EE 5500 — Introduction to Photonics
Quiz |

50 minutes, 15 points, closed book
Remember...
e  Make reasonable assumptions wherever necessary, but you should show all steps and justify
assumptions for full credit. Use of figures may attract bonus points.
Final answers will be graded ONLY if they are entered in the space provided.

Objective Type Questions (5 points)

1. For a diffraction grating illuminated with white light, which colour would get diffracted more

(a) blue (b) green W (d) Cannot say
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2. The temporal coherence of a light beam can be unambiguously measured usmg

(a) Mach-Zehnder ( ichelson (c) Double slit (d) All of the above
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3. The solution for E, (propagation comp.) in the core of a dielectric waveguide is of the form

Bessel (b) modified Besse!  (c) sine (d) cosine
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4. The probability of detecting a photon at a point on a circle whose radlus is twice the waist

: 4

radius (W) of a Gaussian beam is proportional to :

(a) 1/e (b) 1/¢2 () 1/¢* : «rmeg
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5. For a nanosecond laser at 1 um wavelength emitting pulses with picol energy, the mean
number of photons within one pulseis 5 millen
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Quantitative Problems (10 points)

6. Itis required to resolve two frequency components v, and v, spaced 100 GHz apart using a
Fabry-Perot interferometer whose free spectral range corresponds to 80 nm around 1550
nm wavelength. (6 pts)

a. From first principles, derive an expression for the transmission of the Fabry Perot
interferometer. Assume negligible loss due to scattering or absorption in the cavity.

b. Determine the construction of the interferometer (cavity length, mirror reflectivity)
such that it meets the above requirements and plot the corresponding transmission as a
function of frequency (clearly label all relevant quantities)

c. Assuming we use dielectric mirrors for the above interferometer, what should be the
structure of the mirrors. Use ny = 2.32, n;. = 1.38.
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T, Su&b’ose you need to send thfotmation overa step -index multimode optical fiber t
laser beam launched into the fiber. (4 pts)

a. Neglecting the phase change upon reflection at the core-cladding boundary, derive
an expression for the phase matching condition of the different modes.

b. Determine the highest bandwidth that can be supported by the optical fiber with the
following parameters: Neore = 1.453, Ngag = 1.450, core dia = 50 microns, length =
100 m. Hint: find the inter-modal delay between the different modes
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Useful Constants: Useful Formulae e J—i\é
Planck’s constant (h) = 6.6256 x 107 J s, 1. MFD=2a.[0.65+(1.879/ V"*)+ 2.7/ V%]
Boltzmann’s constant (kg) =1.38 x 10° K 2. Finesse, F=n VR /(1-R)
Electric charge (q) = 1.602 x 10 e 3 Refl coeff, R=1- (nH/nL)2N L (nH/nL)2N

Velocity of light (¢) =3 x 10% m/s
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