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Abstract: The Bragg resonant reflection excited by a finite periodic array of parabolic trenches was analytically studied.
First, the modified mild-slope equation (MMSE) with implicit coefficients was transformed into an ordinary differential

equation with explicit coefficients through variable substitution. Second, an analytical solution to the MMSE was
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established in terms of the Frobenius series, and the convergence condition for the series solution was given. Finally, by
means of the mass-conservation matching conditions, an analytical formula for the reflection coefficient was built. With the
analytical formula, the effects of the number, the depth and the width of trenches on the peak value, the phase and the band
width of the resonance, were investigated. The results show that, when the depth and width of trenches keep constant, and
the number of trenches increases, the Bragg resonance peak value will increase up to 1, while the resonance bandwidth will
narrow down and approach a fixed value. When the number and width of trenches keep constant, the Bragg resonance peak
value will increase with the depth of trenches. When the number and depth of trenches keep constant, the Bragg resonance
peak value will increase at first and then decrease with the width of trenches, which implies that there exists a certain width
of trenches to make the Bragg resonance peak value reach the maximum, laying a theoretical base for the optimization of
Bragg resonance vs. the trench width. Particularly, the phase upshift of the Bragg resonance wave reflection peak value
recently observed over finite periodically arranged cycloidal trenches, was confirmed again over the parabolic trenches.
That implies that, the phase upshift of the Bragg resonance reflection peak value is a common phenomenon excited by finite
periodic trenches with arbitrary cross sections. Consequently, for sinusoidal ripples and periodic artificial bars, the phase of
the Bragg resonance reflection will shift downward, while for an array of periodic trenches, regardless of the shape of the
trench cross section, the phase of the Bragg resonance reflection will shift upward. In addition, starting from the initial

definition of the Bragg resonance, the mathematical mechanism of the phenomenon of phase upshift is well explained.

Key words: modified mild-slope equation; parabolic trench; series solution; Bragg resonant reflection; phase downshift;
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&, (Ko) & (Ko) + o[£ (Ko) &2 (Ko) —Re(ITy) [51 (Ko) &, (Ko) + €7 (Ko) &2 (Ko)] (49
R = .

Il [ffl (Ko) &, (Ko) +£7 (Ko) &2 (Ko)] — & (Ko) &, (Ko) - II5&1 (Ko) &2 (Ko)

2 GRS A LA B WIS S5 1 B 3R B1E 7s

AR (28) 1 (33) 45 tH ISR E IE R 3 7 B2 B RS B AT A, AELE AT 19 A B PR %, 117 2 Frobenius 2% 4K
i, SEBRIF LT, X — 3 EAT R T B w . K ho ANy FITEL B d AT TR, S A S J 3l A 2 (A8 Ak,
5EFASEK K AL AL (26) T (27) FHARIEALMME L T AR, BT HIRSURA 2. AT E
SEHE S BTSN A, SR 5 28 9 A SR 381 e LAY 7 e ) W7 i A4 15 11 Frobenius 2R8I 2 A UACSKL.

B L (26) F (27) BB (K)FIE (KBS, R IR (13) T A 77 i k.

1) sinh(2K) = ORI T 2R, BIK = %i, n=0,+1,£2,-, BT T R L, S ULE 2 hry2r @ .

2) 2K +sinh(2K) = Of TG S, 2 ULIE] 2 mhfty il € o, 31 T 2 DL Sk [39).

3) Ktanh K = K, tanh KM, B S PIADTARK = £K (S WK 2 g PRI S 60 5 ) DL RAREE Tk
hy R AR w A — B AR . R R 1 B K AR Bty Rl 2B AR T AR Ak, BT DAE A8 Rl b S B IR AS [T 2, PR e ] 2
IR ARbRH, (HIRATHTAC A A T B LT LT

10 :
o
e .
] -
6 A
® ®
. °
] L. 1.12536+2.106 20 i
2 s
E -1 -Ke® . Ky
Doe
2 ¢ .
T I .':_\"1.12536—2.106201
.: ¢ . mapped physical domain [K,K|]
-6 P circle: |[K-K,|=K, K,
: : t© e singularities from sinh(2K)=0
4 : e i ¢ singularities from 2K+sinh(2K)=0
,’ . ® . singularities K=K, and K= -K
0 U S s S S S S S B B B L B
-8 -4 8 12 16

4
Re (K)
2 JifE (13) RK tanh K = K tanh KA BEARINA BN 27 505
Fig. 2 Singularities of eq.(13) except for the imaginary roots of Ktanh K = K| tanh K

EONTRRBEER P REG, 525 7T LS A SO F W TR, 5 .

