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2. Astronomical observations 



2. Introduction to observations 
Astronomical observations are made in all wavelengths of light.  

– Absorption and emission can reveal different things on different wavelengths 
from the same object or phenomenon.  

– Special instruments are needed for detecting and collecting radiation from 
different wavelengths. 

 

The Earth in  
1) infrared (IR), 
2) visible,  
3) ultraviolet (UV),  
4) extreme UV (EUV), 
5)  X-ray, and  
6) gamma radiation. 
 
The bright UV edge of the  
Earth is facing the Sun. Notice 
the auroras in EUV and X-rays  
– in X-rays, the Earth is almost  
invisible.  

1) 2) 3) 

4) 5) 6) 



2.1 Atmosphere affects the observations 
• Atmospheric turbulence and variations in temperature cause 

scintillation and seeing-disks  optical resolution becomes worse. 
– The size of a point-like star: good seeing < 0.5’’, bad seeing > 1’’ – 2’’. 

 
• Refraction of light in the atmosphere:  

– Causes stars to appear in different place than where they normally are.  
– Stronger when the object is seen near the horizon (about 35’; 

compared to a few arcseconds when near the zenith). 

 
Requirements for optical observatories: high altitude, little or no clouds  
(above the observatory), no light pollution, a steady atmosphere. 

– Examples of good places: the Andes (Chile),                                       
Mauna Kea (Hawaii, US), Roque de los                                         
Muchachos (La Palma, Canary Islands). 

 
 



2.1 Atmosphere affects the observations 

• Only certain wavelengths of light can travel through 
the atmosphere. 

– ”Optical window” and ”radio window”. 

– Other wavelengths are absorbed by the atmosphere 
(gamma radiation, X-rays, UV, infrared [partially]). 

– Ground-based observations vs. space astronomy. 

 

 



2.2 Why telescopes? 

• Prior to early 17th century, all astronomical 
observations were made by naked eye. 

 
• The aperture (opening) of a telescope is larger 

than the pupil  collects more light . 
– Fainter objects can be seen (in principle). 
– Smaller details can be distinguished. 

 
• Telescopes can be located on the Earth or in 

space. 
 

• The resolution of a telescope is an important 
feature: how small details can be seen. The 
theoretical angular resolution is determined by  
θ = 1.22 ∙ λ / D 
– Here, λ is the wavelength and D is the diameter of 

the aperture. 
– Larger telescopes  better resolution (small θ). 

 

 

A double star seen with poor  
and good angular resolution. 



2.3 Visual observations: telescopes 

• Alt-azimuth mount 
– Horizontal + vertical axis 

– Field of view rotates when following 
celestial motion. 

– After the invention of digital 
tracking systems, used in most of 
the largest telescopes. 

 

• Equatorial mount 
– Polar + declination axis 

– Polar axis parallel to the Earth’s 
polar axis. 

– Tracking of celestial motion easier 
and more accurate. 

Polar axis Declination 
axis 



2.3 Visual observations: telescopes 

• A refracting telescope uses lenses as its 
objective to form an image. An eyepiece 
determines the magnification. 
– Long structure and limited field of view.  

 
• A reflecting telescope forms an image 

with a combination of mirrors (primary 
mirror + secondary mirror(s)). 
– Newtonian telescope: concave primary 

mirror + flat diagonal secondary mirror. 
– Cassegrain telescope: concave primary 

mirror, convex secondary mirror, hole in 
the center of the primary mirror.  

 
• Nowadays, the largest telescopes in the 

world are reflecting telescopes.  
– Largest refracting telescope D = 1.02 m. 



2.3 Visual observations: the largest telescopes 

Existing (2013) 

• GTC (Gran Telescopio 
Canarias; 2007); Canary 
Islands. 10.4 m 

 

• Keck I & Keck II (1992 and 
1996); Mauna Kea, Hawaii. 
10 m + 10 m 

 

 

Planned (ready about 2020) 

• E-ELT (European Extremely 
Large Telescope; ESO), Cerro 
Armazones, Chile. 39.3 m 

 

• GMT (Giant Magellan 
Telescope), Las Campanas 
Observatory, Chile. 7 x 8.4 m  

 

• TMT (Thirty Meter Telescope); 
Mauna Kea, Hawaii. 30 m 

Left: Keck I & II, right: E-ELT (planned). 



2.3 Visual observations: different detectors 
• CCD-camera (charge-coupled device) 

– Used in imaging. Long exposure times  more photons. 
– Before: photographic plates with poor light sensitivity. 
– New CCDs have a light sensitivity of nearly 100%! 

 

• Photometer  
– Measures the amount of light coming from the object. 

 

• Spectrograph  
– Measures the distribution of light with respect to its 

wavelength. 
– Spectral lines (emission and absorption). 
– Spectroscopy: e.g., classification of stellar spectra, the 

composition of stars, radial velocities. 
 

• Polarimeter 
– Measures the polarization of light. 
– Polarimetry: e.g., physical properties of comets and 

asteroids, strength of interstellar magnetic fields. 

 
 

NGC 7331 imaged with a 
photographic plate and a  
CCD-camera. 



Example of photometry: 
lightcurve inversion 

• Asteroids are very small 
and relatively faint objects, 
and cannot usually be 
directly imaged. 
 

• By measuring the amount 
of sunlight the asteroid 
reflects as it rotates (the 
lightcurve), we can 
conclude its shape – this is 
called the inversion 
technique. 

At the bottom, lightcurves measured from 
asteroids are seen. Above are the modelled 
shapes for the asteroids that would explain the 
lightcurve shape. 



