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U;"t: of '11 :'\1- i07 -1 COIl1 plI (er. The co 111 pu t ed values of 
l'm arc' t.lhll1.dl'd in Talll<: V and th<.;sc :trc compared with 
"al lies calL'llhted frOll1 (i) th<.; VRH moduli and (ii) 
t hc' mcasured polycrystalline elast ic moduli presented 
earlil'r in Table I. Since the polycrystalline <.;lastic 
modul i ar<.; isotropic, such a calculation of the mean 
ydocity of sound from the pol)'crystalline data is simply 
done by 1 hl: use of a Debye expressionl3 

(7) 

where VI* and ut" arc the isotropic longitudinal and 
transverse velociti<.;s of sound, respectively, and they 
arc delin('d by lhl: isotropic longitudinal and shear 
moduli in the lISU,t1 \\'ay. 

1.1 "c',', illr example, T. 11. 'K. 1hrron, Pllil. Mag. 7, [46J 720 
(1<)5.') and abo .\nn. Phys. 1, 77 (1957) . 
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It is <.;vid<.;nt from T:lhk V that tht: values of the 
mean vdocity of sound calculated irolll the single
crystal data agr<.;e well with that ol.Jtainl:d from the 
polycryst:t1line data. In other words, the values of v",* 
calculated from Eq . (7) using both LIIl': VRII moduli 
and the actual polycrystallil1e moduli find in the general 
agreement with the v", calculated from Eq. (6) . The 
kind of the agreement observed here SLPj10rts thl: e:: I'licr 
conclusion that the VRH approximation gives reali;,lic 
values of the polycrystallint: clastic moduli in terms of 
the corresponding single-crystal propeni<.;s. 
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Behavior of Saturable-Absorber Giant-Pulse Lasers in the Limit of 
Large Absorber Cross Section 
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1),illl-( a ra(c-equation l11od~l, it is ,I](,\\'n Ihat the l.dl;lVio[ of the satural,le-;ti,sori>er giant-pulse (SA(;1') 
Ia,,,r can I,c adequately descrihed in term" of lw(, parameters for values of the ratio of absorber to laser 
ahsorpti(,n cms:; ~cl'tit'n .,.>200: 1/,,;' the Ilormalized inilial inversion anti (IT" 11'11(']'(; r , is th<; normalizcd al,-
50r],er rclax:tlion time. 1n the gener:d case, spcrifil'atioll of I/,,/,u,and r,i, required. Thcordical curves of the 
gianl-pulse output power, encrgy, :lI1d rise- and falltimes arc pn;scntc<i. The reOilJits arc applicaLle in par
ticular to S:\Cl' lasers employing organic-dye absorher,. 

INTRODUCTION 

I.(ecently, the srlt\lmblc-absorber giant-pulse (S/\(;1') 
laser has been the sul.Jjecl of intensive study. Ho SA Cl> 
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lasers might be classed into two types, depending on 
the nature and distribulion of absorber centers in the 
laser cavi ly. The more: common device: uses n.n organic
dye absorber, which is physicaJly separated from the 
amplifying medium. Such dyes have absorption cross 
sections which arc typically 10:1 to 10:; tinKs hrg<.;r than 
that of the laser centers. In th<.; other type of SACP 
bscI', the absorher is uniformly clislribukcl thrOllghoul 
the amplifying medium, ~ . g., Xi]=<+ glass co-doped with 
UOiH/ color Cellkrs in XcFl+ glas,;:l ~';l d Hd'+ gbss co
dop<.;d with Fe2+.~ Th<.;re have also IJ<.;ell indications of 
self Q-switching in ruby co-dop<.;d with Ti and Fe." 
The absorb<.;r paramekrs in the latter s),st<.;m5 arc, as 
yet, hll'gely unclt;termined. 

In earlier publications·; ·7 a theory of SACI' lasers 
was formulated in terms of thr<.;e parameters, 1I'''i the 
normalizecl inversion prior to Q swilching, (J the ratio 
of absorber to laser cross sect ion, and Ts the absorber 
lifetime normalized to the cavity photon liietime. It is 
the purpose of this paper to show that for slll1i.cientlr 
I:trge (T, the: SAG]' ia:;('l' behavior can be adequately 
described by only two par:t111ders, iI'''i anclthl: product 
(JT, . The rang<.; of validily of (his description is examined 
in detail and is shown lo he a good :tpproxim:ttion ior 
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