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Abstract

Still actinometrical observations in the interplanetary space, scientific workers of the
Smithsonian Astrophysical Institute (USA), under his guidance of C. Abbott, obtained conclusion
during the period of the severe geomagnetic storms, solar constant, as a rule, is anomalously
decreased. This phenomenon is explained by Abbott like this — due to strong solar flare in solar-
terrestrial interplanetary space. corpuscular cloud is ejected from the Sun. Corpuscular clouds
condition Raleigh scattering of photon emission of the Sun and correspondingly, decrease of solar
constant.

Comparison of variations of solar constant and intensity of the geomagnetic field in the period of
large and very large magnetic storm (ADst <— 150 nT) demonstrated that all considered cases can be
divided into five types, according to the character of solar constant variation. From above stated
experimental data follows undoubtedly that the result of Abbot’s scientific school (“in the day of very large
magnetic storm solar constant value, as a rule, is anomalously decreased”) should be corrected so:
correlation between variations of solar constant and magnetic storm is not simple.

Comparison of variations of solar constant and plasma cloud concentration of interplanetary
medium, with high level of density (PCIMWHLD, ng > 25 pr.cm ), revealed that variations of
solar constant do not at all react at changes of PCIMWHLD. From above-stated experimental
data logically follows that there aren’t connection between variations of solar constant and
PCIMWHLD. Hence Abbot’s conception that -“due to strong solar flare in solar-terrestrial
interplanetary space corpuscular cloud is ejected from the Sun. Corpuscular clouds condition
Raleigh scattering of photon emission of the Sun and correspondingly, decrease of solar constant”,
unfortunately proved to be incorrect.

Intrudaction

Still actinometrical observations in the interplanetary space, scientific workers of the
Smithsonian Astrophysical Institute (USA), under his guidance of C. Abbott, obtained conclusion
during the period of the severe geomagnetic storms, solar constant, as a rule, is anomalously
decreased [1]. This phenomenon is explained by Abbott like this — due to strong solar flare in solar-
terrestrial interplanetary space corpuscular cloud is ejected from the Sun. Corpuscular clouds
condition Raleigh scattering of photon emission of the Sun and correspondingly, decrease of solar
constant.

Above — stated results of C. Abbot and his scientific school logically demand answers for two following
questions:

1. If at the time of severe magnetic storm value of solar constant, as a rule, is anomalously decreased,
what is main connecting link between solar activity and meteorological phenomena — electromagnetic
irradiation or corpuscular radiation of the sun?

2. If C.Abbot’s conception, that decrease of solar constant during severe magnetic storms is
conditioned by Raleigh scattering by corpuscular cloud which is ejected from the Sun into interplanetary
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space, is true then it is necessary to make a correction for change of density of interplanetary space is solar
constant data by space vehicles.

Now, measurements of solar constant, which have been made in circum terrestrial cosmic space,
exclude effects, which are connected with transparence of Earth atmosphere, and received results of the
investigation are quite trustworthy.

The goal of the work is the following: to make our modest contribution to specification of above
mentioned questions on the bases of complex synchronous measurements of solar constant, solar wind
concentration in interplanetary space, and by magnetic observatories intensity of the geomagnetic field.

The following initial data was used in the process of investigation:

1. Daily average values of solar constant (SI) according to measurements made by the satellite
NIMBUS 7 [2];

2. in order to characterize geomagnetic field during magnetic storm hourly values Dst-index
were used [3], because Dst-index describe temporal variations of intensity of extra ionosphere
current systems which occur during magnetopause (DCF) and in radiation zone (DR);

3. in order to characterize density variations of plasma clouds of interplanetary space hourly values of
proton concentration (n) were taken from King’s catalogue [4] (it is obvious plasma density of interplanetary
space is p =m pr n).

