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Abstract. The feasibility of obtaining anisotropic Doppler-free gain and unidirectional
generation in optically pumped lasers is studied. The Doppler broadening is compensated
due to a pump-induced velocity-dependent light shift of an atomic transition. The gain

and spectral characteristics are investigated.

PACS: 42.65-k, 32.10Vc, 42.80Qy

Monochromatically pumped lasers are characterized
by a number of new features and are especially attrac-
tive for coherent light generation in the long-wave
range [1]. If the energy levels of an amplifying tran-
sition are populated in the absence of an optical pump,
a relatively weak resonant monochromatic pump cau-
ses the appearance of nonlinear resonances on the
Doppler profile of the gain and the oscillation line
[2-5]. The gain resonances have different shapes and
positions for the forward and the backward amplified
waves with respect to the pump wave. It is accounted
for the fact that only “resonant” velocities give contri-
bution to the nonlinear interaction of pump and
amplified waves and for the fact that resonant stepwise
and two-photon radiative processes as well as their
interference manifest themselves differently after ve-
locity averaging [2-6].

When the gain exceeds the threshold value only in the
maxima of the discussed resonances, it becomes possi-
ble to achieve a light source with a narrow-gain
bandwidth [7] and unidirectional propagation inside a
ring cavity [8]. However, it should be emphasized that
only a small part of the total number of atoms is
involved in the resonant nonlinear interaction with the
pump and laser waves.

As it was shown in [6,9-14], there is a possibility to
completely compensate for the Doppler broadening of

the gain line for an amplified wave, propagating in a
certain direction. The effect is due to the light shifts
compensating Doppler-frequency shifts in an intense
pump field. All the atoms, irrespective of their veloci-
ties, will contribute to the gain only in a narrow
frequency interval. As a result, the gain for one of the
directions of the amplified wave exhibits a sharp
increase compared to the others. The interest to
Doppler compensation in a strong field, quasiresonant
with an adjacent transition, has recently been stimu-
lated by successful experiments [15, 16].

The present paper develops the theory of a laser based
on the described effect. The gain conditions are ana-
lyzed at Doppler-free transitions, the Doppler broaden-
ing being compensated by pump-induced light shifts.
The spectral characteristics and generation features at
the given transitions are studied. The advantages of
using a Doppler compensating pump and feasibilities
to observe a unidirectional emission in ring cavities are
considered.

1. Basic Expressions

Consider a Raman-like transition scheme (Fig. 1).
Frequency w of the travelling pump wave is close to
the transition frequency w,,,. The gain and generation
characteristic in the spectral range near the fréquency

0721-7269/82/0027/0063/$01.00
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n
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w,; of the ml transition are under consideration.
Radiation at frequency , can be represented as the
sum of two counter propagatmg travelling waves:

+

E . .
E (z1) =7" exp(io,t +ik,z)

E . .
+ —2"— exp(iw,t—ik,z)+c.c.,

where E; and E_ are the waves amplitudes. The
emission is prov1ded by a nonlinear polarization at
frequency w, which can be written as follows:

P+
P(z,t)= 7“ exp(iow,t +ik,z)

P, . .
+ ——explio,t—ik,z)+c.c.
=%, —fexp(lwut-l—lk#z)

E . .
+x_ —2“— exp(iow,t—ik,z)+cc.,
where y, and x_ denote the corresponding
susceptibilities.

Maxwell’s equations, regardless of the losses on the
mirrors, provide:

n 2 0°E [z, t °E [z, t) 4n 0P (z,1) 0
¢t or? 0z? S ar
where n, is the refraction index of the medium. In the

o By OE
“oz T 02 )

under a steady-state approximation, one can readily

case of slowly varying amplitudes (

. . . . C
obtain for the radiation intensity (I F=—t |E;—“|2)
8nn,

oI, oI _
Se=g.L and =g I, @)
where
4mw Y
g.= cn;‘ e =x+ix"). 3

u

The output radiation intensity is assumed to depend
weakly on z, which is valid for small cavity losses. Then
the solution of (2) has the form: IT=If(1+g.z),
where g, z<1.

