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Astronomical Spectroscopy

Astrophysics i Quantum Mechanics

Electromagnetic spectrum

provides insight to the universe

Instrumentation




Astronomical Spectroscopy
Analyzing Electromagnetic Spectrum

@ Composition
@ Spectra line patterns: atoms, ions & modules

@ Temperature & density
@ Spectra line patterns: atom states & transitions
@ Stellar classification

@ Motions
@ Spectra line Doppler shift



Astronomical Spectroscopy
Analyzing Electromagnetic Spectrum

@ Abundance
@ Spectra line strengths

@ Pressure
@ Spectra line profile

@ Magnetic fields
@ Spectra line splits
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Electromagnetic Waves

@ c: speed of light (~ 3 x 10 8 meters/sec)

@ n: frequency (Hz)

c=nl

@ | : wavelength (meters)

@ Frequency increases (n () wavelength decreases (| B
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Electromagnetic Waves Energy
E=hn

@ E: energy of a photon
@ ] electronvolt (1eV) = 1.602 x 10-1° Joules

@ h: Planckds ¢ on¥% toaledecorids). 6 -

@ n: frequency (Hz)

@ Frequency increases (n ) energy increases (E U)
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Electromagnetic Waves Energy
Wavelength increases ( | U), energy decreases (E P)

uv E=hn

n=cf

£ = holl
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Electromagnetic Spectrum

Credit http://astro.unl.edu
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Wi enos Displ acem
| o = D/T

@ | __ :Peak emission at wavelength

@ D: Wien's displacement constant
@ 2.8977 x10' 3m-K

@ T:temperature in Kelvin
@ Kelvin=C + 273

@ F=(CoR) 32
| 0 | 2783 -459.4 | Absolute Zero.
| 273 | 0 | 320 | Water Freezes

203 20 680 |
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Wi eno0s
Melted Nail Demo

Melted Nail Demonstration Credit http://astro.unl.edu

Blackbody Curve
temperature:
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Black Body Radiation

Varying the power to a light bulb
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Wi enos
|

max

@ Effective temperature of the Sunis 5778 K

@® | __ =2.8977x10' 3m-K 5778 K

@ | . =501.5nmor5015 A
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Wi en0s DiI spl acem
5780 K & Peak at 501.3 nm

Blackbody Curves and Filters Explorer Credit http://astro.unl.edu reset  help  about

curves ' filters

peak at 501.3 nm temperature: K
1

¥| highlight area under curve

¥| indicate peak wavelength

peak
temperature wavelength area under curve

5780 K 501.3 nm 6.33x10 7 W/m?

add curve

/ vertical scale \ horizontal scale \

T T T T T [ T [T T T T T T | lock scale
100 nm 200 nm 300 nm 400 nm 500 nm 600 nm 700 nm  BOO nm 900 nm 1 pm autoscale to all curves

Wavelength = autoscale to selected curve




Planck's Black-Body Radiation Law
Qh_ya) |

> — di/
exT — 1

I(v,T)dv = (

i
@ Black-body
@ |dealized object that absorbs all electromagnetic radiation

@ Black-body radiation
@ Emits atemperature -dependent spectrum of light
@ 798 K dim red, Draper point
@ 1000 K red
@ 6000 K white



Black-Body Radiation
7190 K & Peak at 403.0 nm

Blackbody Curves and Filters Explorer Credit http://astro.unl.edu

reset help about

[ curves 1 filters \

peak at 403.0 nm
1

temperature: K

¥| highlight area under curve

¥| indicate peak wavelenath

peak
temperature wavelength area under curve

7190 K 403.0 nm 1.52x10 % w/m?

add curve remowve curve

/ wertical scale | ho

I [ [ [T T T T T | ® lock scale
100 nm 200 nm 300 nm 400 nm 500 nm  600nm 700 nm  BOD nm 900 nm 1 pgm

autoscale to all curves
Wavelength

autoscale to selected curve




Black-Body Radiation
5730 K & Peak at 505.7 nm

Blackbody Curves and Filters Explorer Credit http://astro.unl.edu reset help  about

