
ECE616  Homework #1 
Out:  Tuesday, August 23, 2011 

Due:  Tuesday, September 6, 2011 
 
 
Topics:  Lasers and Fourier transform review; introduction to mode-locking 
Text:  Chapter 1, Ultrafast Optics 
 

1) Text 1.2 (also see figure below.) 
 

 
 

2) Text 1.3 
 

3) Text 1.4 (Also see figure below)   
For both parts (a) and (b), provide one set of plots with the frequency scale chosen so that 
several resonant peaks are visible and a second set of plots that zoom in on a single 
resonant peak.  A dimensionless set of frequency units (normalized to /c) is 

recommended. 

 
 

4) Text 1.6 

5) Text 1.7  (Be sure to review “computational aspects” discussion in section 1.5.2) 
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6) Consider the simple picture of mode-locking of text section 1.4.  Starting with eq. 

(1.71c), assume uniform mode amplitudes (Em = Eo) and phases that vary linearly with 

mode index (φm = m∆φ).  Work out the new expression for the field and the intensity, 

analogous to equations (1.75) and (1.76). 

 
Assuming z = 0, how do the field and intensity change as a result of this linear phase 

assumption? 

 
What property of Fourier series and transforms is this related to (see section 1.5)? 

 

7)  A laser with cavity round-trip time T produces an output with a smooth spectrum of 
bandwidth ∆ν = ∆ω/2π centered at wavelength λo, where: 

 
T = 10-8 sec (10 ns) 
∆ν = 5 x 1013 Hz (50 THz) 
λo = 1 µm 

 
We consider two different types of operation: 

Type 1:  constant spectral phase – all laser modes have identical phase 
Type 2:  random spectral phase – each laser mode has an independent random phase 

 
For each type of operation (Type 1 and Type 2), answer the following (round numbers 
are ok): 
 
(a)  what is the ratio of peak power to average power? 
 
(b)  what is the number of modes (discrete frequencies) in the laser output? 
 
(c)  what is the bandwidth in wavelength units (nm)?   
[only one answer required; same for Type I and Type II] 
 

 


