Make sure to pick up a grating!

You must give them back after class.
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» Using Spectra to understand the Universe

* The HR Diagram— learning the secrets of the
Stars!

* The Sun gets older and the Earth gets hotter.
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Astronomy 150:

Killer Skies

GHE THREW ME OUT

YELLING,
"You DON'T SAY
THOSE WORDS™

“NOT N 7H/S HOUSE."

20 ML

IT'S BEEN TWO YEARS.

T THOUGHT THE WOUNDS
HAD HEALED,

BUT L STAND BY
WHAT I SAID,

PLUTO NEVER SHOLLD
HAVE BEEN A PLANET.

LAl

This Class (Lecture 14):

Classifying Stars

What Color is Sunlight?

Next Class:

Exam 1!

Music: See the Sun— Dido
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Spectrum Lines

* When I
astronomers -l |
looked at the )
spectra of the

Sun and stars,

they saw gaps i
* Not aperfect 2
blackbody e
spectrum! £

o Called dark

spectrum lines

Wavelength (nm) —

Spectrum Lines = Fingerprints

The pattern of spectrum lines produced by a gas
depends on its chemical composition
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Or a barcode! o _

http://www.astro.washington.edu/astro101v

* Bright spectrum

-’ ;

In the Laboratory

lines were
produced and
studied in the
laboratory in
the mid-1800s

Discovered that
burning different
chemical elements
produced different
patterns of lines

Question
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What is the mystery element?

a) Hydrogen
b) Neon

c) Helium

d) Mercury
e) Blackbody



Solar Spectrum Lines Question

What does the spectra of the Sun look like?
* The Sun shows

dark spectrum ) ,
lines ; a) A continuous rainbow of color.

e ST e b) A few discrete colors, which depend upon the
gas.

c) A continuous rainbow of color with some colors
reduced in brightness (look dark) due to the
specific elements in the gas.

d) A continuous rainbow of color with a few
discrete colors brighter than the rest.

e) Wedon’t know. We can’t observe the Sun; its
too bright.

e These are also =
lines, but in
reverse.

» Tells us about
elements too.
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Atoms and Elements Atomic Structure

« Atoms are mostly empty space. . Electrons orbit the nucleus of each atom

« Atoms interact via electrons . The nucleus consists of protons and neutrons

. Number of protons = number of electrons
(total charge=0)

. The electrons can
only have special

! W
orbits called ) Ground state
energy levels

. The lowest energy
level is the
ground state

— Shared among atoms to make molecules

— Atoms missing or with extra electrons are
called ions

S 3 3 3

- N W »

Only 4 levels shown
Hydrogen atom

Question
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How Do Spectrum Lines Form?

What is an atom mostly made of? Electrons need the right energy to excite

= electron level gap
a) Empty space e

b) Neutrons Wrong energy.

c¢) Protons Q © e
d) Electrons 4\’\’\’\’ k\ ‘JI
e) Elves

©2007 Thomson Higher Education

Aha! Ahh. Oops.

Usually, the atom will de-excite quickly.



How Do Spectrum Lines Form? I

Spectral lines correspond to electron transitions between
energy levels in an atom

Excitation: electron jumps to a higher energy level

— Collision

— Photon absorption
Emission:
electron drops
down to lower
energy level;
releases energy

— Collision

— Spontaneous

a Absorption b Emission

Creation of Absorption and
Emission Line Spectra

©)

Atom Collisions

» Electrons get knocked-up to higher energy levels by
collisions

Question

So why does the spectra of each element have a
unique fingerprint?

a) Itdoesn’t.

b) As the nucleus of each element is different, each
has different electron levels, which correspond to
different colors of light.

c) As the nucleus of each element is different, when
the nucleus decays, which correspond to different
colors of light.

d) Due to its temperature only.

e) Ah... dude, no fingers
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Stellar Spectra: Classification

You should guess that the spectral features seen in stars are related
to the temperature of the star— which elements are excited.
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Spectral Classes

* So we had to reorder the classes, based on temperature!

» Today, only 9 main classes (with sub-classes) based on
spectrum lines

e QOur Sun is a “G2” star

‘ Sodium absorption lines ‘ ‘ Hydrogen absorption lines

!l

B

“Only Bad Astronomers Forget Generally Known Mnemonics”
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e QOur Sun is a “G2” star

CULAY O

Classifying Butterfiles

* Early astronomers (1890-1910) did not have your

knowledge of stars.

* They tried to classify stars based on the spectra at

Harvard.
— Called the Harvard “computers”

* Most well known was Annie Cannon

— Classified 250,000 stars by hand!
— Did groups of A,B,C, etc...
¢ Not Temperature....

— Wrong classification order.. but still an
amazing job

Spectral Classes

* So we had to reorder the classes, based on temperature!
» Today, only 9 main classes (with sub-classes) based on

spectrum lines

‘ Sodium absorption lines ‘ ‘ Hydrogen absorption lines ‘

“Oh Boy, Astronomy Final’s Gonna Kill Me”

“Oh, Be A Fine Girl (Guy), Kiss Me”

“Only Bad Astronomers Forget Generally Known Mnemonics”

N |

owt] ™ AN 01 R

‘ Iron, magnesium, calcium absorption lines ‘

‘ Iron, magnesium, calcium absorption lines ‘ ‘ Molecular absorption lines (e.g., TiO) ‘

‘ Molecular absorption lines (e.g., TiO) ‘




Stellar Properties

Okay, we have everything we need to look at stars
and compare..

* Apparent brightness

* Distance

* Luminosity or absolute brightness
» Color

* Stellar spectra

* Temperature

* Spectral Class



