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THE CONTINUOUS SPECTRUM OF SOLAR FLARES

AS THE BLF-WLF PROCES OF A CURRENT SHEET EVOLUTION
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Abstract. It is shown that the continuous spectrum of solar flares arises in the chromospheric condensed layer of flaring plasma. The condensed layer is characterized by temperatures from 8000 to 10000 K, plasma densities of about 1017-1018 cm-3 and lengths along the line of sight of about 10- 100 km. While the density of plasma within the layer is 1017- 5 1017 cm-3 and its temperature is rather low, the condensed layer just scatters the photosphere radiation thus giving rise to the so-called "Black Light Flares" (BLFs). The "White Light Flares" (WLFs) occur in the same layer at the plasma density of 5 1017-2 1018 cm-3 and temperature of 8000-10000 K. It turns out that the negative ion of hydrogen is in fact the source of radiation for both the BLFs and WLFs. We have revealed some regularity in the development of the BLFs and WLFs within the general pattern of a flaring process. The evolution of the BLF-WLF system is governed by a mere growth of the plasma density in the condensed layer with the progress of time.

The condensed layer occurs at the onset of a flare and, according to our calculations and observations, its density increases with time steady. Our results allow us to make the conclusion about the detection of a current sheet in solar flares. We present the first observational evidence of the interaction of magnetic fields revealed from spectrograms taken during the flare of July 15, 1981.
1.Introduction

The occurrence of a broad-band optical brightening in the continuous radiation (the White Light Flare or WLF) in some flares is well known for both the Sun and other stars. Svestka (1976) has named it as the "b"- type radiation, which is “a short-lived continuous radiation of large flares on the disc". The WLF- radiation of type "b" correlates exactly with the flash- phase of a flare, namely, with the hard X-ray (HXR), extreme ultra-violet (EUV) and microwave radiation. These types of radiation are considered to connect with the primary process of flare energy release. Along with a “white light” flare there exists a phenomenon of a "negative" or Black Light Flare (BLF). This is a broad-band depression in the optical curve of brightness (Henoux et al., 1990; Driel-Gesztelyi et al., 1994). The two-dimensional CCD-photometry of eshele spectra of solar flares at the Astronomical Observatory of Kiev University has allowed us to reveal the BLFs in spectra (Ostapenko, 1997). Now, all flares from sub-flares to white light flares are linked into an unified BLF- WLF pattern of the flaring process. In this work we consider various signs of the occurrence of BLF-WLF and investigate the origin of the continuous radiation of solar flares.
2.Observational characteristics of WLF

Usually, the white light emission occurs as one (or sometimes more) bright kernel which is located within flare ribbons but does not move with them. Simultaneously, bright kernels appear close to (or even inside of) a sunspot penumbra (Svestka, 1976). In a sunspot group there are magnetic complexes interacting with and located closely to each other (Ichsanov and Peregud, 1989). At the site of maximum interaction the horizontal magnetic lines usually endure squeezing and, as a result, become in principle vertical. This confirms the active role by magnetic field. In addition, this indicates once more on complex space structure by active regions. Yet, WLFs look more spacious in the limb and often they remind us of H flares in shape. Neidig (1978) concluded that the strength of magnetic field in the region of a white light flare had a definite influence upon the intensity of the optical, HXR- and cm- radiation.


Both the WLF and BLF have small areas and live for a few minutes. Thus, on spectrograms for the white light flare of September 10, 1974 (Hiei, 1982), the cs-band has a width of 8" and a lifetime of 8-12 minutes. The short-lived objects of such small sizes often slip the observers’ attention at observations both with filters and spectra. Therefore, only a small portion of the really arising objects of this type has been noticed and entered in literature so far. Neidig and Cliver (1983) found that from 57 white flares registered in total up to 1982, 20 WLFs were observed during the first 100 years (1859-1958) and 15 WLFs - during the last 3 years (1979-1982). The white-light flares that are observed in 1956-1961 have compiled as catalogue by Dolginova and Korchak (1968). Observationally, the WLFs last for 1-20 minutes. The maximum of radiation in white light occurs simultaneously with the maximum of radiation in hydrogen lines.


