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Magnetic Assymmetry and Fluctuations of the General Magnetic

Field of the Sun

The influence of magnetrograph resolving power on the statistical
results of the mean intensity H, the length‘xg and the number 1T of
"magnetic elements'" (of different polarity) of the general magnetic
field of the sun has been investigated. It was found that, while the
net magnetic flux and #i remain constant, the mean field strength (of
a given sign) increases-by a factor of 1.3 - 1.4 (Table 3), and the
length A decreases by a factor of 1.2 - 1.3 when resolution is increased
from 27" to 2.5" (c.f. Table 4, Fig. 2). It was also found that at &
resolution of 23" X 23" (Mount Wilson routine recordings), about 50%
of all the general ﬁagneticrfield components with a length of less
than 10" were not recorded (below noise level), while according to
the Crimean routine recordings of the field, less than 10% of the
componénté with a magnitude of less than 3" are lost (resolution,

2.5" X 9M). .

Twenty-four (24) recordings of the N- and S-polar régions (Lat~-
itude 55 - 759, 1oﬁgitude + 250, cf. Table 1), made in 1965, were
measured and analyzed by the §ery same method as in ref. [1]. Al-
though the total histogram (Table 5, Fig. 10) for the whole year indi-
cates that in 1965 the sun Was very neafly dipolar with a new field of
+0.6 gs (S-polarity) at the north and -0.8 gs at the south, there
were sharp deviations from this activity (cf. Fig. 11). Slow fluct-
uations, most prominent in September - October, 1965, were discovered

when both polar regions were of the same S-polarity. Most interesting

i




five rapid (on the order of 1 day) fluctuations, almost synchronous at
both poles, which always exhibit a lapse (on the order of 24 hours) of |
the northern peak behind the southern peak (c¢f. Fig. 11, which also
gives the Mount Wilson data). Just as in 1964, ghere was a flux

bias of the southern polarity at the north pole over this same flux

at the south pole, and over fluxes at poles of opposite polarity (cf.
(3.4) for mean flux ratios) - an effect due to the great expanse of

the magnetic -field substantiaﬁﬁstheée conclusions and indicate that

the field in the chromosphere is ~»1.5 times less (weaker) than in

the photosphere,

EA study of five magnetic field recordings of the entire (solar)
disk, made at high resolution (cf. Fig. 13), showed that (for a given
latitude) the distribution of mean flux (Fs - FN) was non-uniform
over the whole disk (cf. Fig 14), which s;metimes leads to the magnetic
asymmetry effect - a bias‘of one polarity in the northern and southern
hemispheres, and even throughout the entire &solar) disk (df. Table
8). The net flux from the visible.hemisphere of the sun varies from
+8;1021 to -9.1021 Mxv: reasons are set forth as to why these fluct-
uations, as well as polar field fluctuations,”could.hardly be connected
with rotation of the sun. |

" Auto-correlation curves (cf.Fig. 17) for general magnetic field
strength fluctuations were in good agreement with those found by
Rogerson for intensity fluctuations of the Ca+—chromosphere grid.

The radius of auto correlation (7.5"), as well as the position of

the principal maximum on the "magnetic component' size histrogram,
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indicates that 50 - 60% of the elements (components) are shorter than
12". Two weak secondary maxima on the histogram (24 X 48") indicate,
aé‘in ref. [1], the possibility of steady fluctuations wiﬁh two over-
"tones. There also exists a well expressed cross-correlation between
magnetic fields at differenﬁ photosphere levels ( A 5250 & A 6103 Cu
I), but practically no type of correlation between field fluctuations
at these 1evelé and the corresponding radial velocities.

1. Observational Data. Comments on Methodology

This paper is part of a series of investigations of the géneral
magnetic field of the suﬁ, beginning with the period, 1963 - 1964
[1]. Data on registrations of the general magnetic field during 1965
and the first of 1966 are compiled in Table 1. As a rule, recordings
were made of the S- and N-polar zone sections which extend over & at
+ 120" from the right, joining the north and south points on the disk;
and over § , 30" to 180" from the N- or S-limbs of the disk (which
corresponds to latitudes from 76 - 54°). Scanning of this rectangular
section was carried out over a radian angle 6 , at 30" intervals;
scanning speed was 1" per sec of time (v = 30, 15 Maréh, 1965, with
part of the recordiné made at v = 60, f.e., 1'"/sec); and the time
constant was 2.55. 1In five cases (Table 1), when the weather was
still and cloudless the entire day, recofdings of the complete disk
were made (from W to E). In this case, it was necessary to scan at a
rate twice as fast (2'"/sec) and the distance between successive sections
was doubled, i.e. 60"-in order to record the entire disk within a day

(8 - 10 hrs.).
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The principal difference between the method used in [7] and in
this work and the method used by Babcock [2] is that the resolving
power of our recordings (usually, 2" X 9, and sometimes 2" X 4.5")
was 10 times higher than in [2] and~~30 times higher than in the
daily recordings at Mount Wilson Observatory (23" X 23"). Although
the resolution of our recordings was inferior to that of Leighton's
spectroheliogréphic method [3], which depended solely upoh manifestat-
ions of solar activity, the method employed in [3] does not'éermit
detection of those Weak'fields £ 30 gs, which constitute the major
part of the general field. Thereforé, this method is ﬁnsuitable for
iﬁveétigating the general fiéld due to the substantial loss of infor~’
. mation.

A second important difference from all previous work on the
general field, including our first study [1], is that recordings of
the field for 1965 - 1966 were made not only at the green line A
5250, but also at other lines, e.g. Ha or 7(6103 Ca I; from 10
August, 1965, similar recordings were made simultaneously with two
magnetogpaphs as described in [4]. Such simultaneous reéordipgs are
of special interest in understanding the nature of the general solar
magnetic field. They also facilitate considerable increase in the
number of recorded deflections, which are.caused by the field and which
are distorted against a noise background: fluctuations, caused by |
the field are lost on recofdings at both lines in one and the same
place. In Section 4 the general magnetic field at the chromosphere

level is reviewed according to Hg\ line recordings.
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Table 1. Observational Data

A A

5250

5250

5250

5250

5250

5250
5250
5250

5250

5250

6103

6103

6103

5250

6) Calibration . Time

5250
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4 S
400 | 60x1,5
400 | 60x1,5
400 | 60%1,0
400 | 100x1,5
400 | 100x1,5
400 | 100x1,5
30 | 80x1,0
0.
40 | 80x1,0
30 '60;><1,0"
20 | 60x1,0
50 | 60x1,0
HIEN P F
? H
20 | 60x1,0
30 | 80x1,0
30 | 80x1,0
50 | 80%1,0
200 | 70x1,0
3) Time

(Moscow) ;

6 7 8 9 10 11
13"00™ | 172 | 2000 2,0 Nos— Nao | 050 |
o So,5— Sa,0 !
1220 | 133 | 2000 2,40 Nos— Nao | 1,22

; . So,s_— Sa.0
1 45 210 2000 1,52 Nos— Nso
: 06— Sa.0
950 | 210 | 2000 1,52 | Nuo—Nuo
: ' K . . S1.o— S160
1430 | 171 | 2000 1,87 | Nos— Nus | 1,40
’ : v : So,5— S5
950 | 232 | 2000 1,38 Nio— Nz
- » - SM'— Sl‘l
840 | 115 100 | 4,20 | Nio— Na,s | 1,80
. 170 100 | 2,90 °p- 3,50 Si,(;— Sa:js
15 08 117 200 2,7 - | Nos— Nas | 2,09
S B -l " Sois— 52,5
12800™ | 145 | 150 221 | Nos—Nao | 200
: K So,5— Sz0

10.00 120 | 150 1,77 Nojs— Ny | 2,03
SR R S i ] Sos—Sus.

700 158 150 ;3,30 Nosi— N —

N .. ! \ " . _.. ; ¢ 5 ' o - SO'&_ Sl‘ .

13:20 103 | 150 | 4,94 mewmove-| Nys, Nus, Nao

N ; . - HH® Suss S7,50 Sao

72 .| 13 | 100 2,84 Nuo— N1o | 1,9
.o 1 oo e Sue—Ss0- | |

1620 97 300 1,10 Nos— Nso | 1,87

,. . : . ' 5015"" S3.0
900 | 416 | 300 0,90 Nos— Nao | 2,00
' . . So,5— 83,0
810 | 162 |300| 1,05 Nio—Ni | —
. . S‘ob’— SIS

16 05 | 220x1,5| 400 1,21 Nis— Nas | 2,14
“ . . ! 16T 8223

(Moscow) ; 4) ATT Records; 5) Gap;

7) Calibration: Reject; 8) ATT

calibrations; 9) Unit Hr gs/mm; 10) Recorded Section; 11) Length

1 mm.
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Table 1.
xR
12 3 4
47 41.VIII1965r.| 12h30m—13M45™| 5250 | 200
N 450 A 1200
| 12.vIID |10 45'—14 20 | 5250 | 50
N 451 100
‘.\A '
\
100
19 5.1X 10 55 —12 45 | 5250 | 300
N 462
50| 200X | 850 —1033 |5250 | 500
N 469 A '
2 071X | 10 20 —11 10 | 5250 | 500
e N 475 AR X
22 | 47.X 19651, | 12b05™—1325%| 5250 | 500
T 483 .
93| oaxm |1240 —13'30 | 5250 | 600
T2 496 _ .
24 |13.1111966 . | 11 30 —18 10 | 5250 | 600
N 499 o ,
13.111 11 30 —18 10 |-6103| 10
N 499

1) No. P/P;

(Continued)
5 6 7 8 9
70%1,0 | 12h20™ | 98x1,5! 100 1,10
| 185%1,5| 500 115
100x1,0 | 1015 | 50x1,5 200 0 67
T 1050 | Box45 200 |, '
5,33
4230 | 160x1,5| 100 3,33
80x1,0 | 1055 | 113x1,5 800 1,76
80x1,0| 850 |114x1,5/ 1000 | 2,34
80x1,0 | 10 20 | 150x1,5| 1000 1,78
80x1,0 | 12%05™ | 200x1,5] 1500 | 0,90
80x1,0 | 12 40 |165x1,5| 2000 0,965
1;80><1,0 1030 | 1)208 | 3000 | 1,54 4 o
2{80%1.0| 1530 | 2)169 |3000 | 1,89 °°
80x1,0| 1030 | 1143 | 30 | 3,5 5 a5
1530 | 2)170 | 30 | 2,99

10 1

1

Nos— Nso
So,s5— S3,0

. Nojs— N3

Sos— S25

Nyo— Nu
S10—Su

vao_'- Nl‘
ShO‘_ SH

2) Data; 3) Time (Moscbw); 4) ATT Records; 5) Gap;

6) Calibration: Time {Moscow); 7) Calibration: Reject; 8) ATT

calibrations; 9) Unit H¢ gs/mm; 10) Recorded Section; 11) Length

in mm.

2,66

0,66
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13

14

15
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Table 1. Notes by number

ﬁ

= 55, v = 60; field is also recorded on the disc center.

Calibration E - W = 1600, 10 August, 1966. Group 66 on E.

el

= 5%, v = 60. Smaller group 68, 69 in the N-hemisphere.
The whole disc, dg = 35.

T - 55, v = 60, 30. Group 76 in N-hemisphere. - :~"z:izhzsz.
The whole disc, dg = 35.

T- 25, v = 15. Group 76 in N-hemisphere, extinguishes.

¥ = 5%, v = 60; No spots observed.

 The whole disc, dg = 35.

T - 28, v = 15. No spots observed.

%Y= 25 v = 30. New FEV, EMI. No spots observed.

I

€T=2%5 v =30. ADP modulation situated behind the gap. Bi-
polar group 102.

T 2%, v = 30; No spots observed. /

€= 2%, v =30. No spots observed.

The whole dise © = 28, v = 30. No spots observed.

%= 25 v = 30. No spots observed.

€= 25, v = 30. Calibration 1.90 (E - W) = 2060, group 105,

a very weak spot.

€= 25, v = 30. The same calibration as 31 July, 1965, No

spots observed.

The whole disc;, 1= 2,58, v = 15, The same calibration, no spots

observed.
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17

18

19
20

21

22

23

24

25
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Table 1. Notes continued.
Simultaneous recording He ; “C = 2%, v = 30; calibration for
5250 1.5 (E - W) = 806, starting with this day and to 13
Marcy, 1966. The commencement of simultaneous recording on a
twin magnetograph, weak group 108.
Simultaneous recording Hyg ; 0= 28, v = 30; group 108 disappears.

Simultaneous Heg v and T the same as 11 August, no spots

“e

observed.

