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[llustration of the inverse square law. As the light gets farther away from the source, it spreads over a larger area, so the amount of light per unit area decreases as the square of the distance.
Credits: Borb (Wikipedia)



https://voutu.be/2FMx2GDgMo4


https://youtu.be/2FMx2GDqMo4
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Stellarium

https://stellarium.or


https://stellarium.org/

* Light
electromagnetic wave
massless elementary particles photons

wave-particle duality
quantum mechanics

classical
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https://phet.colorado.edu/sims/html/wave-on-a-
string/latest/wave-on-a-string en.html


https://phet.colorado.edu/sims/html/wave-on-a-string/latest/wave-on-a-string_en.html
https://phet.colorado.edu/sims/html/wave-on-a-string/latest/wave-on-a-string_en.html

https://voutu.be/tFw8FzeDjlE


https://youtu.be/tFw8FzeDjIE
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color
* Visible light

monochromatic
spectral colors

non-spectral (or extra-spectral) colors

magenta red blue



Wavelength (nm) Frequency (THz) Photon energy (eV)

Cyan 485-500 600-620 2.48-2.56
Yellow 565-590 510-530 2.10-2.19
Orange 590-625 480-510 1.98-2.10




electromagnetic spectrum

 Radio waves
 Microwaves
e Infrared

* Visible light
e Ultraviolet
e X-rays

* Gamma rays



The electromagnetic spectrum.
Credits: NASA/Wikipedia
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black body radiation

peak
wavelength Wien's displacement

law



Wien's displacement law.
Credits: 4C (Wikipedia)






The electromagnetic spectrum, including corresponding temperatures.
Credits: NASA/Wikipedia



e Red
e Blue



Planckian locus  black body locus



The numbers on the
black path are
temperatures in
kelvins.

The blue numbers
are wavelengths in
nanometers.

The Planckian locus.
Credits: PAR (Wikipedia)



The colors corresponding to different temperatures of black-body radiation.
Credits: Bhutajata (Wikipedia)



It is convenient to denote the color of a lightbulb in kelvins. Confusingly, colder temperatures create light we interpret as “warm” and hotter temperatures create “cool” light.
Credits: Yerocus (Wikipedia)






True color image of the Sun in visible light.
Credits: Matas Motlo



Rayleigh scattering
scatters



https://phet.colorado.edu/sims/html/blackbody-

spectrum/latest/blackbody-spectrum en.html


https://phet.colorado.edu/sims/html/blackbody-spectrum/latest/blackbody-spectrum_en.html
https://phet.colorado.edu/sims/html/blackbody-spectrum/latest/blackbody-spectrum_en.html

absorption lines
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Absorption lines of some different gases.

Credits: Nagwa
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Fraunhofer lines, the absorption lines in the spectrum of the Sun, which can be used to determine its chemical composition.
Credits: Wikipedia



emission lines



Absorption spectrum

Emission spectrum

Both together

Absorption and emission lines complement each other.
Credits: Stkl (Wikipedia)



https://foothillastrosims.github.io /Spectroscopy-Demonstrator


https://foothillastrosims.github.io/Spectroscopy-Demonstrator/

Bohr model

atomic orbitals
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excited states n=>2
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Rydberg formula






ionized

https://foothill.edu/astronomy/astrosims/hydrogen-atom


https://foothill.edu/astronomy/astrosims/hydrogen-atom/

temperature









spectral classes



[llustration of stars of different spectral classes, from hottest (left) to coldest (right). Note also how hotter stars are larger (and more massive).
Credits: Wikipedia



Absorption lines in stars of different spectral classes. Note that in astronomy “metal” means any element heavier than helium, for historical reasons.
Credits: OpenStax Astronomy






Actual spectra of stars with different spectral classes.
Credits: Modification of work by NOAO/AURA/NSF



giants dwarfs



Spectral lines for a dwarf and a giant with similar temperatures. The dwarf has broad spectral lines and the giant has narrow spectral lines.
Credits: Wikipedia



Doppler eftect



https://voutu.be/tfe4TOpX7Z


https://youtu.be/ffg4TOpXZyg

redshifted

blueshifted



[llustration of redshift and blueshift.
Credits: AleS ToSovsky



radial velocity



[llustration of Doppler-shifted spectral lines for 3 stars: moving away from us (top), not moving relative to us (middle), and moving toward us (bottom).
Credits: OpenStax Astronomy



proper motion
radial velocity

transverse velocity

space velocity



The relationship between radial, transverse, and space velocity of a star.
Credits: Brews ohare / CheChe (Wikipedia)



Proper motion of the binary star system 61 Cygni in the sky between 2012 and 2020.
Credits: IndividusObservantis (Wikipedia), GIF available here: https://en.wikipedia.org/wiki/File:61 Cygni Proper Motion.gif



https://en.wikipedia.org/wiki/File:61_Cygni_Proper_Motion.gif

Reconstructed orbits of stars moving in and out of our galaxy. These are space velocities, not radial velocities; the stars are not moving specifically away from or towards Earth.
Credits: ESA (artist’s impression and composition); Marchetti et al 2018 (star positions and trajectories); NASA/ESA/Hubble (background galaxies)




broadening



[llustration of line broadening.
Credits: OpenStax Astronomy






	Slide 1
	Slide 2
	Slide 3: We will learn about…
	Slide 4: Star brightness
	Slide 5: Star brightness
	Slide 6: Star brightness
	Slide 7: Star brightness
	Slide 8: Star brightness
	Slide 9: Star brightness
	Slide 10
	Slide 11: Video
	Slide 12: Class demonstration
	Slide 13: Star brightness
	Slide 14: Pop quiz
	Slide 15: Pop quiz
	Slide 16: Pop quiz
	Slide 17: Pop quiz
	Slide 18: Star brightness
	Slide 19: Star brightness
	Slide 20: Star brightness
	Slide 21: Star brightness
	Slide 22: Simulation
	Slide 23: Light as a wave
	Slide 24: Light as a wave
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29: Light as a wave
	Slide 30
	Slide 31: Simulation
	Slide 32: Video
	Slide 33: Light as a wave
	Slide 34
	Slide 35: Star colors
	Slide 36: Star colors
	Slide 37: The spectral colors
	Slide 38: Star colors
	Slide 39
	Slide 40: Star colors
	Slide 41
	Slide 42: Star colors
	Slide 43
	Slide 44: Star colors
	Slide 45: Star colors
	Slide 46
	Slide 47
	Slide 48
	Slide 49: Star colors
	Slide 50
	Slide 51: Star colors
	Slide 52: Simulation
	Slide 53: Spectroscopy
	Slide 54
	Slide 55
	Slide 56: Spectroscopy
	Slide 57
	Slide 58: Simulation
	Slide 59: Spectroscopy
	Slide 60
	Slide 61: Spectroscopy
	Slide 62: Spectroscopy
	Slide 63: Spectroscopy
	Slide 64: Spectroscopy
	Slide 65: Simulation
	Slide 66: Spectral classes
	Slide 67: Spectral classes
	Slide 68: Spectral classes
	Slide 69: Spectral classes
	Slide 70
	Slide 71
	Slide 72: Spectral classes
	Slide 73
	Slide 74: Spectral classes
	Slide 75
	Slide 76: The Doppler effect
	Slide 77: Video
	Slide 78: The Doppler effect
	Slide 79
	Slide 80: The Doppler effect
	Slide 81
	Slide 82: The Doppler effect
	Slide 83
	Slide 84
	Slide 85
	Slide 86: The Doppler effect
	Slide 87
	Slide 88: Conclusions