Steshenko (1971) has measured the positions of the kernels of continuous emission in the spectra of 47 flares. He concluded that discrepancy between the continuous and discrete radiation centers was caused by their vertical stratification. This conclusion might be connected with the lack of detailed data on the time evolution of the BLF-WLF systems and with real temporal changes in them as well. In fact, Hiei (1982), based on the study of 11 white flares, introduces a more accurate description of the event. The location of a kernel emitting a WLF and the location of kernels emitting the hydrogen and metal lines often differ at the pulse phase of a flare, but on a later stage they coincide. Kernels of the WLF emission never coincide with the most active areas of flares in the HeI and HeII lines when viewed in projection on the disc. Kernels in the H are characterized by large velocities and by small (less than 1500 km) sizes (McIntosh and Donnelly, 1972). In the flare of September 10, 1974 (Hiei, 1982) the maximal intensity of continuum and emission in the Н9 and metal lines have reached simultaneously, within several minutes after the flare maximum in general.


From analyzing the spectrogram of extremely powerful (importance 3b) flare of June 15, 1991 in wavelength region 6517-6598 A, Babin and Koval (1993) found the following: a) The spectrum of the WLF-kernel essentially differs from the photosphere spectrum in that the solar absorption lines in it are completely absent. b) Emission surges with radial velocities from 300 to 2000 km/s are noticeable. The intensity of the WLF-kernels reaches 36% of that for the adjacent undisturbed continuum. c) The emission profiles of the H-line have a central absorption in contrary to the WLF-kernel. A full width of the lines is up to 40 A. The line profiles are symmetric but have a red shift of up to 0.5 A which corresponds to descending motion at the velocity of 20 km/c.


Neidig (1978) has found a detection criterion for the continuous WLF radiation in flares on the disc, which is as follows: the wings of the H line should exceed 20 A in width. Canfield (1986) revealed a blue shift in the spectrum of the X-ray lines arising at the temperature of about 10 million degrees during the impulsive phase in many solar flares. Simultaneously, a strong red shift of the H-emission with the temperature of about 10 thousand degrees is observed, and the H-line shift is closely correlated in time with the X-ray and microwave radiation. Rieger and Gan (1993) did not find any correlation between the WLF and gamma-rays from the HXBS and GRS data on SMM. They have also noted that not all of the WLFs are powerful HXR-events. Neidig and Beckers (1983) took photographs of 8 white flares using a special telescope, the so-called multi-band polarimeter. No polarization was detected in the radiation of these flares. Radiation in the visible spectral region results from excitation of the negative ion of hydrogen.
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	Fig.1a. Spectra fragments that is built by Ostapenko V.A. with the 40-channell MF-4A 

in Kiev Shevchenko university 

is illustrated 

the cs(BLF) and cs(WLF) for development process by flare on July 15, 1981.
	Fig.1b. Calculations of CS-sight that are realized by Ostapenko V.A. for the condensed hydrogen layer on the assumption of excitation by negative ions is illustrated 

the cs(BLF) and cs(WLF) process  with the plasma density increasing.
	Fig.1c. Filtered images 

of the Hale 17760 region

that are obtained 

van Gesztelyi et al. (1990)

 is illustrated

the cs(BLF) and cs(WLF) 

for development process 

by flare on July 26, 1981.



The total optical radiation of the WLF of June 6, 1991 was 1.2 1031 ergs, with radiating power being 5 1025 erg/s (Gullian and Longxiang, 1992). In the importance 3b flare of June 15, 1991, the total energy for WLF, H and surges was estimated to be 1030 ergs (Babin and Koval, 1993). The radiating power of a white kernel in the flare of September 10, 1974 was 1027 erg/s and the total energy released during the flare’s lifetime was 7 1029 ergs (Hiei, 1982). According to photometric and spectrographic data, the WLFs appear to be the most dense formations in solar optical flares (f.e., Neidig, 1989). The WLFs arise in the lower chromosphere, though some authors believe that they originate in the upper photosphere. As the polarization is absent, it is necessary to assume the existence of some plasmic condensation for explaining the WLF spectrum, which is similar to that of the photosphere (Hiei, 1982, Mauas, 1990). 

