
Black body radiation examples



The hot walls in equilibrium with the radiation in an oven



The light from the sun which is in equlibrium with the free electrons and protons of the sun



Finite Temperature:

Real Life – Black Body Theoretical Physicists Black Body

Photon Gas in Box
�

• Can estimate the density of photons:

N

V
=

1

�3
=
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E
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• The Energy is determined by the temperature E � kBT

N

V
�

�
kBT

hc

�3

Hot stuff glows much more brightly than cold stuff
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Separating light into its colors with a mirror



Separating light into its colors with a much more expensive mirror



 0  0.5  1  1.5  2  2.5  3  3.5  4

I f 
=

 I
n
te

n
si

ty
  
p
e
r 

∆
f

h f(eV)

Black Body Radiation

Visible
6000o K

�f

If

Definition of intensity per frequency

�E

A�t
= If ⇥ �f

For a black body

If =
2h

c3

f3

ehf/kBT � 1
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Frequency (units  speed of light/cm)
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2.725 degrees Kelvin BB
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Our Visible Universe
13.9 billion ly

Much beyond 200 Mpc
space seems remarkably
uniform. This uniformity
is known as

"The End of Greatness"

(i.e. the end of structure)

1 billion ly  or 300 Mpc
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Our Visible Universe
13.9 billion ly

Much beyond 200 Mpc
space seems remarkably
uniform. This uniformity
is known as

"The End of Greatness"

(i.e. the end of structure)

1 billion ly  or 300 Mpc

Lets Expand
this arrow by 
a factor of ten!



~1 Gly or 300 Mpc

Super clusters filaments and supervoids

Giant Clusters
of Galaxies

Giant
voids

These giant clusters and voids are remnants of 
the initial perturbations in the background 
hydrogen ! 
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Quasars (Quasi-Stellar Objects) or galaxies being born

• QSOs are bright sources from Black-Hole/Galactic-core of newly formed galaxies

• Here is an artist conception

Hydrogen gas falling onto a black hole in the center
of an active (nascent) galaxy. When the stuff falls in
the core spits out lots of light 

These are observed to z ' 7
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Observed time of re-ioniziation
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These are observed at a = 1/(1 + z) ' 1/8, or approximately 1 Gy after big bang
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The smallest discrete wavelength that is emitted is in the UV and is known

as the Lymann-↵ line. Watch the video

�Ly�↵ = 121 nm

http://www.youtube.com/watch?v=OJzW2RoZq1Y
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3

Fig. 1.— Optical spectra of z � 5.8 quasars observed with Keck/ESI, in the observed frame. The spectra have been smoothed to 4Å
pixel�1, and have been normalized to the observed z band flux. The spectrum of SDSS1044–0125 has been taken from Fan et al. (2000). In
each spectrum, the expected wavelengths of prominent emission lines, as well as the Lyman limit, are indicated by the dashed lines.

Emission of
Hydrogen Lines
from the  Quasar

  
�obs = (1 + z) 121 nm = 8490Å
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The peaks move
because the 
red-shift is changing
for the three quasars
meaured

Quasar 1: (closest)

Quasar 2: (farther)

Quasar 3: (farthest)

3 � 1 transition

2 � 1 transition
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Fig. 1.— Optical spectra of z � 5.8 quasars observed with Keck/ESI, in the observed frame. The spectra have been smoothed to 4Å
pixel�1, and have been normalized to the observed z band flux. The spectrum of SDSS1044–0125 has been taken from Fan et al. (2000). In
each spectrum, the expected wavelengths of prominent emission lines, as well as the Lyman limit, are indicated by the dashed lines.
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Fig. 1.— Optical spectra of z � 5.8 quasars observed with Keck/ESI, in the observed frame. The spectra have been smoothed to 4Å
pixel�1, and have been normalized to the observed z band flux. The spectrum of SDSS1044–0125 has been taken from Fan et al. (2000). In
each spectrum, the expected wavelengths of prominent emission lines, as well as the Lyman limit, are indicated by the dashed lines.
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Quasar 1: (closest)

Quasar 2: (farther)

Quasar 3: (farthest)

The quasar is emitting light at
wavelengths shorter than the 
Ly-alpha wavelength

But for the largest z this
light is absorbed. There
is nothing here.



What the last slide shows:

1. When: between z ' 6 and z ' 6.5 (about 1 Gy) after the big bang.

2. What: the amount of neutral hydrogen in the universe dramatically changed

3. Conclude:

- The neutral hydrogen clustered into galaxies and formed ionized plasma again.
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