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Types of EM Radiation

   Astronomers have constructed telescopes that have detected all 
forms of EM radiation, both visible and non-visible, emitted by 
objects in space.
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Multi-wavelength astronomy?

๏ Astronomers used to think of themselves as either ‘optical’,
‘radio’, ‘IR’ or ‘Xray’, …

๏ Modern astrophysics requires studying an object across the

whole EM spectrum

๏ Different physical processes can be studied at different  
wavelengths 

๏ Xray, gamma ray and radio astronomers need to identify their
sources with optical counterparts

Revealing the Universe in All of its Light!

5



Wavelength scales

6



๏  Rather annoyingly, astronomers use a variety of wavelength 
scales depending on the waveband involved: 

Wavelength scales

6



๏  Rather annoyingly, astronomers use a variety of wavelength 
scales depending on the waveband involved: 

๏   Radio astronomers use m and cm

Wavelength scales

6



๏  Rather annoyingly, astronomers use a variety of wavelength 
scales depending on the waveband involved: 

๏   Radio astronomers use m and cm

๏  Infra-red astronomers use microns

Wavelength scales

6



๏  Rather annoyingly, astronomers use a variety of wavelength 
scales depending on the waveband involved: 

๏   Radio astronomers use m and cm

๏  Infra-red astronomers use microns

๏  Optical and UV astronomers use Angstroms or Nano-
meters

Wavelength scales

6



๏  Rather annoyingly, astronomers use a variety of wavelength 
scales depending on the waveband involved: 

๏   Radio astronomers use m and cm

๏  Infra-red astronomers use microns

๏  Optical and UV astronomers use Angstroms or Nano-
meters

๏  X-ray and gamma ray observers switch to an energy scale, i.e. 

in electron-Volts

Wavelength scales
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Wien’s Law

How Does All of this Relate to Galactic Astronomy? 




Waveband
Wavelength


/Energy
Temperature What can be studied ?

Gamma rays 100keV-100MeV >108K accretion disks, gamma-ray 
bursts

X-rays <1-100keV 106-108K Hot gas in clusters of galaxies, 
stellar coronae, accretion disks

Ultra-violet 900-3000A 104-106K Hot stars, white dwarfs, 
instellar gas

Optical 3000-10,000A 103-104K Sun-like stars

Infra-red 1-100 micron 10-103K Dust, planets, brown dwarfs

Microwave 1cm <10K Background radiation of the 
Universe (remnant of Big Bang)

Radio >1m <10K
Radiation from electrons 
moving in a magnetic field: 
pulsars

Multi-wavelength Astronomy
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Effect of atmosphere

Band Stopped by Observe from Example

Gamma rays Ionisation, Compton 
scattering Balloon, space

Xrays Ionisation O2, N2 Space

UV
O2, N2, O3 

disassociation
 Space

Optical Clear! Ground
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Effect of atmosphere

Band Stopped by Observe from Example

Infra-red 
<10microns

CO2, H2O but 
clear bands mountain

Infra-red 
>20 microns

Molecular 
absorption Space, aircraft

Sub mm Molecular 
absorption Mountain

Radio Clear! Ground
11
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Astronomical Surveys

Survey (noun): a detailed examination or investigation, 
e.g., to find out public opinion or customer  preference 

For  us: Astronomical Survey: study of regions of the 
sky using telescopes for Imaging or mapping those  
Astronomical catalogs
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Astronomical catalog

An astronomical catalog or catalogue is a list or 

tabulation of astronomical objects, typically grouped 

together because they share a common type, 

morphology, origin, means of detection, or method of 

discovery. Astronomical catalogs are usually the 

result of an astronomical survey of some kind.
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Properties of Surveys

๏ Type and purpose
๏ General-use or highly specific? Targeted or blind? 

Imaging or spectroscopic?
๏ Area and spatial resolution

๏ All-sky, wide-field, pencil-beam?
๏ Wavelength and spectral resolution

๏ Broad-band, narrow-band, spectroscopic?
๏ Depth and quality

๏ Faintest detections? Reliability? Precision?
๏ Analysis, storage and use

๏ Reductions, data volume, dissemination?
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Types of Surveys and Some Useful 
Examples

Imaging surveys (various wavelengths)

Spectroscopic surveys (redshift etc.)

