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• Obtain a working knowledge of physical processes which shape the 
properties of planets, including gravity, radiation, and thermodynamics, and 
construct quantitative estimates of planet properties using these basic 
physics principles.  

• Apply elementary classical mechanics to planetary orbits with an emphasis 
on Kepler’s Laws, perturbations and resonances. 

• Explain and quantitatively apply concepts of energy transport and 
atmospheric dynamics to planetary atmospheres. 

• Compare and contrast terrestrial and Jovian planetary atmospheres and 
interiors. 

• Compare and contrast the physical and orbital properties, as well as the 
architectures of Solar System planets and exoplanets. 

• Explain the mechanisms of formation of the solar and extrasolar planetary 
systems. 

• Synthesize material from multiple sources, critically assess it and present it 
clearly and concisely in written and oral form.

Course Learning Goals



Professor: Diana Dragomir 

Office hours: Thursdays 10 - 11am, or by appointment 

Course webpage: https://exoplanets.unm.edu/phys480-581.html + UNM Learn 

Course text: Planetary Sciences, de Pater and Lissauer, 2nd edition. 
Cambridge University Press. 2015. 
There will be some readings from other sources, but they will all be 
freely accessible on the arxiv. 

Lecture format: mix of “chalk talks” (white board in our case) and slides. 
Slides and hand-written notes will be posted on UNM Learn. 

Grading: 40% homework 

30% term paper and presentation 

30% class participation 

Adv. Topics: Planetary Astrophysics

https://exoplanets.unm.edu/teaching.html


Aug. 27  
Physics and Astronomy Colloquium

Alien Earths: The Search for Habitable Worlds around 
Nearby Stars 

With the number of extrasolar planets discoveries increasing rapidly, a key 
emerging frontier of extrasolar planet research is the search for potentially 
habitable planets around nearby stars. It is these relatively nearby planets 
that we may hope to survey in the near future for potential atmospheric 
signatures of life. However, due to the challenging nature of exoplanet 
observations, the majority of nearby planets remains undiscovered. In 
addition, the nature of many known, nearby planets remains still poorly 
understood due to the lack of critical measurements. 

In this talk I will present a large, interdisciplinary project – Alien Earths – that 
is funded by NASA’s Nexus for Exoplanet System Science (NExSS) program 
that aims to address these challenges. Our Alien Earths team works toward 
developing a comprehensive, integrative framework to study and 
characterize nearby planetary systems to determine which of them are more 
likely to harbor habitable worlds. In the talk, I will also show examples — 
such as the tau Ceti system — of how the planetary system architectures 
and presence of nearby planets can be successfully predicted by combining 
system-specific but incomplete information with robust, population-level, 
statistical constraints. I will also describe how Alien Earths combines multiple 
lines of evidence to characterize nearby planetary systems and support 
target selection and the interpretation of observations of future missions that 
search for life on other worlds. 

Aug. 27 
3:30 - 4:30pm 

Prof. Daniel Apai, 
University of Arizona



Tentative Class Schedule

Consequences of not wearing a mask properly
If you don’t wear a mask, or if you do not wear a mask properly by covering your nose and mouth, you will be asked to leave
class. If you fail to wear a mask properly on more than one occasion, you can expect to be dropped from the class. If you
insist on remaining in the classroom while not wearing a mask, class will be dismissed for the day to protect others and you
will be dropped from the class immediately.

The President and Provost of UNM may direct that classes move to remote delivery at any time to preserve the health and
safety of the students, instructor and community. Please check the course webpage regularly for updates about our class and
please check the Bringing Back the Pack website regularly for general UNM updates.

Tentative Class Schedule

Week 1 Introduction; Overview of Solar System and Exoplanets PS ch. 1; FEEPS ch. I
B+C

Week 2 Two-body problem; Three-body problem PS ch. 2.1 and 2.2

Week 3 Perturbations, stability and chaos ; Tides PS ch. 2.3, 2.4 and 2.6

Week 4 Solar heating; Energy Transport PS ch. 3

Week 5 Earth (guest lecture) and Solar System planetary and satellite atmospheres PS ch.4

Week 6 Exoplanetary atmospheres and characterization methods; Planetary interiors S&D, M19 (a cursory
reading is su�cient),
PS ch. 6.1 - 6.2

Week 7 Earth (guest lecture), Planetary and Satellite Interiors; Exoplanetary interiors PS ch. 6.3 - 6.4

Week 8 Planetary surfaces; Fall break PS ch. 5

Week 9 Volcanism (guest lecture); Meteoritics and isotopes (guest lecture) PS ch. 5.3 and 8