/ curves | filters \

temperature: K

¥| highlight area under curve

¥| indicate peak wavelength

peak
temperature wavelength area under curve

5730 K 505.7 nm 6.11 %10 7 W/m?

peak at 505.7 nm
|

add curve remove curve

/ vertical scale \ ho

T T T T [ T [T T T T T T | = lock scale
100 nm 200 nm 300 nmn 400 nm 500 nm 600 nm 700 nm 800 nm 900 nm 1 pm autoscale to all curves

Wavelength autoscale to selected curve




Black-Body Radiation
4780 K & Peak at 606.2 nm

Blackbody Curves and Filters Explorer Credit http://astro.unl.edu reset help  about

/ curves | filters \

temperature: K

¥| highlight area under curve

¥| indicate peak wavelength

peak
temperature wavelength area under curve

4780 K 606.2 nm 2.96x10 7 W/m?

add curve remove cun/se
peak at 606.2 nm
|

/ vertical scale \ ho

T T T T [ T [T T T T T T | = lock scale
100 nm 200 nm 300 nmn 400 nm 500 nm 600 nm 700 nm 800 nm 900 nm 1 pm autoscale to all curves

Wavelength autoscale to selected curve
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Spectrum of Light

Continuous Spectrum

Spectrum

& Continuous
Emission

Absorption

Luminosity Class
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Spectral Lines of Light

Hydrogen Emission Spectrum

Spectrum Elements

Continuous lonized Helium lonized Metals
# Emission Helium Metals

Absorption ¥ |Hydrogen Molecules

Luminosity Class
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NIST
bvmios il Basic Atomic Spectroscopic-Data St 'on g

Hydrogen 0D Spectral Lines

Other Elements Heutral Atom
Finding || Element || Atomic || Periodic Alomic Persistent Energy
Lines

s“,i.., .., List || Mame ||Number|| Table | | Data Lines  ||Levels || O.I: Hy d r O g en

Formakted Yersion

Strong Lines of Hydrogen ( H)
http://physics.nist.gov
Intensity  Wavelength (A) . /PhysRefData
e | /Handbook/Tables
<00 /hydrogentable2_a.htm

930.7482
937.8034
949.,7430
972 .5367
1025.7222
1215.66824
1215.67364

HT
HI
HI
HT
HI
HI
HT
HI

Bir

3835.
388

3970.
4101.7
4340.
486l.
486l.
4861.
6362,
6562 .7
6562.
9545.

)
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Strong Spectral Lines of Hydrogen
NIST

Angstroms Intensity  Balmer

Series Hydrogen Spectrum (NIST)
3835.384 5
3889.049 b
3970.072 8 H-epsilon
4101.74 15 H-delta

4340.462 H-gamma
4861.2736
4361.287
4861.3615
6562.711
6562.7248

6562.8518

H-eta
H-zeta

H+e 65628518

Hydrogen Spectrum [NIST)

H-p A4861.3615

H-n 3835.384
H-{ 3889.049
H-g 3970.072
H-64101.74




Hydrogen Atom Energy Levels

Ist excited state

2nd excited state

3rd exited state
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Hydrogen Atom Enero

Hydrogen Atom Simulator

Credit http://astro.unl.edu

| evels

help  about

Energy Level Diagram

Photon Selection

visible

2x101° Hz

ultraviolet

fire photon

frequency
|
3x10%% Hz

vavelength

energy

Event Log

excitation

deexcitation

A10.20 eV phaton {Lg)

emitted

10.20 eV photon {Lg)
gbsarbed

1.89 &V photon {Hg)
absorbed

12.09 eV photon {Lg)
emitted

10.20 eV photon {Lg)
absorbed

1.89 eV photon {Hg)

ahsorbed

1.89 eV photon (Hg)

emitted

clear log
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Continuous Spectrum

Drag the telescope around to see
how the three main types of spectra
{continuous, absorption, and
emission) are cbtained from a cold,
thin gas cloud and an incandescent

lightbulb in space.

