
Radio Astronomy, Lecture 3

Dr Alexey Potapov

Max Planck Institute for Astronomy
Laboratory Astrophysics Group

1



Laboratory Astrophysics
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Signal processing

Receiver Noise

Bolometer

Heterodyne Receiver
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Wiener-Khinchin Theorem

Time domain Frequency domain
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A/D convertion Sampling

Nyquist sampling rate

1 bit

2 bit
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A/D convertion Sampling

Nyquist sampling rate

1 bit

2 bit
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Filters:

Band pass filter, vmin < v < vmax

Band stop filter, vmin < v < vmax eliminated

Low pass filter, v < vmax

High pass filter, v > vmax

All pass filter, phase change
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Noise
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Noise

Line ?
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Receiver Trec and system Tsys noise temperatures at the LO frequency of 804 GHz: 
1) Trec 2) Tsys including the emission cell without windows 
3) Tsys including the evacuated cell and HDPE windows 
4) Tsys including the evacuated cell and Teflon windows 
5) Tsys including the cell and Teflon windows, the cell is filled with 1 bar of air 
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Radiometer formula:

∆Τ − root mean square (RMS) noise, ∆v – bandwidth, τ – integration time, G – gain

Receiver stability
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Bolometer

Cooled down to K

T

T + ∆T
Capacity (C = ∆Q/∆T) Conductance (G = 1/R) Power absorbed

Energy balance equation:

Modulation
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Heterodyne receiver
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Heterodyne receiver

Local oscillator (LO)
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Heterodyne receiver
Mixer
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Heterodyne receiver
Mixer

Signal                       LO
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Heterodyne receiver

SIS (superconducting-insulating-supercondacting) Mixer                            
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Heterodyne receiver
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Heterodyne receiver

Hot electron bolometer (HEB) Mixer                            
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Side band problem

USB: f = f(LO) + f(IF)
f(IF) = f - f(LO)

LSB: f = f(LO) - f(IF)
f(IF) = f(LO) - f

LO +1     +2 GHz-2     -1 

LSB USB

f(LO) – f   or   f – f(LO)
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Side band problem
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Heterodyne receiver

Amplifier, High Electron Mobility Transistor (HEMT)
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Beauty in Radio Astronomy
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