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Abstract

The solar dynamo is controlled by many factors including the magnetic field. We present a discussion of the possible
effects of the magnetic field flux tube buoyancy on the convection zone of the solar surface in relation to temperature. We
observe that the effects are due mainly ta changes in the solar radius as determined by the contraction or expansion of

the sun.
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1. Introduction

The broad spectrum of atmospheric features such as sun ~ spots, prominence and flares obsetved on the sun are
related to, or significantly affected by the presence of magnetic flux. These features have their origin in the photosphere,
chromosphere or corona, which are basically the surface regions of the sun. Instabilities arising due to variations in solar
density and magnetic flux pressure in these reglons may account for the temperature variations from the photosphere to
the corona. Nordlund et. al., (1883) have reported that thermal energy (that is temperature variations) is carried to the
solar surface by convectmn and released mm radiation flux in a cooling layer. It follows then that unless a significant
radiative heating occurs throughout the photosphere the temperature of the chromosphere would be much lower. David
et al. (1989) observed that magnetic field changes are responsible for the growth of thermal instabilities at lower
temperature.

Early models of the Sun'’s rnagi
entire convection zone. it has been realised hi
the sutface and would not have enough time to
experience either the alpha or omega effect. The alpha effect results from the twisting of the magnetic field consequent
upon the rotation of the Sun, while the omega sffect is due to variations in the solar fatitude.

Since a magnetic field exeris a pressure on its surroundings, regions with the magnetic field pushes aside the
surrounding gas and makes a bubbie that rises all the way to the surface. This buoyancy is not produced in the stable
layer below the convection zone, The convection zone fornms the outer envelope of the Sun and extends to the surface
where the Sun’s energy is radiated into space (Fix, 1995). Figure 1 shows the internal structure of the Sun. The inner core
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Fig. 1: Internal Structure of the Sun

is the ragion where the energy producing nuclesar macﬁon takes pldace. The energy produced by these reactions is carried
outward by photons to 70% of the Sy fiue (Fix, 1995). From that distance outward, convection carries the energy to
the surface into space. The zone harbours the magneﬂc flux tubes responsible for the buoyancy effect.

in this discussion, we examing the effect of the magnetic field buoyancy due to variations in magnetic flux in the
convection regions over termperature changes.
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2. The Model :
Let us consider a toroidal flux tube that circles the sun at a spherical radius R, and constant latitude 0. Let the tube

. have magnetic field strength B and a cross — sectional area A. By this model, we assume that the radius 72, will

increase when the magnetic buoyancy due to varations in the magnetic flux tube increases.
According to Thomas (1979), solar luminosity is affected by these increases. It is known that solar luminosity, L

relates with the effective surface temperature, T as L = 42707, where R is the solar radius and o is the Stefan’s
constant of radiation. Obviously, if we keep R constant and decrease T, then L will decrease. On the other hand, the
cooling or heating of the surface under constant luminosity results from the radial expansion or contraction of the sun.
Following this, under constant luminosity, a small change in temperature d7° and a small change in solar radius Jdi¢ will
generate the following relationship: ‘

drR  _dT

R T
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Considering our magnetic flux tube of field strength B within the solar sutface, the magnetic pressure F,, = §~ inside
: T

the tube and the gas pressure P, also within the tube are balanced by the gas pressure P, outside the tube, so that

Bt B = P e e @)

o

if the flux tube is in thermal equilibrium with its surroundings, thatis, 7, = 7, (where T, is the temperature inside the flux
be and T is the extemnal temperature) then the density inside the tube will be lower than the density of the

surroundings, thatis, (p, < p,) where p, and p, are inner and outsidle densities respectively, and the flux tube wilf be

buoyant. According to Thomas (1979), if there is a density depression in a flux tube of the sun, this will cause the solar
volume to increase, ,

The amount of increase or decrease will therefore vary with the degree of depression or increase in flux tube
density. The difference in densities outside and inside the tube is given by

p-P P, :
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wheia T' =7, —T is the temperature of flux tube and its immediate environment. The variations in the flux tube density
also will cause mass variations. The total mass defect dm in the tube will be equal fo the volume of the tube times the
change in density dp or

1‘)
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where Mis the mass of the flux tube.
Assuming the change in mass dM is spread over a thin spherical shell of mean radius R and thickness dR, then

the mass in this shell is given by
AM = A7RZP, AR .o e )
Equating (4) and (5), we have
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This expression gives an estimate of relative change in radius due to a single toroidal flux tube.

-

3. Results and Discussion
We are considering about the solar surface where the temperature is about 6,000K as against the solar interior
estimated at 2x10” K (McDaniels, 1979). Fram equation (1), adropin solar*syrface temperature of 1K would correspond

. dR _
to a relative expansion, = & 3x107%.

The radius and field stremgth of?the filux tube respectively vary slowly from 5,000 km and S, 100G at the bottom of thg
convection zone to 14, 000km and 600G at the photosphere (Thomas, 1979). Following this, we observe that the ratio
B, [P, varies greatly from 6x107° at the bottom of the convection zone to 2.8x10™" at the photosphere. It becomes
clear that'fhie dominant caqntributors to dR are the flux tubes near the top .of the convection zone. Using the estimates
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gven by Thomas (1979) for A and P, /P, in equation (6), for R,/R in the range 0.98 — 1.0 we obtain the values of
dR/R in the range 5x107® Cos0 to 2x 107 Cos0 . A single flux tube, for example, at the depth of 1,000km at middle

latitude gives dR/R ~ 2x107°,

Now to estimate the change in solar radius with solar cycle, we need to estimate the difference in total magnetic flux
in the upper convection zone between solar maximum and minimum.

If we assume that the total magnetic flux emerging at the solar surface is approximately equal to the total flux in the
uppermost jayers of the convection zone, then the tota! fux difference wilt be of the order of 10% between solar maximum

and minimum. This could cause a relative change in radius dR/ R ~5x10™ or more and a corresponding drop of surface
temperature of about 1.5K or more. Temperature fiuctuations are therefore observed on the solar surface consequent
upon variations in magnetic flux cha~ges. Earl (1991) observed that coherent pulses, which are one of the features of the
solar surface, may be due to the helical structures of the flux tubes enhancing the scattering of solar particles.

4. Conclusion

We have shown that the temperature observed at the sutface of the sun depends on the variations or fluctuations
occurring with the magnetic flux tubes.

Higher temperature is related to low density and buoyancy of the magnetic flux tube. The mechanism that creates
a radial pressure in the region with magnetic field will increase the magnetic energy density, causing a change in the

surface temperature also.
Henoux, et. al. (1989) stated that a coaling of the flux tube by advection of ionization energy increases the radial

pressure gradient, This effect leads to the formation of concentrated magnetic flux tubes. This has led to the active
transport of thermal energy from the photosphere to the corona.
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