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ASTR 1040: sms & Galaxies

Whirlpool
Galaxy M51

Prof. Juri Toomre TAs: Ryan Horton, Loren Mati
Lecture 11 ﬁ/aes 2 Oct 2018 sty
2zeus. colorado. edu/astr1040-toomre

Logistics

* Read Chap 15.1: Properties of Stars with
care, then 15.2: Patterns among Stars

» Mid-Term Exam 1 returned, with answers
and grade boundaries

* Homework #4 also returned graded,
answers

* Observatory #5 this Thur 4 Oct, by

signup, need to complete first project

Topics for Today

* How to classify other stars?

* Vital work by Annie Jump Cannon in devising
a sensible “spectral sequence” for stars

* Why temperature and spectral lines are
closely linked in classifying stars O BA...M

* Cecilia Payne-Gaposhkin and the “Saha”
equation to predict spectral line strengths

* Roadmap to the stars: Hertzsprung-Russell
(H-R) diagram

So did we really love this exam?

RESULTS FROM FIRST MID-TERM EXAM

FIRST MID-TERM EXAM

* Grade boundaries, based on 110 points
(graded on a “curve”):

* If 97/110 (88%) orover, A’s [35%]

*  85/110(77%) orover, B's [44%)]

* 74/110 (67%) orover, C’s [21%)]
Also +, plain, and — within these ranges

h answer sheet — and talk to us if
do not understand our choices. Keep exam
+ answers for future review (comp final)

REMINDER
Devising the strange temperature code

* Original classification |
of spectra (1890) was:

A = strongest hydrogen |
feature

B = less strong
hydrogen ...C, D, etc.

> Annie Jump Cannon
realized that a different

sequence made more
sense (~1910)

2> OBAFGKM !
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Which absorptlon (dark) Imes are strongest?
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Spectral Classification: OBAF G KM

Which ABSORPTION
lines are strongest

:OB
ionized helium only
Hot stars: A F helium,
hydrogen '
Cooler stars: G |
hydrogen, heavier ¢
atoms |
Coolest starss M
molecules, (complex
absorption bands) —

Titanium  Sodum  Titanium
Onxide Oxide

Hertzsprung-
Russell (H-R)
Diagram

Luminosity
(magnitude)
vs
Spectral class
(temperature)
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Most Basic Problem in Astronomy

Star of given APPARENT BRIGHTNESS
could be either

A. very luminous star far away

B. low luminosity star closer by

Need to know the DISTANCE to the star




Inverse Square Law of Brightness

Apparent
Brightness

L,/ (distance)?
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Stellar Lummos:ty
+ What we -

measure:
APPARENT BRIGHTNESS

or how bright it appears to us
here on Earth

What we want to know:
(absolute) LUMINOSITY

or how much energy is
emitted

Need to know DISTANCE to
the star

Parallax — to determine distance

o Measure the apparent Ry >
movement of stars over a wiey %,
year

o Movement is caused by
Earth’s movement
around the Sun

o Closer objects will move
more than farther objects

Class self-demo of parallax

How Stellar Parallax Works

distant stars

Every January,
we see this:

- ness SN‘

Every July,
we see this:

<

Not to scale

January

TRIGONGHETRIC _PABALLAK *
GIVES DISTRICE TO NERR. TYARS BEfcTey
EY cfrepviig TABCE TRe

el FlRant BFFERELT VANTRGE
{ “Fen * or. Fotms iw EABIE CEET

Stellar Parallax: frrmar > eanoecmuns ol
* Your nose is the Sun measuring nearby I — (oo o 00

distances T | 4o Micva. 2o to
* Your left eye is the Earth in January d / '\P s = Praicax micee “p
-~ T ALE iy

Qa3 IF pe 4 deceee(17),

* Your right eye is the Earth in June

Watch the apparent motion of your thumb against

Fres Pismwce 15 4 Presee (pe)
a distant reference point (repeat at arm’s fon 35 Ly = 206,000 ( Presaa geeun )
ngth) LOATED BY ACCEACY OF IR Pormlons
Fom Eaemy 2 0.0t" — foo R
Which ‘move " more -- closer or farther objects? SPAcE e 00017 —— dooo fe (- iaxe)
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TIEReE oF ERETHT Arsecrfeets
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Best parallax measurers:
Hipparcos satellite 1989-1993