A. K. Popov and V. M. Shalaev

For a ring cavity the generation requirements are
applied to each wave separately:

=Ty g-=T1_, 4)

where T, denotes the cavity losses per unit length of
the amplifying medium. Frequencies of the output
waves are determined by the expressions:

2
w::w:q[l_(—no‘)ix;}’
u
5
o 5)
O T
i

where n is the nonresonant part of the linear re-
fraction mdex a); 4 is the intrinsic cavity frequency in
the absence of a medium (y=0).

The pump radiation is assumed to have the form of a
travelling wave:

E
E(z, )= 75 SXP [i(wt —kz)]+c.c.,

and only level n is supposed to be populated in the
absence of a pump. Below it will be shown that the
properties of the optical medium at frequency w, are
highly anisotropic. The most interesting is the case
when the gain index for the wave E, considerably
exceeds that for E+ so that only the wave E, 1
generated in a ring cavity. Consider a three- level
system (Fig. 1), showing interaction only with the two
co-propagating waves E and E_ .

Neglecting spontaneous transitions from m to [ level,
the steady-state density matrix elements are defmed by
the following set of equations:

P, twm=1GA4,, +1G 1,

P, tm=—1G¥4,,—1G*r,,
Pry=—iGry +iGir,, (6)
r,r,=—2Re{iG*r,, +iG}r,,}

I'r=2Re{iG}r,},

where r;; denotes the Fourier amplitudes of the density
matrix elements in interaction representation (€.g. 0,
=7, exp{io—w,,)t—ikz});

=0y — Q=T

G=—FEd,,/2h;
Gu: u em/Zh =T
P, =T, +iQ =TI, +i(Q—kV)
=l +io—0o,,—kV);
P,=I,—iQ2,= r,,—iQ,—k,¥)

:le__i(wu_wml_'kuV) ;
P,= I, +iQ,= Fnl+i(‘Q/—‘Q;1)

— I, +i(Q—Q,—kV+k,V). o
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®,, of the ml transition are under consideration.
Radiation at frequency w, can be represented as the
sum of two counter propagating travelling waves:

+

E . .
E (z1) :—2"—exp(1a>#t +ik,z)

E . .
+ 7" exp(iw,t—ik,z)+cc.,

where E] and E; are the waves amplitudes. The
emission is provided by a nonlinear polarization at
frequency w, which can be written as follows:

P+
Pz, )= 7" exp(iow,t +ik,z)
P, . .
+ —-exp(iw,t—ik,z)+c.c.
E+
=y, 7" exp(io,t+ik,z)
E, . .
+x - exp(iw,t—ik,z)+cc.,
where y, and y_ denote the corresponding
susceptibilities.
Mazxwell’s equations, regardless of the losses on the
mirrors, provide:

n O°’E A2,1) azEu(z, 1) 4n GZP#(Z, 1)
el -

2o 022 & o M
where n, is the refraction index of the medium. In the
. . JE, 62E
case of slowly varying amplitudes |k, 5 by _F 52
under a steady-state approximation, one can readily

. C . c
obtain for the radiation intensity | I¥ = _——|E*]?
I * u
87n,,

01+ oI, _
T—Q+I+ and ‘a‘;—:g—lﬂ , 2)
where
4mew _
ge= cniﬂ e =y +ix"). €)

©

The output radiation intensity is assumed to depend
weakly on z, which is valid for small cavity losses. Then
the solution of (2) has the form: I*=If(1+g,2),
where g, z<1.

A. K. Popov and V. M. Shalaev

For a ring cavity the generation requirements are
applied to each wave separately:

g.=Ty5 g =T, 4
where T, denotes the cavity losses per unit length of
the amplifying medium. Frequencies of the output
waves are determined by the expressions:

2n
o =i i
°

o =i et ?
P (ng)zx— >

where ny is the nonresonant part of the linear re-
fraction index, co;—'q is the intrinsic cavity frequency in
the absence of a medium (y=0).

