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Influence of high-order dispersions on the propagation of Gaussian
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pulse and the compensation of dispersion in metamaterial
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(Department of Communication Engineering, East China Normal University,
Shanghai 200241, China)

Abstract: This paper compares the dispersion in metamaterial and in some conventional
media. It is found that each order of the dispersion in metamaterial is larger in three
orders of magnitude than that in conventional media, so that high-order dispersions
have to be taken into consideration in the signal propagation. We analyze the impact
of each order of the dispersion on the propagation of Gaussian light pulse based on the
nonlinear Schrédinger equation and the beam propagation method (BPM). We find that
third-order dispersion leads to a serious pulse splitting. A case is found in which Gaussian
pulse can propagate in metamaterial to 120km without splits and second dispersion can
be compensated by adjusting structure of metamaterial. This is significant to optical
communications.

Key words: metamaterial; dispersion; nonlinear Schrodinger equation; Gaussian

pulse; dispersion compensation

ks H W 2016-07-26
REWH: EEKBAREERES (11234003, 91436211)

Hi—

fE#: ARIEHE, 5, LA, BT o G s 5ot 884, E-mail: xuzg2017@163.com.

WAEEE: ERERR, &, 297, LA SN, B9 )7 W A)6HEE. E-mail: ylxue@ee.ecnu.edu.cn.



a4 R IE I, A8 B €0 BONS 5 30 K e 8 3 o A ) i M (0 RS b o 127

0 7

A 2000 55— B F M kL Metamaterials, MMs)# Smith[UA% A 7F 525 = i 2% H kR LA
XK, BT E RS AIITH RE . 51 Goos-Hanche {7 F13), 190 25 31 82k W 25 S ) HRE P 14
TR R 22 1K) H G817 T 058 A T R A 3 ORI 0 N (R IE e o). o 2 Rk 22 11 4 1
VAR LR P 5 A TR A B, I 1R R A 8 A T AR S I 5L X SRR T
B H A FULAT IE 5 % X (Positive-Index Region, PIR), W X AN 4137 5 % [X (Negative-Index
Region, NIR)[5-7. Wenl®1 %5 A\ R F DrudefS RU4E 5 T H bk b 7088 5 A B A& (0 AR 2tk i e
1% 5 F# (Non-Linear Schrodinger Equation, NLSE). Tfj Joseph F!Porsezian! U F F 57 # 4 5 (1)
et i g 15 7 REWFIT T 6K AR 4 i B0 g 54T Db ) 3l A AR Ze Mtk BT AT 5 ) R
%, W F AL (Self-Phase Modulation, SPM)+ [ BEUH (Self-Steepening, SS)10-14145%% )L
EAVIVE 2 2 225 0 A TS R TS, R0 - 5 A 5, IO S S 3 6 k)
e B € ORI e bR b AR A 1 S R T AT AR AR 2D AR SR FRATTRE R AN 8 i £
FSONS Ik A% PR 5 M. &5 5 20 A G R — D AT T AR M T 9
TEH A B AR K 1S o O I (A L (Group Velocity Dispersion, GVD) LW
(RS B A AR A N A bkl A R I (0 % B (R B R 4 b T
FRA 5T AH N () €0 5 2R (A ST B 27 ), S A A D16 Ik v A i o AN - 7 22086 s i £ ) S M
AR SCNG VTV R A R = € FSORA DU B € EEONS s T R b AR A TR S e o A ik e R AR 5 £ G
IR AR, X — TAEX T T Ml (R 5 LA O (BB EA T AMEEAT — 58 R SEBm 2 3L
1 R A AR AR A
JCAE R — T LGB, 708 A TP AL S AE 22 v J0r 5 Oy R4, P LA T2 o U R A
AJ DAAE T4 20 ikoh 5 A e 1 (0 iS0E 5 A 5t i 1R e 3 7 R
2 2 2
%75 ZMOEO%'FMO%- (1)
B E = LA(z,t)exp(i(Boz — wt))+c.c, Ht c.c RoR B IHL. W (1) MO HLIH AR e, HRHE R
W ke FUAH O R F % p, (w) AT R B TF, HLZWS 2 (0 0 S48, S5 9l NBER SV, 15 %
Z(RIPTIE I AES 2R, AT RAHE T B0 RAE R (A o i A 4y e
: 2 3 . 4
e e e R e YRS VT (2)
Horbr o AFEREL 0 O ECRE 8 = AR R BT, AL RIS

e

d’k
T = : .:172737"'7 3
Bi= i, U ) 3)
(3) 2
€ Wy (w
Fl _ oH0X /L( ) (4)

260 ’
o ) AR = AR L.

