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Abstract

Recently, photonic microwave filters (PMFs), which feature high bandwidth,
immunity to EMI, light weight, low loss and so on, have attracted more and more
interest. PMFs can filter microwave and radio frequency signals directly in optical
domain and have become important components in Radio over Fiber (RoF) system,
This dissertation concentrates on the study of PMFs from the following three aspects:
the design of PMFs using optimization algorithm, the configuration design of PMFs
and the application of PMFs in RoF systems.

In the first part, the problem of synthesis of FIR photonic microwave filters with
linear phase response is addressed and a novel method employing Tabu algorithm is
proposed. As an illustration of the proposed method in the appiication of filter design,
the optimization of fiber Bragg pgrating-based photonic microwave filters is
demonstrated. Numerical results confirm the efficiency of the proposed method.

In the second part, a new configuration of the flat-top filter is proposed. Two EQOMs,
which can realize negative tap and simplify the configuration, are used in the flat-top
filter for the first time. Besides this, a simple and economical method to realize PMF
with multi-taps based on Fabry-Perot (FP) laser is also discussed. The theoretical
analysis and the experimental results validate the feasibility of the two proposed
designs.

In the third part, a photonic microwave filter based on fiber loop and fiber Bragg
gratings (FBGs) is applied in Radio over Fiber (RoF) system to suppress the relative
intensity noise (RIN) of laser and amplified spontaneous emission (ASE) noise of
erbium doped fiber amplified (EDFA). Experiment results show that the signal noise
ratio (SNRY) of the system can be effectively improved by using such a noise filter in

the system.

Key Words: Photonic microwave filter (PMF) Tabu search algorithm flat-top

filter Fabry-Perot laser noise reduction
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1.1 RGEX-F4%# RoF Ml RE

1.1.1 RERTFF

WS TEET EAMEA 70 X, BRAEHEE ¥ SHERBORE. EREE.
FE TP FE B A B R BT R R, BB T2 A — T
AR, B A R MR RARRDE FHAS SN, &NiERE R
KA PRI TR SR AT AN, AR RAREHRERNE R
Rk, R HEAEANLCERBGE SRR EZXE. AN, Bkt
BEAZCLERENRENEZ REABEER. FEXHPEARE HEHE
AR, (RIEMBETENIRRE.

H5#gned TABREML, BBt TR ARG ERTHR, BEER,
BAAE, AZEETH, KRSIENELABRERESMES, BTFXshA,
MRNFERBTIZRKE, BRMEEESHHTERES THA.

WA FF RS L AT E: H—RAEBMBGSH R B ENEA
GRHFR, K- REBRENRATHEESLBIENINARR. B AT
RFEAR GBS . LAETREZKREREA TR PS4, X
ERBEME . ERHEERERED AN TESREBERAR. A THEAHTHEN
B, U RBREXERERN N ERERE.

Tt F BOARTE AT JUAN 2 B AR PR I A
1) FEHMAEER (Transmission and Antenna Remoting). XEFERFIAT

RN T RE P AT LRSI RS L LR RAHREE, DLW

WAV, X TRESBEMRAGNE L LU BRILNER. A

B RERF R AT T 58 H SRR k.

2) {5543 (Signal Processing). 5HEMHB A LM EREZE, FHNFE

IRERRESEILE KRR RUEERY, T ASCIRET A 3 s A3 it 15 S AL R B

J1o HEARAHATFEEEBEFELS. BhAThFRE. AMBOLETIER
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B, HPRBEAFEEREZANGXTE. B 11 Bx—1MHERLST
Fabry-Perot #§#% 88, H4& 1GHz UM A &b Q EHAEIAE] 325,
HIEHIER (Antenna Beam Forming). ZEAHREEFIRLZ S, REBITHEE
ANEST R ITZ IR AR O RHKTE RN . BARE AL S H IR AT BR to ] BLsk
METhRE, BRI BEESEFET AHREHREX. FHMEETFHAT
AR PRI e ]

HeEmA. huigE s,

Erbium-doped

Fibre
Modulated Light Input

— m
+—

3dB Coupler
Output

B L1 AR ARt E R4

PO T RGP R LR B BRI R 7 BOLIE . S o fe i/ R

mEERER AR R RNRRE LMW R & TERBOE T ERAH, X
LRENERTENRARLRRE, BAKKRIRI. BREEHYFEE, &
FBIEER RS, KRBEAIELT, EDFA G074, 30X LR 7E A BT A
TEfk. METT RESANE, MEOLTHORSZEHHHARRNETNRE.

