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Self induced transparency of a two-frequency pulse
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Abstract

The 4wo modes of u two frequoncy olecotromagnotic pulsc aro parametrically
coupled in s medium, which is resonantly absorbing at these two froquencies. It is
found that the pulse can pass undistorted provided theinitial electric-field-amplitude
Eyy be large enough, and the effective refractive index (7, + dmho; nyf 1y, B0 be
the saree for both tho modes.

Inhalt

Selbstinduzierte Transparenz bei einem Puls mit zwei Frequenzen, Zwei Modon
worden bei Resonanzabsorption parametrisch in einem Medium gekoppelt, Wie sich
zeigt, kann deren Tmpule unverzerrt hindurchtroton, vorausgosstat die Amplitude
Eq dor einfullenden Welle ist ausroichend hoch und die effektive Brechzahl {#;
T daefieoy i, EYe) ist fiir beide Moden die gleiche.

1, Intrviduclion

The phenomenon of self-induced-transparency (SIT) has been widely
investigated [1, 2] and shown to be related to a number of optical resonance
phenomena in twa-lavel aystems [3]. Recent investigations on two photon
SIT[4, 5], relativistically induced transparency in plasmas [6], dispersive para-
metric interactions [7] and SIT type solutions for plasma excitations (8]
clearly indicate the plausibility of SIT in poly-level systems. It is now possible
and important to study SIT of a poly-chromatic pulse in a poly-level system,

The presentinvestigation deals with 31T of a two-frequency electromagnetic
pulse through a medinm which is resonantly absorbing at these two fre-
quencies. (By a two-frequency pulse is meant a pulse whose spectrum has
two distinet peaks at some two frequencies.} Each frequency-portion of this
twa-freqmency pulse will, for convenience, be called a mode, By apsuming the
coupling betweer the two modes to be weak and parametric [7, 9] in nature,
modified coupled [SIT] equations are obtuined for each mode. Successive Barn
approximation technique is employed to derive soliton-type solutions of these
equations. It is found that the pulse can pass undistorted provided the initial
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electric-field-amplitude Eyg be large enough, and the effective refractive index
(e + 4:{?1-0.);?1-;;"1;;E;3} be the same for both the modes.

2, Basic equations

Let there be a medium containing two types (say { = 4 and { = B) of
two-level systems. When uncorrelated, both these types individually have
pseudo-spin representations [3 | in terms of the Bloch vectors By = {ug, vr, wi).
Let this medium be irradiated by a two-frequency electromagnetic pulse
with elestrio field

E =Ey+Epg,

E;=Re (1, —4,0) grexp i (wjt — kiz + Dy, (1)

where

Wy = {upper state energy — lower state cnergy)/fi + doog,

and the mode-envelopes g vary with the propagation distance z as well as
time {. The clectric fields E; drive By, in the rotating coordinate systems,
according to the Bloch equations [3]

d Bg
i

= £ x By, (2)

where
£ — (— ek, 0, Doy + 0Dyier),

pr = |(upper I state |er | lower I state)],

and the longitudinal and transverse relaxation times Ty and T have heen
assumed to he much greater than the pulse-duration. 1f #; is the number of {
type particles, the corresponding pseude-polarization vector [2, 3] is

Py = Re (1, —1, 0) mypy (wg + 5w) exp |5 {0 — Fgz + D). (3

Let ‘w4 —w B| 2 0, Let #; = {ehifwy) denote the linear background re-
fractive index. The two modes will be assumed to be sharply resonant, un-
modulated, transversely homogeneous and with slowly varying envelopes.
The two modes may be coupled dne to some internal or external source field
at frequency (w4 + wpg) in the medium. This coupling will be assumed to
be weak and parametric in nature and will be introduced through pheno-
menglogical real coupling coefficients y;. Then it can he shown that & are
governed by the modified coupled SIT equations [1, 2, 9] as follows:
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& %y é | Zmewmep
(E +? é_t) £ = (T) v+ YiEn {4)
oy {2p .
i (—h_) g , (")
Ehry . Zpy i
E{H = — (—n—) 3275 (6)

where A = Bfor! = A and A = 4 for I = B. Note that, but for the terms
invelving e, eq. (4) describe the problem of paramctric interaction [9]
between the two modes. The coupling coefficients y; as well as the source-
field-amplitude on which they depend linearly are here assumed to be known
constant parameters,

In terms of the area defined as

Ay = (%) _j; adt | 7
we have

& = (%) % Az, (8)

vy = gin A, &)

wy = cos Ay (10)

The six coupled equations (4-6) then reduce to the following two conpled aqna-
tions for A,

82 o 62) (4nwm;p;2
1= |—=

&
— L = 1 = A;. 1
(&‘zﬁs e of Bien ) sin Az + 4 &t 45 (1)

3. Soliton type solutions

To stmplify the solutions of eqs. (11), anly distortionless or the socalled
solitor-type selutions [10, 11] will be sought for. Bgs, (11) are reduced to the
modified coupled sine-Gordon equations

o

&

o2

o - a
lﬂauﬁﬂism A+ iy a?lf-jls {12)

wlere
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drrormypr® ¢ At
2 (L Y R |
H ( Ry ) (mVa ) ;

n=t— z;'V;),

Br = (eyifm). (13)

Kqs. (12) may be conveniently solved by the successive Born approximuation
technigue as follows. Consider the coupling between the two modes to be weak
enough to be considered as a small perturbation. Denote the m** Born approxi-
mation results by the subseript m to Ay, &, @i, 71, V1 and subseript {m — 1)
to (84 ,/8%;). Then eqs. (19} redure fa

o2 . 8 am-1
— Ay == — i, 2 sind By ——. 14
0%y " Hi S0l i (m-1) -

These are to be soived aleng with the boundary conditions
lim A;=0. (19)
|| — oo
Assuming A 30p—1) to be known and noglecting dependancaz of Ty, eq.

(14) is solved to obtain

‘ TaA(m—1) _
Ay = 2sin L tanh (ptim) + 51§ Aagmyy dTam-n- (16)

Consequently, according to eq. (8), we obtain

3 3
Eim = (—~‘;:m) sech (fimTim} + (ﬁ_f'i) Asim—y (Tagm—1)- (17
If S;m(-‘l:(),z:O}:81(520,Z=0)=Em,
then HMHrm — (?};Emf"lk) — (81’/2] /]_I{m—l) {0]. {18)
and eonsequently,
4:?:??(0;'}1; ( kﬁg /I),(m—l) (0) _2}_1
Vo — el 1 A O) : (19
’ ¢ [m + mEwn? 2m Ko 19)

4. Conclusion

Note that ¥y, are independent of 7, as required, provided Ep = (R0,/2p1)
Aagm-1y (0). With this condition satisfied, Vim becomes independent of m also.
For the whale of the pulse to propagate undistorted through the medium,
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the following three conditions should be satisfied in addition to the above-
mentioned inequality condition. The first and the most important condition is
that both the medes should have the same velocity ¥ which means that the
effective refractive index (1 -+ 4mfiwpny/nifine?) should be independent of 1.
The gecond condition is that the product of the coupling coefficient and area
P a¢m—1y (any 7) should be negligibly small which means that the coupling
hatwean tha fwo modes should he sufficiently wealk. The third condition is
that g7 should be the same for both the modes which means that B
should be independent of I. When any of these conditions fails, each mode
may separately pass undistorted through the medium, but the two-frequency
pulse as a whole gets distorted.

'he foregeing analysis may be generalized for a multi-frequency (poly-
chromatic) pulse through a resonantly absorbing poly-level medium.
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