
The Interaction of Light & Matter

Reading assignment:
TUESDAY 9/29: Chapters 7.1, 7.2, 7.3

Homework Assignment #2 
Due by TUESDAY 1/6
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COLOR INDICES

mU =

mB = B
mV = V

mU-mB = U-B

mB-mV = B-V

NOTE: the color does not depend on (R/d)2 because this term cancels out in the above equation
The color is solely dependent on the temperature of a model blackbody star







The hotter a star, the smaller (or more negative) the B-V color, hence the bluer the star



The hotter a star, the smaller (or more negative) the B-V color, hence the bluer the star
The cooler a star, the larger the B-V color, hence the redder the star



Stars are not perfect blackbodies!



The Interaction of Light & Matter





Kirchhoff’s Laws:

1. A hot, dense gas or hot solid object produces a continuous spectrum with no dark spectral 
lines (e.g., the blackbody radiation): continuous spectrum

2. A hot, diffuse gas produces bright spectral lines (emission lines): emission line spectrum

3. A cool, diffuse gas in front of a source of a continuous spectrum produces dark spectral lines 
(absorption lines) in the continuous spectrum: absorption line spectrum
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Doppler shift:
<latexit sha1_base64="4bmosGVyJvqT9gZp//9d7Qy3Wwg="></latexit>
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Radial velocity vR
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Proper motion: motion of a star with respect to the Sun

[vR]=[vT]=km/s; n=number of seconds in a year



i.e., knowing vR and vT, I can infer v and theta

vR can be measured with the Doppler shifts

vT is more complicated as it requires knowing the proper motion 
of the star and the distance d of the star from the Sun.



Proper motion: motion of a star with respect to the Sun

Consider angle      and [d]=km
<latexit sha1_base64="hKgxRXXTZC0E2rcCNfMc6I2JRSc=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXQxjKiMYHkCHubvWTJ7t6xOyeEkJ9gY6Egtv4hO/+Nm+QKTXww8Hhvhpl5USqFRd//9gpr6xubW8Xt0s7u3v5B+fDo0SaZYbzJEpmYdkQtl0LzJgqUvJ0aTlUkeSsa3cz81hM3ViT6AccpDxUdaBELRtFJ912V9coVv+rPQVZJkJMK5Gj0yl/dfsIyxTUySa3tBH6K4YQaFEzyaambWZ5SNqID3nFUU8VtOJmfOiVnTumTODGuNJK5+ntiQpW1YxW5TkVxaJe9mfif18kwvgonQqcZcs0Wi+JMEkzI7G/SF4YzlGNHKDPC3UrYkBrK0KVTciEEyy+vktZFNahVg+CuVqlf53kU4QRO4RwCuIQ63EIDmsBgAM/wCm+e9F68d+9j0Vrw8plj+APv8wf0N44P</latexit>µ

<latexit sha1_base64="piLwqJnexKrTm1a47pEzQiA83vU="></latexit>

EA = nvT = dµ =
d

R00µ
00

With R” number of arcsec in a radian, and 
the proper motion in a year expressed in 
arcsec/yr
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From parallax:                              
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w/ angles expressed in arcsec

<latexit sha1_base64="Ox/02vR6AssdR6yMl9P8a/hSEIw=">AAACG3icbVDLSgMxFM3UV62vUZdugkVwVSZS0I1QdOOyirWFdiyZTKYNTTJDkhHKMN/hxl9x40JBXAku/BvTdhbaeuByD+fcS3JPkHCmjed9O6Wl5ZXVtfJ6ZWNza3vH3d2703GqCG2RmMeqE2BNOZO0ZZjhtJMoikXAaTsYXU789gNVmsXy1owT6gs8kCxiBBsr9V0UwnPYixQmGYY391kvUUxQOGt5njUXpL5b9WreFHCRoIJUQYFm3/3shTFJBZWGcKx1F3mJ8TOsDCOc5pVeqmmCyQgPaNdSiQXVfjY9LYdHVglhFCtb0sCp+nsjw0LrsQjspMBmqOe9ifif101NdOZnTCapoZLMHopSDk0MJznBkClKDB9bgoli9q+QDLHNydg0KzYENH/yImmf1FC9htB1vdq4KPIogwNwCI4BAqegAa5AE7QAAY/gGbyCN+fJeXHenY/ZaMkpdvbBHzhfP1m1oYo=</latexit>

d =
aR00

P 00

Since a=1.496x108 km, n=3.156x107 s
<latexit sha1_base64="/1e8e+d3lDeA31mMP2wGqXFyeb0="></latexit>

vT = vR tan ✓ = v sin ✓ = 4.74
µ

P <latexit sha1_base64="cYpUDidRYuHiEVO252o/Uj9c/o0="></latexit>

1

P
= d =

vR tan ✓

4.74µWith proper motion measured in “/yr, 
vR in km/s, and d in parsec
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vT = µd

