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Radio-Sky over Effelsberg 
in the Frequency Region 0.3-3.0 GHz 
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Radio-Sky  
The Effelsberg Horizon 

• Radio Teleskope located in a 
valley under the milky way 

 
 

• Direction towards galactic centre 
unblocked from terrain 

 
 

• lowest usable elevation 8° 
 
 
• Telescope shielded by 

topography in directions to the 
big cities Bonn and Cologne 
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The Effelsberg Frequency  
Monitoring System (EFMS) 

• Antenna R&S HL-050  
 

• optical Link up to 6 GHz 
(Ortel) 

 
• Spectrum Analyzer  
 R&S FSU26 
 
• Portable Receiver  
 R&S PR100 
 w. Antennae R&S HE300 
 (20 MHz – 7500 MHz) 
 
• Spectrum Analyzer  
 Aaronia HF-60105  
 w. LP-Antenna 33100  
 

LP-Antenna on top 
of  the 100-m-Dish 

Dipole-Antennae 
near the Pavillon 
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300 MHz to 500 MHz 

300-399.975 MHz:  
Aeronautical UHF-Band (mainly 
mil.) 
 
327 MHz: Radio Astronomy 
(Deuterium-Line) 
 
380-400 MHz: TETRA 
Uplink/Downlink 
 
406-410 MHz: Radio Astronomy 
 
433 MHz: short range devices  
eg. car key 
 
450 MHz Pager Systems 
 
470-500 MHz TV-Stations (DVB-T) 

300                                        350            f/MHz                  400 

400                                      450             f/MHz                  500 

P/dBm 

P/dBm 
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390 MHz to 395MHz 
TETRA     [TErrestrial Trunked RAdio]  
               

100-m-RT 

 

 

Haus Hardt 

 

Meyers 
Tälchen 

 

Abzw. 
Houverath 

Scheuren 
390                                                 f/MHz                                               395 

recorded during travel from Scheuren to the 100-m-Telescope   (~ 10 km) 

Binzenbach 
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470 MHz – 790 MHz 
DVB-T (Digital Video 

Broadcast - Terrestrial)  
 
OFDM (Orthogonal 

Frequency Division 
Multiplex) modulated 

 
Channel-BW: 8 MHz 
 several programs  
 at given channel 
  
several transmitters  
 at given frequency 
 
measured field strenght  
 up to 100 dBµV/m 
 near the telescope 

350                       470                                                               790       850 

P/dBm 
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600 MHz – 700 MHz 

608-614 MHz (Ch. 38):  
Radio Astronomy 
 
Next Transmitters: 
 
Ch 37: Aachen 64 km  
    Stolberg 53 km 
 
Ch 39: Rimberg 185 km 
 Brandenberg 260 km 

560                                        608   614          f/MHz                   660 

P/dBm 
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800 MHz – 900 MHz 

790 MHz - 820 MHz  
 LTE 800 

876MHz - 915 MHz  
GSM900 Uplink 

(LTE means „long term evolution“, 
also called „4G“) 

 800                                            850                f/MHz                 900 

GSM Uplink LTE 800 
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A word about LTE 

• 43 different 
bands 

 up to 3800 MHz 
 
• variable 

Bandwith up to 
 20 MHz 
 
• LTE 800 in rural 

areas 
 
• MIMO (Multiple 

In, Multiple Out 
 in dense 

populated areas 
 
• TDMA (Time 

Division Multiple 
Access 

LTE 800 

MIMO 

LTE Bands
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900 MHz – 1000 MHz 

876 MHz-915 MHz 
GSM900 Uplink  

 
915 MHz – 920 MHz 
 MIL 
 
920 MHz – 925 MHz 

GSM-R(GSM Railway) 
 
925 MHz – 960 MHz 

GSM900 Downlink  
 (high Field strength, 

potentially violent) 
  900                 925                          960        f/MHz           1000 

P/dBm 
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1000 MHz -1200 MHz 
1020-1150 MHz RADAR, 

high energy, short 
duration, mostly 
predictible 

 
 
• Secondary Surveillance 

RADAR (SSR) 
  
 @1030 MHz: Airports 

 (Interrogator: Is there 
anyone ?)  

