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Abstract 

The report presents the study of spectra and cosmological parameters of the distant active              
galaxy nuclei - quasars, that were identified on the astrophotography of astronomy amateur made              
nearby Krasnoyarsk city, Russia. Astrophotography was obtained through amateur telescope, the           
picture analyzing and object identification were carried out using free astronomical professional            
software, spectra deriving made using the online open resources. The technique of the amateur              
astrophoto application is proposed as the available and useful tool for all, who are interested in their                 
own contribution to the extension of the knowledge about our Universe. 
 
Introduction 

Nowadays the optical instruments of non-professional astronomers provide a great opportunity           
to repeat personally many discoveries and meet the targets of the famous astronomers. Using the               
available equipment the stargazer can observe hundreds of space objects, such as interesting stars, star               
clusters, nebulas, galaxies and so on. During the astrophysics course at the technopark “Tvori-Gora”              
we learned about one of the most distant objects - active galaxy nuclei: quasars and blazars. These                 
objects are a great interest for astrophysics as space object with incredible brightness due to the                
extremal conditions existing in them. Light needs the time to get from the source to the receiver - our                   
eye or the sensor of the camera. And as further the light source is placed, as more young it is observed                     
by us. Therefore the most distant bright objects can be used as the source of the information about the                   
young stage of our Universe. 

The main carrier of the information about the deep sky object is light, that can be split to the                   
spectrum using corresponding instrument, such as the glass prism or diffraction lattice. By analyzing              
quasar spectra we can calculate their red shift, that gives us the important parameters - their radial                 
velocity relatively to the Earth, which is connected with the rate of the Universe expanding. And by the                  
Hubble’s law we can calculate for the galaxy the distance from the Earth. 

The main purpose of our study is to learn how the astronomers work with the astronomical                
data, with the astrophotography, how to identify some objects on the picture, how we can get the                 
additional information about the objects using available astronomical databases, catalogues, online and            
offline resources, programs and tools. The most interesting way - to study interesting objects! 

To solve our questions we decided to process the photo with a well quality made by our friend -                   
astronomy amateur and to perform the number of tasks. 
 
Tasks: 

1. To place the astrophotography into the special program connected with many astronomical            
databases. 

2. To find the quasars which can be identified on the picture.  
3. To estimate the red shifts of found quasars. 
4. To find the available spectra of our quasars. 
5. To calculate the redshifts using the spectrum data and compare with the known values. 
6. To obtain the light travel time for each object. 
7. To calculate the comoving radial distance of quasars taking into account the expanding Universe 

and the latest cosmological parameters of the Universe. 

1 



 

8. To distribute the quasars by the redshifts on the groups. 
9. Estimate some properties of quasars by groups. 
10. To make a conclusion of our work. 

 
A quasar is an extremely luminous active galactic nucleus, in which a supermassive black hole               

with mass ranging from millions to billions of times the mass of the Sun is surrounded by a gaseous                   
accretion disk. As gas in the disk falls towards the black hole, energy is released in the form of                   
electromagnetic radiation, which can be observed across the electromagnetic spectrum. 

 
Figure 1. An artist’s rendering of very distant quasar ULAS J1120+0641 (ESO, [1]).  

The red shift is the shift of spectral lines of the chemical elements toward the red part (part with                   
more long the wavelength) of spectrum due to the moving of the irradiating object away from the                 
observer. It is known as Doppler effect. With the knowledge of the redshift of this object we can define                   
the distance to it. 

Materials and methods 

For our study of the dependence the object distance on its redshift and to improve our practical                 
skills in general, we used the photo taken by the astronomy amateur Nikolay Budnikov from               
Krasnoyarsk. The picture was obtained nearby the city in about 20 km long away. The instrument was                 
the reflector telescope Sky-Watcher BK 2001 of the Newton system (aperture is 200 mm, focal length                
is 1000 mm) on the mount HEQ5 Pro. A number of images with different exposition (20 images with 5                   
min, 20 with 1 min and 40 with half minutes) were recorded using the camera Canon 550D with ISO                   
1600. The target object was the well known group of galaxies M65, M66 and NGC3628, all together                 
called Leo Triplet (Figure 2). 
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Figure 2. Group of galaxies Leo Triplet. ​Two galaxies on the left side belong to the Messier                 
catalogue - M65 and M66, the right galaxy is enumerated in the New General Catalogue with the name                  
NGC3628. 