Simultaneous Hg ; ‘§ , v are the same. Group 112 is dipolar.
Simultaneous Ha.‘;‘f, v are the same. - No spots observed.
Simultaneous ﬁu 3 ¢ » v are the same, output gap 0.6 X 1.2 by
error. Very small group 118, 119.

Simultaneous Hyg 4 M , v are the samé, no spots observed.
T=2%v= 30. Second chanmel did not function. Very small
spot 129, /
The whole Qisc, simultaneous recording in A5250‘and A6103;
T =285, v=15, 7. | |

Simultaneous recording of intensity in the nuclear lines, ray
velocity. Calibration (E - W) = 1600 fof A5250; 1.35 (E - W)

= 2060 for A6103. Somewhat small, ‘vs:"mgle spots 145, 146 in

' N- and S-hemispheres.
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A third difference is that the signal registered by us was pro-
portional to the size of the longitudinal field Hw, while in [2]
and in other studies [5], the recorded signal waé proportional to Hi
X I, where I is intensity; in which case, the effect of I may seribusly
alter the results at high resolution when recording the entire disk.

Of prime importance in recording the entire solar disk is est-
ablishing the correct zero position [1, p. 103]; in the absence of
instrument alignment and polarizatio;, the dark line (closed slit of .
vfhe spectograph) fixes the zero position. When these. factors are pres-
ent, the position of the median noise line is not the same at the pri-
mary and secondary ADP crystals, and in general, does not correspond
to the dark line. With each recording of the general field, photo-
multiplier noise at the secondary modulator must be recorded in order
not to confuse noise ﬁith deflections resulting Trom a weak magnetic
field which would appear to be forceful with/respeét to the slit,
when recording fluctuations of a "calm’field". The median line of such
noise, in the absence of alignmené, depends ﬁpon brightness and must
correspond to the dark line. 1In not one of the 1965 reéordings
was a difference in the posi;ion of these lines found to extend
beyond the limit of 0.5 gé, which is noticeably less than full noise
amplitude.

Such is the complex nature of instrumental polarization effects.
In 1964 [1] we fegulated the zero position in recording fluctuations

in the non-magnetic line A 5123. The recording of noise (at the




- 10 -

ADP) in the continuous spectrum range also offers the possibility of
fixing the true zero position by taking the "non magnetic' polar-
ization effect into account. Shifts of the ;ero position relative to
the dark line (or median noise lines in the case of a secondary
modulator) arise due to various emission effects which lead to the
filtering of linear polarization through the ADP circular polarization
modqlator at the main frequency (in an Hi recording set-up [1]).
Whether or not the dfift of %?\ proceeds not only to a double fre'quency,
but also in some degree, to a main frequency, may be ascertained if

a polaroid is placed before the ADP circular polarization modulator:
with this, at th%main frequency (when adjusting to record the lon-
gitudinal field Hr), a signal occurs whose magnitude and sign depend
upon the orienta&ion of the attenuation axis of the polaroid.

Whether or not the signal is associated with scattered light may be
determined if the spectograph is covered, the,signai from the polaroid
remains. It is most favorable to record this signalwin the continuous
spectra to avoid cénfusion with field effects, although any (continuous)
field effect is negligibl& small (in adjusting for Hrr) in comparison
with the complete linear polarization signal from the polaroid,
especially in the active region. Therefore, if during registration

of the general field, thesefsignals frdm the polaroid are recorded,
and if their relationship to the instrumental polarization signals is
known, then the,éero position error can be evaluated. Examples of
polaroid signél recordings are given in Fig. 1. It is difficult

to observe the instrument polarization signal directly because it is
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very weak; however, it can be doné. It shows up as a noise deflec-
tion line extending from the zero line (dark) in the range where there
is no field fluctuation (at the primary ADP); this deflection shows up
equally well, both in the continuous spectrum or in line A 5123, and
also in the magnetosensitive ”line; but in the latter case, care should

be taken to avoid magnétic field effects.

$ A 5250 5 "
. had 1
5 bt e ; . 23 W 1964
| z=O5uu=0fsc N ZymYSun=biGse S » ¢
. S . :
/5}t A5250 - " _
-0 i ) 15. 21 19658
,,,t -
R : © . Zy=bum=l8ec N -
' . ' A
M Hee # o1 ‘ ADP Buixn (°FP‘>

ADP 8xn (OF)

or — - , 0. VI 19653
’ Zy=20mmn " =32208

s .

Fig. 1: Examples of linear polarization signal recordings with circular
polarization modulator - a polaroid in front of the ADP with the
attenuation axis parallel to (|| ) and perpendicular to (L) the slit.
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Table 2 gives some measurements of spontaneous zero shift

relative to the dark line (with an indication of the direction of shift,

i.e. to a N- or S-polarity), and also measurements of longitudinal

fields signals from the polaroid with the axis of propagation along

the slit, xuw, and across X] . From a comparison of these signals and

the value A , it is obvious thz;tA always has the sign x, and an

average value of ~“~1/16 x| . As in [1], we find that in 1964, the

zero shift may be disregarded, which follows also from control rdgording

in A 5123. However, upon resetting the magnetograph on dual for

simultaneous.recording in two lines [4], in May - June, 1965,

scattered light augmented and made A &1 gs N for A 5250. At the same

time then, in May, upon setting up other multi-slit photomultipliers

- EMI, an attempt was made to register the general field in Hy which

also showed a high instrumental polarization of 8:5N (noise in Hg,

~~10 gs). This required radical improvement in arrangement, and in

particular, removal of d powerful source of scattered light i.e., the
ADP crystal located in or out of the spectograph slit. On 23 June,
1965, an ADP modulator was installed behind the slit, which greatly
improved its heat regime. Simultaneous removal of scattered light

in the spectrograph by installing diaphragms in appropriate places
required that (Table 2), for A 5250 in>1965, the zero position
corrésponded to the dark line position (excluding apparatus adjust-

ment periods when no recordings:were made) with sufficient accuracy,

i.e., at low noise amplutides.
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Table 2. Zero Position

!
. i 1
Iiata A A x ) 6e %), 00 A, 8¢ F~.au
93.VI 1964} 5250 5155 | 0,6 N — |o,32s
1 15.vI 1965 | - 5250 168N | . — | ~1,0N|1,05N
1
22UV o | Hy(moen) |135N | — 6,0N| 85N
3 8.VII . 5250 | 1,88 | 8,2N | <0,55| 0,418
8.VII H, "N | 325 | <5N| 10N
19.VII | H, 34N 248 | <3N| 24N
451X 1966r.| 5250 | 8,0N |26,58 ~ |o50N
o 6103 | 12,58 | BON — (0,788
5 121X 5250 74N 24,85 | 04N | 0,44N
5 6103 8,05 |20,2N | 0,635 | 0,568

With 20 May, 1965,

make-up.

.~

Comments by Number

new FEV, EMI and a reconstruction of the

rd

23 July, 1965. ADP situated behind the gap.

Declination values in Hg and (53250 correspond inversely to

the right and left order of the grids (mesh).

In January - February, 1966, the schematics were reéonstituted,

2" 'channel for A5250.

2" channel for ASZSO'.

1
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The first recording of 1966 requires special consideration.
13 Marcyp, which is of considerable interest because it was made over
the entire disk in two lines A;SZSO and }\6103. Here, zero shifts,
due to instrumental polarization during readjustmept, must be considered
in comparing results including both lines. If the deflection from the
zero '"dark' line is measured, then the entire recording in A6103 is
shiftéd a bit downward, to the northern polarity, but the‘regording
in A5250 is shifted upward to the southern polarity. This gives’
the systematic difference between the average field in the red and
green lines ngeen>' Hyed = -2.3 gs, counting the upward deflection
(S-polarity)‘as positive. Since the actual value of H = H¢, + 13 R
- where Hy,. is the true field value (relative to true zero); and Dis

the zero correction; then counting H¢, for both lines simultaneously,

we have O red - Dgreen = 2.3 gs. While it follows from Table 2

that, on an average, on one hand x| (fed) /x)) (green) = -1.4 and
on the other hand, Ared/Agreen = -1.6, so on an average, Ared = |
-l'stlgreen' Thus we obtain ‘kgreen = 4+0.92 gs, and zxred = -1.4 gs.

Therefore, in calibrations in A 5250 and A6103, 1.71 and 3.28 gs/mm
respectively, we obtain.‘xrédﬁ= +0.5 and Zkgreen = -0.43 mm. These
corrections were used in calculating the flux differences Fg - Fy (#3).

Let us point out some other peculiarities of the recordings. 1)
The slits of the~magnetogr§ph photometer; as customary, were placed at
the steepest part of the line contour: for A5250 in order V the slit
was 1.8 X 0.7 mm (which corresponds to a distance AA = 0.064 Z

from the slit to the center of the line), and for A6102.7, 2.0 X 0.7 mm,
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which corresponds to A)\= 0.08 K). 2) 1In most cases, the solar image
at the slit of the spectrograph equalled 200 mm, sb a slit 60 X 1.0 mm
corresponds to a square 2.5" wide and 9" high. A slit 60 X 1.5 mm
is only used when (winter aﬁd épring) the solar image is 350 mm,
which corresponds to the exact resolving power 2.5" X 9" (Table 1).
3) All the recordings were made taking into account the possibility
of a quiet sun, where no expressed activity centers on the disk are
registered on the spectroheliograms. The occasional absence of visible
\ details’on the disk compelled us to use a solar image reduced to 31 cm
for guiding and scanning where scanning was carried out along the
western limb. #4) Until issue of the double magnetograph 10 August,
1966, calibration of recordings in A5250 was done as usual, by
registering prominences on the E and W limbs of the sun (1.5' from
the limb) with the aid of a +% A-plate attachment to the polaroid
as per the formula [6] A |

(E - W) = 1600 gs. " (1.1)
After 10 August, 1966, recordings in A 5250 were made wiph a brightness
compensator, in which case, instead of equation (1.1) we have °

2,75;—:(Ee—W}=800 gs,

of where Ig/I,--the darkening in that part of the disk being recorded.
For the polar zones chosen by us, 19/16‘330.55, and calibration was
detefmined from the condition

}1,5(E—-W)=800_ gs. (1.2)
Recording 13 March, l966,vWas carried ouf with a brightness compensator

(for its calibration (1.1)). Registrations in A6102.7 and Hy are
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always made with a brightness compensator. For the line Hg the

Landau factor g = 1.14 is 2.6 times less than for A5250. Therefore,

considering that the wave length ratio of Hg and A 5250 is 1.25,

we obtain, instead of 1600 gs, the value 1600 - %%g% = 3400 gs, so

that for Hg , the equation for calibrating with a brightness compen-

sator is [6] | |
(E=W)=3400 gs (1.3)

on condition that calibration is carried out with a % A.plate

especially for the wave MA6563. 1If it is carried out with a 3 A plate

for )\5250, then E - W must be multiplied by still another vaiue

which, according to our measurements, is 1.55. Analogously for

A.6102.7, g = 2.0, and the value E - W with brightness compensator:

s

‘E.__W=_—;—-—-—5-l—) 3400 = 2070 gs. (1.4)

+

Exactly as before, if calibration is carried out with the usual % A-
plate (for A 5250), the factor for E - W is 1.35, according to our

measurements.

