
for dtuations where ambient noise is not excessive. This
alows more flexibility in
placement and orientation as well as reduced sensitivity to
wind and handling noise. When ambient noiseisafactor or
in a setup where feedback is a possibility a unidirectional
microphone may be necessary. Microphones with good
sound quality and durability are amust.

Lavaiere microphones will require a bodypack trans-
mitter. If adesired handheld microphone modd isavailable
in a wireless version it can be used directly. Since most
handheld transmitters use unidirectional microphone ee-
ments a plug-on transmitter may be necessary for use with
handheld omnidirectiona microphones or other wired hand-
held models.

Except for portable or cameramount use a diversity
receiver is standard choice for professiond broadcast appli-
cations. Antenna location should be well-planned, especial-
ly when used in astudio environment with lighting gridsand
other large meta structures. Recelvers should be located
away from lighting controllers, digita audio equipment and
video equipment that may produce interference. Balanced
audio lines are dso standard procedure.

Receivers used in remote trucks face interference not
only from nearby audio and video equipment but they may
also be subject to interference from two-way radio systems
and remote-to-studio transmitters operating on VHF or UHF
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CHAPTER 4

frequencies. Two-way transceivers should not be operated
close to wirdless transmitters or receivers. The wirdess
microphone system receivers should aso be located well
away from remote link transmitters. In addition, both the
wireless microphone system antennas and the remote link
antennas should be properly installed for minimum interfer-
ence with each other.

Frequency sdlection for broadcast involves the same
considerations as in other applications for studio use. In
ENG (Electronic News Gathering) or EFP (Electronic Field
Production) situations the additional factors of nearby
remote transmitters and the possibility of wireless micro-
phone systemsin use by other broadcast crews must be taken
into account. Inalocal areait is sometimes possible to coor-
dinate frequencies between different stations ahead of time
to reduce the likelihood of frequency conflict at a news site.
Specifying high quality wird ess equipment will further min-
imize interference problems.

LARGE ROOM/MULTI-ROOM APPLICATIONS

Sometimes it is desired to use a single wireless trans-
mitter throughout avery large space or in multiplerooms. It
is difficult to get reliable reception from transmittersin dis-
tant rooms or in extremely large rooms, especidly if there
are many obstructions or strong RF interference. A central-
ly located receiver antennamay improvethe situation. Line-
of-sight trangmitter to recelver placement is dways the pre-
ferred setup.

If adiversity receiver with detachable antennas is used
the two antennas may be located in different rooms, though
this essentialy reduces the receiver mode to two non-diver-
Sty sections. If diversity reception is to be maintained two
antennas may be located in each room with the use of an
antenna combiner. The “A” antenna in one room is com-
bined with the“A” antennain the other room using an anten-
nacombiner. The“B” antennas are similarly connected and
the “A” and “B” combiner outputs are fed to the receiver
“A” and “B” antennainputs.

It isalso possible to use multiple receivers and antennas
tuned to the frequency of asingletransmitter. The audio out-
puts of the receivers can then be combined in a mixer to
allow continuous pickup of the signal from multiple loca
tions. However, some type of audio level control must be
employed since the audio levd of such a system will
increase by 3dB each time the number of active receivers
doubles. That is, if the transmitter is picked up by two
receiversat the sametimethe overall audio level will be 3dB
louder than when picked up by only onereceiver. Automatic
mixers can control this effect.

CONCLUSION

It should be apparent from this presentation that wire-
less microphone systems are a technology that encompasses
a very wide range of principles and applications. Today's
equipment has progressed to the point that excellent results
can be achieved with minimal input from the casua user. It
is hoped that the material presented here will be of greater
use to professona users and audio system designers who
must try to make wireless microphone systems work under
unusual and demanding conditions.

As wireless microphone systems evolve it is expected
that some of the details presented here may become less crit-
ica in their day-to-day use. To the extent that improved
design can overcome or compensate for some of the inher-
ent limitations of radio transmission, wireless microphone
systems should continue to become more reliable and user-
friendly. Nevertheless, an understanding of the basic princi-
ples and use of wireless microphone systems will provide
even greater success in future applications.
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Absorption
the wesakening of radio wave strength by lossesin
various materias

AF
audio frequencies, typically 20-20,000 Hz.

