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Abstract

Abstract

Generally, the propagation of light in an isotropic medium is reciprocal. However,
when the spatial symmetry of dielectric constant, polarizability and refractive index of the
medium is broken, the propagation characteristics of light incident from both sides of the
medium are no longer symmetric, that is, light propagation is non-reciprocal. Non-
reciprocal photonic devices such as isolators and circulators based on optical non-
reciprocity are the core components of the chip. The application of efficient and easy to
integrate chips in quantum computing, information transmission and other fields is
conducive to the development of quantum networks. However, light is prone to
environmental interference in the propagation process, resulting in the loss of quantum
properties, non-reciprocal light amplification can effectively prevent noise, backscattering
and other interference. Non-reciprocal and optical amplification are usually two separate
systems. The simultaneous realization of non-reciprocity and optical amplification in one
system can improve the efficiency of photonic devices and facilitate integration.

This thesis is based on one-dimensional defective atomic lattice. Firstly, Fibonacci
series is used to modulate the empty lattice arrangement and precisely regulate the defective
atomic lattice structure to achieve the dynamic regulation of non-reciprocal reflection in a
three-level coherent atomic system. Further, the coherent gain atom system is established by
introducing microwave to form a vertical closed loop transition, and the control of
broadband perfect non-reciprocal reflection (unidirectional reflection) light amplification is
realized. Next, the gain atom system is built based on the coherent effect of spontaneous
radiation and the action of incoherent pump field to increase the magnification of non-
reciprocal reflection. Specifically, in the first work, a three-level Lambda-type coherent
atomic system is established in a one-dimensional defective atomic lattice, and the number
of empty lattices is controlled by the Fibonacci number series, and the defective lattice
structure is fine-tuned to successfully achieve a non-reciprocal reflection band with a

contrast greater than 90% and a bandwidth greater than 10MHz. Next, the empty lattice of
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the defective part appears periodically. Based on the first work, a closed loop coherent gain
atomic system composed of microwave field was added in the second work, and an
amplified unidirectional reflection band with reflectivity close to 8 and contrast almost
100% was obtained by optimizing the relative phase, defect rate and period of the defect
part. It is worth noting that due to the distributed feedback effect of the defective atomic
lattice, one-way reflected light amplification can be achieved with only a very small probe
field gain, which is not possible in uniform media. In the third work, Spontaneously
Generated Coherence (SGC) is used to build a gain atom system with incoherent pumping
fields, and a unidirectional reflectance band with one side approaching zero and the other
side magnified by nearly 250 times is achieved. In contrast, the SGC effect can reduce the
number of lattice periods and greatly increase the magnification of non-reciprocal reflection.
The research results of this paper will provide more theoretical basis for the development of

high efficiency and integrated non-reciprocal photonic devices.

Keywords: optical nonreciprocity; symmetry breaking effect; defective atomic

optical lattice; spontaneous emission coherence
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(E‘j =M [EJ (2.25)
En+1 x=na+d/2 En x=na—d/2
RN AR ZIZE v 2R B RN A BRI A
[E+ 1] [e‘””” 0 J[E IJ (Ej
nj _ ' "j =M| " (2.26)
E, . )| x=(ni1)a-ar 0 eilk(aid) E, . )| cnavar E, )| cna-an
AR (2.26) T M ZBA T E L RIFERE, HERIELN:
[eik(a—d) 0 ] '
M = A M (2.27)
O e—lk(a—d)

JGAE SR S5 AL o AL FE AT 0 7 AR P AR, DRLMOG AL FE R A A1
Wb B . ARAEAT ISR E B, IR TR 4 37 ST AL a0 R A2 -
E,. (x+a)=e™E, (x) (2.28)

I BIARAL 2 T AR A AT BB R K R SE , IS AAE ST AL BT 1313755 209

E+ iKa 0 E+
E n+l 7( +1) —d/2 0 € E" x=na—d/2

g NI (2260 F1(2.27) , WAL FHRIER:

ixa E+
{M_(e Okﬂﬂ J 0 (2.30)
0 € E" x=na—d/2

A (2300 FAEAREM S RBOEMERAT IO E, BEma 2.
e —Tr(M)e™ +1=0 (2.31)