3.Observational characteristics of BLFs

The phenomenon of a "negative" or "black" flare, or a wide-band recession in the optical continuum of stars, is observed rather often. Henoux et al. (1990) and van Driel- Gesztelyi et al. (1994) studied this problem from both theoretical modelling and observational approaches. The model of a solar WLF with non-thermal ionization of the chromosphere by fluxes of electrons was examined. It was shown that under certain conditions this model predicts the occurrence of localized darkening in the solar optical continuum. 


Van Driel-Gesztelyi, et al. (1990) have presented observational data that may be considered as the first real observation of the BLF, which arises before the onset of the solar WLF. These observations were carried out at the Debrecen Heliophysical Observatory with a filter having a 100 A bandwidth in spectral region 5500 A during a 3.5- minute period prior to the maximum of WLF of July 26, 1981 just at the very beginning of the HXR (40-80 keV) burst. Optical data show significant (with contrast level in excess of 5%) darkening of the site where the WLF- brightening shortly appeared (Figure 1 in the work of Henoux et al., 1990).


Fragments of three spectrograms of the flare of July 15, 1981 taken at 08:15, 08:18 and 08:26 UT are shown in Figure 1a. On the 08:15 UT spectrogram (initial stage of the flare), metal lines are absent. There are H – H and H and K CaII lines. In the continuous spectrum of the photosphere there are no visible changes. On the 08:18 UT spectrogram (maximum of the flare), one can see a significant strengthening of the wings of the hydrogen and ionized calcium lines. The number of the Balmer lines exceeds 12. Simultaneously, the cs-band of weakened radiation arises in the photosphere spectrum. The flare lines of all other elements are located against a background of this cs-band. On the 08:18 UT fragment, emissions in the MgI 5167.33 + FeI 5167.49, FeI 5168.90 + FeII 5169.03, MgI 5172.68 and MgI 5183.62 lines are present. The HeI 3964.73 line is hardly perceptible. Its brightness is usually correlated with the width of the hydrogen line wings. At the flare end (on the 08:26 UT fragment), emission in the metal lines vanishes. Only remains of the cs-band (or the BLF) are visible. On its place, a certain rise in the level of the photosphere radiation (or the WLF) has formed. It is appropriate to recollect here the observations of Steshenko (1971) and Hiei (1982) concerning the effect of separation between the BLF and WLF radiation sites. In the flare of July 9, 1982, as well as in the flare of July 15, 1981, we have observed the effect of partial filling of the cs-band by the WLF-emission. In other words, the effect of partial filling may be recognized as the effect of separation between the BLF and WLF radiation sites.


Gan, Rieger, et al. (1992) also gave some observational and theoretical data illustrating the existence of chromospheric condensations in flares. The density of these condensations may be by one- two orders higher than the density of the surrounding atmosphere. The modelling shows that such condensations will be activated in the continuous spectrum at temperatures of the order of 9000-10000 K only. This result does not depend on the extent of warming-up of the chromosphere. Baranovsky (1990) has demonstrated a set of models for the WLF with a thin (6-12 kms) layer in the lower chromosphere. Extended wings of the hydrogen lines can be explained by a low location of a dense (N = 1022 cm-2) radiating layer. For a model with Nе = 1016 cm-3 and В = 7300-7600 K the intensity of the WLF is equal to 12%. The WLF-intensity consists of two emissions: from a layer deep-seated in the chromosphere and from the photosphere.


Neidig, Wiborg, and Gillian (1984) compared the observed center-to-limb distribution of 86 WLFs with distributions calculated for five models of flares. They arrived at the following conclusions: 1) it is impossible to represent the WLF as an optically thin high located source, as an optically thin chromospheric source, or as a photospheric source lying lower than 150 km above the В5000 =1 level; 2) the model with a photospheric source located above the 150 km level provides the best conformity with the observed distribution of 86 flares; 3) also suitable is a photospheric source located below the 150 km level taken together with a chromospheric or high located source. 


