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Astronomical Spectroscopy

In Education

Central topics in introductory astronomy
The nature of light
The electromagnetic spectrum
Spectroscopy

Spectral features as the “fingerprint”

Doppler shift; Wien'’s law; Stefan-Boltzmann law;
Kirchhoff’s laws

Temperature; Elemental composition; Relative
motion

Barder et al. 2006, Schlingman et al. 2012
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Project Development Step |

Grating film

Advantages:
Handy
Straightforward understanding

Img. From web

Drawbacks:
No recording for further analysis

Img. From web




Project Development Step |l

Telescope (8-inch) + grating + DSLR
Spectroscopic images

Figure L. Elnath, F/5.6. 150 400, =241 - 8% Gjm Hanseul, 2011 (Project in KSA)



Project Development Step |l

AHEH Sim, Hanseul, 2011 (Project in
KSA)

Figure 14. Vegas

Advantages:
Possible to obtain astronomical spectra
Possible to record for analysis

Drawbacks:
Elaborating to get focus
Spectral extraction/wavelength calibration




Project Development Step Il

Spectroscopic device in
chemistry or physics lab
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Hg (mercury) spectrum.
Kim, Ha-Young et al. 2012 in class of introductory astronomy in lab



Project Development Step Il
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Commercial B New

spectroscopy adaptor
Wavelength Range: 250-8oonm
Slit width: 20 pm
Resolution: ~ 1nm Moon Mars
Integration time: 6ms ~ 60 sec Jupiter
Detector: 1D Si-CCD 2048 pixel Arcturus

Grating 600 lines/mm

Wavelength calibration done in the supplied software ~ <>Aobsenvatory
_ (Busan, 2"@ Biggest City in Korea)
Price: $1,000 ~ 3,000



Project Development Step Il
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Project Development Step Il

12-inch reflector




Project Development Step Il

12-inch reflector

Arcturus spectrum e REEt
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Arcturus’s Spectrum Sky Spectrum (Dark Current)



Project Development Step Il

12-inch reflector

1200 Arcturus spectrum subtracted of sky one

1000 | Advantages:
* No effort for wavelength
R — calibration/spectral subtraction
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Dark-subtracted Arcturus Spectrum * Without Intensity (or QE) calibration



Projects

Photo altogether
3 number of classes (each class having ~15 students)



Projects |

Student’s project (3™ year, 1 student)

Are the spectra different for terrestrial and jovian
planet?

Spectra of Mars and Jupiter

Mars Jupiter

ethare




Projects Il

Student’s project (2" year; 3 students)

Why does Mars look Red when incoming radiation is
from the Sun and it is the same for all planets?

Red color of Mars

Celestial Object Spectrum Color

(figure 4,5)

.....

x
Figure 2. CIE xy chromaheity
diagram{CIE 1931 color space)
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* Without QE calibration (yet): pixel efficiency is different depending on the wavelength



Projects IlI

tudent’s project (2"¢, 37 year; 3 students)
Limb Darkening
Can we see the temperature variant?

lines of sight into the lines of sight into the photosphere
Ay spherical cloud (equal length) ——=_ '/ (length increases towards limb)

I | [ to the observer » I ]
maximum depth that maximum depth into the
* can be observed photosphere that can be observed

(a) (b)

Figure 1.4 (a) For a gaseous spherical cloud of uniform density, we can see a uniform distance along the line of sight into the
cloud. The depth below the surface of the furthest point that is visible becomes shallower as lines of sight approach the limb of
the cloud. (b) In the Sun, the density changes with depth, and the lengths of lines of sight within the cloud increase as they
approach the solar limb. However, the overall result is similar to case (a) in that the depth below the surface of the furthest point
i t approach the limb of the Sun. (Note that the relative distances that
rated in this di

that we can se ain becomes shallower as lines of

the lines of sight penetrate into the Sun are grossly ex ram.)

ar

(h)
SUN_20140414_1600_image1

An Introduction to the Sun and Stars, ed.
By Green and Jones (The Open University,
2004)



Projects Il

Student’s project (2"¢, 3™ year; 3 students)
Limb Darkening

[

SUN_20140414_1600_imagel

8-inch
Cannon 70D DSLR on focus




Projects Il

Student’s project (2"¢, 3™ year; 3 students)
Limb Darkening
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Reletive flux

Projects Il

Student’s project

Limb Darkening
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Summary and futures

Astronomical spectroscopy in education
Handy and easy astronomical spectroscopy

Projects
Planet spectra (reflected sunlight)
Color of Planets
Limb darkening

Future works
Calibration (QE of pixels depending on wavelength)

Survey-type student project

Temperature derived from blackbody radiation curve and
intensity of chemical composition
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