BINARY STARS




The masses of the individual stars can
be calculated.




By gathering the masses of a large variety of
stars In binary systems a fundamental
relationship soon became apparent.
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Thermonuclear Fusion




Proton — Proton Cycle

4H® 1He + 2g




4H = 6.693x1044 gm
-1He = 6.645x10%* gm

Difference of 4.8x10-20 gm (0.7%)

4.8 x 1026 gm

-

E=mc




Some incredible numbers...

The proton-proton cycle occurs

1038 times/second

Each second:

624 million tons of hydrogen |

Fuses to become

620 million tons of helium

4 million tons of hydrogen becomes
energy




- M,=1.99x103° kilograms

Sun’s lifetime ~ 10 billion years




Hydrostatic Equilibrium

RaelEiEion

Presgstire




absolute visual magnitude (A4}

BO AD

3750
effective temperature (K)




1. Low Mass Stars M < 0.5 M

Hydrogen Envelope

Hydrogen Envelope '\ sl

\ s
c,,.

H—

Hydrogen
shell fusion




30% —.40% of total mass is lost




2. Intermediate Mass Stars
05<My <8

Hydrogen Envelope Hydrogen Envelope

e T Inert He

Hydrogen Envelope

Helium Flash

Hydrogen
shell fusion

s




Hydrogen shell
fusion

Helium shell Hydrogen envelope

fusion

Inert carbon/oxygen
core




The Sun
(main sequence)

The Sun
(red giant)




Planetary Nebula
(has n-othing to do with planets!!)




Hourglass Nebula - MyCn18
Hubble Space Telescope - WFPC2
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White Dwarf Stars

n
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Composed mostly of carbon

Surface temperatures of 50,000 K or more

NO internal energy source

'Earth sized
Mass Is that of remnant stellar core

VERY DENSE!




11,000 tons per cubic
Inch

Limit ~ 1.4 solar M

L0 Eridanus B




The electrons did!

Electrons have a limit to how tightly they can be
packed together

“ELECTRO'N DEGENERACY PRESSURE”




BUT! Electron Degelneracy Pressure .
has Its limits

Gravity can ‘overwhelm the electrons |
If the mass Is high enough..

M < 1.4 M,
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What happens if the core of the
star that remains i1s GREATER

than the Chandrasekhar Limit?




3. High Mass Stars M;, > 8

Hydrogen Envelope Hydrogen Envelope

Inert He

Hydrogen Envelope

. Helium Flash
Hydrogen
shell fusion




Hydrogen shell
fusion

Helium shell
fusion

Inert carbon/oxygen
core

Hydrogen envelope

Hydrogen shell
fusion

Helium shell
fusion

Inert carbon/oxygen
core




25 M, star

Element

Hydrogen
Helium
Carbon
Neon
.Oxygen
Silicon

Iron

Temperature

4x107 K

éxlO8 K
6x108 K
1.2x109 K+ -
1.5x10° K
2.7x10° K

nonel

Duration

7x10° yrs
5x10° yrs

600 yrs

1 year | :

months
days

hours




Red Super Glant







Silicon - lron

lron
core

Iron core < 1.4M

Continual silicon fusion increases mass of-core

Eventually Iron core.= 1.4M




Iron core > 1.4M,
Iron core cannot support itself against gravity
Iron core collapses...




Supernova







Supernova 1987a




light-curve timescale
“stretch-factor” corrected

i

—
L")
O
o
B
e
= |
-
-
L' o

|

&
—
-







SN 1998bu
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Supernova Remnants




Supernova Remnants




)
il
Co
q
C
-
D
Y
©
>
@)
C
-
D
Q.
>
V)




Cassiopeia A




CHANDRA X-RAY CHANDRA X-RAY HUBBLE OPTICAL SPITZER INFRARED
(HIGH EMERGY) (LOW ENERGY)




July, 1054 A.D.
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Synthesis of the Elements
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Nucleus ’
<
(protons & /
neutrons) J

Electrons

Protons.

Neutrons.

Electrons:

+ charge
determines chemistry

no charge
adds stability..to a

. degree

adds mass

- charge .
Interacts with rest of

world interacts with
light




Isotopes of the elements

6 protons & 6 neutrons
6 protons + 7 neutrons

6 protons + 8 neutrons, unstable t,,, = ~6000 years

6 protons + 9 neutrons, unstable t,,, = =12 years




absolute visual magnitude (A4}

BO AD

3750
effective temperature (K)




Death of a Star, Birth of the Elements

3)-5C + He 160 +n
Ne+ He >Mg+n

n +{Fe, Ni, Co...}s
s-elements







Nonburning hydrogen

Hydrogen fusion

Helium fusion

Carbon fusion

Oxygen fusion

Neon fusion

Magnesium .
fusion

Silicon fusion
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REVIEWS OF
MODERN PHYSICS

Vorume 29, Numser 4 Ocroser, 1957

Synthesis of the Elements in Stars®

E. Marcarer BurBinge, G. R. Bursipce, WiLriam A. FowrLer, Anp F. HovLE

Kellogg Radialion Laboratory, California Instilule of Technology, and
Mouni Wilson and Palomar Observalories, Carnegie Insiitulion of Washinglon,
Califormia Imstitule of Technology, Pasadena, California

“It is the stars, The stars above us, govern our conditions”™;
(King Lear, Act IV, Scene 3)
but perhaps

“The fault, dear Brutus, is not in our stars, But in ourselves,”
(Julius Caesar, Act 1, Scene 2)
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NEUTRON STARS




What happened to the iron core
- after the supernova?




electron




NEUTRON STAR



neutron star

Solar-mass white dwarf




Model of a Neutron Star

Mass
~1.5 times the Sun

» Solid crust
~1 mile thick

Diameter
~12 miles

Heavy liquid interior
Mostly neutrons,
with other particles




Neuiron Star Interior |

~ Ironfelectron crust

4x10" 220,000,000 tons

superfluid neutrons

mantle _Fl? per cubicinch *
2x10

density : Limit ~ 3 solar M
(kg/m°) superconducting protons . .
- plus superfluid neuirons
core




What keeps the neutron star from
collapsing?

"NEUTRON DEGENERACY PRESSURE

Neutrons have a limit to how tightly they can
be packed together




" Chandrasekhar Limit for -
neutron stars

M < 3.0 My