Star atmosphere,
Nebula, etc.. o,
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Emission Spectrum

Drag the telescope around to see
how the three main types of spectra
(continuous, absorption, and
emission) are obtained from a cold,
thin gas cloud and an incandescent

lightbulb in space.

&
Star atmosphere, Star
Nebula, etc.. o,
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Absorption Spectrum

Drag the telescope around to see
how the three main types of spectra
(continuous, absorption, and
emission) are cbtained from a cold,
thin gas cloud and an incandescent

lightbulb in space.

Star atmosphere, Star
Nebula, etc.- i,
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Hydrogen Absorption Spectrum
Vega

H-epsilon H-gamma
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Hydrogen Absorption Spectrum

Denebola Spectrum

“IffLamerna Lontrol

Fil= E
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CCD Imag
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Expose | Guide | Setup |

Exposure Prezet

Seconds

"Find Star
Readout Mode

Bl

LANE
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* Continuous

£

¥ Binning v Binning

Speed Frame Tupe

| | JLight +]
Filker Wheel
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" Autozave
Options ﬂ

Less <<

u T
200

I 360 I
Pixel Location Along X

| Line

| (1263, 724 ) 1685, 724 ]

Settings

AT

Ewport

Camera 1 Statistics
Downloading image
Maw i =11186

Max ™ = 721

b ax Pixel = 54000
PwHM = 1662
Half Flux Dia. = 7.02

Carnera 1 Information
Downloading image
2.000 of 2.000 sec:
Cooler power 775
Senzar Temp -25.0
Setpaoint: -25.0
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kinimm

b aximurn
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Lt -
3207.6-2] |
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Hydrogen Absorption Spectrum

Denebola Spectrum

1" Camera Control

Expose | Guide | Setup |

L
50000 E=posure Preset Seconds [
1 ||_ ﬂ ﬂ | :l |F'ause 4 zec,

] St
I_4ilDEIIZI . Fead':'m Mode J Subframe e i |
- ™ On r Single

= ] Speed Frame Tvpe J J {  Continuous J —] |
= 30000 - | *  Autozave
g | = =l .
) 2000;_— Filter ' heel ¥ Binning % Binning Dptions ﬂ
-] | A o Femex e Less <<
1IZ|E|IZ|IZ|—_ Carnera 1 Statistics Carnera 1 Information
] Expozure Delay Expozure Delay
0] b aw = = 1085 1 of 0.000 sec
) ) ) ) ! ! ! Max ' = 707 Cooler power 72%
L ey . 2 S0y Mas Pikel = 64000 Sensor Temp -25.0
Fixel Location Along 2 Fia/HM = 20.04 S atpoint: -25.0
p Half Flux Dia. = 10.69 Denebola-002R 200
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Fraunhofer Solar Spectrum Lines
Joseph von Fraunhofer (1787 91826)
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Fraunhofer Solar Spectrum Lines

|35|m|||||||||||4!u|||||||||||||||||||55|0|||||||||||||||||||E!u|||||||||||||||||||?:!m|||
400 200 600 700
wavelength in nm

Name wavelength JAngstrom]  origin ‘é‘
=

A, 7594 [red] terrestrial oxygen™ &

a 7165 terrestrial water vapour™ =

B B8EY terrestrial oxygen™

C 5563 H-alpha

] 5890, 55596 neutral sodiurm (Mal)

E 5270 neutral iron (Fel)

b 5167, 5173, 5184 neutral magnesiam (Mgl)

F 4861 H-beta

d* 4384 neutral iran {Fel)

5 4300 CH band

a* 4227 neutral calcium (Cal)

h 4102 H-gamma

H 39R3 iohized calcium (Call)

b 3934 [violet] ionized calcium (Call)

.‘.' el Maote: Fraunhofer [abeled lines from red to blue -

-~ ~

the reverse of modern comvention ordered by wavelength.

