
Covering the electromagnetic spectrum

More about past (last 50 years) and future of astronomical technologies: http://xxx.lanl.gov/pdf/1702.08018

http://xxx.lanl.gov/pdf/1702.08018


Andromeda galaxy



European Space Agency (ESA) & NASA missions

Multi-wavelength image of Andromeda Galaxy



History of sky investigation
Optical Astronomy 

• Galileo Galilei telescope in 1609 Moon and Jupiter

“New Astronomies”
• Radio: Karl Jansky in 1933 center of the Milky Way
• Infrared: E. Pettit & S. B. Nicholson in 1933 variable stars
• Gamma-ray: US satellite in 1961 cosmic sources
• X-ray: Riccardo Giacconi in 1962 pulsar Scorpius X-1
• UV: US satellites in 1968 interstellar medium

High-Energy: > 100 keV … TeV 
• Cherenkov Telescope 1989 

Crab Nebula 
Supernova remnant distance d = 2000 ± 500 pc
First source detected with a Cherenkov Telescope, in 1989



Electromagnetic Radiation

Astrophysics today: from frequency ν= 108 Hz to ν= 1029 Hz 
(21 orders of magnitude)

Optical interval (human eye sensitivity):  
3.8×105 GHz <ν< 7.7×105 GHz  

780 nm > λ > 390 nm

λ = 3 m
λ = 0.3  fermi 
(1/3 proton size)

Frequency (Hz)



Need a combination of ground-based and satellite observations
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Observational windows of electromagnetic radiation
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E =
h c

�
= h ⌫ (1)

EK ⇠ k T (2)

Constants:

c = 299, 792 km s
�1

h = 6.626⇥ 10
�34

J s = 6.626⇥ 10
�27

erg s = 4.136⇥ 10
�15

eV s

k = 1.381⇥ 10
�23

JK
�1

= 1.381⇥ 10
�16

erg K
�1

Conversions:

1 J = 1⇥ 10
7
erg

1 eV = 1.602⇥ 10
�12

erg

1 eV = 2.418⇥ 10
14
Hz = 2.418⇥ 10

5
GHz

1 eV = 1.160⇥ 10
4
K

1 eV ! 1.240⇥ 10
�6

m = 1.240µm

Energy of a single photon (and conversion units)

Energy of photon with 
wavelength λ or frequency ν

Light speed

Planck constant

Boltzmann constant

Kinetic energy of gas at 
temperature T

(k : Boltzmann constant)



From 𝞶  < 108 Hz to 𝞶 > 1028 Hz

The electromagnetic spectrum

Conversion to temperature in case of equilibrium radiation-matter 
(L. Boltzmann: motion of particles relates to its temperature) 

Sensitivity of human eye from 390 nm to 780 nm



Name Symbol Wavelength Frequency Energy

Radio radio > 1 mm < 300 GHz < 1.2 meV

Microwave microwave 1 mm - 1 m 0.3 GHz - 300 GHz 1.2 μeV - 1.2 meV

Sub millimeter submm 0.1 mm - 1 mm 300 GHz - 3×103  GHz 1.2 meV - 0.012 eV

Far infrared FIR 30 μm - 450 μm 725 GHz - 104 GHz 0.003 eV - 0.04 eV

Near infrared NIR 0.780 μm - 30 μm 104 GHz - 4×105  GHz 0.04 eV - 1.6 eV

Optical Opt 3600 Å - 7800 Å 4×105  GHz - 8×105  GHz 1.6 eV - 3.4 eV

Near ultraviolet NUV 1600 Å - 3600 Å 8×105  GHz - 2×106  GHz 3.4 eV - 7.7 eV

Far ultraviolet FUV 100 Å - 1600 Å 2×106  GHz - 3×107  GHz 7.7 eV - 124 eV

X-ray X-ray 0.025 Å - 100 Å 3×107  GHz - 1×1011  GHz 124 eV - 0.5 MeV

Gamma-ray 𝛾-ray < 2500 fermi (F) > 1×1011  GHz > 0.5 MeV

Names



Finding celestial objects: sky coordinates



Our Galaxy: the Milky Way



Constellations in the night sky



The Milky Way and the Zodiacal Light
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 disk Ecliptic: plane of solar system

Zodiacal Light: sunlight scattered by dust in plane of solar system



The Milky Way

Sky coordinates relative to Earth

Ecliptic plane and 
Zodiacal Light

Terrestrial South Pole

Terrestrial North Pole



Pinwheel Galaxy (Messier 101)
Distance: 6.4 ± 0.5 Mpc

Example of a spiral galaxy



Artist impression of the Milky Way
Galaxy type: Sbc (barred spiral galaxy)
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Location of the Sun in the Milky Way

Sun
Galactic plane
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The Galactic coordinates 

(relative to the center of the Milky Way) 



The Equatorial coordinates (relative to Earth’s center)
Right ascension (R.A. or α, in hours, minutes, and seconds, 1h  R.A. =  15°) 
Declination (δ, in degrees, minutes, seconds)
Vernal point: R.A. = 00h 00m 00s and δ = 0°



