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CAN OPTICAL PHASE CONJUGATORS PRODUCE A VERY SHORT CONJUGATE PuLSE?
8. R. Suydam
University of California
Los Alamos Natioral Laboratory
Los Alamos, NM 87545

Abstract

In stugdying the transient dehavior of phase conjugation via four wave mixing, it nas
been noted that very short probe pulses invariably produce considerably broadenea con-
jugate pulses unless the conjugator ir inordinately short. We nhave therefore unger-
taken the present investigation to determine whether a snort conjugate pulse might

be produced by judicious programming of tnhe probe. We find that the probe carn

ingeea be tailored to produce an arbitrarily short conjugate signal and, if the
conjugating medium exhibits Tinear absorption, then the total energy in th2 probe
signal is finite. The requireac probe programming can be determined by numerical
evaluation of a Fourier transform.

Introduction

In tnig paper we snall pe.considering an optical pnase conjugator which operates Dy four wave mixing as
first gescrioed by Hellwarth™. Tne conjugating medium will Le a dielectric exhipiting tne Kerr effect with
essentially instantaneous response, pumped far from rasunznce by two exactly counterpropagating. unmodulated
plane waves of frequency w_ . 1t {s assumed that the probe is so weak that the pump is not depleted.

Among many possible usef. opticai phase conjugators may .rove to be valuable gevices in the fiela of
laser fusion. Here, and perhaps elsewhere, one deals with yuite short puises. so the transient penavior
becomes important. The classical paper on this Subjsct is that of Booroff and Haus“. who give the conjugate
response to a 6-functinn prope input. Fisner et al nave carriea the analysis further, have developed a
convenient <theme to compule the cor jugate response given the probe envelope, and nave presented results of
some typical probe p-lse snapes. Generally speaking. if the probe pulse was as short as a nanosecona tne
conjugate sign.  was considerably smeared unless the conjugator was vary short. Upon seeinq these results
it was natural tc ask whethar & short conjugate pulse mignht be produced Dy Droperly programning the probe
rather than Dy arbitrarily shortening the conjugatar. In tnis paper ~e therefore address the question  (ar
the probe De G tailored that the conjugate output puise 1s shorter than the round trip transit time of
lignt 'n tre conjugator. 1_e. shorter than the 8-function response? Tne answer turne gut toc be, Yndeed it
car  Naturally we snall accept Gnly such programmi-g as results in finite total in,ut erergy It is tnere-
fore convenfent to use matnematizal terminology whicn | snal) now aefine If the complex function F(t) fis
such that

. 2
f 1IF(t)1°dt convarges

®
ther we say that F(t) beiongs to L, we require that tne probe envelope function beleng to L,
General Result
The electric riglds of the probe anu conjugate waves are represented. as usull. by

Ep = hsﬂ «@p !'u-o(t - 1/v)} * ce
= - v 276)) - (1)
Ec = HEC exp{-w (T /o)) *+ c¢

and tne envelopas £ .lf are presumed Lo vary siowly in t and in z (learly v 1s the phase velacity in tne
medium It is convBnieht to define

F(L) 3 é; (o.t) .
(2
6(t) = (1/x) E o)

whers « 18 the coupling zoefficient whicn, in our case, fs a res! constent. Thu. F(t, 1s the complex con-
jugate of the probe anvelope and G(t) is tne normalized anvelope of Lhe conjugate signal, poth evaludted at
2 = 0, where the probe enters and the conjqngto exits. The coupled wave equations ere solved by Laplace
trangforming them ana obtafning the result™’



g(s) = h(a)f(s) , 3y
_ sinpl
h(o) = Pcosp? + (o/v)sinpZ ,

g=zs +hkav , Pz sz - (o/v)z

Here a is the linear absorption coefficient of the conjugating medium, 2 is its length and f{s), g(s) are
respectively the Laplace transforms of F(t), G(t); s is of rourse the complex frequency variable s = y - if.
Laplace transforming the first of Eqs. (3) and us’'ng the Faltung theorum, we have

G(t) =f H(t - t) F(t) ar , (4)

where H(t) is the Laplace transform of h(o).
Our problem is o solve the integral equation, £q. (4); that 1s, qiven the desired response G(t), find
the required input F(t). Formally the problem is trivial, for Eq. (3) immediately gives us

f(s) = (h(o)]™? g(s) (5)
whence, Laplace transforming
1 [ -1 st
F(t) = ol 1 (h(o)] ~ o(s) e ds . (6)
y- =

The difficulty with this procedure is that, while h(o) is a wall behaved transter function, its reciprocal is
not. Thus we have no a priori assurance that the integral converges, let alone that F(t) should belong to
L,. The major result here reported is that the integral of Eq. (6) does indeed converge and defines a
fanction F(t) which belongs to L2 if and o.ly 1f the following conditions are all satisfied:

(2) a > 0;
® &< @t vk
(c) Both G(t) and its derivative C'(t) belong to L2'
When these conditions are satisfied we can chyose y = 0 in Eq. (6) which then expressus the required input

function F(t) av an ordinary Fourier transform. Thus when conditions (a), (b) and (c) are all satisfied the
method developed in Raf. 3 can be used to compute F(t) numerically.