- 31 Credit. hfp7/eh.wikipedia.orghwikifFile:Fraunhofer_lines.svg %,
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Fraunhofer Solar Lines
DVD Spectrograph

b: Mg E: Feé D: Na
G: Ca, Fe, H, | - |
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Quantum Mechanics
Lines Energy Levels

@ Principal quantum number: n

@ Angular momentum quantum number: |
@ (sharp 0, principal 1, diffuse 2 or fundamental 3)

@ Magnetic guantum number: m
@ Same energy levels except in external magnetic fields.

@ Spin quantum number: s
@ Spinup (+ ¥ ) or spin down (- ¥2)



Na Double Lines 0 Betelgeus
Lines Energy Levels

0 eV

| 5890 N=3,1=1-%

Energy eV

N=3,1=0,s=+¥%or+%
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Early History

Astronomical Spectroscopy

8
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@ 1867 Father Angelo Secchi
@ 4,000 stars classified into 5 classes
@ [ e stelle saggio di astronomia siderale (Milan, 1877)

TAV.IIL- Tipi diversi degdli spettri stellari
SAGGIO
ASTRONOMIA SIDERALE

DEL

DIRETTORE DELL’OSSER”

FRATELLI DUMOLARD
1877

-

" 35 CIQdIt htfrh’/www manresa - s;_org/stamps/l Secchl htm " o e B
T S http //vvww liberliket. |t/b10||otecajs/secch+/le ste}le/pdf/secchl Jq_§tQUe pdf y ~ /f:
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Early Astronomical Spectroscopy
1890: Harvard College Observatory

@ 1890: 15t Draper Memorial Catalogue 10,351 stars
@ 1912: Last of the 4 Draper Memorial Catalogues
@ 1922 IAU formal adoption of Draper system

@ By temperature: OBAFGKM with decimal types

‘;; = M5 ’
RN e e Y Y S A PN D ANT o e , v . ST T AP ST K
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Star Classification
Spectral Type = Star Temperature

spectral type F5

?':I
G K M

effective temperature:

6530 K

DOrag the slider through different spectral types to see the change in temperature,
color, and brigh

N
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Spectral Lines of Light
Hydrogen Absorption Spectrum

Spectrum

Continuous
Emission

« Absarption

Luminosity Class

w Jn'
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Elements

lonized Helium lonized Metals

Helium Metals

¥ Hydrogen Molecules

Spectral Type

Temperature: 8160 K
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Hertzsprung -Russell Diagram
Luminosity vs. Temperature

Hertzsprung-Russell Diagram Explorer

Cursor Properties

temperature: 5800

lurninos

radius =

o,
-
i - -~ ~ ~
? - - \l
. 39 N vy

ol

““Credit http:// astro.uphedu -

( >89%%g00)

=

at the posi

—
8
-
b
-
=
n
-]
=
3
-

Plotted Stars

no stars

» both the nearest and brightest stars

blue giants
Supergiants {I)

Instability Strip

Dwarfs (V) red

Giants (III}

White Dwarfs

20000 10000
Temperature (K)

the nearest stars the brightest stars 4

the owverlap P
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Spectral Type

Hyper Gignts (-15)

0o B A F G K 10
30000K 10000K 7500K 6000K S5S000K  4000K  3000K
{Temperature)
100000 Ia
r_ff____;
: Superglants
10000 -
Ib
| A
_ | b
1000 - -1 Bright Giants | s
III Giantst o
100+ 0 I
L I u
u 10 t
i e e
m IV Subgiants
i
M
n 1. -
o +5 3
S g
i 0.1- n
t i
y I
0.014 —+10u
d
0.001 4 e
0.001 ~+15
White Dwarfs
0.00004
Cnluur (B V)
y 0.0 +0.5  +1.0 +1 5 +2.0
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- _Russell Diagram
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the Hipparcos
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Henry Draper Catalgues
Astronomical Spectroscopy

@ 1912-49: Harvard College Observatory
@ 225,300 stars Henry Draper (HD) Catalogue
@ 46,850 stars Henry Draper Extension (HDE)
@ 86,933 stars Henry Draper Extension Chart (HDEC)

Detailed Description of /1354 - Windows Internet Explorer Lgﬁr]