Surveys of specific object classes

General-purpose surveys (‘sky surveys’)

Single-goal surveys (‘experiments’)

WARNING - acronym soup!
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SDSS
The Sloan Digital Sky Survey

๏ Special 2.5m telescope, located at 
Apache Point, NM


๏ Two surveys in one:

๏ Photometric survey in 5 bands

๏ Spectroscopic redshift survey


๏ Huge CCD Mosaic

๏ Two high resolution spectrographs


๏ 2 x 320 fibers, with 3 arcsec 
diameter


๏ Spectral coverage from 3900Å 
to 9200Å

๏ Automated data reduction

๏ Very high data volume


๏  Expect over 40 TB of raw 
data.


๏  About 1 TB processed 
catalogs.


๏  Data made available to the 
public.
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๏ Total spectra: 4,355,200

๏ Useful spectra: 4,266,444

๏ Galaxies: 2,401,952

๏ Quasars: 477,161

๏ Stars: 851,968

๏ Area covered:14,555 square 
degrees


๏ Total area imaged: 31,637 
square degrees 


๏ Objects: 1,231,051,050

๏ Global astrometric precision


๏ 0.1 arcsec rms (absolute)

SDSS Sky Coverage
Imaging

Spectroscopic

http://www.sdss.org/dr12/
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The Infrared Surveys: 
2MASS
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2MASS
The Two Micron Sky Survey

✓ Scanned 70% of the sky 

✓  Used two highly-automated 1.3-m telescopes, one at Mt. Hopkins, AZ, 

and one at CTIO , Chile 

✓ Capable of observing the sky simultaneously at J (1.25  microns), H 

(1.65 microns), and Ks (2.17 microns)

✓ Point source catalog (300 million stars and other unresolved 

objects)

✓ Extended source catalog (more than 1,000,000 galaxies and other 

nebulae

http://www.ipac.caltech.edu/2mass/index.html
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Point Sources
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Point Sources

Extended 
Sources



Classes of radio surveys

❑ Blind Surveys:

▪ (Parts of) all-sky Surveys like  FIRST, NVSS, WENSS, etc. 

❑ Targeted surveys: 

▪ Deep surveys (ATLAS, CDF)

▪ Most VLBI survey (CJF, 2cm S/MOJAVE, TANAMI)
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Ingredients of the radio sky
Galactic continuum radiation Pulsars


• Magnetic field  and cosmic

•  rays: synchroton (α = -0.55)

Interstellar medium

• Spectral lines: Neutral H (HI)


 at lambda21 cm, ionized H (HII), 

Rotational and vibrational lines 

for another molecules

(O2, N2, CH4, CO2, etc.)


• Supernova remnant: synchrotron

 Pulsars

• Neutron stars emitting

• Coherent radiation with 

α =-2+-1

 Radio galaxies  and quasars

• Radio galaxy robes:

• Syncrothron

• AGN cores:syncrothron, 

• flat spectrum(parts self  

absorbed)

 Stars

• Circumstellar maser (SiO), H2O, OH)

• Novae

• Binaries and flare stars 

• (recurrent novae), X-ray binaries):Non-

thermal

 Cosmic microwave background

•  Thermal radiation from the big bang
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Toys
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ToysVLA

VLBA

GMRT

Effelsberg

WSRT

MOST

Merlin
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Blind Surveys

▪ Covering almost the entire sky below 1.4 GHz


▪ Typical resolution of 50ʺ


▪ Root-mean-square noise of the order of mJy


▪ Provide post stamps (JPG/FITS files)
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Blind Surveys of the Nearby Universe

NVSS 1.4 GHZ 2.5 mJy 10.3 Condon et al. 
1998

FIRST 1.4 GHz 1 mJy 2.6 Becker et al. 
1995

SUMSS 843 MHz 5 mJy
 6 Bock et al. 1999

WENSS 330 MHz 18 mJy
 3.1 Rengelink et al. 
1997

WISH 352 MHz 18 mJy
 1.6 De Breuck et al. 
2002

VLSS 74 MHz 500 mJy
 9.4 Cohen et al. 
2006

29



NVSS

NRAO VLA SKY Survey

๏ Entire sky north of -40˚,  at 45 ˝ 

resolution  and 2.5 mJy/beam limit.


