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SUMMARY

The Tang, Statz and deMars theery of multimede oscilla-
tions of a selid-state laser, under stationary cemdisions, has
been extended to treat the cases 0of cavities with lossy end mir-
rors or with frequeacy~dependeat losses.






























that the twe plame waves belonging %0 the m-th mode gain in trave-
ling through the cavity an ameuat which compensates for the losses
&% the end mirro:xs.

With referemce to Fig.1, le¥ us denete by o' the (ampli-
tude) reflection ceeffioiens of the lefs-hand mirror and by o"
%hat of the right-hamd mifror. Purther, demete by ': (';) e
oomplex amplitude at the lefs-hand (righ¥-hand) mirrer of the left-
$o-right (right-te-lefs) plame wave belonging %0 the m-th mode. The

9 pr
///// 7z

W / W

Fig.1 « A conventionsl Fabry-Perot resonator. The (amplitude) re-
fleoction cdefficients are p' on the lef$ and o" on the right.

complex amplitude "(z) of the m~th mode a% a peint z imside the
reserator will be written as

(3.1) '-(z) = ': oxp(ik-z+p-z) + w: exp L-ik-(z-L) - a-(z-L):}

where B- denoves the gainm (in meper) per umit length. A% z = 0
and z = L, ene has

LMENY ¥, exp(ik L+p 1)
(3.2)
- " gt
L= v oxp(ik_I»ﬁ_L)
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Accordingly, one can write, by using (3.6),(3.7) and (3.4),

(3.8) P (2) = W (z) Wa(z) =

= w:y:'.xp(n_mpr.) E'cxp( 2pz)+p exp {-2p(z-L)}»+2 oos( 2k z )]
Recalling (2.3) and (2.7), ome cam wrive
(3.9) p(e) = r[p-.xp(zpz) .o oxp{-Zp(z-L)} + 2 cos( 21:_.-.)]
where
(3.10) 2= mp (0% o )Pl 1)
or also, in view of the firss of (3.4),

1 1 1 v 1
2 1'3131'3'3"'7[3"“3"“”]

By using (3.8) and neglecting terms of the order of
1/&5L2 with respect te umity, (2.8) yields

(3.12) P.- = lel;z (p'2+ p"z)(o“LJ) + 24 25n§= P”

which may be writeea as

2
(3013) F-='021 S..

with
(339 1= fz[:-::%mﬂ('l'-' - e ") * 2J

e 10 =
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Fig.2 - Plod of the 'reflection-loss function' im the plame r',r’.
Here r' (r') demetes the pewer reflection coefficieat of the left-
-hand (right-hand) mirror. Solid lipes represent ourves F/20° =
=constant, dashed limes represeat curves F,=constant.

Let us mew consider the case when &, is given by (2.25)
and therefore, on acceuat of (2.15), A- ie given by (2.26),
Eq.(3.18) becomes

2
(3.19) a, = @;) 151 [iil + %(J-rz) .5,2}

(recall that the (j+1)=th mode is specified by the value w=(3+1)/2,
as already moted). Vhen £ tends %o g0ro, P/2f.2 Yonds %0 2 and
(3.19) temas #o (2.27).
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Pig.4 - Number of 0s0illating modes for various values of tke normal-
1zed excess pump power 2; in a comventional cavity. The tempera-
Wure deperdence ocours through the quaatity Av, amd loss depen-

demce through F1(F1=2s high reflectivity at beth ema airrers;

P,= 3.3 : one or both end faces left umcoated).

