Frequency (x 1014 Hz)
3.7 3.0 2.5

Continuous spectra (thermal spectra) for diff erent
teraperatires. Athagher terperatures, there 15 more
energy at all wavelengths and the peak of the
spectrurmn shifts v smaller wavelengths (woward the

blue ade) Wien’s law: hp-:akz 2.9x100mn /T
(T 1sunits of K). Find star’sor planet’s I‘Lpﬁk to
measure their remperaturel The Sun’sthermal

spectrum (3840 K ) 1s shown for companson. Star
teraperamres range from 2600-40,000+ K.
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Atoms interact’

only with their

ouler electron -
shells,




Nucleus ’
<
(protons & /
neutrons) J

Electrons

Protons.

Neutrons.

Electrons;

+ charge
determines chemistry

no charge
adds stability

. adds mass

- charge

Interacts with rest, of
world interacts with
light
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The Simplest: ‘Hydrogen

Distance
Orbitn  from Nucleus

1 0529 A
2 2116 A
3 4761 A
4 8464 A
5 13225 A




Generation of Emission or Absorption Line Spectrum.
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Why do astronomers use
telescopes?

1. Light Gathering Power

Gathering more light makes faint objects
appear brighter.

Objects that are normallil too distant and faint
to be seen with the eye can be seen W|th a
telescope.




. [ "
- | s AL
. X g
fi
i ’ p
: A L | ¥
oy » g ¥
-- /| e
I

Modest sized telescope (MLO 40inch): *

Area of telescope opening = pr?
Area = p (50 cm)2 = 7,800 cm?
RATIO = 7,800/0.07 = 111,000




2. Increased Resolution
Reselution:
The ability to see fine details in small objects.

¢

< il 3

3 e " , 1 -
Ay N ik
N _.t:- ag 3 . t‘ !
3 o - b
e = = ] o,
] Ay F ] Ve
- F, ' . .. T -
o Ry 7
P 5







Where Is the ULTIMATE place to
put a.telescope?
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light from target == -~

< = Collimator

Beam Splitter
(dichroic) Camera

Deformable
Mirror
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[m_ I m-‘ Wavefront Sensor

Science
Instrument

Y

Wavefront Analysis

Image Post-Processing

Actuator Control
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Imaging with [ lokupa'a
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THE NATURE OF STARS




Stellar Properties:

MASS SIZE ENERGY | -TEMPERATURE

. DISTANCE CHEMICAL-COMPOSITION

MOTION EVOLUTION




Stellar Properties:

MASS SIZE ENERGY | -TEMPERATURE

CHEMICAL-COMPOSITION

EVOLUTION




Stellar Distances «




TRIGONOMETRIC PARALLAX




TRIGONOMETRIC PARALLAX




TRIGONOMETRIC PARALLAX

The apparent shift of a “nearby” object with-
respect to a distant background due to the
observer’s own maotion.
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Farih Farth
(July) (Januaiv)




Top Down View:

Sun/E arth

)

Parallax: 0.670C Distance: 1.492

Stop
E arth View: Show Bounds
Day/Night On










Total shift







What are the limitations of
- Trigonometric Parallax?

How can we improve upon this
| method?




Earth based telescopesat best, 0.01” =100
parsecs=~326ly |

H i'ppar éos, 1989, parallax to 0.001” = 1000 par secs =
3260 ly
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Is there another way to measure
- distances to stars?

("




(apparent brightness)

(true energy given off)

(distance) _




APPARENT MAGNITUDE (m)

How bright an object appears to an observer
on Earth




THE MAGNITUDE SCALE

Hipparchus (2" Century B.C.)
Brightest stars © 15t magnitude
Faintest stars & 6t magnitude

Modern astronomers kept old system but adapted
It to @ modern scale

_A difference of 5 magnitudes is a difference of
100 times in brightness

3100 = 2.512
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Pluto
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Large telescope (photographic o)




ABSOLUTE MAGNITUDE (M)

The apparent magnitude of a star at a dlstance of
33 light years. «

Related to the amount of energy the star Is
emitting

(apparent brightness)—(trﬁe'e-nergy) U (distance)

m- M :5Iog- 5




m- M =5logd - 5

m= -26.5
M=4.83

d=93.000.000 miles




Luminosity vs. brightness

LUMINOSITY:

The amount of energy radiated by a star each
second. _ .

