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ABSTRACT

The parametric nonstationary four wave phase conjugation process Iis
investigated in nonlinear media without absorption and inertia. The reflected
phase conjugated pulse is shortened by shortening the duration of one of the
reference pulse propagating in the same direction. In noncollinear scheme of
four wave phase conjugation the frequency of the reflected short pulse can
be tuned by tuning the frequency of the signal wave of much longer duration
than the one of the reflected and the reference short pulse beam.

AHHOTALINA

NccnepoBaH HecTauuoOHapHLIA pexuM 4YeTbipexXBOIHOBOrO MNapaMeTpuyecKoro obpa-
WeHUss BOJSIHOBOIO (poHTa /0B®/ B OE3UHEPUMOHHON HEeNor/owawnlWen HesMHERnHON cpege.
MNoka3aHa BO3MOXHOCTb YKOPOUYEHMA uMMy/bca Ob6paweHHOW BOJMHbl 3a CHET YKOpPO4YeHUs
UMMy/sAbca MNOMYTHOW OMOPHOW BOMHb. [pM 3TOM B HEKO//IMHEAPHOW CXEeMe HEeBbIPOXAEHHO-
ro pexvmma OB® npegnoxeH crnocob6 NepecTporikn 4acTOThl FEHEepPUPYEMOro KOPOTKOro uUM-
nysnbca o6paweHHO BOMHbl 3a CYeT MepecTPOMKU 4HacTOTbl CUrHASIbHOW BOJHbI, WUMelwel
CYWEeCTBEHHO 66/blWyl AIMTENBbHOCTb UMMY/bCa.

KIVONAT

Abszorpcid és tehetetlenség nélkili nemlinearis kozegben megvizsgaljuk
a parametrikus nemstacionarius négyhullamu keverés folyamatat. A reflektalt
faziskonjugalt hullam kéveti a legrovidebb impulzus alakjat, a frekvenciaja
pedig a beesd "jel"™ hullam frekvencigjat. igy hangolhato pikoszekundumos
impulzusok allithatok elé.



1. INTRODUCTION

The scheme of phase conjugation by four wave mixing is well
known [1]- The signal wave is reflected with phase conjugation if
it is mixed with two reference waves propagating in opposite to
direction to each other in the nonlinear material. This process can
be theoretically easily described if the interacting waves are
stationary sinusoidal waves.

The process of four-wave mixing is investigated for the case
of the interacting beams are pulses of different duration and
different frequencies (see also [2,3])- It can be found, that the
reflected pulse can be shortened by shortening one pulse of the
reference beam and that the frequency of the reflected beam can be

tuned by tuning the frequency of the signal beam.

2. COLLI NEAR BEAMS

The scheme of the interacting beam can be seen in Fig. 1.
It is supposed that the medium is transparent at frequencies of
the beams and the relaxation time of the medium is shorter than
the duration of the shortest pulse in the interaction. The elect-
rical field strength of the four interacting wave takes the

following form
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The amplitude of the reference waves, the signal and the reflect-
ed waves are AMN(w™), and AM(0)M) respectively,

ej, K n are the polarisation vector, the wave vector and the
frequencies. The polarisation of the waves are the same and A",
A2, A™ are given at the beginning. Then the reflected wave ampli-

tude fullfils the equation
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in the approximation of the slowly varying amplitude.
Vi@G=1,2,3,4) are the group velocities of the waves where v~=V2=v.
y is the factor containing the susceptibility of third order of
the nonlinear material. ﬂKZ is the projection of the phase
mismatch Ak = ("3+74) on the z axis, which is the direction
of propagation of the beams. If wl=w2=w" Q3=01+46 and o>"=0i-6,/1k=
=-(k3+k™). The mismatch is minimum if the direction of propaga-
tion of the signal wave is opposite to the propagation direction

of the reflected wave i.e.