M Y& Frobenius ZEFRIE, W APELE (K)FE(K)TETEA X 8] [Ko, K1 ] F WS 782 4502, DAREURTT 45,
KoHIRLG, HUAK, - Ko W E R E R 8K - K | <K - KoANBERL & 5 12 (13) BIBR K AT A 25 5 05 1 2 )
Ko > 0, 7 F R fh b 0 i 25 S5 5 R nl B 26 A2 100 45 =22 o8 i A A 78 e il b B K AR i A 2 S kb, BB K i
VTR 2T S 05 R 6 T B X FR (4 A 2 S K = 1,125 36 £2.106 20i. H B3 47 57 SR 78 A S B 522 oY, U)o
A S STE NZE RSN . R (26) A1 (27) s EU#E (K)ME KSR TR AR IR AN 2T :

Ki — Ko < V(K; —1.12536)2 +(0—2.106 2)2 = /(K| — 1.125 36)2 +4.436 078 44. (50)
FIRANRE AU o — AL = 2R K = Ky — V(K) —1.125 36)2 +4.436 078 44, Ko = K1 FlI K, = 04 i1 5 il Ak
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A7 T AT T G T IX 38, AL 3 BT R B R B 48, B B R B £ (K)RILE (KR IS BIIX 8k, 24 HLAY 24 4,
(K, Ko) 5 AEZBAE X 3N, & (KR (KWL, H I 3 nT LA H, 24K, < 2.6, BITAREA KRR, XHEMTK, < K, P
ANFEAR (26) 1 (27) BTG A WCEL. T 242.6 < Ky < 10, EIVAHEE SR mE, H3EK, > 1.009, RV IR 195 44 7K %
ho ANV, WA B (26) FI(27) WAL,

_K(]:Kl
—Ko=K—[(K,—1.125 36)2+4.436078 441>
the range of (K, , K, ) in example 1

the range of (K, K ) in example 2

6
K,
4
2
(3.800 9, 0.45)
ﬁii-i[
0¥
0 2 4 6 8 10
K,

3 GUHE (KYME (KRS B (BRI BR) 1L KA Tk S 537
Fig.3 Convergent regions of £ (K) and & (K) and the convergence analysis in 2 examples

FET Ok, FRATTH 8 A 1 S o P B3 451 A Tk s e S BT PR A2 B0 (26) i (27) FURCEICE.

TE QU s Y, 25 HACY (K, Ko) Y& FE AL 3 Fis B S X8, =X (26) F1(27) H AU & ()R
EEA TS,

k2, Ry 1T S WR] HERR I g (KRG (ROMEH, 25— A1 F 3175 S8 — AL I W I8 Ve, AR AR R
ho = 0.7 m, VRS T RAE KR by = 1.2 m. B R B B WSO 45 1 (50) S5 VAIREANBIUN | YRR T 155w R VA Al 1] BE
dToe, LA FHEE N, willd 9 BRSO . 25 BT A 6 2 45 1F0.03<< Ko <5.0A9 A 0%, sk AS I8 J) A 7 /) A
AIE I M0.75 s<T<55.96 s. HEMEI A HIE R (10) A

Kl tanh K] = %Kotanh K(), 003<Ko<50. 5D
L Ko 0.03 224K 5.0 i, %t LA T REBAER AR Ko, (8 T AR H (K Ko) RS S LIE AT -
{(Kl,Ko) : K tanh K| = (])%Kotanh Ky, 003<Ko<50}. (52>

IR (K, Ko) IR S AR IRAE TUAAT | oy — Sk 2R 2R B, 7EIR] 3 h DAL (R Bebmid:. R A B SR 2 Br 4
TERAFZ XA, $5 itk o] DA 2 2K (26) Fi1 (27) H Y Frobenius 241, (K)ANE (K)IIWEL.