Optical Observatory Lilio at Savelli (KR)

• Altitude: about 1000 m
• Declination South that can be reached: δ = −32°



The Equatorial coordinates:

Video: http://en.wikipedia.org/wiki/Equatorial_coordinate_system



Galactic Center in Equatorial coordinates
Right ascension and declination:
R.A.:     α =17h45m37s               (also indicated as 17:45:37)
Dec.:     δ = −28°56′03″      (also indicated as −28:56:03)

Galactic Center in Galactic coordinates
Latitude and Longitude:
l: 0°
b: 0°

Coordinates converter:
http://www.robertmartinayers.org/tools/coordinates.html

http://www.robertmartinayers.org/tools/coordinates.html


Andromeda Galaxy
Distance: 2.54 milioni light years (778 ± 33 kpc)
R.A:  00h42m44.3s

Dec.: +41°16′09″
Apparent dimensions: 190′× 60′
Apparent magnitude: m = 3.44
Absolute magnitude: M = −21.5



Spiral galaxy NGC 210
Distance from Earth: 21.0 Mpc 

Spiral galaxy MCG -02-02-082
Distance from Earth: 74 Mpc

Right ascension:  00h40m35.0s

Declination:          +13°52′20″



Stephan's Quintet
R.A:  22h35m57.5s

Dec.: +13°57′36″

Foreground galaxy
Distance from Earth: 12 Mpc 

Distance of 4 galaxies from Earth: 100 Mpc



Modelling a galaxy 

Two systems to measure magnitudes: 
Vega system & AB system



Response curve of human eye vs. U, B & V filters used at telescope

Solar black-body peak emission



Observed magnitudes in “Vega system” are normalized to the flux 
emitted by the star Vega

Vega
Distance: 7.68 ± 0.02 pc
Apparent magnitude in V band: m = +0.026
Absolute magnitude in V band: M = +0.582
V-band central wavelength: λc ≈ 540 nm = 5400 Å
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In Vega system all magnitudes (optical to NIR) 
of star Vega  is m = +0.0 (zero point)

More physical AB system uses fluxes (energy measured per unit time and surface on Earth)

UV Optical Near IR

Spectrum of star Vega

Apparent magnitude of star Vega in V band in “Vega system” and “AB system” is m = +0.0
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F : measured flux density (erg s�1 cm�2)

D: distance in cm

L = 4⇡FD
2 (3)

L: object luminosity (erg s�1)

Flux density measured per wavelength or frequency unit:

F�d� = F⌫d⌫ (4)

F⌫ = F�
c

⌫2
= F�

�
2

c
(5)

Apparent AB magnitude :

mAB = �2.5 log(F⌫) + const (6)

1) F⌫ in units of erg s�1 cm�2 Hz�1 and const = �48.574

2) F⌫ in Jensky (1⇥ 10�23 erg s�1 cm�2 Hz�1 = 1 Jy) and const = +8.926

Absolute AB magnitude of galaxy at distance D (in parsec):

MAB = mAB � 5 log(D) + 5 (7)

Apparent and absolute magnitude in the AB system

Emitted power by the source

Equal to mAB at D = 10 pc

Energy per unit time and surface 
measured on Earth



Conversion Vega magnitude to AB magnitude normalized to mAB = 0 at λ = 5500 Å 
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Polinomial fit (for 0.4µm < � < 5 µm):

7.5678� 1.1573⇥ log(�)� 0.30816⇥ log(�2
)
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F : measured flux density (erg s�1 cm�2)

D: distance in cm

L = 4⇡FD
2 (3)

L: object luminosity (erg s�1)

Flux density measured per wavelength or frequency unit:

F�d� = F⌫d⌫ (4)

F⌫ = F�
c

⌫2
= F�

�
2

c
(5)

Apparent AB magnitude :

mAB = �2.5 log(F⌫) + const (6)

1) F⌫ in units of erg s�1 cm�2 Hz�1 and const = �48.574

2) F⌫ in Jensky (1⇥ 10�23 erg s�1 cm�2 Hz�1 = 1 Jy) and const = +8.926

Absolute AB magnitude of galaxy at distance D (in parsec):

MAB = mAB � 5 log(D) + 5 (7)

1 Jy = 10�26 W

m2 Hz
= 10�23 erg

s cm2 Hz
(8)Flux density (spectral irradiance) in Jensky:



Zero points for the Johnson-Cousins-Glass photometric system, normalized to Vega

AB - Vega magnitude conversion:
http://www.astro.ljmu.ac.uk/~ikb/convert-units/node1.html
https://github.com/gbrammer/eazy-photoz/blob/master/filters/FILTER.RES.latest.info
http://www.stsci.edu/hst/nicmos/tools/conversion_form.html

AB−Vega magnitude conversion

http://www.astro.ljmu.ac.uk/~ikb/convert-units/node1.html
https://github.com/gbrammer/eazy-photoz/blob/master/filters/FILTER.RES.latest.info
http://www.stsci.edu/hst/nicmos/tools/conversion_form.html