GAIA satellite Dec 2013 2>

s Space measurements not
affected by atmosphere

* Measurement made many
times until accurate to
~0.001 arcsec (Hipparcos
1,600 light years)

* 100,000 stars mapped; 2.5
million lesser accuracy

* GAIA: 10 micro-arcsec,
billion stars; 10,000+ ly

Cecelia figured out WHY stellar spectra are so
different: TEMPERATURE

» She showed that

SURFACE
TEMPERATURE is the big
factor (not composition)

*» She used the newly-devised
SAHA EQUATION,
estimating how many
electrons remain attached
to atoms as temperature is

ng“on! d gor the level of Cecelia Payne-Gaposchkin

(Harvald PhD thesis 1925)
OBAF G KM - decreasing temperature

F, o

STUPY oF STEWAR ArmocweRES :
WHY e SPecTiAL Lines iy Tempesane Reumes?

Why temperalure PEchu TEMPERATRE of GAT IS MERAEE of
and spectral lines Avoence Fouenc st ( o Vewcry2)ek s
are linked? Aup... THE FADEE. Aropas CowenE | THE Mot THEY
Disnes o Proesce  ELECTRONS
M g’ ves SAHA Equamon  (Weck kas SaKA, 43%s, it Aectwmrs)
the answer: T pescrs peamve wwsee. oo s
1K Eben EXETE DT OF Eteomtans (Bietr Lewer),
GVO TEMPELAVEE L PRETRE oF GAC
can estimate P SPecreac L Oesicms
‘population of L2208 / (mo e vesen)
differeo:f energy I JUST WHich Phowis amsge
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\ ’
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and jonization \ o o o, e (tp)
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bang, relax, do it again) et Qe Excrmp ne2 STATE
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SAHA predicts

Puzzle Clicker: Stellar Parallax

* The biggest ground-based telescopes with
adaptive optics can measure stars positions
with accuracies of about 0.05 arcsec. How far
away could they map the positions of stars via
parallax?

* A, 2pc= 6.5 lightyears B.
* B. 20pc= 65 lightyears
* C. 200 pc =650 light years

- 3 ——— ——
e [ e )

tral lin |7 A 2
strengths T T e 0
o ShHA Equanion) g Wi H
with temperature e e 20 (0,2), P mstes
AUNOT ARIEE PRamosis
. "‘%{LML’ (M), Moty AT @Roed LevEL
(n=1), Sosgickrnen of UV Fiowic (Loma)
© RE A-TYPE Sps (~ 10,000K), My ATomss
A Excmp Mo T LEVEC, Theii PR (Vi58cs)
ALk IToN LINES
Mo x4 6 m
£ S - oy
NI ELT T T —
TSN NN ——— |
+ I W1 TIH | I T
H W1} B
* I 11
B %00k a'?wm» !(]; #5004 LM'
Parallax T
* B. maximum distance *
is set by the accuracy
with which you can
measure positions in the
sky (space does better
than ground)
Distance (pc) = d (in parsecs) =
1/ 0.05 arcsec 1/p (in arcsec)

= 20pc =651y




SPeceme
STARS: FEFINEMENTS IN Clacrmyiig THEM
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Magnitudes: Apparent vs Absolute

8% - Giving measures
to stellar
luminosities

* Built on choices
made by Greeks!

Measuring
BRIGHTNESS

magnitudes
m

apparent mag:
what looks like in sky

M

absolute mag:

what would look like
if at

( LUMINOSITY )
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Clicker: Stellar puzzle B

» Two stars, Antony and Cleopatra, are both

of spectral class M3, and of the
l;() parent bnghtness (magmtude mt -]
sky. Cleopatra shows n tion

lines in her spectrum, Ant ony

ones. Which star must be far more

distant?

* A. Antony

* B. Cleopatra




Estimating
the size of
a star - its
RADIUS

Stefan-
Boltzmann

MEASUREMENTS OF STARS:
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FINAL
TAKE-AWAY

Luminosity

(solar units)
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