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Abstract: A new teaching laboratory course will introduce students to the basic concepts and 

tools of Quantum Optics and Quantum Information. It will consist of four experiments:  
(1) single photon source, (2) entanglement and Bell’s inequalities, (3) introduction to 
quantum computation: superposition and quantum interference, (4) quantum 
cryptography. 

 
We are developing a set of interdisciplinary laboratory experiments in the field of Quantum 
Information. Specifically, we are creating the new interdepartmental Physics - Engineering 
Quantum Optics and Quantum Information Teaching Laboratory at the University of Rochester 
to attract young scientists to this field and to introduce undergraduate students to the basic 
concepts and tools of quantum information.  
      We will describe three teaching experimental setups already built at the Institute of Optics:  
(1) Single photon source; (2) Entanglement and Bell’s inequality violation; (3) Single photon 
interference (Young’s double slit experiment and Mach-Zehnder interferometer). Figure 1 shows 
some of these experiments. 
  

 
Figure 1.  Views of new teaching laboratory experiments: left – entanglement and Bell’s inequality violation; 

center – Mach-Zehnder interferometer;  right - Young’s double slit experiment. 
 
 
 
       The main strength of our course will be the use of real equipment of modern quantum 
information experiment to teach the students. The schematic of teaching experiment to produce 
polarization-entangled photons and Bell’s inequalities’ violation measurements is shown in the 
Figure 2.  Light from a 15 mW, 408 nm cw pump diode laser passes through a blue filter and 
then a quartz plate. A mirror re-directs the beam through a pair of BBO crystals that are mounted 
back-to-back. Down-converted photons from the crystals are detected by a pair of APDs 
mounted on the rails [1, 2]. This enables these two APDs to be on two diametrically opposite 
points of the down-converted cone.  
         For our experiments BBO crystals are cut for type I downconversion. Our source of 
entangled photons uses two identical BBO crystals, with one rotated 90o from the other about the 
beam propagation direction. In this arrangement each crystal can support downconversion of one 



pump polarization. A 45o polarized pump photon can downconvert in either crystal, producing a 
polarization entangled pair of photons  isis HHiVVVH )exp( Δ+→+ . 
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Figure 2.  Schematics of entanglement and Bell’s 
inequalities experiment.  

Figure 3. Experimental polarization correlations.  
 
      Coincidences are detected by a fast logic circuit (counter) card inside a PC. The Labview 
interface displays the measurements of the coincidence logic. The single counts in each arm and 
the coincidence detection is reported on the Labview interface.  
      By placing polarizers rotated to angles α and β in the signal and idler paths, respectively, we 
measure the polarization of the downconverted photons. The probability P of coincidence 
detection for the case of 45o incident polarization and phase Δ compensated by a quartz plate, 
depends only on the relative angle β-α: 
 
                                                 P(α, β) = 1/2cos2 (β-α).                                                                (1)                         
 
The Bell inequality constrains the degree of polarization correlation under measurements at 
different polarizer angles. The proof involves two measures of correlation. The first is  
                        E(α, β)  PVV(α, β) + PHH(α, β) – PVH(α, β) – PHV(α, β).                                     (2) ≡
The second measure is  
                         S ≡  E(a, b)  –  E(a, b’) + E(a’, b) + E(a’, b’),                                                      (3) 
where a, a’, b, b’ are four different polarizer angles. Its importance comes from the fact that 
                                                           2≤S                                                                        (4)       
for any states which do not obey quantum mechanics  and arbitrary  a, a’, b, b’. Quantum 
mechanics can, for certain settings, violate this inequality.  
       Calculation of S  requires total 16 coincidence measurements. Figure 3 shows experimental 
polarization correlation for α = 45o and 135o in a good agreement with a relation (2).  After 
collecting data we obtained S = 2.652. It is a clear confirmation of Bell’s inequality violation. 
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