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Radio Astronomy 
 - Why radio wavelengths? 
 - History  
 - The physics behind 1 antenna 
 - The basics of Radio Interferometry 

Single dish vs. Interferometry 

ALMA

Outline



The electromagnetic spectrum



The Milky Way  
at different wavelengths



The Milky Way  
at different wavelengths



HISTORY

Radio Astronomy

Karl Guthe Jansky

1933

Bell Telephone Laboratories

First Radio signals, coming 
from the Galactic Center 
(Sagitarius Constelation) 



Reber 1948

Cygnus A 

Cygnus X 

Milky Way structure

HISTORY

In 1937: Grote 
Reber built a 10m-
antenna, to 
investigate cosmic 
radio waves. 
He made the 1st 
Radio map of the 
Milky Way and 
discovered Radio 
emission from the 
Sun. 

Radio Astronomy



The Milky Way  
at different wavelengths



Radio wavelenths are tracing colder material and less 
energetic physical processes. 

The Milky Way  
at different wavelengths



Star Formation 
at different wavelengths

Optical Infrared Sub-mm (850 𝝁m)

0.5 pc

Optical Infrared Sub-mm (850 𝝁m)

0.5 pc

Optical Infrared Sub-mm (850 𝝁m)

0.5 pc

T. A. Rector/University of Alaska Anchorage,  
   H. Schweiker/WIYN and NOAO/AURA/NSF Jørgensen et al. (2006) Kirk et al. (2006)



After 1937 - Several single-dish antennas of different diameters around the World

500m

600m

300m

HISTORY

Radio Astronomy



HISTORY

500m

600m

300m

Arecibo

FAST

RATAN-600

Radio Astronomy



How big can an antenna be?

100 m - Green Bank 
NRAO - USA

Angular resolution: 𝛉 ~ 𝛌/D



100 m - Green Bank 
NRAO - USA

Gravity…
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100 m - Green Bank 
NRAO - USA

Gravity…

How big can an antenna be?

Angular resolution: 𝛉 ~ 𝛌/D

We have physical and mechanical limitations



How do we solve this issue?

Interferometry

Angular resolution: 𝛉 ~ 𝛌/D

D = 100 m 



D = 100 m 

B = 100 m 

How do we solve this issue?

Interferometry

Angular resolution: 𝛉 ~ 𝛌/D



D = 100 m 

B = 100 m 

Angular resolution: 𝛉 ~ 𝛌/B

How do we solve this issue?

Interferometry

Angular resolution: 𝛉 ~ 𝛌/D

BASELINE



THE PHYSICS BEHIND AN ANTENNA



Single Dish vs. Array

Single dish

D = 30 m

Array

Bmax = 16 km



Single Dish vs. Array

Single dish

D = 30 m

Array

Bmax = 16 km

Angular Resolution: 𝛉 ~ 𝛌/D



Single Dish vs. Array

Single dish

D = 30 m

Array

Bmax = 16 km

Angular Resolution: 𝛉 ~ 𝛌/D

Angular Resolution: 𝛉 ~ 𝛌/B



Galaxy M100

Plunkett et al. (2023)

Single Dish vs. Array



Galaxy M100

Plunkett et al. (2023)

Single Dish vs. Array

The best is to combine both techniques:  
Single dish + Interferometry
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Interferometry
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Bi,j = N(N-1) 
          2

N = # of antennas

Number of antennas Integration time



t1 ∆t

Earth’s Rotation



Interferometry



Interferometry

uv plane 
V(u,v)

Fourier transform 
ID(x,y)
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Interferometry
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ALMA
Atacama Large Millimeter/sub-millimeter Array

The Atacama desert  
Chajnantor Plateau (5.000 mts)



ALMA

Weather Conditions



Operations
Array Operation Site (5.000 mts)Operation Support Facility (3.000 mts)

Santiago Central Offices



ALMA Operations



Credit: ESO/C. Malin

ALMA



ALMA



B = 16 km

ALMA



Operations
Configurations at ALMA

50 antennas of 12-m 12 antennas of 7-m

4 antennas of 12-m

Compact Array

They work as “single-dish”

Extended Array



Extended Array
C-10

Operations
Configurations at ALMA

50 antennas of 12-m



C-1
Extended Array

Operations
Configurations at ALMA

50 antennas of 12-m



ALMA Antennas



ALMA Transporters

 Otto

Lore

Otto Rettermaier: president of the German company, Scheuerle, who 
built the transporters, and his wife Lore 



20 m

10 m

6 m

ALMA Transporters



ALMA Transporters



Science

Main Objectives

Detect the CO and C+ transitions in galaxies 
like the Milky Way, at a red-shift z=3, in less 
than 24 hours.

Trace the gas kinematics in a protoplanetary 
disk (solar type) and detect evidence of planet 
formation.

Obtain good quality images at an angular 
resolution of 0.1 arcsec.



Gravitational Lenses

Credit: Y. Hezaveh, Stanford Univ.; ALMA (NRAO/ESO/NAOJ); NASA/ESA Hubble Space Telescope

Science



Credit: ALMA (ESO/NAOJ/NRAO)/PHANGS, S. Dagnello (NRAO)

PHANGS
Physics at High  

Angular 
Resolution  
in Nearby 
GalaxieS

Galaxies

Science



Credit: ALMA (ESO/NAOJ/NRAO)/H. Kim et al.
Credit: ESA/NASA & R. Sahai

Hubble
ALMA

Evolved Stars

Science



Before ALMA ALMA

Credit: ALMA (ESO/NAOJ/NRAO)

HL Tau: Proto-planetary disk

Science

Proto stars, where planets are forming within a disk of gas and dust 



Proto-planetary disks

DSHARP
Disk Substructures at  

High Angular  
Resolution Project

Credit: ALMA (ESO/NAOJ/NRAO), S. Andrews et al.; N. Lira.

Science



Formation of multiple systems

Credit: Bill Saxton, ALMA (ESO/NAOJ/NRAO), NRAO/AUI/NSF.

Science



Planet formation

Credit: ALMA (ESO/NAOJ/NRAO)/Benisty et al.

PDS 70

Science



Detection of Vinyl Cyanide (complex molecule) in Titan’s 
atmosphere

Palmer et al. (2018)

Science



Solar observations

Credit: ALMA (ESO/NAOJ/NRAO)

Science



Black Holes
EHT: Event Horizon Telescope

D ~ 12.700 km

Science



Black Holes
EHT: Event Horizon Telescope

D ~ 12.700 km

Science



ALMA: The Future

Wideband Sensitivity Upgrade (WSU) - 2030

Origin of Galaxies. Trace the evolution of the first 
galaxies (z>10) with CO, [CII], and [OIII].

Origin of chemical complexity. Trace the evolution of 
complex molecules in the process of star and planet 
formation through spectral studies. 

Origin of planets. Resolve regions where Earth-like 
planets are forming (~ 1 au) and trace their physics.

Improvement in the receivers, the digital system (data transmission) and the 
correlator (supercomputer for data processing).



The ALMA Archive

https://almascience.eso.org/aq/

After 1 year of proprietary time, the data are released




