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Our Sun’s Death 
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High Mass (BIG) Evolution 
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Our Sun’s Son 







Tug Of War (Heat V. Gravity) 
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Introduction –  
• Death of Mo . 
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“Planetary” Nebulae 















Introduction –  

• Death of HUGE stars… 
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Supernova? 

S
te

lla
r E

v
o

lu
tio

n
 



S
te

lla
r E

v
o

lu
tio

n
 

http://chandra.harvard.edu/photo/2007/sn87a/sn87a.jpg




























US! 



Neutron Stars? 
• Thought of by Fritz Zwicky (remember that 

name…) in 1934. 

– Ignored till 1967 

• Astronomers noticed weird radio signals that 

repeated themselves 

– Thought they were alien signals, thus: 

– Named them LGM### 

– LGM = Little Green Men. 

– Turned out to be the Crab pulsar 

 



Neutron Stars? 
• Left over remnants from a huge supernova 

• Star is so small and so massive, the nuclei 

actually get squished together! 

– N + e = P 

– Reverse beta decay 

• EM radiation from B-poles 

• Sweeps out arcs 

– Like lighthouse 

 











Summary of Post Main-Sequence 

Evolution of Stars 

M > 8 

Msun 

M < 4 

Msun 

Evolution of 

4 - 8 Msun  

stars is still 

uncertain. 

Fusion 

stops at 

formation of 

C,O core. 

Mass loss in 

stellar winds 

may reduce 

them all to < 

4 Msun stars. 

Red dwarfs: 

He burning 

never 

ignites 
M < 0.4 Msun 

Supernova 

Fusion 

proceeds; 

formation 

of Fe core. 



Black Holes,  

the Monsters of Space 
1. A BH has a huge mass, maybe millions or 

billions of times the mass of our Sun, crammed 

into an area of ZERO volume! 

2. Did you read #1 above? Is your head still 

intact? What is the definition of density? 

3. Alright, a HUGE mass with ZERO volume? D 

= M/V means I’m DIVING BY ZERO!!! OMG!!! 

4. Yep. 



What happens when you try to 

divide by ZERO? 













1. How do we know that the helium flash occurs if it 

cannot be observed? Can we accept an event as real if 

we can never observe it?  

 

2. Can you think of ways that chemical differences could 

arise in stars in a single star cluster? Consider the 

mechanism that triggered their formation.   

Discussion Questions 



Quiz Questions 

1. Which of the following is NOT considered in making a simple 

stellar model? 

 

a. Hydrostatic equilibrium. 

b. Energy transport. 

c. Magnetic field. 

d. Conservation of mass. 

e. Conservation of energy. 



Quiz Questions 

2. According to Figure 12-1, what is the approximate radius of 

the Sun's nuclear fusion zone? 

 

a. 0.10 solar radii 

b. 0.30 solar radii 

c. 0.50 solar radii 

d. 0.70 solar radii 

e. 0.90 solar radii 



Quiz Questions 

3. Why is there a lower mass limit of 0.08 solar masses for 

main sequence stars? 

 

a. This is an unsolved astronomical mystery. 

b. Objects below this mass can only form in HI clouds. 

c. Objects below this mass are not hot enough to fuse normal 

hydrogen. 

d. They form too slowly and hot stars nearby clear the gas and 

dust quickly.  

e. Our telescopes do not have enough light gathering power to 

detect dim objects. 



Quiz Questions 

4. Why is there an upper mass limit for main sequence stars of 

about 100 solar masses? 

 

a. Giant molecular clouds do not contain enough material. 

b. General relativity does not allow such massive objects to 

exist. 

c. The rotation rate is so high that such an object splits into a 

pair of stars. 

d. Objects above this mass fuse hydrogen too rapidly and 

cannot stay together. 

e. Objects above this mass do form in molecular clouds; 

however, they emit no light and are not considered stars. 



Quiz Questions 

5. Why are lower main sequence stars more abundant than 

upper main sequence stars? 

 

a. More low-mass main sequence stars are formed in 

molecular clouds. 

b. Lower main sequence stars have much longer lifetimes than 

upper main sequence stars. 

c. High-mass main sequence stars lose mass and become 

lower main sequence stars. 

d. Both a and b above. 

e. All of the above. 



Quiz Questions 

6. Why does a star's life expectancy depend on mass? 

 

a. Mass determines the amount of fuel a star has for fusion.  

b. More massive stars can fuse hydrogen for a longer time. 

c. Mass determines the rate of fuel consumption for a star. 

d. Both a and b above. 

e. Both a and c above. 



Quiz Questions 

7. Which of the following observable properties of a main 

sequence star is a direct indication of the rate at which energy 

is produced inside that star? 

 

a. Surface temperature. 

b. Luminosity. 

c. Diameter. 

d. Distance. 

e. Age. 



Quiz Questions 

8. Why does an expanding giant star become cooler? 

 

a. Less energy is produced in the star's interior. 

b. More energy is produced in the star's interior. 

c. Thermal energy is converted into gravitational energy.  

d. Both a and b above. 

e. Both a and c above. 



