SPU 14: How to Build a Habitable Planet
Fall, 2012
Course Description

This course tells the story of the universe that led to our planet inhabited by intelligent life. The first aim of the course is for you to understand and be able to tell this story, not as memorized facts, but through an understanding of the evidence and reasoning that leads to this knowledge. How do we know what we know, and how well do we know it? Some things we know very well, such as the Big Bang, evolution, and plate tectonics. Others we do not yet understand well, such as the origin of life, the origin of the atmosphere, and exactly why certain periods of Earth history have ice ages and other periods do not. The second aim is to place human beings in the context of planetary evolution. What has been the impact of human beings on the planet and how does that impact compare to past planetary events? Might there be a role for human beings that goes beyond being a consumer of planetary resources? What might that role be and are we up to the challenge? What would this mean for how we live on and interact with our planet of which we are an inseparable part? And finally, what are the implications for intelligent life elsewhere in our galaxy?

The story begins with the Big Bang, followed by the origin of the elements, formation of minerals and the organic molecules of life, origin of the solar system, layering and structure of planets, initiation of a stable climate, development of plate tectonics and solid earth circulation, origin of life, and co-evolution of ocean, atmosphere, solid earth and biosphere to create the conditions that made advanced life possible. Human beings then appear on Earth, to find a planet full of treasure stored up over 4.55 billion years, which permits civilization to occur. Are there laws to this planetary evolution? What is the place of intelligent life in the operation of a planet? What might be our role?
Course Objectives

At the end of this course, you will understand--
· The importance of “scale” as it relates to the Earth, both in terms of size (galaxies vs. atoms) and time (age of the Universe vs. timescales of atomic reactions)
· why the Big Bang is accepted fact
· how the elements formed in stars
· how and when the solar system and Earth formed

· Earth’s structure and how it came about
· plate tectonics and its relationship to volcanoes and earthquakes

· why Earth has been able to sustain liquid water at the surface for most of its history, and the long-term and short-term drivers of Earth’s climate

· why evolution is a fact and not ”just a theory” 

· how Earth’s life has changed with time. 

· the different classes of Earth’s resources, and why that is important. 

· why the appearance of human beings is a new planetary era

· the reality and significance of planetary change caused by human activities

· the likelihood and conditions of intelligent life elsewhere in our galaxy

For all of these subjects you will know “how we know” through exposure to the process of science including observations, experiments and theory, and gain a sense of the uncertainties in science.
Beyond content learning goals, this course aims to develop specific skills in line with the goals of the General Education program for Science of the Physical Universe at Harvard. 

You will:

· acquire critical thinking skills by learning to carefully consider the scientific evidence behind a theory
· learn key concepts about the physical universe that equip you to understand the new scientific discoveries that will be made in the years after you graduate

· develop the skills of hypothesis-testing and data acquisition through relevant hands-on experiments

· see the links among the various components of the “Earth system” and their relevance to real-world problems of concern such as climate change 

· come to understand how scientific ideas have evolved with time

· gain confidence in ‘science’ by learning how we have come to know what we know, and where we are still uncertain

· come to see yourself as part of nature and the Earth system, rather than separate from it

Course Policies and Expectations

We strive to make lecture a more interactive experience by including ‘clicker questions’ where you can respond anonymously to questions posed, and by performing live demonstrations pertinent to course material. Toward this end, we strongly encourage lecture attendance and will not post videos of the lectures online unless there are extenuating circumstances, and just before exams for review purposes. We ask that you use laptops solely for the purpose of note-taking (or other course-related activities) while in lecture; e-mailing, checking Facebook, web-surfing etc. during lecture prevent you from learning and are distracting to others.

There is a section component to the course. The aim of the sections is to provide hands-on learning experiences and to solidify course concepts. We will have an alternating weekly schedule whereby one week is a hands-on lab and the next week is a review (with a few exceptions). Sections are important and attendance is mandatory, subject to some flexibility outlined below. For the laboratory weeks, we have limited equipment and the numbers of students must be balanced among sections. Therefore we allow you to switch sections only once during the semester. Since everyone has the occasional crisis week, you are also permitted to miss one section during the term without penalty. Additional absences will require formal documentation to be excused. There will be no makeup sections. Peer learning is very valuable and we encourage collaborative teamwork during the laboratory exercises. Each student, however, must turn in his or her own laboratory write-up and it must be his or her own work. No one should copy from any other person’s lab report.
There will be three quizzes, a midterm and a final examination during the semester. We will drop your lowest quiz score, so there are no makeup quizzes. The goal of the quizzes is for you to have a gauge on your mastery of the course concepts prior to the exams. 