The pump radiation is assumed to have the form of a

travelling wave:

E
E(z,t)= 5 expli{wt—kz)]+cc.,

and only level n is supposed to be populated in the
absence of a pump. Below it will be shown that the
properties of the optical medium at frequency w, are
highly anisotropic. The most interesting is the case
when the gain index for the wave E; considerably

i
exceeds that for E: so that only the wave E_ is

generated in a ring cavity. Consider a three—fevel
system (Fig. 1), showing interaction only with the two
co-propagating waves E and E_ .

Neglecting spontaneous transitions from m to [ level,
the steady-state density matrix elements are defined by

the following set of equations:
P, tm=1G4,, +iG 1,

nm’ nm
(1%
P, t= 1GuAem—1G Pre
— *
Pry= —1Gry +iGir,, (6)

I,r,=—2Re{iG*,,+iG}r,,}
I'r=2ReliG}r,},

where r;; denotes the Fourier amplitudes of the density
matrix elements in interaction representation (e.g. 9,
=r,exp{io—ow,, )t —ikz});
d;;=05—05;=T1;—T;
G=—Ed,,/2h;

G,= 2h ;. ru=T
P,.=I,,+iQ =TI, +i(Q—kV)
=I,,+io—ow,,—kV);
=I,—1Q,=T,—-1(Q2,—k,V)
=Iy—ilo,~ o, —k,V);
Py=T,+12,= Fnz‘H(Ql"Q;L)

=TI, +iQ-Q,—kV+k,V).

p. em/

P

ml

Doppler-Free Gain in Lasers

The susceptibility y is related to r,, by the ratioes:

K =—2NHE;| *Im{{iG}r, >} ;

K" =2NhE, |"2 Re{<iGyry, >} (7
=NHE,; | >

The angular brackets {...> denote velocity averaging
with a Maxwell distribution.

The expressions for the populations of the levels r; and
r,, can be derived from (6) [13]:

L mle
1 Q’2+F2(1+K) ’

Mk
P LT ®)
Q24T (1+k)
n, |G2 T G2\ Q2+1?
412 LY ] Z -
e\ e Ry
where
|GG|112 _ Q. -
QQ“,, mi=Latys  ny=\gli=T[7:
G,)?
=Ly 4om |
=31\t 2P0 ) G
I, IGI2\IGI*]™*
nm F F -
o mn G G
_ Q Q  Q
= o+ 21 _ 0w 27
y m 2I+Q#Fm E(l 29 Q#):
~ IG|? IG,)?
M=+, — @ + L )

[ =1, = 2AL,IGI* + 1,1G,17)/QQ,

G 16,

Q o

F=0-2+

According to (7), the expression for r, determines y”.
Note that (8) has been obtained for the following

approximations: |S~2|<|Ql, 1Q,; 121> kb; [Q,1>k,0b

being the most probable thermal velocity). Under this
approximation one finds for y":

2 2 2[‘
- Nl (162 () @\n G| Ly
2 \0Q, Q) @,

u

r+2 S _Cmly 10
( 92 L Q24T 14+x) 2,/ (10)
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2. Doppler-Free Gain

Equations (9) determine the position of a perturbed
resonance £2':

P i < |G IG,)?
Q_Q—Qu+7~ o =|e-2,+ 2 o
G, G
—(k—k#)V-—I |kV+I—Q—|2—kuV
=3 kvV+k,v=0. (11)

These relations demonstrate an important fact: the ap-
pearance of additional intensity- and velocity-
dependent resonance shifts. These shifts account for
the dependence of the magnitude of the resonance
displacement in a strong electromagnetic field on the
detuning and, hence, on the atomic velocity.