AM
amplitude modulation

Ambient
local or background, ie. ambient noise

Amplitude
magnitude or strength of asignal or wave

AM
rejection-ability of an FM receiver to reject signals
from AM transmitters and/or AM noise from electrica
devices or natural sources

Antenna
electricd circuit element that transmits or receives
radio waves
Antenna gain
measure of antenna efficiency compared to a
reference antenna, typicaly a 1/4 wave type
Antenna splitter
adevicefor dectricaly matching a single antenna
to multiple receivers
Attenuation
measure of the loss of amplitude of asigna
Band
a defined portion of the frequency spectrum
Bandwidth
ameasure of the frequency range of asigna or device
Base frequency
the actual frequency of acrystal oscillator, usualy then
multiplied to some higher operating frequency
Bias voltage
afixed DC voltage which establishes the operating
characterigtic of acircuit element such as atransstor

Bodypack
transmitter style which can be worn on the body
Capture
the effect of a strong FM signal suppressing wesker
signals at the receiver
Carrier

the basic or unmodulated radio wave

Compander
a two-step noise reduction system consisting of a
compressor in the transmitter and an expander in
the receiver

Compressor
acircuit which reduces the dynamic range of asignal
by afixed ratio, typicaly 2:1 in a compander system

De-emphasis
afixed equalization which typically rolls off high
frequencies in the second step of a two-step noise
reduction process

Demodulation
the recovery of the origina modulating information
from aradio signa

Detector

the circuitry that performs demodulation
Deviation

the maximum frequency variation of an FM signd
Diffraction

the bending or partid reflection of radio waves by
metal objects

Dipale
an antenna which is made up of two active eements
Direct
not reflected
Digtortion
any unwanted difference between the original and
find verson of asigna
Diversity
receiver design which picks up aradio signal smulta-
neoudly at multiple locations and intelligently switches
or combines to yield the best continuous signa

Dropout
the complete loss of received signal due to multipath
interference
Dynamic range
maximum amplitude range of asignd or device, gen-
eraly the difference between the strongest and weak-
est signdsthat occur or that the device can handle
EM
electromagnetic

ERP
effective radiated power, the actuad power radiated by
atrangmitter antenna

Expander
acircuit which expands the dynamic range of asignal
by afiniteratio, typicaly 1:2 in acompander system
Field
adigribution of energy in space, ie. dectric, magnetic,
sound
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Field strength
the amplitude of afield at a given point, measured in
volts per meter for electric energy

FM
frequency modulation

Frequency
ameasure of the rate of variation of awave or signal

Frequency agile
having the ability to change frequencies: tuneable
Frequency response
variaion in amplitude of asignal over arange of
frequencies
Front end
initia filter stage of areceiver
Gain
amplification
Ground plane
electrical gpproximation of a zero-potentia reflective
surface at the base of an antenna
Handheld
transmitter type which can be held in the hand
Hash
aterm for audible radio interference
Heterodyne
to combine signals of various frequency in a manner
that produces additional signals at frequencies which
are sums and differences of the original frequencies

intermediate frequency, alower radio frequency
(typically 10.7 MHz) found in the middle stages
of areceiver

intermodul ation, frequencies produced by combina
tions of other frequenciesin non-linear devices

IMD
intermodul ation distortion (another name for M)

IM
rgjection-ability of areceiver to rgect IM products

Image

an interfering frequency which differs from the desired

frequency by twice the intermediate frequency (IF)

Imagergection
the ability of areceiver to rgject interference from an
image frequency (determined by the front end)

Impedance
ameasure of the resistance to current flow in acircuit
(may vary with frequency)

Indirect
reflected or diffracted

I ntercept (third order)
ameasure of the ability of aradio to handle high
signal levels without overload or distortion

Inverse square law
mathematical relationship in which one quantity is
inversaly proportiond to the square of another
quarntity, ie. signal strength decreases according to
the distance squared

Leve
the amplitude or strength of asignal

LF
low frequency
Limiter
acircuit which limits the maximum level of asigna
LO
local oscillator, in areceiver it is tuned to a frequency
which is offset from the operating frequency by an
amount equa to the intermediate frequency (IF)

Loss
decrease in signdl strength during transmission,
propagation or reception

Medium
substance through which awave propagates, for radio
it may be vacuum, gas, liquid or solid; wave speed is
affected by medium

Mixer
circuitry in areceiver that combines the received Sig-
nal with the local oscillator to produce the IF signal

M odulating frequency
the frequency of the audio signal used for modulation
of theradio wave

M odulation
variation of awave parameter (such as amplitude or
frequency) to carry information

M odulation noise
low level noise which accompanies the audio signa in
a companded wireless microphone system

Multipath
reflection of radio waves that causes fluctuation in
received signal strength

Narrow band
an FM signd in which the deviation is much less than
the modulating frequency

Noise
undesirable random audio or radio energy

Operating frequency
the final output frequency of atransmitter or the tuned
frequency of areceiver

Ogcillator
acircuit that produces a continuous periodic output
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Phase-lock-loop (PLL)
acircuit which maintains a desired frequency by
means of a salf-correcting loop technique

Plug-on
atransmitter type which may be attached directly
to ageneral microphone

Pre-emphasis
afixed equalization which typically boosts high
frequenciesin thefirst part of atwo-step noise
reduction process

Polarization
the orientation of the electric field component of a
radio wave

Power
usudly refersto the RF power delivered to the trans-
mitter antenna and is measured in milliwatts (mW).
The actud power radiated by the antennaiis much less

Quieting
the suppression of radio noisein arecelver when the
desired signd is picked up at a certain strength

Radio
€lectromagnetic waves which propagate a significant
distance from the source

