Observing the Small White Dots
The Analysis of Starlight

David Haworth - www.stargazing.net/david



Light

Electromagnetic Spectrum

Visible Light:

Different wavelengths of visible light create a rainbow
of seven colors, which are always in the same order.
Just remember the name RO G. BIV—Red, Orange,
fellow, Green, Blue, Indigo, and Violet.
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Wavelength measured in nanometers = 10 meter (nm) = 10 A

or angstroms = 10-10 meter (A) = 0.1 nm

Credit: GE The Light You See www.gelighting.com/na/home_lighting/products/education/
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Solar Screwdriver CD Spectroscope
www.stargazing.net/david/spectroscopy/




olar Screwdriver CD Spectroscope
3 inch mailing tube

@ Cut up CD with label removed
@ Round screwdriver for reflecting the Sun
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Solar Screwdriver CD Spectroscope
Black felt in side the tube

@ (D is a>600 line/mm transmission grating




Solar Spectrum

Screwdriver CD Spectroscope

@ Dark absorption lines
@ Camera focus on green part of the spectrum




3 Types of Spectra

Kirchoff radiation continuous law

Type of Spectrum Photographic example

Continuous (or continuum) - -

Absorption (dark line) - |

Credit: outreach.atnf.csiro.au/education/senior/astrophysics/spectroscopyhow.html



Continuous Spectrum
Kirchoff radiation continuous law

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

Star atmosphere,
Nebula, etc.

Credit Nebraska Astronomy Applet Project astro.unl.edu



Absorption Spectrum
Kirchoff radiation absorption law

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.

S

Star atmosphere,  Star
Nebula, etc.

10 Credit Nebraska Astronomy Applet Project astro.unl.edu




Hydrogen Atom Energy Levels

From Bohr model:

[a] ) . .
Nz - Lyman Series ., Balmer Series

= S (Ultraviolet) ., {(Visible)

n, ’ ™~ o 410.2 nm

4341 nm: violet

656.3 nm

red

(Infrared)

486.1 nm
bluegreen

11 Credit: HyperPhysics hyperphysics.phy-astr.gsu.edu/hbase/hframe.html



Element Spectral Patterns

Each element has unique spectral absorption/emission lines

@ Each element has unique number of
@ Electrons
@ Protons
@ Neutrons

@ Each element has unique set of energy levels

@ Energy levels maps into unique set of spectral
absorption/emission lines
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Electromagnetic Spectrum

Wavelength (m)
o= 1612 408 105 107

101 1 108
fregquency (Hz)
Blackbody Color

Spectrum Screen

Wavelength = 6.600 x 10" m Visible

Frequency = 4.545 x 10 "' Hz

E=h*f=3.000x10 "Joule

Size Instrument Astronomy Picture

Hubble Space Telescope Visual Image of Spiral Galaxy M51

Credit: astro.unl.edu


01emspectrumShortcut.lnk

Screwdriver CD Sun Spectrum

Fraunhofer absorption lines

T T L T i e e e I O e O O N R R I R
550 &50
500 600

wavelength in NnmM
@ ( line is hydrogen alpha (Ho)
@ D,, lines are sodium doublet (Na)
@ E line is iron (Fe)
@ B,,, lines are Magnesium triple (Mg)
@ F line is hydrogen beta (Hp)

14 Credit: Fraunhofer Lines en.wikipedia.org/wiki/Fraunhofer_line


http://en.wikipedia.org/wiki/Fraunhofer_line

Solar Spectrum
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http://lite.bu.edu/spex/v3/

Screwdriver CD Sun Spectrum

Absorption lines from Hp to Na doublet

Sun (Screwdriver & CD Spectroscope)
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16 Rspec Software www.rspec-astro.com/



Screwdriver CD Sun Spectrum

HB absorption line
Sun (Screwdriver & CDROM Spectroscope)

Created in RSpec Version 1.3
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17 Rspec Software www.rspec-astro.com/
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Screwdriver CD Sun Spectrum

HB absorption line is a transition fromn =2 fon =
Sun (Screwdriver & CDROM Spectroscope)
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Created in RSpec Version 1.3
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Rspec Software www.rspec-astro.com/
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Screwdriver CD Sun Spectrum

Na doublet absorption lines

Sun (Screwdriver & CD Spectroscope)

_ Created in RSpec Version 1.3
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Screwdriver CD Sun Spectrum