Ding, et al., (1994) deduced a semi-empirical model atmosphere for the flare of September 19, 1979 based on the observed continuum in spectral range 3590- 3990 A and profiles of the K CaII line. The model includes a much heated photosphere and, at the same time, a chromospheric structure within the limits on the area adopted in ordinary flare models. The WLFs are produced by the by H- emission in the photosphere. Under these circumstances, Ding, et al. (1994) concluded that the conventional methods of energy transfer from the corona downwards to deep layers are not effective. 

4.DISCUSSION OF the BLF and WLF MODELS

To explain the phenomenon of a "black" flare Henoux, et al. (1990) have proposed a model in which short-term darkenings of the solar atmosphere (BLFs) are caused by negative ions of hydrogen as a response of the atmosphere to the impact of fluxes of non-thermal electrons. For various parameters of such fluxes and various initial conditions of the solar atmosphere the problem of radiation transfer was solved numerically using the program, which was applied earlier for modeling the WLF. The calculations predict the possibility of occurrence of the BLFs in some places on the WLF brightness curve at the beginning of the HXR burst. The expected contrast (with respect to the photosphere) is about 15%. 


For calculating the radiation of flares many authors use the VAL model of a quiet solar atmosphere, which includes a temperature plateau close to 20000 K in the transition region. The temperature plateau was introduced for explaining the radiation observed in the Ly-alpha line of hydrogen when a local thermodynamic equilibrium is supposed. In a new version of the VAL-model (Avrett, 1991) allowing for the effects of particle diffusion the principal parameters are changed. In particular, the temperature necessary for explaining the Ly-alpha radiation without a plateau is about 40000 K. However, the calculations with flare models inclusive of a condensed layer located above the photosphere level does not guarantee reliable results when input data to them are the observed intensities of flare hydrogen lines (Ostapenko and Polupan, 1984). In addition, these models do not describe the observed profiles of the hydrogen and H and K CaII lines, they do not explain the relation between flares and magnetic fields and are void of accompanying phenomena in other ranges of wavelengths. 


At the same time, a model with a plane-parallel layer is applicable to the condensed layer considered by us. In the approximation of homogeneous distribution of parameters along the line of sight the equation for transfer of radiation takes the form: 

Ires = Isun * e- + Sobj * (1 - e-) = Iphot, + Ics ,              (1)

where

 = k- * N- * L.
(2)

 is the optical thickness of the condensed layer having length L along the line of sight. Absorption coefficient k- designed for the negative ion of hydrogen can be presented (Figure 15Р, Ambarzumjan et al., 1952) as follows: 

k- = 1 10-17 + 2.5 10-17 * [( - 2000) / 4000].

(3)

