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Abstracts

Tn 1923, when I was studying solar phenomena from the data observed at Mt. Wilson

Observatory, 1 found a peculiar relation between the distance of the positive and negative
magnetic poles and the maximum intensity of the magnetic field in the bipolar sun-spot.
Gencrally the relation is linear, the field intensity increasing with the distance between
the poles ; but there is apparently a lower limit of the latter for a range of the former,
so that the graphical form of the relation as a whole is more or less logarithmic.

On the other hand, T found a tendency for the distance between the magnetic poles

to occur in a wider range if a spot is nearer the solar equator. The evidences arc
similar in both northern and southern hemispheres.

There is no logical connection between the above two phenomena, But, if we as-
og p )

sume an hypothetical idea that the bipolarity of the sun-spot is a physical consequence
of the velocity changes between the successive laycrs of the solar atmosphere, then the
first phenomenon will suggest a discontinuity of the circulating velocity in a certain depth
of the atmosphere, and the second phenomenon seems to indicate a gradual change of
the rclative depths and the radial distribution of the layer velocities according to helio-
‘graphical latitudes. It seems to me that the depths of the atmosphere considered
herewith are beyond the range of penetration with spectroscopic or other instrumental

powcrs, so that the evidences above mentioned cannot be examined otherwise than by
heliographic study.

1.

Introduction. In 1923 1 spent some months at the Mount Wilson

Obscrvatory, and carried out a rescarch to cxamine a possible relation

* This paper was read at the 32nd Annual Meeting of the American Astronomical Society,

held at Dartmouth College, Hannover, N. H., on August 5, 1924, and the Abstract was
published in Publications of the Society, Vol. §, p. 196, or in Popular Astronomy, Vol.
82, p. 627. (1924). -
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between the variable “solar constant” and some heliographic disturbances,
The materials then used were, on the one hand, the most recent valucs
of the solar constant observed under Dr. C. G. Abbot, and on the
other hand, the spectroheliographic records as well as the heliomagnetic
observations obtained by Mt, Wilson observers,*

The present notes are some of the casual results obtained during
the above-mentioned examinations of the materials, and principally from
the visual observations of the magnetic properties of sun—spots which
had been carried out as routine work, since some years ago, at Mt, Wilson
by Mr. F. Ellerman and others.

2. Polar distances and the nagnetic field tinfensity of bipolar sun—
spors. Tt is at present widely accepted, following Dr. G. E. Hale's
brilliant researches, that a typical disturbance on the solar surface
consists of a pair of sun-spots which form a group and are oppositely
polarized in magnetism. The “following member” of the sun-spot group
is usually not so stable as the “preceding” one in its heliographic confi-
gurations. But according to my observations, the distance between the
two dominating centers of magnetic fields is fairly durable as well as
the field inteusity of the preceding spot. Consequently I took the
heliographical distance of such bipolar spots as abscissae, and the
magnetic field intensity of the “preceding” spot as ordinates in a dia-
gram, just to see their mutual relation, if any, graphically. Fig. 1
gives the feature. In my examinations of the original observations 1
made no statistical treatment, but selected those data of the day on
which the solar disturbance examined reached a good degree of develop-
ment and also became convenient for my quantitative estimation by
approaching as near as possible to the central meridian of the solar
disc. Some, however, had to be examined when they were not near
the meridian because of their short duration or other circumstances.
Accordingly I assigned proper weights to the quantitics here estimated.
In Fig. 1, the circles represent those which were observed within 1
centimeter of the central meridian of the original 43-cm solar disc, the
dots those which were between 1 to 10 centimeters from the meridian,
and the crosses, those which were more than 1o centimeters distant
from it. A possible relation is apparent, although it is not very clear

* The results of this research has been published fully in Memoirs of the College of
Science, Kyoto Imperial University 11, 233 (1928); and its somecwhat abridged report
was published in Monthly Notices, Royal Astronomical Socicty, Vol. LXXXYV, No.
1, (November 1924), pp. 71-78.
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and definite. As a whole a linear relation seems to hold. But, if we
take the relative weights into account, a greater or less curvature of the
mean curve of regression is probable, so that a formula :

H-—-H;=M.log (p—p) (1)

is suggested, where, H, the magnetic field intensity, p, the distance
between the two spots, and H,, p,, and M are constants.

Fig. 1 was obtained by using the materials from the original
observations of sun-spot magnetism made in the course of two and a
half years, January 1g21—September 1923, which should be considered
to include the time when the solar activity is “minimum.” Next, I
treated similarly the original observatiors from another period of one
year, July 1917 —July 1918, which is representative of the “maximum”
activity of the solar surface. The result is shown in Fig. 2, Here the
circles denote those which were estimated within 1 cm. of the solar
meridian, while the dots represent those which were between 1 and 5
cms, from the meridian, The tendency is generally the same as in Fig.
1. Moreover, the mean curve of both diagrams runs practically through
the same points: in Fig. 2 the broken line B represents the mean curve of
points in the same diagram, and the line A denotes the points on which
the mean curve of the quantities of Fig. 1 runs.

