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Abstract 

Rate equations model was solved numerically by Runge-Kutta-Fehlberg method using computer software program 
prepared to simulate the effect of the active medium emission cross section on passive Q-switching pulse 
characteristics. We reported the passive Q-switching of Nd: YVO4 laser with the Cr+4: Y SO. The study shows the 
duration, energy, power, maximum photons density, initial and final inversion of population are decrement as a 
function of active medium emission cross section. 
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Introduction 

A wide variety of methods are available for 
generating short pulses duration in range of 
nanoseconds, picoseconds and femtoseconds. The 
short duration make the pulses very important for 
many purposes, like telecommunications, ultra-
precise measurements, many industrial, nonlinear 
optics field and medical applications. Q-switching is 
a technique mainly applied for generation 
of nanosecond pulse duration by modulating the 
intracavity losses and thus the Q factor of the laser 
resonator. 

There are mainly two different methods active and 
passive of Q-switching. For passive Q switching, the 
losses are automatically modulated with a 
saturable absorber (S.A.). In this method, the pulse 
is formed as soon as high energy stored in the 
active medium (A.M.) [1-5]. 

Initially, the S.A. causes a high optical loss because 
the high absorption activity. When the gain reaches 
this level of loss and the pulse begins to build up in 

A.M. by accumulates of inversion population 
density, In the case of the S.A. becomes saturated 
(bleached), the laser photons pass through the S.A. 
to make round-trip in laser cavity caused 
stimulated emission release short pulse duration 
[1,6].  

Nd:YVO4 (Neodymium yttrium vanadate or 
orthovanadate) used as active medium, usually 
diode-pumped or lamp-pumped, with much higher 
pump absorption and gain due to very high 
absorption and laser cross-sections, wider gain 
spectrum, shorter upper-level lifetime (including 
100 μs for not too high neodymium levels), higher 
refractive index, lower thermal conductivity and 
birefringence [7,8]. 

 

Theory 

Simulation of active medium emission cross section 
has been performed by used coupled rate equations 
model [10, 11] as the following: 
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The parameters used in this model are defined as 
follows: n is the density number of photons in the 
laser cavity. Ng is Laser medium's inversion of 
population density. Kg =2σg/(τr Ag ) is the coupling 
coefficient between the photons and A.M., σg is a 
A.M. emission cross-section, τr is a round-trip cavity 
transit time, Ag is the area of effective laser beam in 
gain medium. Nag is the population density of S.A. in 
the ground- level. Ka = 2σag/(τrAa) is the coupling 
coefficient between photons and S.A. molecules, 

ag
is the ground –level absorption cross section of 

S.A., Aa is the effective area of laser beam on S.A.. 

agae  /
 is the ratio of the excited-level 

absorption cross section σae to the ground-level 
absorption cross section of S.A.. Naeis the 
population density of excited level in S.A.. 

cc  /1  is the rate of decay in the cavity, 

 /rc   is lifetime of the cavity, 

210 ln2 rrlr    is the total loss, 0  is the 
coefficient of absorption per unit length, lr is the 
resonator length, r1and r2are the reflectivityof 
cavity mirrors. Rpis the rate of pumping . γg = 1/τg, is 
decay rate of upper laser level, τg is lifetime of the 
upper laser level. γp is a factor in population 
reduction (bottlenecking parameter), γp equals 1 
for 4 levels and 2 for 3 stage laser active medium. γa 
=1/τa, is the spontaneous relaxation rate of S.A., τa 
is the lifetime of the first excited level of S.A. 
Eq.(1) is the time variation of photon number. 
Eq.(2) represents the time variation of the 
inversion of population. Eq.(3) is the time variation 
of the population of molecules in ground level of 
S.A. While eq.(4) is the time variation of the 
population in the first excited level of S.A.  
At the initial time can be regards the photon 
density inside resonator is small, so most molecules 

of S.A. are in the ground level ( 0aag NN 
 

and
0.0aeN

), where Nao is the total number of 
molecules of S.A., at this time the absorption 

activity of S.A. is very high (i.e. 
0.0

dt

dn

) and the 

initial population inversion density 
)( 0gN

can be 
predicted from eq.(1)  

gcagag KNKN /)(0 
 (5)  