For the transition scheme under consideration, the
pump fields being weak, compensation of Doppler
broadening is impossible. As the intensity increases,
there appears such a possibility due to the induced
Doppler shifts, and the compensation condition is
satisfied for all the velocities simultaneously. The
condition has the following form:

k=k,, ie. k(1+|%|2) k(1+%>. (12)

The position of the resonance 2, can be readily found
from (11):

G, G2\
(Qu)resE‘QI,ZZ%(‘Q_%)i%\/(g_%‘l—) +4IG|2
(13)

The condition for the resonance at one of the detun-
ings Q,=Q, , to be Doppler-free can be derived by
substituting the detuning value given by (13) into (12):

k,=M, ,k;

(A
Q

1+
s i
Q) QIGH|2242
- 5 +4|G|

It should be noted that, according to (8), the resonance
experiences power-broadening which becomes signifi-
cant when k< 1. However, the Doppler compensating
condition, on the one hand, and the condition for the
appearance of a narrow resonance with the width of
the order of I’ (i.e. k=1), on the other hand can be
satlsfled simultaneously —at  [G|*/Q*Y and
1G> %

Assumlng |G, P=r I <Q* the following expressmn
can be obtamed for the resonance location Q, ‘and for

Q—

(14)




66

the condition of its Doppler broadening cancellation:

Q, ,=3Q+ )/ Q> +4GP), (15)

Q
k=M, k; M =l(1i—’————>. (16
f22 1,2 1,2 2 Qz+4|GI2 )
A joint solution of (15) and (16) allows one to de-
termine the optical pump intensity I’ required for a
complete cancellation of Doppler broadening of the
gain line, and to find the frequency w] of the maximum

gain

’ h202 o 2
s C I 17
! 8nvamﬁn\(2wma—a%m> } a7
a)izwme—kQ%&:—w-, (18)

where 7 is the refraction index for the pump wave. At
|Q|~1em™1, |d,,|~10 Debye, the estimation for I,
yields ~1kW/cm?.

As it follows from (15), in weak fields the resonance
Q,=9,—~Q and, hence, corresponds to a double-
quantum transition, and the resonance Q,=Q,-0
and is associated with a cascade one. As G is increased,
both resonances are shifted. However, resonance shifts
cancel at Q¥ = —|d,, ,/d,,,,/* A, when m level consists
‘of two sublevels m, and m,. In this case an unshifted
“double-quantum” resonance can be observed at the
frequency of w,=w— @, The pump intensity being
such that

k Q2
T EaLP, (19
QF + 78 (Lt /o).

the unshifted resonance is Doppler-free. In case, level n
consists of two sublevels n, and ny, it is the frequency
w,=,, that is resonant, ie. an unshifted “cascade”

resonance can be observed, if Q,=—|d, /4, ,,m|ZQﬁ-
When
|Ed, I
k ——4?1%— (1 + ‘dnum/dnﬁmIz)
%, P 20)
Q2 + =45 L/ dgml”)

the resonance broadening is homogencous. Levels n,
and n, can be either Zeeman sublevels, splitted by a
magnetic field, or the fine structure levels. The corre-
sponding cases have experimentally been treated in
[15,16].

. 3. Generation Features at Doppler-Free Transitions

Substituting (8) into (7) and using (3), the expression
for the gain coefficient g (I'(1+x)'/* <|k—k, ) can be
derived

Q 2
) expl —\|—=— =
Nﬂi@&ﬂﬂﬁﬂmﬂGﬁ,ijﬁ;ﬁﬁﬂl

N9, ke gy

A. K. Popov and V. M. Shalaev

Provided the condition (14) satisfied, one obtains

VAo’ nmlG? T

—_— 22
cen,h QQ, Q*+I*(1+x) @2

g =
The comparison of (21) and (22) shows that the gain
coefficients for co-propagating E; and counter propa-
gating E: waves with respect to the pump wave relate,
in the maxima, as g_/g, ~|k+k,o~10% when kZ1.
Thus, the threshold condition being satisfied only for
the co-propagating wave, a unidirectional generation
can be observed.

