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	                                                       Lesson Planning Template

	Unit: Quantum Physics   Subject Title: Quantum Polarization     Time: 80 Minutes

	Course/Grade: Senior High School Physics  

Lesson Type: Interactive Lecture Demonstration using a Computer Simulation

	Students should already be familiar with the following: 

· Wave-particle duality

· Atomic Structure 

· Momentum and Energy 

· Double Slit-experiment  

· Heisenberg’s Uncertainty Principle and superposition

· Intrinsic Randomness 

· Quantized states



	Students will know and able to do:

· Demonstrate a basic understanding of classical wave polarization
· Describe and predict photon polarization through various filters 

· Analyse the links from photon polarization and how it relates to wave-particle duality, quantized states, intrinsic randomness and uncertainty 

· Understand the basics of entangled photons 

· Describe quantum cryptography and how it is used in practical applications 



	Key Words:

· Polarized Photons 

· Polarization 

· Entangled particles

· Quantum Cryptography


	Materials/Resources:

· Computer lab with internet connection (256 MB RAM) or data projector

· Three large polarizing filters

· One calcite crystal

· Overhead projector 

· Laser pointer 


	Assessment Evidence:

· Worksheets 

· Class discussions


	Methodology: 

20 minutes: Interactive Lecture with demonstrations of Polarized Light 
· This first section is just classical wave polarization - not quantum. In this lesson, the student observes the effects of polarizing filters and calcite crystals on light. The surprising behavior of polarized light is modeled as a transverse wave and is made quantitative by squaring the appropriate component of the electric field vector. The lesson is outlined in the Polarized Light PowerPoint slides. The students will need a copy of the worksheet. Extra information and answers are provided in the teacher's notes. The last five questions provide 15 minutes of homework. 

20 minutes: Interactive Lecture with thought experiments of Polarized Photons 

· This section examines situations similar to those in part one, except that individual photons must be considered, not a continuous wave. This is very similar to the mental switch that one must make with the two-slit experiment. The key aspects that distinguish quantum physics from classical physics are highlighted: wave-particle duality, quantized states, intrinsic randomness and uncertainty through measurements. The lesson is outlined in the Polarized Photons PowerPoint slide. The students will need a copy of the worksheet. Extra information and answers are provided in the teacher's notes. The last five questions provide 15 minutes of homework. 

20 minutes: Interactive Lecture with thought experiments of Entangled Photons 

· This lesson gets almost philosophical as it examines more closely the connection between measurements and observations. Entangled particles are introduced. The conflicting interpretations of Bohr and Einstein are examined and tested using entangled particles. The lesson is outlined in the Entangled Photons PowerPoint slides. The students will need a copy of the worksheet. Extra information and answers are provided in the teacher's notes. The last five questions provide 15 minutes of homework. 

20 minutes: Interactive Lecture with games about Quantum Cryptography
· This is getting close to a math or computer science lesson. It explores how polarized photons form the basis of a perfectly secure method of transferring information - quantum cryptography. The students will need a copy of the worksheet. Extra information and answers are provided in the teacher's notes. The last two questions provide 20 minutes of homework and have the students playing quantum Tic-Tac-Toe. This is much more interesting than the classical version and simulates many of the key features of quantum mechanics.