 
 @1090 MHz: Aeroplanes 

 (Responder: I am ... 
 Flight Number, Height, 
 Course) 

 
 

1000       1030                        1090                   f/MHz                    1200 

P/dBm 
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1200 MHz – 1300 MHz 
• RADAR Stations with turnable antennae or phased array antennae 
• sometimes in the twilight satellite Aquarius. Strong signal from  RADAR 

scatterometer in the frequency range 1220-1280 MHz 
               

Find satellite under: http://aquarius.gsfc.nasa.gov/cgi/whereis_aquarius 

band mostly quiet 
             

  

1200           1220                              f/MHz          1280           1300 
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RADAR Signals  
and Aeroplane Traffic 

Receiving of RADAR Signals depends on Density of Aeroplanes near Effelsberg 

1090 MHz Signal from aeroplane is monostatic for Rx in Effelsberg, others 
bistatic 

less aeroplanes  
  less RFI 
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1300 MHz – 1400 MHz 

scarcely GPS 
L3 signal  

@ 1381.05 
MHz 

RADAR 
@  near 1400 MHz 

RADAR pulses........ cause saturation effects in Rx 

GPS L3Spectrum (VLBI Westerbork-Effelsberg) Waterfall Effelsberg 
1370                                        1380          f/MHz              1390  

„broadband“ RFI 

GPS L3 ~ 
200 s 
Duration 

Ti
m

e 


 

Frequency  

receiver output with relaxation 
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1400 MHz – 1500 MHz 

Europe, North Africa and Near East as seen  

by SMOS Satellite @ 1400 – 1420 MHz, 

which contains a passive radiometer 

There are active stations 
in the protected band 

1427,9 MHz – 1452,9 MHz     

LTE-Band 11 

1447,9 MHz – 1462,9 MHz    

LTE-Band 21 

1452 MHz – 1479,5 MHz 

Digital Audio Broadcasting (DAB)  SMOS Satellite 

1400                    1427                                    f/MHz                     1500 

--
- T

im
e 

-
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1500 MHz – 1600 MHz 
Very strong signals from DVB-T with EFMS  
at high elevation cause      A r t i f a c t s !! 
(2nd Harmonic of DVB-T Channels)  
 
 
  
 
   
 
 
  

 

 

EFMS DVB-T 550-800 MHz above  1100-1600 MHz below, disturbed) 

also Portable Receiver PR100 with HE300 and Preamp was disturbed 

Which is the 
best preamp 
with maximum 
bandwith (eg. 
300 MHz –      
6 GHz),   
lowest noise 
and highest 
P1dB  and 
IP3>25 dBm                       

          ? 

Measurements by 
Bundesnetzagentur 

550                           f/MHz                            800 

1100                         f/MHz                             1600 
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1600 MHz – 1700 MHz 
• GLONASS  
 Russian navigation system  
 1597.8-1606.2 MHz 
 (weak signals) 
 
• 1616-1625 MHz Satellite 

telephone systems  
 IRIDIUM and GlobalStar 
 (Signals can be quite strong) 
 
  
 1650 MHz RADAR 
  
 
 1610.6-1613.8 MHz 
 1660-1670 MHz   
 Radio Astronomy 

1600                                       1650        f/MHz                     1700 

Iridium, 
GlobalStar 

Glonass 

RADAR 
fixed 
link 
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1700 MHz – 1800 MHz 

  1710 MHz – 1780 MHz: 
GSM1800 Uplink 

 

1710 MHz – 1770 MHz: 
LTE Band 10 Uplink 

 

1710 MHz – 1785 MHz: 
LTE-Band 3 Uplink 

1700                                         1750            f/MHz                    1800 

P/dBm 
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1800 MHz – 1900 MHz 

1805 MHz – 1870 MHz:  
GSM1800 Downlink 
(strong signals) 
 

 various modulation 
schemes 

EFMS 

undisturbed 

EFMS  

with Distur-
bance from 
2nd Harmonic 
of GSM900 

1800                                1850           f/MHz          1900 

1800                                 1850         f/MHz           1900 
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1900 MHz – 2100 MHz 
 

