
Reading assignment for next week:

THURSDAY: NO LECTURE
TUESDAY 9/22: Chapters 3.4, 3.5, 3.6

Homework assignment:
Posted on the AST-31 website 
Due date: Tuesday, September 22 (before class)

The Continuous Spectrum of Light



Stellar Parallax

To measure the intrinsic brightness of stars, we need:
I. Observed flux/brightness
II. distance

To measure the intrinsic brightness of stars, we need:
I. Observed flux/brightness
II. distance

Stellar parallax: the only direct method to measure distances
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<latexit sha1_base64="pHHD4wNFEK1z7PCGfKWoVsNsITY="></latexit>

P =
a

d
) P [00] =

a

d
R00, with R00 = 206265 number of arcsec in a radian

a = 1 AU = 1.496 x 108 km a 206265 = 3.086 x 1013 km = 1 parsec
<latexit sha1_base64="b1qQczHBcRq5t3Ff2G9cMWSh18o="></latexit>

d[pc] =
1

p[00]

NOTE: The closest star, alpha-Cen, has p=0.76”
NOTE: Uncertainties and distance limit for applying the parallax method

<latexit sha1_base64="c6o1YP6wAJ81aaBxaEliyrdVfk8=">AAACEnicbVBNS8NAEN3Ur1q/oh69LBahp5JIQS9CUQ8eK1hbaErZbDbt0s0m7E6EEvIXvPhXvHhQEK+evPlv3LY5aOuDgcd7M8zM8xPBNTjOt1VaWV1b3yhvVra2d3b37P2Dex2nirI2jUWsuj7RTHDJ2sBBsG6iGIl8wTr++Grqdx6Y0jyWdzBJWD8iQ8lDTgkYaWDXvFARmnnXTADBCc6zJMcX+I8a5FmQD+yqU3dmwMvELUgVFWgN7C8viGkaMQlUEK17rpNAPyMKOBUsr3ipZgmhYzJkPUMliZjuZ7OPcnxilACHsTIlAc/U3xMZibSeRL7pjAiM9KI3Ff/zeimE5/2MyyQFJul8UZgKDDGexoMDrhgFMTGEUMXNrZiOiAkDTIgVE4K7+PIy6ZzW3UbddW8b1eZlkUcZHaFjVEMuOkNNdINaqI0oekTP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8AaJRnVU=</latexit>

�p

p
=

�d

d

From the ground, error in p is ~0.007”; to have relative error <35% (0.35), 
then d<50 pc
ESA Hipparcos, error in p is ~0.001”, distances of ~120K stars at d<1 kpc
ESA Gaia, error in p is ~0.00001”, distances out to d<100 kpc
NASA SIM PlanetQuest, error in p is ~0.000004”, distances out to d<250 kpc



Gamma-ray                                 
X-ray
Ultraviolet
Visible (or optical)
Infrared 
Microwave
Radio

10 nm < � < 400 nm
400 nm < � < 700 nm
700 nm < � < 1 mm
1 mm < � < 10 cm
10 cm < �

The Electromagnetic Spectrum

� < 0.01 nm
0.01 nm < � < 10 nm

These ranges are only indicative, not strict... 

� =
c

⌫
Wavelength: E = h⌫Energy:



Magnitude scale
Let’s start considering bolometric magnitudes, i.e., over all wavelengths of light (i.e., 
integrated over all wavelengths or frequencies)
Pogson’s formula: the human eye has a nearly logarithmic subjective response to 
radiant energy flux, i.e.:

<latexit sha1_base64="J0dUHi0+8ebhYkhf9ISfAsWF31Q=">AAACDHicbVBNS8NAEN34WetX1KOXpUWoSENSKnosevFYwdpCE8Jmu2mX7iZxd1MooXcv/hUvHhTEqz/Am//GbZuDtj4YeLw3w8y8IGFUKtv+NlZW19Y3Ngtbxe2d3b198+DwXsapwKSFYxaLToAkYTQiLUUVI51EEMQDRtrB8Hrqt0dESBpHd2qcEI+jfkRDipHSkm+WuF+DVch9B7rkIaUjWK1Z59BlcT+rsNMJPMO+WbYtewa4TJyclEGOpm9+ub0Yp5xECjMkZdexE+VlSCiKGZkU3VSSBOEh6pOuphHiRHrZ7JcJPNFKD4ax0BUpOFN/T2SISznmge7kSA3kojcV//O6qQovvYxGSapIhOeLwpRBFcNpMLBHBcGKjTVBWFB9K8QDJBBWOr6iDsFZfHmZtGuWU7cc57ZeblzleRTAMSiBCnDABWiAG9AELYDBI3gGr+DNeDJejHfjY966YuQzR+APjM8f9kmYSQ==</latexit>

