
Possible Topics for Class 
Presentations  

April 16, 23, 2014. 
(10 Minute Powerpoint) 

1. Extrasolar (Earthlike?) Planets 
2. New Evidence for Inflation. 
3. New Monster Telescopes on Earth 
4. Telescopes in Space 
5. Supernova Remnants 
6. Enceladus (water ice volcanos) 
7. Life in the Universe 
8. Dark Energy 
9. Messenger and Mercury 
10. Mars Rovers 
11. Supernovae Discovery 
12. Lake Vostok search for life, Antarctica 
13. Earth bound Comets and Asteroids 
14. Search For the First Stars 
15. Astrobiology 
16. Henrietta Levitt (Cepheid Variables) 
17. Galileo 
18. Jocelyn Bell (Pulsars) 
19. Black Holes 
20. Gravitational Lensing 
21. Orion Nebula. 



Topics for Class Presentations  
April 16, 23, 2014. 

(10 Minute Powerpoint) 

1. Irfan – Muslim astronomers 
2. Bwest – Greek mythology 
3. Emmarose – Galileo 
4. Bb – Life in the universe 
5. Jonathon – New monster telescopes on Earth 
6. ZZ – Telescopes in space 
7. Margaret – Terraforming on extra-solar planets 

 
8. Eli – Tycho Brahe 

9. Dustin – Henrietta Levitt 
10. Bockarie – Orion nebula 
11. Rhiannon – Black holes 
12. Rohit – Supernova remnants 
13. Adam – Dark energy 
14. Diego – Gravitational lensing 
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16 
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Supernovae 

• Material is returned to the interstellar medium, to be recycled in the next 
generation of stars. 

• Owing to the high temperatures, lots of exotic nuclear reactions occur, 
resulting in the production of various elements.  All of the elements past 
iron are produced in supernovae.  

• http://www.usagold.com/reference/creation-of-gold.html 

• Most of the atoms in your body came from a massive star! 



The Remnant Core: Neutron Stars 

• Q. What happened to the core of a Supernova explosion? 

 Protons and electrons form neutrons, and the gas is compressed so that 
the neutrons become degenerate (i.e. they are basically touching). 

 The resulting remnant has a radius of about 10 km, and a 
typical mass of 1.4-3 solar masses.  This is a neutron star. 

 The density is 6.4 x 1014 grams/cc.  

 1 teaspoon weighs ~1000 times pyramid of Giza. 

 The surface gravity is 1011 times that of Earth! 

 If you dropped an object from 3 feet above the surface, it would hit the surface 
in 1 million’th of a second going ~2 million mph.  

 
• Neutron Star Fromation, Black Hole Formation.FLV 

At present, there are about 2000 known 
neutron stars in the Milky Way. 



The Crab Nebula and it’s Pulsar 

http://www.youtube.com/w
atch?v=0GD8-Lj0tFI 



A Rotating, Magnetized Neutron Star 

• Many neutron stars rotate rapidly and possess powerful magnetic fields. 
Charged particles are accelerated near a neutron star’s magnetic poles 
and produce two oppositely directed beams of radiation.  

• As the star rotates, the beams sweep around the sky. If Earth happens to 
lie in the path of a beam, we see the neutron star as a pulsar. 



The Crab Nebula and it’s Pulsar 

(b) The insets show the Crab pulsar in its “on” and “off” states. Both its 
visible flashes and X-ray pulses have identical periods of 0.033 s, so the 
neutron star is spinning around 30 times/second! 



Neutron Stars: A Recording of a Pulsar 

Pulsars can rotate very rapidly, often up 
to a thousand revolutions/second!! 

Before collapse  After collapse  



A Model of a Pulsating X-Ray Source 

Gas transfers from an ordinary star to the neutron star. The infalling gas is 
funneled down onto the neutron star’s magnetic poles, where it strikes the 
star with enough energy to create two X ray–emitting hot spots. As the 
neutron star spins, beams of X rays from the hot spots sweep around the sky. 



X Rays from an X-Ray Burster 

A burster emits X rays with a constant low intensity interspersed with 
occasional powerful bursts. This burst was recorded in September 
1975 by an X-ray telescope that was pointed toward the globular 
cluster NGC 6624. 



A Summary of Stellar Evolution 



Low-Mass Stars and Planetary Nebulae 
M<8xMSUN 

• A low-mass (below 8 solar masses) main-sequence star becomes 
a giant when hydrogen shell fusion begins.  

• Stellar winds during the thermal pulse phase eject mass from 
the star’s outer layers, forming nebula. 

• The burned-out core of a low-mass star becomes a dense 
carbon-oxygen body, called a white dwarf, with about the 
same diameter as that of Earth. The maximum mass of a white 
dwarf (the Chandrasekhar limit) is 1.4 solar masses.  

• Explosive hydrogen fusion may occur in the surface layer of a 
white dwarf in some close binary systems, producing sudden 
increases in luminosity that we call novae. 

• An accreting white dwarf in a close binary system can also 
become a Type 1a supernova when carbon fusion ignites 
explosively throughout such a degenerate star. 

 



High-Mass Stars and Supernovae 
M>8xMSUN 

• After exhausting its central supply of hydrogen and helium, the 
core of a high-mass (above 8 solar masses) star undergoes a 
sequence of other thermonuclear reactions. These reactions 
include carbon fusion, neon fusion, oxygen fusion, and silicon 
fusion. This last fusion eventually produces an iron core. 