55 AN RAT 1 R — I VAR, AR IK TR o = 0.2 m, IS IRAE KR ARy = 4.0 m. 25 JETA T 4%
110.10<Ko=<<0.75 ) AGF I, MU A SR T (8 A3 FEAL.3 s<T<8.99 s. U T4 — A H45, I 152 K\ bE
KA miAs e an e R K

Kl tanh K] = %Kotanh K(), 010<K0<075. (53)
Kot 0.10 Z246F) 0.75 B, X LA R BUER AR Ko, IR0 15-H (K, Ko) RS S AN T
4,
{(Kl,Ko) : Kjtanh K = O—SKotanh Ky» 010<K0<075} (54)

IR KL, Ko s M K] 3 R4 60 28 B % 2R B A 52 4 TR A0 B A X I, ke, (KR & (KR & 4
T 713 s<T<8.99 s 1Y FIr A5 A B I A BEAR IR IE HASC S . 2085 Ko BRI 0.1 < Ky <<0.45, tL RV 3] T FR
1E2.06 s<T<8.99 s, M& (K)F1& (K )ERFF LS.
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3 ARAERIE. SR OCEUE MY A

R SR HEG | I VAR, BN = 4, hg = 1.0m, w =4 m, d = 7 m, XI5 Eh 84k, 205125 h F1.1 m,
1.2 m, 1.3 m Fl1.4 m A 4 FF T80, I B 36 48 44 JC B S0 %R BE H = b/ho%r 3 4 0.1, 0.2, 0.3F10.4. 15 5%, &1 %
0.002 24<K(<2.244, HL.H10.005 < 2d/L<5.0, &R HIAR SCAEHTBLTUXTIX 4 Fp THLHEATIHEE. 82 0k, I TR 5
A SRR B TE B, FRATR L A T BUE A A XF0.005 < Ko <2.244, B10.011 14 < 2d/L<5.0, WL #fT T 5,
L BT RY h JRea AR A ST, AR I3 53 R R P B YA MR A B ) R R R RN VA R
FEM R B I, AE b T RSO0 TR SABCREAE I, v [ U SR FH 2 0T 1k B HICK A Laplace 77 %, i
JE b = A DRI ST SR A AN ik, SCHR [43] HAUSCTHERE T Hbu TR ARG fR7 B0 B X BR R X R — A VD 30URN VA
XTIR R ST, 25 R RIAERY ST, A e a5 18 1E S 7 B W BT ) W B A AR . L5, il At
JOHLAS AT T 5 R A HE 19 A BR R S VAR 5 2 1 7K % Bragg SE4iR i 5, ANl Hu e 58 4 4, R
PR R T 5F 4. Sl T ARSI AR SCAYMRAT A, FRATT3 Bt i P 78y [ o B304 1 2% TR 4 Fp T 000

PR I R OTAR RN, 313 XBCH [-4(d - w), Nd+w+4(d—w)] X [=h(x), O], 7EIH XSy 7t F
SAEFE] 1600 > R IGHTE, Hoh A I R E] 50 A ZYRITEATT, T H T8 32 SR TS i JE 371 L I 3
750 A R ICHLIT, HHREASTAAE T 50 ARG, P FHAR [E] A9 VAR 22 6] 50 A~ BTG, VAR DX S 45 3
200 ™R, TR AR SCARATASE TR TS5, A0RHE AR SCRITIAR SR A S F 5 v LAAR 25 5 FI W i, A SRy
R A G B € (K)RNE (KX T 3R 4 Fh T8 ZE R AN X [[]0.005<2d/L<5.07F S S AP A [ A A0 1B A5 3]
MZER S ILIE 4.5 5 %, X 4 ARG BE VA A, SR AR [RI B R 1 3A5 2 A 45 2R T L-F- 58 2 — 34, R
4 P B SR AU HE IS HUERER S350 0.1, 0.2, 0.3 F1 0.4, HRAEAE I ZE0% 7 P2 0038 FHIG P (BT IE e fco ke
RPRANELE 12 1), A B AR = W) R B UE T AR SCREATSE TR A9 TE B 1

1.0 1.0

—— the BEM model based on Laplace’s equation —— the BEM model based on Laplace’s equation

