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The Radio Sky at 4.85 GHzÅ4.85 GHz radio image
Å45 degrees wide
Åbrightest irregular 
sources are clouds of 
ionized hydrogen

ÅSupernovae remnants appear as faint radio rings
ÅRadio "stars" scattered over the sky - most are luminous radio galaxies 

or quasars (average distance > 5 x 109 ly)
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Radio Astronomy
the study of radio waves originating outside Earthôs atmosphere

Radio Window 
1 THz ς10 MHz
0.3 mm ς30 m

Credit: Adapted from 
STScI/JHU/NASA



Radio Telescopes

Green Bank Telescope (NRAO, NSF)

VLA, New Mexico (NRAO, NSF)

Itty Bitty Radio Telescope

Concept Drawing of the Square Kilometer Array, Australia

Fast Radio Telescope (China)

500 m dish
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Image Credit: Windows to the Universe
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Radio waves = electromagnetic waves generally caused by moving charged particles. 

Sources: 

1) human-made electrical equipment:  sparks, radios, generators, phones, etc.

2) natural radio waves:  lightning, Earthôs ionosphere, planets, Sun, stars, pulsars, 

galaxies, black holes, and the Universe!



Radio Bands
HF: below 30 MHz    decameter (3 - 30 MHz)

Shortwave radios, CBs
AM band (0.5 - 1.7 MHz)

VHF: 30-300 MHz  meterwave(TV/FM) 
UHF: 300 ς3000 MHz  decimeter 
(phones, LAN, cable TV, microwave ovens, GPS) 
Microwave: 1000-30,000 MHz
SHF:  microwave (3 - 30 GHz)  radars
EHF:  millimeter (30 - 300 GHz) 
Infrared: sub-millimeter (300 - 700 GHz) 

Cell phones 

f = 0.9 ï1.9 GHz 

ɚ= 30 cm

Microwave Bands
L-band ~ 20 cm
S-band ~ 10 cm
X-band ~ 3 cm
Ku(or U)-band ~ 2 cm
K-band ~ 1 cm



History of Radio Astronomy
1930s
1932 ςKarl JanskyΣ ŜȄǘǊŀǘŜǊǊŜǎǘǊƛŀƭ άƘƛǎǎέ όa² ŀǘ нл aIȊύ
1938 ςGrote Reber, maps the Galaxy at 160 MHz (non-thermal 

ŜƳƛǎǎƛƻƴύ ώά/ƻƴǘǊƻǾŜǊǎƛŀƭέ ǇŀǇŜǊ ǇǳōƭƛǎƘŜŘ ƛƴ мфплϐ
1940s
- 1942 Hey and Southwood- intense solar radio interference
- 1944 Oort, van de Hulstpredict the 21-cm line of H
- 1945 end of WWII ςradio telescopes built in

Holland, England, and Australia (Interferometers)
- radar reflections off the Moon
- Cygnus A and Cassiopeia A sources identified
- 1949 optical and radio sources identified

1950s
- synchrotron mechanism proposed
- 1951 Ewenand Purcell find the 21-cm line of H
- 1955 Radio emission from Jupiter accidentally discovered
- Radar studies of planets and the 1st satellite!

1960s
- Quasars discovered
- SETI begins
- Interstellar molecular lines
- 1965 Cosmic microwave background
- 1967 Pulsars discovered

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



Why Radio Astronomy?
-{ƻƳŜ ƻōƧŜŎǘǎ ŀǊŜ άƛƴǾƛǎƛōƭŜέ ŀǘ 9ŀǊǘƘ ŀƴŘ ƛƴ ǎǇŀŎŜ
- We can learn something new about the universe

Jupiter (GHz)

M81 

Galaxy Group

Tidal Interactions in M81 Group    

Stellar Light Distribution                        21 cm HI Distribution



Major Discoveries

Centaurus A

The Galaxy and 
galactic center

ÅRadio Galaxies ςpowered by black holes
ÅCosmic Microwave background
ÅGravitational radiation
ÅCold interstellar gas
ÅNeutron stars (pulsars)
ÅExoplanets
ÅGravitational lensing
ÅGravity Waves



Protoplanetary Disk

Å ALMA observes from a few hundred 
micrometers to about 1 millimeter

Å Best image ever of planet formation

Å 450 light-years from Earth in the 
constellation Taurus

Å Very young system (< 1 million years old)

Å Released Nov. 6, 2014. ALMA 
(NRAO/ESO/NAOJ); C. Brogan, B. Saxton 
(NRAO/AUI/NSF)

Atacama Large Millimeter Array (ALMA)

ALMA image of HL Tau (near the 
Pleiades)and its protoplanetary disk



Sources of Radio Emission
ÅSolar System - sun, planets

ÅMilky way - star forming 

regions, old stars, 

supernova remnants 

ÅExtragalactic - quasars, 

radio jets

ÅMolecules

Quantitatively,  a picture is really a 
radio intensity distribution map



Mechanisms of Radio Emission

Thermal Emission

1. Thermal Emission ïblackbody radiation

2. Free-free emission ïthermal 

óbremsstrahlungô radiation (for local 

thermodynamic equilibrium (LTE)

3. Spectral Line Emission ïi.e. 21 cm line of H



Mechanisms of Radio Emission
Non-thermal Emission

1. Cyclotron/Synchrotron emission ï

magnetobremsstrahlung radiation

2. Gyrosynchrotronïpulsars

3. Masers ïstimulated emission 

associated with molecules (in molecular 

clouds or envelopes of old stars)
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LƳŀƎŜ мΥ hǇǘƛŎŀƭ άƛƳŀƎŜέ ŦǊƻƳ ŀ 
planetarium program showing the 
stars of Orion ςgreen outlines the 
nebulae

Image 2: Radio image showing 
ionized hydrogen ςgood agreement 
with the nebulae.

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

Image 4: Molecules (Carbon monoxide)
shows giant molecular (H2) clouds 
where new stars form.

Nebulae in Orion



Radio Sun

Solar Radio Burst ïnotice the sharp rise and the gradual 

decline of the burst. This is typical of Type III solar bursts.

Optical H-alpha Radio X-ray
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Radio Jupiter

Jupiter S-bursts

Slowed down by 128x

Jupiter S-bursts are the short popcorn 

popping sounds in this Io-B storm



Plasma Waves at Saturn

Eerie radio sounds

Radio Emission

Plasma Waves

Lightning

Credit: Cassini RPWS/U. of Iowa