2. The Effect of Resolving Power
1t was found in [1] that{ when scanning the same region at
different resolving powers (from 27" to 4.5'), maximum field strength
in magnetic "elements' increase by 2 -'3 tiﬁes at most (Fig. 3, [1]).
This‘was doné for one certain section which contained only 3 elements.
In order to clarify the effect of resolving power on the statistical
results of general field measurements, based on averaging data on

many elements, it would be necessary to scan larger areas at different
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resolving powers, which was done in the summer of 1965 and was used
[7] to ciarify the question of coﬁcentration of the field in thin
filaments. Successive recordings of a 120" X 120" section at
resolutions R = 27" (slit height, 3 mm, Seéies I)l, R = 9" (height

1 mm, Series II), ﬁ = 4.5" (height 0.5 mm, Series III) and R = 2.25"
(height 0.25 mm, Series IQ) were made so that the same section was
scanned at different R's, allowing a comparison of statistical results
at different R's. A detailed description of the material is giveh

in [7] . We reworked this material for the express purpose of deter-
mining the effect of ;esolution on our systematic measurements of

the general field. Analysis lead us to consider a number of elements
in the field within given limits: 0 - 2, 2 ~ 4, 4 - 6 gs, etc., for
the entire 120" X 120" region, recorded at a given resolution. Since
(#3) there are S-polaéity components, the N- and S-poles were anal-
yzed separatel6. Records made on July 13, 18, 21, 22 and 23 were
used for the N-pole, and for the S-pole, only three records from

Jﬁly 24, 25 and 26, 1965. Distributions (histograms) of a number of
\S- and N-polarity components at both poles at different resolutions
are given in Table 3, from whence it follows that the average field

strength of a given polarity
hS,N == Zh; Vi,

where vi--frequency of occurrence (percentage of the general number
of cases) of the field strength h;, increases with resolving power R
(Fig. 2,a) which might be expected to agree with our data given in [1]

Fig. 3.

lActually the barrel was screwed to 2 mm = 18",
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Our measurements show maximum average field strength increase to
30% as resolution is increased from 27" to 2.25", while in [7], we
found a sharper increase~tq~v~60%. |
Rather unekpected is the considerable increase (L.5 - 2.0 times)
in net mean field strength, hg '<EN at the S-pole and the small
increase in Es - Eﬁ at the N-pole (crosses in Fig. 2,a). (Measure-
ments in [7] indicate a twofold increase in this value.) Of course
the increase in hg, hy and the difference Fg - hy are not evidence
of an'average increase-in‘ﬁ,for the entire section recorded, and
cannot vary with resolptioﬁ (see below) because the recordings mentioned
embraced, not the whole section, but only certain parts which were
the same for different R (see scanning procedure at various resolutions
in Fig. 3). : ' -
“ Let us review the problem of average field value more carefully
at various apertures. Assume that the field consists of tiny
"elements' of a purely 1ongitudiﬁal-+.and - pole with a TT-shaped
aistribution inside element so that the field outside the elements
;
equals zero. We will assume that the brightness and the spaces between

them are equal. The field strength, measured with magnetograph slit

aperture area S, will be in general

e i (S5t 4 30) = 5 (705, + 75, e

where integration is carried out over the whole area S; He, H_--
average strengths for elements of + and - polarity; S,, S_--measured

areas of + and - elements, respectively; it is obvious that Sy + S. $ S.




) i{:';;m & Fl”ﬁﬂr &
H-nomge 13 . 8ok -3
A -z‘ QA =12
a e ® 2 i
*y 8 al . a !
. . s ; R ’ ,
’il hﬂyy io ’ : ‘ hhhl;l'fc o _ v a :
0o® ° ke ° /
-5" o . : o o
S+ ° Sk ° L]
i 1 bt d i
¥ ym r I ¢ Ir I I
T VHg-Fyy 26 N /Y
-3 e ~3
fa] .
o -2 X g 2
X o 6 x xQ
x o =/ ut
B : : a
ﬂh”m & g g '”h”lh 8 : -~ 6-
1 S BRI
! I+ * Ad Jle 5 :
o © e ° 0o 8
i P 3 : 2r
. g§ é é § ; 2 o
1+Q = % ©
0 d 2 Q .8 0 e g .l b
wm I | L rmr I
X‘,XN i L A ! ,xi'xﬁ
St IR R =
. e A
M . [) : °
190 . o 3 -
o o o - N
10}t-e » é . 0 §o g ; o 8
o . o.
, gp > H sk ,
o ©° | © e -
5 ° . B STes H
0 . *
o ° .
Py IR ) gt | T L B
fig, iy - B, iy -
) , ° o
Sr . * ¥
. e Oo %
& "(;,; e, e #-%g ° n_!§ g
3 ~;‘§’ o © ir . .
g8 é’ & e ? .
z thB 0 .’ c:) 2 ;& ) <]
1 - o .
° ° . R
Vi 14 i 1 gLl 1 I
ym I I : m 1

Fig. 2: Variations in characteristic polar field magnitudes at various
resolutions: I = 27'; II = 9'; III = 4.5"; IV = 2.25". a--mean
(weighted) intensity; 6 --mean flux intensity; @ --mean length;

2 --mean number of field components. The large dark and light circles

are the mean values for several days (see text), and the trlangles
were obtained from [1].
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Table 3. Histograms of Field Strength at Various Resolving Powers

Cepun  Series
I 1 Iir 1v

HanpAmennrcTh, g

?chguLc’ -8 N s | '~ s . N s N

N-nosmoc N-polé

0—2 5 2 2 3 5 4 2 | . 2
2—4 26 22 2. | 37 39 48 30 12
i—6 2% | 17 44 41 66 43 53 33
6—8 13 | 8 21 22 4 30 | 34 34
8—10 ‘2 | 3 18 6 | .22 17 33 17
10—12 5 | 3 5 3 16 1 14 6
12—14 4 - 4| 4 | 4 4 18 —
14—16 1| -~ |1 1 6 3 10 5
16—18 - | = 3 - 2 1 2 2
18—20 — - 1 - 1 = 3 -

Cpeamee, ec. .| 540 | 4,9 | 6,49 | 534 | 6,44 | 561 | 7,62 | 6,42

g2

ol o2 1 "5 1 ‘ 1
2—4 1] 21 16 | +25 10 12 11 12
4—6 | 4 "85 10 ] 22 2 26 21 34
6—8 ‘ 5 17 1 12 13 | 27 14 39
8—10 _ 1 |7 -5 .9 7 29 — 18
10—12 1. 5 1 6 - 19 3 21
12—14 - K 1 1 1 6 / 4 12
14—16 - - |1 2 —_ 3 | — 5
16—18 — 1 — | 1. — — _ 4
18—20 — —_ — — — 4 - 1
Cpeaunee, ec. . - 6,33 5,61 8,13 6,08 8,11

F
-3
-
‘O‘
L -1
[
F
-3
[*-]

Let us review the simple case where our elements have the same strength

. = —H.=H | the same shape (square) and area (equal to 1); then,

5 Se=50) ) (2.2)
and let us review the case given in Fig. 4, when a given section,
containing four elements (three with +H and one with -H distributed
as shown in Fig. 4), is first scanned ‘with a slit that» encompasses
the entire séction (enclosed in dash-line)--Case I; then 3 times in
succession with a slit 3 times smaller (Case I1I); and finally with a

slit 6 times smaller, successively 6 times (Case III), where the slit
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Fig. 3: Distribution and size of slits during consecutive scanning

of the same section (S, Nj.g - S,N, O}_ at different resolutions
(Roman numerals). - \

.

width is considered constant and equal to the width of a section whose
area is taken as 18 units. Then we have, corresponding to the various

cases, the following results:

Case T

S+.=31 S.=1
- H i
H=ge-h=5H.

Case II1

1st section: $.,=0, S.=0, 1_{1-=0
2nd section: :s5,=1, S_=1, 1=0"

S 2
3rd section: S.=2, S.=0H=gH
Average field strength:

- 1 ; 1
II=='3'(H1+Hs+Ha)=§H
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Case III

lst section: g, —0,85_=0, f/;=0
2nd section: §,m0,S8.=0, /=0
3rd section: §,=1,S.=1,iz=0
4th section: g, =0,5_=1, Te=0

. _ 2
5th section: §,=2,5.=0Hs=3H
6th section: §,=0,5.=0, Hs=0

Average field strength:

— 42 I
H=§(§H)=§H'_

b

| s | ——
. $=6 €

[lesseseneefr

8§18 ! Ez ..,_T.J E Z] E
7] [ o] [0 [ 7] [

Fig. 4: Scanning the same section (dash-line); which contains 4

field components (small squares), using apertures of different sizes
(case I, II, and III--see text).

v bbbt

o3 & & W D™

Thus, upon scanning a given region at different resolutions so that
the entire regidn is covered uniformly, without omissions and over-
laps, the average field cannot vary, which is correctly shown in [8].
In other words, net magnetic flux doés not depend on the resolving
power if the same region is coVered at various resolutions. But,
recording at resolution II‘(Fig./h), the section is scanned only
twice (Fig. 4 dotted line),ﬂthen for the first section we obtain

Hy = 0; for the second, Hy = 2/6H and the averagé field H = (0 + 1/3H)/2

= 1/6H greater than the field at low resolution. If analogously,
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with slit III, we scan only sections 3, 4 and 5, then we obtain an
average field of H = 1/3 * 2/3H = 2/9H, which is still greater than

at resolution II.A Hence, we ogtain aﬂtwofold increase in the average
field due to inqompiete scanning of the region. Apparentiy, this
effect showed up in [7], where an average net flux increase was
discovered, which is physically impossible. From the scanning diagrams
in Fig. 3, it is apparent that the average fiéld for Series IV will
be éonsiderably increased (possibly twofold as in the cited example) ;.
and for Series I, decreased, which may give the increase mentioned.

Therefore, all of the reéordings wefe revised to eliminate the

ovef estimation in Series I (only the numbers are shown in Fig. 3),
taking into account that Series IV recordings could hardly Be compared
with the others without being reduced by some factor. Those values
proportional to N- and S-polarity field fluxes were determined:
namely, the areas bounded by the recorded field and the zero line,

i.e. the values o |
| Far={idt (2.3)
taken separately for S and N fluctuations. The sum of tﬁese areas
for a given section, dividing it by.the length L, gives the average
field of given polarity Fs;N/L3 then the average of all sections outside
the given area is c‘alculé:ted as .};EFs.N/L'-where n--the number of
sections. By an anélogous method, the mean length of S- and N-polarity

elements X:.-,;“-Z‘, As,v and the average number of elements were found.

The results of all different measurements for all data cited above are
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given in Fig. 2, a, b and ¢ individually for the N-and S-poles
(see alsodTable 4). At the N-pole, where the average is well estab-
lished by measurements, if the values HS and HN increase at all, it
is negllglble which underscores the stated fact that deflection amp-
litude increases with resolution. However, no increase in HS - HN
with resolution (Fig. 2, graph, top) was detected in relationship with
the.above statement'of net flux constancy (even if one considers that
the value of this diffefence for Series IV must be reduced by a factor
of «=2). An increase in field strength with resolution is compensated
by rgducing the size of the field elements. A§ for the S-pole, which
is established by only three measurements, an increase in nét field
ﬁN - HS with resoiution (in accordance with an analogous field
inCreése‘H = hy - ES in fig. 2,a) is observed along with increases
iﬁ Hy and HS.

4 An ingfease in average field with resolution, at a given polarity,
is apparently related to the fact that the mutual annihilation effect
of fields withiﬁ the 1imits of slit range decreases with aperture
(for example, in Series I Flg 4, the + field was 1/9H but for a
slit 3 times smaller, it was ﬁ;H3+j;H)3-—(5H¥ However, an increase in
N HS for the S—pole‘is at gest fictitious, and in

Aessence, reflects only an increase in the field HN, since the mean

net field H

field strength ﬁ (Table 4) on the average is only 0.6 gs,which is
considerably bélow mean total noise amplitude, as is shown by its
dependency on slit height in Fig. 5. In general, noise may strongly

affect the measurements in.Series IV, although common field fluctuations
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Table 4
F‘S'—FNv ’ .
Fg, 85 Fu, e . KS )‘N ng ny
Seri®¥ | s | N o ,
N-nomoc N-pole
1] 23 |..002 | 1,49 | 18 759 | 3,50 | 1,98
I | 2,47 | 1,01 1,45 10,1 7,41 | 3,13 | 2,40
nr | 206 | 1,06 | 4,00 | 9,18 7,58 | 3,52 | 2,09

v | @60 | ©86) | (1)18) | ©90) | 6,55 3,78) | (1,80)

S-momos S-pole

1| 037 | 2,47 | —1,80 | 4,26 | 10,6 1,43 3,76
I | o8 | 2,3 | —1,54| 6,60 8,80 2,53 4,33
ur | oe2 | 2,91 |.—2,20 | 5,90 1,1 1,70 3,86

v | 060) | @340) |(—2,80)| 5,26 | 9,13 | 1,60 | 4,53

Ve

are Well separated, oweing to their systematic character. Indirect
anélysis of S-pole reéordings for 24, 25 and 26 July, 1965, shows

an almost complete absence of S-polarity fluctuations, but the majority
of fluctuations studied were simple, long '"period'" noises; while at
the same time, strong (up to 35 gs) N-pola?ity fiélds were noticed.
This is also illustrated on an isogauss field map drawn for one of
these days (Fig; 6). Let us now reviewlhow the volume of information
on the generéL solar magnetic field varies with resolving power--to
be exact--when transferring from our most frequently used resolving
power (2.5" X 9'") to the resolﬁtion used, for’example, at Mount
WilsonrObsérvatéry: R = 23" X 23", 1Information loss at greater
aperture would not exist if.there were no noises--all of the small

elements wouid add their part to the mean field

Ems%ZHlslv
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Fig. 5: Dependency of mean (total) noise amplitude on resolution
for different days. The large striped circles are mean values.
where S, is the aperture area, and recordiné atrlow resolution would
only differ from high resolution in that the former would be an average
of the latter. However, due to the presence of néise, a small element
with area si<g,s; at low resolutioﬁ gives only a very weak field

