Review



PROTON-PROTON
CHAIN OF REACTIONS
IS THE MAIN
REACTION IN STARS
SUCH AS OUR SUN

p+p =2 D
D + p = SHe
3He +3He = “He + p+p



nonburning hydrogen
hydrogen fusion

helium fusion

carbon fusion

oxygen fusion

neon fusion

magnesium fusion

silicon fusion
inert iron core




The Sun’'s atmosphere has three layers:

- The photosphere is the layer that we see. It has a temperature of about 5800 K.
= The chromosphere lies above the photosphere. Surprisingly, it is hotter - up to a million degrees K.

= The CcOrona is the outermost layer that extends out to several solar radii. Its temperature is about 2
million degrees K.
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THE ELECTROMAGNETIC SPECTRUM
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Approaching ambulance
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Blackbody radiation
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Bohr’s model of atom



An atom emits or absorbs light only at specific wavelengths
that correspond to changes in the atom's energy as an
electron jumps between its allowed energy levels.
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Atomic
Excitation

Atomic
De-excitation




Continuous Spectrum
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06.5
BO
B6
A1
A5
FO
F5
GO
G5
KO
K5
MO
M5

F4 metal poor
M4.5 emission
B1 emission

Spectra of different stars

HD 12993
HD 158659
HD 30584
HD 116608
HD 9547
HD 10032
BD 61 0367
HD 28099
HD 70178
HD 23524
SAO 76803
HD 260655
Yale 1755

HD 94028
SAO 81292
HD 13256
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Crab Nebula - M1
Hubble Space Telescope « WFPC2

NASA, ESA, and J. Hester (Arizona State University) STScl-PRC05-37




OTHER NEBULAE

Carina Nebula
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¢ h + x Persei — 14 million years
Ao Pleiades — 100 million years

® NGC 188 — 7 billion years

30,000 10,000 6,000 3,000
surface temperature (Kelvin)

Oldest globular clusters have age of 12Gyrs:
almost as old as the Universe itself.
Age of our Sun is 4.6Gyrs






Expansion of the Universe




Expansion of the Universe: every galaxy is the center




Timeline of Big Bang

About |3.7 billions of years ago the observed part of the Universe started to expand
very fast.

This expansion did not have a center of the expansion.The expansion is the same
around every point in space.

The expansion was not an explosion. It was remarkably quiet with only very small
ripples of patches of slightly dense and slightly under-dense in the space.

The Universe was initially very hot. It was filled with all possible particles: some exotic
and some normal particles. As the Universe expanded it cooled and exotic particles
died out.

When the Universe was about 100 seconds old, it was as hot and as dense as the
center of our Sun. During that time some fraction of hydrogen nuclei merged and
produced helium.The Universe was too cold for other reactions to produce heavier
elements (such as carbon or oxygen).Those element were produced much later in
stars.



Timeline of Big Bang

When the Universe was 400,000 yrs old and had temperature 3000 K, hydrogen
recombined. At that moment the Universe became transparent. Now we receive
photons, which were emitted at the moment of recombination.

First stars formed when the age of the Universe was 400 Myrs

First galaxies formed when the age was | billion years.

Our Sun formed when the age was 9 billion years.



When an electron in an atom goes from high energy state
to a lower energy state, the atom

|. emits a photon of a specific frequency
2. absorbs a photon of specific frequency
3. can emit a photon of any frequency

4. absorbs several photons



Describe two ways an atom can become excited.



How are wavelength, frequency, and energy are
related for photons!?

|. Longer wavelength means lower frequency and lower energy

2. Longer wavelength means higher frequency and lower energy
3. Longer wavelength means lower frequency and higher energy



A star is 20 pc away. How many years has its light taken to reach us!?

a. 20 years
b. 65 years
c. 20 days

d. 20 million years



What is the chemical composition of most of the stars?

a. Hydrogen

b. Hydrogen, Helium and other elements in equal mixture
c. /5% hydrogen, 23% helium and 2% of other elements
d. We do not know because we cannot reach stars



A red star and a blue star have the same radius.

* Which star is hotter?
* Which star if more luminous!?



Why will the Sun change drastically in several billion years!?