Quiz Questions 

9. Of the following, which main sequence star has a longer life 

expectancy than the Sun? 

 

a. Spectral type B9. 

b. Spectral type K2. 

c. Spectral type A7. 

d. Spectral type O5. 

e. Spectral type F4. 



Quiz Questions 

10. How does the main sequence lifetime of a star compare to 

its entire fusion lifetime? 

 

a. Stars spend about 10% of their fusion lifetimes on the main 

sequence. 

b. Stars spend about 30% of their fusion lifetimes on the main 

sequence. 

c. Stars spend about 50% of their fusion lifetimes on the main 

sequence. 

d. Stars spend about 70% of their fusion lifetimes on the main 

sequence. 

e. Stars spend about 90% of their fusion lifetimes on the main 

sequence. 



Quiz Questions 

11. Why does an expanding giant star become more luminous? 

 

a. Less energy is produced in the interior. 

b. More energy is produced in the interior. 

c. Thermal energy is converted into gravitational energy.  

d. Both a and b above. 

e. Both a and c above. 



Quiz Questions 

12. What increases the temperature of an inert helium core 

inside a giant star? 

 

a. Hydrogen shell fusion. 

b. Helium shell fusion. 

c. Gravitational contraction. 

d. The triple-alpha process. 

e. Both a and b above. 



Quiz Questions 

13. Twice during the late stages of the Sun's life it will move 

upward and ascend the giant branch on the H-R diagram.  

What will be going on in the Sun's core while it is climbing the 

giant branch? 
 

a. The Sun's core will fuse hydrogen to make helium during both 

ascents of the giant branch. 

b. The Sun's core will fuse helium to make carbon and oxygen 

during both ascents of the giant branch. 

c. The Sun's core will fuse hydrogen to make helium during the 

first ascent, and fuse helium to make carbon and oxygen during 

the second ascent of the giant branch. 

d. The Sun's core will fuse helium to make carbon and oxygen 

during the first ascent, and is inert during the second ascent of the 

giant branch. 

e. The Sun's core will be inert during both ascents of the giant 

branch. 



Quiz Questions 

14. Why will a helium flash never occur in some stars? 

 

a. Some stars will never leave the main sequence. 

b. Some stars do not develop degenerate helium cores. 

c. Some stars have a hydrogen flash in place of a helium flash. 

d. Some stars contain no helium. 

e. All of the above. 



Quiz Questions 

15. Why are lower-mass stars unable to ignite more massive 

nuclear fuels such as carbon? 

 

a. They never get hot enough. 

b. They did not accumulate enough carbon when they formed. 

c. Beryllium is highly unstable. 

d. Carbon has too many neutrons in its nucleus. 

e. Both a and d above. 



Quiz Questions 

16. How do star clusters confirm that stars are evolving? 

 

a. The H-R diagram of a star cluster is missing the upper part 

of the main sequence. 

b. The H-R diagram of a star cluster is missing the lower part of 

the main sequence. 

c. The relative motion of stars in a cluster can be estimated by 

their Doppler shifts. 

d. Pulsating variable stars in globular clusters display a period-

luminosity relationship. 

e. Star clusters occasionally lose members. 



Quiz Questions 

17. How are the ages of star clusters related to their turn-off 

points? 

 

a. The age of a cluster is the life expectancy of stars at its turn-

off point. 

b. The higher the turn-off point, the older the star cluster. 

c. The lower the turn-off point, the older the star cluster 

d. Both a and b above. 

e. Both a and c above. 



Quiz Questions 

18. What is the general trend in the ages of the two types of 

star clusters? 

 

a. Globular clusters are young and open clusters are old. 

b. Globular clusters are old, and open clusters are both young 

and old. 

c. All star clusters are very young 

d. All star clusters are very old. 

e. The two types of star clusters have both very young and very 

old members. 



Quiz Questions 

19. From Figure 12-13, what is the absolute magnitude of a 

Type II Cepheid with a period of 30 days? 

 

a. -5 

b. -4 

c. -3 

d. -2 

e. -1 



Quiz Questions 

20. The period of a Cepheid variable star and the time of one 

recent maximum can be used to predict the time of a future 

maximum.  Suppose that you calculate the time of future 

maximum brightness and then make measurements to observe 

this maximum.  After the correction for Earth's orbital position 

has been made, you find that the maximum occurred a few 

minutes later than predicted.  What does this tell you about this 

star? 

 

a. The star is moving toward Earth. 

b. The star is moving away from Earth. 

c. The star is slowly contracting. 

d. The star is slowly expanding. 

e. The star is not a Cepheid variable. 



Answers 

1. c 

2. b 

3. c 

4. d 

5. d 

6. e 

7. b 

8. c 

9. b 

10. e 

11. b 

12. c 

13. e 

14. b 

15. a 

16. a 

17. d 

18. b 

19. d 

20. d 


