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ASTR 1040: Stars & Galaxies

Topics for Today

* Reuvisit birth of stars in dark molecular clouds

* Many more M and G stars are made than
massive O stars

» Next turn to “life after the MS”

* What happens to solar-mass star after it
exhaust its central H fuel and /eaves the MS

* Shell burning of H builds red giants
* And then He flash, supergiants, big winds ...
* Finally white dwarf emerges in the embers

Spirograph
Planetary Nebula

Prof. Juri Toomre TAs: Daniel Sega, Max Weiner
Lecture 14  Thur 27 Feb 2020
zeus. colorado.edu/astr1040-toomre

REMINDER

Things to do

* Read Chap17 ‘Star Stuff, with 17.2 ‘Life as
Low-Mass Star’ covering today’s lecture

» Then read 17.3 ‘Life as High-Mass Star’ for
next class ... look over 18.3 Black Holes

* Homework #6 due today, new HW #7
passed out

» Overview on Stellar Evolution still available

» Next week: Observatory Night #5 on Tues, ' :
Fiske Planetarium on Thur 1 =2 2: Collapsing protostar is first shrouded by cocoon
of dusty gas, but then winds and jet blast through

REMINDER

REMINDER

surtac

2: Collapse cont{nueg temperature stabilizes as 3 =2 4: As core temperatures reach millions of degrees,

deep convection circulates energy outwards fusion begins and stabilizes — star joins main sequence
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Large star cluster formation ~ from molecular cloud of 500 solar masses

LH 95in LMC

Matthew Bate

NGC2024
Flame
Nebula
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« Pillars of Creation
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Protostars of different masses follow
different life tracks toward MS

Life now begins on
‘2ero-age main

sequence
(ZAMS)

Starbirth and color

For every massive
O-star that is born,
there are ~200
low-mass M-stars
also born !

HST icon




2/27/20

Reading Clicker -- life tracks

» What can we find out about a star from its

life track on the H-R diagram?
B -

A. When the star was born

» B. The surface temperature and luminosity
of the star at each stage of its life

- C. The star’ s current stage of life
D. Where the star is located
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Without Fusion, the Core Starts to Contract

Helium has built up in the

core

— Temperatures not hot
enough to fuse helium (100

million K needed).
With fusion no longer

occurring
in the core, gravity causes core

contraction (collapse)

— Core temperature starts to

heat up

Layer just above the core must
contract also (and heat up)

— Now hot enough for
h

RED GIANT

ydrogen fusion in that layer JgECEY

pushes
layers of the star out

shell fusing

to helium




2/27/20

Red Giants

Thermostat is broken 1wt
— No more fusion in the
core!
As core contracts,
hydrogen SHELL fuses
faster and faster — more
energy created

Star becomes larger,
cooler, but brighter!

All the while, the core is
continuing to shrink and
is heating up

MS - subgiant - red giant

RG vastly larger

expanding
photosphere

photosphere

i ‘,ﬁrog( n

burning core

MS red giant

Contracting core in red giant gradually becomes
‘electron degenerate ” -- what does that mean?
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Shapes of Planetary Nebulae

Spirograph

NGC 7293: The Helix Nebula
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