Part 1
Comparison of Variations of solar Constant and Intensity of the Geomagnetic Field
during Severe Geomagnetic Storms

It is obvious, that, in order to solve the stated problem, it was necessary for investigation to compile the
catalogue of severe magnetic storms during investigated period according to Dst-index. In the work [5]
geomagnetic disturbances, which are classified in “Cosmic Data” [6] as magnetic storms of various intensity,
during the period of 1965-1974 years, were compared with hourly values of Dst-index. It was established
that cases, when Dst-index decrease in the main phase of storm fulfilled condition A Dst < - 150 n. T, were
attributed to very large geomagnetic storms (VLGS). Hence, for investigated period, according to hourly
values of Dst-index the catalog of VLGS was compiled, when Dst-index decrease in the main phase  of
storm fulfilled condition A Dst < - 150 n.T.

Comparison of variations of solar constant and intensity of the geomagnetic field in the period of
VLGS revealed rather complex situation — it turned out that if in some cases VLGS value of solar constant
was really decreased in a day, in other cases, its violation was observed. In order to understand such complex
picture we have classified the cases according to groups, according to the character of solar constant
variation in the period of VLGS duration. We have established that all considered cases could be divided into
five types.

To the I types belong events, when in the period of the main phase of the geomagnetic storm, value of
the solar constant undergo decreases (which coincides with results receiving by Abbott).

* Basic results of investigation were presented on the International conference — “2009
UN/ NASA/ESA/JAXA Workshop on Basic Space Science and the International Heliophy - sical
Year 2007. Septembe r 21-25, 2009 Daejeon, Korea,” p. 92.

The period analyzed by us includes temporal interval of measurements of solar constant, which were
made by NIMBUS-7 from 16.11.1978 to 17.6.1992. Temporal interval of measurements, which we have
investigated, includes the period between maxima of 21and 22 cycles of solar activity.
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Fig.1.The example of I type interconnection (July 9-19, 1982 DR=-338 nT.)

Symbols: in figures 1-5, ordinate endwise average daily values intensity of the geomagnetic field of
Dst-index; departure of solar constant (Al,) from normal (Iuem=1370Wm™) are built up, and abscissa
endwise — month days. DR is the value of Dst-index decrease in main phase of a storm, calculated according
to hourly values of Dst-index.

To the II types belong events when in the period of the geomagnetic storm, value of the solar constant
stays almost constant.
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Fig.2. The example of Il type interconnection (May 4-11, 1988). DR=-160 nT.

To the III types belong events, when in the period of the main phase of the geomagnetic storm, value of
the solar constant undergo increases.
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Fig.3. The example of III type interconnection (November 15-22, 1989). DR=-266 nT.

To the IV types belong events when in the period of the geomagnetic storm value of the solar constant
gradually decreases.

111



3 5 7 9 dey AI.]Wm"’-

0 - - - - 3.3 .
-20 | .
-40 :
-60 | 2.3
-80 1 1.8
-100 -
-120 - 1.3 1
-140 - 0.8 -
-160
3 5 7 9 de
D nTl v

Fig.4. The example of IV type interconnection (June 3-8, 1991). DR=-219 nT.

To the V types belong events when in the period of the geomagnetic storm value of the solar constant
gradually increases.
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Fig.5. The example of V type interconnection (October 16-26, 1981). DR=-194 nT.

Analyzing curves of figures 1-5, we conclude that during VLGS definite, unambiguous interconnection
between variations of solar constant and intensity of the geomagnetic field does not exist.
It is known that statistical method superposition of epochs (Chree’s method [7,8]). is vide by used in

analogous investigations in geophysics, astronomy and other sciences.
Proceeding from above-said, we decided to use the method superposition of epochs too, in order to
determine finally interconnection between variations of solar constant and intensity of the geomagnetic
field during VLGS

In the process of the investigation, days of maximum decrease of geomagnetic field during main phase
of magnetic storms were used as benchmark (zero) moment.

Fig.6 shows averaged (by the method superposition of epochs) variations of Dst-index and solar
constant for VLGS observed in 1978-1992 years.
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Fig.6. By the method superposition of epochs variations intensity of the geomagnetic field (Dst - index)
and solar constant during VLGS in 1978-1992 years.
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Fig. 6 shows that during VLGS solar constant value stays almost unchanged. Hence, the method
superposition of epochs demonstrates again that during VLGS definite, unambiguous interconnection
between variations of solar constant and intensity of the geomagnetic field does not exist.

