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ASTR 1040: Stars & Galaxies

Stuff to do

* Paper shuffle: Homework #5 due, new HW #6
passed out. Graded MT-Exam 1 still available, and
so too HW #4 (and earlier), plus answers

* Observatory #3 last night (report)

* Re-read 15.3 Star Clusters with care, and
review all of Chap 15 “Surveying the Stars”
* Read 16.1 "Stellar Nurseries” & 16.2 “Stages
of Star Birth” for Tues lecture (getting to the

Main Sequence)

Prof. Juri Toomre TAs: Peri Johnson, Ryan Horton
Lecture 12 Thur 22 Feb 2018
2zeus. colorado.edu/astr1040-toomre

. Classify stars by absorption lines in spectra
Topics for Today opvgn oy e . .

« Brief review of roadmap to the stars:

Hertzsprung-Russell (H-R) diagram

* Binary stars allow us to. measure MASS

* Why O and B stars are so luminous on MS?

* C-N-O cycle dominates fusion burning of H in
massive stars, really pours out the energy

» Explains observed MASS-LUMINOSITY
relation

 Estimate lifetime on the main sequence (MS)

* What star clusters can tell us Pp—
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Treccn

STARS: REFINEMENTS IN Clacrmyig THEM

Why do spectra of hottest stars (O and
B types) show few absorption lines?

* A. Many elements have been used up in theso'

stars

B. These stars are old and were formed before

there were many elements in the galaxy

C. Many atoms in these stars are ionized —

have lost electrons — so cannot absorb
* D. Much of their absorption is in the ultraviolet
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Binary stars
show:

Higher on MS,

L/ Lo higher MASS

luminosity (solar units)

l But how long
does a star
live there ?

M

30,000 10,000 6,000 3,000
surface temperature (Kelvin)
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B
Brightness / Distance .
Clicker Q

* Leonardo and Guinevere are two stars
that have the same apparent brightness.
Leonardo has a larger ﬁarallax angle
than Guinevere. Which star is more
luminous?

* A. Leonardo
* B. Guinevere
* (. Cannot determine from data given

Brightness vs Distance

* Leonardo has a larger parallax angle --
thus he is closer to us

* They both have the same APPARENT
brightness, but Leo is closer

* B. Guinevere must be more luminous

Main sequence (MS) stars

Burning hydrogen

in their cores

" Central temperatures
| . i are hotter for more

" .. | massive stars

1= (crush of gravity)

™ More luminous
(higher fusion rates)

Lifetimes on Main Sequence (MS)

+ Stars spend 90% of their lives on MS
* Lifetime on MS = amount of time star

burns hydrogen (gradually) in its core

* For Sun, this is about 10 billion years

* For more massive stars (OBAF), lifetime is
(much) shorter

* For less massive stars (KM), lifetime is
longer

* But how do we get these numbers?

Look at broad sample to figure out lifespan

Stars take millions to
billions of years to go
through their life
stages - we rarely see
a single star change

Observing many
different stars lets us
figure out the

sequence of a single
star’s life
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P-P Chain
&
C-N-O Cycle

Both fusion
processes

occur in parallel,
but C-N-O makes
far more energy
at higher
temperatures

Stars hotter
than F1,
C-N-O wins
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Can provide vast luminosity for massive stars on MS

. Main Sequence::

range of stellar

L range is
biggest !

-

THE MAIN_SEQUENCE :
STARS BURNING HYDROGEN IN Core
RANGE oF ProreRTIES

( Beo Gomerr, WHire DRHERS WoT Mhi SECutises
IRC : She Prreead Exmees of £,L ... )

SUN 15 “retaesaTE” Maw TEQ PR

MASS : D0t — Ut M,
TEMPECHTVRE ©  ~ . .
ey~ %0 — ook
&WE; ;o 0ol — foo By

G oL —= foo,o00 L,

Lumposery

€
Lommosimy ~ (mace)®
Rasiws  ~  (hwse) 27 foovony

g
'mc ) ” ~\ 0 8
72 . He “
. ‘:« ‘ S ‘, H
i
. N o g
‘ N
0 o~ "
Key: Step 4
& neutron « positron AAP gamma ray
& proton « neutrino
MASS- LUMINGSITY RELATION
“Observed” MAIN SEQUENICE STARS
MASS -- P
LUMINOSITY i
relation for e S N —
main sequence | wf it 5 LimiesTy |
e L, | ok 7 ~ Mass *E
y s“ch R
a steep variation T Lo a®®
with mass ? or S NEMELY,
(313 = M 4
BIGGER CRUSH oo M
OF GRAVITY needs... oo L~M
a1 20308071 T3 BTN BW
> HIGHER central M/ Mg —=
PRESSURE (;" MASSES DETERMmED Mol Feams BinisRy P
- FASTER QURNING == MAN JEQuENCE I REALY A TEQuENCE
(CNO-fusion-cycle M STl Mpcs (T Evouion)

comes into play)

‘How long can :
i stars burn H
:in their cores

More massive
star have (very)
short lives

TiMe :ro m UP HYBROGEN IN CORE
« o OR “LIFE oM MAN SEQUENCE "

OTHeR TN Coktagls To Sun :
L

Epn, = Mas [ M)
£ Pt
L o« ()™ (= M) o Mz

f’uis - % o M-s (Boweran)

= MAISVE TTMES HAVE THeRT twves f

Macs f}da) LiFETIME Mu:m)
- Vs
4| 400w w5 oy
_2 oo
2 2s0
5 | T
o |
A5 | 0 fiemewr
3o | 5 AT A FEw «r)




