
 

~ 20 ~ 

International Journal of Physics and Applications 2023; 5(1): 20-23 

 
E-ISSN: 2664-7583 

P-ISSN: 2664-7575 

IJOS 2023; 5(1): 20-23 

© 2023 IJPA 

www.physicsjournal.in 

Received: 03-01-2023 

Accepted: 16-03-2023 

 

Kalpana Singh 

Institute of Technology & 

Management Bakshi Ka Talab, 

Lucknow, Uttar Pradesh, India 

 

Anoop Kumar Singh 

Department of Geology, 

University of Lucknow, 

Lucknow Uttar Pradesh, India 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding Author: 

Kalpana Singh 

Institute of Technology & 

Management Bakshi Ka Talab, 

Lucknow, Uttar Pradesh, India 

 

Occurrences of different types of Solar Flares with 

Sunspot number during solar cycle 23-25 

 
Kalpana Singh and Anoop Kumar Singh 
 

DOI: https://doi.org/10.33545/26647575.2023.v5.i2a.73 

 
Abstract 
In this study, we analyzed different types (C, M, and X classes) of X-ray solar flares occurring in sunspot 

groups. We have made an attempt to study the occurrence of (X, M ,C & B)- class flares and Sunspot 

number during the period 1996 - 2023, the occurrence of total number of (X, M, C & B) class flares are 

92, 203, 105 and 06 respectively. This review focuses on recent observations in EUV, soft and hard X-

rays, white light, and radio waves. The number of sunspots seen on the surface of the sun, changes from 

year to year. This rise and fall in sunspot counts is a cycle. The sunspot cycle begins at a maximum and 

increases as the interior magnetic field becomes increasingly distorted as sunspot activity increases the 

distance between the equator of the sun and the newly formed bipolar group decreases. Sunspot 

maximum is recognized by containing numerous sunspots with the latest pair being near 12 and 8 degrees 

solar latitude north to south. 
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1. Introduction  

A flare is defined as a sudden, rapid and intense variation in brightness. A solar flare occurs 

when magnetic energy that has built up in the solar atmosphere is suddenly released. Radiation 

is emitted across virtually the entire electromagnetic spectrum, from radio - waves at the long 

wavelength end, through optical emission to X-rays and gamma rays at the short wavelength 

end. The amount of energy released is the flood of X – rays emitted during a solar flare greatly 

increases the number of charged particles in the ionosphere. Sunspots are strong magnetic-

field concentrations in the solar atmosphere. They appear dark in white-light images because 

of their low temperature, which is due to suppressed convection in the magnetized plasma 

regions that leads to lower energy flux into a sunspot as compared to their surroundings. 

Sunspots are transient phenomenon with a lifetime that can vary from a few days to a few 

weeks or even months. Complexity of the magnetic fields and the degree of their non-

potentiality are responsible for occurrence of solar flares, which are manifested as sudden 

increase of chromospheric and coronal (as well as photospheric in the case of strong flares) 

brightening observed on the solar disc over a wide range of solar spectra (Švestka 1966). 

Flares are indirectly associated with accelerated high-energy particles, coronal mass ejections 

(CMEs), and geomagnetic storms. Solar material heated to millions of degrees overcomes the 

resistance of the solar coronal magnetic fields and escapes into interplanetary space during an 

eruption. The typical amount of energy released during a solar flare can range between 1027 

and 1032 erg depending on the flare type (e.g. Fletcher et al. 2011). Flares reach their 

brightness peak in a very short time and then fade gradually away (Singh, 2012) [48]. They 

affect all the outer layers of the solar atmosphere (photosphere, chromosphere, and corona), as 

well as the near-space environment and ground-based infrastructures (pipelines and electricity 

grids, etc.) on the Earth. During these events, electrons, protons, and heavy ions can be 

accelerated up to speeds close to the speed of light and the magnetic energy is released in all 

ranges of the electromagnetic spectrum. It is known that faster CMEs are typically associated 

with more powerful solar flares (Moon et al. 2002) [23]. If a CME erupts in the Earthward 

direction it can produce a strong geomagnetic storm, which may have destructive effect on the 

Earth and near-space environment infrastructure, such as pipelines, electronic systems, GPS 

and navigation, satellites, etc. In general, strong flare activity mostly occurs in complex 

sunspot groups. This causes the level of the ionosphere to shift the pattern of long range radio 

communication. New Results from the Spectral Observations of Solar Coronal Type II Radio  
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New Results from the Spectral Observations of Solar Coronal 

Type II Radio Bursts (Ramesh, R. et al., 2022; Singh et al., 

2017a, b, 2023a, b; Tripathi et al., 2013) [28, 43]. 