K LAz (231D, HREREHERKR:
cos(ka) = %Tr(M) (2.32)

WA (232) WL, SHRH LT/ 2 <1, xRS, ForAik ik
MIFEARAR: 04 Tr (M| /21 B,k AEH Bk = ki, X A Y R O B
MR VA NS S5O0 T8 RO AR R TTIE, e A TP R B, Rt
R R R AR, TEHOE T HEBRI ., AR 1A I e s B b 1 56 6 SR R 2
AR M, FFEE AR (232) BN IR, it R I
B, T B 45 B A S PR, R N B P AR, ALk S
% SRS,

12



FoE IR T A

My=M-M--M=M" (2.33)

AR BV 3 A RO AR5 AR AT F SRR G (R DAL 36 . JRATTRT DA B R

SR 22 J] SOA A B PR T B D VR I R D S A A B BR A A, IR BLAS B A BT I
WA [ 2805 7 i R R IE O

rl:MN(l,2)’rr:MN(2,l)’t _ 1 234)
M,2,2)" M,22)° " M,(22)
A5 FUAF O I 75 45 I 2 S 2
Rl:|l’;|2: MN(1’2) ’
M, (2,2)
R =l = M, 2Dy (2.35)
M, (2,2)
T = f = .
M, (2,2)

NI (2.35) IR YCAES T o AL 3R (3B S A SRR o R, AR 1R R R A
JiRA S SEMA AT PRI (0 S A BAT R ARPER), ROR =R, .
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R AEUE A IR IR T S T AR L 5 O

BT —HERMRERFRETIEES R

3. ERERAESHE

06

(a) %AL 05t
.il"‘ 04}
I.‘}" 03t
L 02r
QP Ty
of

v oL

2000 |1> D2 ,'

e 30 20 10 0 10 20 30 40 50
A, (MHz)
(b) part1: (3 (a+b(n)))-c- 4, part I1:d 4,

K3-1 (a) =feHLambdafiBIHTJE T 2G5  (b) —4EdE A BIGE R 7 & 5T
HOTEFT: (o) — il b JA 00 e I3 P g W A 30 Re , RUAEE Tm i 2 % 1
AL J 5 —2AN, /L, = 0.0023 FIZZ s
BOCH AR F A T1E A = RE % Lambda BUAH TR R4, WK 3-1 (&) Fimw.
SRHE AR GRIZ) o, (E.) MISHRNAHE GRE) o (E,) 7 3I1EHEBR R

[F BRI 8 4L |2) <> |3) L [1) > |3) 1, b B2 () 2 LU A 56 43 5 R Q, = (B -d23) / 20 N
Q,=(E,-dn)/2h, RENHNAA =0, -0, FIA =0, -0, . HHd; Fo, 5506 R
B E AR AR DL RE L R BRI . B S IRE T, RN EL LR
Ab B R NGB LS, IXTEE 3-1 (o) AR AL R 18 2] T /8
Ne WK 3-1 (b) FizR, #A M SR JE 73k — 4t fik o, R RO R 2Ry e
an g PR IR H 2, A RBRIE R T A . XL, RN BRI R T AR 2 B R
BB A AE o MR, AN a AN SR b(n) NS RSB A, Ho,

b(n) HZEPR A b(n) =b(n—-1)+b(n—-2), n>2, b(0)=0, b(l)=1 fHl. 55
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H 1500 N ESF SAS A . (EAH BAE %% 5t 1 i B AR AR AUURD e A o i Aek, - 84T
A SRAFIOGI7 5 TR HE BAE FH 0 3 i
0 0 Q
H=-hl 0 A -A, Q (3.1)
Q Q ~A

P ¢ P

71 B WRIHIEIEE R p=—i[H, p]/ h+ Ap . FTLMEH:
p.11 =T,,05+ iQ*p,o31 —iQ py;
P =Ty + 10y, —iQ py,
P = (it , —id 7, )P+, —iQ (3.2)
P =(iA , =71, P+ (03— 91, ) =i,
Po = (i =733 ) Py + 2 (P, —Px) I, P,
B X SIEERETER p, = o) REREAR (180 J) OB F AR 00, R i
THFIE, PR RS RME B py+op o=l p; =p) p,.j. =0. EFTLLT
RIS AR |3) < |1) 2 I DR T4

iQ,[ (A, —iA)+7y ]
2 . . .
Q.| +0A, +7;)0A, —iA, +7v,))