m2 �m1 ⌘ �2.5 log (l) + c

where “l” is the apparent brightness; “c” is the zero point constant, which depends 
on the specific of the adopted magnitude system and the units of the brightness. 

NOTE: 1(5) mag difference —> 2.5(100)x difference in brightness
NOTE: Typical absolute uncertainty in apparent magnitude is ~0.01 mag; typical 
relative uncertainty in apparent magnitude is ~0.002 mag.



Total power of output of a star

Photon luminosity; [L] = erg/s
luminosity is power, i.e., 
energy emitted per second

Let’s focus on the photon luminosity (L), which originates from the photosphere of stars 
(i.e., the surface); from the interior of a star, we receive no photons, due to the total 
opacity being very large, except neutrinos. 

<latexit sha1_base64="QxA/BsHrUedDxpmz9RESUffhQDM=">AAACGnicbVBNSwMxEM36WetX1aOXYBEEoexKQS9C0YsHDxWsLbRLyaZpG5pkl2RWKMv+DS/+FS8eFMSbePHfmG1X0NaBwJv35jGZF0SCG3DdL2dhcWl5ZbWwVlzf2NzaLu3s3pkw1pQ1aChC3QqIYYIr1gAOgrUizYgMBGsGo8tMb94zbXiobmEcMV+SgeJ9TglYqltyr7tJR0sMIaT4HGfdgEhJUnw8aVT8g3ohJDJNu6WyW3EnheeBl4MyyqveLX1YK40lU0AFMabtuRH4CdHAqWBpsRMbFhE6IgPWtlARyYyfTC5L8aFlergfavsU4An725EQacxYBnZSEhiaWS0j/9PaMfTP/ISrKAam6HRRPxY2B5zFhHtcMwpibAGhmtu/YjokmlCwYRZtCN7syfOgeVLxqhXPu6mWaxd5HgW0jw7QEfLQKaqhK1RHDUTRA3pCL+jVeXSenTfnfTq64OSePfSnnM9vxpaf+w==</latexit>

Ltot = L� + L⌫ + Lṁ

Neutrino luminosity: mean 
free path of neutrinos in 
water is 109 RSun, i .e. , 
neutrino escape without 
interacting

Mass-loss luminosity (catastrophic, w/ rapid and 
violent change in structure of star, e.g., SNe), 
planetary nebula, red giants, T-Tauri. For the 
corona of Sun: 

<latexit sha1_base64="Y40ITQmoZJQjiZQ3+MhQ+AS6nFI=">AAACGXicbVC7TsMwFHXKq5RXgJHFokJioSRVBYwVLAwMRaK0Ulsix3Vaq04c2TeIKspnsPArLAwgIUaY+BvcxwAtV7J0dM659/oePxZcg+N8W7mFxaXllfxqYW19Y3PL3t651TJRlNWpFFI1faKZ4BGrAwfBmrFiJPQFa/iDi5HeuGdKcxndwDBmnZD0Ih5wSsBQnn185aXtroQ0zDLcJnGs5AMu4zbwkGnsOnfp0UmGRyZpXBn27KJTcsaF54E7BUU0rZpnf5rxNAlZBFQQrVuuE0MnJQo4FSwrtBPNYkIHpMdaBkbE7O2k48MyfGCYLg6kMi8CPGZ/d6Qk1HoY+sYZEujrWW1E/qe1EgjOOimP4gRYRCeLgkRgkHiUEu5yxSiIoQGEKm7+immfKELBZFkwIbizJ8+DRrnkVkque10pVs+neeTRHtpHh8hFp6iKLlEN1RFFj+gZvaI368l6sd6tj4k1Z017dtGfsr5+ACGgn5o=</latexit>

