Course title:

Physics and the Future
Instructor:

Professor Azriel Z. Genack

Department of Physics

Queens College of the City University of New York

Phone: 718/997-3373
Email: Genack@qc.edu
Credits: 

4 
Class Meetings: 
3 lectures, discussion/recitation 
Syllabus

Required texts:

Physics for Future Presidents -- the Textbook, Richard A. Muller (McGraw Hill, 2009)
Readings:
Beyond Oil: The View from Hubbert's Peak, Kenneth S. Deffeyes (Farrar, Straus and Giroux, 2005)
Intended audience:

This course is suitable for both science and non-science majors. There are no prerequisites. Technical issues will be presented with a view towards assessing the impact of physical ideas on society. Most of the material is not covered in standard science courses. The course is suitable for a Perspectives in the Liberal Arts and Sciences (PLAS) course and could be part of an FYI community involving a English 110. 
Course objective:

To acquaint students with the fundamental ideas and ways of thinking that will enable them to understand and make informed judgments regarding key technical issues upon which the wellbeing of our society increasingly depends. Technical and scientific advances have been key to alleviating poverty, improving health, and providing opportunities for fulfillment for people around the world. But the very success of technology has created a new set of global problems, whose solutions requires sound scientific and technological analysis and follow through. We will focus on achieving an understanding of the scientific and technical basis of global problems with a technical basis and on considering alternatives paths towards sustainability. 
The course will provide examples of scientific thinking through examples drawn from analyses of a wide range of physical problems. The focus of the course will be on issues of great current interest relating to the sustainability of advanced technological societies. Fundamental physical principles that underlie the search for solutions and place limits on them will be presented. The impetus and insights that led to scientific breakthroughs that have led to the ability of physics to understand the environment and to develop new devices will be described. The students will develop qualitative and quantitative reasoning skills but will not be called upon to carry out calculations. Students will also gain experience in the use of the web to examine the various challenges, the promise of new technologies, and to assess and track efforts to address these issues. 
Worldwide oil production is now in decline and recoverable reserves will be largely depleted in 50 years. We have polluted the environment, depleted natural resources and may be raising the earth’s temperature. At the same time, nuclear proliferation and terrorism are potential threats. The objective of the course is to consider the technical basis of these problems and of some possible solutions and sources of societal resistance to implementing them. Among the issues that will be discussed are: 

· Alternative energy sources such as solar, coal and nuclear power, and wind. The potential of these sources and their impact on the environment. 

· Nanotechnology, which has the potential of reducing the human footprint on the environment while providing higher quality goods and faster information transmission and processing.
· Global warming and climate change. 
· Nuclear power, its potential and dangers.

· Present examples of governmental and corporate action to address these issues. 
Perspectives in the Liberal Arts and Sciences (PLAS)
This course deals with global issues with a scientific basis that will shape our future. Though the problems require international cooperation on a broader scale than has ever occurred, local cultural contexts cannot be ignored. The area of Knowledge and Inquiry of this course is Natural Science. The course will present the issues and choices in different contexts including those of the industrial nations in North America and Europe, the rapidly industrializing nations in Asia and South America, nations with economies closely tied to natural resources, and underdeveloped nations. The course will address the extended requirement of Abstract and Quantitative Reasoning. The course will use primary data to reveal the existence and importance of change over time and to project changes in the future.

Course Description

Key physical concepts will be explored. These include energy, atoms, nuclei, heat, gravity, temperature, efficiency of the internal combustion engine and solar cells, chemical bonds, equivalence of mass and energy, electromagnetic and nuclear radiation, quantum mechanics and nanostructures. The presentation of these topics will emphasize the broad physical principles at work and will be at a level accessible to liberal arts students who have never had a physics course. Students will obtain an appreciation for great leaps of imagination that led to breakthroughs in physics. These advances will be placed in historical context. Examples of such advances are the realization by Maxwell that light is electromagnetic radiation, by Einstein that energy is carried by light in bundles or quanta called photons, that E=mc2, and that atomic and nuclear states decay spontaneously, and by Lise Meitner that enormous energy is released in nuclear fission. These advances are of such fundamental importance that they are conceptual rather than technical and can be fully appreciated without recourse to detailed computation. Thus students can appreciate the excitement that the greatest innovators in science experienced following flashes of insight.
The course will begin with a look at early predictions of resource availability and compare these to the actual record which is influenced by human ability to respond to challenges. We will consider the energy crisis. We start with a discussion of present fuels - coal, oil, gas and nuclear energy - and the changes that might take place in the mix of fuels and their processing as oil is depleted and the pressure to reduce carbon emissions increases. The future use of nuclear energy from fission and fusion, coal, shale, solar energy, wind and bio-fuels will be considered. The impact of popular resistance to various energy alternatives and their varying development in different countries will be considered. The physics of energy, heat, temperature, the efficiency of the Carnot cycle and its applicability to the internal combustion engine, and the efficiency of solar cells will also be considered. The energy released in nuclear reactions as well as the energy that can be stored in chemical bonds in different materials and their suitability for fuel will be discussed.

The drive towards miniaturization can reduce the use of resources and increase the speed of data processing and thereby reduce the need for travel. Such miniaturization will bring us face to face with quantum characteristics of nanostructure devices. 
The physics behind the threat of conventional and unconventional weapons will be described and the threat of terrorism and nuclear proliferation will be discussed. 
The complex issues surrounding the debate on global warming due to the greenhouse effect and changes in weather patterns will be discussed. The role of deforestation, of the oceans as reservoirs for carbon dioxide, the impact of acid rain, and the historical record of climate change will be discussed. The challenges of modeling climate change and the potential for mitigating its possible effects by conservation and active intervention will be considered. The possibility of new political organizations and alignments fostered by the technological issues discussed in this course will be considered. 
Assignments and grading

Class participation

  5%

Weekly quizzes

10%

Short essays


10%

Capstone essay

10%

Midterm exam


20%

Individual project

10%

Group project


15%

Final Exam


20%



          100%
Class participation is key to making this a lively and relevant course. This is particularly the case since solutions to the problems raised depends upon achieving consensus on complex issues and committed informed leadership that you can provide. You are expected to read the assignment before class and to be prepared to discuss your reading and subjects covered in class. 
Weekly quizzes: A short essay or a quantitative question dealing with material to be covered in the previous week or that will be covered in the lecture. 
Five essays: You will find an article on science and technology in a serious publication and discuss it in a short essay every third week. Suitable publications include The New York Times (www.nytimes.com), which has a Tuesday Science Section, The Economist (www.Economist.com), Scientific American, Popular Science and Discover. Your essay will be submitted by email.  
Capstone Essay: You will present your view of a central issue of the course of your choosing. In this essay, you will be expected to present the physical issues and the global dimensions of the problem and to treat social, economic and political aspects of the problem. You should deal with the interrelatedness of various topics in making your assessment. Examples of such a treatment will be explicitly discussed in class during the semester. 
The midterm and final exam will include be 50% essays and 50% multiple choice. The final exam will emphasize material covered since the midterm.

Individual projects will allow students to focus on some aspect of the course that is of particular interest to them and to present this work to the class in a PowerPoint presentation. Students will consult with the instructor as they are choosing a topic. 
A group project involving 2 or 3 students will examine the workings of an organization actively involved in addressing the issues raised in the course. Examples are the Department of Energy, a private corporation or a university research laboratory. 
