EE170A Principles of Photonics
Electrical Engineering, UCLA

Fall 2014 Midterm Exam
In-class 1 hr 50 min, Closed Book Nov. 13, 2014 Prof. J.M. Liu
1. (10%) At a given optical frequency, the optical susceptibility tensors of several materials are measured with

respect to an arbitrary set of orthogonal coordinates in space, as listed below. Identify each material whether it
is (1) a dielectric or a magnetic material and (2) an optically lossless or lossy material.
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2. (10%) A crystal has the following permittivity tensor at 4 =0.50 um,

5481 O 0
e=¢| 0 5267 0.214|.
0 0214 5.267

(a) Find the principal indices of the crystal at this wavelength.
(b) Is the crystal birefringent or nonbirefringent? If it is birefringent, is it uniaxial or biaxial? If it is used to
make a quarter-wave plate, what is the minimum thickness of the plate?

3. (12%) A symmetric step-index planar InGaAsP/InP waveguide has a core index of n, =3.438 and a cladding
index of n, =3.205 at the optical wavelength 4 =1.30 um.

(a) If the core thickness is chosen to be d =1 m, how many guided modes are supported by the waveguide?
What are they?

(b) If a single-mode waveguide is desired, what is the required core thickness? Is the waveguide truly single-
mode if this requirement is met? Name the mode or modes.

4. (6%) Sketch the real and imaginary parts of ;((a))for an atomic system in the normal state of thermal

equilibrium as a function of @ near a resonance frequency w,with a relaxation constant y. Where is
anomalous dispersion found in this situation?

5. (4%) The refractive index of diamond at 2 =1.0 um is n=2.39. At a specific incident angle, an optical wave at
A =1.0 umreflected from a diamond surface is always linearly polarized no matter what the polarization of the

incident wave is. For a diamond surface exposed to the air, what is this specific incident angle that ensures the
reflected wave to be linearly polarized? What is the polarization of this reflected wave?

1



10.

11.
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(8%) In designing a waveguide coupler of any geometry, what are the three major parameters that have to be
considered in order to have a good efficiency? In what order of priority do they have to be considered?

(4%) Consider a 3-dB codirectional coupler and a 3-dB contradirectional coupler. Both have perfect phase
matching and have the same coupling coefficient x. What is the length 1,,, of each coupler in terms of |«|?

(6%) Give an example for the type of waveguide that has each of the following characteristics:
(a) Supports only TEM modes.

(b) Supports only TE and TM modes and always supports both.

(c) Supports only a TE mode, but not any other type of mode.

(4%) At room temperature, the bandgap energy of Ge is 0.66 eV. It absorbs photons of energies above its
bandgap and transmit diamond transmits those below its bandgap. What is the cutoff wavelength for light to be
transmitted through a thick piece of pure Ge?

(10%) A fundamental Gaussian laser beam of power P =10 W at a wavelength of 4 =600 nmis focused to a
small spot size for a peak intensity of 1, =2.5 MW cm™ at its beam waist. What is the beam-waist radius w,

of the beam. What is the divergence angle of the beam? What are its spot size and peak intensity at a distance
of 5 m from the beam waist? If the the spot size is increased to w, =50 pm at the beam waist, what are the

changes in the peak intensities at the beam waist and at 5 m from the waist, respectively?

(20%) A fiber-optic frequency filter is made of two single-mode fibers of different mode propagation
constants. They are placed in close contact for a length | as shown below. At 1.55 um optical wavelength, the

effective indices for the two fiber modes are 3, =5.959 um™ and S, =5.849 um™, respectively, and the
coupling coefficient between the two fiber modes is x = x,, ~ x,, =2x10~° um™. A grating of period A is

built into the fibers in the coupling section. The input port of the device is port 1. The device is to function as
an optical filter for separating the 1.55 um wavelength from other wavelengths.
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(a) If the device is to direct all of the optical power at 1.55 um wavelength to port 4 and to dump all other
wavelengths to port 3, what is the maximum possible coupling efficiency without the grating?

(b) With a first-order grating, what are the values of A and | that should be selected to obtain the best
efficiency? What is the maximum efficiency if the parameters of the grating are properly chosen?

(c) If the device is to direct the power at 1.55 um wavelength to port 2, what is the maximum possible coupling
efficiency without the grating?

(d) With a first-order grating, what should the grating period A be chosen for the best efficiency? In this case,
if the length | of the coupler remains the same as that found in (b), what is the efficiency of directing the
1.55 pm light from port 1 to port 2?

(6%) Name three important types of interferometers and sketch their basic structures.
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Formulas:
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