• A high-mass star dies in a supernova explosion that ejects most 
of the star’s matter into space at very high speeds. This Type II 
supernova is triggered by the gravitational collapse and 
subsequent bounce of the doomed star’s core. 



Neutron Stars and Pulsars 
8xMSUN< M < 25xMSUN 

• The core of a high-mass main-sequence star containing between 8 and 
25 solar masses becomes a neutron star. A neutron star is a very 
dense stellar corpse consisting of closely packed neutrons in a sphere 
roughly 20 km in diameter. The maximum mass of a neutron star is 
about 3 solar masses. 

• A pulsar is a rapidly rotating neutron star with a powerful magnetic 
field that makes it a source of periodic radio and other electromagnetic 
pulses. Energy pours out of the polar regions of the neutron star in 
intense beams that sweep across the sky. 

• Some X-ray sources exhibit regular pulses. These objects are believed 
to be neutron stars in close binary systems with ordinary stars. 

• Explosive helium fusion may occur in the surface layer of a companion 
neutron star, producing a sudden increase in X-ray radiation, called an 
X-ray burster. 



Key Terms 

asymptotic giant branch 
 (AGB) star 
Chandrasekhar limit 
electron degeneracy 
pressure 
helium shell flash 
helium shell fusion 
lighthouse model 
neutron degeneracy 
pressure 

neutron star 
nova (plural novae) 
Nucleosynthesis 
Pulsar 
Type Ia supernova 
Type II supernova 
X-ray burster 



A Summary of Stellar Evolution 



 

The Biggest stars 

Black Holes: Matters of Gravity 



Initial Star Mass > 25 Msun 

The highest mass stars produce Type II supernovae and 
black holes.  



The Biggest Stars 

• For initial masses greater than about 25 solar masses: 

– The core ends up with a substantially more than 1.4 solar 
masses.  The temperature gets hot enough to fuse elements 
all the way up to iron. 

– The fusion of iron takes energy rather than liberating it.  The 
core collapses, but it is too massive to be supported by 
electron or neutron degeneracy pressure.   

 

No known force can halt the collapse, and the core collapses to a 
point.  A black hole is born. 



Einstein’s Theory 

• In Newton’s theory of gravity,  

 gravity is a force between two objects. 

– The force travels instantly through space by some unspecified mechanism. 

– Space is the ordinary 3 dimensional fixed space. 

 

• In Einstein’s theory: 

– Matter causes space to warp, and gravity is a manifestation of curved space. 

– Nothing travels faster than light, and the speed of light is the same for all 
observers. 

 

• In a black hole, the density, and hence the gravitational force, are so 
large that Newton’s gravitational theory no longer accurately 
describes gravity, one must use Einstein’s more complex theory of 
Relativity…. 



Einstein’s Theory of Relativity 

• The speed of light is the same, regardless of the motion of the 
source or observer. 



Einstein’s Theory 

• The length of an object decreases in the direction of its motion as its 
speed increases. 

• The mass of an object increases as it moves faster. 

• Moving clocks run slower than stationary clocks. 



Einstein’s Theory 

• Time slows down near matter. Clocks run slower in gravitational 
fields compared to clocks in empty space. 



Einstein’s Theory 

• Matter alters the geometry of space.  Empty space is “flat”, 
whereas it is curved near massive bodies. 



Einstein’s Theory 

• The curvature of space depends 
on the mass and density. 

• The tendency of material and of 
light is to take the shortest path 
between two points. 

• Large bodies can alter the 
path of light. 



Einstein’s Theory 

• The tendency of material and of light is to take the shortest path between 
two points. 

• Large bodies can alter the path of light. In fact, this affect, seen in 1921, 
was the first experimental evidence for Einstein’s new Relativity theory. 



Einstein’s Theory:  
Light can’t escape a black hole. 

• Light loses energy as it leaves the surface of an object, it is 
redshifted. The higher the gravity, the more energy it loses. 

• A black hole is an object with an infinite redshift. 



Black Holes 

• A black hole is an object with a gravitational field so strong that 
nothing, not even light, can escape. 

• There is no physical surface.  However, one can define a radius within 
which nothing can escape: this is called the event horizon or the 
Schwarzchild radius. 

• Once matter or light crosses below the event horizon, it is gone forever. 

 The Sun has a Schwarzschild radius of approximately 3 km (1.9 mi) 
while the Earth's is only about 1 cm, the size of a peanut. 
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… for the Sun. 

http://en.wikipedia.org/wiki/Sun
http://en.wikipedia.org/wiki/Earth
http://en.wikipedia.org/wiki/Peanut


Black Holes 

• A black hole is an object with a gravitational field so strong that 
nothing, not even light, can escape. 

 



Black Holes 

• Since it is so compact, the tidal force 
near a black hole is extremely strong: 
matter is stretched lengthwise, and 
compressed in the perpendicular 
direction. 

 



Black Holes 

• A black hole is an object with a gravitational field so strong that 
nothing, not even light, can escape. 

• Black holes have only three properties: 

– Mass 

– Angular momentum (if it is spinning) 

– Electric charge (not astrophysically important since 
macroscopic objects are neutral) 

• Black holes cannot have magnetic fields, or a temperature, or a 
color, etc. 

http://www.youtube.com/watch?v=w0q4zNQIOjA 
 
http://www.youtube.com/watch?v=ou3TukauccM 
 

http://www.youtube.com/watch?v=ou3TukauccM