Parameters given by 
Big Bang & Cosmological Model

Age of the universe

Most distant quasar 
z=7.085 
759 Myr after BB

Most distant GRB 090423
z=8.26
619 Myr after BB

Hubble Law (linear relation) 
d = v / Ho = z × c / Ho

Most distant galaxy 
z=11.09
414 Myr after BB
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Absolute AB magnitude of galaxy at redshift z > 0.1 and observed at �obs:

MAB(�r) = mAB(�obs)� 25� 5⇥ log(DL) + 2.5 log(1 + z) (8)

DL: luminosity distance (Mpc) at redshift z and for a given cosmological model

�r = �obs/(1 + z): rest-frame wavelength

Absolute magnitude in the AB system for distant objects

In a 4-dimensional space-time expansion of the universe, 
luminosity distance DL to be considered



Relation between redshift z and luminosity distance DL 
for different cosmological models

Supernovae Type Ia 

Most used model today

Recession velocity: v = cz
c: speed of light
z: redshift



Luminosity distance DL

http://www.astro.ucla.edu/~wright/CosmoCalc.html

http://www.astro.ucla.edu/~wright/CosmoCalc.html


The Sloan Digital Sky Survey (SDSS) 

The most important public survey in history of astronomy
Observations with 2.5 meter telescope started in year 2000
Multi-filter imaging (DR9 final imaging data release in 2009)
Spectroscopy (present observation mode)
Targets: galaxies and quasars 
Large part of the sky (DR9 covers 35% of the sky)
Detection of objects from local to distant universe

With the development of many mega-science projects, 
astronomy has become a Big Data Science



Every night the telescope produces about 200 GB of data

The Sloan Sky Digital Survey (SDSS)
The most important public survey of history
Apache Point Observatory (New Mexico)
2.5m optical telescope 
Latitude: +32° 46' 49" N



Wheel with filters at the SDSS telescope
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Five optical filters: u, g, r, i, z

The Sloan Sky Digital Survey (SDSS)

Drift scan mode: objects move across camera



Filters of the Sloan Digital Sky Survey (SDSS)

Galaxy spectrum
(template)

AB magnitude limits_______________
u = 22.0 
g = 22.2 
r = 22.2
i = 21.3
z = 20.5



Photographic plate (from the Palomar Sky Survey, 1956)

Same galaxy observed with photographic plate or CCD + multiple filters

Multi-band photometry (from SDSS today)



http://skyserver.sdss.org/dr9/en/tools/chart/chart.asp

SDSS: publicly available images and spectra

http://skyserver.sdss.org/dr9/en/tools/chart/chart.asp


SDSS: publicly available images and spectra



SDSS: publicly available images and spectra



SDSS spectroscope cartridge



SDSS aluminum plate with optical fibres & multi-object spectrograph

Possible to get  spectra of many objects simultaneously 



Comparing SDSS filters with standard filter set

SDSS fi lter transmission curves are well separated  − good!
For standard filters, transmission curves are overlapping  − bad! 

SDSS filters

Standard filters



Comparing efficiency between different sets of filters

Atmospheric transmission

UV Optical Near IR



Standard filter set in the near infrared (NIR)

J H K

Atmospheric absorption



Better sites
Larger mirrors

Better instruments
More sensitive detectors

Larger wavelength coverage
All this at the lowest possible prize

Exploration of the sky in modern astrophysics:



High altitude
Low precipitation and dry

Low light pollution
Low radio pollution

Low CO2 emission (car and industrial exhaust)
Politically stable

Best sites



World rainfall map

Global Precipitation Climatology Centre (GPCC)

Good sites Precipitation in millimeter per year per 0.25 degree grid



Italy rainfall map

Good sites
Precipitable water (in millimeter): depth of water in a column of the atmosphere precipitated as rain



World geography map

Good sites: high altitude (in brown)



Light pollution world map



La Sila one of the best 
sights in Italy

Light pollution in Europe



Progression of light pollution in Italy



Electromagnetic pollution: radio frequency interference (RFI)



Air pollution: CO2 emission



Extreme risk

High risk

Medium risk

Low risk

No data

http://treasurytoday.com/2013/09/political-risk

Map of political risk

http://treasurytoday.com/2013/09/political-risk


Combining all this, one of the best location for 
astronomical observatories is:

Chile
an excellent choice



Altitude map



Map of observatories
in Chile



200 km



European Southern Observatory
Location: Cerro La Silla, 2400 m altitude



Very Large Telescope
4 8-meters telescopes + 4 movable 1.8-meter Auxiliary Telescopes
Location: Cerro Paranal, 2635 m altitude



ALMA - Atacama  Large Millimeter Array
66 12/7-meter diameter antennas at Chajnantor (Chile) at 5000 meters above sea level



Precipitable Water Vapour (pwv) at Paranal and La Silla

La Sila (Italy)


