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Foundatlo F stronomy - R,

Week 3 Tuesday

Today’s Agenda Announcements / Reminders
® Kepler’'s Laws & Gravity ® Read Chapter 5
® Basic Orbital Dynamics ® HW 2 due September 10th at 11:59pm via
® Problems in groups! Canvas upload

® et there be light
® HW 1 returned soon
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Kepler's 3 Laws!

1) Planets move around the Sun on elliptical
paths, with the Sun at one focus of the ellipse

PLANET

OTHER
FOCUS

© X

SUN AT ONE
FOCUS

PATH OF
ORBIT
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Major Axis
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Earth’s orbit is only
slightly eccentric.

same semimajor axis,
centered on Sun

Pluto’s eccentric orbit is
both noticeably elongated
and noticeably offset as
compared with a circle
centered on the Sun.

same semimajor axis,
centered on Sun




Orbits are Conic Sections

5

Parabola Circle Ellipse Hyperbola
e=1 e=0 O<ex<1 e>1
Etct=0 Eioct <O (minimum Etoct <O Etct >0

for a given L)
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3 Kepler's Third Law
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Hohmann
Transfer Orbit
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Virial Theorem
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Chapter 5: Let there be LIGHT!

e Review of atomic structure, energy
exchange processes, and spectroscopy

el
coN
‘oda\l

e Radiative transfer
e Thermodynamic equilibrium
e Blackbody radiation

e Wien’s Law
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“Light” I1s electromagnetic radiation of any
wavelength/frequency, not just what eyes see

high frequency wave

Classically, can be thought of a wave traveling
down an electric field line like an induced
transverse wave down a rope.

In QM, quanta of the wave are called photons,
which have energy and momenta determined
by wavelength/frequency.

low frequency wave hC
E=hy = —
A

h=6.626x103*Js=4.135x 107" eV s

c=2.998 x 10° m s~ *

- h
oo 1eV=1.602x10"1%J
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Penetrates Earth's

Atmosphere?
Radiation Type Radio Microwave Infrared Visible Ultraviolet  X-ray Gamma ray
Wavelength (m)  10° 0.5x107° 1078 10710 10712

Approximate Scale
of Wavelength

Buildings Humans  Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nuclel

Frequency (Hz)

104 10° 10%2

Emperature of
objects at which
this radiation is the

most Intense
wavelength emitted

| I
1K 100 K 10,000 K 10,000,000 K

—272 °C -173 °C 9,727 °C ~10,000,000 °C
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Atomic Structure (quantized energy levels)

Z protons

m, = 1.673 X 10747 kg
A—Z neutrons

Me = My, /1836
My, ~ My

1A=01nm=10"""m
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Atomic Structure (quantized energy levels)

n=3

n=2

A—Z neutrons Photon emitted
with wavelength/
frequency equal to
difference in energy
between allowed

orbits (energy

levels)
E,, = mec 0422
, 2 n?2
1 e 1
= ~ 7.30 x 1072 ~
- deq he 137
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Energy Levels

AE = E, — B, =
1 1
2
(13.6 €V) Z e

(Energies correspond to
neutral hydrogen)
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1 = oo
n =4
n=23
n=2
n=1

Ultraviolet i Visible i Infrared

S Paschen
‘é series
O
09
e
<
Balmer
series
-
s|.S
o p— Jud
V)
2|8
=1 R=
3.8

Ground state

Lyman
series

Fall 2021: Week 03a

13.6 eV

12.8 eV
12.1 eV

10.2 eV

0eV
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Absorption of Energy

Photoexcitation
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Collisional Excitation
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Emission of Energy

Stimulated Emission

Spontaneous Emission Collisional De-excitation
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Emission of Energy

Radiative Recombination
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Kirchoff’s Laws

e A solid, liguid, or dense gas produces a continuous
spectrum.

* A tenuous gas in front of a hot background produces
an absorption spectrum.

e A tenuous gas In front of a cool background produces
an emission spectrum.
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Hot blackbody

Prism

Absorption line spectrum

Prism

Emission line spectrum

g

a Continuous spectrum
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Continuous Spectrum
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Absorption Line Spectrum
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Spectra are like
Fingerprints

They encode what and how much of
an element is present in a gas (of a
cloud, star, etc.), how hot it is, and

whether it’s being excited by
something else

Each element has a unigue pattern

of lines, which can be seen In
absorption or emission

AE =E, — E, =
1
(13.6 eV) 2~
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Cintinuous spectrum

Absorption spectrum of sodium (na)

SRR

Absorption spectrum of mercury (hg)

Absorption spectrum of lithium (li)

Emission spectrum of lithium (li)
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