Fundamentals of radio astronomy

James Miller-Jones (NRAO Charlottesville/Curtin University)
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ITN 215212: Black Hole Universe

Many slides taken from NRAO Synthesis Imaging Workshop
(http://www.aoc.nrao.edu/events/synthesis/2010/)

and the radio astronomy course

of J. Condon and S. Ransom Atacama Large Millimeter/submillimeter
' ' Array

(http://www.cv.nrao.edu/course/astr534/ERA.shtml) Expanded Very Large Array

Robert C. Byrd Green Bank Telescope
Very Long Baseline Array



http://www.aoc.nrao.edu/events/synthesis/2010/
http://www.cv.nrao.edu/course/astr534/ERA.shtml

What Is radio astronomy?

A The study of radio waves originating from outside the Earth
A Wavelength range 10 MHz i 1 THz
A Long wavelengths, low frequencies, low photon energies
I Low-energy transitions (21cm line)
I Cold astronomical sources
I Stimulated emission (masers)
I Long-lived synchrotron emission
A Sources typically powered by gravity rather than nuclear fusion
I Radio galaxies
I Supernovae
I Pulsars
I X-ray binaries
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What Is radio astronomy?

A Telescope resolution q=1.02 | /D
I Requires huge dishes for angular resolution
A Coherent (phase preserving) amplifiers practical
I Quantum noise proportional to frequency T = hn/kg
A Precision telescopes can be built s<I /16
A Interferometers are therefore practical: D O104 km
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A World War Il stimula
radar technology
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Why radio astronomy?

A Atmosphere absorbs most of the EM spectrum

I Only optical and radio bands accessible to ground-based
iInstruments

A Rayleigh scattering by atmospheric dust prevents daytime optical

A Radio opacity from water vapour line, hydrosols, molecular oxygen
I High, dry sites best at high frequencies

A Stars undetectably faint as thermal radio sources
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A tour of the radio Universe
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What are we looking at?

A Synchrotron radiation

I Energetic charged particles accelerating along magnetic field

lines (non-thermal)

synchrotron radiation

radio waves § § g charged particle (proton or electron)

% % %radinwavcs
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AWnhat can we
learn?

Aparticle energy

Astrength of
magnetic field

Apolarization

Aorientation of
magnetic field
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What are we looking at?

A Thermal emission
I Blackbody radiation from cool (T~3-30K) objects

i Bremsstrahlungin f ffeeeee 0 radi ati on: char
Interacting in a plasma at T; e accelerated by ion
A H 1l regions AWhat can we
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e\E‘1\~A learn?

h.fiz.;lfy Amass of ionized gas

Aoptical depth

® Adensity of electrons
in plasma
i 3, Arate of ionizing
2 photons
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What are we looking at?

A How to distinguish
continuum mechanisms?

A Look at the spectrum

Spectral index.across a SNR

Flux or Flux Density A

Frequency A

A Spectral index Sn ~ne

From T. Delaney
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What are we looking at?

A Spectral line emission (discrete transitions of atoms and molecules)

I Spin-flip 21-cm line of HI
I Recombination lines
T Molecular rotational/vibrational modes
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Lower energy state: Proton and S
electron have opposite spins. 0
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AWnhat can we
learn?

Agas physical
conditions

Akinematics (Doppler
effect)
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The Sun

A Brightest discrete
radio source

A Atmospheric dust
doesnot S
radio waves

Image courtesy of NRAO/AUI

2"d School on Multiwavelength Astronomy, Amsterdam , June 2010 11



The planets

A Thermal emitters

A No reflected solar radiation detected

A Jupiter is a non-thermal emitter (B field traps electrons)
A Also active experiments: radar

Mars (radar)

Saturn

Images courtesy of NRAO/AUI
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Stars

A Coronal loop resolved in the Algol system
A Tidally-locked system, rapid rotation drives magnetic dynamo

Credit: Peterson, Mutel, Guedel, Goss (2010, Nature)
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