BEBPIETRESTHRRMBETFESLEEARARE LS EHIF2 AR —

KRS, FERATEFERAMEG TYEEEENNA. GREEN, #
BT 5 A ISt R34 TT. ANRRARS, EREXEND
SZNNBIMBEETRESAERACEPGETEHINERENA, 2004 £FEKH
RHFRSRMNE S E PR O IS i R M BB, KRBT
F S AR AREMTEREPHEZENA. Fik, IaREMELTES AR
RIFERAA T, R E I P2 5 & AN B B Tolk 3k 20 B BB A& .
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1.1.2 RoF

ELRBEDHARCLHENT —AMFHRA. EEXER, ATTEEENH
ETEEERF, AMBERIAENEHHRMIAAR, HHBEMIRXHE
KR A MR G B2 . SR, METEM OAREE M, B
RS R DAL, FRATRELAETEY. ERAMIN FHER
ok UBST RUR OIS, RN REEERN THEFARRNH S, LM
BRMEHTRMELT, REBRRKHEANIE TR RENER.

R R BN MERERAMES A EXHHBERAT, RATET
WA M TLE ARk, TiHP—Fk R Radio Over Fiber HiR, 8774 RoF %
Ao RoF £ —FEB T HEBR MR R AWMU SHHEA. RoF R4
— AL TRA R, PO B A R TERE. B 12 £
RoF WE&MERREE. W 12 FROITERI, #kESRd—AEmEgE
JE ¥ (Headend)F0iZ i K £8 B2 JG(Remote Antenna Unit, RAU)Z TR . iXHE
HREIAF Mb R AT DA R K G s R 2 S o B FR A Bk I 454, RSB R
ABURIHRERRAT T WK KPHEEM R EE PR RIRE. HWELRThss
FRRSRHAT AR RE, IXRET LU R AN E. S ENAEEE. RERKNE
=EilE: % o) .

o | 7

Fibre Optic

Headend T
caden Network

B 1.2 ROF %R EE

HCTATRB R, JRom T BT R — 2038, ¥, T30, DAC
Bt BA{ES DSP b, B 13 R RN <EE. WE 13 BITTLLRHY,
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FEHANBRZAEE A PMF, X3 R MO T U85 88(Photonic Microwave
Filter, PMF). 83 67 3BT 48 B 701 R X 8 5 S AT AL B A — A L FR B F
FEJCH AT R B M B R R MM L T & R 508 . R A BTl Rk At
AP FIEEBONE, XEREMAHEE.

1)

2)

3

4)

5
6)

Optical
Down Optical link
DSP |4 DAC [~ Conversion | | Detector PME RAU
Headend
B 13 BmmASsarER
RoF HEAMRMEAT

IGARFE. M5 510 B T P o B AR A Bt e Rl st TS 1%
Wk AT, AR ARE RN LA . ik, EERESHM
HAMELES, KRESR— 8, —REFTETHRNNES BER
%. M@ A RoF HR, B WHIREGES I, AT HEmTLUX
KBARHRAE .

B . RARBREERHFE, =4 TEXEHED (850nm, 1310nm,
1550nm) FrR LG B AT LT 50THz. EHBAULEREBNER
PR SRR, [t R eRE T LAZE G AT modl AR S A 2R, ) S
B, AR,

SHBETH. 2ZHBTREAAEGREN MR, BAB#BTRE
Rgctaerramm, BTLLRIE R — LG IR A, TR R AR R
T ZENES . EH RoF REHFEMK— L IIRE B R B, ERENY
ZHEie, EER, MBEANTERENEFNRHE. X0 TRIEEFERE
BHER, WA~ HAR RE D, B Mg A2 T RRRE.
WA hENFE, X FEAEFEHT &R,

BERSE. HEAFMHBERES™ERAR, RoF REMHE SHmEH, &R
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A — R R B IR R E TR FLUCR TS I T DS
Eh#& S AC.

RoF HiR7E 1990 45 Cooper Z4RH, Z3+H/LEMER, HTHA#ag

ERT LT RG FEEBRIE KL,

D

2)

3

4)

5)

67

BT RoF WEENAETUF LA FE:

RN . BEEERE RoF Bi— AN EENASER. XAET RoF MiRER
BARERHLENDT THRAER, BREERENES. Rz, RoF
REN BN RRIRREE S B R Ko B R MK KA.