1 __ the present analytical model 1 __ the present analytical model

0.8 based on the MMSE 0.84 based on the MMSE

0.6 : 0.64

Ky 1 Ky
0.44 0.44
0.24 0.24
() H=0.1 (b)H=0.2
0 1 2 3 4 5 0 1 2 3 4 5
2d/L 2d/L

10 —— the BEM model based on Laplace’s equation 10 —— the BEM model based on Laplace’s equation
71 ___ the present analytical model 1 the present analytical model

0.8 based on the MMSE 0.8 based on the MMSE

0.6 0.6+

Ky 7] Ky
0.4 0.4
0.2 ! 0.2 AN
' A (©)H=03 ' W \ () H=04
oY DY Ao Doons Boa dEMEL TRYIVAVEV-NE
0 1 2 3 4 5 0 1 2 3 4 5
2d/L 2d/L

4 SRITA SN AT Laplace J5 R Y0 FIOHIRI™ 43 BTS20 A9 PR L
Fig. 4 Comparison between the present solution and the BEM solution*”! to Laplace’s equation
oA H 0 S, 424/ LARUNG. 9 4(a). (b) t 3t e T LSRR, B0 524/ — O L R A
0, J5L PRS2 LB 7 4 A SR D ARG, EE A2 /L = 0.011 144 B A A S0 K WL ~ 1 256.73 m, R AR B 1T
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Brh AR SRR PR A ST (5 S, B b BRI X e v R 4 5 (i I 2 B AT — AN K A L
S, X T LT R RIS R VARG 4 A T8, (B TS B S TS 3 B — AR AR B, W5 DX R B
[—1269.23, 1269.23], T VA FE 51 T8 B XA [—12.5, 12.5], S 30008 [ 1) 75 3 AN 3580 X e 4 R X 43 39
RN P 224/ LAR/INE, SEBR5 X S A YA R R 9] %) i Fe L s OO B L 1Y) B — N R K . 1] 4(a)~
(d) T HETR IR 4 Do R AR RE SRS 45 A 4d - w) = 12 m ST IR S5 R, w0 Y24/ LIRS
i, 1 5400 i R A B JC IR T R . 31X 1T REAR 2 AR 2 BB AR AR AR 338 DX Il ) e o v A2 0 A —
FE MBS Y IR A, ) G0 SR [15] PR 5. 6, STk [21] H ARG IR 3~7, SCk [45] H A9 IR 2, SCHk [46] Y I
1~9AHAR SR T 31 A48 F 0 43 2 SR B S S B, A6 SR FHSCHk [43] 930 oo B 4754 2a / LIV fe /s
HUE K 0.011 14, BIK, = 0.005.

37T, A SN IR FEAEAT AR A ) . 58 |, 42d/L = 0.0050F, A SCRENT g 4 AT
T BB S R EE 55 0.001 11, 0.00207, 0.00290 F1 0.003 64. IR A SR I A 2800 m, 4 N F&EEAUH 4 m,
=532 0.1 m, 0.2 m, 0.3 m F1 0.4 m AIEREXT T K At A A S 17 5, FLs2 i JLT- 7T L ZBS AT, R
AR T AR, FL R RECR AR T 0, XMW S5 A SCR AT i S I S5 R 2 456 . i S5 i Boo i
FEIX— 5 Y 22 St 2 S BR AT A A B, B T IO RS B A AR 25 (L BPALER IR 22) 4b, T
i AN AE AT Ao AT 158 222 . R O AR AT i AR ST S0 firp 1S 0 A1 A G 300 R 5 T (LA (0 B o, (ELRRR AT A %) AR BB AR 213
A TS B0 A 0 R U AR,

4 ARSCI e Sk S Ak A A ) HE AR
L Ze I — W R, Miles'™ 7. T LS ORI S0 P 00 5 2 T 0 4 40 2 4 AR
el AS W

2
2% " S(0eotdx
2kohg + sinh(2kghg) J -0

b6 Ay T3 IS B A B PR, G 1 JBE AT IR £~ R4 BE o S 3208 FH i A 2 s CEA N AR S
AIHLYIE R 5N, BN I s ECH

, (55

Ryiles = ‘

x—x]"1 2 )C—ijl .
6(_}(): —4b ( w ) - W > xe[xj,]’xj,3], J= 1’2’3,"'9N’ (56)
0, others,
AR R A A AR Eh AT AR AN R