The increase of plasma density in the layer to 10+16 < Nn < 3 10+17 is accompanied by total absorption of Isun and the occurrence of a BLF-band under sufficient values of temperature T (in our case 7000-11000 K) and length L along the line of sight (1-100 km). The BLF-band gradually decays as the plasma density rises to 3 10+17 < Nn < 10+18; this is connected with the growth of intensity Ics  of the sources of own energy in the condensed layer. Finally, at Nn > 10+18, the BLF-band becomes totally filled up with white radiation i.e. replaced with the WLF-band. If our model is correct, then the evolution of the BLF-WLF system is governed by a mere rise in the density of plasma.
Ostapenko and Polupan (1984) have obtained physical characteristics for 50 flares of various power from solving a full set of equations of statistical equilibrium in the approximation of a model inclusive of a condensed layer of hydrogen plasma with the thermal mechanism of excitation. In ratios Nе/Nn and Nн/Nn signs “e” and “н” denote a bound and free states respectively. As a rule, Ne << Nn (or Nн << Nn) and the ratios are equal to unit in moment of passing the extreme point Ne = Nн. At this point parameter N-, which is represented by the Saha formula, has a maximum value. It depends on product Ne*Nн which is shown by asterisks in the Figure 2. That is why a further increase in the temperature of the condensed layer leads to decrease in intensity and fading of the WLF. These data allow us to estimate a partial ratio of the total quantity in the layer of hydrogen atoms (Nn) in various states - neutral (Nн), ionized (Ne), and as negative ions (N-). 
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Nn = Nн + Ne + N-;
N- is calculated from the Saha formula at the specified values of Nн,*Ne and T. The increase in the density of hydrogen atoms up to 1014 cm-3 transforms the condensed layer from a chromospheric formation into a "photospheric" one, as the LTR conditions in the Ly-alpha line are reached (Kurochka, Kurochka, and Ostapenko, 1978). Such layer will immediately exhibit itself in spectra as a cs-band of weakened radiation of the photosphere because the effect of the negative ion of hydrogen becomes significant. In this case, the function of sources included in equation (1) is determined by the absorption factor:
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(5)
The values of radiation Ires have been calculated from expression (1) are shown in Figure 1b. This radiation comes to the observer from the condensed layer located against a background of photosphere radiation Isun. Every fragment in Figure 1b corresponds to its own value of density of hydrogen atoms Nn. Intensity Ires is expressed in relative (to Isun) units, and it is plotted along the vertical axis measuring from Ires=0 (total absorption of the photosphere radiation) to Ires=1(the photosphere radiation passes through the condensed layer).
The increase of plasma density in the layer to 10+16 < Nn < 3 10+17 is accompanied by total absorption of Isun and the occurrence of a BLF-band under sufficient values of temperature T (in our case 7000-11000 K) and length L along the line of sight (1-100 km). The BLF-band gradually decays as the plasma density rises to 3 10+17 < Nn < 10+18 ; this is connected with the growth of intensity Ics  of the sources of own energy in the condensed layer. Finally, at Nn > 10+18, the BLF-band becomes totally filled up with white radiation i.e. replaced with the WLF-band. If our model is correct, then the evolution of the BLF-WLF system is governed by a mere rise in the density of plasma. This agrees with our earlier conclusion that the gain in the number of the Balmer lines series with time is well correlated with the growth of optical thickness in the flaring area (Kurochka and Ostapenko, 1978). 
Table 1. PARAMETERS OF BLFs and WLFs.