C

&

Py = (33)

HE, AR DA BRI A R A
x,(z) =Re(y,)+Im(y,)
N (@)[ds| i[GA, ~iA)+7y | (3.4)
T el || EGA, +y,)A, —iA, +7,)

c

Horfty, A% BRI B T, W% Ry, =(T,+T))/2, T, AT, E Rk it
WS, WRRFAD =Y [, AT =Y T, . EFEUGECERARD, BT

B B B S AR T AR A, HR A AON:
_ Ny, [-(z-20)*/207] 35
N (z)= Z@ ‘e (3.5)
N, AP THEE, o, =L, /Quyn) NE AL, 2, 25 kDR

JSAR RO E, WU T =20, / (kT) BURTHHSRIR L U AR E T o %5 50500
(9, ATEFE N, =7x10"em ™, ZKFEPIANE T Z 8§ P88 KT 5 5 RO, 1 1]
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FEAE AT 208 . ik 2 K A, = 20, BIZL R OGS 2 B RO TR, A, R —
A AR P BE o RN LA 0 AR T 2 BN FE 0(0 =10 ~ 2 ) NS . Tl
R AL 2R U KRNI K i A, R, IR BB AT 2 T 2 R &
cosO=0, /Ay =N,/ hpyy » B, > Ay, BENS B DR SR 4 3R AE G & i Hh 101, JF iy
Mo ! Mg =Ry /0y =1 5 ARRIHL, ALy, =Ny, =y AUFTATRING 0 . MR AE
A5 HP A R T AT AR U WU BE 8 T BRI SRS, SRR, AT AR B R
JRCEE0RFSEPE

—2AN,,

y (3.6)

X, TiX, =
Lat

7 HE (3.6) WAL, SO0 BT SR AR A S8 5 LA A Bk 9 48 P28 5
{7 T ek B 35 W T ) AR S i A S L, R T BIT B Ak i R
Wo W31 (o) s, REHEELSEE O MR B I, BTk, RATHIRA
B AR AL SR, LASCILTE3E AR 5 S A . AR, 7 ) T % A
n,(z,) =1+, (2) - SUCIEIN, FRATIAE— &3 JE I 5 A 100 J2, 9741 3%
n, (2, ) e 7 OCTESS J R JEA I P00 S 00 A S SR R AL, P R R R AT SR A
— SRR R P DU I PRI Ot ) 52 5 I SRR 9299), AR5 J I 2x2 e
m,(z,) A KA

_ L 7, (21)2 -7 (21)2 T (ZJ)
Gl E) !

m,(z,) (3.7)

L R AR (7)) BT AR B R (035 5 R ¥ e (2,) PR B
r(2,) - UG B b L B A

100

Mlej__!mf(z,) (3.8)
2 R P T 2, = 1 ARSI T DA
B
KEL = 3 [a-+ b (n)]-ch, + dh, HE T IGIE 5 T 5 PR 1 2
M, {i(Mf )-(M, )"(”)T-(Mf } (3.10)
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TIPS IS0 285 5, FUIEST R 8L, 2393000

pM0D | M@ 1 (3.11)
M ,(2,2) M,2,2) " M,2,2)

MR AP RS 2 R, R FRIES 2T 43 5l -

2
. IM,a,2)
R=pif = A4?(2 1k
FACD)
2
R =l =|MaZD] (3.12)
M,(2,2)
2
T =, - !
M,2.2)]

Bk, ARG AT B AL SR, DBl AR 5 Rt . /2
AR ST HOAR T 5 R ] DU BB it 2B M, R

R —R,
R +R

R =

(3.13)

AHMEFRH, XMEO<C, <1, HERFAON, C,=1&F7%RIERY, BIFE
L5 1) SR B4R . AR SO — AN TAESE T =684 Lambda B JF 1 545, it
BRI F0 — AEGR A S5 7 dt s lE B 5 SO e AL Rt

3.2 BUERIUS 1R

77777 R ——R,

A, (MHz)

-30 =20 -10 0 10 20
A, (MHz)

A, (MHz)

