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Overall goal: Three talks to provide background for discussion of quantum computing and quantum 
cryptography 
 
Waves vs. Particles 

• Particles are localized in space 
• Waves are distributed in space; they exhibit interference 

       
Wave-Particle Duality: How a patent clerk and a prince showed us that we need quantum mechanics 

• Einstein light quanta and photoelectric effect: 
• R. A. Millikan verifies Einstein's prediction:  

• Prince Louis de Broglie predicts matter waves:   
 

							 																				 	 	
	

	
	

	

	 	
Mach-Zehnder	interferometer	with		
tagged	single	photon	source	
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Double-slit	interference:	(a)	set	up		(b)	fringes	 Photoelectric	effect	

Counts	in	B2	when	M	is	moved	

Mach-Zehnder	with	down	converters	that	
allow	which-way	identification	
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