<latexit sha1_base64="CE7FX9VdYueY8znwLcZHVjyUfzc="></latexit>

vT = 4.74
µ[00/yr]

p[00]
<latexit sha1_base64="nEU8kOHMaufSBJTISCnrde4f0Oc="></latexit>

vT[km/s] = 4.74µ[00/yr]d[pc]

<latexit sha1_base64="+zcFMGwr6av1N4jWLJrshmNwytM=">AAACDHicbZDNSsNAFIUn/tb6F3XpZmgRBKEkpaAboejGZZXWFpoYJtNJO3QyiTOTQgnZu/FV3LhQELc+gDvfxmkbRFsPDHycey937vFjRqWyrC9jaXlldW29sFHc3Nre2TX39m9llAhMWjhikej4SBJGOWkpqhjpxIKg0Gek7Q8vJ/X2iAhJI95U45i4IepzGlCMlLY8szSC59CR90Klo7uqlzoihM3s5Idvsswzy1bFmgougp1DGeRqeOan04twEhKuMENSdm0rVm6KhKKYkazoJJLECA9Rn3Q1chQS6abTWzJ4pJ0eDCKhH1dw6v6eSFEo5Tj0dWeI1EDO1ybmf7VuooIzN6U8ThTheLYoSBhUEZwEA3tUEKzYWAPCguq/QjxAAmGl4yvqEOz5kxehXa3YtYptX9fK9Ys8jwI4BCVwDGxwCurgCjRAC2DwAJ7AC3g1Ho1n4814n7UuGfnMAfgj4+Mbhu2aig==</latexit>

v =
q
v2T + v2R

Velocity of the star through space 
relative to the Sun



Photons:
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Ephoton = h⌫ = hc/� = pc
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Bohr’s model of Hydrogen atom:
<latexit sha1_base64="jXLdUyxnmHH8KG9zfM94CN04G5M="></latexit>

1

�
= RH

⇣ 1

m2
� 1

n2

⌘
=

µe4

64⇡3✏2
0
~3c

⇣ 1

n2

low

� 1

n2

high

⌘

Wavelength of emission/
absorption lines



Photons:
<latexit sha1_base64="+popy68gH/jsxZ85WEODVioFrgU=">AAACFHicbVBNS8MwGE79nPOr6tFLcAjiYbYy0IswFMHjBOcGaylpmm5haVKSVBhl/8GLf8WLBwXx6sGb/8Z060E3Hwh58jzvm+R9wpRRpR3n21pYXFpeWa2sVdc3Nre27Z3deyUyiUkbCyZkN0SKMMpJW1PNSDeVBCUhI51weFX4nQciFRX8To9S4ieoz2lMMdJGCuzj6yD3ZALTgdCCj+EFHECPZ8WO4Qn0mLkqQuaY4sCuOXVnAjhP3JLUQIlWYH95kcBZQrjGDCnVc51U+zmSmmJGxlUvUyRFeIj6pGcoRwlRfj6ZaQwPjRLBWEizuIYT9XdHjhKlRkloKhOkB2rWK8T/vF6m43M/pzzNNOF4+lCcMagFLAKCEZUEazYyBGFJzV8hHiCJsDYxVk0I7uzI86RzWncbdde9bdSal2UeFbAPDsARcMEZaIIb0AJtgMEjeAav4M16sl6sd+tjWrpglT174A+szx/79Jwf</latexit>

Ephoton = h⌫ = hc/� = pc

Bohr’s model of Hydrogen atom:
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with n principal quantum number; 
n=1 —> ground state —> 13.6 eV needed to ionized the H atom. 
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Reading assignment:
TUESDAY 9/29: Chapters 7.1, 7.2, 7.3

Homework Assignment #2 
Due by TUESDAY 1/6

Binary Systems and Stellar Parameters