Na doublet absorption lines

Sun (Screwdriver & CD Spectroscope)
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38° Classical Spectrograph

Nikon Camera Parts DVD Spectrograph




Fraunhofer Solar Lines
DVD Spectrograph

FiH, biMgEiFe D: Na

22



High Resolution Solar Spectrum
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23 Credit: N.A.Sharp, NOAO/NSO/Kitt Peak FTS/AURA/NSF www.noao.edu/image_gallery/html/im0600.html



Spectral Classification
OBAFGKM
HS Hy HB Mg Fe Na

HD 12993
BO HD 158659
B6 HD 30584
A1 , AL MR L HD 116608
A5 ‘ , LA NSV VIR | HD 9547
FO N HD 10032
F5 | ] BD 61 0367
GO 18 HD 28099
G5 , HD 70178
KO HD 23524
K5 , SAO 76803
MO ! HD 260655
M5 , Yale 1755

F4 metal poor i , HD 94028
M4.5 emission SAO 81292
B1 emission HD 13256

24 Credit: NOAO/AURA/NSF http://www.noao.edu/image_gallery/html/im0649.html



Star Spectral Classification

OBAFGKM

Main Sequence

Spectral Effective H Balmer
Class Temperature (K) Shelleitls Features e M/Msun - R/Rsun L/Lsun Lifespan
. jonised He™ lines ] ] 90,000 - )
- 28,000 - 50,000 Blue weak strong UV continuujm 20 - 60 9-15 800,000 1 - 10 Myr
B 10,000 - 28,000 Ele'uLﬁe medium neutral He lines 3-18 3.0-8.4 95-52,000 11 - 400 Myr
A 7,500 - 10,000 White strong iorfitsr;’ggm"'et[;ﬁf;‘es 2.0-3.0 1.7-2.7 8-55 400 Myr - 3 Gyr
WhltE' . = - +
F 6,000 - 7,500 yellow medium weak ionised Ca 1.1-1.6 1.2-1.6 2.0-6.5 3-7Gyr
G 4,900 - 6,000 Yellow weak ionised Ca’, metal  0.85- 0.85- .0 415 7. 456y
lines 1.1 1.1
) Ca’, Fe, strong 0.65 - 0.65 - )
K 3,500 - 4,900 Orange very weak molecules, CH, CN 0.85 0.85 0.10 - 0.42 17 Gyr
molecular lines, eg 0.08 - 0.17 - 0.001 -
2,000 - 3,500 B UERIWELE I dme e | @ 0.63 0.08 26 Gyr
<2,000 UETELENE (S {ZOC:IE]E]ISEIEEES:-Ecatmn for very low <0.08 May or may not be fusing H in cores?

Credit: outreach.atnf.csiro.au/education/senior/astrophysics/spectral_class.html




Spectral Type

O B A F G K Hyper Giants (-15)

-10
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100+ —0 :.I
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"o 145 o Catalogue + 1,000
s g9 Low-lum.
i 0.1- Iy
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Yo.01 - +10u
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0.0000%
Colour (B-v) Credit: en.wikipedia.org/wiki/HR_diagram
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Orion



Orion
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Star Analyzer 100 on DSLR

100 lines/mm blaze grating

=




Orion
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Pleiades M45 Stars Spectrum

SA100 on Nikkor 85mm lens, 1 minute image



2 Gratings in QSI 532 Camera

Star Spectroscope 200 I/mm & Star Analyzer 100 (100 I/mm)

33



Denebola A3Va Spectrum

Star Spectroscope in QSIb32 & NP127is
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Denebola A3Va Spectrum

Star Spectroscope in QSIb32 & NP127is
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Vega Spectrum AOV
Star Spectroscope in QSIb32 & NP127is
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Emission Spectrum

Kirchoff radiation emission law

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, S’;ar'
Nebula, etc.

38 Credit Nebraska Astronomy Applet Project astro.unl.edu



Wolf-Rayet Star WR135 WC8 Spectrum

For Help, press F1 2184x1472  200%




M57 Spectrum

Star Spectroscope in QSIb32 & NP127is

B Graph
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M101 HIT Region Spectrum
NGC 5461

Credit NED DSS Image



NGC 5461 M101 HITI Region Spectrum

Star Spectroscope in QSI532 & 150mm Maksutov-Cassegrain
®

200 300
Pixel Location Along X

¢ Mean
" Minimum

Settings
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file:///C:/Users/David Haworth/Documents/Website20111012/spectroscopy/SN2011feFullSizeSpectrum.html
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M101 HIT Region Spectrum

NGC 5461
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Supernovae SN 2011fe Spectrum
M101 light travel-time = 16 Myr

y SDSS Image
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Supernovae SN 2011fe Spectrum
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Supernovae SN 2011fe Spectrum

Supernovae type Ia = absence of hydrogen lines &
presence of a SiIT absorption near 6150 A.

