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SUMMARY

Computed in this paper are the three-hour values of the density of
kinetic energy flux of the directed motion of the plasma q,, and the flux
density ofbthermal (q,) and electromagnetic (qs3) energies %or the positive
and negative sectors of the interplanetary magnetic field, observed from
December 1963 to February 1964 with the aid of AES IMP-1. The character
is discussed of g g2 95 distribution in sectors and their relationship
with solar plasma velocity. It is shown that @1 >» @ =~g¢; and that there is
no particular difference between the sectors. Estimates are made of energy
fluxes through sectors' cross-sections.

* ®

The detection at the distance of Earth's orbit of sectorial structure
of the interplanetary magnetic field on AES IMP-1 (December 1963 to Febru-
ary 1964) [1] and the subsequent corroboration of this discovery on the
basis of data of MARINER-4 (December 1964 to February 1965) and Mariner-2
(August through December 1962) [2] have shown that the sectorial structure
is apparently a constant property of the interplanetary medium.

The investigation of the sectorial structure for a quiet interplanetary
magnetic field (in a period of low solar and geomagnetic activities) allowed
to establish in [3] the character of the distribution in it of magnetic field
H intensity, of the velocity V, of the concentration n of the flux nV of so-
lar plasma, the presence of approximately linear relationship between the
daily sum of K,-index and V and H, and the absence of any link between ZK
with n and nV." Moreover, an opposite relationship has been established bet-
ween H and the intensity of galactic cosmic rays observed on the Earth's
surface.

* POTOK ENERGII SOLNECHNOY PLAZMY V SEKTORNOY STRUKTURE MEZHPLANETNOGO
MAGNITNOGO POLYA.




A further investigation of field and plasma characteristics for the
sectorial structure has been conducted in [4, 5].

According to data on V, n and Il from [3]| and plasma temperature T in
the form assumed in [4] (TR is the upper limit, Tjj is the lower limit; ana-
logous indices have values corresponding to the latter), three-hour values

values are computed in the current work of the density of kinetic cnergy
flux of the directed plasma motion g;, the flux density of thermal (q,) and
ClCLtlomdgnOtlL (q ) energics for the pOblthC and negative secotrs observiad

on AES IMP-1. All tho values referring to the positive or neguative sectors
will be denoted below by svmbols "plus' or "minus™.

[f the sectorial structure prepresents an ideal magnetohydrodynamic
mediwm, the total density of energy (lux [6] is

V2 1 .
q—-7V+pwV+4—n[H{VHlL (1)

where the first term from the right is q; , the second q, and the third qs;

¢ =mn, where m is the mass of the proton; the thermal function of the unit

of mas> is w = ynkT / ( (y —1)p; k is the Boltzmann constant; v is the adiabate
indicator, further assumed to be 1.5. Inasmuch as in the first approximation
V 1s radial [7], the flux density moduli have the following form

% , HYE—Hyp
g = —p—‘)—’ q2=3n]c['V, q3=__},?_n__'[/'

where llR is the radial component of the field.

The computed values of @ity g%, g5t and @17, 927, 3~ are plotted in Figure 1
where the origin of the sector is taken for the zero day.
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the stuate of the interplanetary medium for 2.5 revolutions of the Sun
(Dec.1963 to February 1964). Note that during this period Kp s 5.

Analysis of the character of flux density distribution for the pos
tive sector shows that at the beginning of the first day of Earth's pre
sence in the sector, wevy low values of flux densities are observed :

gt = 1,7-1071, g+ &~ 26-10-3, ¢+ ~ 1,2-10-3 erg.cm™?-sec”!

whick increase rapidly and reach a rather sharp maximum at the end of the
second day:

qt = 3,6-10-1, gt = 77-10-3, ¢t = 9,5-10~% erg.cm™2.sec”!

at the end of the second and at the beginning of the third day. Then fol-
lows a decrease of q* to

o+ &~ 1,6.10-1, got ~ 2,3-10-%, g5+ ~ 6,0-10-% erg-cm 2 -sec™!

at the middle of the fourth day. At the beginning of the fifth day a small
increase of q* is noted till

gt &~ 2,0-107!, gt ~ 45-10-3 and @t = 6,7-10= erg.cm?2-sec-!
After that there is a lowering to the minimum:
ot =~ 1,3-10-), @ = 1,6-102°* and ¢t =~ 19-10~% erg.cm™2.sec”!

at the end of the fifth day. Then a feeble rise is seen through the end of
the sector for q;* and q,*, whereas for q;* an additional maximum seems to
emerge with amplitude ~ 4.6 1073 erg-cm 2-sec”!,

Roughly speaking, the distibution of q* may be represented in the form of
a wave, of which the first half is contracted to a greater extent with a
greater amplitude by comparison with the second half. Additional variations
are superimposed to that wave. Let us point out that that the character of
q~ distribution is almost similar to that of gq*. The most substantial differ-
ence consists in that at the beginning of the (irst day very high values of
@1, @2~, gs~, are observed, which reach aimost maximum values, while the basic
maximum of g is wider by comparison with that of q*. At the end of the sector
the weaker additional maximum for ¢, is not visible.



Roughly speaking, the distribution of g% may be represented in torm of
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We shall point out that the character of ¢~ distribution is al-

The most substantial difference consists
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reaching almost maximum values, while the basic maximum of g~ is broader (wider)

by comparison with the maximum of q*.
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a weaker maximum at the end of

Note that the behavior ol g coincides in the greater part ol the sector
a satisfactory direct connection is observed bet-

with the bel

ween g and V.

wvior of W, i.

c.
It is true, however, that there is noted at the end of the posi-

tive sector (beggnning from the sixth day) a feedback beiween %, g.% and V.
The conclusion obtained agrees satisfactorily with the results of work [8].

