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




Real Life — Black Body Theoretical Physicists Black Body
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Separating light into its colors with a mirror




Separating light into its colors with a much more expensive mirror




Black Body Radiation

o Visible
6000~ K

l; = Intensity per Af

Definition of intensity per frequency

AFE
= _ A
ang LAl
For a black body
2h f3

Iy = o3 ehf/ksT _ 1
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Quasars (Quasi-Stellar Objects) or galaxies being born
e QSOs are bright sources from Black-Hole/Galactic-core of newly formed galaxies

e Here is an artist conception

These are observedto z ~ 7
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Observed time of re-ioniziation

11T
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time (Gy)

These are observed ata = 1/(1 + z) ~ 1/8, or approximately 1 Gy after big bang



First Stars and Reionization Era

Time since the
Big Bang (years)

~ 350 Thousand

~ 400 Millsan

~ 9 billion

~ 13.7 Billian

P

Epoch of Reicnization

Today: Astronomers look back and understand

The Big Bang/Inflation

Universa filled wilh
ionized gas:
fully opague

Universe becomes
neutral and ransparent

Galaxies and Quasers
begin to form - starting
resonization.

Heionization complete
~ 10% opacity

Galaxies evolve

Diark Energy begins
to accelerate the
expansion of space

| Our Solar System

farms
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Hydrogen Absorption Spectrum

I

Hydrogen Emission Spectrum

| ‘ l

400nm 700nm

H Alpha Line
656nm
Transition N=3 to N=2

The smallest discrete wavelength that is emitted is in the UV and is known

as the Lymann-« line. Watch the video

ALy—a = 121nm


http://www.youtube.com/watch?v=OJzW2RoZq1Y
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Intensity per frequency « (o7 erg s em™ &)

3 A ' ! ‘ ' . |

| J083643.85+005453.3 (z=5.82) 2% 1 transition
Quasar 1: (closest) |\ : Emission of
3 — 1 transition [ : Hy:drogen Li_l'leS

asar

o| J130608.26+035626.3 (z=5.99)

12) 121 nm = 84904
Quasar 2: (farther) -

. | The peaks move
'I] because the
1 red-shift is changing

- J103027.104+052455.0 (z=6.28)

ol | | for the three quasars
Quasar 3: (farthest) ~

| meaured

5500 6000 6500 7000 7500 8000 8500 9000 9500 10*
wavelength (R)

Wavelength in Angstroms, 10 Angstroms = 1 nm
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Intensity per frequency +, (o7 erg s em™2 &)

| J083643.85+005453.3 (z=5.82)
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Quasar 1: (closest)

ol J130608.26+035626.3 (z=5.99)

Quasar 2: (farther)

- J103027.104052455.0 (z=6.28) Ao 1
- Quasar 3: (farthest) < Whatis
s | ; Different about
this?
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Wavelength in Angstroms, 10 Angstroms =1 nm



Intensity per frequency +, (10717 erg s em=2 &7

| J083643.85+005453.3 (z=5.82) The qua—sar |S em|’[’[|ng I|ght at
wavelengths shorter than the
Ly- alpha wavelength
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Quasar 1: (closest)
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ol J130608.26+035626.3 (z=5.99)

Quasar 2: (farther)

8....,::::::::,:::,:_:::,. ..... *_‘_E_T_
- J103027.10+052455.0 (z=6.28) . But for the largest z this
. \ is nothing here.
o MMMMMMJE—E - :_ _ _
5500 6000 6500 7000 77500 8000 | 8500 /000 500 10*
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Wavelength in Angstroms, 10 Angstroms =1 nm



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.



First Stars and Reionization Era

Time since the
Big Bang (years)

~ 350 Thousand

~ 400 Millsan

~ 9 billion

~ 13.7 Billian

P

Epoch of Reicnization

Today: Astronomers look back and understand

The Big Bang/Inflation

Universa filled wilh
ionized gas:
fully opague

Universe becomes
neutral and ransparent

Galaxies and Quasers
begin to form - starting
resonization.

Heionization complete
~ 10% opacity

Galaxies evolve

Diark Energy begins
to accelerate the
expansion of space

| Our Solar System
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