A Simolified ixample

The proof of the above stated result, which 15 a bit long, will be given in a fuller paper on this sub-
Ject. In this fuller paper I shall also discuss what goes wrong whan a = 0 and what can be done about fit.
For this paper it gseems more instructive to 111u|tr|t' our general result by examining the simplified case
of a weak conjugator, as first discussed by Marburger . In the limit x + 0, Eq. (3) becomes, after renor-
malization,

helo) = (1/0T) (1= «T) €))
T« 28/v

Note that T {s the round trip 1ight transit time, The Laplace transform of this is

0 fort <O
Ho(t) = f (1/7) exp[-havt]) for 0 < t < T (8)
0fort>T ,

and Eq. (4) takes the form



t
G(t) = exp[-Nav(t-t)] F(v)dr . (9)
t-T

By direct differentiation we readily see that

G'(t) + hav G(1 = (I/T) {F(b) - e VT £y -y} (10)
which can readily be solved to yield

Fy=T 3 7 (g (t - nT) + hav G(t - nT)} . (11)
n=0

This result is perfectly general for the response function given by Eq. (8}, but we shall limit our atten-
tion to conjugate signals G(t) of the form

Q fort <0 ,
G(t) = « arbitrary except that G'(t) is
continuous for 0 S t S T1 , (12)
0 for L > T, ,
1
T1 <T

as we are specifically interested in producing arbitrarily short output pulses. We see that Eq. (11) ex-
presses F(t) as an infinite string of similar nonoverlapping pu'ses of ever diminishing amplitude and that

/ Fe)2at=1 1 - e'“VT)'1/ 16'(t) + hovG(t) at . (13)

With G(t) defined by Eq. (12), G(t) and G'(t) hoth belong to L, and F(t) belongs to L, if and only if o > O.
The exact solution to our problem is an Iinfinite string of Sulses. and this may be“inconveniantly many.
Let us therefore see what happens {f wc mutilate the input by taxing oniy a finite string. Specifically we

choose

N-1 ~knavT

F(t)=T7T 1 e {G'(t - nT) + havG(t =nT)) (14)
n=Q

and from this mutilated input we calculate the mutilated output

Bty = 6(t) - a7 ™VT g -ty (15)

Clearly 1f hNavT (which = Na2) is sufficiently large, a(t) differs insignificantly from the desired shape
G(t), and this is true even 1f N = 1. Thus from a practical point of view, we have the curious result that
the longer the conjugator the batter. In fact when N = ] and £ + =, ﬁ(t) x G(t) exactly and the required
input {s

F(t) = T(G'(t) + avG(t)] for # = o (16)

Let us summarize what our simple model has shown. Set N = 1 into Eqs. (14) and (1%). The probe signal
then has the “orm of Eq. (16) which, if o 1y small, describes what {s very nearly a 2uro pl puise. As this
probe enters the conjugator the desired conjugate lignal. G(t), ‘s generated. Once all of the probe pulse
13 within the conjugator, contributions from the positive and from the negative pirtions of tne probe en-
velope exactly cance! and lead to a zero conjugate output. When the probe leaves the conjugator this oal-
ance 1c upset so that an undesired "echo" is generated and reaches the conjugator input as the term
-axp[-havT) G(t -T). Wa can handle this acho in threa diffarent ways:

1) We can introduce a second probe pulse which exactly cancels the echo of the first, then a third
probe pulse to cancel the new echo and so on. The result {s the series of Ey. (11).

2) We can make the atienuation so high that the .cho {s of insignificant magnitude.



3) By making the conjugator long we can so delay the echo that it is no longer of consvguence.
Or, of course, we can combine these three strategies 1n any way we choose.

When he conjugator is not weak we have no neat analytic solution to the basic integral equation, such as
Eq. (11) above. Rather we must, in general, choose the vresponce function G(t) desired, calculate its Fourier
transform g(-1Q) and then evaluate numerically the Fourier transform, Eq. (6) with y set equal to zero.
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