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OPT 253/OPT 453/PHY 434 Quantum Optics and Nano-Optics Laboratory 
Practice Midterm exam questions (October 11, 2013)- no grading 

(1) What is a single photon source? How did you produce single photons in your Lab? Can you use a 
single ion for single-photon source application?   

(2) What is the difference between photons from single photon sources and laser light attenuated to a 
single photon level? 

(3) Why do single emitters emit single photons at a time?   
(4) Give the examples of different types of emitters for single photon sources. 
(5) How did you produce single photons in your lab? 
(6) What types of single photon counting detectors did you use in these labs?  What material is used 

for fabrication of these detectors?  Do you know a spectral region of these detectors? 
(7) What are the main elements of a confocal microscope? 
(8) For what purpose do you need an oil-immersion objective?  What is a role of the oil? 
(9) Can we image single molecule fluorescence with some other objective without oil immersion? 
(10) Are you using an EM-CCD-camera for imaging several single emitters and making video of their 

blinking  in a confocal microscopy or  in a conventional wide-field microscopy? 
(11) What is a numerical aperture of a microscope objective?  Do you know a NA of our objective? 
(12) Does confocal microscope enhance a resolution? What are its advantages? 
(13) If you have a lens with a focal distance f, beam diameter on the lens D, what will be spot diameter 

in the focus of this lens for laser wavelength λ? Provide the equation without the use of NA.   If the 
medium has a refractive index n, what would be a beam diameter in this case?  If you have a lens 
with a diameter 5 cm and with a focal length 20 cm, what is a spot size of a 633-nm wavelength 
beam in a focus? 

(14) If you know the NA of the objective what would be a size of the focal spot? Calculate this size for 
532 nm light and NA =1.3. 

(15) What is antibunching? What is the value of second orfer correlation function g(2) (0): (a) for 
antibunched light; (b) for classical light; (c) for laser light attenuated to a single-photon level. 

(16) Describe elements of  a Hanbury Brown and Twiss interferometer.  For what light was it used 
initially?  For what purpose did we use it in our lab? 

(17) Why do we use two detectors to measure time intervals between two consecutive photons? Can we 
use only one detector for these measurements? 

(18) What is a fluorescence lifetime? If a fluorescence lifetime is τ, how will a transition intensity 
change in time? 

(19) Why do you have stripes in a quantum dot fluorescence in a confocal microscope image? 
(20) What are photonic  bandgap materials? How do you think, is a multilayer dielectric mirror a 

photonic bandgap material? 
(21) Explain the principle of work of an atomic force microscope (AFM). 
(22) What are the main modes of AFM operation? 
(23) What size of nanodiamonds and nanocrystal quantum dots did you observe using an AFM?  
(24) How many photons/s with wavelength of 532 nm do you have at laser power of 10 mW? What 

should be a filter transmission value to attenuate a 10 mW, 532 nm laser beam to a single-photon 
level (e.g., for  a  ~ 100-m distance between photons)?  

(25) Explain wave-particle duality of photons in your experiments. 
(26) How to apply the uncertainty principle to the Young’s double slit experiment with single photons? 
(27) How  did you align the interferometer?  What types of interferometers do you know? 
(28) Explain what is a “which-way information”. Explain it on the example of your experiments.   
(29) Provide equation for  De Broglie wavelength.  
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(30) Calculate the distance between interference maxima if  an EM-CCD-camera detector is located  at  
a distance 30 cm from the slits’ screen for your experiment with double-slit with slit width 10 μm  
and slit separation 90 μm.   

(31) You have a 633-nm  laser beam with a 10 μW power focused to the area of the camera   ~ 2 mm x 
2 mm, with an EMCCD-camera exposure time 10 μs. Camera pixel size is   16 μm  x 16 μm. What 
should be filter transmission value to attenuate this beam to the level of single photon/pixel for 
such exposure time? 

(32) What are the main sources of noise for ordinary CCD camera and for cooled, EM-CCD camera?  
In what case the ordinary CCD camera has an advantage over the  EM-CCD camera?  
 

 