• 1900 MHz – 2025 MHz digitial 
cellular mobile radio 
 

• UMTS-TDD (UL/DL) at same 
frequency 

 
• UMTS-FDD (UL/DL) at different 
 frequencies 

 
• 1980-2010 Mobile Satellite 

 
 
• 2025-2110 MHz Fixed Links,  
 Satellite Uplink     
      

     

    

1900                             1950       f/MHz          2000 

2000                            2050           f/MHz     2100     
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2100 MHz – 2200 MHz 
2110-2170 MHz UMTS  
 
 (Universal Mobile  
 Transmission System)  
 Downlink 
  
 Channel-BW: 5 MHz 
 
 Modulation: OFDM  
 
 (several Transmitters 
 use the same frequency) 
 
        until now only weak  
 UMTS fields in Effelsberg 

received 
 
2170-2200 MHz  
 Mobile Satellite 

  
  

   
   

UMTS                 UMTS    Satellites 

UMTS-Antennae (below) 
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2200 MHz – 2400 MHz 

2300-2400 MHz 
Amateur Radio 
 
normally weak signals 

2200-2300 MHz  
Satellite Downlink 
(lot of satellites) 
2290-2300 MHz Deep 
Space Applications 
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2400 MHz – 2500 MHz 

      

2400-2483 MHz (WLAN, Bluetooth,  
ISM-Devices)  

2400-2500 MHz: received during travel  

from 100-m-RT (lower end)  

to Michelsberg, about 8 km (upper end) 

2000                          f/MHz                        3000  

WLAN-Router        on – off – on                           

Photons from 1500 MHz until 3500 MHz measured 

2400-2500 MHz                received with EFMS 
Michelsberg 

 

Roundabout 

 

Lethert 

100-m-RT 

       

2392                         f/MHz                             2492 

WLAN 
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2500 MHz – 2700 MHz 
2500-2690 MHz:Digital 
Cellular Mobile Radio 

 

2500-2570 MHz: LTE-Band 7 
UL 

2620-2690 MHz: LTE-Band 7 
DL 

2599.5-2679.5 MHz:     100-
m-RT 11-cm-Rx 

 

2655-2700 MHz Radio 
Astronomy protected 

2500                                               2600                    f/MHz                 2700 

P/dBm 
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2700 MHz – 2900 MHz 

2700                       f/MHz                     2800 

2800                       f/MHz                     2900 

2700-2800 MHz  
Airport RADAR 
 
in Effelsberg normally  
weak signals reveived 

strong signals from 
nearby airport 
Cologne/Bonn 
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2900 MHz – 3000 MHz 
• RADAR 
   
  

 2900                                                                                  3000                                     f/MHz                                  3100 

measured with EFMS 

P/dBm 
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What are the weakest signal bands,  
received in Effelsberg 

in L-Band:  
1.2-1.4 GHz is normally weak 
 
sometimes strong signals from RADAR 

in S-Band 

2500-2700 MHz is normally weak 

sometimes strong RFI from outside 
this frequency interval  

Frequency 

Fi
el

d 
st

re
gt

h 
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Nearby strong emitters 
• GSM Base Transmitter Station at the 

roundabout near Scheuerheck (2 km 
away)  

 worst at GSM900 and GSM1800 
 
• GSM Base Transmitter Station near 

Freisheim (4 km away), worse 
 
• TETRA Base Station near 

Binzenbach, (2 km) away, worst for 
receiving below 1 GHz 
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Power  
                  shown in linear scale ...  

 0             300            600            900         1200         1500           1800        2100 f/MHz  2400      2700         3000 

10 mV 

5 mV 

 0 mV 

P/pW 
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... and in logarithmic scale 
                     

P/dBm 

  0             300            600           900          1200           1500         1800         2100 f/MHz 2400       2700          3000 
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Conclusions 

•Separate good photons and bad photons, achieve best SNR 

•Keep your receiving and measuring system as linear as possible,         
avoid artifacts 

•Best measuring conditions during night (no sun, no people in the 
labs, less aeroplanes in the sky) 

•Perform professional dialog with authorities (BNetzA, Bundes-
wehr, BDBOS and local authorities) 

•Representation of RAS (CRAF, IUCAF) in ITU is very important 

•know your enemies 
Thank you 
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