TEEFE. EEBERGRE RoF FARNBE—MEHFENA.

MM RE. HAERRER—MELBFH AN RoF N, HFb— M
TRZ ALK (MVDS).

KRR . TEREWRS R E e EHERRES B FEME (B-ISDN)
K —F3 R, ERLERFMFR/INERNNT B, ZHHEEE A M
BIHER.

EEREM. HEFREEMAWEL, LEFEHEANREMNFE R DR
RIS . REEBEAENE R EBELREHFEAREM P HH RoF HA
HANE.

TREE RS B TEHRGEMEHMNEE, LB E LML, RoF
ARER—FEFIRATR.

Bl 1.4 F1 1.5 &£ RoF EEWLL RHME MR FBEREZHNTER.

1)
2)
3)

WA RoF RE—B A A=

RF 7E 48 % £F b {5 HI(RF over Single Mode Fibre).

IF 7E 2 AT P A 5(IF over Multimode Fibre).

Digital 7£ BUE J £T b f£363(Digital over Single Mode Fibre).

R REBHR AR, BRI SR SRR, Sl RER R

FUF IS0 N A 5 R G SR ET s 28 R R B TR — KB
BN EREABHATRR. FTLURER T IR N, B85 69 440 R ;

=

R F ARG BE T ARHRNER, HERKNEMBER, RABRA.

JUAE] LABARF K RoF R A PR A
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1)
2
3)
4}

RF 7 £ A 545 (RF over Multimode Fibre).
J6IR VCSEL(Vertical Cavity Surface Emitting Lasers).
B %128 EAM(Electroabsorption Modulator Transceiver).
¥ 7> 5 F 2% WDM(Wavelength Division Multiplexing).

FS = Hierd Station

MS = Mobile Steticr

RG = 3esicknial
Gatoway

Access Networks

B 14 XREATEREMSREE

s | |
Ceticnd hink delay £ |
)q‘:

_'_’_._,_-r"'_'_'-'-.-'_

,_r:'f.
\ﬁ'\ia‘j} |

1.5 RoF RGEAV M AH b K2
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1.2 R FIEBBRNITA

EFRANMEATEERRMEATESLEERTH—IEEAE, &£
HBEA RoF RAMMEI B E LSS HHTHEEERNA

PO T TR S I PR AR T R O R OB AR S G A B — T AR
(Discrete-Time Optical Processing of Microwave Signals, DOPMS)., B 1.6 B4
(1 RE 15 S BT k. ERAE S, W TS S A E R B EREITH.

RF Input o RF Output
Signal »  RF Circuit Signal >

Bl 1.6 1£41) RF £ S4BT

KRR — PRI VAR AR DL T L5 T B ) A

1) BRI RS, P RF AERERELEE - MIHHRF S, — 8
MHET, REE Rk E.

2) HTESR. £REALERRES, ZRMBEMEAELRS, PR TRHE.
3) HEETHA SMER RN,

DOPMS &4t T —Fh el SRR R ERT R EE. 1 1.7 2 DOPMS
frER. AREERK RF F58TAHRERILES L, RF FSHAR
FEEEHAT, BRBEABRSBRNENES. RARHTENRER:

1) fKHEE.

2) B

3) AR BT,

4 RER.

5) XEEMRAME.

6) i E S E AR ARRM T R AR TR ATAT

IR MR E RF B S ABETEEMNIMG, TR T IR R
ik g e R R L e W B R ko Al il R ) A= R i o 2l N
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WO T e a8, HE A R R E R AT R IR 2 (B ALY SEILAR R BEA R
B4 B Sk T SE LB T B, H R AR CAR R B A IR R AR Ay LU R B
WA SR AT R . TR T IR A A AN URAE . HE R L W L&
A%, HBERERBEHA. TRRBME . FfAEKE 5 4 (LDMS)%,
HA AR B B RoF 8) Z A TR EHNAT .

Antenna Optical
Output
Signal
Optical Signal l Optical RF Qutput
Processor Receiver Signal >

Modulator

B 1.7 B RS S e E T

P THERBZNIRTEARE, HERTAE, L A HRREEN
TARIEB A HHAMRBRT AR, T LS A A PRl 8 e 28 (FIR ) R me
EHARIR): HHETHT, AT A TR R B A1 R4 T BN aR e a8 R
FERIEE, T LLS ok AT R e B SR NN T I IR e 28 .