. . . ‘
-30 =20 -10 0 10 20
A,(MHz) Nonac

B3-2 () fl (b) /R T4 R R, BERIE A I, 30 Rin e [1,15] filn €[1,20] ;
(o) Ml (D) JRRT EA RS R, WG A LR IBREFNH R b(n) &R A, L. H
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fhz%: n=5, a=40, c¢=1, d=1500, y,, =6MHz, y, =0.00IMHz, A_ =15MHz,

Q. =36MHz, A,,=78lnm, A, =78024nm, AL, =-09nm, N,=7x10"cm™,

di;=1.0357x10C-m, g,=8.8541878x107",

PTATE LR FEEE Wb RAE AN Ce=1) KIFHREE T Mg, XHER
a=40, d=1500. & 3-2 (a) A (b) 73HIEZS T ne[2,16] Mne[2,21] 1, ML
A BT SR B) 2e SOR32 (LL ) A I (IS4 BERIEMAR. B
TG HILAE S — 0, AR B S (AR ARV, AT 22 A B3 AN P AL
Sio JFHEEE n @RI, JEH 5 0 XSkt a) A R A HAE B G A sk, T
BB ARAR T S R, BTk, BATERI3-2 (o) ME3-2 (D ol xR
T B E BRI 3 R VAT HE I R B e KAEXS B, HIZRAE (nel2,n,, ]) o
A, AFE G PRI EEE n,, IR, R E B, BAh—PEESIX
AN . (HIEE GBI E, FERRF N, 7£n <8I bm)HIEHILA Z 20,
PRI, BN J 30 n A0/ SR RE 0 A 5 2 TR IR A I B 55 . 34, AR B 5 R d8;
HH I ZL R AN B A2 B o T SR 26— T 70 0 0% 9 I 2056 2 AT R 2

%{Z[an})(z) +b(n)nv}c-7xo} —mn (3.14)

oo, NE A H G . AR R B m RS AT R () T
n (z)>n, =1, a-n, (z2)+b(n)-n, <(a+b(n))n (z) . IEEIKE 2L 5 A &
ARSI, SRR IR o REZIA, AT A, (A, =0, —o,) 11K BL 2
Anhrkg SF Ao MATRLAS S5 A2 BT, By DAAE B 5 1 5 A SR MR I AR A

N1 TR 2R RO RN I 3 AR DG IE B 2 1 R ). 32 R R AR
(R S 2RSS A T e A R DL RS AT Y, il e RO R
BEER I 37 S G 37 RS AR G Ol o 3B I 1] 3- 2 45 B ] /b B 0 28 i A A A2 DL Rl
PR ERIRE PRI SR AN, RIS A BT PSR R AE B 23 R 522 o T s kel R B S R0 v )
RABER I EH A N2 g s, Xal DOl S22 4 n, a f e R .
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—-=--R; ——R,
—Va
20
- 20
1
T - B S— S
= 0.6 e
= 0.4
0.2 n| ]
0 i : ) I\i u u % i
-30 20 -10 0 10 20

A,(MHz)

Bl 3-3 ARG R, BERE A AL, JEPIE (a) ne[2,7]; B (b) nel8,13]; K (o)

nel8,17]. HASH: c=10. HARSH K 3-2 Fix.

B, R AL ¢ RN 10, AR HE A T HR A8 I T SRR AR A A A R
WEAEE G . XFLLE 3-3 (a) AR 3-3 (b) , AN B 6 A3 u N2
4], HEHFET n EAFFE b EEAR. FREH, nMEUETEE RN,
Fe A RGTHAETL G AT . 24 n BB B I n €[ 2,7 ] K Bin e[ 8,13 .5
VERH R R . L, R 2 @ik R R0 2 A o - i O R M = AR R,
HOEHAE BT SV EARPANE, BTG 2 FAE I, i A
A% HBUS S AL I AR R IR SR AT v DU s St o BRIE, e IR AR B 5 AR B 2 75
SRR R AR, T A S S AN S R TS r AR AN . e, TEAA ROy
FEfE Al B, Bk n B SE E ne[ 817w i 3-3 (o) TR, 1EA% G
A, €(0,10MHz) py, #LLFE 3-3 (b) AR BT, BY, JEH 5 Mo priyg
S 25 HE B A AR S R, n A ERAE Y e S ot P R R AR B S . R,
e e[ 8,17 | (K50 R B X Hofth 2 Bk AT P

L
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05
= 0.6} AN
04t s, ' N
02F 7 4 ! f
0 L Bl S il \"(, | }
-30 20 -10 0 10 20

Bl 3- 4 FE A AT R, FIXTLLRE C, BERIE A B0 4L, i l&] (a) Ma=30; K& (b)

a=20; Bl (c) a=10. HXSH: ne[8,17], c=10. HMbSHwE 3-2 Fir.