4(hy — ho) 1= cos(2Nkod) ' 1. 2d

k e k 5 — )
Re | W@koho+sinh(2koh)) 1= cos(2kod) costkow) = - sinlkow) L7 (57)

e 4N ho) cos(kow) — L sin(kow) % =i

w(2koho + sinh(2kohy)) O gw P L -

EAS4E A2, Miles 138 FHA K (55) BRETEIM — sk S i, IS A HUR FHEshik i~z
Hfise, ARSI JC NI EE H AR/, 550, N (57) 5955 3 CnTR0, S Ub3a] FEd g AG e L/ 2/
BEEGIT, ZEN RS, WS R B Rvines A1 FTRETC AL, 1B Miles 938 FHA 3K (55) AENAR KBPHE 23 it 2R K. iX
5 Mei™ 48 H 24 W SN BUR I K, Davies™ 56 F1E 52V S0 IE Bragg iR 52 565 1055 s AT ke fin 1ot 2 0=
SEA—EUN).

K JE—F 2L 8 ANMMIIE Yt SEEE I T B8 ho = 1m, w=4 m, d =7 m, R LR 224k, 23 HA 41,05 m,
1.15m, 1.25 m F11.35 m, BEEHAFE P JC R RERE H 539000 0.05, 0.15, 0.25F10.35. 53 5I2R A SCRE T8 IE 235 7
TR BEOY SR IR A Miles J& T 22— B sl i B R XA AT AR B TR X B A T TR, T TR SRS
Bl 5. & 5(a) iz, M H = 0.058F, RAPIF AT 8] 12558 LT 56 4 — 20 Xt B AR ENIE T P51
B AEFEE H EZ ALK, BISH = 0.1581 0.25 B, B i 22 AIBRE 2 24 BB, 2 0LIE 5(b). (c), KA
7£ T Miles T2 8 — B8 5h ik 1938 A 3 (55) B AAFEE A, M= THRIRE. q, 24 H = 0.350F, 3
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T B sk AT A A 5 4 it PR SR B TR R B S R BT AR T 1, 388 T 11153, X i
SRIEAER ST .

YESRXT LY, AR SCHE A& IE G2 30k 05 R A 57 (A AT A TR I A 32/ NS B30 PR, o — B2 0R 14 2 00 IS T A5 AL AH
X AL L% AE AN SCHE [44] BT R, FETT S BRASBRE VD ISl VA A 5 R A TR R S, B IS H R AR AN i
1 s 1, U3 TE IE 283 5 R A0 f BT A0 5 STk [48] 3L T Laplace J5 B2 AUSRAE B BUR AT (EFEM) [)f#1)
BAHARES, 2 W3Rk [44] HR I 3(b). 5(b) T 6(b). PR IAR SCHE ST (1) 3 B IE G235 7 R A R 5 Miles 14
SIFFATARAR LL, HAE FVE R, BEASSZ VAR B0 R, ol AR 12 1 9IRS,

1.0 1.0
(a) H=10.05 __ Miles’ regular perturbation (b) H=0.15 __ Miles’ regular perturbation
theory ] : theory
0.8 the present solution based 0.84 ! the present solution based
" onthe MMSE _ ; " onthe MMSE
0.6 0.6
Ky Ky
0.4 0.4
0.2 0.2 \ //\
0 . N 0 . PNl . \Xm,kl v/
0 1 2 3 0 1 2 3
2d/L 2d/L
1.0 12 —
1(©)H=025 ____Miles’ regular perturbation 1(d) H=0.35 ____Miles’ regular perturbation
theory 1.0] [\ theory
08 __ the present solution based __ the present solution based
on the MMSE on the MMSE

0.6

|
ST o e B R
ohocoptlh MooV, Tl ”VWWW\M >

0 1 2 0 1 3
2d/L 2d/L

B 5 ARSI Miles B AR (55) L4

Fig. 5 Comparison between the present solution and the solution based on Miles’ formula (55)

5 WIEAEO Bragg SLIRSCAFIE(E A1 G AIATAL I R0

SHAFFETARE AN B B R BRI R S G R AR R, 5 HANN S R GTARE: ho = 0.7 m, hy = 1.2 m,
w=2.0m,d=3.0 m, HAVEEAENI 1 3EIE] 20, THEERH0.05<2d/L<3.0, EMF 2 m <L< 120 m. i
55 2 IR A, S SRR AT Y o ) 98 B € (K)RINE (KOXT FITAT 20 Fi iR T 76 218 i1 0.05<2d/ L<<3.0 Ff 21l
SRS RS WA 6.

