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1. Introduction  
 

I study at lyceum No. 130 that is located in the Novosibirsk scientific center. 
The scientific center was founded in 1959 by a Soviet mathematician and physicist 
M.A. Lavrentiev and our school is named after him. In 2020 – the year of 120-th 
birth anniversary of M.A. Lavrentiev, our lyceum has added new laboratory building 
for high school students with majors in chemistry, biology or physics.  

I joined Physics and Astronomy lab in March 2022 and started working on the 
project observations soon after that. We were monitoring the on-line data base [1] 
with an idea to find a bright supernova candidate as soon as possible, before its 
maximum brightness. Luckily, soon we noticed a good candidate SN2022hrs 
discovered on April 17 by the Japanese amateur astronomer Koichi Itagaki in the 
galaxy NGC4647, so we started observations without any further delay.   

 

2. What are supernovae? 
 

 Surprisingly, the term supernova is just the opposite to what is happening in 
reality. This is not the birth of a new star but death of a star in a huge explosion event. 
Terms “nova” and “supernova” came to us from times when people thought that stars 
never change and if they noticed some changes in the skym they call those stars as 
nova – that just means new.  

There are several types of supernova explosions. Among all, there is one 
particular type – type Ia. This type of explosions happen in systems of binary stars. 
This type of supernova explosions is of particular importance to astronomers as its 
power is always about the same. Thus, if we measure the maximal visible brightness 
of the explosion, and we know it’s true power, we can calculate how far from us the 
explosion occurred!  

Since the power of the supernova explosions is soooo huge, we can observe 
them from the very far away, even from the edge of the Universe! This type of 
supernova was used to measure the expansion of our Universe and to study how the 
Universe was born about 14 billion years ago and how it evolves since then. 



3. Equipment and measurements 
 

Measurements were carried out on a specially equipped site on the roof of the 
laboratory building of the lyceum 54°49'56.3"N 83°06'28.2"E and in the dedicated 
expedition away from the city lights. The equipment, we used in this project consists 
of the following elements:  

1)  computerized equatorial mount Sky Watcher AZ-EQ6 Pro with tripod;  
2)  Esprit 150ED f/7 refractor with 150 mm objective diameter;  
3)  photometric filter Johnson/Bessel-V and B by Baader;  
4)  monochrome digital camera ZWO ASI2600MM; 
5)  software packages: N.I.N.A., PixInsight, and AstroImageJ;  
6)  Excel spreadsheets to automate calculations.  

 

 
Fig.1: Our telescope setup. 



An overall view of the telescope setup is shown in Fig. 1. We did the first 
measurement on April 24, 2022. I participated only helping to set up the telescope 
in the evening and do tests that it works properly. Usually it took all night to make 
all preliminary tests and then do the measurements. There two types of 
measurements for the night, with two color filters – filter V and filter B. Filter V is 
transparent only for green light and filter B – only for blue light. Observations with 
different filters helps to get more information about stars. Professional astronomers 
also use filters of other colors. 

Unfortunately, the weather was very cloudy in spring 2022 and we were able 
to make only six observations before the galaxy NGC4647 became unobservable in 
our region. One our observation is shown in Fig. 2, where SN2022hrs is marked with 
lines. All the original Fits files are available from google drive [2]. 

 

 
Fig. 2: One our observation of SN2022hrs. Also shown are galaxies NGC4647 and M60. 

 

4. Photometric calibration  
 

To measure brightness of a star in magnitudes we need to learn how to convert 
brightness in camera units (ADU) into magnitude, that is to perform the photometric 



calibration of the image. To achieve this goal, we use catalogue of photometric stars 
provided by AAVSO [3]. I put the name of the supernova SN2022hrs into AAVSO 
on-line form and got the map and the list of confirmed non-variable stars near the 
object as shown in Fig.3. In total I selected 9 stars with magnitudes in the range from 
12 to 17. Also, I left star number 142 from AAVSO table to use it as a control star 
to check if I do my measurements correctly. 

 

 
Fig.3: Photometric stars around NGC4647 from the AAVSO data base. 



 Next, I learned from my supervisor how to 
use AstroImageJ [4] software to do photometric 
measurements. I selected parameters for the star 
circle and sky annulus as recommended by the 
software, see Fig.4. Central circle (shown in green 
in Fig.4) is used to calculate total brightness of the 
star plus sky and the annulus (shown in red) is to 
measure average sky brightness around the star.  

I measured brightness of all calibration 
stars in ADU units. One example of photometry 
measurements is shown in Fig. 5. A lot of calculations is required to do calibration. 
To automate it, I fill the Excel table. The Excel table with calibration results for one 
of our observation is shown in Fig.6. 

 

 
Fig. 5: Photometry of calibration stars (red) and supernova (green) in AstroImageJ.

Fig. 4: Photometry with AstroImageJ



 

 
Fig. 6: Screenshot of Excel spreadsheet for photometric calibration.

 

To visualize results of my measurements, I made a graph with known 
brightness of calibration stars from the catalogue versus the quantity −2.5 lg 𝐿, 
where 𝐿 is the star brightness in ADU units that I measured. I learned from my math 
teacher what logarithms are while working on this project. Using Excel functions, I 
approximated the data with a line and got coefficients for the line. Now, I can use 
these coefficients to calculate the brightness of the Supernova! I did this analysis for 
every observation and put the results in yet another Excel table, see Fig. 6. 

Finally, I was ready to do analysis of the results. 

 



 
Fig. 6: Final Excel table with photometric results for SN2022hrs.

 

5. Data analysis  
 

First, I have to check if the brightness of the control star is constant and its 
value agrees with the AAVSO catalogue value. The result is shown in Fig. 7. I can 
see that the measured brightness of the check star is very close to its value from the 
AAVSO catalogue. 

Bright supernova explosions always attract a lot of attention from both, the 
professional astronomers and enthusiasts like us. So, we decided to compare our 
results with measurements by other observers and downloaded the data on 
SN2022hrs from the open AAVSO data base. Indeed, there are a lot of them! In Fig.8 
I show comparison of our results with other observations. 

Fig. 7: Photometry of the check star. Points show the measured values (green 
for V filter and blue for B filter) and dashed lines show the catalogue values.  



 The unique feature of supernova type Ia is that it can be used as a “standard 
candle” to measure distance to the most distant galaxies in the Universe! The 
complete analysis is quite complicated but in its simple form we can just use the 
maximal brightness of the supernova to estimate the distance. Again, we were lucky 
that our measurement on May 1st was just about at the maximum brightness of the 
explosion. So, I used that measurement and formula from paper [5] to calculate the 
distance 

𝑑 = 10
,-./01/

, = 10
,-23.4-25.,

, = 27.5	Mpc. 

 

This is surprisingly close to the professional estimations of 24.5 Mpc. This 
means that in reality the explosion happened 80-90 million years ago, when the 
dinosaurs ruled the Earth! 

 

6. Conclusion 
It was a very exciting time for me while working on the project. I have learned 

a lot in astronomy, math and computing. I saw the light that was traveling through 
the outer space for many millions of years! I think astronomy is the coolest science! 
My results were submitted by my supervisor to the AAVSO data base, so other 
astronomers can now use them. In Fig. 9 there is a screen-shot from the AAVSO web 
page were my results are highlighted in orange. 

Fig. 8: Comparison of my results with other measurements from the AAVSO data base.



 

 
Fig. 9: A screen-shot of the AAVSO web page with my results highlighted in orange. 
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