BRIGHTNESS:

-«The amount of energy radiated.by a star that
IS received by an observer at a distance.
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Luminosity of the Sun

.. = 3.9x1026 watts

390,000,000,000,000,000, OOO 000, OOO .
“watts!

The most luminous stars L=10° L

The least luminous stars L = 0.0001 L,




If Absolute Magnitude is related to the .
amount of energy a star Is emitting...

Then

Absolute Magnitude p Luminosity

But how do we determine a star’s -
luminosity??.







|

Every star’s spectrum has characteristics that
allow it to be categorized.
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.Originally categories were based upon the
complexities of the spectrum...

AT D E 0O

Ultimately found to be similar chemical
compositions, different temperatures!




Hotest Coolest

Surface Temperature

HD 12993
HD 158659
HD 30584
HD 116608
HD 9547
HD 10032
BD 61 0367
HD 28099
HD 70178
HD 23524
SAQ 76803
HD 260655
Yale 1755




"OBAFGKM

Oh, Be A Fine Girl, Kiss Me!

Oh Brother, Astronomers Frequently Give Killer:
Midterms. -

Oh Brother, Another F's Gonna Kill Me.
Oh Boy, A Fuzzy Gremlin Kissed Me

Orion Battles Across Far Galaxies Killing Martians
Only Big And Fat Guys Kiss Me

Oh Boy, A Furry Green Kiwi-Monster




Hottest —— Coolest

Sun - G2

Coolest




SPECTRAL TYPE & TEMPERATURE

TEMPERATURE & LUMINOSITY
LUMINOSITY. & ABSOLUTE MAGNITUDE"
THEREFORE...

SPECTRAL TYPE & ABSOLUTE MAGNITUDE
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Ejnar Hertzsprung Henry Norris Russell




Hertzsprung & Russell

m- M =5logd- 5

n Jook stars of known distances (parallax)-
n Measured their apparent magnitude

'n Calculated the star’s absolute magnitude

n Discovered a relationship...




The |
Hertzsprung

Russell
Diagram
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So finally..to determine distances
to stars too far away for

trigonometric parallax...
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Betelgeuse

.. Betelgeuse

1
Size of Star




Temperature — Radius — Luminosity
Relationship

L. = luminosity of the star_
R = radius of the star |

T = surface temperature of the star
p,S = constants




Surface area
of sphere

T 4 /

energy per
~ unit area







Luminosity and Brightness

E ~ T

/energy™
I
temperature =\ " )

| G 2 4
4pR? Y Luminosity| - = 4PR’sT
¢ ..

‘ radius —» surface’y
- _area_

- ‘ "
ldistance- = Brightness |
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hot, bright cool, bright
@ ®

L = 4pR2s T4

Sun e

hot, dim cool, dim

T | f |
40000 20000 10000 5000 2500
T (K)




Luminosity Classes

| - . Super Giants

Il Luminous Giants
11 Glants

IV Sub Giants -

V ~ Dwarfs

The Sun is a Dwarf...




So finally, stars can be classified.".

By spectral type (OBAFGKI\/I)

Luminosity class (1,11,111,1V,V)
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Betelgeuse: M1 |
Sun: G2 V
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absciute visual magnitude (M}

e = M easur e spectral type

Measurem, .
Deter mine luminosity class
Place on HR diagram
Read Mv

W Vinginis

m- M =5logd- 5

100 fold error in d

arsd
effective temperature (K)
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