”==§%H}V(even at considerable H;), which may fall below‘the sensitivity
threshde 6f the magnetograph, ile., the field signal compared with
the noise. Our pfoblem is to find which field element dimensions and
fieid,strengths mark the onset of information loss. Mean noise
level (based on many measurements) for the Crimean magnetograph [1] is

| h=2,03 &%

(for a specially chosen photoelectric multiplier EMI); this we took

as the threshold signal. The signal magnitude varies as the square
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root of the light flux into the spectrograph, i.e. the square root
of the entrance aperture (slit) area at the same d/f. Thus, our

threshhold signal for a 23" X 23" slit will be

9" X2°9
“201/;yx2¥ 0,42 gs.

| (2.4)
For us, d/f of the intake optics equalled L1/50; but at d/f

= 1/150 (Mount Wilson), the mean threshhold noise would in no way be

less than 1 gs at the same time constant { = 2.55, Even taking it at:

AO.S gs, all of the field elements, for which Hy énd area s -satisfy

¥

the inequality1

2. 0,5 e, '
\ Hng <O ) (2.5)

give a signal L noise threshhola; using a 23" X 23" slit.
At the same time, for a slit S, = 2.5" X49" an& analogous
inequality is | ‘ |
Heg <2 e (2.6)
Fig. 7 gives the dependency of maximum HM arnd- HC on s/S -curves
I and II show that all elements W1th fields and dlmen31ons below
curves I and II lie within the noise lLimits. The weight mean strength
of general field elements is in agreement with [1] and that given in
thlS work may be taken as 5 gs. It follows from Fig. 7 that at a 23"

X 23" resolutlon and strength of 5 gs, only those elements will be

registered whose dimensions are

a

d>dy=T5, (2.7)

*Reference [2] gives the mean square noise equai to 0.1 gs, at a
slit height of 70" and time constant of 55; upon rechecking on a
23" X 23" slit (at a width of the initial slit of 2"), we obtain a
noise o0f-0.2 gs, but at a time constant of 2.5% it would be ~~0.3 gs.
In [9], for a 10" X 10" slit, the noise is £ 0.5 gs at € = 55, which
gives a threshhold noise, at R = 23" X 23" and h'&£0.5/2.3 = 0.2 gs,
or 0.3 gs at $ = 2.58. If we consider that the callbratlon in ref.
[2] and [9] are iower by a factor of 2 in comparison with ours, then
the threshhold signal will be 0.6 gs in relationship to the value of
0.5 gs chosen by us. :
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i.e., greater than the radius of correlation [5]; whereas, at a reso-
lution of 2.5'" X 9", elements with the same strength and with dimen-
sions » 3", of eveﬁ higher, are registered if it is considered that
the slit is 2.5" in width. According to the data in [5] (Table 10,
Fig. 20), this indicates that no less than 30% of all elements are
lost at a 23" X 23" resolution, while we lost no more than 10% of all
elements. Fig, 8 shows a comparison of maps of ourdata and Mount
Wilsoh Obseévatory data (footnote on pg. ) for 2 August, 1965;

from this, it is apparént that our map shows 158 elements, i.e.,

we have 1.72 times more detail (in number) than the Mount Wilson

map, regardless of a "gap" of about 2 in our recordings at the pole

and simiitarly, for a disk of v~ 4 (ratio of the distance between suc-

cessive sections and the top of the slit). The gap in the Mount
Wilson recordings équalled 1, the disk was uniformly covered by the
recordings.

Up to ﬁhisftime, we have considered differences in the time
constant f . The Mbﬁnt Wilson may in Fig. 8 was obtained in 80M,
which corresponds to a scanning rate of 23"/sec, Since the speed
R/4 does not cause seriéus inﬁormation IOSS, then‘btﬂlﬁ, while for
us T = 2.5°. This increases the threshhold hold field (2.5) by a
factor of ¥2.5, i.e. it gives 0.79 gs instead of 0;5 (noise drops
as the square root of 1/ ), which means that only elements with d
;>10V are registered, which is no more than 507%. If we take'ﬁh= 2,58
at a‘speed of 23'""/sec, we obtain an amplitude drop in the ratio
(L - e'2'5)/(1 -.e'l) foE:all signals, i.e., by a factor of 1.4;

according to curve I; Fig. 7, this leads to information loss for all
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elements when d)’d2 = 8.5, which is about 45%.
Besides this, it shoﬁld be considered that, at the poles,

there is an uncompenéated decrease insensitivity by a factor of 1.2 -
2.0 due to a brightness drop at the limb of the disk, which leads to
an increase in threshhold (2.5) to 1 gs at most, and to loss of
elements wiﬂnci)ll".v Thus, the method of registration used at
Mount Wilson Observétory leads to loss of information for no less than
50% of the elements! -of the general magnetic field, but has the ad-
vantage ofAcovering the entire field uniformly. We lost only 10%
of the information, but the disk was covered only half as thoroughly
as it snould have beeh, based on data on the radiuslof autocorrelation
(7.5"): the interval betweeh sections should not be more than double
the %adius of éutocorrelation; cherwise, new field elements appear.
Our recordings are usually:carried out with a 25'% interval; and even
at a speed of 2'*/sec (which is twice greater thaﬁ R/<¢), recording
the disk with tﬁis type of gap takes at least gh. A1l the same, in
underSténding the physical nature of the general field, to record
at high resolution, even if not the whole disk, is more preferable .
than recording a 1arger>sectiqn that contains a known area of chao-
ticity in field distribution (outside of the active zones)--this

follows from the recordings of the field over the entire disk and
1

The loss of “~50% of the information in recording with a 23" X 23"
slit may immediately be confirmed by histograms of average field -
strength (Fig. 10) which show that field elements with Hp » 6 gs
(according -to the Mount Wilson calibration, 2 3 gs--the magnitude
at which isogauss on th%maps of this observatory begin) constitute
no more than 50%. ' : ‘ '
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from net field distributions with magnitude as given below (Figs.
13 and 14).

Hylnopoz), sc

- wf :
‘ Fig. 7: Dependency of threshhold signal on the
: magnitude of magnetic field components

ol at resolution 23" X 23" (curve 1) and

» resolution 2.5 X 9" (Curve II).
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Fig. 6: Map of the field 26 July, 1965, obtained at resolution R = 4.5":
calibration, L = 2.35 gs; vertical numbers are N-polarity, horizontal

numbers are S-polarity.



Fig. 8 : Comparison of generai fieid maps of the entire disk for 2
August, 1965, obtained at Mount Wilson Observatory (left) and in
Crimea (right): Isogauss begin at 3 gs: N-polarity, solid line;
S-polarity, dashed line; the mumbers at the right are the numbers
of the sections made in the Crimean.

See next page. ‘ ﬂ
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3. The Polar Field and Its Variations

As in [1], frequency distribution histograms were constructed for
the occurrence of maxima in'fluctuation amplitudes of S- and N-polarity
fields at intervals of 0 - 2, 2 - 4, 4 - 6 (etc.) gauss on each day
of observation for the entire zone ﬁear the pole, shown in Table 1.
Using these histograms, we found the weighted mean field strength
value | 7] =2‘, Hv (l)
For the given polarities HS-;nd Ay, fof each day of observation.
Histograms were not made for.separate days, but the values Hgand Hy
for the N- and ‘S-poles are given separately in Fig. 9 and in Table
6. On those days when we recorded the whole disk, the recordings were
divided into 2 zones: the polar (sections 1 - 8, from =~30 to ~~70°
latitude) and the equatorial (sections 9 - 14 from 0 tow~30°); for
both zones the values ﬁé and ﬁN were determined: ' the equatorial values
havé been especially set apart in Fig. 9. This value distribution
immediately shows a predominance of S—polaritj'at thé.N-pole, and
N-polarity at the S-pole in the majority of cases. A remarkable
rise in the strength of both polarities toward middle year, and a drop
toward year end, are noted. It should be remembered that each value
in Fig. 9 is a weighted average over 50 - 80 (on the average) elements
of a:S; or N-polarity field;

Examination of the histograms does not allow, as in 1964, allo-

cation of all the data to a certain characteristic period.
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Table 5: Histogram of Field-Occurrence Frequency, 1965

N-um’ao]?()lari Gty  S-momwoo
;.Fn-%' s lf] No| s N
oz | ats |Mase | eie | SI4
2—4 537 497 | 531 545
4—s | -394 | 304 | 363 | 392
68 20190 fu 4280 | 448 )0 222
o 8—10 |62 1 4 403 L9 ol 182
C40—12 | T4 .48 | st - 66
12—14 | o158 o 40 f 0 T8 60
Coqh—16 | B2 T2t g6 | ey 38
618 EOTURES IR | -8 AR
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NS L T 1635 | 1740 | 2009
o dgpe | 5,28 | 485 | 404 488
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Table 5 summarizeé the frequency of fieldAoccurrence, Hg and Hy
for the entire year, 1965, and fig. 10 is a summary histogram for
1965. It does not show the' type of distributiongl asymmetry at the
N-pole, as in 1964: the values are often found to be more or less

the same at both the N- and S-poles; and equally so for S- and N-
polarities. Noteworthy is_the appearance of a small number of high
intensity fields (up to 20 - 25 gs, without correcting for resolution)
in the polar zones, espééially amonb S-polarity fields at the N-pole.

The minimum at 0 - 2 gs is attributed to the fact that the

majority of such fluctuations are noises (the noise histogram is in-
dicated by the dashed line).

| Table 5 shows that‘most S-polarity fields were at the N-pole
(5.3 gs); they are almost equalled (in terms of average weight) by
the 4.8 gs N-polarity field at the S-pole. The average net field at

the N-pole was +0.6 gs (S-polarity); and at the S-pole, 0.8 gs
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(N-polarity); hence, the total average for 1965 is approximate. The
sun may assimilate a dipole, as in 1964, when the field at the S-pole
was totally nonexistant for the first half year.

However, there were periods when the behavior of the general
field was in sharp contrast to a field characteristic of a dipole.
In due course, the behavior of the field is characterized by the
quantity

6H=ﬁs——ﬁ-mk. o (3.1)

found in fig. 11,b; for theroughness; we have added here, the last
2 months of 1964 and observations for 13 March, 1966. Along with

these values, the average values of the quantity

L (3.2)
where Fg and FN--total fluxes of S- or N-polarity fields for a given
section of length L,

Fax={ L 3.
The quantity F, as in [1] was calculated by planimetry of an area
bounded by the recording and the zero line in an area of S- or N-
deflection and expressed iﬁ gs-mm of recording length; since the
cost of 1 mm of recording in seconds of arc is known, the quantity
F'can,easily be expressed in mksv (eee below)

Table 6 gives average velues of FS - Fy (in units of gs/sec arc),
and,ES/FN is characterized by a predominance of flux of one polarity
over the other. Mean H (3.2) was obtained by averaging the ratio

D F/L for each section; this is better than averaging AF and L

individually and then their ratio, because the length L varies little.

]
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The variation in H with time is shown in fig. 1la. Comparison
of FS/FN in table 6 with the mean values of )\S/)\N (Llength ratio of
N and S elements), and als&,the mean ratio of the number of elements
(ns/nN), demonstrate the rather obvious proportionality between
FS/FN and these numbers (graphs not.plotted), since the averége of
the quantities, themselve35 is F = ﬁﬁﬁ [1]. It is also apparent
that the lengths of the‘elements, and not their intensity and number,
have the greatest effect on the magnitude of'f. |
Fig. 11lb shows similar behavior for § H, the net field based on
the frequency distribution of maximum amplitudes, and H, the net
field based on fluxes, although, some points of difference are that
they occur due to "admixtures" of protracted elements of a weak field
or small elements of a strong field. As far as each point is concerned-
and these are averages of 60 - 80 ﬁeasurements - these fluctuations,
even the rapid ones, are completely valid. These rapid fluctuations
are on the order of 24 hours, e.g., 15 - 17 Mérch, 24 July - 2 Augusti
and 10 - 12 August, and recur just as well at both S- and N-polarities,
in which case, the peaks, especially thebminima, at the N-pole are
repeated at the S-pole after a lapse of 1 - 2 days, for the cases
cited. For example, in March the field at the S-pole reached a
maximﬁm on the 16th and dropped to normal on the 17th; and at the N-
pole, it reached a méximum only on the 17th; similar effects were

observed in July. The following picture is obtained:
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It shows in 4 cases, a lapse of 1 - 2 days forvpeak magnitude of 611
or H in the field at the N-pole in comparison with the S-pole. 1If
these lapses are due to a magnetic disturbance propagated from the
S- to N;polar region, then its velocity would be~5. km/sec, which
approximates turbulence velocity in the upper layers of the solar
atmosphere. .