Lṁ ⇡ 2⇥ 10�6L�



I⌫(✓)

d! = sin ✓d✓d�

� 2 [0, 2⇡]

✓ 2 [0,⇡/2]

<latexit sha1_base64="aO4N8384fF6G+9u3E6KT8W/gzro=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48VrFtol5LNZtvQJLskWaEs/RFePCiIV/+ON/+NabsHbX0w8Hhvhpl5USa4sb7/7VXW1jc2t6rbtZ3dvf2D+uHRo0lzTVmHpiLV3YgYJrhiHcutYN1MMyIjwYJofDvzgyemDU/Vg51kLJRkqHjCKbFOCuK+4UNJBvWG3/TnQKsEl6QBJdqD+lc/TmkumbJUEGN62M9sWBBtORVsWuvnhmWEjsmQ9RxVRDITFvNzp+jMKTFKUu1KWTRXf08URBozkZHrlMSOzLI3E//zerlNrsOCqyy3TNHFoiQXyKZo9juKuWbUiokjhGrubkV0RDSh1iVUcyHg5ZdXSXDRxJdNjO8vG62bMo8qnMApnAOGK2jBHbShAxTG8Ayv8OZl3ov37n0sWiteOXMMf+B9/gDztI/K</latexit>

d�

<latexit sha1_base64="aO4N8384fF6G+9u3E6KT8W/gzro=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48VrFtol5LNZtvQJLskWaEs/RFePCiIV/+ON/+NabsHbX0w8Hhvhpl5USa4sb7/7VXW1jc2t6rbtZ3dvf2D+uHRo0lzTVmHpiLV3YgYJrhiHcutYN1MMyIjwYJofDvzgyemDU/Vg51kLJRkqHjCKbFOCuK+4UNJBvWG3/TnQKsEl6QBJdqD+lc/TmkumbJUEGN62M9sWB BtORVsWuvnhmWEjsmQ9RxVRDITFvNzp+jMKTFKUu1KWTRXf08URBozkZHrlMSOzLI3E//zerlNrsOCqyy3TNHFoiQXyKZo9juKuWbUiokjhGrubkV0RDSh1iVUcyHg5ZdXSXDRxJdNjO8vG62bMo8qnMApnAOGK2jBHbShAxTG8Ayv8OZl3ov37n0sWiteOXMMf+B9/gDztI/K</latexit>

d� surface element of the photosphere

<latexit sha1_base64="RQt//54cKz0CYuCKD2mS9wQiln0=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwcF8er3ePNvnCR70MSChqKqm+6uKJHCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDo1HBpcS23aEbMghYIGCpTQTgywOJLQisa3M7/1BMYKrR5wkkAYs6ESA8EZOqnZxREg65UrftWfg66SICcVkqPeK391+5qnMSjkklnbCfwEw4wZFFzCtNRNLSSMj9kQOo4qFoMNs/m1U3rmlD4daONKIZ2rvycyFls7iSPXGTMc2WVvJv7ndVIcXIeZUEmKoPhi0SCVFDWdvU77wgBHOXGEcSPcrZSPmGEcXUAlF0Kw/PIqaV1Ug8tqENxfVmo3eR5FckJOyTkJyBWpkTtSJw3CySN5Jq/kzdPei/fufSxaC14+c0z+wPv8ATwWj2E=</latexit>

✓
angle between direction of observer 
and the normal vector to the surface 
element (here z)

to observer

<latexit sha1_base64="T2o2zgJq3Jg7g0IyGKOF282GZ30=">AAAB8HicbVDLSgNBEJyNrxhfUY9eBoPgKexKQI9BLx4jGBNIljA725sMmcc6MyuEJT/hxYOCePVzvPk3TpI9aGJBQ1HVTXdXlHJmrO9/e6W19Y3NrfJ2ZWd3b/+genj0YFSmKbSp4kp3I2KAMwltyyyHbqqBiIhDJxrfzPzOE2jDlLy3kxRCQYaSJYwS66RujPtKwJAMqjW/7s+BV0lQkBoq0BpUv/qxopkAaSknxvQCP7VhTr RllMO00s8MpISOyRB6jkoiwIT5/N4pPnNKjBOlXUmL5+rviZwIYyYicp2C2JFZ9mbif14vs8lVmDOZZhYkXSxKMo6twrPnccw0UMsnjhCqmbsV0xHRhFoXUcWFECy/vEo6F/WgUQ+Cu0ateV3kUUYn6BSdowBdoia6RS3URhRx9Ixe0Zv36L14797HorXkFTPH6A+8zx8+Qo/s</latexit>