E ARt TR SR RNEEA RS, iR EmshEaE.
TG RAFFE. IERM. FSR. M. WEHMMEMTRIEE, XEHNE
FE AT T IS S AR BT BT BR B SC Lo B I . AR T IR T B8 B &
TR RIERENE, LB IR A RE, FUENTIASET THEET
TR AR o (RIXRERE™ A — A, TRt FsREn R R
JGRERKIEN, XARREEIERMS, BRI RERIEERE. BED
T EME AT RN T, WAL Gk T — s, TiAI B
Berotkaninm Q M AR, ATEAHE, BERA T R T
MR AR PRIA T R, AR BRI

BR T IEBA SR WA, o — R A T AGIEE BN B 1) T s TR 2%
RIS T TR B R P40 B i e R B A R AL B A B B R —
FATAT MDA TR, ROUAC B 2R R il Sk AU, PR BB B AT SE e SR A S
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MR AR, WEKEMERSNATREL D, B RoF 2%, X
HERAA—HHEERE. XRTEHOTRARE ML ARMAXMMALER
RRE.

P T IR RN AR RAATTRHI, THBIRRRR B AREER.
BEIANGEHET KBRS, RABRRE, KIhaitBm g L
RT R T RN DR E RS B ERERMNEAREXER
B RIAE, 150 SR BTt T U BRI SR 2 B T IR, BT LA BT 9Tid
ERPTLRE. A, HELFRAOERDMERETE, FXREDHHEL
HEPABERN, BEERARERMBOL FEHRLARBEBRE T ZHNA.

1.3 AHEETEMRK

AILMEATTERTIT T S T B 28 R 7T P e FIB B S AL e
TERTFL. G519 B FTHTE RoF RGP N TS

ERBOLTF IR SN RAE LTRSS, ~HFHLERRMAEE Tabu
Search (TS) BB — M TR B FUER 8. i LA T IS B 1A A
WERE S, IR AR RO N tH TE RV R R R & A EA
TS BERBIHET FBGs HMMMBELTIEES, RE T FHEERMRAR T
Wt A AT E

FEWBOG IR B S E MR THIR, BAERH T —HMF L fat-op K3k
WARES . EXFhEE P, AP EOM REMIEffh kMg E— kAT
KB flat-top HIUESEAE, 4L T HEBEH. BRILZ A, —ME RIS FHLH
WL TIEB AR B LN S HBIR T . EXReid, FIAT FP ok KM
FOREFE, BT RSN SR EIMGEH, WA T A ERKSTARRK
5 UFUER] T IZ PR T A AT

WP TIRI A RoF REMIMNABIA D, ML TEMEBHEE kiR
i FREE R RoF RELHSLIRTH RN TR EE A (RIN) F EDFA 51RHMHAH
HES (ASE) A, RN, MIAE RoF RESFIMAMEL T ikt 48,
T LARFEIR PR R P RN, RS RAMMRIL, MBERANBERFERE.
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$_F BT FBG MRGE T FBMELEH

AEpE

FBG, 4#J Fibre-Bragg Grating, fifufgitilht. BATEER B REN B
HTHERHRY, —RKRUARERNERRT, —RELEMENERAT, L
FEEFER A A SR BT B TG 1 IR B A% SETL AT R E R AT B A EAE R T
M, LORHME IR R T EIMRE g, THRLRAESLMEHL,
By ATLZE BB T 40 K 5 BOR ZE TR . FTRARATI S o R Rt R B T bk
i, ERERIEAEEERTET LD EE R T RO F s,

B EEATREIN, MOt T ENFERT IR E2FHNNETT,
BRTLUEHE 1998 £ T. A. Cusick B AFHBLEERE &I B
B, mR, ZEHANMIAAAREZ, TEEHENEEEED THlERE, X
B, RAEHT S~ ROMALER, Tabu Search (TS) HHkLIBH X
FrEBEROT. E—F, RIKHNMEET FBG MBI TR BN IER,
TS ikE s, EnilEE SRt s, URBEHRFIEER. R
& RZIER TS MU ERBEHRB O FHRERETITH, FEREH,