When the photons density inside resonator 
approach to high value, the population of first 
excited level of S.A. approach to total number of 

molecules ( 0aae NN  , 
0.0agN

). Then the 
absorption activity of the S.A. is very low at this 

time, then 
0.0

dt
dn

, The threshold inversion of 

population density ( thN ) can also be predicted 
from eq.(1) as following : 
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The Q-switched laser pulse build –up time is 
generally very short compared to the lifetime of the 

A.M. ( g ), then can be neglect the spontaneous 
decay of the A.M. during pulse generation, as well 

as the pumping rate ( pR
) [12], then from eq. (2): 
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From eq. (1) & eq.(2) , we get:  
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The photon density reaches peck value ( pn
) When 

reversing population ( gN
) is equivalent to thN  , also 

0.0agN
, then :  
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After release of the Q-switched laser pulse, the 
population inversion density reaches to the final 

value fN
. The energy output of the Q-switched 

pulse can be calculating by the following equation 
[8]: 
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Fgo

c
N

NN )( 


 is the output coupling 

efficiency [13], h is the energy of laser radiation. 
The pulse power can be calculated by [ 8 ]: 
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By using eqs. (8 ) and (11) in eq. (10), then: 
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The pulse width can be calculated by P

out
pulse

P

E


. 

 

Results and Discussion 

The set of equations (1) to (4) were numerically 
solved using the Runge-Kutta-Fehlberg. Computer 
software program was prepared to simulate the 
influence of the active medium emission cross 
section on the characteristics of passive Q-
switching pulses. In this study we report the laser's 
passive Q-switching Cr+4:Y SO with Nd:YVO4 active 
medium. The published parameters values has 
been used as input data of S.A. as the following [14] 
β=0.33, γa=1.43×106 Sec, Ka=3.15×10-8 Sec-1, 
Nao=1×1016 Cm-3, also for active medium used the 
values γg=0.11×105 Sec-1, Kg=1.5×10-9 Sec-1 , γp=1 
,λ=1.064 µm, Γ=0.2, Lc=6 Cm [15]. 
Fig. (1) represents the pulse duration activity as a 
function of the active medium's emission cross 
section. It is appear the duration decreasing when 
the emission cross section increasing. The study 
related that due to fast pulse build-up as shown in 
the fig.(2) lead to small raising time of pulse, for 
illustration, the pulse raising time approach 
10.66ns, 9.38ns, and 9.05nsat values of emission 
cross section equal to 

219219219 101.7,107.6,102.6 CmandCmCm  

respectively. 
Fig. (2) show the profiles of passive Q-switched 
laser pulses where realized from different emission 
cross section of A.M., it shows the decreasing in 
pulse width at half maximum (duration time). 
Fig. (3) shows the variation of pulse energy as a 
function of emission cross section. It is to be or 

become distinct the inverse relation between the 
pulse energy and emission cross section. The study 
explains this relation behavior due initial and final 
values of inversion of population, the calculations 
verify decrement in initial and final inversion of 
population values, also more important reason 
which is the decrement of the variance (difference) 
between the initial and final values of inversion of 
population dependence on emission cross section 
of active medium as shown in Fig.(4). 
Fig.(4) shows the emission cross section effect on 
behavior of initial, final, and the variance inversion 
of population. The study interpretation that 
behavior to increment in coupling coefficient Kg 
which induce to decreasing in inversion of 
population. 
Fig.(5) also shows the decrease in the pulse power 
whit the increase of emission cross section, that is 
to be attributable decrement in pulse energy as 
shown in fig.(3),it is worth mentioning despite the 
decrease in pulse duration as shown in Fig.(1) , it is 
stile the decrease in energy is dominator in pulse 
power value. 
Fig. (6) declare the step-down in maximum photons 
number of pulse release as a function of emission 
cross section, that deportment is suitable with that 
shown in figs. (3,4,5).  

 

Fig. 1. The Pulse Period as a Function of Active Medium Emission 
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Fig. 2. Pulse Profiles as a Function Active Meidum Emission Cross 

 

Fig. 3. The Pulse Energy as a Function of Active Medium Emission 

 

Fig. 4. Initial, Final and the difference Inversion of Population as a 
function of active Medium 

 

Fig. 5. The Pulse Power as a Function of Active Medium Emission 

 

Fig. 6. Max. Photons Density as a Function of Active Medium Emission 
Cross Section 
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