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Stars, Galaxies & the Universe 
Announcements

• HW#7 – due Friday by 5 pm! (available Tuesday)

• In class Quiz #8 on Monday (over Black Holes!)Q y ( )

• Exam #2 next week (Wednesday) 
– Review sheet and study guide posted by Thursday
– Use office hours and Astronomy Tutorial hours 
– Covers material since Exam #1 (plus background material)
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Stars, Galaxies & the Universe
Lecture Outline

1. White dwarf – properties and examples of detection
2. End of life for Massive Stars 

- Supernova explosion (core collapse)
- Supernova remnants
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Stellar remnants I

White dwarfs
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White dwarfs

(progenitor star M< 1.4 Msun)

Life of a Solar Mass
Star (Low-Mass)

• main sequence

• red giant: shell
Hydrogen burning

LT MS: 10 billion years
LT P-MS: 1 billion years

• He-burning star
(horizontal branch)

• Helium shell burning
& Hydrogen shell burning
(double shell burning)

• planetary nebula

• white dwarf
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Planetary nebula
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Planetary nebula
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Hourglass 
nebula

White 
dwarf: 
the stellar
corpse!
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White dwarf
• Star burns up rest of hydrogen
• Nothing remains but degenerate core of Oxygen 

and Carbon
• “White dwarf” cools but does not contract 

because core is degenerate
• No energy from fusion (unless!!...), no energy 

from gravitational contraction
• White dwarf slowly fades away
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Gas in the core of the star (corpse) is under extreme pressures

• Degenerate gas • common example:
- metals
- difficult to compress
any further
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Unusual Mass-Radius relationship for white dwarfs

- approaching the mass
limit for white dwarfs
- after which the core
collapses (at 1.4 x sun’s mass)
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Limiting mass for white dwarf [M <1.44 solar masses]

called Chandrasekhar limit

• Born 1910 Lahore India (now 
Pakistan)

• Discovered w.d. limiting mass on 
ship to England 1930 (age 20 on
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S. Chandrasekhar (1910-1995)

ship to England 1930 (age 20, on 
way to graduate school at 
Cambridge)

• Spent most of his career at 
University of Chicago

• Nobel Prize Physics 1983
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The path of White Dwarfs on the H-R Diagram

13

How do we detect white dwarfs? Æ imaging bright WD

M4 is a very old cluster of stars: “globular cluster” 
- near star Antares, visible with just slightest of optical aid
- distance: 7200 light years (one of the nearest globular clusters)  
- age: 13 billion years (almost as old as universe!)
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The oldest known planet? orbiting around a white dwarf ?

White dwarf is thought to have a planet orbiting it with a mass of 2.5x Jupiter
Æ can not detect the planet directly 
Æ measured through the “wobble” of the white dwarf star
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What happens after
the main sequence 
for massive stars? 
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Temperature in core of massive star is very hot
-in order to break bonds of more complicated elements 

(opposing charges from a lot of electrons/protons)

Very extreme physical conditions!
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Core Collapse: beyond the Chandrasekhar limit

• as the iron core collapses:
Protons + electrons combine

PROTON + ELECTRON 
Î neutron + neutrino!

• the core becomes a “neutron soup”

• MOST of the energy in a supernova core collapse: neutrinos!
90% of energy radiated in neutrinos
~ rest in EM radiation (only 1% in visible light!)
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High-Mass Star Core collapse
• Iron core is degenerate
• Core grows until it is too heavy to support itself
• Core collapses, density increases, normal iron 

nuclei are converted into neutrons with the 
emission of neutrinosemission of neutrinos

• Core collapse stops, neutron star is formed
• Rest of the star collapses in on the core, but 

bounces off the new neutron star (also pushed 
outwards by the neutrinos)
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SN 1987A
The first naked-eye supernova in 400 years
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Large Magellanic ‘Cloud’
(actually a dwarf galaxy 150,00 ly away)
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Supernova: REBOUND explosion
Layers in star which are still fusing fall inward
But can not compress the core – they bounce back

Æ As much energy as 200 million stars – that of a galaxy
Æ Energy available to create elements  heavier than Iron
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Temperature in core of massive star is very hot
-in order to break bonds of more complicated elements 

(opposing charges from a lot of electrons/protons)

Very extreme physical conditions!
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Neutrinos from Supernova 1987A explosion

“nearby” supernova: 150,000 ly away!
19 neutrinos detected
(in Japan & Ohio) 
the day before the 
visible “signature” seen

• our detection of 19
means 1058 total neutrinos!

• neutrinos emitted instantly

Detection of neutrinos proved that neutron stars exist –
neutrino released when proton + electron combine

neutrinos emitted instantly
went through star in seconds
then passed into space --
1014 went through each of us!

• energy from core bounce
took many hours to leave
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The Remnant around SN 1987A 

• “plowing” into the 
interstellar medium

radio images of 1987a
over last ~10 years
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Supernova Remnants

• layers of hot gas from
star expanding into the
interstellar medium

• often expanding at 
many thousands of km/s
( b thi ti )

SNR G292.0+1.8 

(can observe this motion)

• rich in elements from
the layers of fusion

• strong X-ray and radio
(high energy particles)

X-ray image

• oxygen rich
• 1600 years old
• 4.8 kpc (15,000 ly)
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X-RaysRadio

Cassiopeia A: Famous Supernova Remnant
• initial star 15-25 solar masses
• ~300 years old – one of brightest radio sources
• expanding at 10 million miles an hour
• 11, 000 light years away from Earth
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X-ray images of Cassiopeia A (Chandra X-ray Observatory)
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Crab Nebula

• Crab Supernova: 1054 AD

• distance = 6,000 ly

• Chinese astronomers: 4x 
brighter than Venusbrighter than Venus

• lasted in the sky for 23 
days!
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• The Crab SN observed by Chinese astronomers in 1054 A.D. and recorded
in a written record
• Also evidence in Native American ruins in New Mexico  Chaco Canyon
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