Besides the three noticeable galaxies there are many stars of our galaxy Milky Way, and also a                 
number of weak diffuse and almost dotty objects - background galaxies and quasars. To identify these                
faint objects we utilized the program Aladin Desktop available in the open access on the site:                
https://aladin.u-strasbg.fr/ [2]. This program allows to observe any field of view of our sky using the                
data of widely known sky surveys, for example, in optical spectrum: DSS, SDSS, and also in different                 
ranges of spectrum: infrared, ultraviolet, microwave, X-rays, etc. In addition, this interactive tool             
provides the access to a wide number of catalogues of sky objects observed in different spectra,                
recorded using different instruments at different observatories, both ground and placed in the space. 

There is one remarkable feature of this program, which was applied in our work. Using Aladin 
program we can investigate the objects even on our own pictures. For this purpose we need to load this 
picture from the local data storage as shown in the Figure 3. 
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Figure 3. We load our astrophoto in the Aladin program by the menu item “Load local file...”. 

After picture loading we should bring into correlation with the coordinates of the sky. This               
function is available as the item “Astrometrical calibration” in the tab “Image” (Fig. 4, left). For this                 
process the one loaded picture and one catalogue are needed to match the objects on both images. If we                   
don’t use the catalogue, we should know the coordinates of matching stars on the picture. 
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Figure 4. Left - choosing the item “Astrometrical calibration”. Right - Calibration of the image 

by 5 matching stars. 

To fit our photo to the coordinates we point several stars on the photo and repeat pointing the                  
same stars on the image of the same location from the sky survey, for example, Sloan Digital Sky                  
Survey (SDSS9, [3]). This star matching allows to set our picture according to position of imaged                
objects relatively the coordinate mesh. We select bright stars on both images and click Create to do                 
calibration (Fig. 4, right). 5 corresponding bright stars were selected and marked in the photo and in                 
the program. 

After the picture calibration we can superimpose any star or deep sky catalogue on our photo to                 
identify objects on it. We connect the database “Simbad” [4] and use the filter to sign the names of the                    
objects. 
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Figure 5. Applying the filter to write all the object types on the image. 
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As the result we get our photo with all the objects that are in the database “Simbad”.  
 

 

Figure 6. Leo Triplet photo with the superimposed SIMBAD database objects. 

Having selected all the objects, we get a table with their data (Fig. 7). Since we only need                  
quasars, we sort the objects by name. Objects with main type “QSO” (Quasi-Stellar Object) we need.  
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Figure 7. Table of detailed information of the selected objects sorted by object type. 

All the quasars we found in the photo are listed in the Table 1, where the Name of each quasar,                    
coordinates (RA and Dec), type of the object, redshift z and corresponded to z the radial velocity of                  
quasar are shown. 

Table 1. The list of quasars with parameters found in the astrophoto using the Aladin program.  

Name id Right 
ascension,  
hh mm ss 

Declination,  
°  ‘  “ 

Main 
type 

Radial velocity, 
km/s 

Redshift 
z 

SDSS 
J111914.03+133823.5  

11 19 14.03213  +13 38 23.5660  QSO 252214.6549  2.406200  

SDSS 
J111918.65+134511.1  

11 19 18.657  +13 45 11.15  QSO 243263.7160  2.099472  

SDSS 
J112018.38+132620.0  

11 20 18.38670  +13 26 19.9691  QSO 272485.2750  3.577886  

SDSS 
J111929.74+130604.8  

11 19 29.742  +13 06 04.86  QSO 255489.4331  2.540300  

SDSS 11 18 18.84014  +12 55 55.6292  QSO 253008.2685  2.437437  
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http://simbad.u-strasbg.fr/simbad/sim-id?Ident=SDSS+J111914.03%2B133823.5&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=SDSS+J111914.03%2B133823.5&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=SDSS+J111918.65%2B134511.1&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=SDSS+J111918.65%2B134511.1&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=SDSS+J112018.38%2B132620.0&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=SDSS+J112018.38%2B132620.0&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=SDSS+J111929.74%2B130604.8&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=SDSS+J111929.74%2B130604.8&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=SDSS+J111818.84%2B125555.6&NbIdent=1