“7 Favorites

ief summary

III135A
atalog ) L5 Browse | FTP | tar
Author(s) - 1918-1925 II1/182
Object type The HDE C itndes and spectral types of 8
Keywords ; Author(s) CANNON
Category Db al catalogue [OC Bibcode 5
Note
Statistics Object type
Popularity Category compilation catalog
Note Note : o III /
Statistics 86 stars (si
- ) Popularity
3 Note 5.
, ._ obib.u-strashg.fi -bin/cdshib € Internet | Protected M Added to VizieR 1

s Y - . e e ) r. &P Internet | Protected Mode: On




Microsoft WorldWide Telescope
Vega, Lyra

£ Microsoft WorldWide Telescope

Explore Guided Tours

Beta Aurigae

Finder Scope
[ Classification:
Star

| J in Lyra
Names: Vega; HIP91262

RA: 18h36m56s Magnitude:

Dec : 38:47:01 Distance:

Alt: 70:21:19 Rise:

Az: 143:21:10 Transit
Set:

Image Credits:

Copyright DSS Consortium i ]

Look At Imagery Context Search Filter

| Sky ? [ Digitized s “\ttp://www-gsss.stsciedu/Acknowledgeme...
(&G [FSRowomee:  [Tcioe R

w

-
Ring Beholds a D...  The Ring Nebula... ABird's Eye View... Ring Nebula | Sﬁc 1.33;24;(5)25




Web Window - Maximize window for full browser

SIMBAD query result

28-Dec-2009: Hierachical links are now available for several objects. See details here.

other query ldentifier Coordinate Criteria Bibliography Basic Script Cutput  Help
modes : query query query query query submission ophions

Object query : Vega CD.5. - SIMBAD4 rel 1.136 - 2009.12.31CET03:26:11

Available data Basic data Identifiers Plot & images Bibliography Measurements External archives Notes

Basic data :

V= alf Lyr -- Variable Star query around | with radius |2 arcmin

;4
{*,LG,A5CC,BD, C5I, FKS, GC, GCRV, GEN#, GJ, HD, HELM, HIC, HIF, HR, JP11, N30, 8pc, PLX, BMC, PEM, ROT, SLO, SKY4

[HFES3]) . IR (IRAS,IRC,2MASS,RAFGL) ,++% (ADS,CCOM,IDS) ., BPM* (LSBM,LTT,NLTT) ,V# (V#, C5V,HN5V)
([1E)
ICRS coord. (ep=2000) : 18 36 56.3364 +38 47 01.291 ( ~ ) [ 5.65 4.88 144 ] A 1997A&A...323L..49F

Other object types:

FK5 coord. (ep=2000 eqg=2000): 18 36 56.336 +38 47 01.29 ( ~ ) [ 5.65 4.88 144 ] A 1997A&A...323L..49P
0D67.4482 +19.2373 ( ~ ) [ 5.65 4.88 144 ] A 1997A&A...323L..409F

Proper motions mas/yr [err ipse]: 201.03 287.47 [0.63 0.54 144] A 15997A&A...323L..49F

Radial velocity / Redshift / cz : Vikm/s) -13.9 [0.38] / /
128.93 [0.55] A 1997A&A...323L..49P

(~) A 19759TA0S5...30...

Parallaxes mas:
Spectral type: ADV C ~
1
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Spectral Type

Vega

Surface Temperature
> 235,000K
10,000-25,000K
7,500-10,000K
6,000-7,500K
5,000-6,000K
3,500-5,000K

< 3,500K
< 3,500K
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Distinguishing Features
H; Hel; Hell
H: Hel; Hell absent
H: Call; Hel and Hell absent
H; metals (Call, Fe, etc)
H: metals; some molecular species

metals; some molecular species
metals; molecular species (T10!)

metals; molecular species (C2!)
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Luminosity Class

Vega AO
Luminosity Class Description Comments
0 Hypergiants extreme
Ia Supergiants! large and luminous
Ib Supergiants! less luminous than Ia
I1 Bright Giants
I11 Giants
1A% Sub-Giants
\Y% Dwarfs Main Sequence
sd Sub-Dwarfs
D White Dwarfs
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SIMBAD