	Т, К
	L,

km
	
	Iphot/

Isun
	Ics/

Isun
	Ires/

Isun
	Т, К
	L,

km
	
	Iphot/

Isun
	Ics/

Isun
	Ires/

Isun

	NH = 1 10+16 cm-3
	NH = 1 10+17 cm-3

	7000
	1
	3.4 10-02
	0.97
	0.00
	0.97
	7000
	1
	3.4 10+00
	0.03
	0.01
	0.04

	
	10
	3.4 10-01
	0.71
	0.00
	0.71
	
	10
	3.4 10+01
	0.00
	0.01
	0.01

	
	100
	3.4 10+00
	0.03
	0.00
	0.03
	
	100
	3.4 10+02
	0.00
	0.01
	0.01

	8000
	1
	2.4 10-02
	0.98
	0.00
	0.98
	8000
	1
	2.4 10+00
	0.09
	0.01
	0.10

	
	10
	2.4 10-01
	0.79
	0.00
	0.79
	
	10
	2.4 10+01
	0.00
	0.01
	0.01

	
	100
	2.4 10+00
	0.09
	0.00
	0.09
	
	100
	2.4 10+02
	0.00
	0.01
	0.01

	9000
	1
	1.6 10-02
	0.98
	0.00
	0.98
	9000
	1
	1.6 10+00
	0.20
	0.01
	0.21

	
	10
	1.6 10-01
	0.85
	0.00
	0.85
	
	10
	1.6 10+01
	0.00
	0.01
	0.01

	
	100
	1.6 10+00
	0.20
	0.00
	0.20
	
	100
	1.6 10+02
	0.00
	0.01
	0.01

	10000
	1
	1.1 10-02
	0.99
	0.00
	0.99
	10000
	1
	1.1 10+00
	0.34
	0.01
	0.35

	
	10
	1.1 10-01
	0.90
	0.00
	0.90
	
	10
	1.1 10+01
	0.00
	0.01
	0.01

	
	100
	1.1 10+00
	0.35
	0.00
	0.35
	
	100
	1.1 10+02
	0.00
	0.01
	0.01

	NH = 1 10+18 cm-3
	NH = 1 10+19 cm-3

	7000
	1
	3.4 10+02
	0.00
	0.78
	0.78
	7000
	1
	3.4 10+04
	0.00
	77.8
	77.8

	
	10
	3.4 10+03
	0.00
	0.78
	0.78
	
	10
	3.4 10+05
	0.00
	77.8
	77.8

	
	100
	3.4 10+04
	0.00
	0.78
	0.78
	
	100
	3.4 10+06
	0.00
	77.8
	77.8

	8000
	1
	2.4 10+02
	0.00
	1.04
	1.04
	8000
	1
	2.4 10+04
	0.00
	104.
	104.

	
	10
	2.4 10+03
	0.00
	1.04
	1.04
	
	10
	2.4 10+05
	0.00
	104.
	104.

	
	100
	2.4 10+04
	0.00
	1.04
	1.04
	
	100
	2.4 10+06
	0.00
	104.
	104.

	9000
	1
	1.6 10+02
	0.00
	1.16
	1.16
	9000
	1
	1.6 10+04
	0.00
	116.
	116.

	
	10
	1.6 10+03
	0.00
	1.16
	1.16
	
	10
	1.6 10+05
	0.00
	116.
	116.

	
	100
	1.6 10+04
	0.00
	1.16
	1.16
	
	100
	1.6 10+06
	0.00
	116.
	116.

	10000
	1
	1.1 10+02
	0.00
	1.15
	1.15
	10000
	1
	1.1 10+04
	0.00
	115.
	115.

	
	10
	1.1 10+03
	0.00
	1.15
	1.15
	
	10
	1.1 10+05
	0.00
	115.
	115.

	
	100
	1.1 10+04
	0.00
	1.15
	1.15
	
	100
	1.1 10+06
	0.00
	115.
	115.



Why does the BLF-WLF arise just in the vicinity of 8000-10000 K? This is connected with the degree of ionization for the hydrogen atom. The maximal value of N- is reached into the point of Ne = NH (N- ~ Ne NH) and it decreased quickly as we go from the point of Ne = NH (Figure 2). It is seen and it verifies in the theory of photospheres (Ambarzumian et al., 1952,, page 97) as the same object. The degree of the hydrogen ionization at first decreases with depth in the photosphere and then, at further submerging, launches to grow. According to Table 4 (Ambarzumian et al., 1952), the minimum value of the degree of ionization is reached at the temperature of 8600 K.
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	Figure 2. Ratios Ne/Nн (e) + Nн/Ne  (н) and Ne*Nн (asterisk) inferred from the temperatures of plasma according to the data obtained by Ostapenko and Polupan (1984). Approximation of these data by formula (4) is shown in Figure by squares.


We can state that the condensed layer is in fact a current sheet [introduced by Syrovatskii S.I.] in flares. We give here the first observational evidence of the destruction of magnetic field related to flares, which was revealed (on 08:15 UT) on spectrograms for the flare of July 15, 1981 (Ostapenko, 1997). Figigure 3 shows large-scale fragments of 4 (from 24 in total) of the spectrograms in the K CaII line region. In the first fragment (08:10 UT, initial phase of the flare) we see the usual “X”-form picture of the extended arc system of an active region (Ostapenko, Palush, 1982; Ostapenko et al., 1982). In the 08:18 UT fragment, we can see a bright source located within photometric scans 60-70. The new compact source is characterized by lengthened wings of the K CaII line. It is a new magnetic field emerged in the active region which has triggered the flare. The first signs of a new magnetic flux are visible in the 08:15 UT fragment within those very scans 60-70. Here, the “X”-form picture is destroyed. Thus, our results allow us to draw a conclusion about the detection of a current sheet in solar flares. As a matter of fact, we can declare that a solar flare is in itself a direct current sheet. 