Let us now substituse (3.18) into (3.16). We easily

obtain
1 1
(3020) N = wwww Sosye (A - A )
n - J+l n
210¢ g' 1«141‘1
and therefore
N € A -d
(3021) » = -2 -JKL !-
N; n J+1






4 - Freguency-dependent reflectien losses

Assume now the reflection coefficient of ome mirreor, say
p', %0 be imdepemdent of the frequency (without less of gemerality,
o' may be assumed %0 be real) amd the other one, that is o' , to be
of the fora (%)

(4.1) o' = orexp(iy )

vhere imdex m refers %0 the m=th mode, and p; is assumed to be
real with the same sigm as p'. On account of (4.1),(3.4) muss be
replaced by

o' pgoxp(28 L) = 1
(4.2)
exp(21k L + 1 ¢) = 1

Accordimg %0 the first Bq.(4.2), it turms out that (3.5) ceases
to hold. Again, (3.8) musb be replaced by

(4.3 2 (s) = WW exp(tk 18 1) |o" exp(28,2) +

*P:flpﬂ-aﬂ-(Z-L)}+ 2 oos(Zk.zﬂ

(®) Wnen a reflectiom coefficiemt depends oa the frequemcy, in

gemeral its phase is mot the same at all frequemcies, and there-
fore i% must be writtem in the form (4.1). This is the case, for
example, for the Kleinmam and Xisliuk arrangemeat (7). However,

the imfluemce of the phase ¢, regards only the resemance fre-

quencies and their spacing, but Ro% the reflectiem-loss fumc-
tion.






‘ (8o pi =1« ula
(4.9) 210t g-R- +TD z. g’r”na 1 = . (1+A-)

I% sus% be moted mow that a subs¥antial difference di-
stinguishes the case here treated from the case of the preceding
section. Im the case examimed iam sec.3, A- was a momotonmnically
imcreasing fumection of \v-vo\, so that, for j oscillatimg modes,
the frequemcies were imcluded im the imterval +[/v around v_ with
1= (j~1)/2. Here, due to the dependemce of j om the frequenmoy,
A- may cease to be a momotonic fumction of \v-fv°|, so that, in
order %o solve (3.18), ome has first %e determime which are the
j escillating medes and the (j+1)-%h mode.

14 seems reasonable %o assume, at least if ceupling
between oscillating and non-oscillating modes (8) is meglected,
that the sequemce in which the modes break into oscillation is
determined by the threshold associated with each mode, if it
could oscillate alome. Now, the m-th mode is at its thresheld for
single-mode oscillatioa whem the steady-state value n of the
inversion of pepulation satisfies the relav! .a

aDLg
(4.10) = = 1

Tm

Ir i- denotes the value of A satisfyimg (4.10),(4.10) says that
x;/k. is proportiomal %o i‘, or also, recalliag (2.15), that
144 is proportiomal %o ;-. The sequemce im which the modes emter
inte oscillation is therefore determined by A. anRd may be derived
frem the plot eof A- versus frequemcy. The larger is A-, the lar-
ger is the value of ;'. Acoordimgly, the j oscillatimg modes are
those asseciated with the j lowest values of A-.













A
i

0.2 +—

i

0 4 8 t12 16 20 24 28

m

Pig.7 - A plot of A, versus m, for a Kleimmam and Kisliuk
rzaonntor for the following values of the paramesers:
(dv/Av)2 = 10=3, Ly = L/11, pt = o} = 0.98 (p = 0,82).

Then, with the help of (2.27) one derives tshe dashed lihe of
Fig.8, which nas %0 be compared with the s01id line of the
same figure. Pig.9 chows N /N  im the ¥wo cases, with ay
110 70.

5 = Comelusion.

The Tang, Statz and deMars theory of multimode oscil-
lations ef a solid-state laser, under statiomary comditiems,
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Pig.9 - Relative iatensities of oscillating medes, for ajcg110 76,
a) ia a cenventienmal cavity, b) im a Kleisman and Kisliunk aavivdy.

N =

As a general resuld, it has beean foeund that the fumotion
A. defined by (2.15) playé am impertant rele. A plet eof A versus
frequency allows ene % determine the sequemce im which the medes
break imve oscillation, and the relative iatensities of the escil-
lating modes. The mormalized excess pump pever fer which ] medes

- 24 -



oscillate While the mext ome is just at threshold, is expressed
in terms of A. by ho(3018)0
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