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B. No3uukun, a-p ¢us.-mar. Hayk
KuneBckuii HauMoHanbHbIN yHMBepcuteT MMeHu Tapaca LLleBuyeHko, Kues, YkpauHa

MArHUTOrPA®UYECKUE U CNEKTPANbHLIE UCCNEAOBAHUA
CONHEYHbIX MAFHUTHbIX NOJMIEA B ACTPOHOMUYECKOU OECEPBATOPUM
KMEBCKOro HALUMOHAJIbHOIro YHUBEPCUTETA MMEHM TAPACA LLEBYEHKO B 1975-1980 rr.

B 1975 2. @ AcmpoHomu4eckol o6cepeamopuu Kueeckoz2o HayuoHanbHO20 yHuesepcumema umeHu Tapaca Lllee4eHko 6bin1 ycmaHoeseH u
Hayan delicmeoeamb MacHUmozpad NosiHo2o eekmopa KoHcmpykyuu Cu6U3MHUP, u amo uHuyuuposaso co3daHue 8 o6cepeamopuu HO8020
nepcrneKmMueHoO20 Hay4yHO20 HarpaesieHUsi — U3MePeHUe COJIHEYHbIX Ma2HUMHbLIX rosiell Kak Ma2Humozpagu4eckum, mak U CreKmpasbHo-
nonsipusayuoHHbIM MemodoM. B amoli cmambe npuesedeH kpamkuli 0630p xpoHosoauu cobbimuli 8 nepenie 5 em cyujecmeogaHusi H08020
HanpaesieHusi, a makxe eaxHelUWux Hay4HbIX pe3ysibmamoe e amom nepuod. B 4acmHocmu, moeda 6biu nosy4yeHbl Hoeble OaHHble O
cyujecmeoeaHuu MacHUMHbLIX rosieli HanpsbkeHHocmbio ~ 10 kI'c 8 akmueHbIx obnacmsix Ha ConHye, o duckpemHocmu HanpshkeHHocmel &
cy6mesnecKonuYHbIX CMPYKMypax C OYeHb CUMIbHbIMU MOMSAMU, @ Makke OaHHble O CYWecMmeeHHOM fodaesieHuu 8 HuX myp6yneHMHbIX
deuwxeHuli. Coomeemcmeyroujue 8bieodbl 6b11u nodmeepxdeHbl U demanu3uposaHbl HOBbIMU Ucciiedo8aHUsIMU 8 nocsiedyrouwjue 200bI.

Knrodeenie crnoea: ConHye, conHeYyHasi akmueHOCMb, crieKkmparsnbHbie uccredogaHusi, e¢pgpekm 3eemaHa, MazHUMHbIE OIS, CONMHEYHbIU
mMazHumoezpadg.
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MAGNETOGRAPHIC AND SPECTRAL INVESTIGATIONS
OF SOLAR MAGNETIC FIELDS IN ASTRONOMICAL OBSERVATORY
OF TARAS SHEVVCHENKO NATIONAL UNIVERSITY OF KYIV IN 1975-1980

In 1975, at the Astronomical Observatory of the Taras Shevchenko National University of Kyiv, a magnetograph of the full vector of the
SIBIZMIR design was installed and began to operate, and this initiated the creation of a new promising scientific direction at the observatory - the
measurement of solar magnetic fields by both magnetographic and spectral-polarization methods. This article provides a brief chronology of the
events in the first 5 years of the existence of the new direction, as well as the most important scientific results during this period. Based on the
experience of observations obtained at the Kyiv observatory, it was concluded that this magnetograph in the Kyiv’s astroclimate can not provide
such scientifically valuable data as those magnetographs used in other observatories far outside large cities. In particular, although in Kyiv the
sensitivity of measurements in the longitudinal magnetic field channel was quite high — about 5 G in the longitudinal field channel and 75 G in the
transverse field channel, "noise" in the radial velocity channel reached 0.3 km/sec, which is about an order of magnitude higher than in the Crimea
magnetograph. Another reason for the limited use of the magnetograph in the Kyiv observatory was that in the late 1970s significant problems with
the calibration of magnetographic measurements became apparent, as a result of which such measurements in the areas of sunspots could have
errors of 200-300%. However, in parallel with magnetographic research, spectral-polarization studies were also developed, and they allowed to
obtain the most important results. In particular, the new data were obtained on the existence of magnetic fields with a strength of ~10 kG in active
regions on the Sun, on the discreteness of the strengths in subtelescopic structures with very strong fields, as well as data on the significant
suppression of turbulent motions in them. The corresponding conclusions were confirmed and detailed by new research in the following years.

Key words: Sun, solar activity, spectral investigations, the Zeeman effect, magnetic fields, solar magnetograph.
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LOSS OF ANGULAR MOMENTUM
WHEN THE PLANET'S ATMOSPHERE LEAKS INTO SPACE

In the case of a rotating planet the well-known Jeans mechanism of atmospheric leakage into space leads to a decrease not only in
its mass, but also in the angular momentum. We found a constrain linking these losses. On its basis, it is shown that this mechanism
could not significantly affect the duration of the Earth's day and its accounting cannot smooth out the problems associated with the
theory of the formation of the Moon during the so-called Giant impact, i.e. collision of the protoplanet Theia with the Earth.