d! infinitesimal solid angle interval

<latexit sha1_base64="PeCgj31RWdb1srYSB4aZ1S37MqE=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKxhbaUDabSbt0swm7G6GE/gYvHhTEq//Hm//GbZuDtj4YeLw3w8y8MBNcG9f9dipr6xubW9Xt2s7u3v5B/fDoUae5YuizVKSqG1KNgkv0DTcCu5lCmoQCO+H4duZ3nlBpnsoHM8kwSOhQ8pgzaqzkR6Qv80G94TbdOcgq8UrSgBLtQf2rH6UsT1AaJqjWPc/NTFBQZT gTOK31c40ZZWM6xJ6lkiaog2J+7JScWSUicapsSUPm6u+JgiZaT5LQdibUjPSyNxP/83q5ia+DgsssNyjZYlGcC2JSMvucRFwhM2JiCWWK21sJG1FFmbH51GwI3vLLq6Rz0fQum553f9lo3ZR5VOEETuEcPLiCFtxBG3xgwOEZXuHNkc6L8+58LForTjlzDH/gfP4ACjOOqA==</latexit>

d⌫ infinitesimal frequecy interval



Energy emitted by the surface element in the unit of time, in the infinitesimal solid angle 
around the direction to the observer in the infinitesimal frequency interval:

<latexit sha1_base64="fa/+s+xfqZfw6vKE4WYgjCycreA="></latexit>

dE⌫ = I⌫(✓) cos ✓d�d⌫d!

If we define the SPECIFIC INTENSITY OF THE RADIATION AS the energy emitted 
per unit of time, per unit of surface, per unit of solid angle, and per unit of frequency

since we want the component along the direction to the observer, i.e., we 
are interested only in the photons arriving perpendicularly to our detector

<latexit sha1_base64="CtHSqYz9Yaec4u4iof3WnAvDZzA="></latexit>

[I⌫(✓)] =
erg

s cm2 str Hz



ENERGY FLUX:

<latexit sha1_base64="5pAgNLkUTnF/K3E/W+mOZXEvKl0=">AAACHXicbVBNSwMxEM36bf2qevQSLIJeyq4W9CKIguitgrVCt5RsOm2D2WRJZoWy7A/x4l/x4kFBPHgR/43px0GtDwJv3pthMi9KpLDo+1/e1PTM7Nz8wmJhaXllda24vnFjdWo41LiW2txGzIIUCmooUMJtYoDFkYR6dHc28Ov3YKzQ6hr7CTRj1lWiIzhDJ7WKB+etLFRpfhwKhdnlqNgNsQfI9mjItc1GRU7bNNQxdFneKpb8sj8EnSTBmJTIGNVW8SNsa57GoJBLZm0j8BNsZsyg4BLyQphaSBi/Y11oOKpYDLaZDY/L6Y5T2rSjjXsK6VD9OZGx2Np+HLnOmGHP/vUG4n9eI8XOUTMTKkkRFB8t6qSSoqaDpGhbGOAo+44wboT7K+U9ZhhHl2fBhRD8PXmS1PfLQaUcBFeV0snpOI8FskW2yS4JyCE5IRekSmqEkwfyRF7Iq/foPXtv3vuodcobz2ySX/A+vwEmW6Jw</latexit>

F⌫ =

Z
I⌫(✓) cos ✓d!