2.1 BT FBG Rl ATFREFZAIESHER

RF In: x(#)
or
K 17
Optical — PD
Source 1XN . NX1 > ——
EOM .
rT .
_ﬂ@’ RF Out:

y() = iar xx(t—rxT)
r=0

2.1 #otrsns T RRREE
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2.0 RSO TERENIAREREE, I rEERET PRI
¥, 5 3 T2 R R AR . NXEE, RATTUER: REETx(NE
s H35 84132 EOM (Electronic and Photonic Modulator) RHIFIN b, A5
Sl AR, NN £ H. ERAXED, REZE T UENE
Ya, FAST—ERRRER T, r=10 N . EFHXN REEER—FO0,
Wi R 33 PD(Photonic Detector), B EHi RF {55. #ith RF {5 S HRIAN

gt y(l)xia,xx(l—rxT)g Hee A M 55, BT LR BRI e T ul i

r=0

BEBRE:

hU)=5§¢x6@—rxT) @-1)
ST BTN

H(f)=i;a,xexp(—jx21rxrxfxT) (22)

MRS A T AE ), R BB EER RS
M E g NN T . WEa RETHRERABR, W RET BdRREE
FSR(Free Spectral Range), FSR=%U FERTELCINX R, B T LEATRBIM
PR N T I8 . RAVEN AT H A ARG, FeTiERIE 2.2 1
B T R MR SRE TR M SHMERE, XEHZAXE
A-GH TR S, KEREEAL.

Broadband
source EOM Circulator
PD )\'0 A‘ 1 A'Z 7\.N
RF in RF out

K22 —12RET FBG ML FIERELEH
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MWHE 22, BOFTUEFEHIRCWAE 2.1 —F, FAESHERNESHEAT
—ANETAR, MEFEAT S ZEEREES] 2P L T R AR R

KR EERE o, KIFH . TOAE—T, RENRREERREAEEK. AE
2.2, RATAT LA B HRR TR, 23 l6a KRR T RiEs].
SR A R AL A YO R O e R A — 4%, T B AR AR RIS
Sz EE A EE R AR, XA, SRR EERE, BR
FHERMAR, g0H AWM R HRKEE, KRR BRI RS %
Y. TRFARIBIEE A R AR, BIARTHEA DB EEHE M
E, BHRERT ARNRGENZE. i, &I E—, ikt
O RFHERE A, 4, WRHETRN 4, IER R E— D M e
TS AT B A4 KB — A, R aEsRAh A6 BB
WAk, BACH 4 KBRS, DUhaHE. XBEERAENA . AKEZEE R
AR, HHLREBET —ANENE. 3 EEBOLTERRNEmEL, B
AT EUREL, Z M BBOE TIE R R4 1, ERBE B RS Rl o

%, T AL EIMEES R, T5I2RI%ER: 12X, R

4

HRATH R B (effective refractive index), ¢ REEF K.

ZHT, BB THMBOLFRERM R o e T HMERBHITER, T RET
FSR. THEENMTRERMEHXHA. B 23 BRTAENERE, Ml
A [ R R xR (A B B R W e L IR B R s o, VA WL T
W, EFE&RERERNEERN. A LMRERANYE, AT REEARRSK
MmN . XHIREMT =1/3x107s, MK FSR=3GHz. HET=1x10",

M FSR=1GHz, HA&RERTHE 24,
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oap q 08t
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04+ 1 04r
03k 4 03f
02 0z 1
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Hanning
0 T 0
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-0 2l
30 -
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3 |
e £ ol
S
i ;
Tt e
s -0
g8 -0
0y 1 2 3 1 5 s T 1 2 3 4 5 B
Frequeney (Hz} i Frequency (Hz} ¥ 10’

2.3 [ R S R F A oA R T T S
E: UTH, fi: DHE

M ETEI AT, BATOT IR RR4NE, FRRENRERNERRRE TR
¥, EBS FET FBG BIRBOL T B SSH AT, RET FBG K RH R
M2, WRBATREAE B R AR T s asmn, RATMLARE] —4H K
S RYORIENTHIE FBG BH. RN TR RY, HEBEAREEMN. Bh
BEMRBOL TN EE TAETEATRS, FUSEREHEMELRKERM,
BT L S RN 82 SUE - R F AR Dot Sk BRI RO B 23 E P A L th R R 32 3
MRl B, ARRMkRIISR S AL RE IR . HK, FR Bvt I8 ik
2, Hinh okt R aiE . SATARA AR RE R EHE
T TERE T oIk, EXERARBARERE, SERAMEER. AT
RS R  A R BRI T E RS A T B SR AR B R B TR
HIgR. 5, RTHELE, FBG KRS REAMERD, 1 BERAMREHH
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b
E 'H_:'l Z:-H.T ﬁhkk a
Hanning Hannlng
0 T T " 0
] 3 0f
A k Pl
20 i b
g «w {18 «f 1
L] ]
ia 12 %
a A
£ €0 4 E ©0 W
< «
- { | |
0F 1l
4 a0r
1 . L 1 ) L A . . ! ! |
E':'IJ 1 2 3 4 5 b mﬂ 1 p) 3 4 5 E
Frequency {Hz} o Frequency {Hz) i

