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Abstract.  

This article shows the results of determination of some statistical characteristics (break 

frequency and exponent of power spectrum and cross - correlation coefficient between signals 

at two frequencies) of the interplanetary and ionospheric radio stars scintillations in the 

frequency range 20 to 30 MHz. These statistical characteristics have been obtained by 

processing synchronous scintillation data from two radio telescopes UTR-2 and URAN-2 

belonging to Ukrainian low frequency system URAN (operating frequency range of the radio 

telescopes is 8 to 32 MHz, decameter wavelengths). The data processing with record statistics 

for decameter wavelengths has shown that mentioned above statistical characteristics are 

essentially different for interplanetary and ionospheric scintillations. The results obtained in the 

article can be used at decameter wavelengths for: improving techniques used for obtaining the 

interplanetary and ionospheric plasma parameters, separation of the interplanetary and 

ionospheric scintillations, estimation of their effects on low frequency radio astronomical 

observations. 

Introduction 

When conducting low frequency radio astronomical observations from Earth’s surface, the 

main source of errors and an important interfering factor is the influence of irregularities in the 

interplanetary and ionospheric plasma. To estimate these effects, it is necessary to know 

scintillation characteristics on the specified media with sufficient statistics. Also, the better we 

know scintillation characteristics the more sophisticated technique can be created and used for 

data processing and obtaining the parameters of the interplanetary and ionospheric plasmas. 

The statistical characteristics of the interplanetary scintillations are well known at high 

frequencies (higher or about 100 MHz) [see e.g. Cohen et al., 1966; Salpeter, 1966; Shishov 

and Shishova, 1979; Fallows et al., 2008 and others] at least in the weak scattering case. This 

cannot be said about the decameter range of radio waves. There is a small set of works made in 

the last century based on episodic observations [Bovkoon and Zhock, 1981a, Bovkoon and 

Zhock, 1981b]. Among other things, this is due to the relative complexity of scintillation 

observations in the discussed frequency range when the operating frequencies are close to the 

critical frequency of Earth’s ionosphere and when there exist a relatively large level of human 

made interference. The ionospheric scintillation characteristics are better known [see e.g. 

Crane, 1972, Rashkovsky, 2004] although there are some debatable issues here too [Fallows et 

al., 2016]. The purpose of this work was to estimate break frequency and exponent of power 

spectrum as well as cross - correlation coefficient between signals at two frequencies for the 

interplanetary and ionospheric scintillations in the operating frequency range 20 to 30 MHz 

with record statistics for decameter range. 
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Observations 

Since 2001, we have regularly carried out scintillation observations [Kalinichenko, 2009; 

Kalinichenko et al. 2019; Kalinichenko et al., 2021] with URAN radio telescope system 

containing 5 radio telescopes including the largest in the world decameter radio telescope UTR-

2 [Konovalenko et al., 2016] (Fig. 1). Ukrainian low frequency radio telescopes are situated 

throughout the Ukraine (UTR-2 – Grakove, URAN-1 – Zmiiv, URAN-2 – Poltava, URAN-3 – 

Lviv, URAN-4 – Odesa). The operating frequency range of the radio telescopes is 8 to 32 MHz 

(decameter range).  
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Fig.1. Outward appearances of Ukrainian decameter radio telescopes: a) - UTR-2, b) - URAN-

1, c) - URAN-2, d) - URAN-3, e) - URAN-4). 
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Fig. 2 shows an example of the registration of scintillations by using radio telescopes UTR-

2 and URAN-2. These are so-called dynamic spectra (intensity on plane time vs frequency). 

 

 

Fig.2. Dynamic spectra of scintillations registered by using the radio telescopes UTR-2 (a) and 

URAN-2 (b).  

Data processing 

To achieve our goal, we have analyzed scintillation data from the radio telescope UTR-2 

and the radio telescope URAN-2 obtained synchronously since 2015, for 5 years, in the same 

month, in November. The observations session lasted as usually for 7 days. We have analyzed 

scintillations among many others of three sources. One of them is the radio galaxy Virgo A and 

two others are the supernova remnants Cassiopeia A and Crab Nebula. These are the most 

powerful radio sources at decameter wavelengths in the sky. Cassiopeia A and Virgo A 

scintillate only on the irregularities of Earth’s ionosphere while Crab Nebula shows the 

interplanetary scintillations too. So we could obtain statistical characteristics both of the 

interplanetary and ionospheric scintillations.  
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Data processing consists in estimation of power spectrum ( )P  (1) and the cross-

correlation coefficient between signals at two frequencies selected at the edges of the range 20 

to 30 MHz (2):  

     
,/)( )(

2
TP F  

                                          (1) 

where ( )F  is Fourier transform of ( )I t process,  is the fluctuation frequency, T is the 

duration of time series.  
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Fig. 3 shows daily averaged values for two important parameters of scintillations spectrum: 

break frequency (Fig. 3a) and exponent of spectrum (spectral index) (Fig. 3b).  The red 

histograms correspond to the ionospheric scintillations and blue histograms are the 

interplanetary scintillations. 
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http://www.lingvo.ua/ru/Search/Translate/GlossaryItemExtraInfo?text=%d0%a4%d1%83%d1%80%d1%8c%d0%b5&translation=Fourier&srcLang=ru&destLang=en
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Fig.3. The break frequency (a) and exponent of power spectrum (b) for interplanetary (blue) 

and ionospheric (red) scintillations .  

