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Introduction – Radio astronomy

Effelsberg 100-m telescope

● Antenna gain: ~80 dBi

● Receivers:

– 0.3 – 90 GHz

– cooled to 20 K

– Tsys: 15 – 100 K

● Long integrations to decrease 
noise; up to days

● Sensitivity: <10-29 W/m2/Hz



Introduction – Radio astronomy
EBHIS:

Neutral hydrogen
spectroscopy
@ 1.4 GHz



Introduction – Radio astronomy

Pulsar B1937+21
Period: 1.57 msMagnetic field ~ 1015 G



Introduction – Radio astronomy
Some Pulsars have extremely regular periods:

PSR J0437-4715
Period: 5.757451924362137(2) ms

→ Detect gravitational waves?
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Sources of RFI
Radiocommunication services

● Mobile service

● RADAR (civil, military)

– Weather radar

– Parking assistant

– Earth sensing

● Broadcasting (radio, DVB-T)

● Navigation

● WiFi, Bluetooth, etc.

● Amateur radio

● Fixed links

Unwanted emission (EMI)

● Out-of-band emission
of radiocomm. services

● Digital electronics

● Industrial devices
→ Wind turbines

● Electrical devices



Introduction – Radio astronomy

100-m telescope

● Located in the
northern Eifel region

● Inside a valley
→ natural shielding

● Spectrum coordination
(via BNetzA)

● Still a lot of radio
frequency interference

● Many wind turbines
beyond ~30 km

Image: www.proplanta.de



Spectrum management



Spectrum management

Wind turbines are no radiocomm. services

● Not subject to coordination by administration (BNetzA)

● EMI rules apply:

– EN 55011 (CISPR-11), Group 1, Class A
f < 230 MHz: 30 dBµV/m
f ≥ 230 MHz: 37 dBµV/m
(@ 30m, QP detector)
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Compatibility: path propagation

Image: ITU-R Rec. P.452-16Image: ITU-R Rec. P.452-16
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● Typically wind turbines stay
20+ dB below CISPR-11
→ necessary distances smaller

● “Broken“ equipment can
lead to much larger EMI

Measurements (by BNetzA)



pycraf
Python library pycraf

● Aid with compatibility studies

● Implements ITU-R Rec. algorithms

● Features:

– Conversion formulas

– Query SRTM data

– Path propagation (P.452)

– Atmospheric attenuation (P.676)

– Geographical coordinates/frames

– Some antenna models

– Satellites (two-line elements)
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Conclusions

Necessary separation distances: 10-30 km
→ Established procedure:

● Local administrations contact us if within 30 km

● We provide site analysis,

● Which is then considered during approval procedure
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Thank you!
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