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The first radio astronomer

-y

1937-1947: Grote Reber

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



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



Radio astronomy milestones
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1945: Oort and Van de Hulst



Radio astronomy milestones

HI emission at 21 em !
on 25 march 1951 with a hom
antenna installed at Harvard li

E.M. Purcell & H.W. Ewen
(Nobel 1952 for Purcell)
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1964: Penzias & Wilson



Radio astronomy milestones

on 25 march 1951 with a hom |
antenna installed at Harvard Iiii

E.M. Purcell & H.W. Ewen
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1964: Penzias & Wilson



Radio astronomy milestones

on 25 march 1951 with a horn
antenna installed at Harvard

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

Robert Dickie

was predicting a background signal
associated with the cooling of
radiation from the Big Bang



Radio astronomy milestones

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

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
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1967: J. Bell and A. Hewish



Radio astronomy milestones

Discovery of the radio pulsars (hence
of the neutron stars) on August 1967

with an antenna installed at
Cambridge

J. Bell & A. Hewish |
(Nobel 1973 for Hewish) A\

© Kramer at JBO



Radio astronomy milestones

Discovery of the radio pulsars (hence
of the neutron stars) on August 1967
with an antenna installed at

Cambridge

J. Bell & A. Hewish
(Nobel 1973 for Hewish)

© Kramer at JBO

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
(Nebel 1993 for Hulse+Taylor)

Accumadoted sl of o'l phase (1)
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1974: Hulse & Taylor
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1951

Vore discoveries

Identification of the first radio galaxies (key for study of jets)

1950-1955 First radio observations of HIl regions and Supernova Remnants

1963
1963
1968
1973
1992
2003

Discovery of the first OH maser

Discovery of the quasars (key for cosmology and BH studies)
Discovery of ammonia lines in the interstellar medium (ISM)
Discovery of the giant molecular clouds (key for star formation)
Discovery of the first exo-planets (of earth and moon size!)
Discovery of the first amino acid in space (glycine)

2019 Fisrt ‘photo’ of the shadow of a Black Hole




Atmospheric
opacity

Instrumentation and
technigues

Radio astronomy covers 6 decades in frequency across

the e-m spectrum

e radio and microwaves (1cm - 30m)
millimetre (1mm to 10 mm)
sub-millimetre (< 1Tmm, down to 0.3 mm)

U

Most of the
Visible light 4.6y o red spectium Ratiic woves observable :-m:::w

olnarvable
Gamma rays, X-rays and ullraviokd absorbed by
light blocked by e upper atmosphicse f“.m\ tarth, - 2 from Earth, ilocked.
(st olnerved from space). with some “m"mmu

distortion. from space).
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Wavelength

Earth’s atmosphere is transparent to radio waves from
mm to decametre wavelengths



Instrumentation and
technigues

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

Reflector

Antenna Detector



Instrumentation and
technigues

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

p
=z
nAdy

The angular resolution (and FoV) is given by 8 ~ A/d
(Reber’s dish had a resolution of ~ ¢/160MHz/9m = 11 deg)



Single dishes
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Single dishes




INntertferometers
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Interferometry gives two (or more) small radio telescopes the
resolutbion of a much larger disk

FoV ~ A\/d
8 ~A\D



INntertferometers

% FoV ~ A/d

SV = 0 ~ ND
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Interferometry gives two (or more) small radio telescopes the
resolution of a much larger disk.




INnterferometers
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Interferometry gives two (or more) small radio telescopes the
resolution of a much larger disk.

FoV ~ A\/d
8 ~A\D

South Pole

North Pole



INntertferometers

Jive virtual radio interferometer

http://services.jive.nl/evlbi/diy.html




INnterferometers

WSRT: 14x25m

VLA: 27x25m " \GMRT 30x45m
over 3 km

over 36 km ‘ over 40 km

P

EVN: 16
—=7"over 3000 km



Aperture arrays

* For low frequency observations there is an even more efficient approach

Receiver /
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Aperture arrays

* For low frequency observations there is an even more efficient approach

Physical
delay
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Aperture arrays

* For low frequency observations there is an even more efficient approach

Physical /
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Aperture arrays

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




The Square Kilometre Array

TECHNICAL INFORMATION SI.I

THE TELESCOPES i

The Square Kilometre Array (SKA) is made up of arrays of antennas - SKA-mid observing mid to high frequencies and SKA-
low observing low frequencies - to be spread over long distances. The SKA is to be constructed in two phases: Phase 1
(called SKA1) in South Africa and Australia; with Phase 2 (called SKAZ2) representing a significant increase in capabilities and
expanding into other African countries, with the component in Australia also being expanded.

SKA1-mid SKA1-low
the SKAs mid-frequency instrument the SKAs low-frequency instrument

WA | B m - [VAVAVAVAVAVAVAN ? //N !

Frequency range: 197 dish” Frequency range: ~1 31 ’ooo
) B84 MeerKAT dishes antannas spread between
350 MHz " e 50 MHz el
to

15.3GHz 2 =P v | 350 MHz (Do)

with a goal of 24 GHz Maximum baseline: . Maximum baseline:




The Square Kilometre Array

Observing capabilities

Radio Interferometer Sensitivity Comparison

Radio Interferometer Survey Speed Comparison
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www.skatelescope.org
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An extraordinary pulse
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Dispersion

The group velocity of an electromagnetic wave in a plasma depends
on the emission frequency v of the signal
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Radio waves emitted at lower frequencies arrive later
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|ocalizing FRBs
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-FRBS: the next generation

THE ONTERAATIONAL WIARLY JOGRARL OF 3CMNCE

SPACE AND CHIME

First observations by Canadian telescope
capture a slew of fast radio bursts mesInes
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... Stay tuned!

Thank you for your attention.

Questions?
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