FENR, IRATPREEE— 225 FB A U 3] Pt Bl A R a AR A IO R 5 Y
Wkl & 3-4 FroR, BEE a ERECINE R P AR LG0T BB RRE S, [
IS 387 ) S5 5 B F o 3 F TR DN Y 7 74 A S 5 40 1) SR A A i, AN R
s N I R AT LA ST, AT, a M n R AT RIAR SR S S, AR
(3.14) 7] LAH HE 45 200 B I R ), XS BOURE S Vb 5 4 e o
BT R, 2 a {EBORI T BROR B8 76 BURBF BURE AL, a (BN AR AERS S8 3R 1Y
BEAL, (HHH R CIE . S0 RO AR T S e yu i, JRAT TRk
a=20 I X A7 S AR 5 Atk it — A4k
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-30 =20 -10 0 10 20

20

Bl 3-5 ZE A SO 2 R, FURSSRT R C BRI A 9484, P (a) =205 K (b)

Hle=25; K (¢) Wlc=30. HXZH: ne[817], a=20. HMSHIKE 3-2 fir.

BTk, 7EEI3-4 (b) HZERN BN ORHE A I8 e Ml & 3- S TEMTRI R T /2
A BSR AUR b B2 B IR ¢ AR R . B 3-5 (a) AT, =20 ), FE
A, € (-5MHz,5MHz) F45 78 ] P9 7T BLSE IR L FE ek 90% ¥R B 5 Rt X o 314
SRR RIE B ) SO AR YO, DRI, gRERIE R o (B I PRAIR 2 SO 3 . K]
3-5 (b) M (o) AL, BEAE o fHMIG KR 5 X 2o S 5 AR AE FEAR. (H AT B
K&, feRTHTRA BRI R . T, HERDHECS BRI A B LA, HAE
BEAR I A 22 S R o BRI AR 5) SO X T K F A ) e (-5MHz, 7MHz) .
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=
=
~i
<
<
~N
-
=
<
<]
40 20 0 20 40
A,(MHz)

K3-6 (a) AR R M (b) R FEHRINIZKIE A, MBS IHRE A, 2. RS

nel8,17], a=20, c=30. HAZSEwIE 3-2 fir.

FEF B 0 i Al A A s BEBIRIRELS b(n) FIIEE A JIEL ¢ BEATARAL)S
BATCZAT B HE R T 90%, A7 SRR T 10MHz (AR 5) ) o 3iE—2D i,
ISR S I RV A KR ) R A . BATTg bl 1A RO ARBE A, A AL,
fEE3-6 (a) M (b) o AXERIL, FETESRMA B H AR N, 2088 o At
22 5E G MU RS HREIT T 06 A AT A% 2 AR T RGBT S st AR E N BUS #7 11
WA b, BEAE A, FIRAR I 5 SOFAR U A R, B SRR, IXHE,
A LOEIE R G S B E T E LS RO E . S, 2R PR S
TR (5% I R

3.3 NG

B, BATFEH T b Gl R ISR SR T R, G b BE BRI A
AR AT, SEIUARE D) SO IR . AEIXPPRE IR A BB B i s o, s it B
ANHEFE A AR AR o, S WA B b(n) FOAE I R AR ¢, T DASEIILN BL R
T 90%, 5K T 10MHz AR 5 [ S X o #E— 20, il i & 37 1 R 1B RET
A7 T VR A 2 A B S R A Y R 0 R 58, A A9 AR L B DA AR 0 ) B L R
HATMEE Ry FOGY —WE . B a LA a8 AR . 5 e T as AR I Be o
Bt 7B SR, R T EANE B AL P T A T I N O (R
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SEPUE —AEGREE TR B R SO O

