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1)  (20 points) Consider a Si based laser.  Assume that the Si is the gain medium. (In reality it is hard to 
get gain out of Si, but ignore that for the moment.) The mirror is the cleaved facet. The relative dielectric 
constant for Si is 11.9. From that you should be able to figure out the index of refraction (=square root of 
relative dielectric constant).  
 
If the only loss is due to the finite reflectivity of the end of the laser, what does the (small intensity) one-
way gain of the “gain medium” need to be to sustain lasing? The ends reflect because of the index of 
refraction mismatch between the Si and vacuum. Express your answer in dB. 
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 This means that 30.3% of the power incident on the “mirror” (i.e. edge of device) is reflected. 
This corresponds to a power loss of -10 log (0.303) = 5.1 dB. 
So the gain must be + 5.1 dB to achieve lasing. 
 
Grading criteria: Correct answer for correct reason, 20 pts. 
Didn’t square reflection law, else correct, 10 pts. 
Didn’t use reflection law, but instead 1/n, 5 pts. 
 

Si laser 
cleaved facet
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2)  (50 points) Imagine a laser made of a gain medium with the following parameters: 
L=1 m (distance between mirrors), gain bandwidth=1011 Hz, center frequency = 650 nm: 
 

A) Calculate the free spectral range. (10 points) 
 
Lecture #8, slide #6: 
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Note: 9.42 x 108 Hz is not correct. 
Units are as follows: 

1

/

Hz
s

Rad s Hz

≡

≠
 

Grading criteria: Correct answer 10 pts. 
Calculate FSR in wavelength units only, 5 pts. 
Get Hz right but Rad/s wrong 9 pts. 
Right formula, wrong answer 5 pts. 
Wrong formula, wrong answer: 0 pts. 
 
 

B) If the broadening is inhomogenous, decide whether the laser will operate in single or multi mode. 
If you answer is multimode, estimate how many modes will lase. (20 points) 
 
# modes = Gain BW/ FSR = 1011 Hz/1.5x108 Hz=666. 
Incorrect formula, 0 pts. 
Correct eqn, wrong answer because of part A, 10 pts. 
Correct eqn., wrong answer because of arithmetic, 10 pts. 

 
 
 
 
 
 
 
 
 

C) If the broadening is homogeous, decide whether the laser will operate in single or multi mode. If 
you answer is multimode, estimate how many modes will lase. (20 points) 
 
Lecture #8 Slide #31: 
Single mode, because homogenous (20 pts.) 
Say single mode but for wrong reason, 10 pts. 
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3) (30 points) An experiment involving a homogeneously broadened optical amplifier is performed. For 
an input intensity of 1 W/cm2, the gain (output/intput) is 10 dB. For an input intensity of 2 W/cm2, the 
gain is reduced to 9 dB. 
 
A) What is the small signal gain (i.e. Iin -> 0) of this amplifier (in dB)? (15 points) 
 
 
 
See attached. 
Grading criteria (both parts): 
Correct answer, 15 pts. 
Correct approach, arithmetic error, 10 pts. 
Correct approach, incorrect use of gain (linear/log) during implementation, 9 pts. 
Correct approach, but don’t understand small signal gain is e^(γ0lg), 5 pts. 
Didn’t write or use complicated Iout vs Iin eqn., 0 pts. 
Write complicated Iout vs Iin eqn. but everything else wrong, 1 pts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B) What is the saturation intensity? (15 points) 
 
See attached. 