It is true that these “mean curves” should not be too strictly
considered in the physical sense; they are no more than a mathematical
conventionalisation of the phenomenal appearance. There are wide
deviations of individual points from these curves as seen in the two
diagrams, and also a physical interpretation of the general character of
these curves should be made sooner or later.

Nevertheless, it is too remarkable to be neglected in this connection
that there is practically a lower limit in the mutual distance between
the two spots in a bipolar sun—-spot group, as is seen in the two dia-
grams: in both cases 0.5 cm. is the least distance ever observed, and
yet this is clearly not due to observational difficulties, for the said limit
is well within the possibility of visval examination.

In Fig. 3 I tried to plot the quantities of Fig. 1, retaining the same
values for the abscissae, but taking for the ordinates the largest values
of the magnetic field intensities ever observed in each sun-spot group,
although these largest possible values were not always observed simul-
taneously with the corresponding interpolar distances. In its general
features IFig. 3 is not very remarkably different from the other two,
except that there is every possible augumentation of the ordinates, But a
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close examination of the diagram shows, especially in the most weighted
quantities, the curvature of the mean curve more clearly, and at the same
time il reveals a slightly wider range, in ordinate, of occurrence of the
lowest values of the polar distances.
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3. Polar distances and the Holographie lalitudes of bipolar sun—spols.
Next, I took the heliographic latitudes of the sun—spot group as ordinates,
while the abscissae denoting the interpolat distances remained the same
as in Fig. 1. The new diagram thus obtained is shown in Fig. 4. In
this case, the circles represent those whose magunetic field intensities are
larger than 30 in Mr. Ellerman’s scale, (in Mr, Ellerman’s scale of the
magnetic intensity unity is about 100 gausses,) the crosses, those bet-
ween 20 and 30, and the dots, those which are less than 20 units. In
Fig. 4 we see that the whole diagram is symmetrical about the solar
equator, and also there is clearly and decidedly a wider range of inter-

s polar distance occuring in
p . ) o
s . \ x lower helingraphic latitudes
\ Fia. 6. than in higher latitudes.
x
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o ; - 3 + r upon the diagram appears

a practical boundary of occurrence of the quantities.

Tig. 6 is similar to Fig. 5, the material being however taken from
ths years 1917-1918. Owing to the difference in the periods of solar
activity, the distribution of the frequency of sun-spots in various latitudes
differs in Figs. 5 and 6, which are widely recognized nowadays. Still
the boundary line, which has been suggested in TFig. 5 to include
all points between itself and the coordinate axes, appears to hold true
just the same when it is zgproduced in its exact position, as is shown
in Tig. 6, limiting practically all points.

4. Some physical suggestions from the above results.  There is ap-
parently no logical connection between the two kinds of phenomena
above mentioned. Now, if we assume an idea following Dr. G. E.
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Hale that the bipolarity of sun-spot groups is caused by velocity~

differences of successive layers of the solar atmosphere, then:

dv

o dr=K. dp (2)

where v means current velocity of a sclar atmospheric layer whose

distance from the sun’s center is r, and I a constant, while p means

the distance between the two components of the bipolar group as previ-

But, from (1)
dp=N. E". dII,

ously mentioned.

1 1
where N:ﬁ S
and E=c'™,

TTence, dv-——~. dr =N\E"dall

dr

If we assume that the correlation hetween the inter—polar distance and

the magnetic-field intensity is linear, then

dv
dr

and consequently the polar distance becomes

=constant, P> say,

Plr-rp) =N.E"=N.e/'"™

or T1=constant. log(r-r,).

a=Layers of Constant Velocity

b=

4

TFig. 7
Constitution of

Solar Atmosphere
(Schematic)

Suwl

Cenlre

7 Varying

4

But, as shown in Figs. 1 and 2, there is
a lower limit of p, which is approximately
0.5 cm. in our scale, and this fact sugges's
that within a certain depth of the solar
atmosphere from the uppermost surface we
should have

dv

dr _
The accompanying Fig. 7 shows the sche-~
matic view of a vertical section of the
atmospheric currents of the sun. I cannot
say how deep is the layer of discontinvity

—=0.

of the velocity, except a rough estimation
of the order of
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of the solar diameter.

Another fact revealed in Iigs. 5 and 6 is that there a continuous
variation of distribution of the atmospheric velocities according to helio-
graphical latitudes, although the depth of the coustant velocity in the
uppermost part of the atmosphere is sensibly constant,

It seems to me that these considerations will be important in the
theoretical treatment of the constitution of the solar atmosphere.

Harvard College Observatory,

July 3rd., 1924.