	
	Figure 3. Fragments of spectrograms (4 of 24) in the K CaII line for the flare of July 15, 1981 (Ostapenko, 1997). The first fragment (08:10 UT) is the (pre)initial phase of the flare. A newly emerged magnetic field in the active region is seen in the 08:18 UT fragment in the region of photometrical scans 60 to 70. The first signs of this compact magnetic field is seen in the 08:15 UT fragment in that very span of scans 60 to 70. This is the first observational evidence of the interaction of magnetic fields interaction in spectra. We can see the destroyed part of the initial “X”-form picture on the first fragment.


	


5. CONCLUSIONS
We have revealed some regularities in the occurrence of the BLF and WLF against a background of a general flaring process. The excitation mechanism of both the BLF and WLF is the negative ion of hydrogen. The continuous spectrum of solar flares arises in the condensed layer of flaring plasma, which forms at the chromosphere level in the initial phase of flare development. The layer is characterized by the temperature of 8000-10000 K, plasma density in the order of 1017-1018 cm-3 and length along the line of sight 10-100 km. In spectra, the condensed layer shows itself as a "cs-band (current sheet band)" occurred simultaneously with the lengthening of wings of the hydrogen and H and K CaII lines. The process is accompanied by the appearance of the Balmer lines of higher orders and of metal lines in the area of location of compact brightenings or "flare kernels". While the density and temperature of the condensed layer are rather low, it scatters the photosphere radiation leading to the onset of a BLF-flare. 

It is worthwhile to note that any flare passes to its final stage of development in a gradual way. That is why we observe flares of importance s, 1, 2, and so on. The condensed layer, remaining transparent, does not at all reveal itself in faint flares. In flares of importance 1 or 2 we see it as a BLF event. In higher power flares, the density and temperature of the condensed layer further grow, and the layer is seen in the spectrum as an emission object or the WLF. We known that the wings width of the H-line reaches 20 А at the moment of occurrence of the WLF-band. 


Many authors conclude that the WLF arise in "photospheric" plasma layers. The excitation mechanism for both the BLF and WLF is the negative ion of hydrogen. Polarization in this case might be absent. The notion that this layer lies in the photosphere is based on the ideas of a semi-closed model of the atmosphere. However, both the BLF and WLF fit logically in the overall picture of spectral development of a flare event only when we assume that the condensed layer forms at the chromosphere level. The layer must be static as the metal lines in it do not ever have extended wings. The layer would have a density of the order of 1016 cm-3 so that the BLF-band could arise. The WLF occurs in the same layer at temperatures of 8000-10000 K and when the plasma density reaches for 1018 cm-3. 


Every flare passes through all stages of its development as observed for that type of flares. The final stage is determined by the power of the process. A review of the main observational features of flare spectra is given in the monograph of Svestka (1976, page 51.) We define them more exactly, taking into account the new data, in the following way: At the very onset, the emission of a flare is only seen in lines H-H8 of hydrogen and H and K CaII. Higher lines of the Balmer series (Н9 and higher) and metal lines occur in the flare spectrum simultaneously with the first indications on the formation of extended wings of the hydrogen and H and K CaII lines in the area of compact brightenings (or flare kernels). At the same time, a cs-band of reduced intensity of the photosphere radiation arises in the flare spectrum. In this way a condensed layer of flaring plasma manifests itself. It has formed on the chromospheric level at the initial phase of the flare. While the plasma density in the condensed layer is rather low, the layer just scatters the photosphere radiation resulting in the development of a BLF. In more powerful events, the density of plasma in the layer further increases, and the condensed layer is seen in the spectrum as an emission object or the WLF. The width of the H-line wings reaches 20 A at the moment when the WLF-band occurs. In extremely powerful events, such as the flare of August 7, 1972, the white radiation of arch systems of the active region is seen. This radiation arises after vanishing of the WLF-radiation at the flash-phase of the event which is characterized by the H-line width over 40 A. The condensed layer is in fact a current sheet [introduced by Syrovatskii S.I.] in flares. It is more important to note that a solar flare itself is directly a current sheet in the Sun.
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