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Frequency Ranges 

700 800 900 600 500 

G3:D 

780-822 

G3:E 

823-865 

G2:D 

786-822 

G2:E 

830-866 

Mics In-Ear 

TV UHF Band 

470-862MHz 

800-820MHz 

470-866MHz 

TV TV TV TV TV TV 

863-865 

ISM 

800-MHz 

For Sale 
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Frequency Ranges 

TV UHF Band 

470-862MHz 

700 800 900 600 500 

G3:D 

780-822 

G3:C 

734-776 

G3:B 

626-668 

G3:G 

566-608 

G3:A 

516-558 

G3:E 

823-865 

G2:D 

786-822 

G2:C 

740-776 

G2:B 

626-662 

G2:A 

518-554 

G2:E 

830-866 

•G2 5 Bands. 

•G3 7 Bands. 
Mics In-Ear 

TV TV TV TV TV TV 

863-865 

ISM 

800-820MHz 

G3 

1G8 

1785- 

1800 

800-MHz 

For Sale 
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823-831 

Duplex  

Gap 

470-790 

TV-band, White space 863-865 

ISM 

780-790 

700 800 900 600 500 

G3:D 

780-822 

G3:C 

734-776 

G3:B 

626-668 

G3:G 

566-608 

G3:A 

516-558 

G3:E 

823-865 

G2:D 

786-822 

G2:C 

740-776 

G2:B 

626-662 

G2:A 

518-554 

G2:E 

830-866 

2000:BW   626-698 
2K:AW 

516-558 2000:CW   718-790 2000:DW   790-865 2000:GW  558-626 

TV TV TV TV TV TV 

G3 

1G8 

1785- 

1800 

EM3732:L 470-638MHz 
EM3732:P 776-960MHz 

EM3732:GB 606-790MHz 

Frequency Ranges 
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Digital TV Versus Wireless Microphone 
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Detection Of Digital TV 

• Correct results are revealed by spectrum 

analyzers only at very high resolution bandwidth 

settings 

• The signal strength indicator of older receivers 

may be incorrect or miss DTV or LTE signals 

• G2 and newer sysemt are capable of detecting it 

correctly. 
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DVB-T Tool 
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Save Our Spectrum – 1800 vs. 2400 

• 1.4 GHz. Compatibility studies by the European Union have 

been initiated but the results have not yet been published.  

• 1.8 GHz can be used across Europe. Systems Available now. 

• 2.4 GHz Not for professional users who require high quality 

signals without interruptions, which is not a given in this 

frequency range as anyone is allowed to transmit there 

• 5 GHz Not for professional users who require high quality 

signals without interruptions,  Used to be clean, but not 

anymore.  Poor wave propagation 

• www.apwpt.org 

• www.gsmworld.com 

• Spectrum Scan? 

 

http://www.apwpt.org/
http://www.gsmworld.com/
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Since 1957 Sennheiser “Mikroport” stands for 
radio microphones on stage and in TV Studios 

 

The first “Mikroport System“ 

History 
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                  Frequency : 32 MHz ;   RF-Power :  1 mW   

                  Frequency : 470-900 MHz 

  RF-Power :  50 mW   
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Transmitter . . 

A Device That Converts Audio Signals 

Into Electromagnetic Waves . . . 

Receiver . .  

A Device That Converts Electromagnetic 

Waves Into Audio Signals 

Antenna, Cable, Batteries, Combiner, Splitter,  . . . 
Spectrum Analyzer . . . . 

What Do You Need ? 
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Basic Components 

Microphone  

Transmitter  

Receiver  

Antennas  

Batteries  

Tie Clip / Hand Held / Headset 

Pocket / Hand Held / Plug On / IEM 

Diversity - Pocket / IEM 

Omni / Directional / Active / Circular 

Alkaline / Lithium / Re Chargeable 

- 

- 

- 

- 

- 

Basic Components 
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               RF- Power  : 50 mW 

 Radiated Power (ERP)   Radiated Power (ERP) :  0.25 - 40 
mW  

RF-Power is measured directly 
at the Antenna connector 

Detuning of antenna reduce the radiated power  !  