๏ Most used and complete sky survey

http://www.cv.nrao.edu/nvss/
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Faint Images of the Radio Sky at 

Twenty-cm  

๏ High resolution (5") of the north 
Galactic cap at 1.4 GHz, above 1 mJy/
beam


๏ 10,575 square degrees of sky

๏  8,444 square degrees in the north

๏  2,131 square degrees in the south 


๏ 946,432  sources

http://sundog.stsci.edu/first/catalogs.html

FIRST

๏ Both the northern and southern areas were chosen to coincide 
approximately with the area covered by the Sloan Digital Sky 
Survey (SDSS)



FIRST

 SKY 


Coverage
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The FIRST Catalog



SUMSS
Sidney University Molongolo Sky Survey

๏ Southern sky below -30 deg and |
b|> 10 deg, 843 MHz


๏ Similar to NVSS in resolution and 
sensitivity


๏ 211000 sources

34

http://www.physics.usyd.edu.au/sifa/Main/SUMSS 
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WENSS
Westerbork Northern Sky Survey 


๏ Northern Sky, δ >+30°, 326 MHz, (54′′ x 54′
′)/sin δ resolution


๏ 230000 sources stronger than 18 mJy


๏ Extended to the south (WISH)

http://www.astron.nl/wow/testcode.php?survey=1 
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WISH
Westerbork In the Southern Hemisphere 


๏ Southern Sky, −26° < δ < −9° 

๏ 352 MHz, (54′′ x 54′′)/sin δ resolution

๏ Flux density limit at 18 mJy

http://www.astron.nl/wow/testcode.php?survey=1 




Targeted Surveys

๏Deep field surveys: commonly  with a multi-band approach


๏Stamp collection (and movie making): VLBI monitoring  

surveys, HI images, polarisation


๏ Examples ……
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The cosmic Lens All-Sky Survey 

CLASS

11000 VLA snapshots at  8.4 GHz of sources with flat  
radio spectra (spectral index of >-0.5 between 1.4 and 
5GHz) and flux density (>30mJy at 5GHz).


Resolution of 0.2”


Sources checked for evidence of gravitationally lensed 
compact radio sources. Lensing (22 were found)

38

http://www.jb.man.ac.uk/research/gravlens/class/class.html
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Extension of JVAS (1992) 

Follow-up observations with Merlin and the VLBA
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http://www.jb.man.ac.uk/research/gravlens/class/class.html

Catalogue sample



CRATES

The Combined Radio All-Sky Targeted Eight GHz Survey      

• 8.4 GHz survey of 11000 bright flat-spectrum sources 
above  65 mJy (4.8 GHz)


• With VLA & ATCA  

• Positions, sub-arcsecond structures  and spectral indices

http://astro.stanford.edu/CRATES/
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The HI Nearby Galaxy Survey 

41
http://www.mpia.de/THINGS/Sample.html



HIPASS
HI Parkes Archive Sky Survey

42

Covers the whole southern sky 


Northern declinations up to +25 degrees


Carried out with parkes telescope (64m)


Neutral Hidrogen survey in the South

http://www.atnf.csiro.au/
research/multibeam/release/



VLBI Surveys 

Designed to provide milliarsecond  resolution images of 

compact sources (usually AGN)


Extensive surveys to get one image of a large sample of 

sources (ICRF, VIPS, VCS)


Intensive surveys to  monitor  the structural  evolution of 

selected sources (CJF, MOJAVE, TANAMI)
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TANAMI

Tracking AGN with Austral Milliarcsecond 
Interferometry

44

Monitoring of Southern Sources at 8.4 GHz and 22 GHz


40 initial sources observed, adding up to 80 new ones 


Observations started in November 2007 with the Australian Long 
Baseline Array and some additional antennas


TANAMI is monitoring about 90 jets including many sources found by 
Fermi to be flaring at gamma-rays

http://pulsar.sternwarte.uni-erlangen.de/tanami/



Using Data Archives  

๏ Categories:


• Publication archive (ADS, Arxiv)

• Data interface (Simbad , NED)

• DATA archives (Observatories, Virtual Observatory)


๏ If you know which data you need, go directly to the facility portal 
(see next slide) 


๏ One step above: use the Virtual Observatory
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Two popular method to match radio 
sources:


๏ Simple Nearest Neighbour 


๏ The Likelihood Ratio

Surveys Cross Identification
• Matching radio sources to other wavelength  is key to understanding 

the radio population. Optical observations can provide redshifts and 
reveal crucial properties of the host galaxy

• How to determine which sources are associated with one another 
and which are unrelated?

But
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Oops forget one more Survey ! 



SETI: The Search for 
extraterrestrial Intelligent Life

51

Proposed ~ 1960: use radio/microwave 
frequencies to listen for signals from 
extraterrestrial civilisations, or send 
signals for them to receive!


Jury’s still out…
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