Receiver
device which is sengitive to radio signas and recovers
information from them

Reflection
retransmission of incident radio waves by metal
objects

RF
radio frequency, generally taken to mean well above
20,000 Hz

RFI
radio frequency interference

Selectivity
measure of areceiver’s ahility to discriminate between
closdly-spaced frequencies

Sengtivity
measure of areceiver’s ahility to respond to wesk
radio signas

Shadow
blocking of radio waves by reflective or absorptive
(lossy) objects

Signal-to-noiseratio
overall useable amplitude range of asignal or device,
generdly the difference between some reference level
and the residual noise leve

SINAD
ameasure of receiver sensitivity stated asthe RF
signa strength required for given minimum
signal-to-noise ratio

Spread spectrum
aradio transmission technique which spreads the
energy of the signd over awide frequency range
rather than concentrating it at one frequency

Spurious emissions (spur)
residual output from crystal-controlled transmitters
occurring at frequencies that are offset from the
operating frequency by multiples of the crystal base
frequency
Spuriousrejection
the ability of areceiver to rgject spurious emissions
Squelch
circuit in areceiver that mutes the audio output in the
absence of the desired transmitter signal

Spectrum
arange of discrete frequencies

Superheterodyne
in areceiver, the technique of filtering the received
signal to eliminate possible image frequencies and
then mixing the received signa frequency with the
local oscillator (LO) to produce the intermediate
frequency (IF)

Transmitter
device which converts information to aradio signa

UHF
ultra high frequency (about 300 - 1000 MHz)

VHF
very high frequency (about 30 - 300 MHz)
Waveength
the physica distance between successive complete
cycles of awave, inversaly proportional to frequency,
dependent on properties of medium

Wideband
an FM signd in which the deviation is much greater
than the modulating frequency
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¢ Introduction to Communication Systems, F. Stremler (Addison-Wesley, 1982)

MICROPHONE ¢ Antenna Theory and Design, W. Stutzman, G. Thiele (J. Wiley & Sons, 1981)
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Frequency Synthesizers, V. Manassewitsch (J. Wiley & Sons, 1987)

* The ARRL Handbook, various authors (American Radio Relay League, 1994)
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in both entertainment and science has led to the
field of audio as his choice for combining these
interests in a useful way.

In the course of pursuing this goal, Tim has
gained audio experience in both its technical and
musical aspects. He has worked as an engineer for
recording, radio and live sound, has operated his
own recording studio and sound company, and has
played music professionally for many years. He
earned a BS degree in Acronautical an Astronautical
Engineering, with aminor in Electrical Engineering,
from the University of Illinois, Urbana-Champaign.
While at the University, Tim also worked as chief
technician with both the Speech and Hearing

Science and Linguistics departments.
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In histenure at Shure Brothers, Tim has served
in atechnical support capacity for both the sales and
marketing departments. He has been active in prod-
uct and applications training of Shure customers,
dealers, and installers, as well as company staff.

One of his major objectives has been to
increase awareness of quality audio, with particular
emphasis on the contribution of proper microphone
selection and technique. In thisrole, Tim has
presented seminars for a variety of professional
organizations including the Audio Engineering
Society, the National Sound Contractors
Association, the Society of Broadcast Engineers,
and White House Communications. His articles
have appeared in Recording Engineer/Producer,

Creator, and other publications.
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ADDITIONAL SHURE PUBLICATIONS AVAILABLE:

These guides are available free of charge just by asking —as are
product brochures on al Shure wireless systems, microphones,
and other Shure sound reinforcement products. To request your
complimentary copies, cal one of the phone numbers listed below.
Please specify literature number when you call.

AL9G9E GuidetoAudio Systemsfor Video Production
AL1116D Audio Systems for Houses of Worship
AL1204A Introduction to Wirdess Systems

(English and Spanish versons available)
AL1265 Microphone Techniques for Music/Studio Recording
AL1266  Microphone Techniquesfor Music/

Live Sound Reinforcement
AL1267 GuidetoAudio Systemsfor Meeting Fecilities
AL1350B Microphone & Circuitry Products (Full Line Catalog)

OuRr DEDICATION TO QUALITY PRODUCTS

Shure offers acomplete line of wireless systems for everyone
from firg-time users to the biggest names in the industry—
for nearly every possible application.

For over seven decades, the Shure name has been synonymous
with quality audio. All Shure products are designed to provide
congstent, high-quaity performance under the most extreme
real-life operating conditions.

SHURE

Shure Brothers Incor por ated

222 Hartrey Avenue, Evanston, 1llincis U.S.A. 60202-3696
Phone: 800-25-SHURE Fax: 847-866-2279
In Europe, Phone 49-7131-72140 Fax: 49-7131-721414
Outside of U.S. and Europe, Phone: 847-866-2200 Fax: 847- 866-2585

Printed inthe U.SA. 10/98 15M © 1998 Shure Brothers Inc. AL1247A
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