 

J111818.84+125555.6  

2RXP 
J112028.8+132416  

11 20 29.41098 +13 23 57.6878  QSO 156665.9665  0.785832  

2XMM 
J111935.4+133352  

11 19 35.35564  +13 33 51.9120  QSO 75340.7792  0.292800  

2XMM 
J111830.7+131433  

11 18 30.71389  +13 14 33.6487  QSO   

QSO B1117+136  11 19 48.21101  +13 19 37.9555  QSO 252462.5947  2.415877  

2XMM 
J111832.4+130732  

11 18 32.44703  +13 07 32.6558  QSO 166526.0260  0.870600  

2XMM 
J111918.8+130316  

11 19 18.832  +13 03 16.86  QSO 151832.9600  0.747100  

2XMM 
J112009.0+124742  

11 20 08.94554  +12 47 43.8738  QSO 248990.6094  2.286704  

SDSS 
J112014.46+124347.5  

11 20 14.465  +12 43 47.55  QSO 245816.7379  2.179374  

SDSS 
J112050.67+130101.8  

11 20 50.676  +13 01 01.87  QSO 248045.8196  2.253757  

SDSS 
J112017.09+130638.1  

11 20 17.099  +13 06 38.12  QSO 258148.2430  2.660300  

2XMM 
J112039.8+133620  

11 20 39.82820  +13 36 20.4928  QSO 98603.7680  0.407200  

QSO B1115+140  11 18 30.23046  +13 45 01.5056  QSO 211810.9652  1.411410  

QSO J1120+1332  11 20 14.74134  +13 32 27.8564  QSO 179161.2168  0.992585  

QSO B1117+137  11 20 11.85056  +13 31 22.6224  QSO 244897.9818  2.150000  

QSO B1118+1352  11 20 41.567  +13 35 50.29  QSO 252821.0821  2.430000  

2MASS 
J11204512+1304051  

11 20 45.15243  +13 04 05.1879  QSO 227074.1900  1.691712  

2MASS 
J11201961+1303201  

11 20 19.62612  +13 03 20.1266  QSO 79849.8153  0.313810  

1WGA J1118.7+1242  11 18 46.12413  +12 41 38.6780  QSO 199122.0791  1.226190  

[VV2006] 
J111928.5+130250  

11 19 28.37916  +13 02 51.1235  QSO 251894.4322  2.393810  

QSO B1118+1354  11 21 06.07166  +13 38 24.8975  QSO 237738.2287  1.943174  

9 

http://simbad.u-strasbg.fr/simbad/sim-id?Ident=SDSS+J111818.84%2B125555.6&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2RXP+J112028.8%2B132416&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2RXP+J112028.8%2B132416&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2XMM+J111935.4%2B133352&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2XMM+J111935.4%2B133352&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2XMM+J111830.7%2B131433&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2XMM+J111830.7%2B131433&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=QSO+B1117%2B136&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2XMM+J111832.4%2B130732&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2XMM+J111832.4%2B130732&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2XMM+J111918.8%2B130316&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2XMM+J111918.8%2B130316&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2XMM+J112009.0%2B124742&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2XMM+J112009.0%2B124742&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=SDSS+J112014.46%2B124347.5&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=SDSS+J112014.46%2B124347.5&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=SDSS+J112050.67%2B130101.8&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=SDSS+J112050.67%2B130101.8&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=SDSS+J112017.09%2B130638.1&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=SDSS+J112017.09%2B130638.1&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2XMM+J112039.8%2B133620&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2XMM+J112039.8%2B133620&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=QSO+B1115%2B140&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=QSO+J1120%2B1332&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=QSO+B1117%2B137&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=QSO+B1118%2B1352&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2MASS+J11204512%2B1304051&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2MASS+J11204512%2B1304051&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2MASS+J11201961%2B1303201&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2MASS+J11201961%2B1303201&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=1WGA+J1118.7%2B1242&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=%5BVV2006%5D+J111928.5%2B130250&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=%5BVV2006%5D+J111928.5%2B130250&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=QSO+B1117%2B139&NbIdent=1