SN 2011fe
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Radial Velocity Red & Blue Shift

Doppler Shift Demonstrator reset help about
controls
pause simulation rate:
stop emission

V| show paths

Receeding
from us

| Red shifted

_ Moving
Blue Shlfted -Lo"‘.‘ardS US

H gamma H beta H alpha

47 Credit: Nebraska Astronomy Applet Project astro.unl.edu
http://outreach.atnf .csiro.au/education/senior/astrophysics/spectra_info.html
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Quasar 3C 273 Spectrum

Redshift Measurement
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Quasar 3C 273 Redshift

Star Spectroscope in QSI532 & NP127is

S Maxim DL Pro 5 - Spectrum8-25Cal.fit
o

ForHep,pressFl _______ 184x1472 100%
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Quasar KUV18217+6419 Spectrum

Redshift Measurement



Quasar KUV18217+6419 Redshift 0.296
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Light travel time = 3.264 Gyr




X

Vega Hydrogen Absorption Spectrum
600 lines/mm grating




http://www.stargazing.net/david/spectroscopy/links.html

y Links -

‘Windows Internet Explorer

stargazing.net

- Astronomical Spectroscnpy Assucmtmns, Cnmmumtles, etc
= Astronomical Ring for Access to’ Sgectroscogyg A
* = The SPECTRO Bookmarks s
= PRINCIPALES RAIES SPECTRALES OBSERVABLES DANS LES SPECTRES
STEFLAIRES ET DE NEBULEUSES PLANETAIRES
= Identification of telldrics lines

= ASPA - Active Spectroscopy in Astronomy

= CAOS Amateur "Astronomical Spectroscepy.
= Forum-for Amateur AstroSpectroscopy

= Spectroh&lioscope Network Fredrick Veio and Chns Westlal;id

= SAS: Sodiety for Astronomical Sciénces :
« Vds: Amateur Astronomy Association.- Germany.Section Spectroscopy

‘= Amateur Astrunumlcal Spectruscnpy Websmes and Web Pages y
" = Christian'Buil: Spectroscopy, CCD & Astronomy i
= UN STAGE DE SPECTROGRAPHIE ASTRDNDMIDUE
"o Dale Mais: Mais Obseuatom CCD Spectroscopy
- = Amateur Astronomical Spectroscopy: quhlu]hts of what is Currentlv
“Achievable :
« John A. Blackwell: Regulus! Astronomy Educatlon SDectrOSCoDv
= Jose Ribeiro: Amateur Astronhvsms
- = Ken Harnson ’
= Classical SDectroscoDe ; ;
« Spectroscopes: Part 2 - ,New'z[)(}mm Littrow design ,
= Dr. Lothar Schanne: Spectrosphere

<<PREVIOUS - HOME - CONTENTS. - NEXT>>
SPECTROSCOPY INDEX - 1%

Astronomical S,pet:’t'l"osc:_op:g;f and Related - that | Found Useful

-

&

- Astronomical Spectruscupy Hardware
.= Baader Planetarium DADOS Spaltspektrographen
= DADQOS usér manual PDF * :
« Paton Hawksley Ediication LTD Star Analyzer 100 °
= ESPECTROSCOPIA CCD PRIMERAS EEPERIENCL"J.S. PDF
= Rainbow Optics Star Spectroscopes
= Star Spectroscope manual PDF -
" - = Rigel Systéms RS—Sp_EEtro_scdpe'
= RS-Spectroscope manual POF .

= R5-Spéctroscope presentation PQF
- SBIG DSS-7 and SGS Spectropgraph

- DSS-7 PDF .
= SGS PDF
= Shelyak Instruments thrESDI eSheI Spectropgraph etc
= Lhires'HI manual PDF . °
= Lhires IIT CCD camerg adapter PDF,",
= Sepctrographe Echelle: un nouveau pas..
+ = Very good overview of books - '
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- Spectroscopy Hardware Parts
= Edmund Opfics
= Newport
= Surplus Shed
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