Vega, HD172167
| Web Window - Maximize window for full browse- :

from: 1983 to: |2010

Measurements (20 types) :

["ceEL:1 I FeH:21 | GEw:1 | Go:1 | Hbet1:3 [ 1mas:1 [ 1rc:1 [ 1s0:99 | IUE :65
33 | omv:17

Fex:4 M em:3 [ pos:2 Nweor:-6 [ sao:1 [ 11 [ wev:-13 [ wovbyl -7

[~ Jgp11 :5

display selected measurements display all measurements | clear ‘

External archives :

Archive data at HEASARC - Hich-Energv Astrophvsics Science Archive Research Center

Catalogue information from VizieR

V* alf Lyr AG+3E 1711 BD+36 3238 CCDM J16369+3847TA EUVE J1636+38.7
FES 699 GJ 721 HD 172167 HIC 91262 HIP 91262
HE 7001 TRAS 18352+3844 TRC +40322 LSPM J1E36+3847

2MASS J1B365633+3847012
HLTT 46746 NSV 11128 FPM 615586 RAFGL 2208 S5A0 67174
OSHO-B1.0 1287-D0305764

To bookmark this query, right click on this link: simbad-Vega and select "bookomark this link' or equivalent in the popup menu




VizieR Detalil Page

Vega, HD172167
Web Window - Muximize window ol b= S

e minFo A
[ - —_— -1l - -
: - — HC T
e : VizieR Aladin Catalogs Dictionary Tutorials Developers
SENTHE DE DOSNNEES 2 )

AETRANNOIM LTS THE STRARROURG

Henrv Draper Catalogue and Extension (Cannont 1918-1924: ADC 1989)
The catalogue (272130 rows) ReadMe

I135A/catalog |

HD=—=172167

Column Value Explain (UCD)

_RAJ2000 18 37.0 "homs" Right ascension (FKJ) Equinox=J2000.0 Epoch=JI1900. (computed by VizieR, not part of the original data)
(pos.eq. ra;meta.main) (POS EQ R4 MAIN

_DEJ2000 +38 46 "dms" Declination (FKJ3) Equinox=J2000.0 Epoch=JI900. (computed by VizieR, not part of the original data)
(pos.eq.dec;meta.main) (POS EQ DEC MAIN)

_RABIO30 18 35.3 "hms" Right ascension (FK4) Equinox=B1050.0 Epoch=JI000. (computed by VizieR, not part af the original data)
(pos.eq. ra;meta.main) (POS EQ R4 MAIN

_DEBI050 +38 44 "dms" Declination (FK4) Equinox=B1030.0 Epoch=J1000. {computed by VizieR, not part of the original dara)
(pos.eq.dec;meta.main) (POS EQ DEC MAIN)

_Glon 067.43 deg  Galactic longitude Epoch=JI000. {computed by VizieR, not part of the original data) (pos.galactic.lon)
(POS_GAL LON)

& +19.23 deg  Galactic latitude Epoch=JI1900. {computed by VizieR, not part of the original data) (pos.galactic.lat)
(PSS GAL LAT)

HD 172167 [1/272150] Henry Draper Catalog (HD) number (meta id:meta main) (D MATN)
DM BDH+38 3238 Durchmusterung identification (Note /) (metaid) (D ALTERNATIVE)
RAB1900 18 33.6 "homs" Howrs RA, equinox B1900, epoch 1900.0 (pos.egraymetamain) (POS EQ BA WATN)
DEB1900 +38 41 "dms" Degrees Dec, equinox B1900, epoch 1900.0 (pos.eqg.dec;meta main) (POS EQ DEC MAIN)
g Ptm 0 [0/1] Code for Ptm: 0 = measured, 1 = value inferred from Ptg and spectral type (meta code.qual) (CODE QUALITY)
Ptm 0.14 mazg Photovisual magnitude (Nore 2) (photmagem.opt.V) (PHOT PHG V)




VizieR Detalil Page
Vega, HD172167
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