
Mathematical Model for Investigating the Performance 

Characteristics of Distributed Feedback Dye Lasers 

  A mathematical model is applied, in Maplesoft Maple 13, for a 

tunable Distributed Feedback Dye Laser (DFDL)[1] [3][4],  capable of 

generating picosecond pluses in the microjoule energy range.   The 

model based upon rate equations, describing the molecular and 

photon population dynamics involved in the operation of the laser.  

The model describes, from past work [3], a laser functioning by 

interfering laser beams creating Bragg scattering, to produce spatial 

modulation in the index of refraction and optical gain in the active 

medium. The laser can generate short optical pulses, three orders of 

magnitude shorter than the pump pulse. The applied model can be 

extended to design a new type of DFB laser, producing broadband 

radiation on the picosecond time scale. Numerical calculations [2] are 

used to evaluate physical parameters prerequisite to the design such 

a broadband laser. A prototype DFDL  built in the Spectroscopy and   

Laser Laboratory of SSE, UWF.  
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Output Power: 

Population density of the upper laser level: N(t) 

Density of laser photons: Q(t) 

 tcCavity lifetime:  

                               ODE Solver Part of the MAPLE Code 
 

 c1 := evalf(Pr*(1+Visibility*cos(2*Pi*L/Lambdap))); 

 c2 := sigma[e]*c/IOR; 

 c3 := 1/FluorDT; 

ivp := [(D(M))(t) = c1*(NG-M(t))*g(t)/NG-c2*M(t)*Q(t)-c3*M(t), 

(D(Q))(t) = c2*M(t)*Q(t)-Q(t)/tauc(t,M(t), M(-2*HWHM) = 100, Q(-2*HWHM) = 1000]; 

FirstRun := rhs(dsolve(ivp,[M(t),Q(t)], numeric, maxfun = 10^6, output = listprocedure)[2]); 

Short optical pulses are generated at the center 

 of the sudden decrease  of the population 

 density of the upper laser level. 

The laser is very sensitive 

 to variation of pump  

-power and interference  

fringe pattern. Single or multiple  

pulses can be generated by  

adjusting these variables.  

It is possible to generate 1000  

times shorter pulses compare to 

the temporal width of the pump 

pulse. Applying 10 ns pump 

pulse, the output can  be 10 ps  

or shorter.   

See reference [3] and [4] for the definition of other 

physical quantities. 