Basic results of comparison of variations of solar constant and intensity of the geomagnetic
field during very large geomagnetic storms (VLGS) are the following:

1. It was established that:

a) all considered cases of variations of solar constant during VLGS come to five types: in the period of
main phase of the storm it decreases (I type); during storm is stays unchanged (II type); in the period of main
phase of the storm it increases (III type); during the storm it gradually decreases (IV type); during the storm
it gradually increases (V type).

b) By the method superposition of epochs variations intensity of the geomagnetic field and solar
constant show that during VLGS value of solar constant stays almost unchanged.

Experimental facts demonstrate that during VLGS definite, unambiguous inter-connection between
variations of solar constant and intensity of the geomagnetic field does not exist.

2. Conclusion of Abbot’s school that “at the time of severe magnetic storms solar constant value is, as a
rule, anomalously decreased”, which was drown on the basis of actinometrical observations, was not
corroborated.

3. It s known that VL magnetic storms (for example, E. Mustel [9]) and considerable variations of solar
constant — 0,1-0,3% (for example, H. Volland [10]) may change atmospheric pressure appreciably and exert
influence upon circulation processes of in terrestrial atmosphere.

Hence, when we study solar-atmospheric connection, it is logical and necessary to investigate separately
those cases of observation of large and very large magnetic storms, which were not accompanied by
considerable variations of solar constant and separately — considerable variations of solar constant which
were not accompanied by large and very large magnetic storms.

Part 2
Comparison of variations of solar constant and plasma clouds of interplanetary medium with
high level of density

Before we state results of the investigation concerning II part, we think it is necessary to clear up the
role of plasma clouds of solar wind in magnetic storm formation.

It is known that classical geomagnetic storms, according to character of H — component change of
geomagnetic field of middle latitude observatories (which are not influenced by auroral and equatorial
electric stream), are characterized by initial phase main phase and recovery phase.

Initial phase (DCF-disturbance) is the period, during which level intensity of the geomagnetic field is
higher than non-disturbance value. Amplitude of initial phase is AH= 20-40 nT and lasts from 2 to 8
hours. Basic key factor, that is responsible for DCF — disturbance formation, is plasma cloud of solar wind
with high level of density [on condition that north-directed interplanetary magnetic field (I m F) B,>0].

Main phase (DR - disturbance) is characterized by sharp decrease intensity of the geomagnetic field
below normal non-disturbance value. Depression difference is of the order of (50-200) nTl. Main phase of
magnetic storm generally continues several hours. Basic key factor, that is responsible for DR — disturbance
formation, is magnetic cloud with south-directed IMF B, <- (3-5) nT.

According to S. Akasoff and S. Chepman [11], geomagnetic storms of classical type usually consist of
two forms of elementary disturbances — DCF and DR. Theoretically, each form of elementary disturbance
can exist independently from each other.

Physical bases of the role of plasma parameters of solar wind in geomagnetic storm formation can be
seen in detail in A. Chkhetia’s monograph [12].

It follows from above stated that plasma clouds of solar wind do not participate in formation of severe
geomagnetic storms. Therefore, it can be supposed, that Abbot’s conception that Raleigh scattering
conditions solar constant decrease during severe magnetic storms, ejected from the Sun corpuscular cloud,
may not be true.

It is obvious that, in order to solve the stated problem, it is necessary for investigation to compile the
catalogue of plasma clouds of interplanetary medium with high level of density (PCIMWHLD). The
catalogue of PCIMWHLD was compiled based on data analysis of hourly average values of proton
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concentration of interplanetary medium according to King’s catalogue [4]. We selected PCIMWHLD
according to the following succession:

1. For the investigated period, according to hourly average values of proton concentration (n ,) of
interplanetary medium, days were selected in which n o> 40 pr.cm = (1).

Data selection criterion (1) indicates that in selected days increase of proton concentration exceeds
minimum background average value approximately ten times.