Let us review this effect critically. If it were related to
zero error, the occurrence of peaks would be simultaneous: all values
at both the N- and S-pp}es for a given day would be more or less
equally shiftedA(with respect to N- or S-polarity). And moreover,
analysis of the recordings would show no basis for attributing this
effect to zero error in the given cases. Calibration erros, which
would increése or decrease N- and S-field intensity values, would
obviously inérease the difference Hg - Hy, the net field'ﬁ (or §H),
by the same factor. Fifst of all, however, this error, like zero
error, éppears equally and siﬁultaneously in the field at both N and
S-poles; and secondly, it does not exceed, as a rule, 30%, whereas we
are dealing with variations 2 - 3 timeé greater and more (a 30% error
is inevitable due to s~ 5" periodic pulsations in velocities on the
Sun).

Due to rotation, a 240" section registered over ¢ would be almost
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Table 6: Data on

the Polar Field and Its Variations
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Table 6 (Continued)
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Table 6 (continued)
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completely renewed, i.e., would almost complete a cycle, after 24
hours, which Wéuld undoubtedly cause rapid (on the order of 24 hourS)
fluctuations in the.mean value of the net field in a fixed section
(with respect to the disk image). If the fluctuations in question
were related to rotation, then the lapse at the N-polar region with
respect to the S-polar region would be possible if some type of
common magnetic anomaly paséed straight along the solar meridian and,
due to inclination in the axis of revolution of the Sun, extended‘to
the north-south line, at the end of which our region is located, this
méridian would, it seems, traverse the S-region earlier than the N-
region (when the inclination of the N end of the axis of revolution
is toward the eastern limb of the disk). However, the positioned
. angle of the axis of reVolﬁtion from the end of July to the beginning
of August, 1965, was close to zero, and in March, almost 200; so in
thg S-region, the tfaversion, conversely, should be 1ater;.hence, this
effect could hardly Be attributed to inclination in the axis of
revolution of the sun. Moreover, localization of a magnetic anomaly
strictly along the meridian from one pole to another is highly improb-
able. Furthermore, recordings for March 15 and 16, covering the
entire disk and encompassing a wide range of latitudes (from the
pole fofiZO - 300) and longitudes from the E to the W limbs of the Sun,
does not confirm the rotation effect. Emissions introduced from new
regions, emanating from the E limb, would hardly cause such fluctuation, .

because the increase in area due to rotation would be no more than 2%.
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And finally, let us review the effect of selection, viz., that
the values H and ¢ H in fig. 11 and in table 6 were obtained by
averaging fluxes and maximum amplitudes of sections which varied
from day to day: For example, when fhe whole disk was recorded,
these values encompassed a range from 30 to 70° latitude (S, N 1 - 8),
while polar region recording covered, as a rule, the range 50 - 70°
(S, N 0.5 - 3.0); moreover, the polar regions were recorded at 30"
intervals, whereas the whole disk, at 60" intervals (See table l);
It follows from the discussion in Art. 2, that the heterogeneous
selection of sections must lead to variations in magnetic flux values,,
i.e., to variations in the magnitude §HH; but in cases of chaotic
distribution of the field, the effect of the chdice of sections on
the mégnitude of 611i3’no£ essential - it varies in equal measure with
the number of cases. Therefore, the periods which are of interest
to us (first, the 15 - 17 March; and second, 23 July - 2 August),
wﬁich show rapid fluctuations, were revised so that the choice of
sections was the éame throughout the entire period: there were 5 for
the first period (S, N 1.0; 2.0; 3.0; 4.0 and 5.0) and for the
second (S, N 1.0; 1.5; 2.0; 2.5). The results of working this data
into a form that is more suitable for review than fig.“ll is given
in fng 12, which gives an driginal treatment of the data from fig. 11
and table 6.

A comparison of both results shows that, although selection has

a marked effect on fluctuation and "amplitudes,” i.e., lowering some

peaks and raising others, it does not qualitatively change the picture:
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for the second period the fluctuation effect and the shift in bu
for peak II increased (in intensity); the effect (of selection)
on ¥ and & H increased for peak II1; and the effect for a small
peak at the S-pole, peak IV disappeared in 6H, ‘but increased in H,
and here the maxima of IV are synchronous.. Fér points of the
"second period, the selection factor does notmplay a role.

The reality of synchronous field fluctuations ‘at the N- and
S-poles based on other data would be an extremely desirable verifica-
‘tion. With this in view, we have employed several magnetic field maps

of Mount Wilson Observatoryl

s, which contain information on the polar
field (e.g., cf. Fig. 8). Unfortunately, due to the low resolution

(23" X 23'"), the maps contain information only on the largest elements

- of é relaﬁively strong fieid (beginning at 3 gs per Mount Wilson cal-
ibration), and in a number.of cases, do not give recordingé of the polar
field at all (due to a drop in sensitivity by a factor of 1.5 -

2.0 at the limb of/the disk and the absence of a brightness compensator).
From all the material (from March to November, 1965) only 21 days

could be selected ﬁhere tne measurements were free from the following
discrepancies: a) zero drift and field manifestations actually of
onlyvone sign both at the.poles and over the whole disk; b) very
scant.data at the poles (late time of registration, clouds, etc.) and

c¢) interference from clouds,ladjustments, et al. For reasons which

cause information loss at low resolution, see Art. 2. By isogauss

planimetry in the polar zones (from 0 to Ng » S6 or over a latitude from

1‘We are grateful to Dr. R. Howard (Mount Wilson Observatory) for
placing these maps at our disposal.
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Fig. 12: Polar field fluctuations
at the N-pole (dots) and S-pole
(circles) as per measurements of
the same sections of the polar

cap (solid line): these same
measurements affected by the sel-
ection effect (Fig. 11 and Table 6)
are the points and circles not
joined by a line.
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90 - 56°), S- and N-polarity fluxes and the difference Fg - Fy, converted
to Mx.v, were found. They are indicated in Fig. 1lla by points and
circles with dashes above them. A number of consecutive (day to night)
data (from 22 to 30 April) show the same synchronous, rapid fluctuation
of the polar field with a staggered miminim at the N-pole (28 April)
relative to the minimum at the S-pole (27 April) (here, maximum magni-
tudes are the same--26 April). Regardless of the fact that the rapid

synchronous fluctuations ('"jerks' as it were) of the polar field seem
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convincing, further reseach into possible explanations for the effect
are necessary.

A second remarkable anomaly is protracted field variations:
in the first half-year (February-Junej the appearance of a field of
the same negative sign was observed at both poles; while at the end.
of the year (September-December), the wave of a positive field was
distinctly recorded at both poles. We see that the overwhelming
majority of Mount Wilson data, which compensates deficiencies in our
data for»l October to 30 November, also shows this field rotation at
the S;pole, i.e., at times, judging from the polar field, the Sun
acts as a "monopole' of first one sign and then the other. At
different éeriods, the fields disappear or drop‘to a low magnitude
at one pole or the other (or both, 20 September, 1965). At the
end of 1964, and in January and particularly July - August, 1965, the
Sun acted as a "dipole."1

If we now éoﬁpare the balance of magnetic fluxes at the poles
(for this purpose Table 6 gives values for FN(N)/FS(S), the ratio of
N-polarity fluxes at the N-pole to fluxes at the S-pole, and the

ratio of fluxes in the last column of Table 6) then the avefage of

fluxes for the whole year presents the following picture:

Fs(N“) FNuv) Fe(S): Fy(5)=3,2:0,8:1,5:1, (3.4) -

‘whereas, for the period from January to September, this ratio is

2;0:0.6:0.7:1, i.e., the appearance of a net S-field at both poles

Tt 1is easily verified, using the value # for the North H(N) and
south H(S) poles (Table 6), that the difference H(N) - H(S) (net
polar field of the Sun) is positive throughout the year and shows
no seasonal advance with the heliocentric latitude of the Earth,
B,, of the type found in [2]
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at the end of>the year sharply increases the imbalance of fluxes at
the poles, which is characteristic of the whole year. If we compare
this ratio with that measured in 1964,

2:0.5:1:1,
then it is apparent that the 'magnetic asymmetry' of the Sun, in the
sense that there is a;predo%inance of uncompensated S-polarity flux
at the N-pole, was maintained, although N-polarity flux in the southern
hemisphere increased by a factor of ~1.5.

It may bevassumed that the magnetic asymmetry and other phenomena
described above are only characteristic of the photosphere of the Sﬁh,
but in the upper strata, the picture for some reason '"normalizes."
Let us examine this problem. Measuring the general mégnetic field in
the chromosphere, in line HY , is fraught with great difficulties.
First is the low sensitivity of the H 1line to the magnetic field:
the splitting of A)\ H’hg}\ 2 is here 1.66 times less if the multicom-
ponent picture in H(x:is compared to the normal triplet. The noise
histogram (withoutva modulator) gives, for the weighted mean average
o‘f noise amplitude, h = 4.31 gs, while in lines AA6103 and 5250 it
is about 2 gs[1]. This magnitude not only compares with intensity
values characteristic of the general field (cf. Table 7) but also
exceedé them, as the field intensity histogram shows. Moreover, pro-
tracted noise fluctuations have a mean "wave length" of 6.3" com-
parable to the characteristic length of.small field elemeﬁts; which -

also masks their appearance.
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Table 7: Comparison of Photosphere and Chromosphere Fields (H)
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A second reason is the strong effect of instrumental polarization
on the zero position for recordings in Hoe (see Table 2 and Fig. 1);
here, the effect of zero shift reaches 1 - 2 gs in a good case; actually
zero shift is difficult to eliminate due to the high intenéity of
\scattered light (intense spectrum brightness of order I). Also, mani-
festations of Hey ;line polafization are not to be excluded, since
"quasiresonance" lines [10] .constitute almost 3 - 5% in the event of
prominences.
Finally, recordings of the whole field in He¢e may be subject to
the mérked effect of both the ragged, filamentaiy make-up of this
line due to the discrete structure of the chromosphere and the irregular
velocities of its constituent fibers and also, due to the effect of
emission formation in the chromosphere, which lead to the same asym-
metric effect. In order to determine how much these factors affected

the recordings, the same sections were registered in Heg with the ADP
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polarization modulator shut off, which made possible the identification
of those field fluctuations causing line profile asymmetry. More-
over, brightness in the body (and sometimes the wing) of H& was
recorded simultaneously, which allowed fof verification without H G
emission affecting signal magnitude.

Of all the 1965 Hey -line recordings, there were only three,
which were selected and carefully analyzed, in which the méjo;ity of
fluctuations could be related to true fields. Since'Hc; and metallic
line recordings during this period were at different times, then a
comparison of individual sections would not be entirely accurate; it
is'better in this case, to compare the mean field for the whole polar ‘
‘region. The results of such comparison are given in Table 7.

We see that the signs.of the net field H in Hey and the metallic
line correspond in every instance: H magnitudes show good agreement,
also. Most characteristic, however, are the ﬁeasured S- and N-polarity .
flux magnitudes Fé and FN (6r the mean intensities Hg and ﬁﬁ, which
were obtained by dividing Fg and Fy by 125 mm) . In all cases, the
southern field flux in theyphotosphere exceeded chromosphere flux by
an average factor of 1 - 5. ' Noise effects show up in Hee for the
north polarity and are especially strong at the N-pole where the field
of this polarity is weak--mean H is considerably less than 1 gs (which
is only 25% of the mean noige amplitude»of\J'4'gs). Regardless of this
effect, the mean ratio of N-polarity fluxes in the photosphere and
chromosphere show a total 30% deviation from unity. Apparently, it

is a fact.that S-elements (components) in the photosphere are larger
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by 30% than in the chromosphere; however, a similar difference may
be attributed to some small zero displacement in H-polarity HCX
recordings.