Assuming spherical symmetric (only the semi-sphere): 
<latexit sha1_base64="YdqEz4fIqXfQeuwKeo1n2iW0APA=">AAACDnicbZA9SwNBEIb34leMX1FLm8UoWIW7ENBGCNpYRjAmkAthb2+SLNnbO3bnhHDkD9j4V2wsFMTW2s5/4+aj0MQXFh7emWF23iCRwqDrfju5ldW19Y38ZmFre2d3r7h/cG/iVHNo8FjGuhUwA1IoaKBACa1EA4sCCc1geD2pNx9AGxGrOxwl0IlYX4me4Ayt1S2ehH4cQZ/RS1qhfiKob4TKfBwAsjENZ9AtltyyOxVdBm8OJTJXvVv88sOYpxEo5JIZ0/bcBDsZ0yi4hHHBTw0kjA9ZH9oWFYvAdLLpNWN6ap2Q9mJtn0I6dX9PZCwyZhQFtjNiODCLtYn5X62dYu+ikwmVpAiKzxb1UkkxppNoaCg0cJQjC4xrYf9K+YBpxtEGWLAheIsnL0OzUvaqZc+7rZZqV/M88uSIHJMz4pFzUiM3pE4ahJNH8kxeyZvz5Lw4787HrDXnzGcOyR85nz/XeJs/</latexit>

d! = 2⇡ sin ✓d✓
<latexit sha1_base64="wRwg32A9z83ZAZc0opEyr7cKusA="></latexit>

F⌫ = 2⇡

Z ⇡/2

0
I⌫(✓) sin ✓ cos ✓d✓ i.e., integrating for the outward hemisphere

Energy flux: total energy emitted in the unit of time, 
unit of surface, and unit of frequency

<latexit sha1_base64="yUElB/8EhMcomo0+ZMKeyI6Xr9w=">AAACC3icbVDLSsNAFJ3UV62vqEs3o0VwVZJS0I1QFKTLCtYWkhgm00k7dDIJMxOhhnTrxl9x40JB3PoD7vwbp4+Fth64cDjnXu69J0gYlcqyvo3C0vLK6lpxvbSxubW9Y+7u3co4FZi0cMxi0QmQJIxy0lJUMdJJBEFRwEg7GFyO/fY9EZLG/EYNE+JFqMdpSDFSWvLNQ+fKz1ye5h48h24oEM6I6OWZHOHorjpqPOS+WbYq1gRwkdgzUgYzNH3zy+3GOI0IV5ghKR3bSpSXIaEoZiQvuakkCcID1COOphxFRHrZ5JUcHmulC8NY6OIKTtTfExmKpBxGge6MkOrLeW8s/uc5qQrPvIzyJFWE4+miMGVQxXCcC+xSQbBiQ00QFlTfCnEf6TyUTq+kQ7DnX14k7WrFrlVs+7pWrl/M8iiCA3AEToANTkEdNEATtAAGj+AZvII348l4Md6Nj2lrwZjN7IM/MD5/ABNRmvY=</latexit>

[F⌫ ] =
erg

s cm2 Hz



ENERGY FLUX:

<latexit sha1_base64="5pAgNLkUTnF/K3E/W+mOZXEvKl0=">AAACHXicbVBNSwMxEM36bf2qevQSLIJeyq4W9CKIguitgrVCt5RsOm2D2WRJZoWy7A/x4l/x4kFBPHgR/43px0GtDwJv3pthMi9KpLDo+1/e1PTM7Nz8wmJhaXllda24vnFjdWo41LiW2txGzIIUCmooUMJtYoDFkYR6dHc28Ov3YKzQ6hr7CTRj1lWiIzhDJ7WKB+etLFRpfhwKhdnlqNgNsQfI9mjItc1GRU7bNNQxdFneKpb8sj8EnSTBmJTIGNVW8SNsa57GoJBLZm0j8BNsZsyg4BLyQphaSBi/Y11oOKpYDLaZDY/L6Y5T2rSjjXsK6VD9OZGx2Np+HLnOmGHP/vUG4n9eI8XOUTMTKkkRFB8t6qSSoqaDpGhbGOAo+44wboT7K+U9ZhhHl2fBhRD8PXmS1PfLQaUcBFeV0snpOI8FskW2yS4JyCE5IRekSmqEkwfyRF7Iq/foPXtv3vuodcobz2ySX/A+vwEmW6Jw</latexit>

F⌫ =

Z
I⌫(✓) cos ✓d!

