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Reading: OpenStax, Chapter 5, Section 5.3-5.5
For next time, start looking at Chapter 6, through Section 6.2

Brief review of last time: Thermal radiation — the light
from stars

e Can learn a lot about stars (and other things in the universe) from
only looking at light

e Blackbody radiation — temperature of a “blackbody radiator”
determines the “color” of the object and the shape of the spectrum

Today: Spectral lines and spectroscopy: astronomical
fingerprints

e Atoms and molecules produce / absorb specific colors
e ‘line spectra’ allow determination of elemental content of stars
e Spectra are integral to nearly everything in astronomy
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Continuous Spectrum
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e Black body properties:
e Maximum wavelength decreases (bluer) for higher T
e Total brightness increases with higher T
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Blackbody radiation

Fun fact: everyone emits blackbody radiation. We just can’t
see this radiation with our eyes because it’s in the infrared



Stars are close approximations
to black bodies

e Wien’s law (A « 1/T) says

e a star’s color tells you its temperature
* red stars are cool (T < 5,000K)
e pblue stars are hot (T > 10,000K)
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A more realistic stellar spectrum
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Gustav Kirchoff’s Laws (1850s)

1) Continuous spectrum

solids, liquids, and hot gasses at high pressures
(i.e., lots of collisions of atoms/molecules — this makes
temperature uniform)

2) Emission (Bright Line) Spectrum
hot gas at low pressure

3) Absorption (Dark Line) Spectrum
transparent gas in front of continuum source

3.5) A single element makes emission and absorption
lines at the same wavelengths
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Gustav Kirchoff’s Laws (1850s
Absorption lines
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Remember moving charge
picture for continuous spectra

Particles can move at .

(almost) any velocity




Model for the atom
(correct enough for our purposes)

Bohr atomic model of a nitrogen atom
electron orbits
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Orbits are “quantized”

(meaning the electrons cannot occupy in-
between orbits)

nucleus

__electron orbits

© 2012 Encyclopaedia Britannica, Inc.
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Emission lines
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Rent analogy for spectral lines
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Gustav Kirchoff’s Laws (1850s
Absorption lines
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A more realistic stellar spectrum
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The Solar Spectrum

S — e ——

| WY O

I

R (1001 |1 NN BN 1 BN A N |

Lo




ture 3 page 18

What creates these absorption lines in
the Sun?

Light produced deep in Sun
absorbed by cooler
atmosphere

cooler

hotter

" @

Earth

Sun not to scale



Every ATOM has a UNIQUE set of energy levels
= Unique set of Spectral Lines

e Spectral lines are the
fingerprints of atoms

‘Solar spectrum, 420 - 430 nm

| b

Iron lamp, 420 - 430 nm

e Spectroscopy provides a
Rosetta Stone for astronomy




Astro 150 Fall 2020: Lecture 5 page 20

eriodic Table
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Some examples

Continuous
spectrum

Sodium

Hydrogen

Calcium

Mercury
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An ‘emission line nebula’ - the Cygnus Loop
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Molecular Spectra

Vibration - also quantized!
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Molecular Spectra

Rotation - also quantized!
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Microwave and radio
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https://phet.colorado.edu/sims/html/molecules-and-light/
latest/molecules-and-light _en.html
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Molecular Spectra
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Also produces unique signatures!
From this, we can actually understand chemistry in space

Frequency



Molecular spectra can be used to
probe the birth materials for planets!

Disk
surrounding star

Gaps may be
produced by
planets

DSHARP



Spectral lines at all wavelengths,
including X-rays



lron K a line

X-ray photon
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Visible

Ultra-
violet Infrared Microwave Radio
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(meteors burn up)

Stratosphere
(ozone layer at 20-30 km,;

jets fly at 10 km)

Atmosphere

Troposphere
(weather)

Radio “window"




Punchlines

Spectra provide a unique
fingerprint of matter

Spectra tell us about many many
many things: composition, velocity
of source, temperature, ...