It is well seen that the mean values of break frequency are essentially different for the 

interplanetary and ionospheric scintillations (0.16 and 0.01 Hz correspondingly). There is an 

appreciable difference in exponent of power spectrum (3,5 and more than 4) for the 

interplanetary and ionospheric scintillations. These results are consistent with those obtained 

earlier at decameter wavelengths in the articles [Bovkoon and Zhock, 1981a] and [Bovkoon 

and Zhock, 1981b] based on episodic observations with low statistics. Our results also 

demonstrate all possible values for break frequency and exponent of power spectrum. The 

difference between power spectra of the interplanetary and ionospheric scintillations is used for 

spectral separation of these types of scintillations. And in general, the different fluctuation 

frequencies are frequently the most obvious criterion for existence of one or the other type of 

scintillations in low frequency radio astronomical data. 

 Fig. 4 shows cross - correlation coefficient between signals at two frequencies (which 

were selected at the edges of the range 20 to 30 MHz). The frequency spacing is 8 MHz. The 

red histogram corresponds to the ionospheric scintillations while the blue histogram is the 

interplanetary scintillations. It is well seen that the interplanetary scintillations are well 

correlated for mentioned above frequency spacing while ionospheric ones not. These results are 

also consistent with those obtained in earlier work at higher frequencies [Fallows et al., 2014, 

McKay-Bukovski et al., 2015]. 

 
Fig.4. The cross - correlation coefficient between signals at two frequencies selected at the 

edges of the range 20 to 30 MHz. The red histogram corresponds to the interplanetary 

scintillations and the blue histogram is the interplanetary ones. 

 Conclusions 

Obtained results can be used for: improving techniques used for estimation of the 

interplanetary and ionospheric plasma parameters, separation the interplanetary and 

ionospheric scintillations, estimation of the interfering influence of the interplanetary and 

ionospheric plasma on radio astronomy experiments of a wide range of targets, analysis of the 

interplanetary scintillations at other frequencies.  

Acknowledgment 

This study was supported by Target Complex Program of NAS of Ukraine for Scientific 

Space Studies for 2018-2022 (projects "Ground-based support by UTR-2-URAN-GURT low-



Proceedings of 

the Тhirteenth Workshop “Solar Influences on the Magnetosphere, Ionosphere and Atmosphere”  

September, 2021 

33 Topic:   Sun and Solar Activity 

frequency radio telescope system of international and Ukrainian space missions" and “Creation 

of low-frequency radio astronomical elements and systems for the study of objects in the 

Universe from the surface of the Moon”) and the project "Instrumental and information 

connection of radio telescopes UTR-2, URAN, GURT to world networks of low-frequency 

radio astronomy". 

References 

Bovkoon, V.P., Zhouck, I.N. (1981a). Scintillations of cosmic radio sources in the decameter waveband. Part I. 

Spectra of scintillations due to ionospheric and interplanetary plasma fluctuations and the possibility of their 

separation. Astrophysics ans space science, 79, 165 – 180, 1981. 

Bovkoon, V.P., Zhouck, I.N. (1981b). Observations of compact source scintillations in the Crab Nebula and CAS 

A in the decameter range. Dopovidi Akademii Nauk Ukrains'koj RSR. Seriya A, Fiziko-Tekhnichni ta 

Matematichni Nauki, 7 ,54-57, 1981 (in Russian). 

McKay-Bukovski, D., Vierien, J., Virtanen, I.I., Fallows, R., Postila, M. Ulich, T., Wueknitz, O., Brentjens, 

Ebbendorf, N., Enell, C-F., Gerbers,M., Grit, T., Gruppen, P., Kero, A., Linatti, T., Lehtinen, M., Meulman, H., 

Norden, M., Orispaa, M., Raita, T., de Reijer, J-P., Roininen, L., Schoenmakers, A., Stuurwold, K., Turunen, E. 

(2015). Kaira: The Kilpisjarvi atmospheric imaging receiver array – system overview and first results, IEEE 

Transactions an Geoscience and remote sensing, 53, 3, 1440-1451, 2015. 

Crane, R.K. (1972) Ionospheric scintillation. Proceedings of the IEEE, 65, 2, 180 – 199, 1972. 

Cohen, M.H., Gundermann, E.J., Hardebeck, H.E., Harris, D.E., Sharp, L.E. (1966). Interplanetary scintillations. 

II. Observations. Astronomical journal, 71, 449 – 466, 1966. 

Fallows, R.A., Breen, A.R., Dorrian, G.D. (2008). Developments in the use of EISCAT for interplanetary 

scintillation, Ann Geophys. 26, 2229–2236, 2008 

Fallows, R.A., Coles, W.A., McKay-Bukowski, D., Vierinen, J., Virtanen, I.I., Postila, M., Ulich, Th., Enell, C-

F., Kero, A., Linatti, T., Lehtinen, M., Orispaa, M., Raita, T., Roininen, L., Turunen, E., Brentjens, M., 

Ebbendorf, N., Gerbers, M., Grit., T., Gruppen, P., Meulman, H., Norden, M.J.,  de Reijer, J-P., Schoenmakers 

Stuurwold, K. (2014). Broadband meter-wavelength observations of ionospheric scintillation. Journal of 

Geophysical Research, 119, 12, 10-544, 2014. 