Week 10 Minor bodies PS ch. 9 and 10

Week 11 Rings; Protoplanetary disks PS ch. 11 and FEEPS
ch. II

Week 12 Planet formation PS 13.1 - 13.7 and
FEEPS ch. III

Week 13 Planet migration, scattering and tidal evolution PS 13.8 and FEEPS ch.
IV

Week 14 The star-planet connection (time permitting); Thanksgiving break PS 13.2

Week 15 Life in the Solar System and beyond (time permitting); Student presentations PS ch. 12.5 and 12.6

Week 16 Student presentations



The TESS exoplanet hunter is 
discovering hundreds of sub-Neptunes, 
super-Earths and Earth-sized planets 
that transit nearby stars. 

My research involves finding these 
planets and measuring their physical 
and atmospheric properties (with HST, 
JWST and ground-based telescopes).  

I aim to answer questions like: do 
planets form the same way around all 
kinds of stars? Is the Solar System 
unique? How common are “Earth-like” 
planets around other stars?



Founded in 1889, the University of New Mexico sits on the 
traditional homelands of the Pueblo of Sandia. The original 
peoples of New Mexico Pueblo, Navajo, and Apache since 
time immemorial, have deep connections to the land and have 
made significant contributions to the broader community 
statewide. We honor the land itself and those who remain 
stewards of this land throughout the generations and also 
acknowledge our committed relationship to Indigenous 
peoples. We gratefully recognize our history. 

Land Acknowledgment



Anasazi Astronomy



Nicolaus Copernicus: heliocentrism
Johannes Kepler: empirical laws

Kepler’s laws = empirical laws (little to no explanation 
as to WHY) 
(3rd law) Orbital period squared is proportional to the semi-
major axis cubed. Different but equivalent forms:  

P2 ~ a3  (proportionality) 
P ~ a3/2  (equivalent form of proportionality or ‘scaling’) 
(P / 1 yr)2 = (a / 1 AU)3   (exact equality), AU = astron. unit 
P = (a/1AU)3/2 yr           (exact equality) 
 
 

Galileo Galilei: empirical laws

           

Newton�s Principia are 
today considered the 
most important book 
in physical sciences 

 

1687 

           

Orbital Motion & applications 
■  Objects orbiting each other actually revolve 

around their mutual centre of mass. 
■  This way we can detect the otherwise unseen 

planets... 
■  by looking at star’s 
   (reflex) motion 
 
 
This way, we can find  
the smaller mass & know 
that it’s a planet.   

Isaac Newton: gravity!



• Landings on Moon, Venus, Mars, Titan and asteroids 433 Eros, 25143 
Itokawa 

• Rosetta spacecraft landing on comet 67P 
• New Horizons spacecraft at Pluto in July 2015 
• Atmospheres probed on Venus, Mars & Jupiter 
• Fly-bys past all planets, some with spacecraft put into orbit 
• MASCOT and MINERVA rovers on Ryago asteroid 
• Fly-bys past asteroids and comets, and Pluto 

• All of this in past ~50 years - and more to come! 

We live in a special age



Overview of the Solar System



Contents of the Solar System

• Sun 

• Planets 

• Moons 

• Rings 

• Asteroids 

• Comets 

• Trans-Neptunian objects



Solar System Objects to Scale

1 10Astronomical units from Sun





Solar System Objects to Scale

After Neptune: Pluto, Haumea, Makemake, and Eris.



Solar System Objects to Scale



Solar System to Scale



• Mostly (>99%) H and He 
• 99.8% of the mass of the Solar 

System 
• ~4.6 Gyr old (middle-age) 
• Surface (photosphere) about 

5800 K  
• Hot because of nuclear fusion 

in core 
• Builds He from H, a process 

that releases energy 
• Space weather and solar 

winds

The Sun



Heliosphere

heliosheath

interstellar neutrals



Giant Planets

(probable)

(probable)

318 Earth masses 100 Earth masses 15 Earth masses 17 Earth masses



Terrestrial Planets



Kuiper belt

Artist conception



Asteroids



Comets

Halley’s comet as seen by the Giotto spacecraft in 1986, from 600 km away



Rings and Satellites
• Natural satellites have 

been found around all 
planets except Mercury 
and Venus 

• Radii range from to 7 
(Deimos) to 2600 km 
(Ganymede)  

• Some have atmospheres, 
some don’t. 

• All four giant planets have 
rings 

• Jupiter’s ring is tenuous 
while Saturn has broad rings 

• Uranus and Neptune have 
multiple rings too but fewer 
than Saturn.