AT LAE W, VAR BN G e, Bragg JU4R K2 00 BT ARG (8] 6 o AR SRR 590 I Hh % 45 38
I, ARPOERIR BN T 1. AR R R 04 T8 R ARG ASBO g AP AR A, i SCHR [13, 49], Bragg 4R R
gty LATC R JE 5 i 0 F YA R AH B 1) Bloch P71 B (band gap) MK FR, X 575 BRFE BIHESI N T V012301
MG —3K, 2 Wk [38] IR 3 FIE 11,

AR E Bragg Hllk 4R & A AL, B4 &4 T WE, BURAETE2d/L > 1WA & AEILZ R, A0
AOTTHIREE L, AR AR, SCOR AR Rt 220 B3, P VR R HES 1) 1 5%V U s T 70 30
T BRI VE R R Y Bragg e KUY, JER GG L 1Y) Bragg 5B, AF 6 ML UAE2d/L = 1, 12 0 R AE
2d/L < 1L, T FRAINL T4 (phase downshift), 25 WL 3CHk [8-9, 11]. fiilt, Liu %1 #5719 3EF& I 3
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E’Jﬁﬁﬂ%ﬂ%@% W IE 52 st IE 5 2 1Y) Bragg HE4R, #5 V0 SUELE &, AU 80s BEG e, AR0. F IS &
FHEEIAA ., 200 SCRik [14] FPAYIE 11(c)~(k). Liu 25513 =M e v act I 45 iy 135 S THAYTHE S5 R 0
*ﬂ?i‘%ﬂ“m MIESZVP BB T 8 ), Bragg E MR A AR ALK AN FEREV > S B0 U Tl A%, T2 [ E AN,
f%m SCHR [14] AR 2. B IESZ VSO EOR T 12 I, Bragg /o B FE R 0 AH 57 AR P Bl v 230 50 1 g 25 1777 4
s S [ E AR B, 2 00SCHR [14] 03 3. 6T ATV IR S5 A Bragg 24 AN T B HF5E S W SCHk
[24-26]. 2L, JL-F- B A sk 2o R0 5% B 2 BLAR ) CRUE Y B2 50 1)) RER B, 2 N T VD3N Bs s i, AR AL
Hszr WG AR 7 Liu 207 &1 3% — SR SR VA 30 A T 00 AT A 25 SR E— 258 Y, AT ah
WAV A BAR A B TE AT, — BN BO T e K, SR UG AR AR AS -l V0 3004 B804 i
AR ACAR, T [ 2 AN B, 2 DL SR [30] H g 1.

5 5
(a) (1.089 30, 4.704 05) (b) N\ >(1.089 50, 4.940 92)
W oo

4- 4
(1.089 50, 3.604 77) Y > (1.089 50, 3.917 36)

f— 3' Ne} 3 \

' (1.077 13, 2.483 00) L (1.089 50, 2.884 94)

N LN G R BT

SR X2
vea (L7713 1338 34) vr (1.089 50, 1.840 82)

14 /—\/‘\/\__‘___ 14
-1 N=6 N\ > (1.089 50, 0.781 70)
0 : . 0
0 1 2 3 0 3
2d/L 2d/L
5 5
(c) (1.089 50, 4.989 35) (d) (1.089 50, 4.998 12)
N=15 N=20
4 (1.089 50, 3.984 95) 41 (1.089 50 3.997 33)
N=14 N=19

= 31 © 3 A\

L (1.089 50, 2.978 77) L (1.089 50, 2.996 23)

+(N=13 ¥ N=18

M 21 =)

(1.089 50, 1.970 08) (1.089 50 1.994 67)
N=12 N=17
14 1
(1.089 50, 0.957 90) (1.089 50 0.992 46)
N=11 N=16
0 T Y 0 T AN
0 1 2 3 0 1 2 3
2d/L 2d/L