Bodypack Transmitter 
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    RF-Source        Destination           Impedance 

   mismatch 

Antenna detuning  



15  | RF Seminar 2011 |  20.10.2011 

Antenna 

Antenna 

Transmitter 

    Body 

 

 ( Ground ) 

Ground Plane Antenna 

Handheld Transmitter Antenna 
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Power Supply 

Audio out 

Antennas 

Data 

Set Up 
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What comes first? 

Transmitter? 
Receiver? 

Then Switch On….. 
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RF level check Consider 

Deviation No indication = Free Frequency 

Select Frequency 

First, Switch On The Receiver (s)! 
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10uV 

500uV 

1000uV 

Squelch Threshold 

Noise Floor 

Capture Ratio 

A Circuit Within a Receiver That Mutes The Receiver Until 
The Signal Strength Exceeds a Predefined Level 

Carrier Squelch 

Squelch ? 
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No RF signal 

Squelch / Audio Mute 

       But peak level at the Rx audio out!             
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10uV 

500uV 

1000uV 

Squelch Threshold 

Audio Mute Controlled By Pilot Tone 

Noise Floor 

32 Khz. Not Audible Tone 

Pilot Tone Squelch 
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What Is Diversity ?  

Sennheiser EM 2050 Touring Receiver  

Diversity ? 

Real, True and Genuine Diversity  
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TX 

RX 

Direct Signal 

Reflected 
Signal 

00 

- 1800 

A 

True Diversity 
Receiver 

 
B 

Diversity ? 
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Receiver A Receiver B 

Control Signal Control Signal 

Audio out 
Receiver Housing 

Switch 

 >  1/4 λ 

For best Diversity performance 1/4 λ at 800 MHz: 10cm 

1/4 λ at 500 MHz: 15cm 

True Diversity 
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Audio out 
           Receiver  

     RF-Level 
  Control 
Unit 

Simple Diversity 
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Diversity 

 

 

10 dB 

 

Non-Diversity 

     30 dB 

 Ant A Ant B 

True Diversity creates smoother RF voltages in the receiver !  

= better Sound Quality 

L
e

v
e

l 

Time 

Min./Max. RF-Signals 
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…are the eyes of the receiver 

“Line of sight” between Tx & Rx antennas gives best results 

Allow a minimum distance of 4 meters  between 

Rx & Tx antennas in order to smooth out RF voltage 

 

Detuning of Rx-antennas is avoided by some distance 

to metal structures 

Antennas: 
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Omni - Linear Directional - Linear 

Basic Transmit / Receive Antennas 

Directional - Circular 

Indoors: In buildings reflections are essential: Omni or little directivity works best  

Outdoors: Little or no reflections: Directivity will help to stabilize the signal 

Antennas: 
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   Antenna                                                                                                 Antenna 

    Vertical                                                                                                   Vertical        

Equal Polarisation: Best Level 

Polarisation Of Antennas 
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Different Polarisation :  ~ 20 dB Signal loss 

     Antenna       Antenna                                                                                                      

    Horizontal                                                                                                     Vertical 

Polarisation Of Antennas 
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Omni Dirrectional Antenna 
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              + 4 dB  

            - 10 dB  

- Yagi Antenna 

- LogPeriodic 

- Helical 

- Patch 

A 2003 UHF 

A 12 AD 

A 5000CP 

Lunchbox 

Directional Antenna 
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Circular Polarized Antenna 
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Antenna Placement 
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                      A                                                            B 

Interference 

Transmitter  

Signal 

Transmitter Signal much stronger than Interference 

Outdoor Stage Directional Antennas 
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Stage 

min. 2 m 

Antenna Height  

Antenna Positioning 
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MHz 

   dB 

100 m 

A
tt

e
n

u
a

ti
o

n
 

Frequency 

RF Cable Loss 
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Antenna Boosters 
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New Systems 
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  Distribution Loss 

