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Outline

► Introduction (to introduction)

► Radio emission mechanisms

► Antennas, antenna arrays & detectors

► Non-ideal effects in radio measurements

► Methods of radio astronomy

► Radio spectroscopy

► Radio imaging

► Combined approach: Frequency-agile arrays – Multi-frequency aperture synthesis

► Current and future major radio instruments (ALMA & co)

► Practical session I: Preparing ALMA observation proposal with ALMA OT

► Practical session II: Calibration, visualisation & analysis of ALMA data with CASA

All lectures to be found at: http://wave.asu.cas.cz/barta/lectures/radioastronomy 

http://wave.asu.cas.cz/barta/lectures/radioastronomy
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Outline – Lectures 1 and 2

► Introduction (to introduction)

o Brief history
o Subject of radio astronomy
o Basic terms, quantities, and concepts

► Radio emission mechanisms

o Brehmsstrahlung
o Gyro-synchrotron emission
o Atomic and molecular lines
o Coherent radiation: plasma emission and masers
o General/unified theory of (classical) plasma radiation
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Brief history

Karl Guthe Jansky 1931
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Brief history

Grote Reber 1937
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Brief history

1952: solar radiometer at 
   metric wavelengths      
(J. Budějický)

1957: Meteoric radar 
(25kW / 37,5MHz / 
500Hz / 10μs; 
Z. Plavcová, J. Šimek)

1967: radiospectrograph 
50 – 210 MHz 

1972: radiospectrograph 
70 – 820 MHz              
(A. Tlamicha)

Beginnings of radioastronomy in Czechoslovakia / Czech Republic 
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Subject of radio astronomy By reception/detection of signal

● What we receive by antennas
● What we measure by ‘voltmeter’
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Subject of radio astronomy

ALMA Science Objectives

The invisible Universe

Sky over VLA @ 1.6GHz
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Subject of radio astronomy
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Subject of radio astronomy

Solar ALMA CSV Campaigns 2014/2015
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Basic quantities & concepts
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Basic quantities

Planck law Rayleigh-Jeans limit

Brightness temperature
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Basic quantities

Energy flux ( = power received)

Radiance

Spectral radiance ( = 
specific intensity I [J], 
brightness of radiation B)

Flux density: observable [Jy]

Solid angle Ω: source size (unresolved)
                        beam size (resolved) 

p=dФe/dA
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Basic quantities

Radio-telescope resolution /
antenna pattern (see Lecture 3)

p f=∫source
J ( f )dΩ

Non-resolved source Resolved source

[Jy] p f=∫beam
J (f )dΩ

[Jy/beam]

[K]
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Basic quantities
Examples

The Sun as a non-resolved source The Sun as a resolved source

RT5 at ASU Ondrejov:

D=10m, λ~0.2m → 
Ωbeam~1.5 deg
Ωsource~0.5 deg

PM at ALMA (Band 3):

D=12m, λ~3mm → 
Ωbeam~1 arcmin
Ωsource~30 arcmin

ALMA Jy-per-K database
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Basic quantities

Polarisation: Stokes vector
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Basic concepts Radiative transfer
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Basic concepts Radiative transfer

non-absorbing/non-emitting
medium
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Emission mechanisms
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Emission mechanisms

Types of emission mechanism
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Emission mechanisms

Brehmsstrahlung (free-free emission)
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Emission mechanisms

Brehmsstrahlung (free-free emission)
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Emission mechanisms

Gyro-sychrotron radiation
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Emission mechanisms

Gyro-sychrotron radiation

Retarded potential solution:
Intra-source retardation time
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Emission mechanisms

Gyro-sychrotron radiation
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Emission mechanisms

Gyro-sychrotron radiation
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Emission mechanisms

Gyro-sychrotron radiation
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Emission mechanisms

Molecular lines

Astrophysical molecular masers
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Emission mechanisms

Molecular lines

Astrophysical molecular masersArp 220 galaxy
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Emission mechanisms

Recombination lines

Hydrogen n>50

Hydrogen 21cm line
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Coherent radiation: Plasma-emission process



Introduction to radio astronomy, MFF UK Praha Oct 22, 2021 36

Unstable distribution functions e.g., bi-Maxwellian
bump-on-tail, loss-cone,...

Inverted populations of energetic levels:
Analogy with lasers
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Wave-particle interactions

Quasilinear theory

Number of ‘photons’ of plasma wave mode m in unit k-space

Induced processes – proportional to N(k)

Induced emission AbsorptionSpont. emission

NB: Relation to specific intensity
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Quasilinear theory

+     lim T → ∞

in TD equilibrium

Wave-particle interactions

Transition probabilities – an
analogy to Einstein coefficients
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Quasilinear theory

from discrete to cont. representation

Quasi-linear equations

Wave-particle interactions

The wave-field (expressed as 
number of quanta) dynamics...

… and back-reaction of the plasma
distribution function.
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Quasilinear theory

Absorption coefficient

Power radiated by particle to the plasma wave mode m in unit k-space
 – see  below Formal theory of waves in plasmas for detailed calculation

Wave-particle interactions

Positive: Landau-like wave-mode damping
Negative: An instability

Transition probability – an
analogy to Einstein coefficients
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Emission mechanisms

Plasma emission
Cyclotron masers

Quasilinear theory

Coherent plasma-radiation processes

Direct instability/maser action:
Electron cyclotron maser

Plasma radiation: Wave-mode transformation processes

ES-wave generation followed by the
2nd stage of plasma-emission process
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Emission mechanisms

Plasma radiation: Wave-mode transformation processes
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Emission mechanisms

Plasma radiation: Wave-mode transformation processes in strong-turbulence regime – Zakharov eqs.

Parametric decay
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Emission mechanisms

Plasma radiation: Wave-mode transformation processes in strong-turbulence regime – Zakharov eqs.

Parametric decay

Effect of refractive index: Electric field 
tends to accumulate in plasma density 
depletions

Effect of ponderomotive force: Gradients 
of (averaged) electric field push the 
plasmas out
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Emission mechanisms

Plasma radiation: Wave-mode transformation processes in strong-turbulence regime – Zakharov eqs.

Parametric decay

Ponderomotive force – wave pressure

F.F. Chen: Introduction to physics of plasmas
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Emission mechanisms

Modulation instability

Plasma radiation: Wave-mode transformation processes in strong-turbulence regime – Zakharov eqs.
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Emission mechanisms

Other „peculiar“ mechanisms:

    Cerenkov radiation
    Transition/jitter radiation
    …
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Formal (kinetic) theory of plasma radiation:
A unified approach to all classical emission mechanism
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Slides in this section: See Barta (2002) for details and references

http://wave.asu.cas.cz/barta/lectures/plasma_astrophysics/literatura/knihy-skripta-clanky/Barta_waves.pdf
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Plasma dielectric tensor – intro to its calculations
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Plasma dielectric tensor – intro to its calculations
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Plasma dielectric tensor – intro to its calculations



Introduction to radio astronomy, MFF UK Praha

Plasma dielectric tensor – intro to its calculations



Introduction to radio astronomy, MFF UK Praha

Plasma dielectric tensor – intro to its calculations
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Plasma dielectric tensor – intro to its calculations
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Calculations of energy ratio RE
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Calculations of energy 
ratio RE

Important for calculations of
transition probabilities/Einstein
coefficients – see Slide 8.
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