Assuming in further considerations the Doppler com-
pensation condition to be satisfied and using (4), the
following expression for the output radiation intensity
can be found:

I 10*+717?
=7@’f‘7€‘>\ (23)
or in an another form:
Nun,ho I, 10> +1?
5:7f%ﬁ'@—f—ffﬂ’ (24
"

where I is the pump intensity, and I denotes its
threshold value:

T 2H(n,/mIQQ, N
N 810 1, 0,ld,m el

. nmme

(25)

To obtain a narrow gain bandwidth, apart from the
condition (17), the pump intensity should not exceed,
substantially the threshold value, ie. I=I fer
Otherwise,\ when the saturation parameter x> 1, the
power broadening of the gain line becomes
significant.
Assuming
19| ~1Q,[~ 10574
F~109s71;
r,~10"s71,
w,~10Ms” L
o] ~107 3¢ units CGSE;
L~10cm;

T~10"3cm™ !,

|d

Ny~ ~1
N~10"cem™3,

the threshold value of the pump intensity becomes
I~1kW/cm?.

It should be noted that for the given parameters, the
pump absorption aL(x being the absorption index) is
insignificant (xL~107") and may be neglected.
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termine the optical pump intensity I required for a
complete cancellation of Doppler broadening of the
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gain: ,
pe e D ) ~1}, (17)
87ld |1 |\ 200, — Oy

where n is the refraction index for the pump wave. At

|Q~1cm™Y, |d,|~10 Debye, the estimation for I,
yields ~1kW/cm?,

As it follows from (15), in weak fields the resonance
Q,=Q,~Q and, hence, corresponds to a double-
quantum transition, and the resonance ,=€,—0
and is associated with a cascade one. As G is increased,
both resonances are shifted. However, resonance shifts
cancel at Q= —|d,, /d,, ,|*QP, when m level consists
“of two sublevels m, and my. In this case an unshifted
“double-quantum” resonance can be observed at the
frequency of w,=w—w,, The pump intensity being
such that
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consists of two sublevels n, and ny, it is the frequency

w,=w,, that is resonant, ie. an unshifted “cascade”
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When Ed
L G T
T AKZ Aol B
o2+ Bl (1 1d, o,

the resonance broadening is homogeneous. Levels n,
and n, can be either Zeeman sublevels, splitted by a
magnetic field, or the fine structure levels. The corre-
sponding cases have experimentally been treated in
[15, 16].

3. Generation Features at Doppler-Free Transitions

Substituting (8) into (7) and using (3), the expression
for the gain coefficient g (I'(1+x)1? <lk—k .|D) can be

derived 0 )2}
N4n3/2w \d,,.J? 171172|G|2 (lzz ko .
cn,h QQ,  |k—kJ5-)/1+x 1)

A. K. Popov and V. M. Shalaev

Provided the condition (14) satisfied, one obtains

e A domel> 171,161 r 22
. L 22
cnh QQ, Q +I*(14+x)

The comparison of (21) and (22) shows that the gain
coefficients for co-propagating E; and counter propa-
gating EJr waves with respect to the pump wave relate,
in the maxuna as g_/g, ~ [k+k [5~10%, when k1.
Thus, the threshold condition bemg satisfied only for
the co-propagating wave, a unidirectional generation
can be observed.

Assuming in further considerations the Doppler com-
pensation condition to be satisfied and using (4), the
following expression for the output radiation intensity
can be found:

194
":7(17—5—) \ )

or in an another form:

Nnho,l, Tﬁz+f2)
=— 2211 ) 24
L T 2n (24)

I I?

where I is the pump intensity, and I denotes its
threshold value:

T /e,
N 82 NN, ld

I= 25)

nm me|

To obtain a narrow gain bandwidth, apart from the
condition (17), the pump intensity should not exceed,
substantially the threshold value, ie. I=I"%I
Otherwise, when the saturation parameter x> 1, the
power broadening of the gain line becomes
significant.
Assuming
Q| ~[Q I~ 10" s
I~10°s71;
r~107s7%,
w, ~10'*s71;
[ @oe] ~ 10736 units CGSE;
L~10cm;
T~10"3cm™?;
ni~ny~1;
N~10'*cm™?3,
the threshold value of the pump intensity becomes
I~1kW/cm?.
It should be noted that for the given parameters, the

pump absorption aL(x being the absorption index) is
insignificant (xL ~107") and may be neglected.

