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Lecture 1


Radio / Millimeter Astronomy in a

multiwavelength context







From book “Open Skies” by Kellerman et al.



Maxwell 1862: physical description of light through 
electromagnetic waves
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note: Rayleigh Jeans scattering ~frequency4 — essentially no scattering in radio
sun does not strongly emit in radio (at least to first order) - sky is radio-dark



Classical radio range: centimeter and meter waves, 
              MHz and GHz frequencies (< 30 GHz), 
              ionosphere reflects signals below 10 MHz 
 
Millimeter range: mm waves, i.e. 10 … 1 mm (30 - 300 GHz),  
                 atmospheric windows at 7, 3 and 1.3 mm 
 
Sub-millimeter range: ~ 300 – 1000 µm  (1000 … 300 GHz), 

                atmospheric windows   at 350, 450 and 850 µm



Atmospheric windows



SOFIA (stratosphere observatory)  — up to 5 THz
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visible light

first drawings ~20.000 
years ago (Lascaux cave)



Galileo Galilei (January 1610)

observations of Jupiter’s moons

first drawings ~20.000 
years ago (Lascaux cave)

visible light



Hubble Space TelescopeVery Large Telescope 

European Southern Observatory

visible light



The Hubble Ultra Deep Field - 100s of hours of integration time
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First satellites in the 60s to observe the sun


Vela Satellit: built to detect nuclear explosions by USSR (note: gamma rays for 
backside of moon)


First astrophysical detect towards the end of the 60s.

Gamma rays



Gamma ray satellites



Fermi

gamma ray sky, Fermi satellite 

Gamma rays



High Energy Stereoscopic System:


smart method to detect gamma rays

with ground-based telescopes 

      (Cherenkov radiation)

       


 (MPK Heidelberg)

Gamma rays

Fermi

gamma ray sky, Fermi satellite 



X-rays

First X-ray 1895
First extraterrestrial X-ray / UV detection: 1949



X-ray satellites



German-Russing Spektr-RG space telescope:

2019: entire sky observed with eROSITA (MPE):

X-ray satellites
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no all-sky survey to date

UV radiation: satellites



UV-radiation: example: M31
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infrared radiation: satellites 
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The electromagnetic spectrum of the universe

it’s all in the CMB!

highest peaks correspond to the most energetically important spectral ranges

—> radio not energetically relevant



codename ‘Würzburg’ - 4000 
radar antennas in WWII

radio waves
1951: detection of atomic hydrogen (21cm)



millimeter detection

Caltech OVRO 
interferometer

NRAO
12m antenna

1970: first detection of CO













Meerkat interferometer



Meerkat radio observations of the Galactic Centre 



millimeter radiation

IRAM NOEMA interferometer
Plateau de Bure  (French Alpes)



(Sub-)Millimeter—ALMA
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ISM - 6.78 ± .015 MHz ISM - 13.560 ± .007 MHz ISM - 27.12 ± .163 MHz

ISM - 40.68 ± .02 MHz

3 GHzISM - 915.0± .13 MHz ISM - 2450.0± .50 MHz

3 GHz

ISM - 122.5± 0.500 GHz

This chart is a graphic single-point-in-time portrayal of the Table of Frequency Allocations used by the FCC and 
NTIA.  As such, it may not completely reflect all aspects, i.e. footnotes and recent changes made to the Table 
of Frequency Allocations.  Therefore, for complete information, users should consult the Table to determine the 
current status of U.S. allocations.
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AERONAUTICAL
MOBILE

AERONAUTICAL
MOBILE SATELLITE

AERONAUTICAL
RADIONAVIGATION

AMATEUR

AMATEUR SATELLITE

BROADCASTING

BROADCASTING
SATELLITE

EARTH EXPLORATION
SATELLITE

FIXED

FIXED SATELLITE

INTER-SATELLITE

LAND MOBILE

LAND MOBILE
SATELLITE

MARITIME MOBILE
SATELLITE

MARITIME
RADIONAVIGATION

METEOROLOGICAL 

METEOROLOGICAL
SATELLITE

MARITIME MOBILE

MOBILE

MOBILE SATELLITE

RADIO ASTRONOMY

RADIODETERMINATION
SATELLITE

RADIOLOCATION

RADIOLOCATION SATELLITE

RADIONAVIGATION

RADIONAVIGATION SATELLITE

SPACE OPERATION

SPACE RESEARCH

STANDARD FREQUENCY 
AND TIME SIGNAL

STANDARD FREQUENCY AND 
TIME SIGNAL SATELLITE

MO
BIL

E S
AT

EL
LIT

E
(sp

ac
e-t

o-E
art

h)
FI

XE
D

M
OB

IL
E

BR
OA

DC
AS

TI
NG

SA
TE

LL
IT

E

RA
DI

O
AS

TR
ON

OM
Y

MO
BI

LE

FIXED

RA
DI

ON
AV

IG
AT

IO
N

Radiolocation

FI
X

E
D

RA
DI

O 
AS

TR
ON

OM
Y

MO
BI

LE

 LAND MOBILE

Ra
dio

loc
at

ion

FIXED-SATELLITE
 (space-to-Earth)

FI
XE

D
ME

TE
OR

OL
OG

IC
AL

-
 S

AT
EL

LIT
E 

(sp
ac

e-t
o-E

art
h)

RA
DI

OL
OC

AT
IO

N

RA
DI

O
AS

TR
ON

OM
Y

RA
DI

O
AS

TR
ON

OM
Y

RA
DI

O
AS

TR
ON

OM
Y MO

BI
LE

MO
BI

LE
FIX

ED FIX
ED

RA
DI

O
AS

TR
ON

OM
Y

RA
DI

O
AS

TR
ON

OM
Y

RA
DI

O
AS

TR
ON

OM
Y

RA
DI

O
AS

TR
ON

OM
Y Ra

dio
loc

ati
on

Ra
dio

loc
ati

on

Ra
dio

loc
ati

on

Ra
dio

loc
ati

on

RA
DI

O 
AS

TR
ON

OM
Y

FI
XE

D-
SA

TE
LL

IT
E

(sp
ac

e-
to-

Ea
rth

)
SP

AC
E 

RE
SE

AR
CH

(sp
ac

e-
to-

Ea
rth

)

AE
RO

NA
UT

IC
AL

MO
BI

LE
 (R

)

M
OB

IL
E 

** 

SP
AC

E 
OP

ER
AT

IO
N 

(E
ar

th
-to

-s
pa

ce
) 