2. Selected days which satisfied condition (1), according to King’s catalogue should be full or should
contain 2/3 or more hourly values (N p,), it means N ,,> 14 ........ 2).

Satisfaction of condition (2) means that calculated, according to King’s catalogue, daily average values
of proton concentration of interplanetary medium are trustworthy.

3. Finally, days of PCIMWHLD were selected according to daily average values of proton
concentration of interplanetary medium (ng,), which satisfied the condition ng, > 20 pr.cm = .......... 3).

Satisfaction of condition (3) means that in selected days of PCIMWHLD there is no spontaneous
(impulsive) increase of proton concentration of interplanetary medium.

On the basis of analysis of PCIMWHLD catalogue for investigated period we concluded the following:

1. PCIMWHLD may last 1-5 days;

2. It is advisable to divide PCIMWHLD into three subclasses:
a) Plasma clouds with high seals — 20 pr.cm ~ < ng, < 25 pr.cm ~;
b) Plasma clouds with very high seals — 25 pr.cm ~* < ng, < 35 pr.cm ~;
¢) Plasma clouds with super high seals — ng,> 35 pr.cm ~.

Comparison of variations of solar constant and PCIMWHLD for investigated period revealed rather
complex picture. It was found that in some cases in a day (or period) with high level density of interplanetary
medium solar constant is really decreased, but in other cases its disturbances are observed. It is impossible to
classify cases according to groups, character of solar constant variation in PCIMWHLD period. Picture 7
gives characteristic curves of comparison of variations of solar constant and plasma cloud concentration of
interplanetary medium in the period of very high level of density (ng,> 25 pr.cm ™).

Symbols: in figures 7(a, b, ¢, d, e), ordinates endwise average daily values of plasma cloud
concentration of interplanetary space (n pr.cm “); Departure of solar constant (AL) from normal
(Ionorm=1370Wm™) are built up, and abscissa endwise — month days. n™" are maximum hourly average
values of proton concentration of plasma cloud, in day (d) and hour (h)
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Fig.7a. Temporal interval 11-23 March, 1982 y. n™*=88,7 pr. cm, 17d, 14 h.
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Fig.7b. Temporal interval 1-11 June, 1981 y. "™ =113 pr. cm™, 7d, 18 h.
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Fig.7c. Temporal interval 14-23 October, 1991 y. n™ = 62.2, pr. cm™, 21d, 9 h.
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Fig.7d. Temporal interval 12-25 September, 1981 y. n™*=97.7, pr. cm”, 194, 3 h.
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Fig.7e. Temporal interval 26-31 August, 1983 y. n™*=71.1, pr. cm™, 29d, 22 h.

Fig.7 (a, b, ¢, d, e), Characteristic curves of comparison of variations of solar constant and plasma cloud
concentration in the period of very high density level of interplanetary space.

Analyzing Fig.7 (a, b, c, d, e), we conclude that variations of solar constant do not at all react upon
PCIMWHLD.

In order to solve finally the problem of relationship between variation of solar constant and plasma
clouds of interplanetary medium, we decided to use the method superposition of epochs as well in our
investigation, including variations intensity of the geomagnetic field level (Dst-index). In the process of
investigation days with maximum values of concentration of plasma clouds of interplanetary medium, with
seals ng, > 25 pr.cm ~, were used as bench mark (zero) moment.

Fig.8 gives averaged (by the method superposition of epochs) variations - of plasma cloud concentration
of interplanetary space, solar constant and intensity of the geomagnetic field of Dst-index (Dst-indices
were investigated only in those days which were satisfying the criterion of data selection — in selected period
vertical component of IMF - B,>0).
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Fig.8. Averaged (by the method superposition of epochs) variations of Dst-index, of concentration
PCIMWHLD (ng, > 25 pr.cm ) and solar constant for 1978-1992 years.