Key words: angular momentum, atmospheric leakage, Giant impact.

Introduction. Accurate measurements have shown that the angular velocity of the Earth's rotation is decreasing. The
length of a day increases by 23 ps per year. This is due to the transfer of angular momentum from the Earth to the Moon,
which for this reason is slowly moving away from the Earth. The distance to the Moon averaged over the period of
revolution increases by 38 mm per year. These phenomena were predicted at the end of the 19th century by the English
astronomer Sir George Howard Darwin [1]. He also pointed out the reason: the moment of forces arising from the
gravitational interaction of tidal waves on the surface of the Earth with the Moon. The fact that in the distant past days were
shorter was confirmed by paleontologists when studying fossil corals.
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Darwin hypothesized that the Moon was torn away from the Earth by centrifugal forces. However, a simple calculation
based on the use of the law of conservation of angular momentum gives an estimate according to which the angular
velocity of the Earth's rotation at the moment of the Moon's separation would exceed the existing one five times. It is easy to
understand that the speed of rotation of the planet's surface in this case would be significantly lower than the first cosmic
(orbital) speed and the Moon could not come off.

Currently, the main hypothesis of the formation of the Moon is the so-called Giant impact hypothesis , according to which the
Moon was knocked out of the Earth during a tangential collision with the protoplanet Theia, which was occurred more than 4 hillion
years ago [2, 3]. It explains the close isotopic composition of the Moon and the Earth, but cannot answer many questions.

When calculating the Giant impact, it is very important to know the speed of rotation of the Earth at the moment of
collision. Therefore, the question naturally arises, how constant is the angular momentum of the Earth-Moon system.
Naturally, we are not talking about violation of fundamental conservation laws. Is there a mechanism leading to a very slow
loss of angular momentum? Over a period of 4 billion years, the influence of any even very weak effect can lead to
significant consequences.

Let's try to look for a possible mechanism. The Earth-Moon system is not closed because matter falls from space onto the
Earth and atmospheric gases slowly flow into space. The first phenomenon should not lead to a change in the angular
momentum. The second is able to reduce it. A rather simple description of the mechanisms of atmospheric loss can be found
in the articles [4, 5]. Of these, we are interested in the mechanism considered by James Jeans a hundred years ago [6].

Some molecules of atmospheric gases are capable of leaving the atmosphere and leaking into space. They need for this the
speed not less than the escape velocity. In addition, they should not collide with other molecules on its way. The latter can be
expressed more simply: the molecule must fly out of the exosphere, where the air density is so low that the molecules are
essentially collisionless, i.e. start from a height greater than the height of exosphere lower bound, called exobase. The altitude of
the Earth exobase ranges from about 500 to 1000 kilometres above the surface depending on solar activity.

At a height of exobase a length of free path of molecules of the atmospheric gases is comparable with the thickness of the
atmosphere. Therefore, molecules with velocities higher than the escape velocity can fly into space. Since the average velocities
of thermal motion are significantly less than the escape velocity, then we are talking about the fastest of them, corresponding to
the high tail of the Maxwell distribution. The lighter the gas, the greater is the speed of its thermal movement at the same
temperature. Therefore, only lighter molecules can have the high speeds required for escape from the atmosphere. In 1 s, the
Earth's atmosphere loses about 3 kg of hydrogen and 50 g of helium. They leaks in space at very high altitudes.

It is easy to understand that with a fast rotation of the Earth (as in the period of the Giant impact), much more of fast
molecules escape out in the direction of rotation than in the opposite direction. The loss of the atmosphere is accompanied
by the loss of the Earth's angular momentum.

In the popular science article [4], some other mechanisms of atmospheric loss are mentioned and explained. Another
form of thermal escape is so-called hydrodynamic escape or the planetary wind. The upper atmosphere can absorb solar
ultraviolet emission, warm up and expand, pushing air upward. As the air rises, it accelerates smoothly through the speed of
sound and then attains the escape velocity. There are also some processes of non-thermal escape.

Some estimation. Let's try to estimate how significant the effect can be over t = 4.5 billion years. I'll start with the
simplest estimates. The loss of mass of the atmosphere can be estimated by multiplying its current velocity by t. The
resulting estimate 4-107 kg is many orders of magnitude less than the mass of the Earth. The angular momentum loss can
be estimated by multiplying this value by the escape velocity at the exobase altitude and by the distance from exobase to
the centre of Earth. The resulting estimate 3.5-10%% kg-m?/s is significantly less than the current angular momentum of the
Earth 7-1032 kg-m?/s. The angular momentum of the Moon relative to the centre of the Earth is about four times this value.

However, this assessment is too primitive. Note that during 4.5 billion years the composition of the atmosphere, its
density and temperature changed. We know little about the parameters of the early Earth's atmosphere, in particular the
content of hydrogen and helium in it. Even the angular velocity of rotation changed due to the abovementioned interaction
with the Moon. And its increase causes a growth of the rate of leakage of gases with the same parameters.