 

QSO B1117+139  11 19 46.94401  +13 37 59.2257  QSO 240586.2601  2.021103  

QSO J1120+1340  11 20 26.20460 
11 20 48.99434  

+13 40 24.6511  QSO 178174.4858 0.982440  

2XMM 
J112048.9+133822  

11 20 26.20460 
11 20 48.99434  

+13 38 21.9231  QSO 117458.1489  0.512740  

 
You can click on the name of the object in the table from the Figure 7. Thus, we follow the link                     

to "Simbad", which provides information about the object (Fig. 8). 
 

 
Figure 8. Extended information about the object from the “Simbad” database. 

To get the spectra of quasars we use the SkyServer of SDSS DR15 [5]: 
http://skyserver.sdss.org/dr15/en/tools/chart/navi.aspx 
Unfortunately, not all quasars have spectra in this tool, thus we omitted several objects. For other 28                 
quasars we’ve found needed data. To choose the certain quasar from our list we use his coordinates on                  
the sky sphere and click Search. 
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http://simbad.u-strasbg.fr/simbad/sim-id?Ident=QSO+B1117%2B139&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=QSO+J1120%2B1340&NbIdent=1
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2XMM+J112048.9%2B133822+&submit=submit+id
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=2XMM+J112048.9%2B133822+&submit=submit+id
http://skyserver.sdss.org/dr15/en/tools/chart/navi.aspx


 

 
Figure 9. Site of skyserver, service that provides access to objects spectrum.  

We see the spectrum image with noted lines of chemical elements presented in the source (Fig.                
10). One can check manually the redshift of the object by calculating it, if the wavelengths of emitted                  
and observed light are known. 
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Figure 10. Non-interactive spectrum with signed spectral lines of some chemical elements. 

It is difficult to estimate precisely the wavelength λ of observed spectral lines only by image.                
For detailed analysis we use the Interactive spectrum, which is available in the DR15 Navigation tool.                
We click the button Quick Look or Explore and then Interactive spectrum. This online instrument               
allows one to work carefully with spectral data, zoom in and out certain ranges, show the emission and                  
absorption lines separately, approximate and smooth the spectra (Fig. 11). 

 
Figure 11. Interactive spectrum of the quasar. 
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Figure 12. Precise definition of the observed wavelength of He II spectral line. ​5588.7 Å is the 

observed λ, 1640 Å - emitted λ​0​. 

Using the Interactive spectrum we define λ observed (data from the spectrum) and λ​0 emitted               
(real value of the wavelength, in vacuo, without the source movement relatively the recording              
instrument). Then using by the following equation: 

 
we calculate the redshift of each quasar. 

The recession of space objects is known to be associated with the Universe expansion              
according to the Hubble’s law. If the object is moving only due to this expansion, it is known as the                    
Hubble flow. 

 
Results 

Using the Cosmological calculator [6]:  
http://www.astro.ucla.edu/~wright/CosmoCalc.html  
we obtained the light travel time and comoving radial distance for each quasar. Light travel time is the                  
time taken by light to travel the distance to us. The comoving radial distance is the distance between                  
two points, measured along the path that is currently defined at cosmological time. For objects moving                
with the Hubble flow, it is considered constant in time. Utilizing the Hubble parameter H​0​, matter                
(Omega​M​) and dark energy density (Omega​vac​) relationship implemented into the calculator and our             
redshift value we are able to calculate all the parameters listed in the Figure 13. By default, the H​0​,                   
Omega​M and Omega​vac values are used from the paper (Bennett et al) [7]. Instead of this we decided to                   
use updated values from a new work (Aghanim N. et al. Planck 2018 results. VI. Cosmological                
parameters) [8]. 
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Figure 13. Cosmological calculator with inserted updated parameters. 

