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§1. INTRODUCTION

The homosgeneous and inhomogeneous broadening take an important role in action of
erent laserss. Its characters of the laser output varies when these broadening change.
s point is awffirmed by many experimental and theoretical publications [1-4]. For lasers
taining satwrable absorber (LSA), the above effect has been seen also in many papers
;. In one of our articles [10] we have studied the influence of the inhomogeneous
adening on: the characteristics of the optical bistability effect (O. B.) but this research
till prelimimary. In this paper we would like to examine simultaneously the influence
he relation, between homogeneous and inhomogeneous broadening on the O. B. effect
_SA. We s}hall take the case where the emission mode is the. resonant mode, because
this mode ‘the OB effect is biggest as point in [11].

The probliem is solved for a monomode LSA of ring resonator. Basic equations are
sented in §:2, the results in §3 and discussions in §4.

§2. BASIC EQUATIONS

Action of a ring LSA with inhomogeneous broadening for resonant mode can be de-
bed by the- following equation in Rate Equation Approximation:

dng

qr = ~Xemot 2 Be(wu = wo)(mo + D[N, = Nu] (1)
dJ:::u e R,uu g fvyﬂlﬁg(w“ — wo}ﬂ[} =% Tn] (2)
d—g‘}i = Rph = Np,,[ﬁg(wu _-wo)ﬂf] ve ‘Hl] (3)

Ie

n, - the plhoton density resonant mode.

N g, Npy -- population inversion in active and absorptive medium.

3 - Einstetin coefficient.

~a.7s - reliaxation coefficient of the upper level in two levels schema, 7 = {74 with £
gns the saturation coefficient. x, - the resonator loss of resonant mode of frequency

1‘2
= Tk wy —wo)?’

wz

=%
B2 “w? 4wy —w,)?

¢ — inhomogeneous broadening.

gwu, —w,) I' = homogeneous broadening

R the pump energy for active medium,

- the pump energy for absorptive medium and supposed to be constant.
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The sum over u exhibits the presence of inhomogeneous broadening at LSA a,:‘tj
We determine the photon intensity @, = fng/y (y = 7.) by solving the sy
equations (1) - (3) in stationary case |

dn, dN, _ dN

= s [ - 0
dt dt dt
Changing the sum over u by integral with the form

+o00

S ) = [ S

after a long calculation, we obtained the following equation for Q,
ao,

1
3 e 2
Q2+ [(14+26) + 75 — 7o + ol Q
2% 2af 2a(l+a) B o,
+[2£+1+2a 1+2&a° 1+ 2a B v 1+ 20 —a 7]Qo
~ 28 - e =0

1+22°° 1+2a
Here a = I'/¢ parameter characterizing the relation between homogeneous and inhom
neous broadening.

R R
0o = .6 o : oy = .B ub
TXeo TXo

Equation (5) is an equation of third degree. Taking all parameters, unless o,, being
stant, we can obtain the expression of Q, as a function of o, and determine the appear:

of OB effect.

§3. THE INFLUENCE OF THE RELATION BETWEEN
HOMOGENEOUS AND INHOMOGENEOUS BROADENING

‘In order to examine this influence, we have to solve equation (5) by the varia
method.

3.1. Ezpressions of Q,

Following variation method, we can receive three solutions as
%[a&o‘a — a(l + a)eoy]

Q -
P (1) +atal—(ab+ 5+ D), + B2(1+ 20)a
. d .
Qoz,3 = Qoa3 - moz.s +26Qp 5+ ¢
with
—b+ Vb2 —dac
E592.3: 2a
Where
a=1i
Ty
b_[1+2£+1+g,,‘“(1+20”ﬂ)]
~ 2 2a |
c*{2£+1+2 i3 2all [(1+a)os - '5""]__[1-1-2 _ﬂﬂ]}
=_?(1+2 oo = (14 a)ai]
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ly Qo1, @02, @ea are functions of parameters w,«&,a, a,.
2 The OB interval Ipg

'B interval is the one where the two solutions Qg, and Qo3 are positive. The considered
- ” E S ik 11 oA » . . E

of d is wery small (order of Z ~ 10 for gas laser) the sign of Qo235 are identical

Qo23- Following criteria of the positive solutiops of an second degree equation, we

obtain wondition for e, in order to have OB effect:

Og: < 0 < €02 (9)
- 2 oy, B(1+42a)os :
ooz = (1 +a)( 5 * ¢ ) 5 2% (10)

(1+2a)

. B
o = [:-z¢+1+20+aah—2;]+2(1+2a).
2L0y, 201 4+ o) g, E | + aqy172
* [_ t * afl +2n]db 2:, a® ] (11)

nterval is the difference between g2 and og.

lop = |o02 = 001 (12)

alues of o, placed between aq and egz will give two positive values of Q, i.e. the OB
appears. Clearly that, OB interval transforms when a =TI'/e varies.