More accurate estimates can be obtained from the Maxwell distribution, but they still require knowledge of atmospheric
parameters in the distant past. However, you can get restrictions that do not require this information. Increasing the
temperature, the hydrogen content, or the Earth's rotation speed increases loss rates of both the mass m, and the angular
momentum L. Therefore, let's try to link them together. Consider the case of rapid rotation of the Earth, when almost all
gases are emitted in only one direction. Let the mass dm flew out of the atmosphere in the direction of planet rotation. In
estimation it is possible to accept the speed of emission gases equal to escape velocity V. The maximum possible distance
to the axis corresponds to the emission of molecules in the equatorial plane. We assume it equals the radius of the Earth R,
neglecting the height of the exobase. The inequality turns out

dL <dmVR. )

Integration gives
AL=L-L,;<VR Am=VR (m-m) . 2)

Here Am and AL — changes in the mass and angular momentum of the Earth (or the Earth-Moon system, if we take the
Moon into account). Let us denote by the letter w the angular speed of rotation of the Earth, v = wR - the linear speed of
rotation at the equatorial plane, and | is the moment of inertia of the Earth. Although the Earth is not homogeneous, one can
use the formula for a homogeneous ball to estimate

L:Iw:ngza):ngv. (3)
5 5

From here
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Conclusion. Even if the Earth evaporates by the Jeans mechanism the entire atmosphere weighing about 5 - 1018 kg,
consisting mainly of nitrogen and oxygen, i.e. gases are much heavier than hydrogen and helium, it can be seen from (4)
that the change in the linear rotation velocity at the equator will not exceed 2.5 cm/s. And this is the upper limit, not an
estimate. As we can see, a comparison of two integral characteristics, namely the loss of mass and angular momentum,
allows one to obtain more reliable constraints than a simple estimate of the rates of these losses.

It can be concluded that the leakage of the atmosphere by the Jeans mechanism cannot lead to a significant change in
the angular velocity of the Earth's rotation simply because of the insignificance of the mass of the atmosphere. Although it is
possible to consider a very exotic assumption that the Earth at the time of formation had a large percentage of chemically
bound hydrogen, which was then released into the atmosphere, ensuring a presence of the hydrogen for a long time. The
atmosphere constantly flew into space according to the Jeans mechanism, reducing the angular momentum of the Earth.
However, this looks like pure speculation.

When considering the Giant impact, one can not assume the possibility of a faster rotation of the Earth. Therefore, the
problems inherent in explaining the appearance of the Moon in a collision with the protoplanet Theia cannot be solved due
to the loss of angular momentum during the escape of the atmosphere. There are articles that look at other mechanisms.
For example, the paper [7] considered how a faster-spinning early Earth-Moon system can lose angular momentum and
reach the present state through an orbital resonance between the Sun and Moon.
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BTPATA KYTOBOIrO MOMEHTY Y PA31 BUTIKAHHA ATMOC®EPU NNAHETUN Y KOCMOC

Bidomuli mMexaHi3m [xuHca eumoky ammocgepu € KOCMoC npu3eodumb 00 3MeHWEeHHsI He MminbKu i Macu, ane i MOMeHmy iMnynbcy y
eunadky, konu nnaHema obepmaemsbcsi. 3HalideHO o6GMexeHHs, uwjo noe'ssye yi empamu. Ha lioeo ocHoei noka3aHo, w0 MexaHi3m, sikuli
po3ansdaembcsi, He Mi2 icmomHo en/IUHymu Ha mpuseajiicmb 3eMHOI Aobu i (io20 8HEeCOK He MOXe 32radumu npobnemu, noe'sizaHi 3 meopiero
ymeopeHHs1 Micsiyss npu 3imkHeHHi npomonnaHemu Tels i3 3emuero.

Knro4oei crniosa: kymoeuli MomeHm, aumok ammocepepu, lNizaHmcbKe 3imKHEHHS.
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NMOTEPA MOMEHTA MMNYJNbCA NPU YTEYKE ATMOC®EPDLI MNAHETbI B KOCMOC

N3eecmHbil mexaHu3m [xuHca ymeyku ammocehepbl 8 KOCMOC 6 Crlyyae epauwjaroujelicss nnaHems! NPUeodUM K yMEeHbWEHUI0 He MOJIbKO ee
macchbl, Ho U MOMeHma umnynbca. HalideHo ozpaHuyeHue, ceszbiearoujee amu nomepu. Ha e2o ocHoge mokazaHo, YmMoO 3MOM MexaHU3M He Mo2
CyujecmeeHHO noesiusimb Ha NpPodos/KUMe/IbHOCMb 3eMHbIX CYmoOK U e20 8Knad He Moxem canadumb rnpobriemMsbl, cesi3aHHble ¢ meopuel
o6pa3zoeaHusi JlyHbl npu cmoskHoeeHuUuU npomonnaHemsi Teliss ¢ 3emnedl.

Knioyesnle crioga: MoMeHm umnynbca, ymedka ammoceepnl, FluzaHmckoe cmosikHogeHue.



