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Sun’s Energy Source

The Sun as a Star: the Sun Is a typi
of mass, size, surface tempe
composition.

The Sun is the main &
\e solar system. ¥
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Each second the sun converts
600,000,000 tons of hydrogen
helium nuclei. When hyc
combine with each other,
change the atoms’ mass

energy and release it ¢




Nuclear Fusion
Nuclear fusion occurs when two

combine to form a heavier nucle

masses of the original nug
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« Two conditions must be met before
occur In a star

. Thermonuclear fusion ca

extremely high tempere
These two conditie
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1905: Albert Einstein discovered
special theory of relativity predicted
can be converted to energy ace
equation E = mc?

where m is the mass In kg

the speed of lightin e
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Proton-proton cycle:

This is the first step in a three-step fusion process that powers
most stars. Study diagram to get a feel for the stages
involved, but don’t worry about memorizing the different
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Two hydrogen nuclei (protons) collide and
fuse. One proton turns into a neutron by the
emission of a pesitron (which has a positive
charge). The positron immediately encoun-
ters its anti-particle, the electron; the pair
then annihilates, releasing two gamma rays.
The result of this proton fusion is a deuteri-
um nucleus, denoted 2H.

A deuterium nucleus collides with a proton,
and they fuse to form light helium, He. En-
ergy is released in the form of another gam-
ma ray photon.

Finally, two 3He nuclei collide and fuse into
a nucleus of helium, 4He. Two protons are
released in this step.

@ proton @ clectron
(O neutron @ positron




The Proton-Proton Chain

Stars of mass similar to the sun ag
the main sequence of the HR A
their energy In their core
thermonuclear process cé

chain

et result 4




two neutrinos (tiny nearly mas
that travel close to the speed
energy gamma ray photc

amount of heat energy.




Step One: HL+HY T HY + et + v
. . “ (@) neutrino
proton proton Deuteron positron
(neatron+proton)
Step Two: oH1 + H? sHe? + y-ray
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normal
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Summarizing the thermonuclear
hydrogen as follows:

4 H — He + 2 neutrinos + gamu
Neutrinos(v) are subatomic par
and little or no mass. (We

lost of the energ
)N 1S In the fa




Energy of the sun In the proton proton chain

In this process four hydrogen atoms convert to
helium and energy as following

4H—> He+2v +vy-rays
Amount of energy produced, (i.e. the energy of

the gamma ray photons produced) Is given by:
Einstein equation

— E =mc?
(note: v and photons are massless




hydrogyen mass = 1.673 x 10727 kg
helium mass = 6.645 x 10727

AH = 4 X 1.673 x 10727 Kg=¢

mass lost In one reaction IS €
masses of them

our hydrogyen ma




Thus the energy calculate by Einstein relation

E=m(C?=0.048x 10727 kgx (3 X 103
E=m(2=4.3x 10~12 )

The fraction of the hydrogen ng

racaonmass lost— 2