Curves, presented in Pic.8, allow us to conclude the following:

1. Evident correlation is observed between variations of Dst-index, PCIMWHLD and solar constant;

2. The authors think that

a) Correlation between variations of Dst-index and PCIMWHLD is casual-consequential;

b) there is no correlation between variations of solar constant and PCIMWHLD and only parallelism of
proceeding of events which are called forth by third, mutual for them, reason — some X parameter,
characterizing solar activity, is described (this question needs further thorough investigations).

Basic results of the authors’ investigation of comparison of variations of solar constant and
PCIMWHLD are the following:

1. On the basis of revealed experimental facts we conclude that:

a) Variations of solar constant do not at all react at changes of PCIMWHLD;

b) averaged (by the method superposition of epochs) variations of concentration PCIMWHLD and
solar constant show that in PCIMWHLD period solar constant value, instead of decrease, increases
insignificantly (AI,=0,19 Wm™);

We concluded that there aren’t connection between variations of solar constant and PCIMWHLD;

2. it is established that Abbot’s conception, that “decrease of solar constant during severe magnetic
storms is conditioned by Raleigh scattering, ejected from the Sun into interplanetary space corpuscular
cloud” unfortunately is not confirmed.

General Conclusions
1. Comparison of variations of solar constant and intensity of the geomagnetic field in the period of

large and very large magnetic storm (ADst < — 150 nT) demonstrated that all considered cases can be divided
into five types according to the character of solar constant variation:
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To the I types belong events, when in the period of the main phase of the geomagnetic storm, value of
the solar constant undergo decreases (which coincides with results receiving by Abbott).

To the II types belong events when in the period of the geomagnetic storm, value of the solar constant
stays almost constant.

To the III types belong events, when in the period of the main phase of the geomagnetic storm, value of
the solar constant undergo increases.

To the IV types belong events when in the period of the geomagnetic storm value of the solar constant
gradually decreases.

To the V types belong events when in the period of the geomagnetic storm value of the solar constant
gradually increases.

2. With the help of the method superposition of epochs it was established that during very large
magnetic storms the value of solar constant stays almost unchanged.

3. From above-stated experimental data follows undoubtedly that the result of Abbot’s scientific school
(“in the day of very large magnetic storm solar constant value, as a rule, is anomalously decreased”) should
be corrected so: correlation between variations of solar constant and magnetic storm is not simple and comes
to 5 types.

4. Comparison of variations of solar constant and plasma cloud concentration of interplanetary medium,
with high level of density (PCIMWHLD ng, > 25 pr.cm '3), revealed that variations of solar constant do not at
all react at PCIMWHLD.

5. It was established (with the help of the method superposition of epochs) that during PCIMWHLD
solar constant value increases insignificantly instead of decrease (AI,=0.19 Wm™).

6. From above-stated experimental data logically follows that there aren’t connection between variations
of solar constant and PCIMWHLD. Hence Abbot’s conception that “decrease of solar constant during large
magnetic storms is conditioned by Raleigh scattering, ejected from the Sun into interplanetary space
corpuscular cloud”, unfortunately proved to be incorrect.

7. Now it is established that solar corpuscular currents (geometric storms), as well as electromagnetic
solar irradiance (change of solar constant 0.1 — 0.3%), can provoke marked changes of atmospheric pressure
and influence circulation processes in terrestrial atmosphere.

Therefore, when we study solar — atmospheric connections it is logical and necessary to investigate
separately cases of observation of large and very large magnetic storms which were not accompanied by
solar constant considerable variations, and separately — considerable variations of solar constant which were
not accompanied by large and very large magnetic storms.
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K Bonpocy 00 ucciieqoBaHny BapvManuid COJTHEYHOW NMOCTOSTHHOM
B IIEPUOJ OYeHb 00JIbIINX TEOMATHUTHBIX Oypb

Uxeruss A.M., I'mronamBuau ML.II., Iopamauaze M.O.

