g 1500

Jobooogoogoboooooonod
OO00O00000 (b2000)

Ooon

JoDo0o (00)

[J0odonooouodoogobooboooogo
Jo0doooooooonooboooooooooooonn



001500 (2000) 00

Io0ooon

Read following sentences and answer questions below.
The star around which the Earth revolves, and the planet’s source of light and heat. The
Sun is a globe of gas, 1.4 x 10%%m in diameter, held together by its own gravity. Because
of the weight of the outer layers, the density and temperature increase inward, until a
central temperature of over 1.5 x 107K and density more than 90 times that of water is
reached. At these great temperatures and densities, thermonuclear reactions converting
hydrogen into helium take place, releasing the energy which streams outward.

The surface of the Sun is about 6000 K ; since solids and liquids do not exist at these
tempertures, the Sun in entirely gaseous. Almost all the gas is in atomic form, although
a few molecules exist in the coolest regions at the surface.

Besides its great importance to human life, the Sun is of interest to all astronomers
because it is the only star near enough for detailed study of its surface structure. Various
surface and atmospheric phenomena, such as sunspot activity, and other behavior may
be studied, and astronomers try to extrapolate these to the other stars which may be
observed only as points of light.

The light and heat of the Sun make the Earth habitable. The Sun is, in fact, the
ultimate source of the nearby all the energy utilized by industrial civilizations in the form
of water, power, fuels, and wind. Only atomic energy, radioactivity, and the lunar tides
are examples of nonsolar energy.

The interior of the Sun can be studied only by inference from the observed properties
of the entire star. The mass, radius, surface temperature, and luminosity are known.
Using the known properties of gases, it is possible to calculate that structure of the Sun
which will produce the observed parameters at the surface. The solution is cmplicated
by uncertainties in the behavior of matter and radiation under the high temperature and
density that are present in the solar interior. This is particularly true of the nature of the
nuclear reactions. However, the general properties of the solution are quite reliable. A
number of theoretical models using different assumptions have led to more or less similar
results. A central density of near 90g/cm? has been found , decreasing to 10~"g/cm? at
the surface. The central temperature is about 1.5 x 107K, decreasing approximately to
5000 K at the surface. Since this takes place over 700,000 km, the temperature gradient
is only 20 K per kilometer. The radiation produced at the center by nuclear interactions

flows outward rapidly.
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The energy of the Sun is produced by the conversion of hydrogen into helium; because
each hydrogen atom weights 1.0078 atomic units and each helium atom is made from four
hydrogen atoms, only 4.0030 units, it follows that 0.0282 unit, or 0.7% of the mass m is
converted into energy E according to the Einstein formura F = mc?, where c is the speed
of light. Since the solar mass is 2 x 1033g, couvention of 0.7% into helium yields 1.2 x
10°%ergs(1.2 x 10%.J), enough to maintain the Sun for 10*s, or over 10 years. The rate
of conversion required to produce the observed flux is 4 x 103 atoms/s. For each hydrogen
atom converted, one neutrino is produced, giving a flux of 1.3 x 10" neutrinos/(cm? - s)
at the Earth. These neutrinos cannot be detected; only higher-energy neutrinos produced
by subordinate processes can be observed. These have been detected at the Earth, but
in smaller quantities than expected. However, the neutrino emission theory has sufficient
uncertainties so that the theory of nuclear burninng is still generally accepted.

Although the material at the center of the Sun is so dense that a few millimeters are
opaque, the photons created by nuclear reactions are continually absorbed and reemitted
and thus make their way to the surface. The atoms in the center of the Sun are entirely
stripped of their electrons by the high temperatures, and most of the absorption is by
continuous processes, such as scattering of light by electrons.

In the outer regions of the solar interior, the temperature is low enough for ions and
even neutral atoms to form and, as a result, atomic absorption becomes very important.
The high opacity makes it very difficult for the radiation to continue outward; steep
temperature gradients are established which result in convective currents.Most of the
outer envelope of the Sun is in such convective equilibrium. These large-scale mass motions
produce interesting phenomena at the surface, including sunspots and solar activity.

Questions

1. Translate the first paragraph into Japanese.

2. Translate the last two paragraph into Japanese.

3. Explain how the energy of the Sun is produced in Japanese.

4. Estimate the lifetime of the Sun in Japanese.

5. What is the Sun for you 7 Try to explain both in English and in Japanese.

6. What is the nonsolar energy on the Earth 7 Describe the examples and their reasons

in Japanese.
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