The most important conclusion to be drawn from comparing the polar
fields in the photosphere and the chromosphere is that there is no ‘
essential difference in them, with the exclusion of intensity magni-
tude Whicthrobably, ism~1.5 times greater in the photosphere. Hence,
the characteristic disruption of flux balance (magnetic "asymmetry')
found at the photosphere level of the field remains in force in the
chrompsphere. An analogous field asymmetry effect at the N- and S-

poles in 1963 was found in [11] from polarization measurements of

several chromospheric lines at the limb.
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4. General Magnetic Field of the Entire Solar Disk

Fig. 13 gives exampleé of original recordings of the field for ‘
the entiré disk for 27 Jql§ and 2 August, 1965, along with cat -=-gpectro-
heliograms for the same days. Tﬁe good cgrrespondence between the local
fields and even weak fluctuations in Fig. 13 were mentioned more
than once, earlier. N

Looking at Table 6, themean values for the polar and equatorial
zones, in cases of recordiﬁg the field of the whole disk, show that,
for the southern hemisphere, the sign of the net, field of the polar
(30 - 70° latitude) and equatorial (0 - 306)>éones were the same in
6 out of 7’case$, but there was no such correspondence in the northern
hemisphere in 3 cases, the signs at the pole and at the equator were
" different, and in 4 cases, similar. In the southern hemisphere, the
numerical vaiues of the net field H of the polar and equatorial
zones showed good correspondence to each other, while in tﬁe northern
hemispheré there was no such‘correspondence. The magnetic field of
the southern hemisphere was substantially more uniform in magnitude
and sign, which, in most cases, was negative (N-polarity). At the
same time, great inhomogenities in the sign of the field were ob-
served in the northern hemisphere; this is also apparent from the
distribution of flux FS - F51With latitude (See below Fig. 1l4; 16
March, 1965, is an exéeptién for the southern hemisphere). These
peculiarities also express the unique "magnetic asymmetry" of

both hemispheres of the Sun, cited in [1] based on 1964 measurements.

This was especially strongly expressed, apparently, from September
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to December, 1965, when the sign of the mean field H at the S-pole
became positive--the same as at the N-pole (Fig. ll). It is difficult
to not relate this magnetic asymmetry to the sharply expressed asymmetry
of solar activity: the overwhelming majofity of active zones in 1964 -
1965 were concentrated in the northern hemisphere, including here,
the distribution and intensity of green and red coronal emissions,
which is well illustrated in bulletins of the Boulder High Altitude
Observatory [12].

A more éetailed presentation is given by the graph in Fig. 14
Which‘shows the distribution, by 1atitudes, of net magnetic flux
magnitudes AF = Fg - Fy (3.3), averaged over all latitudes at each
longitude for which a section was made. We see here, for example, the
_distributions for March 15 and 16 when rapid variations in the mean
net field of the polar regions took place: April 7, when the field
at both poles was negative; July 27 (a polar field of various signs);
and August 2, when the field had a "dipole'" character. There is
obviously no type of regularvflux~cﬁange [&F Wit? latitude, but, on
the contrary, irregular and sometimes rapid changes of sign and flux
magnitude are observed. However, all distributions have in common, a
predominance of ﬁegative flux (N-polarity) and an irregular magnetic
distribution in the southern‘hemisphere,\including fhe pole. 1In the
southern hemisphere in.4‘out of 5 cases the following similarity may
be observed: the presence of 2 zones with a rotating field--zones

of negative field: one at the equator (@ = 20°) and the other in

the median latitudes (q>'= 35 - 50°). Upon comparing the distributions
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Fig. 13: Recording of the general field of the whole disk and spectroheliograms for

27 July, 1965, (a) and 2 August, 1965 (b).
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of March 15 and 16 (Fig. 14), it is possible to find some similarity
between them: ali the peaks for the 16th (I, II etc.) are somewhat
shifted towards the equator in relationship to their position on the
15th (if sign is ignored). 1If our pfedicétion of peaks for all dates

is correct, then we obtain the following magnitudes of magnetic

disturbance '"'shifts'" toward the equator and their velocities (counting

a time interval equal to 10° sec).

se g - Cxopocrb.Veloc:Lty
I - Ae Ry Ao, 100 xm
mk : ° leen km/ sec
b Do R s PR .
\- 1 R R L A ”;1“1,75‘*;A.(,21,75
< IIL 416 ] 1,08 - 1,95
109 I IS T 2,56 2,56 *
SOOIV b e ) 4400 1,10
A4 43! 0,35 . 0,35
VI 415 1,80 1,80
foerage - | }1’58 wu/Bec.
{ ) )

A velocity of 1.6 km/sec is characteristic of photospheric movements.
If, in the given case, we actually have a systematic drift of chara-
cteristic-field disturbances from the poles to the equator (along the
meridian), then thlS cuuld be connected with the well known theoretical
phenomenon of merldlonal c1rcu1at10n--the radial outburst of gases at
the poles and their flow towards the equator along the meridian [13].
True, these movements pfoceed much slower, Therefore, if the velocities
of magnetic disturbance, as found in Art. 3 and also evaluated here,
reflect a true process, then they should, more than likely, belong to
diétufbances of the fluctuation or wave-type which run from one pole
‘to the other. It'is appropriate to remember that Alvin's wave velocity
in the photosphere (in“a=u»10 gs field) is of the same order, ~~1 km/sec

(or a bit less).

-
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.H_wxgmés immediately apparent that on March 15, an exemplary balance
‘6f élukés was observed in the northern hemisphere, but in the southern
hemisphere, the S-polarity field is practically nil, so that the
total net flui from the whole Sun is negaﬁive; whereas, on March
16, the total flux is positive in both hemispheres. 1In the remaining
cases, the net field is mnegative. This may seem strange, when one
considers the predominance of an average S-polar field at the poles,
as follows from Table 6 and (3.4). However, a review of this table
shows no such S-polarity dominance fér the days studied. Secondly,
the iluxes in this Table belong to the polar zone, whereas, here we
are dgaling with an integral over the whole disk (the predominance of
S-polarity at -the N-pole may be "masked" by emanations from the other

part of the disk). Finally, the fluxes Fg - Fy in Table 6, Art. 3

N
were computed on the“basis of mean field streﬁgth in a definite sec-
tion, and in the given case we are comparing integrals from this magni-
tude on the basis‘of latitude (see below, Table 8). Correcting for
zero position, calibration, etc., showed that the‘flux magnitude Fg
from the lSth to -.the 16th of March was an actual effect; it follows,
also, to keep ih view, that the recording for 15 March is incompletely
evaluated: data on the equatorial zone are lacking, as this was an
insténce when thelmajority of emissions from the southern field occur-
red March 16th. The lifetime of the individual field components as
cited by us in [14] is from &4 - loh, so that after 24 hours, the

general field is essentially renewed.

Let us now review the relationship between true field flux
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Fig. 14: Distribution of mean flux Fg - Fy (for a given latitude) of
the general magnetic field for different recordings of the general
field: The values for (FS - FN):10'21 Mx~v lie along the vertical
axes. The dashed lines for the 15 March, 1965, recordings indicate
cases when a spot was included in determining the difference Fg - Ey.
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Fig. 15: On the determination of a rélationship between total and
~ " measured flux.

through the v131b1e hemisphere of the Sun

+n/3 +n/2 : ‘ g '
Fo—_-.SSHRda-R“ { SHRcos(pdcpda. . (4.1)
R T . T s
and the magnltude measured by us (3.3)
L o N
TFg,;v-SHudl RGOSM Hu°°s"d’“ o (4.2)

Here (Fig. 15), it is obvious that -

V dI=Rco§‘Pcos‘7ydM. (4 3)
where Q) is latitude, 7\ is the Iongitude of points on the surface of
the sun, and the axis x is taken in the direction of the ‘line of
sight, so that H" = Hx; and Hp is the radial component of the field

vector. It is apparent that

Hy=(H, r,)——H,,coscpcosk-*—Hycos(psmk—{-H,sm(p_.
~—-H"coscpcosh—i-Hl(cosxcos(psmh+sinxsmq>). , (4 .4)

Here HJ~is the laterali component of the field constituting angle x
with axis y. From equations (4.17and 4.2) on the strength of (4.4)
it follows that !’ T s

Po=Fy+Fu  Fi=R Sancoscpdcp.
] i ‘ ' i ’4 (4.5)‘
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Table 83 Total Flux of the General Magnetic Field of the Sun as a

Whole.
: . Hemisphgre .
P - N-ponycjpep S-non‘y\cbepa § :
Hara K g ;___" Hg, 8¢
Data Fo | Po|F ) | Py | P- | F Y| =2

1. 45101 ,4:90 356| 163|4-193 | 8,6 |2680 |—2670|—2480] —0,163
PO
s,

2 16.1II| 4,75 |5650) 386|-+5260[3400 | 780 |-+2710|-7970| 0,525

3 . 7Iv| 4,72 | 75| 2610/—1900/12,9 6000 |—5990|—7880| —0,518
& ;" 22.v11| 4,04 | 1700| 3760|—1970| 120 (6980 |-6860|—8860| —0,582

b

5 ¢ 2.vI11| 4,32 | 1980| 1630|4350 276 [1790 |-1510|—1160 —0,0765

o Rem;iﬁénby Number o
1) Incomplete recording. No equatorial zone flow is calculated with-
out spots (group 76); with MFy = -1.70'1021Mx.v. By Mount Wilson
data, flow -1.88-10°1,
2) Reliable value; Mount Wilson data for 3.16 unavailable; for the
17th they are ndted as unreliable. S-fields partially non-existent.
3) Mount Wilson Data is unavailable. |
4) Mount Wilson Data is unavailable; for 7.28 this data are marked as
unreliable--notes recbrded very late, fields in polar zones absent.
5) Mount Wilson data is‘noéed as unreliable due to strong electronic

variations: =zero drift to the N-pole is noted (in the S direction

of S-polarity).
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i.e., total flux is derived‘from the flux F” , connected with measure-
ments by us of the "flux"Aof the longitudinal component, and the
flux FL from the 1éterai coﬁponent. Strictly speaking, in order to
detér&ine the complete flux in a general case, it is’necessary to
know not only Hy but also HJ. . The magnitude F), , thus, may be
determined from observationg, knowing Fg - Fy, (éig. 14), and |
multiplying them by cos¢ and integrating over Q) . In order to
express it in Mx.v, it must be taken into consideration that Fon
is expressed in gs, multiplied by mm of length of the recordiﬁg.
Table 8 gives the cost of 1rmm of recording in seconds of arc on the
Sun (this is determined by reéording speed and.scale); if FSN is
expressed by the number of gs multiplied by the number of sec of arc,
then obviously tﬁe unit.

Fsn=R-(length in cm)= 6,95-10?0_-7.,70.107 = 4,95-101,
The fluxes of S({) and N(-) polarity (in Mx.v) for each hemisphere
were‘computed By pianimetry from ﬁhe distfibution Fs’Ncos(v for each
day (Table 8); here (Table 8) net fluxes for both hemispheres and
for the Sun in general, F"‘ , are given. We see that the total flux
of the longitudinai fiel& varies from +8-1021 to -9'1021Mx.v, that is,
takes on both pésitive and negative values, attaining values which
exceed the field flux from large spots ({é 8-1021Mx.v [15]). This
flux variation is equivalent gpmthe mégp variation |

—y

within the limits of -0.5 to +6§5Wgé; which characterizes the behavior

of the Sun as a magnetic variable star.
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In order to evaluate the extent to which the flux fluctuation F” ,
found by us, affects the total flux variation Fp, the emanation from
(contribution of) Fl must be found. Let us introduce at each point
on the sphere (R, Q), A) the orthogonal cobrdinate system (r,pm , t) with
the origin at this point, with the axis r 'allong the fadius vector of
points where & is the tangent to the meridian, and where t is tangent |
to the circle of latitude at this point. Le {H,, H,, H, be the vector
Acompone'nts of fiel‘d H at the point (R,9P, A) in this system. From

Fig. 15, we have

e e v -

HomHyoosgtBpemg, L }
H,,-H smé\.-l—H,cosA. H,-cos«psmh H,smcp.smh-{-ﬂ,cosh (4.6)
so that
' F_L=SS{H,. snn2 +cos’<psm“}v)+Hl,.smcpcosq)cos’k}-{- } dc..
R . +H,cosq>sm7\cosh (4.7)

BIREEIR VR

Let us evaluate this magnitude for the case of a dipole field. 1In

this case we have

1 : H,.'—I{,-,.Sln‘% h\
. Hp=-——-Hmcos(p, }
- H(_Op Lo \ ..f (4'8)

where Hy = 2a/R3 is the dipole moment. In this case, (4.l1) and (4.7)

are easily calculated, and we obtain

,,-»ai?fzqtﬁzf{m, ) Fj= %ﬁR“Hm ~ %»Fog (4.9)

i.e., a large part (about 70%) of the flux Fy is determined by the
magnitude gleJa , since the variations in this magnitude characterize

variations in total flux. 1In other cases, without knowing the specific
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~distribution of the field, it is difficult to give a reliable eval-
uation of the emanation of (i.e., the contribution of) Fl..

