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Week 3 Tuesday
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Today’s Agenda 
• Kepler’s Laws & Gravity 
• Basic Orbital Dynamics 
• Problems in groups! 
• Let there be light

Announcements / Reminders 
• Read Chapter 5 
• HW 2 due September 10th at 11:59pm via 

Canvas upload 

• HW 1 returned soon
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Kepler’s 3 Laws!
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1) Planets move around the Sun on elliptical 
paths, with the Sun at one focus of the ellipse

Major Axis
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Orbits are Conic Sections
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Parabola 
e = 1 

Etot = 0

Circle 
e = 0 

Etot < 0 (minimum 
for a given L)

Ellipse 
0 < e < 1 
Etot < 0

Hyperbola 
e > 1 

Etot > 0
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Kepler’s 
3rd Law
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Log-log plot 
Relations to some power 

(called power laws) appear 
as straight lines
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Orbital 
Energetics
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Hohmann 
Transfer Orbit
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Virial Theorem
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Chapter 5: Let there be LIGHT!
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• Review of atomic structure, energy 
exchange processes, and spectroscopy 

• Radiative transfer 

• Thermodynamic equilibrium  

• Blackbody radiation 

• Wien’s Law

Cover 

today
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“Light” is electromagnetic radiation of any 
wavelength/frequency, not just what eyes see
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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.

E = h⌫ =
hc

�
h = 6.626⇥ 10�34 J s = 4.135⇥ 10�15 eV s
c = 2.998⇥ 108 m s�1

~ =
h

2⇡
<latexit sha1_base64="9IZFE3rhkrO3cmwkp71S1czp4Nw="></latexit>

1 eV = 1.602⇥ 10�19 J
<latexit sha1_base64="G3XS+610iSabTSlMwBZ+vdiA+v4="></latexit>
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Atomic Structure (quantized energy levels)
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mp = 1.673⇥ 10�27 kg
<latexit sha1_base64="0a5L/kyuRDmRL+ob9UlvI6Jsq84=">AAACDXicbVC7SgNBFJ31GRMfq5Y2g4lgY9hNwNgIQRvLCOYB2RhmJ5NkyMzsMjMbCEv8ABt/xUZBERsLezs/RGsnj0ITD1w4nHMv997jh4wq7Tif1sLi0vLKamItmVrf2Nyyt3cqKogkJmUcsEDWfKQIo4KUNdWM1EJJEPcZqfq985Ff7ROpaCCu9CAkDY46grYpRtpITTvDmyE8hW72uJCHnqacKOg61/FRrjC8iT3JYa8zbNppJ+uMAeeJOyXpYubr8a2f+i417Q+vFeCIE6ExQ0rVXSfUjRhJTTEjw6QXKRIi3EMdUjdUILO2EY+/GcIDo7RgO5CmhIZj9fdEjLhSA+6bTo50V816I/E/rx7p9kkjpiKMNBF4sqgdMagDOIoGtqgkWLOBIQhLam6FuIskwtoEmDQhuLMvz5NKLuvms7lLk8YZmCAB9sA+OAQuKIAiuAAlUAYY3IJ78ASerTvrwXqxXietC9Z0Zhf8gfX+A3yMncI=</latexit>

x

me ⇡ mp/1836
mn ⇠ mp

<latexit sha1_base64="PL9ef2vqR2zk4gaycuqGdusJ+Kk=">AAACFnicbVDLTgIxFO3gC/GFunTTiCZuxBlIlCXRjUtM5JEwOOmUAo1tp2k7BEL4Cjd+iYkbFxLj1rjzQ3RtARcKnuQmJ+fcm3vvCSWj2rjuh5NYWFxaXkmuptbWNza30ts7FR3FCpMyjlikaiHShFFByoYaRmpSEcRDRqrh7cXYr3aJ0jQS16YvSYOjtqAtipGxUpA+vun5fooHBEIfSamiHuSBhCfQK+RPJ46wjqYcjvUgnXGz7gRwnng/JFM8+HwYdde+SkH63W9GOOZEGMyQ1nXPlaYxQMpQzMgw5ceaSIRvUZvULRWIE90YTN4awkOrNGErUraEgRP198QAca37PLSdHJmOnvXG4n9ePTatQmNAhYwNEXi6qBUzaCI4zgg2qSLYsL4lCCtqb4W4gxTCxiaZsiF4sy/Pk0ou6+WzuSubxjmYIgn2wD44Ah44A0VwCUqgDDC4A4/gGYyce+fJeXFep60J52dmF/yB8/YNNhqgrw==</latexit>

1 Å = 0.1 nm = 10�10 m

<latexit sha1_base64="yR+oEUUrS0BPkRvjLQXm4GOmskg=">AAACFnicbVDLSgMxFM3U9/iqunQTLIKbDhkR1EXR6sZlBauFdiyZNLWhSWZIMkIZxp9w496vcONCEbfiRvwbM20Xvg4Ezj3nXm7uCWPOtEHo0ylMTE5Nz8zOufMLi0vLxZXVcx0litA6iXikGiHWlDNJ64YZThuxoliEnF6E/ePcv7imSrNInplBTAOBryTrMoKNldrFsn+TtpSArWo1gxWIvHEtRV766DIt+ygbaSJrF0vIQ0PAv8Qfk9LBq1uJ7z/cWrv43upEJBFUGsKx1k0fxSZIsTKMcJq5rUTTGJM+vqJNSyUWVAfp8KwMblqlA7uRsk8aOFS/T6RYaD0Qoe0U2PT0by8X//OaienuBSmTcWKoJKNF3YRDE8E8I9hhihLDB5Zgopj9KyQ9rDAxNknXhuD/PvkvOd/2/B1v/xSVDo/ACLNgHWyALeCDXXAITkAN1AEBt+ABPIFn5855dF6c11FrwRnPrIEfcN6+AMeqoE4=</latexit>
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Atomic Structure (quantized energy levels)
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Photon emitted 
with wavelength/

frequency equal to 
difference in energy 

between allowed 
orbits (energy 

levels)

En = �mec2

2
↵2 Z

n2

↵ ⌘ 1

4⇡✏0

e2

~c ⇡ 7.30⇥ 10�3 ⇡ 1

137
<latexit sha1_base64="27Lgzva+BgNAE1P3MWVuQo29Pi8="></latexit>
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Energy Levels
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�E = En � En0 =

(13.6 eV) Z2


1

(n0)2
� 1

n2

�

<latexit sha1_base64="bqw9mgF8fHl5v7Lg+vyS8IO63Cw="></latexit>

(Energies correspond to 
neutral hydrogen)
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Absorption of Energy
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Photoexcitation Collisional Excitation
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Absorption of Energy
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Photoionization Collisional Ionization
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Emission of Energy
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Spontaneous Emission

Stimulated Emission

Collisional De-excitation
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Emission of Energy
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Radiative Recombination
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Kirchoff’s Laws
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• A solid, liquid, or dense gas produces a continuous 
spectrum. 

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

• A tenuous gas in front of a cool background produces 
an emission spectrum.
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Spectra are like 
Fingerprints
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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 unique pattern 
of lines, which can be seen in 

absorption or emission

�E = En � En0 =

(13.6 eV) Z2


1

(n0)2
� 1

n2

�

<latexit sha1_base64="bqw9mgF8fHl5v7Lg+vyS8IO63Cw="></latexit>
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