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Abstract. Longitude-dependent oscillations of the solar rotation are derived from the 27-day averages of the
photospheric velocity data. Two pairs of prominent periods are obtained. Their harmonic means correspond
to a semiannual variation and to the first harmonic of the latter. To explain the origin of the oscillation the
corona and the interplanetary material are supposed to rotate parallel to the planetary plane with an
inclination to the solar equator. The non-uniform shearing around the equator is assumed to result in
oscillation with a period of half of a year.

A preliminary analysis expressed in terms of an asymmetric solar dynamo suggests the
existence of ¢-dependent oscillations of the angular velocity (Csada, 1980). In the
present report the observational evidence is summarized and a physical explanation of
the variation in solar rotation is suggested.

Let us take a model example to understand the basic feature of a ¢-dependent
oscillation. Consider a fictive external body with a supposed tidal effect acting on the
Sun. Alternate increasing and decreasing rotational velocities manifest themselves as
¢-dependent oscillations corresponding to the rising and falling of the photosphere. If
the external body is supposed to be fixed in space, the oscillations are stationary with
respect to an inert frame, and two maxima and two minima will be observed in the
rotational velocity over a terrestrial year.

This hypothetical physical mechanism will be used to construct the mathematical
form of the variation. It is proposed that the corona and the interplanetary matter rotate
parallel to the planetary plane with an inclination to the solar equator. Thus ¢-dependent
oscillations are induced, but the formulation is much more difficult than that in terms
of a solid fictive body. In particular, the driving of the oscillation must be
sustained by some energy source which is able to compensate for the decay of the
magnetic field.

The oscillations are superimposed on the mean rotation and on random oscillations
due to the granular pattern. To eliminate the random term, the daily velocity data were
averaged over 27 days. The ¢-dependent terms were separated from the mean rotation
by taking averages over the solar disc according to scheme

—A + Ap A+ Ap
v L J‘ w, singpde + : J w, sinpdo
vp=— —— —_— .
240 ' 240 2
—A—-Ap A-Ad¢

* Proceedings of the 66th IAU Colloquium: Problems in Solar and Stellar Oscillations, held at the Crimean
Astrophysical Observatory, U.S.S.R., 1-5 September, 1981.
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On the assumption that the variation of the angular velocity is caused by an elliptical
distortion of the photospheric level, we can write that

W, = w, + Bsin(A + ¢),

W, = wy— Bsin(4 - @),

where 4 1is the (heliographic) longitude of the central meridian relative to the fictive body,
and ¢ is taken increase eastwards from the central meridian.

The photospheric velocity data observed in the Mount Wilson Observatory from
1 January, 1975 to 27 December, 1978 were collected by Dr Howard for the study of
long period oscillations. The list constains velocity residuals (obtained after the
subtraction of the Earth’s motion, the solar rotation, the limb shift and the ‘ears’) in the
azimuth zones 30° + 2° on either side of the central meridian. The west zone values
are subtracted from the east zone values. The residuals were averaged over 27 day
intervals. The material was analysed in the Konkoly Observatory to find significant
periods from 27 to 250 days. For data fit the formula

{v) =0.433 + B sin2wt

was used and w was tested by steps of 27/100.

The result of the analysis shows prominent periods of 199.2, 165.1, 93.1, and 86.9
days with a less than 109 error of the printed values in Table [. The method of
computation consists in comparing three successive values of the mean deviation of the
observed from the calculated values. If the significant periods show normal distribution
the interpolation of the logarithm of the mean deviations by a parabola yields the
periods.

The harmonic mean of the values printed in the first two columns of Table I is 180.4
days indicating an oscillation of a period of half of a year while the mean value of the
last two columns, being 90.2 days, corresponds approximately to periods of a quarter
of a year.

Since the velocity residuals are corrected for the Earth’s motion, the apparent half
year variation and its harmonics are eliminated from the data. However, the double
periods suggest that the normal distribution expected in the analysis for the apparent
variation is smaller than manifested by the observations. This suggests the existence of
yet another mechanism which generates oscillations. This mechanism could be as
follows: the corona rotates with the interplanetary material in the planetary plane and
thus it is connected to the Sun over a great circle where the rotational displacement on
the surface is larger than that of the corona at the nodes and smaller perpendicular to
them. A shearing between the photosphere and the corona has a tendency to equalize
the motion and results in an oscillation of the angular velocity which is stationnary
relative to an inertial frame. The oscillations are fed by the angular momentum of the
Sun which is transported via the friction of the interplanetary matter in the shearing area.

To verify the reality of the rest of the printed periods (Table I) other material,
published at the Stanford Observatory (Scherrer et al., 1980), was chosen for analysis
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in the Konkoly Observatory. The coordinates of the whole disc velocity data were read
directly from the diagram and the analysis leads to periods of 90.6, 146.8, and
241.1 days. The oscillation of a quarter of a year, which could be the first harmonic of
the model, is confirmed and also the 146.8 day period is printed in the table as 147.8.
Since the error of the last value is about 14 days and that of the first data is probably
larger, we think that this period also exists but its origin in unknown.

Finally, we note that the 199.3 day period (Table I) is as long as half the Jupiter’s
synodic revolution time. This permits to see the planetary influence on the solar dynamo.
Direct gravitational effect is an absurdity but its trace on the printed periods could be
possible. The small deviation of the 180.5 day period from the semiannual value
(182.6 days) could be explained in this way.
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