It follows to mention that the disruption of the bélance of
S~ and Njfluxes for the entire disk is on the whole (for the days
shown in&Table’S), equally applicable to the poles is a fact which
is related,;as already cited in [1ll, not to transformations in field
‘strength, but to f?ansformations‘in areas and to the dimensions of
the components of the predominant polarity; This is well illustrated
in Fig.ilé, which shows the distribution of the average ratios Hé/ﬁN'
andjiS/fN for'a given latitude over thé whole disk: regardless‘of‘the
high, overall predominance Pf ﬁslover’Hﬁ; in all cases the ratio Lg/Ly
is considerably less than unit&, which'also leads to the predominance
\‘ of Fﬁv*ﬁﬁ iﬁ‘ove; F

S ‘This indicates that the mean gradient

~

since the S components are more 1engthy but the intensity is not
strongiy diffefent, that is, tﬁe forces acting on N components are
greater thaﬁ the:forceS'acting on Sléomponents.

Variation in themagnitude and sign of the net flux (or mean
intensity) of a field in tue visible hemisphere of the Sun has a
‘diréct,bearing on the pfoblem of magnetic variable stars. Our re-
gistrations indicate comparatively rapid fluctuations in the mean
poloical field, which are very difficult, if not impossible, to
explain by the rotation effect: the absence of a field at the S-
pole in the first half of 1964, the appearance of a field of one sign

at both poles from September - October,yl965, the occurrence of rapid
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(almost 24 hr) synchgonous fluctuations, and other facts, do not
support the rotor hypotbesis. Data on the general field of the Sun

is still scant, but the data'given in this paragraph show that fluct-
uations in the sign and magnitude of the total flux are entirely
actual and are characteristic, not only for the polar field; but also
for the whole general field, as already cited by us in [l] and [16].
Recently, a report [17] on rapid fluctuations (5 times in several days)

of net magnetlc flux, according to data from magnetic maps of Mount

‘Wilson (within the range of ibO from the center of the disk), for

revolutions 1431 - 1437, was issued; it was also found that the flux
for this perlod remained negative (in the sense that FN> FS) Unfor-

tunateLy, due to information Losses of approx1mately 50% of ail fleld

'components at a resolution of 23" X 23" (see end of Art II) and

the occasional appearance of a field of only one sign on the map
(zero drift), it is difficult to say to what extent these measurements

represent actual fluctuations in the flux of the general field, but

| apparently, some of them are real (perhaps the text dealt with only

those cases when there were no spots on the disk); spots are not

1

admissible in flux determination.™ 1In one way or another, a careful

study of the general magnetic field of the sun from the point of view

‘of explaining the rapid fluctuations in flux is of great interest in

understanding the ﬁature of the magnetic variability of stars and Sun.

Lre should be kept in mlnd that one spot may give a flux equal to
the tQtal flux of the general fleld of ‘the sun.
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Fig.’16: Example of the distribution of thegratios ﬁé/ﬁN‘(dots) and
‘T%/fﬁ (circles) according to latitude for 27 July, 1965, recordings

of the geheral field.

5. Auto-Correlation of Field Fluctuations and Cross

"Correlation of Field-Velocity:

Diﬁensions of Magnetic Non-uniformities
Determination of the correlation between neighboring deviations
(autocorrelation) in recordings of a field (or radiai velocity)
permits a determination of to what extent flux fluctuations in record-
ings ‘differ from actual cases. The range of actual difference of the
coefficieﬁt'of éutocorreLation from zero depends on the characteristic
dimensions of the magnetic éomponents; 1f ui,'ui +m is the deviation

from the arithmetic mean value (in a series of measured deviations of

the recording), then the coefficient of auto correlation [15] is

Jb e

et Swuen Sul, '

g
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Where m 1s the order of autocorrelation (m = L gives the correlation
between neighboring members of the series; and m = 2, the same for
all members over 1, etc.). If the fluctuations form a very long,
homogenous series, then, according to the'increase in m, we may
divide the series so that the number of measured points for any m

will always be the same, equal to N; then instead of (5.1) we have

.. - N! ' N Av‘<

e o 5.2
‘r'!".::-”azuiwi+m/ Zu?. ( * )
) N ,.“‘f:}' L i==1 . )

-

The length of the recording oftég; fielavdivided by N = 150/300
equidistant points; an interval vetween the points is usually from
0.5 to 1.0 mm, or from 1.5" to 3" (on the disk of the Sun). Compu-
tation was carried tom = 50 on éhe computer.1 AutoS?rrelation
curves (A.K.).are shown in Fig. 17, un-normalized ( icgméhmi,, above),
and normalized (5.2) (below5 for a series or a numbef*of reéordings:
averages of 10 such cﬁrves for 10 sections of recordings of the

field--in the center of the disk (Sec. 240" X 240") for 14 November,

1964 (in line 5250), on the average of 2 curves for 2 1oﬁg recordings

" polar field (from the W limb to the E limb) for the N- and S-poles,

13 March, 1965, were made simultaneously, both for Lhe line },5250 and
also for the line 7\6103. Recordings were carried out at a resolution
of’2.5” X 9", speed of 1'"/sec and time constant of 2.5%. In this

samé Figure 17, squares indicate the éutocorrelation for fluctuation
in thé intensity of the calcium spectroheliograms obtained in [19].
Regardless of the change in contrast and size in the cells of the cal-

cium grid with the cycle of cell activity [20], our autocorrelation

LThe author expresses his gratitude to N. V. Godovnikov for compiling
the program and calculating the autocorrelation curves on the com-
puter "MINSK-1" and to G. Ya. Vasil'yeva for counsel on questions’

connected with the application of correlation analysis.
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shows good agreement with the autocorrelation for the calcium grids
measured in 1953; at the same time, autocorrelation [21] for field
fluctuations, recorded with a very small aperture (2:5” X 2'") show
substantial deviation from all of these data (circles); analogous
correlations [21] ﬁere obtained also in [22] with a large aperture
(2.4" X 6"). We see that, regardless ofnessential difference (Fig.

17) in autocorrelation (in absolute units) for the center of tné éun
(triangles) and the polés and also for the N-pole (crosses, large
values) and the S-pole (points, small values), the relative auto-
corrglations (Fig. 17) are practically the same if one does not

consider the rise in the total curve due to the effect of a small,
constant mean field (at the distance’-30") in two cases. This does

not indicate also an essential difference in the relative autocorrelation
of the different lines in which the recording is made. This is extremely
important, because both lines control each othe; independently. The
agreement between‘ A 5250 and A6103 is entirely valid since these

lines are close to each other in depth of image [4]. Somewhat un-
expected, are the high (absolute) values of rp e%préssed in gsz. It

is further obvious that the large r values of r, gs2

for the N-pole
(than for the S-pole) express the magnetic asymmetry effect of the
polaf field mentioned above.

kThe good correspondence between our autocorrelations and those
in [19] expresses the well known fact of a very tight correlation

between magnetic fields and the calcium chromosphere grid, both as to

position and also in the sense of the currespondence of intensity and
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brightness (the latest data on this may be seen in [23] and [24]).
Power spectra for the averaged curve (from the autocorrelations

given in Fig. 17), give in all but two cases, a constant field at

the 30 séction, are given in Fig. 18 and were computed on the computer

and were calculated on the computer according to the formula

(5.3)

O./’g‘

.E(l‘c) = Eﬂ \"m fzos k('dr,

which shows nothing new in comparison with [2], unless perhaps a small
maximum for the characteristic length of 5.2" = 4,000 km.

Let us review the effect on magnetic field recordings of such
distorting factors as photomultiplier noise and image fluctuation.
At a high time constant, fluctuation noise (Schottky effect) of long
"period" may Ee mistakenly accepted as real field fluctuation,
especially with small apertures, when the noises are comparable to
the signal from the generalifield. Vibrations lead to the rapid ap-
pearance and disappearance of the range of a high or low (and even a
reverse sign bias) field, which, during constant scanning, are recorded
as field fluctuations. This effect is more strongly expressed at
small apertures because they are comparable to the vibration amplitude.
In order to explain the role of these disturbances, we made recordings
at different resolutions and time constants T of both the "pure"
noises of the PEM (photoelectricmultiplier)(with the polarization
modulator off), and also noises connected with }mage vibration and
PEM noises. In this case, the imagé of the Sun was not scanned, but
held in a fixed position in the slit of the spectrograph and recordings

on EPP-09 were made at a speed at which magnetic fields are usually

i
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Fig. 17: Autocorrelation curves of magnetic field fluctuation,
unnormalized (left) and normalized (right)(5.2) for 10 recordings

at the center of the Sun, 14 Nov., 1964 (average open triangles);

and two long sections of the polar zone recorded 13 March, 1965, in
AN5250 (dots, S-pole; crosses, N-pole) and simultaneously recorded in
)\6103 (half-darkened dots and darkened (closed) triangles for the S-
and N-poles, respectively). Unit length along axis x equals 2.85.
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Fig. 18: Power spectrum for mean autocorrelation curve of Fig. 17:
below the wave numbers k = 24/ A, where A is the characteristic
dimension (above, in km and sec/arc) .
recorded (1Y per 1%, v = 30, and 1" per 2%, v = 60). All of the
fluctuationé recorded in this way would then be caused apparentiy
by image fluctuation and PEM noises. Table 9 gives data on these
measurements, and Fig. 19 giﬁés autocorrelations for each set of data.
The autocorrelations for noises collected in Fig. 19 show
serious differences which apparently, in the majority of them, are
related to the presence or absence of a fluctuating magnetic field
area, near the aperture, with a fluctuation amplitude which gives an
autocorrelation, or nearly so, with the recording of an actual field
distribution, or something gifferent from this (the latter). The
autocorrelation of only single noises also strongly affects the
tranépérency and the time constant of the'recordings (compare the two
recordings  made without én ADP, 13 July and 14 November, 1964).
Upon comparing these noise autocorreiations with those in Fig,‘l7,

we see that the effect of noise may be significant. As for example:

the normalized autocorrelations [21] [22] completely, as is not
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Table 9: Noise Recordings
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Fig. 19: Autocorrelation curves of longitudinal field signed fluct-
uation in terms of image fluctuations and PEM/photomultiplier/noise

(cf. Table 9 for designations).
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difficult to prove, lie within the range of noise qutocorrelations in
Fig. 19. Since for '"moise'" autocorrelations sometimes reach noise
Qalues comparable wiéh thoée of ordinary field recordings (Fig. 17),
the discrimination of noise fluctuations éonnected with vibfation is

no simplé matter. It would be extremely beneficial to investigate this
problem in detail, although the conclusions would hardly agree with
those in [25], because the autocorrelation of these spectra characterize
moreso, tﬁe "carrying' capability of the method of registration than
the fine structured fluctuations themselves (granulation, the general
field).

At an average distance of rp= 0.5, the field fluctuation of 13
Marcy, 1966, reached 7.7" for our autocorrelations, although for
individual autocorrelations, it fluctuated from 7.1" to 9.2'"; for
14 November, 1964, this value reached 7.5'"; the staéed valués are close
to the integral value of autocorrglatipn
°§ Fadm = 6",8.:

1o

A drop in autocorrelation tovzefb maf?Be considered to take place at
a distance of ~20". A small, secondary maximum is possible at 30",
but its appearance is not a}ways discernible. Not to be excluded

is the possibility, finally, that the scale of autocorrelation for
actuélifield fluctuations changes from case to case, reaching 5.5m1
or even lesser values, as stated in [21] and [22]; however, in this

case the effect of noise is amplified and very unreliable.