The mean values of flux densities q and limits of q variation (numbers in
parentheses) are presented in Table 1 for the period under consideration, for

both the positive and negative sectors.
compiled in the table are also the corresponding values of

Moreover, for the

the data of MARINER-Z (partially brought out in [8].

TABLE 1
r T —r
; IMP- 1 |
— — T - 4 MARINER-2
g PARAMETER positive ' negative |
sector ) sector )
| N 1
! ‘ T ;
C G, erg emTe sec”! 2110 1 23101 6.0- 101 :
(1,3--36) -10-* (1,4 3,6) 10! (0,1 3uy - 101
1 qzm, " 6,0-10° 3 6,0-10 3 20-10-3
i (3,2=-154)-10-3 | (1,6:13)-10-3 (1= 100) - 10-3
[ Gom, " 3,1-10-3 3,1-10-3
: 1,6=7,7)-10-3 (0,865 -10-3
I " 5,210 3 4,5-10 ¢ 7,210
! (1,2=-9,5) -10-3 (1,7-8,5)-10-3 (0,1 :40)-10-3
TN 1,2-10% 1,3- 102 1.5-10%; 1,5-102
(0,70 2.4y - 1926 (0.8 : 2.4)-10% (0,02+-6,0) - 10%
G2 S | 341024 3,410 3.4- 10“2; 04,8i (1)9‘“
\ e (1,8-: 8,5) - 102 (0,9 : 7,4) - 102 (0,2 20) -
L gy OB SCC 18- 10% 18- 102¢
i 0.9 : 4,4)-1024 (0.5:3,7) - 10%
| T ( 294%‘ 2,5- 10 1,4-10%; 2,0-10%
; (0,7 : 5,4) - 102 (1,0 4,8)-10% (0,02-:-8,0) - 10%
q1 5t 1,0.10M 11100
(06 ¢ 2,1y - 10" (0,7 22,1y - 10
qon St 2,9-10% 291020
(1,6 :7,1) - 10 (0,8--6,4) - 102
DESTINY cry 1,5 1020 1,5-102
) (081 3.8) - 107 (0,4 £ 3,2y - 102
qa 8¢ 25102 2,2-10%
(0,6 1 4,7) - 10" (0,8 1 4,2y -10%

sake of comparison
energy fluxes for

such a comparison offers interest, for measurcements on MARINER-2Z were
conducted in a period of somewhat higher solar and geomagnetic activity. In

this period the limits of velocity V — 300 — 842 km/sec”

averags va

tor n = 5.4 w3

-~
~

lue v

variation for an
504 km sec™! of proton concentration n & 0.44 — 54 cm™3
, the mean plasma temperature is T= 1.7 - 10°° K [9].
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Conscquently, the state of the interplanctary medium at a  heliocentrical
distance of 0.8 —1 a.u. during observations on MARINER-2 differed {rom the sta-
te of the medium during measurements on IMP=1, when the variation limits were
VA 270 = 340 hnosecm! as VA SLS kmsee™ and n= 60— 14.5 em™? as nx 9 oem 3,
and 1= 2,57 10"° K and T, & 5+ 10" K |3, 4].

[t mav be scen trom the table that the energy density of the directed
motion considerably exceeds (by 1-2 orders) the flux densities of thermal and
electromagnetic energy, while ¢2 = 43 The last deduction ageees well with the
result obtained in [8]. Note incidently that the contribution of variations
with period < 5 hours is not taken into account in qy , which leads to its cer-
tain underrating [8]. It is also obvious that a significant difference between
the (lux Jdensities for the positive and negative sectors is absent, and that
G < @™ @< @™ @M where ¢ are the densities of the respective fluxes
measured on MARINER-2. Note that the values of g, obtained in the present work
coincide with those obtained in [10].

We shall estimae the fluxes of cncergy through the cross-sections of the
positive and negative sectors (their cross-scections are identical and at the
Earth's orbit level are approximately Se. s 5,7-10% ex®) per sccond (¢S¢) and per
day (¢80, They are brought out in Table 1, the limit values being shown in
parentheses.  For comparison we brought out in Table 1 the corresponding
values from MARINER-2 data according to [8] for the September and October (1962)
plasma jets, whose cross=scction Sep. = 22-102% 2 ((or the values ¢S., the
Lett-hand nuber refers to the September jet and the right-hand one to that of
October). It is obvious that ¢fhSe & g Se << §¥Ser, d2atSe = G2o™5¢ K SV,
gt S gamSe =™ Ser. It s Interesting that the energy flux of directed and ther-
mal ¢I-ws through the cross-section of the sectorial structure (in the period
Dec. 1965 to February 1904) is less or coincides by order of magnitude with the
corresponding fluxes through the cross-sections of the September and October
1962 jets, though S./Ser = 2,5.

The above estimates of energy fluxes may constitute a certain interest
in connection with questions bearing on the generation and emergence of plasma
fluxes from the surface of the Sun, on their possible acceleration in inter-
planetary space, and also on the question of recurrent miagnetic disturbances.
Imasmuch as the boundaries of the considered sectorial structures represent
the region of polarity shift of the interplanctary magnetic f{icld, the plasma
acceleration mechanism at the expense of {ield annihilation in the ncutral
layer deserves attention [11]. lHowever, the qualitative examination of the
avallable data on g in the current work, and also of data on cnergy density of
the divected and thermal motions and ol the magnetic (iceld in [4), failed to
vield convincing deductions in favor of action of that mechanism.

The author is grateful to Yu. D. Kalinin for his constant support in the
work.
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