
ECE616  Homework #2 
Out:  Tuesday, September 6, 2011 

Due:  Tuesday, September 20, 2011 
 
 
Topics:  Principles of Mode-Locking 
Text:  Chapter 2, Ultrafast Optics 
 

1) Text 2.2 
 

2) Text 2.3 (See figure below) 
 

 
 

3) Again consider active mode-locking with detuning of the modulation frequency, this time 
using simulation.  Use the laser parameters from text 2.2.  You may start your simulation 
as you wish: one suggestion is to start with continuous-wave light; another choice is to 
start with noise.  In either case, make sure that your time samples are spaced closely 
compared to the expected pulse duration at zero detuning.  In your simulation simply pass 
the input field through the cavity elements (which can be performed numerically in 
MATLAB or etc.) until a steady-state is reached (may require thousands of iterations, I’m 
not sure how many).  It may be helpful to choose the length of the time vector equal to 
one modulation period, with minima of the transmission at beginning and end of your 
vector. 
 
Hint:  You may ignore the correction to the round trip time due to the spectral phase of 
the gain resonance. 
 
(a) Perform the simulation for zero detuning.  Confirm that the steady-state pulse is 

similar to that expected from theory. 
 

(b) Now repeat the simulation for various values of the detuning of the modulation 
frequency relative to the cavity round trip time (T).  Use small values of detuning as 
indicated in your work for text 2.3. 

 
- Does the relation between pulse delay and detuning match that expected based on 

the theoretical analysis? 
- Is there a maximum value of detuning for which a stable steady-state solution is 

obtained?  (If so, what is the maximum detuning?) 
 



4) Text 2.6 
 

5) Text 2.7 
In addition: 
(d)  Repeat part (c) starting with different noise fields.  Do you get the same steady-state 

pulse for different starting fields? 
 


