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Overview

• The birth of radio astronomy  

• The role of radio astronomy in astrophysics 

• Basic principles and instrumentation 

• FRBs: an (intriguing) operational example
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The first radio astronomer

1937-1947: Grote Reber 

built his own 9-m-diameter parabolic dish antenna in 
his backyard in Wheaton, Illinois



The first spectral maps

Reber's multi-frequency observations revealed the non-thermal 
nature of radio emission (UNEXPECTED!)



Radio astronomy milestones

1945: Oort and Van de Hulst
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Radio astronomy milestones
HI emission at 21 cm  

on 25 march 1951 with  a horn 
antenna installed at Harvard

E.M. Purcell &  H.W. Ewen       
(Nobel 1952 for Purcell)

Robert Dickie  
was predicting a background signal 

associated with the cooling of 
radiation from the Big Bang 



Radio astronomy milestones
HI emission at 21 cm  

on 25 march 1951 with  a horn 
antenna installed at Harvard

E.M. Purcell &  H.W. Ewen       
(Nobel 1952 for Purcell)

Cosmic Microwave Background 
in 1965 with a horn antenna 

installed at Bell’s Labs 

A.A. Penzias &  R.W. Wilson      
(Nobel 1978 for Penzias + Wilson)



Radio astronomy milestones

1967: J. Bell and A. Hewish
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of the neutron stars)  on August  1967 

with an antenna installed at 
Cambridge
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Discovery of the binary pulsar 
B1913+16 on 1974 at Arecibo dish 

used for constraining the radiative 
predictions of General Relativity 

R. Hulse, J. Taylor                    
(Nobel 1993 for Hulse+Taylor) ©
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1974: Hulse & Taylor



More discoveries
 1951  Identification of the first radio galaxies (key for study of jets)!
 1950-1955 First radio observations of HII regions and Supernova Remnants!
 1963  Discovery of the first OH maser!
 1963  Discovery of the quasars (key for cosmology and BH studies)!
 1968  Discovery of  ammonia lines  in the interstellar medium (ISM)!
 1973  Discovery of the giant molecular clouds (key for star formation)!
 1992  Discovery of the  first exo-planets (of earth and moon size!)!
 2003  Discovery of the  first amino acid in space (glycine)  !
 …!
 2019 Fisrt ‘photo’ of the shadow of a Black Hole



Instrumentation and 
techniques

Radio astronomy covers 6 decades in frequency across 
the e-m spectrum 
• radio and microwaves (1cm - 30m) 
• millimetre (1mm to 10 mm)  
• sub-millimetre (< 1mm, down to 0.3 mm) 
!
!
!
!
!
!
!
!
!
!
!
Earth’s atmosphere is transparent to radio waves from 
mm to decametre wavelengths



Radio photons are extremely weak!
optical photons of 600 nm —> 2 eV 

radio photons of 1 m —> 0.000001 eV  
!

Radio telescopes measure the voltage oscillations induced 
in a conductor (antenna) by the incoming EM-wave

Instrumentation and 
techniques

Antenna



Radio telescopes measure the flux density of a source 
i.e. the power received (P) within a certain frequency 
band (dν), via a certain effective collecting area (A) with 
efficiency η

The angular resolution (and FoV) is given by θ ~ λ/d
(Reber’s dish had a resolution of ~ c/160MHz/9m = 11 deg) 

Instrumentation and 
techniques



Single dishes
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Interferometers

FoV ~ λ/d
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Interferometers

Jive virtual radio interferometer 
http://services.jive.nl/evlbi/diy.html



Interferometers
VLA: 27x25m !

over 36 km
WSRT: 14x25m !

over 3 km
GMRT: 30x45m !

over 40 km

VLBA: 10 !
over 8000 km

EVN: 16!
over 3000 km



Aperture arrays
• For low frequency observations there is an even more efficient approach
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Aperture Arrays



The Square Kilometre Array



The Square Kilometre Array

www.skatelescope.org



Fast Radio Bursts



An extraordinary pulse
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Dispersion
The group velocity of an electromagnetic wave in a plasma depends 

on the emission frequency ν of the signal

Radio waves emitted at lower frequencies arrive later



FRBs

© Swinburne University of Technology/OzGrav

Missing baryons

IGM studies

Cosmology



Localizing FRBs

21cm/64m = 11arcmin x13 

21cm/36km = 1arcsec 



FRB 121102
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FRBs: the next generation 



CHIME

PAF - Apertif MeerKAT, ASKAP, SKA

Realfast @VLAUTMOST 2-D

HIRAX

HERA



… stay tuned!

Thank you for your attention. 
Questions?
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• Leiden Uni radio astronomy course (Garret, Val Langevelde, Morabito)  
https://www.strw.leidenuniv.nl/radioastronomy/doku.php?id=ra_2015 

• NRAO Essential Radio Astronomy course (Condon & Ransom)     
https://www.cv.nrao.edu/course/astr534/ 

• ERIS school 2017 Introduction to radio astronomy (McKean)                           
https://www.astron.nl/eris2017/Documents/ERIS2017_L1_McKean.pdf  

• Fast Radio Bursts review (Petroff, Hessels & Lorimer)                               
https://arxiv.org/abs/1904.07947 