Pedepar

Eme mo npoBeneHnsi akTHHOMETPHUYECKHX HAONIONCHHH B MEXKIUIAHETHOM MpOCTpaHCTBE AOOOT H
BO3IUIaBIsieMasl UM HaydHas mkona CMuTcoHnaHckoro Actpodusndeckoro uHctutyta (CHIA), mpummm
K BBIBOJly, YTO B JI€Hb OY€Hb CHJIBHON T'€OMarHUTHOM Oypy BeTWYMHA COJTHEYHON IOCTOSHHOM
OKa3bIBa€TCs, KaK IPaBHJIO, aHOMAJIbHO 3aHKEHHOH. AOGOOT MOAJepX HUBaJl TOYKY 3pPEHHUS O TOM, YTO
MaJiecHUe COJIHEYHOW TOCTOSIHHOW BO BpEeMsI OYECHb OOJBIIUX TE€OMarHUTHBIX Oypb BBI3BAHO TEM, 4YTO
BI00AaBOK K HopMmaidbHOMYy PeneeBy paccesanto (oToHHOW pamwanuu CoiHIIA MOJIEKYJIaMd 3eMHOU
arMocdepbl, BO BpeMs MarHUTHBIX Oypb NPOUCXOIUT JOMOJHUTEIBHOE pAacCEesHHUE KOPITYCKYJSPHBIM
o0yiakoM TIa3Mbl, BBIOpomIeHHBIM CONHIIEM B MEKIUIAHETHOE MPOCTPAHCTBO.

ComnocraBieHre Bapuallil - COJTHEYHOW MOCTOSHHOW ¥ HANMpPSHKEHHOCTH T€OMAarHUTHOTO TOJNS B
nepuo; OONBIINX M OYEHb OONBIIMX TeoOMarHuTHBIX Oyph (A Dst<-1500Tn) mnokasaio, 4To Mo XapakTepy
M3MEHEHHUS] COJHEYHOW IMOCTOSHHOW, BCE PAaCCMOTPEHHBIE CIyYaW MOXKHO pa3OMTh Ha IATH THIOB. U3
BBIIICHU3JIOKECHHOTO DKCIIEPUMEHTAIBHOTO (DakTa HECOMHEHHO CIIEAYeT, YTO Pe3yJbTar, IONy4eHHBIH
Hay4YHOH mKonoii A66oTa 0 TOM, YTO “B J€Hb OYEHb OOJNBLIMX MAarHUTHBIX OYypb BEIWYHMHA COJHEYHON
MIOCTOSTHHON OKa3bIBaeTCs, KaK MPaBHIIO, aHOMAIBHO 3aHWKEHHON’, JTOJDKEH OBITh 3aMEHEH IONpPaBKOU -
MEXIy Bapualieil COTHCTHOM IMOCTOSTHHOW M MarHUTHOW Oyped CBs3b HEOJITHO3HAYHAasl.

ComocraBineHue BapualMii — COJNHEYHOH IOCTOSHHOW M KOHLEHTPAaLUWH I[UIa3MEHHBIX OO0JaKOB
MEKIIAHETHOM cpejibl ¢ BBICOKMM ypoBHeM IIoTHOCTH (IIOMCCBVII,  np. ¢yr. =25 IIP.CM™) BBIIBHIIO, UTO
Bapuanuu cojHedHoW moctosHHOM Ha IIOMCCBYII BoBce He pearupyroT. M3 BBINIEH3I0KEHHOTO
9KCIEPUMEHTAILHOTO (haKTa JIOTUYECKH CIIEAYeT, YTO MEXIy BapHaled  CONHEYHOH MOCTOSHHOH U
[NOMCCBYVII cBs3u BoBce He cymiectByer. CiieoBaTeNibHO, KOHIENUs AOOOTa 0 TOM, 4TO “NajeHUC
COJTHEUHOW TOCTOSHHONH BO BpeMsl OOJNBIIMX MAarHUTHBIX Oyph 0oOycioBieHO PeneeBbIM paccesiHHEM,
BEIOpOMICHHBIM COJTHIIEM B MEXIUIAHETHOE TIPOCTPAHCTBO KOPITYCKYJISIPHBIM 00J1aKOM”, K COXAJIICHUIO, HE
MIOATBEPINIACE.
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