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FIBER PARAXIAL WAVE EQUATION (1) I

e Eliminate H = B from the Maxwell equations
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by calculating V x (V x E) and making the approximation
V(V-E)=—-47V(V-P)=0
(OK for weak nonlinearities, as in telecommunications fibers)

e Wave equation:
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FIBER PARAXIAL WAVE EQUATION (2) I

e Assume that E is a pulse in the HE;; mode:
E(rp, z,t) = Re lé eiPoz=wot) [ (rr,w) E(2,w) e~ iw-wo)t dw]

where 1, is the mode function for mode m:

(95 + 2 eer,) = [B)P) gtrr, ) =0

> Slowly varying field envelope: | £(z,t) = [° E(z,w) e w0l gy,

> Attenuation term:
4o OE ATIO . (Byemwgt) (o0 5 ~i(w—wp)t
2o T 2 e 0208 7w by (rr,w) E(2,w) € % dw
4dTwyo

Be?

> Intensity attenuation coefficient: a ~
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FIBER PARAXIAL WAVE EQUATION (3) I

e Include the frequency dependence of the dielectric constant:

D(rp, z,t) =Re lé et foz=wol) [ e(rr,w) Yo (rr,w) E(2,w) e~ Hw-wo)t dw]

+ 47PNt
Then
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FIBER PARAXIAL WAVE EQUATION (4) I

e Separate V? into transverse and longitudinal parts:

82

072

VZE = Re [é e!(Poz=wot) [ Vi (T, w)|E(z,w) e~ Hwmwo)t dw]

Vi=Vi4

6’8 %€
5 9.2
X Py (rp,w) e (“’ “0)t duw |
> In the slowly-varying-envelope approximation (SVEA),
neglect 0°€ /02 in comparison with 3,0 /0%
> The SVEA is not valid for femtosecond pulses
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FIBER PARAXIAL WAVE EQUATION (5) I

e Equation for the electric-field envelope:

o0 ) ag o —(w—w
e [2150(% + ([Bw)]* - 53)5J¢m(I‘T,w) e~ W)t gy,
dispersion
47Ti0-w05 4m —i(Boz—wot) A a2]-:)NL
- 2 77Dm(rT7WO) + ge (Boz=wot) e By

nonlinear effects

> Expand ( in a Taylor series about w = wy:
B(W) — 60 + Bl(w — wo) + %ﬁz(w — w0)2 —+ %ﬁg(w — WO)S 4 ...

> Information about group-velocity dispersion is contained in the co-
efficients
d" g3

dwm] Ww=wy

|
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FIBER PARAXIAL WAVE EQUATION (6) I

e Replace powers of w — wy with time derivatives:

> Approximate AB%:
[B(W))° = By = 260 [B(w) — B
> Expand the propagation constant:
B(w) — Bo = Bi(w — wo) + %52(60 - w0)2 + %53(60 — wo)3 T
> Introduce time derivatives of the field envelope:

/—Oooo (w_wo)n g(rTa ) wm(rTa CU) e—i(w—wo)t dw

2 Y (T, wo) (za> /_ ng’ w) e —i(w—wo)t g,

0"E(z,t)
ot"

~ 1 ¢m<rT7 wO)
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FIBER PARAXIAL WAVE EQUATION (7) I

e Equation for slowly varying envelope of E:

Y 0 52 82 53 83
{QZﬁO + 25 (’lﬂlat T 902 6(9?53) E(z,t) Y (rr, wp)
dmiowyé A7 o O?P
= AT (e ) + T eniheang . TN
> Project both sides on ,,(rr, wp):
6 52 82 63 83
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FIBER PARAXIAL WAVE EQUATION (8) I

olf 3o =03=0, a =0, andPNL:O,then

o0&
——61 = &(z,t) =&(0,t — P12),
0z
which describes the propagation of a pulse with group velocity
1
Vg = —.
7B

> Transform to a frame moving with the pulse:
t=t— 061z, 2=z
> Functions transform as follows:
f(Z, ) = f(z, t)
of (9f
9 51

f
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FIBER PARAXIAL WAVE EQUATION (9) I

e General fiber paraxial wave equation:

0 -62 82 53 83 .
@ + (7/28t/2 — 68t’3) g(Z ,t)
' 0P
B _gg ) 9 e~ (Boz—wot) /A U (T7, Wo )@ - atQNLder
2 Boc? /,4 |9 (r7, wo)|* d*rr

> Group velocity dispersion effects: (35, 33
> Nonlinear effects: Pyr
> Mode volume effects: [, [t (rr, wp)|* d’rr
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FIBER PARAXIAL WAVE EQUATION (10) I

e Envelope form for the nonlinear polarization at w,:

Pyrn = Re [—iénzpn(rT, W) Po(z, 1) ei(ﬁnz—wnt)]

e Coupled-wave fiber paraxial wave equation:

0 -62 82 63 83 Yed 14l
0z (Z28t'2 B 6(‘%’3) Ealz, 1)
= i | Pl
25n+ Blw,)c? (wn+ iwn o, P2, 1)
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FIBER PARAXIAL WAVE EQUATION (11) I

e Power-series expansion of G(w) leads to a PDE in t and z

> For improved accuracy and numerical stability, use a numerically
approximated ((w) instead of a power-series expansion

> Revised general fiber paraxial wave equation in terms of
t/ =1 — 602/(4}02

0 i .
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