B 6 I I EOT Brage AR S R LR TE 05

Fig. 6 Influences of the number of trenches on the Bragg resonance and the resonance bandwidth
01211 [ T 1% Bragg HARAHA 0147 10 = 4507 [l A% sh BRGS0 A MM Guo 260 25— ]
B, A AT R SE I HES (4 e 56 Z0E 2R 8 1A R i 2 7K % Bragg ILAR S5, 5 AT R SEAIARL: PR 4
AT B, BB 0% Guo 25 iy 44 “HANL A8 (phase upshift). A8 SCHR, AL A8 PG PR AE R I HES ) A b4
RGNS FASRIGIA, BEIA T A IHES i g e, BT REe — A IR e F 2, HEE S I HE
GRSV VARE, TSR IR AR Al CAns WL | BRIE . =M% BARiX . RIBUEAE), AR B RAR A st 2

R FATTII, 33X e A NI NI & BB G S A BB 5 | 22 B T J it — 28 I BR ABIFSR.
X F H IESZ VSO TV 5 Y Bragg ek g B AR A TR IG, BAR TS o Ul 8 A B# AL
B AN A, (H 26 T H e PR AR i W BLL ) %) A B 2 2R 2D . Guazzelli 287 44 I B 42 1) 2 A VA ik % A
A, Liu A Yue! "B BEENG 19 A2 9 F R AR Ze et (B BE), TR Hb IR A8 b9 T AR S RN (M BE), DA
FARGREA 55 2 AR A% 0 R e e i k. Chang AT Liou™ W LB G2 14 e A= 0 TV I0UX 5 S5 10 A 38
BV Z%. Fcilt, Liang 55" 3L Mathieu ANEFIS Y T IR IESX VD SO T AZ4& I Bragg JL4RAHA /Y PR
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WA=,

A SCHIF T 0 S 21 B AE R VRS L 0L HE, HHHE RN I L AL 3%, B %5 IE R P A, Rt
Bragg HARAA_ AL G AT B SR I HES | VA RS B A AR (A5 AR AL FE S B bk, BRI R B YR AG R AH R I AL 5
ARV R IE P 652 b, ST R oK i, A EEC = %tanh(kh)ﬂiﬁ{uf‘%’ﬂwﬂc ~ [gh. T WLIKERIR K I
LR R L. T T LA ASVARE R R R R B AT i & 1Y) Bragg JLPR SORAHNA, RIS,

5, BOE TR AR HAE e, RYEZSE Bragg JHE, Bragg SR KU A A 92511082 2d = nL, Hein hy 1E%E
B LY ERARRE R, AR A I A RS BT 1 VARG, 47 AR VR il 670 1) A 40 1) B S I RN AR 2 1 ) A5 4
(33 5, HBGR I, 0 AR E AT e | RS RIS 1 B 5%, 45 1 B S I kL E R I B d I, 7638 25
2 ANV RE ) SOREF = AR B0 ) A543 1 S S b PN AR 2 1F ) (L4 (A B0, IR BTN S 2 SO B RIEE 2 i )
W MR 2 ST O ) S IR RS d R, PR B — TR B SR 7 A B ) AR R 38 S A E AR % 6 S A%, R
R A G — A WL, BRI G ARG A0 I RS 3 RS, I 1Al AE R i S S R AR 3 i S . Ui Bragg It
PRLGT, RS | SO 55 3 RS R i AR B 0. T I A e ST A T Al o 2, TR TG = A
WL S, T3 b, AR A AR T T LA G BRI, ieVEC. BRIL, 2255 1 k5256 3 I ik R4
frZ N7 Bragg L4 R T, WIZE 3 F Sk B8 I 57 — VARl 21 P [ 2] 57— VA il B 1) 2 2o P 25 24 i FH A s
&), AUE AT T3 1 RGTEGE UK L BB S n T LR 8], Bi2d/C = nL/C, tBP2d/L = n.

PUAEABE 25 FE B N 1R B — R, BARER 3 IO F B T8 — VA RE AR 22 1F n AL 35 B i 5 —
TR SR R PR M I 2 A 5 — VR P 2 A BE B AT38R R 2d, (R FYARE A — IR, 56 3 IO AE il
T 3 B 2. Bof 4 A TR LR SRR R, B O AEERE EE  Cr, e > CL IR, BE58 1 R 556 3 Ik
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