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Learning Objectives

By the end of this talk, participants 
should be to:

• Define the unit of Jansky [Jy]

• Summarize common emission 
mechanisms in Radio Astronomy

• Recall the basics of an 
interferometer (for future lectures)

• Discuss the difference between six 
types of temperature typically 
encountered in Radio Astronomy
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The Radio 
Window

Other than optical / near IR, radio 
offers the only opportunity for 
ground based astronomy.

The atmosphere still matters for 
some observing
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Units

•  

•  
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Emission at Radio Wavelengths
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• Free-free emission (both particles are free)

• Braking emission

– acceleration of the electron

• Thermal emission from ionized gas (e.g., HII regions)

• Optically thin

• Good for estimating density and temperature of ionized gas

Emission at Radio Wavelengths
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Emission at Radio Wavelengths

Canadian Galactic Plane 
Survey image of the 
Heart Nebula at 1.42 GHz
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Emission at Radio Wavelengths

• Thermal radiation
• Follows a blackbody spectrum
• In the Rayleigh-Jeans Limit in Radio
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Emission at Radio Wavelengths

• Thermal radiation
• Follows a blackbody spectrum
• In the Rayleigh-Jeans Limit in Radio
• Dust Polarization due to grain alignment
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Emission at Radio Wavelengths

• Thermal radiation

The protoplanetary disk around the young star, HL 
Tauri, as photographed by ALMA. The gaps in the 
disk indicate the presence of new planets. Once 
enough heavy elements are present, some of 
these planets can be rocky. This system is already 
hundreds of millions of years old, and the planets 
there are likely nearing their final stages and 
orbits. ALMA (ESO/NAOJ/NRAO) 
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• Relativistic electrons spiraling around a magnetic field
• Polarized Emission / Relativistic Beaming 
• Non-thermal emission
• Sources: Active Galactic Nuclei, Pulsars, Supernova Remnants

Emission at Radio Wavelengths
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Emission at Radio Wavelengths

The radio galaxy Cygnus A on scales from hundreds of 
kilo-parsecs imaged with the Very Large Array (Perley 
et al. 1984) to the sub-parsec probed with mm-VLBI 
(Boccardi et al. 2016a, b). The VLBI images are 
created after stacking several epochs. Data at 2 cm are 
from the MOJAVE survey (Lister et al. 2009)

https://link.springer.com/article/10.1007/s00159-017-0105-6#ref-CR193
https://link.springer.com/article/10.1007/s00159-017-0105-6#ref-CR41
https://link.springer.com/article/10.1007/s00159-017-0105-6#ref-CR42
https://link.springer.com/article/10.1007/s00159-017-0105-6#ref-CR139
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Identifying Emission at Radio Wavelengths
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Emission at Radio Wavelengths

• Molecular Gas

• 2+ atom molecules (CO, HCN, NH3, etc)

• Rotational states in radio

• Molecules can form on the surfaces of dust grains or in the gas 
phase 

https://splatalogue.online/

https://splatalogue.online/
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Emission at Radio Wavelengths

• Radio recombination lines
– Like Balmer and Lyman series

– Higher ‘n’ transitions (~20+) 

• Cascade of the electron down 
to the ground state

• Can use multiple transitions 
together to boost SNR

– E.g., H64a+H63a

Ionized Gas
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Emission at Radio Wavelengths

• 21 cm spin flip of the electron 

• Rest frequency is 1420 MHz
– L band; observable with the VLA and  

GBT

• Detected in both emission and 
absorption

• Commonly observed in galactic 
and extragalactic studies

Neutral Hydrogen (HI)
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Types of Radio 
Telescopes

• 

Single Dish

Interferometers
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GBO Single Dish School Also Offered
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Don’t worry, you will be going into a lot more depth on these topics 
throughout the rest of the workshop!
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More Temperatures

• In addition to the temperatures 
that are related to the source, 
there are also instrumental 
temperatures.   

VLBA Antenna 
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Practical 
Telescope 
Considerations

•Dynamic Range:
• Is your faint feature next to a bright 

feature?

•Tuning:
• Can you get all those spectral lines in 

one tuning?

•FOV:
• FOV depends on frequency.
• Sensitivity changes over the FOV. 
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Radio Frequency 
Interference
• Interference in radio astronomy 

observations due to terrestrial 
sources (e.g., short-wave radio, 
telecommunications, radar, 
thunderstorms, et. cetera)

• We have to share the spectrum.

November 2023 RFI sweep at the VLA

L Band (1-2 GHz)
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L Band compared to Ka band.
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Additional Resources

Helpful books:
• Radiative Processes in Astrophysics 

• Rybicki & Lightman
• Essential Radio Astronomy 

• Condon & Ransom

Online version of the Essential Radio 
Astronomy textbook can be found here:
https://science.nrao.edu/opportunities/courses/era/

SIW slides and recordings! 
• Available online after the workshop
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