3. Influence of the relation of a

Ne deterrnine numerically values of Q, and draw the curves of function Q.(¢,) by
ing op = 20,€ = 0,25 and taking 3 value of a.

o=0,0235 0,003 0,05

‘he numerical values of Iop and Qo1 , @o2, Qo3 are presented in Tables 1, 2, 3, 4 and in
1 are also shown the curves of hysteresic cycle.

B oo o = 0.0235

, 1 i A & o = 0.0300

Fable 1. Igp interval. - o0 o = 0.0500

a0 Oa2
'35 159.45 168,98 1.5 |
} 137,96 151,02
j 105,24 126,0 10
05 |
Hinh 1. (bén canh) 100.0 120.0 140.0  160.0 180.0
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Table 2. a = 0,0125

Table 3. o = 0,03

oo Qj. Q1 Q;2 o Qjo Qj1 Qj2
1594 | 2,48 0,32 0,32 137,96 | 1,47 0,43 0,43 |
160 2,64 0,43 0,23 138 1,48 0,46 | 0,39
1605 | 2,91 0,47 0,19 1385 | 1,54 0,55 0,31
161 3,006 | 0,51 0,17 139 1,62 061 | 027
162 3,46 0,57 0,13 1395 | 1,60 0,65 | 024
162,5 | 3,74 0,60 0,12 140 1,78 0,69 0,22
163 4,07 0,62 0,10 141 1,98 0,75 | 0,18
164 4,93 0,67 0,08 142 9,22 0,81 0,15
1645 | 5,50 0,69 0,07 143 2,52 0,87 | 0,13
165 6,22 0,71. 0,06 144 2,90 0,92 0,10
166 | 8,37 0,75 0,04 145 3,42 097 | 0,08
166,5 | 10,09 | 0,77 0,03 146 413  |.1,01 0,07
167 12,69 | 0,79 0,02 147 5,20 1,06 | 0,05
167,5 17,02 | 0,81 0,02 148 6,965 1,106 0,039
168,5 | 52,45 | 0,85 0,006 | 149 1043 | 1,14 0,02
168,98 | 401,19 | 0,86 8,21110-9 1505 | 38,57 | 1,20 0,006
168,98 | 7560 | 0,86 4,20110-3 151 32030 | 1,22 0,0007
168,98 | 18500 | 0,86 1,60i10-3 151,01 | 387,56 | 1,11 0,0006
Table 4. o = 0,05
oo . Qjo Qi Qj2 a0 Qjo Q;: Qj2
105,23 | 0,60 0,68 0,68 | 114 1,20 160 | 0,17
106,00 | 0,63 0,90 0,49 115 1,32 1,66 0,14
106,50 | 0,66 0,97 0,45 116 1,47 1,73 0,13
107 0,68 1,03 041 | 118 1,89 1,85 0,09
108 0,73 1,14 0,35 119 2,199 | 1,917 | 0,08
109 0,78 1,23 0,31 120 2,59 1,97 0,08
110 084 | 131 | 027 121 315 | 2,03 0,05
112 0,9 1,46 0,21 123 5,39 2,15 | 0,003
113 10,9 1,53 0,19 126 1399 | 2,31 0,0001

66



§4. DISCUSSIONS

rom tthe tables and curves presented above, we see that:

Homosgeneous and inhomogeneous broadening influence clearly to OB interval as
s the photon intensity Q,. These parameters role as the relaxation coefficient £ and
g to tthe material constructing active and absorptive medium. These are interior
nreters of OB effect.

T'he chiange of the relation a = I'/e shows that at large values of a, we can obtain a big
al Ipp; as well as intense OB effect. This means that for receiving a good hysteresic
one cain either augment the homogeneous broadening or diminish the inhomogeneous
dening.. In other words the OB effect is big for the dye laser of LSA but small for gas
of LS/A. Author is grateful to N. Benghalem for numerical values from electronical
yuter.
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“Hi KHO)A HOC, KHTN, DHQGHN, t XII, n® 3, 1996

\NH HUONG CUA TY $6 GIT'A M& RONG PONG NHAT VA
KHONG PONG NHAT LEN HIEU UNG
LUONG ON DINH QUANG HOC.

Dinh Vian Hoang
Dai hoc Khoa hoc Tu nhién -DHQG Ha Noi

3ai bam tim hi€u dnh hwéng cda sir thay déi ty sé giira mé rong dong nhit va khéng
nhat /lén ving lwéng on dinh cda dudng cong tré. Xudt phat tir hé phwong trinh
6 mé {td sur hoat dong cia laser vong ¢é chira vat liéu hiap thy bao hoa da gidi bing
én may tinh dé€ tim kiém khodng lwéng 6n dinh. Sw thay ddi cc gid tri tham sé
va ty :s0 giiira md réng dong nhat va khong dong nhit cho thay cé thé thu dwge hiéu
lwong On dinh quang hoc tét & cdc gid tri ty sé néi trén lém.
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