R A2 T, AR A R e RIAHDNS 132 %, IR (O HIOR R — MR SR ) AT G 1Y)
Drude &K K 7R, UFE AR Drude 52288 (1) R 58, == 22 52 Mo Jhk e (1) 5 B2, 56F (5 BSOS 5 9%
AR sE . R, S T AT, A S 20 T HFE, WA E R R (X (2) P« = 0.
Drude #2A] DA IA A

2 2
w. w
=1 ke =1 (5)




128 RO R IR) 2017 4

Hor ) wpe Al wpm 23 AR B I FORE I (55 85 1 AR w ARG FP ORI i OV R AR 47
WHEEX n = /ep. B (3) AIR B g1y O S (REEEZ (UEL GVD) =B (AL
B3(TOD)~ VU EL By N

dk 1 1 (1+@, 2w,
= — = — —_ - —a1 6
fr=— cl"+n< — — || (6a)
2
b 1|1 1w W 1 (14w, 205
b= g S |\ T FE) wm ) | o

3
. _l1 120202 — 60w2 + 1202 L3 <w252 — 2w? +w2>
o=

n il nd

3 w2w? — 2w2 + W? 3wyw? — 10w, + 3w* 6
+ n3 = =6 g (6c)

Cdsy 1 {4 (120252 - 6022 + 126°) 3 (352w? — 1002 + 3@2)

fa

Codw o, nw’ a n3wt!
| 60w — 42052 + 605°) 15 (@37 — 22 4+ 7)"
nw’ nTwt?
4 (wow® — 2w; + w°%) (1207w° — 60w, + 120°)

n3wll

—2 92 | —2)\3
w 2wp+w)
15

2
P

9 (@207 — 202 + &%)° (6020° — 2002 + 60%) 2@
15

now ndw

+ (6d)

12 (@2@? — 22 + @) (3w2@% — 10w2 + 30°) }

ngwll

S, O DR @ = 2 B TR B, =t A, =H
L R AT BLE

—2
2B Twpe(1 — %)

I, = . (7)

2nc

2 RBWAMEEERLR LM ALK

U (AR (6) 1= B0 AR e R HOA SR (7) 7 Bl 6 HOR BRI R S R HOG T
- o A D). 1 RS A y®) 1.9 x 1070 WL, wpe



54 DRIEFE , 25 el £ O o 39Tk b el 3 0 0T o AR 16 R M (S b o 129
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Fig.1 Variations of refractive index, third-order nonlinear coefficient, first-order,
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Fig.2 (a), (c¢) Second-order and third-order dispersion in several conventional media; (b), (d)

The corresponding relationship of (a), (¢) with normalized frequency
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Tab. 1 Two sets of dispersion data with 82 < 0

w B2/(ps?-km~1) B3/ (ps-km~1) Lp/km L', /km
0.706 80 -1.258 9 2.067 6 19.86 60.46
0.706 75 —2.6715 2.067 51 9.36 60.53
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Fig.4 (a), (c) Pulse propagation for two cases in Tablel; (b), (d) Corresponding waveform

comparison at different propagation distances
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Tab. 2 Two sets of dispersion data with 82 > 0

w B2/(ps?-km~1) B3/ (ps®-km~1) Lp/km L' /km
0.706 90 1.571 5 2.072 6 15.91 60.31
0.706 95 2.989 4 2.075 2 8.36 60.24
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Tab. 3 Two sets of dispersion data including (4

w B2/(ps?-km~1) B3/ (ps3-km~1) Ba/(ps*-km~1) Lp/km L, /km
0.706 587 —7.264 8 2.056 9 0.003 7 3.44 60.77
0.707 10 7.253 2 2.082 8 0.003 7 3.45 60.02
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