Splitter  1 : 2 

Splitter  1 : 3 

Splitter  1 : 4 

- 4 dB 

- 7 dB 

- 8 dB 

Splitter  1 : 6 - 11 dB 

Splitter  1 : 8 - 12 dB 

Combiner 

Antenna Splitter 



41  | RF Seminar 2011 |  20.10.2011 

Cable Loss  

Distribution loss 

in passive splitter 

   1 dB  20 %   Loss 

  3 dB  50 %   Loss 

  6 dB  75 %   Loss 

10 dB  90 %   Loss 

20 dB  99 %   Loss 

40 dB  99.9% Loss 

Antenna 

Receiver 

 

 

 
Power ratio 

RF – Signal Distribution 
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ASA 3000 

2x 1in 8out 

ASA 1 

2x 1in, 4out or 

1x 1in, 8out 

DC to 4x RX 

Active Splitters / Multicouplers / Distribution Amplifier 
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ASA1 – 8 Channels 
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8 Channel wiring Solution A 
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8 Channel wiring Solution B 
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15 Channels 
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Twin Receivers EM 2050 & EM 3732 



48  | RF Seminar 2011 |  20.10.2011 

EM 3732 
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   RF-Amp.  

 8 dB 

Receiver I 

 Receiver II 

Splitter 1 : 3 

          - 7 dB 

BPF 

Filter  

- 1 dB 

EM 3732 
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Passive ASP212 = 4dB loss 
Booster feed from ASA1 Splitter 

Two zone Antenna Combining 
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Active AC3 = 0dB loss 
Own Booster feed 

Four zone Antenna Combining 
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ESC 2007 Barco LED Wall 300M2 
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1mV 

ESC 2010 New Dutch Prototype LED Wall 30M2 
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ESC2010 OSLO 
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What To Ask 

• 1. Are there any existing wireless systems at the 

installation?   

– Wireless microphones 

– Wireless intercom 

– Wireless IFB: up to 250mW 

– Video transmitters: up to 250 mW  

– Motorola radios  .5 W to 5 W of power 
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Intermodulation 

• Different kind of Intermodulation 

– Transmitter-Intermodulation 

– Receiver-Intermodulation 

– Intermodulation in any kind of Amplifier 

 

• and ………….. 

– Blocking 
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All Third Order Intermodulation 

Number of 3rd-Order IM-products generated by 
multiple channels: 

2 channels    result in 2, 

3 channels    result in 9, 

4 channels    result in 24, 

5 channels    result in 50, 

6 channels    result in 90, 

7 channels    result in 147, 

8 channels    result in 225, 

…. 

32 channels result in 15,872  3rd-Order IM-products  
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  F1        F2 

 800           801  

    IM 3 : 

 

2F2 - F1    

 IM 3  IM 3 

                                                 

802 

2F1 - F2 

799 F (MHz) 

    IM 5 : 

 

3F2 - 2F1    

 

                                                 

803 798 

3F1 - 2F2 

 IM 5  IM 5 

Virtual TX 

Virtual TX 

Intermodulation 
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  F1        F2 

 800           801  

 IM 3  IM 3 

                                                 

802 799 F (MHz) 
                                                 

803 798 

 IM 5  IM 5 

Virtual TX 

Virtual TX 

  F3   F4 

Intermodulation 
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dB m

-10

-20

-30

-40

-50

-60

-70

-80

-90

-100

-110

S oftP lot Measurem ent P resentation

Trace A

S tart: 834.296 790 M Hz S top: 836.296 790 M HzA tten: 15 d B

Res B W : 1  kHz V id B W : 1 kHz S we ep: 2.00 s

24.0 5.2004  17:40:19 FS Q-3intermod8 36.sp t

1
1  Trace A

 835 .39614 9 MHz

-19.6 399 dB m

2 -1

2 -1  Trace A

 195 .51282 0 kHz

-36.5 084 dB

3

3  Trace A

 835 .20063 6 MHz

-27.9 715 dB m4 -3

4 -3  Trace A

-198.717949 kHz

-31.9 305 dB

 