2.3 Visual observations: towards better resolution 

• Active optics 
– Corrects the shape of the primary mirror against such 

factors that may affect image quality at timescales of 
one second or more (gravity, telescope axis 
deformation, wind). 

 

• Adaptive optics 
– Reduces atmospheric distortions. 
– Makes constantly soundings with a laser beam in the 

direction of observation. 
– Based on the soundings, the shape of the mirror is 

optimized and changed with a computer (this can 
happen a few hundred times in a second!). 

 
• Mosaic mirrors 

– Hexagonal mirrors carefully placed side by side  one 
large mirror. 

– The overall shape of the mirror controlled by computer. 
– Used in the three largest telescopes: GTC and Keck I & II 

(36 mosaics).  

The principle of adaptive optics: 
correcting distorted wavefronts. 

Some of the mosaic mirrors of 
JWST. 



2.3 Visual observations: towards better resolution 

• Interferometry 
– Combining the images of several telescopes to 

improve resolution. 
– The light rays incident on different telescopes must 

be in phase  the telescopes need to be carefully 
located with respect to each others. 

– Aperture synthesis = imaging using an 
interferometer. 

– For example, Very Large Telescope (VLT); 4 x 8.2 m. 

 
• Space telescopes 

– Hubble Space  Telescope (HST, since 1990) and James 
Webb Space Telescope (JWST, launch estimated 2018). 

– No atmospheric disturbances but very expensive to 
build and maintain  mainly ground-based 
observations in the future as well. 



 

Space telescopes take exceptional images. NGC 1300, by the Hubble Space Telescope. 



2.4 Radio astronomy 
• Radio sources: the center of the Galaxy, the 

Sun, pulsars, quasars, supernova remnants, 
interstellar molecules, radio galaxies, … 
 

• Observations can also be made during the 
day.  
 

• The reflecting surface does not need to be as 
smooth as with optical telescopes  larger 
telescopes possible.  
– The surface should not include roughness in a 

scale below 0.1 ∙ λ.  
– Arecibo 300 m, Green Bank 110 m. 

 
• Recall the resolution θ = 1.22 ∙ λ / D: the 

smaller the wavelength, the better the 
resolution – it is very difficult to get good 
resolution images with a radio antenna!  
– Solution: interferometers! 
– Good interferometers take more accurate 

images than the best optical telescopes!  

Wavelength λ = 1mm – 100 m 

Atacama Large Millimeter Array (ALMA). 



Right: the functioning 
of a radio telescope. 

Below: Arecibo 300 m 
radio telescope. The 
main collecting dish 
cannot be moved; the 
receiver is repositioned 
to intercept signals 
reflected from different 
directions. 



2.5 Astronomy in other wavelengths 

• Infrared (IR) 
– Most of the IR spectrum is 

absorbed by the atmosphere 
(mainly by water vapour). 

– Telescopes need to be in very dry, 
high places, or in space. 

– Instruments need to be cooled to 
near absolute zero (IR is “heat”!); 
for instance by using liquid 
nitrogen. 

– Sources: very young stars, 
emission of interstellar matter. 

 

Wavelength λ = 750 nm – 1 mm 

Barnard 68 is a dense interstellar cloud with lots of gas and dust. 
It blocks all visible light (left). Radiation from the background 
stars penetrates the cloud (right). The red colour of the 
background stars is due to the light having been absorbed by the 
cloud molecules and re-emitted on IR wavelengths. 

visible IR 



2.5 Astronomy in other wavelengths 

• Ultraviolet (UV) 
– Mostly absorbed by ozone in the 

atmosphere  observations 
carried out in space. 

– Near-UV observations can be 
made with ordinary mirrors; for 
far-UV, a grazing incidence 
detector is needed.  

– Sources: young hot stars, galaxies 
with active star formation, stellar 
coronas. Hot objects (> 10 000 K) 
radiate most of their energy in 
UV. 

 

 

 

Wavelength λ = 10 nm – 320 nm 

NGC 1512 in visual and UV. 



2.5 Astronomy in other wavelengths 

• X-rays 
– Observed from space using 

grazing incidence detectors or 
gamma ray detectors. 

– X-ray telescopes: Chandra, 
XMM-Newton. 

– Sources: active galaxy 
centers, supernova remnants, 
black holes, hottest stars, 
binaries with compact stars. 

• Gamma rays 
– Observed from space by special 

gamma ray detectors, 
”scintillators”. 

– Gamma-ray telescopes: 
Compton, INTEGRAL. 

– Sources: supernovas, solar 
flares, cosmic ray collisions with 
interstellar gas atoms. Cosmic 
rays are fast-travelling particles, 
e.g., protons. 

 

λ = 0.01 nm – 1 nm λ < 0.01 nm  

Crab Nebula in 
X-ray (Crab 
Pulsar seen) and 
visual (left).  

The Moon as seen by Compton 
in gamma rays. The gamma rays 
are produced by cosmic rays 
hitting on its surface.  



Andromeda galaxy as seen in different wavelengths. 

radio 

gamma UV visible 

IR Far-IR 



2.6 International co-operation 

• Observations for astronomical research are generally 
organized through international co-operation. 

 
• Finland is a member of, for example, the following: 

– European Southern Observatory (ESO). Large facilities in Chile; optical 
and radio telescopes. 

– European Space Agency (ESA). Space telescopes for all wavelengths; 
co-operation with, e.g., NASA.  

– Nordic Optical Telescope (NOT).                                                                      
A nordic 2.6 m telescope in La Palma,                                                  
Canary Islands.   

Left: telescopes at 
Teide, Tenerife. 
Right: Nordic Optical 
 Telescope, La Palma. 