1 ‘
The value found by G. Ya. Vasil'yeva for our 13 July, 1964,
recording of the field. :
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Table 10: Histogram of Magnetic Component Lengths
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Of interest also is the distribution of ""wave lengths'" of the
fluctuation of the general magnetic field of S- an& N-polarities,
R determinéd from the statistical distribution of lengths of S- and
N-components on the recordings, themselves.(Art. III). Histograms
of the lengths of S- and N-components for both fields, and aiso for
the equatorial zones to the N- and S- of the equator (in the case of
recording the whole disk), were constructed for each date shown in
Table II. They do not show any type of systematic difference with
time, therefore, in Table X and Fig. 20, we have given summary histo-
grams for the whole of 1965 of the S and N deviations for both poles
(top).énd the equator (bottomj. Their comparison does not show serious
differences: for the poles, there is a relatively small increase in
the frequency éf short components (1 € 16'") and a decrease in the fre-
Quenéy of long components (1ﬁ)»20"); this'may be due in part to the

influence of the projection effect. The predominance of average
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length of S-components at the N-pole over the lengths of N-components,
which is confirmed by the data in Table VI, is evident, from which it
follows that the mean ratio ié/XN = 1.86 at the N-pole. For the 5=
pole, suéh a predominance of dimensions wés not discovered; and from
Table VI it follows that XS[XN = 1.00. U?dn relating frequency
distribﬁtion according to length [1] and confirming this distribution
by the result of [26], the main m;ximum is concentrated in the interval
of 8 - 16". Justdas for analogous histograms for 1964, along with
the.principalAmaxima in the range 8 - 16", secondary maxima show up
well in the interval 1 from 20 - 24", and a small frequency increase

in the range of 44 - 48" is observed. The principal maximum corresponds

well to the doubled radius of correlation 7.5"; from Table 10 it is

- apparent that, for the poles, this dimension is on the average of

627 and at the equator, 47%,‘that is, on an average of % or a bit
more'of>all of the total number of all magnetic components, which
could be expected: The complete length of autocorrelation (about 20'")
corresponds well to the secondary maximum and the discontinuity in

the distribution curve atil;}AA - 48" (about 35,000 km). This
characteristic dimension corresponds £o the mean dimension of a super
granule, according to [27]. However, the number of magnetic components
of this size is/small,‘that is, no more than 107% of the general number.
The secondary maximum for lengths 20 - 24" (17,600}km) appears only
for magnetic components (about 25% of all components); it would be
interesting to find the‘optical analogue since the dimensions of the
cat cell of the chromosphere grid is always higher than this value--

it varies from 30 - 90,000 km [19, 241,

i
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Fig. 20: Average histograms, for all of 1965, of general magnetic

field component lengths at the N- and S-polar (upper) and equatorial
zones to the N and S of the equator (lower).

The characteristic dimensions found by us, 12 - 16, 20 - 24, and
44 - 48", form a sequence, which is obtained by almost doubling the

previous member, similar to the "overtones" of some stationary

fluctuation state of a magnetized '"'liquid'", as was mentioned by us in

[1]. This brings about the idea of relating the general magnetic
field to the field of a velocity which characterizes the motion of

plasma on the surface of the Sun.

The following reasons indicate the possibility of relating field

H and velocity. First, for a simple unidimensional radial tube of
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lines of force, under the condition of suspended state, this relation-

ship may be perceived from condition of preservation of state

I

4)

SHy =‘tonst, : (5
where S is the area of a section of the tube. Further, if we multi-
ply the basic hydromagnetic equation for the accompanying liquid
(rejecting the member with the extinguished field, since it exists
only for large (on the order of a year) intervais of time)

6H ’

o
by the quantity H in the same point, then, after averaging, we will

rot (v X II)

obtain by time period
’ l

o Herot(v X H).. (5.5)

.J1 and the turbulent scrambling of lines of force ordinarily lead to
%;:>0 , L.e., the fight side of (5.5) is positive, and if jﬁ#o, then
;otv><1{—ga3 , that is, there must be some correlation between v and H.

To find the correlation between the longitudinal field Hy and
the velocity along the line of'sight, we have used a recording of
.the entire field for 13 March, 1966, over the entire disk simultan-
eously at two levels of the solar atmosphere-- )\6103 and 7\5250
(difference of level, v 260 km). Examples of these recordings are
given in Fig. 21; for velocities, we have drawn a smooth median
course frbm the W to the E limb of the disk and reviewed the fluctua-
tion v relative to this median. The interval was chosen just as in
the case of autocorrelation, with a length of «~300", back a bit from
the 1imb of the disk, énd divided into equidistant parts (at a

distance of 2.85'). According to the formula

ol ' o )
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t

where - o, : . . , i . |
Hd =%§H(x)v(z)dz, U = wbuﬁ(x)dx, CH? ==—E—>H2(:c)dx, (5.7

we have calculated the coefficient of cross correlation. Directly
from Fig. 1, it is apparent that theré is a well expressed correlation
betweén the recordings of the field at two levels; it is difficult té
ascertain the presence of this type of relationship in the case of
field-velocity, because the eyes notice a correlation even when

k 20.5. However, for velocities at two levels the correlation is
also well éxpresséd. Table 11 gi&es the results of calculations (on
the computer, see Footnote 2) of the coefficient k for different
sections (latitudes) across the disk of the Sun. We see that k, as a
rule, is 2> 0.5 for relationships between the fiélds separately and

the vélocities separately at two levels., However, for the correlation
field-velocity, themagnitudé k does not exceed 0.5 (in one case, 0.28).
Besides this, we see ffom Fig. 17 that the coefficient of autocorrelation
at a distance which corres;onds to the difference in the level of

A 6103 and }\5250 (300 km) always seems greater than the poefficient
of a cross correlation between the fields; this indicates, even at a
distance of v~ 300 km (diameter of a granule) a relationship‘between
the fields which,rin considerable measure, weakens and a large part of
the geheral field being measured is concentrated in a véry narrow
sfratuma The loss of relationship is still more strongly'expressed‘iﬁ
comparing recordings of Hy in h5250 and Hpy L

The fact of an almost complete absence of correlation between

LThe author is grateful to Prof. M. Huber, Boulder, U.S.A. for use-

ful counsel on questions concerning field-velocity during his visit
to the observatory. ‘
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field and velocity is extremely difficult from a theoretical point of
view, a fact that is moticeable even for the active regions of the Sun
[28]. It is possible that, as a result of rapid fluctuations in
&elocity with the period of 290°, as found in [3], this relation-
ship is poorly expressed when registering fields that usually require
much time. However, this problem requires more attention in the
future.

6. Principal Results and Nature of the Magnetic
Variability of the Sun

We have presented the indisputable fact of comparatively rapid
fluctuations, during the cuurse of a year, from season to season, of
the general magnetic field(of the Sun, during which the magnetic flux
at both poles over the‘entire visible surface changes magnitude and
sign, and particularly, in a manner in which the Sun in average for-
matioﬁ changes from a magneto-unipole and becomes bipolar, and
vice versa. We have observed the "magnetic asymmetry" of the N and
S hemispheres—-more often, a predominance of average S-polar magnetism
in the Northern hemisphere, an effect which accompanies the asymmetry
of solar activity. The fact of a visible disturbance in the mean bal-
ance of magnetic fluxes, both for polar zones and also for the entire
viéible hemisphere of the Sun, is a phenomenon characteristic appa-
rently of the majority of magneto-variable stars. It is difficult

to attribute this to the rotation effect; still, there are a few, but

reliable, measurements which show that the re-establishment of a

~
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balance of fluxes, which is observed at the photosphere level, can
hardly be expected in the chromosphere. And also we can hardly expect
it, apparently in the upper strata of the atmosphere, that is, in the
corona or also in interplanetary space. A sector of the diagram of
the ihterplanetary field, according to measurements from October, 1963,
to February, 1964, at Interplanetary Station IMP-1, shows that the
interplapetary field is very finely structured: its magnitude and
sign changed rapidly, and the field of one sign appears, at most, 20%
more often than the other [29]. If the interplanetary field is a
continuation of the solar field, which shows a close connection be-
tween data on the planetary field and the appearance of a region of
high magnetism on the Sun, then the fine structure of the inter-
planetary field is a reflection of the fine structure of the general
field of the Sun, and the prédominance of a field of one sign
indicates a continuation of tbe effect of disturbance of balance,
which is observed in the photosphere and the chromosphere, and in
interplanetary space.‘

Along with this, very rapid (on the order of 24 hours) 'synchronous"
fluctuations have been disco&éred, i.e., "a lapse'" of the polar field
(possibly, the field as a whole) during which the peak values of the
mean field at the N-pole lag behind these same values for the S-pole
by 1 - 2 days, which requires a velocity of «~10 km/sec for the pro-
pagation of magnetic disturbance from pole to pole.

The nature of these rapid fluctuations and also the longer
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fluctuations mentioned above, is not clear, as is the case of the
magnetic variability of stars, which is '"one of the most interesting
and challenging problems of <'atstrophysics"i [30]. Most of all, it
follows to note that purely magnetic fluétﬁations (of an incompressible
ideal fluid) [31] would require internal fields of over 10° gs in
order to give a period approaching'that observed. If the studied
effects are related actively to some type of‘solar fluctuations as a
while, then they must be, as correctly cited iﬁ [32], mechanical
fluctuations (magnetic forces on the average are»not large), their
frequency would be~v\GM/R3, and their period on the order of 2 hrs.
The possibility of stationary, "standing' waves on the surface of the
sun is indicated by a series of>maxima in the frequency of occurrence
of characteristic lengths of magnetic components, which form a series
(12", 24", 48") of thé overﬁone type; these maxima are not sharply
expressed; which is, possibly, connected with the disturbance of the

fluctuation state of convection and turbulence.
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Table 11: Coefficients of Field-Field and Field-Velocity Cross
Correlation for General Magnetic Field Recordings, 13 March, 1966

".
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In order to explain changes in the magnitude and sign of the
field of the entire disk of the Sun, we might'éonsider the motion of
a type of gyrating fluctuation [2], when the surface layer moves, first
faster, then slower than the internal layers, trailing off frozen
"suspended" lines of force. Thls would lead to variations in the
inclination ofllines of force and possibly, to changes of sign. From
this point of view, it would be interesting to trace the variations
over the entire disk'of the Suh, and also the time function of the
shift effect of brighf centers of the Cat chromosphere grid and
quiesceﬂces of the field in Hpy relative to quiescences of the photo-
spheric field. 1In [14] we found’that on an average the former were

shifted to the E (fell behind during rotation) relative to the latter,

but this is an average effect: in individual cases, a shift to the
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equator was observed. It is possible that the distribution of these
shifts over tne disk is different, and thaf‘they vary periodically
with time. This mechanism, however, is not effective during ''field
suspension', as shown in [32]; the absence of field-velocity cor-
relation févorsfthe idea that fluctuations may,.in a comparatively
short time, change field during the emanation of lines of force,
which, up fo tuis time, lie oﬁer the surface. 1In line with this, it
follows‘to mention that the emanation, appafently may be realized as
a direct resu1t~df fluctuation, but nbt the "brilliancy effect,"
which for the general field, is negligible, as shown in [33]. That
rapid fluctuations of velocity with a period of‘ZQOS actﬁally take
pléce at the surface of the Sgn is an experimental fact, first described
in [3]. |

Another possible maniféstation, especiélly of rapid fluctuation,
rises from the incongruity of the magnetic axis and the axis of rota-
tion [30]. This was first rejected for the sun on the basis of
earliér observations by Hale, Whicﬁ gave reason to believe that the
magnetic axis cdrresponded with the axis of rotation. However,
these observations are inadeduate as a whole aﬁd scanty; as are all
photographic measurements of the general field. The quantitative
diffefénce of the field from a dipolax field, the manifestation of an
average field of one polarity at both poles and over the whole disk,
the magnetic asymmetry of the N- and S-hemispheres, and other facts

indicate that the concept that a permanent magnetic solar axis is not




- 83 -
logical (with the exception, perhaps, of brief intervals of time in
1965): If such an axis does exist, then its position in space, deter-
mined on the basis of symmetry of location relative to its magnetic
"mass' on the surface of the Sun, by far Qould not correspond with

the aﬁis of rotation.

The other side of the problem is the statistical character of

the general field, in particular, the absence of field-velocity
correlation, which gives no basis for accepting the picture drawn

in [34] that reqﬁires the concentration of a field in the limbs of a
super granule, where a substance flows inside. The effect of such
concentration in the limbs of convective vorticles is theoretically
impossible during the motion of a strongly flowing liquid across the
field [35] (the flow effuses from the body of the cell). However,

the auLocorrelation curves énd histograms found by us for field
distributions magnetic component lengths do not show increases in
frequency and dimensions characteriétic of a super granule. They
show substantially smaller dimensions, which is in good correspondence
with the data in [19] for fluctuation in the intensity of the calcium
chromosphere grid; Likewise, we didn't obtain any type of indication
of a relationship between the components of a magnetic field and
convéctive cells, i.e., granules. This may be related to the fact
that at depths higher than h (the upper boundary of the convective
zone) the motion is completely irregular (possibly, turbulences of a

varying degree) not being related to convective motions below the
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level of h, or depending on these motions only in that they are created
by convection. 1In this case, the magnetic energy of chaotic fluctua- .
tions must be cOnstrictéd, due to the massive scale (dimensions greater
than the complete scale of autocorrelatioh) of the field components
which are "piecés" of a field "chipped off" from the sun spots and
which éxisf for a comparative1§ long timef. It would be important to
find e&idence of fhe.existenée of such 1arge scale fields in registra-
tions of the general field.

In conclusién, the author expresses his gratitude to E. I. Lim-
orenko for processing the recordings of the field, and to V. I. |

Gapeyev for preparing the final illustrations.

December, 1966
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