PHYSICS 2830   “Natural Optics”   --  DU/Spring 2007    Syllabus version: 3/27/2007
3 credit hours, can apply to Physics or Astronomy Minor** LINE NUMBER 4603

Course description:
An investigation of naturally occuring optical phenomena, with an emphasis on observational characteristics and causes. Prerequisites: PHYS 1113 or PHYS 1213 or instructor's permission.

Course objectives and learning goals:

Optics is an interdisciplinary science, ranging from simple lenses to sophisticated laser communication and interferometry.  In this course we will explore the fundamentals as well as applications including ray tracing, telescope design and use, eyepieces, photometry, spectroscopy polarimetry, interferometry, digital imaging, stereo imaging, optical data recording, non-linear/Fourier/quantum optics, adaptive optics, satellite imaging & spy cameras, illusions, atmospheric phenomena, waveguides and more!
Class meets: Tues & Thurs 4pm for 1h15m, at SSL/Marlar or Phys 410 conf. room

Instructor:  Prof. R.E.Stencel, Dept. Physics & Astronomy, SSL/Phys 411, 303-871-2135 rstencel@du.edu  Office hours: after class Mondays, and by appt.

Pre-requisites: PHYS 1223, Math 2070 or graduate status.  Ideally one should have a grasp of the basics of calculus, differential equations, boundary conditions, elementary complex analysis, wavefunctions, Maxwell’s equations and response of charged particles to electromagnetic fields.

Grading: grades will be based on a combination of factors including attendance, participation, and evidence for maturation in subject grasp. Detailed policy link.

Guarantee: If you will spend 2+ hours outside of class for each hour in class, diligently reading and researching these topics, you can master it all!  That's a serious 9+ hours per week commitment, including class time.

Reference Books: 

Bohren, Clouds in a glass of beer, Wiley. 1987, QC861.2 B64 

***Born & Wolff, Optics, 7th ed., Cambridge.  1999, QC351 – the final word on optics.

Halliday/Resnick/Walker, Fundamentals of Physics PART FOUR (Optics), 7th ed., Wiley. 2005

Hecht, Optics, 4th ed., Addison-Wesley. 2002, QC355.3 H43.

Jenkins & White, Fundamentals of Optics, McGraw-Hill

Kipnis, Rediscovering Optics, Bena Press. 1992

Lynch & Livingston, Color & Light in Nature, Cambridge. 2001, QC335.2.L96
Minnaert, The nature of light and color, Dover. 1954

Optical Society of America, Handbook of Optics, several volumes, Marlar room, QC369.H35 1995

Schroeder, Astronomical Optics, Academic Press. 1987, QB 86.S35
Some sample WEB resources for optical sciences -- 

Geometrical optics: http://sky.net.co/physics/optica.html and many more

Waves in one dimension, etc: http://www.physics.nmt.edu/~raymond/classes/ph13xbook/node3.html 

Gaussian optics: http://www.mellesgriot.com/products/optics/gb_1.htm 

-see also
http://www.newport.com/servicesupport/Tutorials/default.aspx?id=112 

Ray tracing: 
http://en.wikipedia.org/wiki/Ray_tracing#Software 

-see also: 
http://members.kabsi.at/i.krastev/modas/  and http://freeware.intrastar.net/telescope.htm  

Matrix methods in optics: http://electron9.phys.utk.edu/optics421/modules/module2.htm 

Optical design: 
http://zygo.com/?/services/zos/&gclid=CKPh4M_E74oCFRUTSQodxW_YnA 

Theory of aberrations: http://www.cartage.org.lb/en/themes/sciences/physics/Optics/Optical/Lens/Lens.htm 

-see also
http://scienceworld.wolfram.com/physics/OpticalAberrations.html 

Diffraction and interference:  e.g. http://electron9.phys.utk.edu/phys136d/modules/m9/diff.htm 

Coherence: e.g. http://www-swiss.ai.mit.edu/~jaffer/FreeSnell/coherence#Coherence 

Polarization: 
http://hyperphysics.phy-astr.gsu.edu/hbase/phyopt/polarcon.html 
-see also 
www.polarization.com 
3/27/2007
SYLLABUS PLAN AND GOALS: 

Projects: 1. Internet telescope portal: http://www.tzecmaun2.org/portal/portal.php  

2. Industrial partners – prep a briefing on products from an optical manufacturer; 

3. Group project: posters on the 400th anniversary of the telescope; 

4. Ray tracing software: http://www.sinopt.com/software1/downloads1/oslolt.exe [6.4Mb executable]
Userguide: http://www.sinopt.com/software1/usrguide54/intro/Intro.htm 

-see also: http://www.sinopt.com/software1/downloads1/Optics_Reference.pdf 

	WEEK/DATES
	READING
	PROBLEM SET
	PROJECT
	Other

	1. March 27, 29
	Modern Optics,

Wave functions,

E&M waves
	To be announced, due following Tues
	E&M derivation or book report, due Thurs
	Internet telescope & SAL use

	2. April 3, 5
	Radiative quant.,

Materials
	To be announced, due following Tues
	ID industrial report
	Group project organize/outline

	3. April 10, 12
	**Absorption and scattering phen’m
	To be announced, due following Tues
	Update 1, industrial report 
	**earth atm & adaptive optics

	4. April 17, 19
	Reflection, Refraction 
	To be announced, due following Tues
	Update 2, industrial report
	Quiz 1

	5. April 24, 26
	Thin lenses, 

Optical design
	To be announced, due following Tues
	Ray tracing software tutorial 
	

	6. May 1, 3
	Diffraction, Interference
	To be announced, due following Tues
	Ray tracing software report 1
	

	7. May 8, (10 Phys @ Elitches)
	Polarization

PhysDay at Elitch
	To be announced, due following Tues
	Ray tracing software report 2
	

	8. May 15, 17
	Fourier optics

Non-linear optx
	To be announced, due following Tues
	Group project update
	Quiz 2

	9. May 22, 24
	Photometry


	To be announced, due following Tues
	Group project presentations
	

	10. May 29, 31
	Spectroscopy


	To be announced, due following Tues
	Final reports
	

	FINAL: June 5
	--


	--
	--
	--


*schedule is subject to change as conditions warrant
Some local/regional optical industries to investigate/present:

High resolution gratings, Bach Research, Boulder: www.bachresearch.com  

Polarization: Meadowlark optics, Frederick, CO: http://meadowlark.com/ 

Optical instruments: Precision Photonics, Boulder: http://precisionphotonics.com/ 

Optical components: High Plains Optics, Longmont: http://highplainsoptics.com/ 

Covert imaging: www.supercircuits.com 

Telescope manufacturers CO: AstroSystems; DFM; Jim’s Mobile; Software Bisque.  

And of course www.edumundoptics.com, Ball Aerospace; Lockheed-Martin… 
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Fig. 22.1 The Telescope Design Tree.
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http://hyperphysics.phy-astr.gsu.edu/hbase/ligcon.html#c1 

From Telescope Optics by Rutten and van Venrooij Willmann-Bell, 1988.  
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From Star Testing Telescopes by Suiter (Willmann-Bell), 1994.
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