All the staff will hold weekly office hours and strongly encourage you to come to them if you need to discuss any course issues. If the times are not convenient, please e-mail us and we will either answer your question via e-mail or arrange a time to meet.
Professor Langmuir’s office hours policy: To encourage you to come to office hours you get additional credit for each office hours visit where you ask a question related to the course content. For each office hours visit , a point will be added to your final grade, up to a maximum of five (essentially half a grade). Office hours are in a group, so you do not wait in line but come and go freely according to your interest and schedule. 
Materials

The book for this course is “How to Build a Habitable Planet” by Wallace Broecker and Charles H. Langmuir, which was just published this past summer. It will be available for purchase from Olga Kolas in Hoffman 110b for $34. 
Assignments and Grading Procedures

The major assignments for this course and their percentage of your final grade include: 

quizzes (best 2/3), 18%; midterm, 25%; final exam, 35%; section assignments, 22% (14% lab exercises, 4% midterm presentations. 4% perspectives presentation)

There will be six laboratory-based activities in section, briefly described here:

(1) Red Shift Lab: the concepts of red shift and blue shift as they pertain to the relative motions of galaxies can be abstract for students. In this laboratory exercise, teams use marbles rolling down a wooden ramp as analogs for galaxies and can directly observe the red and blue shift. The teamwork component allows you to get to know your classmates early in the semester. You will gain skills relating to: carefully setting up an experiment, collecting reproducible data and quantitative data analysis.

(2) Minerals/Meteorites Lab: in lecture we discuss the fundamental characteristics of minerals and meteorites and their importance for understanding Earth properties. This laboratory allows you to actually see and hold these materials (a rare opportunity in the case of meteorites) and consider important questions such as: what mineral properties might affect Earth structure? How do we know when a rock is a meteorite? How are Earth rocks similar to and different from meteorites and what might this tell us about Solar System formation? This lab is designed to strengthen your hypothesis-testing and observational skills.

(3) Radiometric Dating Lab: Radiometric dating tells us the age of a particular rock or meteorite but the actual techniques are varied and can be quite complex. In this section, you’ll look at one of the many radiometric dating techniques that scientists use to date rocks: rubidium-strontium isochron dating. You’ll work through the ‘isochron method’ using hundreds of dice as visible (noisy!) substitutes for the rubidium and strontium isotopes in a mineral sample. This lab requires teamwork, careful experimentation and data analysis. 
(4) Plate Tectonics: In the early 1970’s, geology was revolutionized by the theory (now observable fact) known as plate tectonics. During this lab, you will use an online program known as GeoMapApp to explore the datasets that led to the hypothesis including: the locations of earthquakes, magnetic anomalies and global topography. You will then explore on your own in more detail the topographic features associated with island arcs and mid-ocean ridges and learn how the observed bathymetry relates to plate tectonics. 

(5) Partial Melting: One of the most fundamental concepts for planetary differentiation is ‘partial melting’. Yet human experience tends to think of ‘complete melting’ (e.g., a pad of butter on a frying pan goes from pure solid to pure liquid). In this lab, we use more or less salty water to demonstrate partial melting, and then apply what we’ve learned to the partial melting of Earth rocks. 

(6) Greenhouse Gases: Climate change is a phrase that is tossed around frequently with little supporting factual information. In this lab, you will create a Co2 atmosphere and a plain air atmosphere in two glass flasks and monitor the temperatures while they are beneath a heat lamp to directly observe what is known as the ‘greenhouse effect.’ The questions that follow will require you to think about the mechanisms of climate change and will make you better prepared to enter the current ‘real-world’ debates about climate change.

Additional Assignment:

Mid-semester, in preparation for the mid-term, you will select a ‘key concept’ fundamental to the course curriculum (key concepts will designated by the professor and teaching fellows). You will then be responsible for drafting a coherent and concise 1-2 page explanation of the concept with an emphasis on “How do we know?” (i.e., what is the evidence that supports the main finding or result?). You will then give an oral presentation of the concept to your peers in your 12-15 person lab sections. The presentations will last 5-7 minutes and your peer audience will be expected to ask questions for ~3 minutes, opening the section up for lively scientific discourse. Grading will be based upon how accurately you present the science, as well as clarity of presentation. The TF for your section will model the written and oral assignments to give you a clear idea of what is expected. After the presentations, the TF will compile the paragraphs into a study-guide that you can use in preparation for the midterm.

By shifting from the TF delivering the concepts to you yourself teaching the concepts, this assignment seeks to both (1) encourage deeper learning while you are doing the teaching and (2) to increase learning while you are taught by your peers. This assignment also requires you to consider ‘how we know’ concepts in science rather than just memorizing scientific facts. Our aim is for you to depart this class with an understanding of concepts, and not simply with a list of memorized facts!
Towards the end of the semester we would like you to consider the question of the role of human beings in planetary evolution. The appearance of human beings is a planetary revolution, leading to crises in biodiversity, resources and climate. What steps in theory could be taken? What might actually work in practice? What would be the role of an individual in this process? What are major challenges to be overcome? The aim here is not to have you find interesting ideas on the web, but to consider these questions from a personal and creative perspective. 
Course Schedule: See next sheets.
Helpful Tips:


Learning science must be an active process. We cannot (and wouldn’t want to!) simply fill up your heads with bullet points – you will get the most from the course if you take an active role and integrate the concepts in the course with your own knowledge and experiences. Lectures will always be based on a particular over-riding concept. As you listen to lecture, be sure to occasionally ask yourself “How does what I am being taught in this moment relate to the overriding theme of the day?” We will use multiple subsidiary lines of evidence to explain the larger concepts. It is important to keep this structure (relevant small lines of evidence relating to a broader concept) in mind. 

Come to the discussion sections prepared to tell your TF the concepts that you found the most challenging so that you can work together to come to a deeper understanding of the material. It is a poor use of your time for the TF to explain concepts that you already understand! Take advantage of office hours to address concepts you find difficult or to explore a subject in more depth.