Doppler-Free Gain in Lasers
Using (5) and (10), one easily obtains the expression for
the output-radiation frequency (|Q|> kv;1Q,|> k,0):

O ld e’ 4,GI% 1)
h(ng)z Q

Q
Q,=0,+0w0= ~N (26)

©
where

— i . q._.. .
Q=ol~w,,; 5wu—cT

G 2 G 2 -1

The analysis of (26) shows that depending on a con-
crete correlation between the parameters G, Q, Q,,
both output frequency pulling and pushing relative to
the cavity frequency can be observed. The dependence
of the radiation frequency on the intrinsic frequency of
the cavity at the line center Q~0 (ie. Q,~Q, )
exhibits a strong resonant behavior and is 1ncreased
when 6>0 and decreased when §<0:

dQ, Sl |GP )}—1
—= ~[1— 1 . 27
(qu)?):o r ( * Q%,z @

In the latter case the output frequency weakly depends
on the fluctuations of the cavity frequency. The effect
can be employed for passive stabilization of the output
frequency.

The difference in the refraction indices for co-
propagating and counter-propagating waves results in
the difference of their frequencies w: and w,, the
threshold conditions being satisfied for the both waves.
Lets evaluate this difference. According to (5), (10),

2r , 2r
=n, —nu=(72)—z(x_—x+)ﬁ@)—zx_~

When

N~10"%cm™3;

|d,.;| ~1 Debye;

Q| ~T'~10°s71;

|G~ Q] ~1Q,1;

gy=T,,

we find Aw,/wi~10"* Then, at v,~10>cm™' one
obtains

-

Av,=(w; —w;)/2n~01lcm™*.

4. Conclusion

In conclusion we summarize the basic features of light
generation at Doppler-free transitions. In lasers with
the gain observed at a Doppler broadened transition
only a small part of the total number of excited atoms
(of the order of I'/kv < 1) is involved into the process of
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monochromatic light generation. In particular, it re-
sults in the appearance of a Lamb dip, being signi-
ficantly narrower than the gain line. The total number
of atoms, contributing to the generation at the tran-
sition center is proportional to the Lamb dip area.

The considered possibility to increase the part of the
atoms contributing to the generation is due to the
following. The pump intensity can be chosen so that
Doppler-free gain components appear at Raman-like
transitions. In other words, all the atoms, irrespective
of their velocities, occur to be involved in such tran-
sitions. The total gain spectrum of these optically
pumped lasers appears to be concentrated in the
narrow spectral interval of the order of the natural
transition width. The given gain properties are attri-
buted only to the forward emission. The gain spectrum
for a counter propagating wave is Doppler broadened
with the width of the order of (k+k )0 and, hence, is
[(k+k )v/F ] times weaker. It can result in a unidirec-
tional generation. The dependence of the output ra-
diation frequency also undergoes a significant modifi-
cation. In particular, passive stabilization of the output
frequency becomes possible at the line of the Doppler-
free transition. It is important to emphasize that for the
cavity-less superfluorescent lasers the usage of the
discussed Doppler-free gain makes the realization of
the threshold-like condition significantly easier, and a
narrow-band unidirectional emission can be obtained.
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e reduced o match the
from the first 4o the second state
the process would be repeated a2
maay fimes as needed.
" In addition to keeping the time ze
. gitired to excite the molecule mueh
shorter than the relaxation time, the
technigue would hold photon waste to
a minimum. For laser-induced decom:-.
position of boron trichioride, Steverd
ing caleslates that chirping would in- -
crease  efficiency tenfold, Such =
reduction in the photon efficiency of -
other photethemical reactions —
typicaliy about 150 photons per reae-
tion — “would bring phntochemistry
infe a more compsefitive posxtmn
with thermochemistry,

