The Shape of the Universe

Astronomy, Cosmology, and Physics

YIHS 12th Grade Main Lesson – November 23 – December 18, 2009

Teacher:  Jacob Hundt
Of all the natural sciences, astronomy is the one most akin to poetry.  Ever since human beings first pondered at the stars or basked in the warmth of the sun, the objects and phenomena of the heavens have been closely associated with all that is beyond ordinary Earth-bound understanding: the sublime, the eternal, the supernatural.  From the earliest cultures we can find record of until today, careful observations and contemplations of the skies have structured the lives of people everywhere, serving as the basis for religions, for systems of timekeeping, and for the continuing exploration of the origins and fundamental laws of the Universe.
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In keeping with the ancient origins of the study of the stars, our most important task in this class will be to familiarize ourselves with the night sky through direct observation.  Students will be expected to participate in at least two evening stargazing sessions during the block and we will spend a significant amount of time becoming comfortable with the observed motions of celestial bodies.  Observational astronomy will lead us toward a far ranging investigation of astronomical objects and phenomena, including stars, planets, galaxies, and the more exotic things found in more distant regions of space and time.  In order to comprehend this all, we will need to familiarize ourselves with a variety of principles from physics, including gravitation, electromagnetic radiation and optics, and relativity.  Along the way, we will trace the evolution of our picture of the structure and order of the cosmos, from the harmonious system of Aristotle and Ptolemy, through the clockwork universe of Newton, to the fantastic and improbable cosmology initiated by Einstein and the founders of quantum mechanics.

This class will cover the following topics:

--How to look at the night sky and recognize the important constellations.

--How the stars, moon, planets, and other objects appear to move through the night sky over the course of the night and year.

--How the scientific view of the origin and structure of the cosmos has evolved since the time of the ancient Greeks.

A total solar eclipse.
--A basic introduction to astrology and its relationship to the history of astronomy and the observed movements of the heavens.

--An introduction to how the sciences physics and cosmology have come to see the universe, including discussions of classical and quantum mechanics, optics, relativity, Black Holes, parallel universes, and the Big Bang

We will also seek answers to some or all of the following questions:

--What causes the phases of the moon?

--What are the characteristics of the different planets of the Solar System?

--Why was Pluto demoted from a major planet to a minor planet?

--How does a telescope work?

--What keeps the Earth going around the Sun?

--What is a star and what makes it shine?

--What is gravity?

--What is a black hole?  What happens if you fall into one?

--What was the Big Bang?

--Why can’t anything go faster than the speed of light?

--How many dimensions are there?

--What is the significance of E=mc2?

--What is the relationship between space and time?

--Why does the universe appear to be expanding?

--What is light?

--Is space infinite?

--What is the shape of the Universe?
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Time-lapse photograph of the northern night sky

Class Evaluation Policy:

Grading for the class as a whole be based a calculation of comprehensive achievement in the following areas.  A minimum percentage of 70% is required in order to receive a “Pass” for this class.

10 %  
Classroom Participation

Come to class on time, prepared, and with an excellent attitude.  Read the assigned short readings and participate actively in discussions.  Show interest in the subject matter and care for the work of the class.  Ask questions, show respect, and seek the truth.

30% 
Comprehensive Block Test

No notes, books, or handouts.  Will take place during the last week of the block, and everything that we have discussed will be fair game.  A study-guide will be provided. 

10%  
Stargazing Oral Quiz

All students are required to participate in at least two evening stargazing sessions.  The first will be an introductory tour of the heavens and the second will be an oral quiz, in which a students will be asked to correctly identify a specific set of constellation, stars, and celestial coordinates from memory.    Oral Quiz must be complete by Friday, Dec. 25.

30%   
3 Sky Maps 

You will be expected to create one visual representation of some kind for each week of the class.  These should be accurate and polished, suitable for public display.  More information will be provided in class. The subject matter for these illustrations will be as follows:  


Map 1:  Sky Map, 






Due Monday, Nov. 30


Map 2:  Ptolemaic or Astrological view of Geocentric Universe, 
Due Monday, Dec. 7


Map 3:  Copernican Heliocentric Universe



Due Monday, Dec. 14
20%   
Illustration 

Select a subject of your choice from 20th-21st century physics and cosmology and create an original, creative work of art inspired by it.  Possibilities include:  Black holes, relativity, quantum mechanics, Big Bang models, etc.  It is hoped that some of these pieces will be suitable for display at the January YIHS Fine Arts Show. 



 
Due Monday, Jan. 4
Two points will be subtracted from the overall percentage for every day each day that an assignment is late, and for each time an assignment must be returned for correction or polish.  Extensions may be granted for a limited time, but only if requested in advance.