 

2. Selection Criteria & Data analysis 

Most solar flares occur in or closed to growing or disturbed 

active regions, with the largest flare often associated with 

gamma and delta spot groups. Solar flare can often be 

grouped into two classes, compact and major compact flares 

which are usually smaller and more frequent than major 

flares. Major flares often cover large areas of the sun and 

cause pelage brightening expanding outward across the solar 

disk. Flares seen on the solar disk frequently show two areas 

of emission on either side of magnetic inversion line, because 

energy released anywhere in the flare tube will rapidly heat 

surface at its footprints where it meets the surface. The solar 

active region and associated processes produce a host of 

phenomena such as emission of soft thermal and hard non – 

thermal X – ray and different types of bursts in radio region, 

characterized by different frequency time evolution. 

Association of radio burst with solar cycle has been discussed 

in the literature (Gupta et al., 2006) In the present study we 

have analyzed the radio bursts (II type) and their relationship 

with solar flare occurred during solar cycle 23, 24 & 25. The 

radio bursts data has been taken from the GOES satellite 

which is supported by National Geophysical Data Center 

(NGDC) ftp://ftp:ngdc.noaa.gov/. For the present study we 

have considered the monthly observed different types (II type) 

of radio bursts and X class & M class solar flare data from the 

various reporting stations published in the solar geophysical 

data. The white-light CME is observed by the Large Angle 

Spectrometric Coronagraph (LASCO, Brueckner et al. 1995) 
[3] on board the Solar and Heliospheric Observatory (SOHO) 

and the Sun Earth Connection Coronal and Heliospheric 

Investigation (SECCHI, Howard et al. 2008) on board the 

Solar Terrestrial Relations Observatory (STEREO). The 

combined SOHO and STEREO images help us track the CME 

from the Sun to Earth. We use OMNI data 

(https://omniweb.gsfc.nasa.gov/) to describe the plasma and 

magnetic properties of the interplanetary CME. 

 

3. Results and Discussion 
The occurrences of total number of X and M class flares have 

the significant association with the general level of solar 

activity during solar cycle 23 which shows the positive 

correlation between the solar cycle 23. Whereas the 

occurrences of X & M class are not well defined during solar 

cycle 24 & 25 which shows the indistinct behavior and do not 

exactly follow the phase of solar cycle. (fig.1 & fig. 2) Singh 

et al., 2017a, b, 2023a,b. 

 

 
 

Fig 1: Shows the occurrences of total number of X class flares during solar cycle 23, 24 & Current solar cycle 25. 

 

 
 

Fig 2: Shows the occurrences of total number of M - class flares during solar cycle 23, 24 & Current solar cycle 25. 
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The occurrences of total number of C and B class flares have 

the significant association during solar cycle 23 & 24 which 

positively follow the general level of solar activity and show 

the distinct behavior. Whereas the occurrences of C & B class 

flares are not well defined during current cycle, which shows 

the indistinct behavior and do not exactly follow the phase of 

solar cycle 25. (fig.3 & fig. 4). 

 

 
 

Fig 3: Shows the occurrences of total number of C - class flares during solar cycle 23, 24 & Current solar cycle 25. 

 

 
 

Fig 4: Shows the occurrences of total number of B - class flares during solar cycle 23, 24 & Current solar cycle 25. 

 

4. Conclusions 

It is found that the results indicate that the disturbances 

observed in space near earth are dominated by the level of 

solar activity in general and the complex and intense magnetic 

field behavior of solar active regions in particular on the solar 

surface. Due to the peculiar behavior of particular solar active 

regions some time disturbances shows deviation from general 

level of solar activity cycle.  
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