Assuming spherical symmetric (only the semi-sphere): 
<latexit sha1_base64="YdqEz4fIqXfQeuwKeo1n2iW0APA=">AAACDnicbZA9SwNBEIb34leMX1FLm8UoWIW7ENBGCNpYRjAmkAthb2+SLNnbO3bnhHDkD9j4V2wsFMTW2s5/4+aj0MQXFh7emWF23iCRwqDrfju5ldW19Y38ZmFre2d3r7h/cG/iVHNo8FjGuhUwA1IoaKBACa1EA4sCCc1geD2pNx9AGxGrOxwl0IlYX4me4Ayt1S2ehH4cQZ/RS1qhfiKob4TKfBwAsjENZ9AtltyyOxVdBm8OJTJXvVv88sOYpxEo5JIZ0/bcBDsZ0yi4hHHBTw0kjA9ZH9oWFYvAdLLpNWN6ap2Q9mJtn0I6dX9PZCwyZhQFtjNiODCLtYn5X62dYu+ikwmVpAiKzxb1UkkxppNoaCg0cJQjC4xrYf9K+YBpxtEGWLAheIsnL0OzUvaqZc+7rZZqV/M88uSIHJMz4pFzUiM3pE4ahJNH8kxeyZvz5Lw4787HrDXnzGcOyR85nz/XeJs/</latexit>

d! = 2⇡ sin ✓d✓
<latexit sha1_base64="wRwg32A9z83ZAZc0opEyr7cKusA="></latexit>

F⌫ = 2⇡

Z ⇡/2

0
I⌫(✓) sin ✓ cos ✓d✓ i.e., integrating for the outward hemisphere

Energy flux: total energy emitted in the unit of time, 
unit of surface, and unit of frequency

NOTE: 
<latexit sha1_base64="LzLCSNqnmPSC7LiPmnWgpSi4txk=">AAAB+XicbVDLSsNAFL3xWeujUZduBovgqiZS0I1QdOOygrWFJpTJZNIOnUzCPIRa+iVuXCiIW//EnX/jtM1CWw8MHM65h3vnRDlnSnvet7Oyura+sVnaKm/v7O5V3P2DB5UZSWiLZDyTnQgrypmgLc00p51cUpxGnLaj4c3Ubz9SqVgm7vUop2GK+4IljGBtpZ5bCYRBV4icBdyGYtxzq17NmwEtE78gVSjQ7LlfQZwRk1KhCcdKdX0v1+EYS80Ip5NyYBTNMRniPu1aKnBKVTieHT5BJ1aJUZJJ+4RGM/V3YoxTpUZpZCdTrAdq0ZuK/3ldo5PLcMxEbjQVZL4oMRzpDE1bQDGTlGg+sgQTyeytiAywxETbrsq2BH/xy8ukfV7z6zXfv6tXG9dFHyU4gmM4BR8uoAG30IQWEDDwDK/w5jw5L8678zEfXXGKzCH8gfP5Aw7ykoU=</latexit>

⌫ = c/�
<latexit sha1_base64="sBpiKnbmr52n+R6Z8QzzefbRMbs=">AAACBnicbVDNSgMxGPy2/tX6t+pRD8EieLHdLQW9CEUvHitYW+iuJZtN29BsdkmyQim9ePFVvHhQEK8+gzffxrTdg7YOBCYz35B8EyScKe0431ZuaXlldS2/XtjY3NresXf37lScSkIbJOaxbAVYUc4EbWimOW0lkuIo4LQZDK4mfvOBSsVicauHCfUj3BOsywjWRurYh6En0nLocRMJMbpAp6ScXe4rHbvolJwp0CJxM1KEDPWO/eWFMUkjKjThWKm26yTaH2GpGeF0XPBSRRNMBrhH24YKHFHlj6ZbjNGxUULUjaU5QqOp+jsxwpFSwygwkxHWfTXvTcT/vHaqu+f+iIkk1VSQ2UPdlCMdo0klKGSSEs2HhmAimfkrIn0sMdGmuIIpwZ1feZE0KyW3WnLdm2qxdpn1kYcDOIITcOEManANdWgAgUd4hld4s56sF+vd+piN5qwssw9/YH3+ABRnl3g=</latexit>