AKZ = Ak = kik_B =C———n(w»6) - . n(o>+6)

where n(o>) is the index of refraction of the material. The solu-

tion of the equation (@) at z=0 (see Fig. 1) has the form

Fig. 1,

Collinear scheme of nondegenerated parametric
four wave phase conjugation
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was supposed. L is the length of the nonlinear material and T 1is
the width of the pulse A™. In the following, take the amplitude
of the beams A = A~. If T is much less than the duration of the
signal (t<<t”) and the propagation time back and forth through

the medium, then the duration of the reflected pulse x* is roughly

equal to . Let us investigate this effect in more detail* Suppose
- as an example - that the interacting waves are of Gaussian type
2 2
AN 2 = AN 2exp(— 20) ; A3(® = exp( 2-——-) (©))
T x3

At is the time lag between the signal (A3) and the reference

(A. 9) beams. The intensity of the reflected wave I1.(o,t) =
1rz 2 N

= 1AM ,t)1 is given according to the expression (2) as
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where

erf(X) =

O \X
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It can be seen from expression (4) that the intensity of the
reflected wave decreases with increasing mismatch [k in the case
of the four wave mixing discussed. The bandwidth of the possible

frequency tuning can be given as

1

c
n W+6)+n W—<§ T1-v ®)

Aw

vdiichmeans that the bandwidth of frequency tuning is about the

same as the bandwidth of the Gaussian reference beam of width T.
In the case of "short” nonlinear medium i.e. if t>ZE the

expression (4) is the same as that well known expression given

for the quasitationary scattering.
In the opposite case of "long"™ nonlinear medium i.e. if

t<<?L we can get from expression .(4)
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It can be seen from expression (6) that the pulse width of
the reflected wave is the same as that of the reference wave t.
The bandwidth of frequency tuning AW—IO12 Hz if t:10_12 sec.
Consequently - in case of the collinear four wave mixing discuss-
ed - it is possible to generate reflected pulse of picosecond
duration and with conjugated wave front. But the range of fre-
quency tuning is very restricted. To widen the tuning range let

us investigate the case of noncollinear four wave mixing.



3. NONCOLLINEAR FOUR WAVE MIXING

The geometry of noncollinear four-wave mixing 1is given 1in
Fig. 2. Here we have supposed that wave vectors of the interacting

beams are in the XZ plane. The solution of the equation (1) is

given in that case as

Fig. 2.

Noncottinear scheme of nondegenerated para-
metric four wave phase conjugation process.

h=h_2+h-2=-3+4

xsin (R+as/2) ,, ’l_Lcos (B+a/2)].
C v

Ad (z=0,x,t)=1y JAL<S v

=

t>sin(R-g/2) ; 1 _ cos(B-ot/2) t xsing 1 +cosRB
- v >hS v4 V3

In case of interacting beams of Gaussian type given by
expression (3 and in the most interesting case of "long"™ non-

linear medium (t<<—2L) the intensity of the reflected wave is given

as



14 (0,X,t)=]Y ,l10°l20«l30°§2-¥2—v2

8(t-x/vie(R+a/2=v4/Vv))
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a and B are the angles between the vectors k», k™ and k3, k4
respectively (see Fig. 2) and

(v-v3) %
F(t.x) = < oyz - oo, VE-2)“v3(E+r2) FALS

Furthermore v4=v was also supposed. The relation between the

angle a and R is given by the phase synchronism k=0 from where

si[i’r‘l’;l = + /Sin2 1[%' 0032(9) ¢5))

For simplicity the dispersion of the medium is neglected in the
range b+6.

IT the frequency offset 6 is changed i.e. the frequency of
the signal beam us tuned (+6) and the angle between the signal
and the reflected beam is not changed (B3=const.) the angle
between the reference beams has to be changed according to the
expression (8). Consequently the frequency of the picosecond
reflected beam can be tuned in the whole range Q) <1l) of the
frequency tuning of the signal beam.

If the spectrum of the signal beam is wide the frequency of
the picosecond reflected beam can be tuned by changing the angle

6 (6) according to the expression

sml = —vs'm2 @ - (©))
62/112



gotten from expression (8) supposing a=const. Here

. - a - .a
- aisin”<o-1uJSin-"

is also supposed.

4. CONCLUSION

The study of the nonstationary nondegenerate four wave mixing
process shows that it is possible to get picosecond pulses with
tunable frequency by tuning the frequency of comparatively long
(nanosecond) pulse of the signal beam. Moreover the wavefront
of this picosecond "reflected" pulses in the four wave mixing
process 1is conjugated in respect to the signal wave of the "long"

pulse.
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