IM5: 50 dB 

Transmitter Intermodulation (Normal TX) 
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dB m

-10

-20

-30

-40

-50

-60

-70

-80

-90

-100

-110

S oftP lot M easure ment P rese ntatio n

Trace  A

S tart: 834 .296790 M Hz S top: 836 .296790 M HzA tten: 15 dB

Res B W : 1 kHz V id B W : 1 kHz S wee p: 2.00 s

24.05 .2004 17:37:34 FS Q-3intermod836_i so.sp t

1 1  Trace A

 835.396149 M Hz

-17.754 0 dB m

2 -1

2 -1  Trace A

 195.512820 kHz

-62.584 6 dB

3

3  Trace A

 835.200636 M Hz

-26.138 4 dB m

4 -3

4 -3  Trace A

-198.71 7949 kHz

-60.416 2 dB

 

IM 5: >80 dB 

Transmitter Intermodulation (New Generation TX) 
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IMD Products 

• Impact 

– IMD-products can be caused in overloaded antenna boosters, 

transmitters and receivers.  

– The number of IMD products increases exponential with the 

number of carrier frequencies. 

– IM3 products are most critical 

– IMD can be predicted/calculated  

– Keep min. 375KHz Channel spacing 

– Keep min. 075KHz 2TxIM3 spacing 
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Calculation Software: SIFM Or WSM 
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RF-Gen. 

Freq.: F2 

Receiver 

Freq.: 

IM-Product 
RF-Gen. 

Freq.: F1 

 F1  F2 IM 

1 µV  

= dB IM 

Receiver Intermodulation 
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Channels max. RF-Level (dB) 

  2 
 3 
 4 
 5 
 6 
 8 
10 
12 
16 
24 
40 
 

  0 
- 2 
- 3 
- 4 
- 5 
- 6 
- 7 
- 8 
- 9 
-11 
-13 

Multichannel Operation Receiver Intermodulation 
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   Channels 

EM 3532                             EM 3732 

   ( dB )                                 ( dB )     

    2 
   3 
   4 
   5 
   6 
   8 
10 
16 
20 
24 
32 
40 
 

  70     
  68 
  67 
  66 
  65 
  64     
  63 
  61 
  60     
  59 
  58 
  57       

  83     
  81 
  80 
  79 
  78 
  77      
  76 
  74 
  73      
  72 
  71 
  70      

Multichannel IMD - Safety 
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Carefully mount the ear pieces 

Wireles In-Ear System 



68  | RF Seminar 2011 |  20.10.2011 

IEM . . . Standard Use . . 
In Ear Monitoring 

Mono Transmit / Mono Receive 

Music 

IEM Use 



69  | RF Seminar 2011 |  20.10.2011 

IEM . . . Standard Use . . 
In Ear Monitoring 

Stereo Transmit / Stereo Receive 

Music Left 

Music Right 

IEM Use 
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In Ear Monitoring 

Stereo Transmit / Mono Receive 

Artist Adjustment with Focus Control . . . 

IEM . . . Option . .  

Music Mix 

Click / TB Right 

IEM Use 
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Allow 

maximum 

space between 

the antennas  

Beltpack 

Transmitter  

Monitor 

Receiver  

Wearing a monitor receiver 

• Take care: 

– If the user is equipped with multiple wireless units 
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For save and reliable operation 

RF Frequency  

Wireless 

microphones: 

Handhelds, 

Beltpacks 

Wireless     

In Ear 

Monitor links  

Allow 

>8MHz 

space  

UHF 

Frequency allocation Of In-Ear Monitors 
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Wireless Mic´s Wireless   IEM 

------16 MHz--------- 

Frequency Configuration 

• Optimum: two different ranges for wireless microphones 

and IEM (e.g. microphones in G, IEM in B range). 