A new data about cosmological parameters gives the next values: 
H​0 ​= 67.4; 
Omega​M ​= 0.315, and from the relationship Omega​M + Omega​vac = 1, that corresponded to the flat                 
Universe: 
Omega​vac​= 0.685 

 
We calculated a number of parameters for each quasar from our photo. The light travel time is                 

measured in Gyr - billions of years, comoving radial distance - in Gly - billions of light years. We                   
distributed quasars into groups and recorded their data obtained using a cosmological calculator: 
 
Table 2. Group Ⅰ ​(Redshift  0 < z < 0.9) 

Name id Redshift z Light travel time, Gyr Comoving radial 
distance, Gly 

2XMM J111935.4+133352  0.292800  3.470 3.944 

2XMM J111832.4+130732  0.870600  7.387 10.003 

2XMM J111918.8+130316  0.747100  6.766 8.881 

2XMM J112039.8+133620  0.407200  4.489 5.317 

2MASS J11201961+1303201  0.313810  3.669  4.203 

2XMM J112048.9+133822  0.512740  5.302 6.504 

 
Table 3. Group Ⅱ ​(Redshift 0.9 < z < 2.5) 

Name id Redshift z Light travel time, Gyr Comoving radial 
distance, Gly 
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SDSS J111914.03+133823.5  2.406200  11.078 19.100 

SDSS J111918.65+134511.1  2.099472  10.674 17.789 

SDSS J111818.84+125555.6  2.437437  11.115 19.224 

2RXP J112028.8+132416  0.785832  6.970 9.242 

2XMM J112009.0+124742  2.286704  10.932 18.610 

SDSS J112014.46+124347.5  2.179374  10.789 18.147 

SDSS J112050.67+130101.8  2.253757  10.889 18.470 

QSO B1115+140  1.411410  9.305 14.062 

QSO J1120+1332  0.992585  7.920 11.033 

QSO B1117+137  2.150000  10.747  18.017 

QSO B1118+1352  2.430000  11.106 19.195 

2MASS J11204512+1304051  1.691712  9.962 15.735 

1WGA J1118.7+1242  1.226190  8.765 12.810 

[VV2006] J111928.5+130250  2.393810  11.064 19.051 

QSO B1118+1354  1.943174  10.429 17.048 

QSO B1117+139  2.021103  10.555 17.424 

QSO J1120+1340  0.982440  7.878 10.950 

QSO B1117+136  2.415877  11.090 19.139 

 
Table 4. Group Ⅲ​ (Redshift 2.5 < z) 

Name id Redshift z Light travel time, Gyr Comoving radial  
distance, Gly 

SDSS J112018.38+132620.0  3.577886  12.042 22.878 

SDSS J111929.74+130604.8  2.540300  11.229 19.622 

SDSS J112017.09+130638.1  2.660300  11.352 20.066 

 
We see a big number of quasars in the second group, that may be due to the weak brightness of the                     
most distant objects, that should be presented widely in the third group.  
 
 

15 



 

Conclusions 

We developed a technique of analyzing the astronomical photos, used the redshift calculations             
by spectra analysis and defined on this basis the distance to the objects. It was interesting investigation,                 
we learned about an incredible picture of our Universe, about the objects with extremely high density,                
temperature, luminosity, velocity and age comparable with the age of the whole Universe. We              
personally observed the Doppler shifts of the spectral lines and calculated the velocities of quasars               
equal the tens of percents of speed of light! Especially enjoying is to study the astrophoto taken nearby                  
our native city. 

Concerning our attitude, we tried to be scientists, learned new professional astronomical            
programs, resources and interactive tools, new methods of scientific research such as spectral analysis,              
working with databases and science literature. We realized that science - it is very exciting and                
accessible for everyone. 
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