B 2.4 &8 T FRED T 5 1% ok B0E 1 e b
Z: T=13X107%, &: T=1X10"s

2.2 Tabu Search(TS){k 4t W3k 48

Tabu Search(TS) & —#/5 8 R XA H E(Metaheuristic), 'EH Glover T
1986 4RI, i biRAb st E BRI TR, BIFE, TS MILEEER
FHFEHL, bR AES, R 2E™. BRLU P BEPIE s
S, I BAE— S UsE IA 0 OB RUE K B Rs 6 EVLTE A B R AL 45 B
8, tmEEMERED, HRAP), TPy - EE.
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Input: — MU B
Definitions :
X : WiTRARES
F : H AR %
Nx) x P4, xR TX
Tist TabuF
Afun : WEhR
Max : ARABT AR AL Z (R ) Jh K R K
Initialization :
wWi=0;
WEMAME xi, xBTX;
BI85k TliseFO SRl 77 R Afun;
BT B AL W best=xi;

BIEEAL R R0 B 45 o BE D beste=F (best);
BRI AR A % B AR ER X B besti=i;
Body
While (-besti<Max) {

=i+l
BRIV )P BER o NEEER LA
ik AR R A AHERE B AR ARD;
if (f{xi) < bestc)
{ best=xi; bestc=F(best}; besti=i; }
B ¥ Thist M Afun;

}
output

best and bestc;
END

2.5 HA TS HiEMfELE

P25 BEA TS HEpHESE NXEE R, RITTUURIR TS BRFAESR.
ERRYIBHAERE, EXMNTES, BEREEEPTH—EEEHTRIVE.
X REE, ERNRYEG . ML x RENKRENx) . BiREbest, &I

1B ROIFT 44 F (best) « 13 B B AR B AR EL . Tabu MBI THE XA B4 Tabu

YR RHNEE MBS, B2 Tabu RAWETE. Tabu KM REN LMW
SRR T RMEEE. HEEHRHEE RS RNRRAEMA Tabu K, &
X A BT A - 2 B RLEIT AU T — IR R AR, 2T —
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AL RFMTEMRX

SERERRBUE, HHARTRB ZHRAT U — e E L REE RBRN
. B, RAEBHMM Tabu REEHET HALSREEERTRML, B
FIEH=E T — P EE, REXFMEERRRELR—LBNME. FATE Tabu
RHHTRET ISR AR S ILRH KRR T HEE S, BREFE M
HAE Tabu R, FTLABURE T HRKBABRMLENE S, B ENRIEIRRK
T—AREMER, XA RERRMRILE. TS HEERE T H— MRSk
JUXA AR, RURBO SRR . MERERE TR, AR SRR BT Tabu FH,
AR ZENRRITH. i, FENMEE Tabu £, £REEERDBH
HRERPRINME, HEOREXHLHMTE, HNLAERTLLEN KM Tabu
TR, MIBODZRERIRNE. ZXHERER T RIREZ LK E. ¥
saiefE, BREAT 4B, WRME—EHFEIMRITHEFEANGS, 1
R NE R B E R (AN MRIE L ERE LAl R R
WHEFRBRIHE, BN BB LARAHEEREMRERERES LM EEE T
R R . X BRI RN Z A AR ALR R T BT Lo, W
AE L EE /D, WEF R, MR RS RS FH LA, Tabu
RABRN /772

23 TS R HZMBEFLRERE R

23.1 KRS

EEEFH, RAITEEMO TEREET FBG RIBEBE L T IR S TH A,
FEHAEBRAERFEH. ZEZARIK, ROERLKMERERTEMNRE
B FBG MRM AMa={(a.q.a0,..4}, TRLHBEFERI—HaEHBHE

F@) B/, ZERMNEXF H:

Fay= [ [1H@ )]~ T Jotf + [ [|H (@ N, |0 (2-3)
fp.m f:mp

K, ok FBG R ABARMNE, H(a /) RIEHBOEREL, T, 2%
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Tz (V)=%[1+bcos(irV£+¢o)} (3-8)
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