Fallows, R.A., Bisi, M.M., Forte, B., Ulich, Th., Konovalenko, A.A., Mann, G., Vocks, C. (2016). Separating 

nightside interplanetary and ionospheric scintillation with LOFAR. The Astrophysical Journal Letters, 828, 1, 

1-6, 2016.  

Kalinichenko, N.N. (2009). A search for compact decametric radio sources in supernova remnants using the 

interplanetary scintillation technique. Astrophysics and Space Science, 319, 2-4, 131-138, 2009. 

Kalinichenko, N. N., Olyak, M. R., Konovalenko, A. A., Brazhenko, A. I., Kuhai, N. V., Romanchuk, A. I. (2019). 

Large-scale structure of solar wind beyond the Earth's orbit: reconstruction using the data of two-site 

measurements of interplanetary scintillations in the decameter radio range. Kinematics and Physics of Celestial 

Bodies, 35, 1, 17-27, 2019. 

Kalinichenko, M. M., Kuhai, N. V., Konovalenko, O. O., Brazhenko, A. I., Bubnov, I. M., Yerin, S. M., Rucker, 

H. O., Zarka, P., Lecacheux, A., Ivantyshyn, O. L., Lytvynenko, O. O., Romanchuk, O. I., Frantsuzenko, A. V. 

(2021). Investigations of cosmic sources radioemission scintillations due to interplanetary plasma irregularities 

at the Institute of Radio Astronomy, Nas Ukraine, Radio physics and radio astronomy, 26, 2, 148-164, 2021.  

Konovalenko, A., Sodin, L., Zakharenko, V., Zarka, Ph, Ulyanov, O., Sidorchuk, M., Stepkin S., Tokarsky P., 

Melnik, V., Kalinichenko, N., Stanislavsky, A., Koliadin, V., Shepelev, V., Dorovskyy, V, Ryabov, V., Koval, 

A., Bubnov, I., Yerin, S., Gridin, A., Kulishenko, V., Reznichenko, A., Bortsov, V., Lisachenko, V., Reznik, A., 

Kvasov, G., Mukha, D., Litvinenko, G., Khristenko, A., Shevchenko, V., Shevchenko, V., Belov, A., Rudavin, 

E., Vasylieva, I., Miroshnichenko, A., Vasilenko, N., Olyak, M., Mylostna, K., Skoryk, A., Shevtsova, A., 

Plakhov, M., Kravtsov, I.,  Volvach, Ya., Lytvinenko, O., Shevchuk, N., Zhouk, I., Bovkun, V.,  Antonov, A., 

Vavriv, D., Vinogradov, V., Kozhin, R., Kravtsov, A.,  Bulakh, E., Kuzin, A., Vasilyev, A., Brazhenko, A., 

Vashchishin, R., Pylaev, O.,  Koshovyy, V., Lozinsky, A., Ivantyshin, O., Rucker, H., Panchenko, M.,  Fischer, 

G., Lecacheux, A., Denis, L., Coffre, A., Grieβmeier, J-M, Tagger, M., Girard, J., Charrier, D., Briand, C., Mann, 

G. (2106), The modern radio astronomy network in Ukraine: UTR-2, URAN and GURT. Experimental 

astronomy, 42, 1, 11- 48, 2016. 

Rashkovsky, S.L. (2004). Study of decameter-wavelength ionospheric scintillations by astronomical methods 

using the URAN-1 radiotelescope. Radiophysics and Quantum Electronics, 47, 9, 631-645, 2004. 

Salpeter, E.E. (1966). Interplanetary scintillations. I. Theory. Astrophysical journal, 71, 433 – 448, 1966.  

Shishov, V.I., Shishova, T.D. (1979). Influence of source sizes on the spectra of interplanetary scintillations. 

Observations. Soviet Astronomy, 23, 3, 345-350, 1979. 

https://ui.adsabs.harvard.edu/#search/q=author:%22Kalinichenko%2C+N.+N.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Olyak%2C+M.+R.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Konovalenko%2C+A.+A.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Brazhenko%2C+A.+I.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Kuhai%2C+N.+V.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Romanchuk%2C+A.+I.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Kalinichenko%2C+M.+M.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Kuhai%2C+N.+V.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Konovalenko%2C+O.+O.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Brazhenko%2C+A.+I.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Bubnov%2C+I.+M.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Yerin%2C+S.+M.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Rucker%2C+H.+O.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Rucker%2C+H.+O.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Zarka%2C+P.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Lecacheux%2C+A.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Ivantyshyn%2C+O.+L.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Lytvynenko%2C+O.+O.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Romanchuk%2C+O.+I.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Frantsuzenko%2C+A.+V.%22&sort=date%20desc,%20bibcode%20desc



