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Physics and Chemistry of Planetary Habitability
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PR # 40% :
one-hour written exam on Friday afternoon, multiple-choice questions, True or False , and short
answer questions. The scope of the exam covers lecture materials and suggested textbook chapters.

FL10% :
each student will give an oral presentation on a topic related to the course in Chinese or English
(student’s choice) on Friday afternoon (the last day of the course). Students will discuss their selected
topics with the lecturer and work with lecturer on their presentations throughout the week. Students
are encouraged to ask questions after each presentation. The presentations will be graded in their
scientific accuracy and originality (50%), organization and clarity (30%), and quality for answering
questions (20%).

REERPKITA40% :
lab exercises and assignments with solving scientific questions with the lecturer and TA. Students
are encouraged to work as a team with classmates to work on the questions, but responses need to
be in your own words. There are natural samples and scientific instruments involved in the lab

exercises.
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Please review lecture slides before you come to the class and ready to engage in discussions of

class materials. Consider reading the recommended textbook in advance so you gain a basic
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understanding of the subject. You’re encouraged to work with your classmates in lab exercises, but

your reports should be in your own words.
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This course explores how to build a habitable planet like Earth, from its primordial materials to

its present-day physical, chemical, biological processes. The discovery of thousands of exoplanets has
renewed scientific interest in identifying other potentially habitable worlds. Earth remains the only
known planet that hosts life, where key processes—such as critical materials to life (e.g., energy, water,
CHON, metals) and co-evolution of geobiology—play essential roles in sustaining habitability. Could
other planets operate under different mechanisms to support life? Addressing this question requires a
fundamental understanding of planetary materials and their governing physical, chemical, and
biological processes.

Students will investigate how elements in the early universe condensed to form organic and
inorganic materials, how critical materials to life are differentiated and enriched to support life
evolution through time, and how physical and chemical processes facilitate biological evolution over a
wide range of environments. The course integrates concepts from planetary materials science, physics,
chemistry, astronomy and biology to examine the environments of habitable planets and the evolution
of human intelligence and technology. Ultimately, students will learn to think about habitability across
spatial and temporal scales and critically engage with one of the most profound scientific questions:
Are we alone in the universe?

Keywords : Planetary habitability ~ Biological Evolution ~ Critical materials to life
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09:00-12:00 | From Stardust to Habitable Planets (; % %)
13:00-15:30 | ;&% ¥ /3 i%: Primordial Meteorites and Materials
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09:00-12:00 | Habitable Planet Formation: Physical and Chemical Processes (3
2026/7/21(=) %)

13:00-15:30 | ;& ¥ /% i¥: Critical Materials for Life: CHON, Metals and Energy
09:00-12:00 | Habitable Conditions and Disasters (& %)

13:00-15:30 | ;&% ¥ /g iF: Co-evolution of Rocks and Life

09:00-12:00 | Chemical Cycles through Time (3 %)

13:00-15:30 | ;% % /§ i%: Biological Evolution

09:00-12:00 | Origin and Evolution of Life and Intelligence (i %)

13:00-15:30 | §® i¥/% #%: Presentation and Written Exam
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1. Understand how planetary materials form from the early universe and evolve through physical,
chemical, and biological processes to create habitable environments.

2. Analyze how critical materials for life (e.g., energy, water, CHON elements, and metals) are
differentiated, cycled, and coupled with geobiological processes to sustain habitability.

3. Apply interdisciplinary knowledge to evaluate habitable conditions across planetary systems,
including exoplanets, and develop hypotheses about life-supporting mechanisms in diverse
environments.

FRARNE & S i R
This course will address one of the most important questions for human beings: how Earth has

become a habitable planet to harbor life. In the past, the focus on the topic was often on how Earth

maintains a temperate climate that allows liquid water to exist on its surface for billions of years and
on how organic matters were produced and evolved through time. Here we will address the planetary
habitability from the prospective of the physics and chemistry of planetary material and biological
evolution under thermodynamic variables through vast time and space scales. This course aims to
synthesize interdisciplinary knowledge in Earth Science, Material Science, Physics, Chemistry, and

Astronomy, and will help us appreciate planet Earth and think about the sustainability of the planet

into the future.
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%% 2 P : How to Build a Habitable Planet: The Story of Earth from the Big Bang to Humankind,

Princeton University Press, 2012
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