74  | RF Seminar 2011 |  20.10.2011 

RF Reflects Via Many Ways 
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t 

1000 

100 

10 

µV 

Antenna Level IEM Receiver 
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t 

1000 

100 

10 

µV 

      reduced  „Dead Spots“ 

Antenna Level With Circular Polatisation 



77  | RF Seminar 2011 |  20.10.2011 

S+N, N Lineout

-120,0

-100,0

-80,0

-60,0

-40,0

-20,0

0,0

20,0

0,10 1,00 10,00 100,00 1.000,00

RF input voltage [µV]

S
+N

, N
 [d

B
A

]r
m

s

S+N, 1A, 25°C

N, 1A, 25°C

S / N    Mono S / N    Stereo 

EK300 IEM S/N 
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Use of wireless Microphones and IEM 

• Use directional circular antennas.  

Minimum distance between antennas: 4m 

• IM3 tolerance between Stereo IEMs : 200 kHz 

• Check performance area under worst case conditions 

• Avoid possible dropouts with antenna placement 

• Use Short low loss cables 

• Teach the artist correct handling of the beltpack and earpieces 
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 

 
 

Multichannel IEM 
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Transmitter Antenna Combiner  

AC 3200 - 8 in / 1 out AC 3 - 4 in / 1 out 

½ Power 

IEM 1 

IEM 2 

Passive Combiner 

IEM 1 

IEM 2 

Active Combiner 

Full Power 
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Why antenna combiner? 

 For more than 2 Tx: apply Antenna Combiner 

 IM-interference will be prevented effectively 

without AC, antennas rear 

mounted 

with AC 

RF for Wireless Monitoring 
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+ 10 dB 

+ 10 dB 

+ 10 dB 

+ 10 dB 

4:1 BPF 

IN 

IN 

IN 

IN 

RF OUT 

- 8 dB 

- 2 dB 

12 V 2.5 A 
Do not cascade combiners! 

Transmitter Combiner AC3 
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More Channels ? 
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IEM Antenna placement   

100m 

50m ? 

? 

50m  
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100m 

-68dB 

 50m 

-62dB 
50m  

30mW 

1,26V 

 
500 µV 

 2,5mW 

 350mV 

 
280 µV 

      RG213 

    -11dB  

IEM Antenna placement   

Gain structure   
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IEM ESC 2010 OSLO 



Digital Audio Transmission 

ERC Report 42 Quote 

 
„The reasons stated for using digital modulation for transmitting an audio 

signal are to provide better spectrum efficiency and better transmision quality. 

For the forseeable future these are mutually exclusive aims for radio 

microphones, in practice either higher quality or spectrum efficiency is 

achieved.“ 
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Expect the unexpected 

German Soccer Team after European Championship 

….our microphone 

Operation: Okay 
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Apply new batteries properly 
Adjust the input sensitivity at the transmitter 
Switch on the receivers first!! 

Never operate two transmitters at the same frequency!! 

 Adjust antennas properly ! 
Keep a distance of app. 1cm between body and transmitter antenna 
Distance between transmitters and receiver antennas should not fall below 4m 
Equal antenna polarisation gives best levels 
Length of antenna cables should not exceed 10m 

  Safe operation needs average antenna levels above 100µV 
   Diversity switching must operate frequently I/II 

Never apply equal frequency spacings for multichannel use! 

 Prepare spare systems  

Rules Of Thumb - Mic 



90  | RF Seminar 2011 |  20.10.2011 

Prepare spare systems  

Do not cascade combiners 

Mount the earpieces carefully ! 

Use the correct frequency presets 

Apply active antenna combiners for multichannel ear monitoring 

Minimum spacing between radio microphones and radio monitors: >8 MHz 

Apply directional circular polarized antennas for IEM transmitters! 

Mono mode for critical IEM conditions (wide range) 

Do not overload the combiner 

Allow a minimum distance of 4m between IEM and microphones antennas 

Use different frequency bands if possible 

Take care og high AF level with limiters  

Rules Of Thumb - IEM 
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Thank You 


