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ABSTRACT. Using the method of principal components, applied to the matrix of
dependence of the rotational velocity of solar background magnetic fields on time
and heliographic latitude, it is proved that low modes of stationary torsional
waves are most probably real phenomena, and that they cannot be the consequence
of an unsuitable approximation of the latitudinal dependence of velocity in pro-
cessing experimental material.

HN3KOMOJAJIBHHE KPYTWJIBHHE BOJIHH B IV®®EPEHUVAJBHOM BPAMEHM) COJHEUHHX
MATHUTHHX TIOJE/. Ha ocHOBe MeTOoZa IJIABHHX KOMIOHEHT IDUMEHEHHOIO K MaTDPULB 35—
BUCUMOCTHN CKOPOCTU BpalleHNs COJHEUYHHX (POHOBHX MATHUTHHX IoJsel oT reanorpadm-
YEeCKOJl mMPOTH U LNOJTOTH [NOKAB8HO, UTO HUSKUE MOIH CTOSMAX KDPYTUIBHHX BCJH C Co-
MOl BHCOKOJ BepPOSTHOCTH DEAaJIHH ) UTO HEe MOT'YT BOBHUKATHL B CJAEACTBLU [JIOXOH am-

IPOKCUMAlNY MUPOTHON 38BMCUMOCTU CKOPOCTHU NPM O6PACOTKE SKCIEPUMEHTANIBHOTO Ma-
TepuaJsa.

0 NIZKOMODALNICH TORZNICH VLNACH V DIFERENCIALNT ROTACI SLUNECNICH MAGNE-
TICKYCH POLT. Na zékladé metody hlavnich komponent pou?ité na matici zdvislosti
rotadni rychlosti slune&nich pozadovych magnetickych poli na tase a heliografic-
ké Sifce je ukdzdno, Ze nizké mody stojatych torznich vln jsou jevy s nejvétsi
pravdépodobnosti redlné a Ze nemohou byt pouhym disledkem nevhodné aproximace
§itkové zdvislosti rychlosti pt¥i zpracovdni experimentdlniho materidlu.

LaBonte and Howard were the first to point out the existence of stationary
torsional waves (k = 1/hemisphere) in 1982. By analysing the same data and with
the aid of resolution into Gegenbauer’s polynomials, -Snodgrass and Howard (1985)
later proved that other modes of stationary torsional waves with wave numbers
k = 0 and 1/2 on a hemisphere can exist.
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The weakness of the papers mentioned was the selection of the system of func-
tions into which the latitudinal dependence of the rotational velocity was re--
solved. An unsuitable selection of these functions may complicate the interpreta-
tion of the results considerably, and it is also very important in studying non-
-stationary torsional waves with the wave number k = 2/hemisphere (Snodgrass,
1985). These difficulties can be avoided with the aid of the method of principal
components (see, e.g., Vertlib et al., 1971, and the papers referenced herein)
which simultaneously provides the "coefficients" of the resolution (i.e. the time
functions) and the orthogonal functions into which the appropriate realizations
are resolved. The resolution, obtained in this manner, is the best approximation
of the actual data of all possible approximations of actual data of all the possi-
ble approximations obtained with the method of least squares.

If we apply this method to the matrix of rotational velocities obtained ear-
lier and supplemented by quadratic interpolation (Hejna, 1985), which expresses
the dependence of the rotational velocity on heliographic latitude (forlyl( 60°)
and Carrington’s rotation (for rotations 1490 to 1690), we obtain a system of
eigenfuctions of which 5 with the highest eigenvalues (from top to bottom 2280.451,
0.263, 0.109, 0.666, 0.063), which express the magnitude of the contribution of
the appropriate terms of the resolution, are shown in figure enclosed. The corre-
sponding time functions are illustrated in the same order on the right side of
this figure.

The first three pairs of functions clearly describe (with a view to the shape
of the appropriate eigenfunctions) the modes of the stationary waves with wave
numbers k = 0, 1/2, 1per hemisphere, mentioned above. These time functions also
indicate that these changes are in phase with the development of the ll-year solar
activity cycle (cycle 20 begins at the zeroth and cycle 21 at the 150th Carrington
rotation), and their pattern also qualitatively corresponds relatively well to the
results of Snodgrass and Howard (1985); the shape of our eigenfunctions is quite
similar to that of the Gegenbauer polynomials Té, T% and Ti they used.

It can, therefore, be stated that the torsional wave modes mentioned above
can also be observed in the differential rotation of background magnetic fields,

722

© Astronomical Institute of the Slovak Academy of Sciences * Provided by the NASA Astrophysics Data System



and that the abovementioned qualitative agreement of the results obtained with
the results of other authors, obtained using different observation material, is
evidence in favour of the real existence of the torsional waves of the type men-
tioned. It can also be said that, as a result of the similarity of the eigenfunc-
tions found here with Gegenbauer’s polynomials, we are justified in using these
polynomials in describing the torsional waves as such.
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