d⌫/d� = �c/�2

<latexit sha1_base64="oxeDxFLLKicjE9nW5KUSiXsRdW0=">AAACDXicbVDLSsNAFL2pr1pfVZduBovgqiQi6EYoCuKygrWFNpTJZNIOnUzCPIQS+gFu/BU3LhTErXt3/o2TNgttPTBwOOdc7twTpJwp7brfTmlpeWV1rbxe2djc2t6p7u7dq8RIQlsk4YnsBFhRzgRtaaY57aSS4jjgtB2MrnK//UClYom40+OU+jEeCBYxgrWV+tXadT/rcZsP8QSFBUMXKJeFySVhbMqtu1OgReIVpAYFmv3qVy9MiImp0IRjpbqem2o/w1Izwumk0jOKppiM8IB2LRU4psrPpsdM0JFVQhQl0j6h0VT9PZHhWKlxHNhkjPVQzXu5+J/XNTo69zMmUqOpILNFkeFIJyhvBoVMUqL52BJMJLN/RWSIJSba9lexJXjzJy+S9kndO6173u1prXFZ9FGGAziEY/DgDBpwA01oAYFHeIZXeHOenBfn3fmYRUtOMbMPf+B8/gBX75r5</latexit>

F�d� = F⌫d⌫

<latexit sha1_base64="WUmAq8FY2CASGgaaafGpjQIN+xM="></latexit>

F� =
c

�2
F⌫

To go from energy flux in frequency 
to energy flux in wavelength

<latexit sha1_base64="yUElB/8EhMcomo0+ZMKeyI6Xr9w=">AAACC3icbVDLSsNAFJ3UV62vqEs3o0VwVZJS0I1QFKTLCtYWkhgm00k7dDIJMxOhhnTrxl9x40JB3PoD7vwbp4+Fth64cDjnXu69J0gYlcqyvo3C0vLK6lpxvbSxubW9Y+7u3co4FZi0cMxi0QmQJIxy0lJUMdJJBEFRwEg7GFyO/fY9EZLG/EYNE+JFqMdpSDFSWvLNQ+fKz1ye5h48h24oEM6I6OWZHOHorjpqPOS+WbYq1gRwkdgzUgYzNH3zy+3GOI0IV5ghKR3bSpSXIaEoZiQvuakkCcID1COOphxFRHrZ5JUcHmulC8NY6OIKTtTfExmKpBxGge6MkOrLeW8s/uc5qQrPvIzyJFWE4+miMGVQxXCcC+xSQbBiQ00QFlTfCnEf6TyUTq+kQ7DnX14k7WrFrlVs+7pWrl/M8iiCA3AEToANTkEdNEATtAAGj+AZvII348l4Md6Nj2lrwZjN7IM/MD5/ABNRmvY=</latexit>

[F⌫ ] =
erg

s cm2 Hz



Since I am interested in the energy emitted by the photosphere in the unit of time (i.e., L), 
I need to integrate over the surface and the frequency

surface of sphere

Monochromatic photon luminosity

NOTE: A star is alway seen as a point-like object (except for the Sun and a handful of other 
cases). Therefore, observations always return the monochromatic photon luminosity (or the 
monochromatic energy flux if the radius of the star is known). Only for the Sun I am able to 
determine the specific intensity.

Integrating over all frequencies, I get the total photon luminosity, i.e., the total photon energy 
emitted by the star in the unit of time:



If the star is at a distance d from the instrument:

Incident energy flux on the detector 
(a.k.a., apparent brightness)

a.k.a. the inverse 
square law of light

NOTE 1: this law is true only without interstellar absorption

NOTE 2: by measuring 



Assuming no interstellar absorption:

monochromatic apparent magnitude

ABSOLUTE MAGNITUDE M: For an absolute comparison of intrinsic brightness, it is 
common to discuss the magnitudes of stars would have IF they were all at the same 
distance of d=10 pc, i.e., M = m(@d=10pc):

i.e., the apparent magnitude depends 
on both the intrinsic luminosity and the 
distance of the star





NOTE: Mbol is not directly measurable. To obtain the total energy 
radiated from a star requires making a bolometric correction



In bolometric units:

a.k.a. the inverse 
square law of light

Solar irradiance



Given the Sun and another star:



Reading assignment for next week:

THURSDAY: NO LECTURE
TUESDAY 9/22: Chapters 3.4, 3.5, 3.6

Homework assignment:
Posted on the AST-31 website 
Due date: Tuesday, September 22 (before class)

The Continuous Spectrum of Light