Laser projection television
B. M. Lavrushin and E. 5. Shemchuk,
Television  Sel Res Inst, Moscow

itec Optical Coating Division pion- The new Vaitec UV excimer coatings are Kvant Elekt 3 12, 268" {Dee in Rus-
i the deveiopment of a new high effi-  damage resisiant at high power levels have sian)

mengy refieciion coating for wavelengths  pioven chemical resistance to fiuoride gases, it £y wrlicaid

shorter than 3550 angstroms. The Division  and are virtuaily non-absorbing over the main Elvaluat‘;n(g “ie da‘ le??mg of
has expérimented with several specialcoating  laser wavelengths. The new UV reflector coat- electronbeam pumped semiconductar
malerials and has developed unique methiods  ings are now available inthe primary sxcimer lasers o projection television, the
for controlfing high absorption losses and  laser wavelengths. authors conciude that the system has
coating damage at high power levels. 1  potential resolution of a few thousand

television lines and high brightness
on a medium-size sereen. Commereial

&

WALT

36 Pope Rd. " prototypes of ebeam-pumped semi

Hoiliston, MA 01748 4 conductor lasers [LF Dec T4 p22]

Optical Coating Division B17-429-6280 have been tested for applications in-

- : - y cuding high-speed nonimpact print-
Circle No. 52 . - ing of computer cuiput in the United

' -+ States, but have found no major ap-

FABRY-PEROT ETALONS .
for dye las ser tumng

. AER GAP ETALONS,
OPTICALLY CONTACTED,
THERMALLY COMPENSATED.

SF, studies in USSH

V. T. Plamonenko Moscow State u
Pisma JETP z; 1, 62 (Jan 6 in Rus-
siai) .

Studies of the mechanisms underly-
ing  the  isutopically  selective
photodissociation of polyatomic
molecules are proliferating in  the
Soviet Union as in the United States.
This paper, "On a mechanisin of eolli-
sionless dissociation of molecules in a
strong infrared laser field,” by an
anthor at Moscow State University,
describes caleulations indicating that
the transfer of “considerable” vibra-
tional energy into rotational epergy

& Gaps from 4 pym — 5 mm

@ Standard Holders.

& 7 or 20 finesse.

@ 16 and 20 mm clear aperature.

electro-pheionics manuiactures a comprehensive range of etalons for
Dye lLaser Tuning . . . We also make Dye lasers and each etalon is
faser tested before deiivery.

Specs, transmission curves are fine . . . but the only lrue test for an compensates for the anharmenieity of
etalon for dye laser tuning . . . is in a Dye Laser . . . energy levels.

We have 5 vears experience in making dye lasers and tuning etalons. .
: Resonant upconversion

A. K. Popov and V. P. Timoleev,

Kivensky Inst of Physics, Krasno-

yarsk, USSR Opt Comm 201, 94 (Jan)
Two methods of resonant two-photon
upconversion aresproposed by Popov
and Timofeev at a Siberian institute.
In one, a “broad range of infrared
radiation” would be upeonveried into
‘the green via double-guantum transi-
#lons in cesium vapor; the major ad-
vantage, they write, is the possibility

We have the answers to your tuning problems, and when you receive
your efectro-photonics etalon you will know it has been final tested in
our. dye lasers and not to be final tested in yours.

Contact us now:— _

glectro-ph~tonics

! The Cutts, Bunmurry, Bellast BTI7 9HN, M. lreland, UK.
Telephone: Belast (0232) 618225 Telex: (Photon Belfest) 747343

tn U5 A ~-fMarce Scientific, 1031 ¥ East Dusng Avenus, Sunnyvalg, California 94045,
Telaphans (408) 739 94148
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