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Radio Astronomy

the study of radi o waves originat
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Radio waves = electromagnetic waves generally caused by moving charged particles.
sSources:

1) human-made electrical equipment: sparks, radios, generators, phones, etc.
2) natural radio waves: |l ightning, Ear
galaxies, black holes, and the Universe!




Radio Bands

HF: below 30 MHz

Shortwave radios, CBs
AM band (0.5 1.7 MHz)

VHF: 36800 MHzmeterwave(TV/FM)
UHF: 30@ 3000 MHz decimeter

decameter-@0 MHZz)

(phones, LAN, cable TV, microwave ovens, GPS)

Microwave: 100€30,000 MHz
SHF: microwave (380 GHz) radars
EHF: millimeter (30300 GHz)

CLASS

Infrared: submillimeter (300- 700 GHzv,

Microwave Bands
L-band ~ 20 cm
Sband ~ 10 cm

X-band ~ 3 cm
Ku(or Uband ~ 2 cm
K-band ~ 1 cm

SX
EUV

NUV

NIR
MIR
FIR
EHE
SHF
UHF
VHF
HF
MF
LF
VLF

VF/ULF

SLF
ELF

FREQUENCY WAVELENGTH

300 EHz
30 EHz
3 EHz
300 PHz
30 PHz
3 PHz
300 THz
30 THz
3 THz
300 GHz
30 GHz
3 GHz
300 MHz
30 MHz
3 MHz
300 kHz
30 kHz
3 kHz
300 Hz
30 Hz
3Hz

1 pm
10 pm
100 pm
1 nm
10 nm
100 nm
1 um
10 ym
100 pm
1 mm
1cm
1dm
1m
10m
100 m
1 km
10 km
100 km
1 Mm
10 Mm
100 Mm

ENERGY
1.24 MeV
124 keV
12.4 keV
1.24 keV
124 eV
12.4 eV
1.24 eV
124 meV
12.4 meV
1.24 meV
124 peV
12.4 peV
1.24 peV
124 neV
12.4 neV
1.24 neV
124 peV
12.4 peV
1.24 peV
124 feV
12.4 feV
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1930s
1932¢c KarlJansk¥ SE G NJ GSNNB &G NR I €
1938¢ GroteReber maps the Galaxy at 160 MHz (Atbvermal
SYAaaAz2y 0l wda/ 2y i0NR2 OIS NE A S,
1940s 4
- 1942 Hey andouthwood- intense solar radio interferencel‘..q 4.‘;.;;“;: ey
- 194400rt, van deHulstpredict the 22cm line of H b NG . _~,. 4y
- 1945 end of WWHK radio telescopes built in S T
Holland, England, and Australia (Interferometers)
- radar reflections off the Moon
- Cygnus A and Cassiopeia A sources identified
- 1949 optical and radio sources identified
1950s PRSI
- synchrotron mechanism proposed - Quasars discovered
- 1951 Ewenand Purcell find the 2tm line of H - SETI begins
- 1955 Radio emission from Jupiter accidentally discovered Interstellar molecular lines

- Radar studies of planets and th& datellite! - 1965 Cosmic microwave background
- 1967 Pulsars discovered

1970s, 1980s, 1990s, 2000
Technology and large array

Fig. A3.1. Reber's 1944 map of the radio sky.




Why Radio Astronomy?
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- We can learn something new about the universe

Tidal Interactions in M81 Group

Stellar Light Distribution 21 cm HI Distribution Jupiter (GHz)

M81
Galaxy Group



Major Discoveries

ARadio Galaxiespowered by black holes A
ACosmic Microwave background — Wide-Field Radio Image of the

AGravitational radiation GEh Gt
ACold interstellar gas h *{ y st iri i
ANeutron stars (pulsars) /
AEXO P lanets oy A. Mellinger Photomosaie | /

AGravitational lensing
AGravity Waves .« | ‘

o S L

New SNR 0.3+0.0
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Radio Continsirm (408 MHz) Bonn, fodrell Bank,
and Parkes

J use
SNR 359.0-00.9 % \

SNR 359.1-00.5

The Galaxy and
galactic center

~240 light years Tornado (SNR?)
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Protoplanetary Disk

ALMA, C BROGAN, B SAXTON

ALMA image of HL Tau (near the
Pleiadespand its protoplanetary disk
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Atacama Large Millimeter Array (ALMA)

o o To Do D>

ALMA observes from a few hundred
micrometers to about 1 millimeter

Best image ever of planet formation

450 lightyears from Earth in the
constellation Taurus

Very young system (< 1 million years old)

Released Nov. 6, 2014. ALMA
(NRAO/ESO/NAQJ); C. Brogan, B. Sax
(NRAO/AUI/NSF)




Sources of Radio Emission

A Solar System - sun, planets Quantitatively, a picture is really a

A Milky way - star forming radio intensity distribution map
regions, old stars,

supernova remnants

A Extragalactic - quasars,
radio jets

A Molecules




Mechanisms of Radio EmissIo
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Thermal Emission
1. Thermal Emission 1 blackbody radiation

2. Free-free emission 1 thermal |
Obremsstrahl ungo r adIi | ——
thermodynamic equilibrium (LTE)

3. Spectral Line Emission i I.e. 21 cm line of H Free-Free Emission

Spectral Line Emission

Lower Energy "Ground" State

View Anirmation | Reset

Emission of
21-cm photon

View Anirnation | Reset




Mechanisms of Radio Emissi

Non-thermal Emission

1. Cyclotron/Synchrotron emission i
magnetobremsstrahlung radiation

2. Gyrosynchrotron i pulsars

3. Masers 1 stimulated emission

associated with molecules (in molecular

clouds or envelopes of old stars)

Masers

View Anirmation | Reset
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planetarium program showing the atalioinss “
stars of Oriorg green outlines the . ~ [ Bellatrix

nebulae

Image 2: Radio image showing
lonized hydrogerm good agreement
with the nebulae.

Image 3: Atomic hydrogen. Very
different. Galactic plane begins in

Image 4: Molecules (Carbon monoxide
shows giant molecular gHclouds L 'A
where new stars form.




Radio Sun

Optical H-alpha Radio X-ray
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Solar Radio Burst i notice the sharp rise and the gradual
decline of the burst. This is typical of Type Ill solar bursts.

16/06/04 by NICEro in Nice {(France)
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Radio Jupiter

Jupiter S-bursts are the short popcorn

popping sounds In this lo-B storm

25483 -
- |Apnil 2, 2004 UT lo B @ 20 1MHz
- [Jovian S & L bursts as recorded from
- |Canal Fulton, Ohio USA
19686 - | Jason G. Shinn
|
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Plasma Waves at Saturn

Cassini RPWS

November 22, Day 324, 2003
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Credit: Cassini RPWS/U. of lowa