FUE —HRFER T &I B R R MK
PESS=Taeh, JRARE 62 = A2 Lambda 5 T-HU RS0 4T TS, 7E 1D
BRI LT e S T SRR e ROk, RRAESE A Tl SIS,
G IR T ROV A E B, SRR MOMOR . ST T — S R S5 T 7 P
[ B HE 3 25 T ARG TR T 5 RSO IR

4.1 BB SHE

—o—Q, =6MHz --6-- Q_ =0
|3> 0.006

T T
Partl Part Il

Kl4-1 (a) =RHA BHTHERETRS: (b)) EAESAAAEMBAERMEL T, F
i’ﬂ*&%%@%lllm(z_p) BRI A B4 (o) —4EBRIE R T fds S AT IER . A S
a,=2, a =45, p =13, p,=35, I, =I,=575MHz, A =0, Q =20MHz,

Q, =03MHz, Q =6MHz, A, =796.8nm, A, =794.978nm, AL, =0.9nm,
N, =7x10"ecm™, di;=1.0357x10%C-m, g,=8.8541878x107",
mnE 4-1 Ca) praw, ) Rb JETl I g5 . s & 3 AR 1 K 5 F
— B =R AR R G JA T DMBRRIR I SR & I dr e (R 7))
HQ =E,-du/2h(A, =0,-0) F1Q =Ec-dn/2hA, =0,-o) » 53 31EH T H%
BRAT 1) > [3) FT|2) <> [3) o A A FRAT 7T LLAS B o i i hr B Al (R R
Q,=E.-du/2h(A, = 0,—0,=0), BETEBEERE|) [2). dy=(i|d|j) %
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FRIGE i) | /) BB I . AT T ERET A%, T Bsm e,
YR T LA B 0 ] B AE K, KRR 4- 1 (b) ol SR O R A o
BRI, B 41 (o) BRT —EIEE T (IDDAL) . BB RA A
SR G R B ORI py . 1 a, SR o, N AR LR
MIRSIN p, o ARG . @RI 4, =22, ALK TR,
Forb , R, B, YRS K L=SA,, HA S =(a, +a)p,+pye TR
(BRSO, 5T 5 O T A P B BT L2 9
0 Q- Q-

w p

H=-h 0 A,-A, Q 4.1)

C

Q Q A

P c »
AL TR = ¢ AW b =—i[H, p]|/ i+ Ap FATRT LLAS 3 LT IR 25 B2 R D 72
,o.11 =T,,0;+ iQ*pp31 —iQ py; + iQ p, —iQ p,
p.22 =T, 0, +iQ p, —1Q p,, +IQ p, —iQ p,,
P = (I8, —id =1, )P+, —IQ iy +I, (0 — ) (4.2)
pi = (in , =713 ) Py 1, (03 — 1) )= Iy, +IQ, s
Py = (iD= ¥33) oy + 1, (P33 = o)~ Q' 0, +iQ, Py,
WA E L, HEHMEILE p, = (i|p| /) A (|| /) KR TARE R, L3R
S TR SRS KA, B p topton=l, p,=pl, py=0o BEAL,
v, NFRES AR T, ] i AT &% 20 € -
Yo =75 =0
Vs = Vs = %(F31 +Ty,) (4.3)

1
Va3 =V :E(Fm +F32)

RAVERE], RSO 5 A B S BT 1 HOF R LA 528K
KL, ST AT AR e 0, BOEIRIIE . R AR 5 W S
B HIN G, g Fg, . RIF, MBIRBEEREXNQ, =G e, Q =G "
MO, =Ge%, WhG,. G MG, WREL: B, RIVIHFHARN G, = p,
0= puc® s 0y = pud® Moy, = py €% I, T LIRS LR i R R
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0.11 =T,,05, +iG,(0y, —0,,)+iG, (e o, —e o)
0.22 =T,,0, +iG,(0;, —0,,)+iG, (0, —eo,,)
6.12 =(iA, —iA, —7,,)0,, +iG 03, —iG.0,;, +iG,e (0, —0,) 4.4)
6.13 =(iA, = 73)0; +1G (03, —0,,) —iG.0y, +iG e o
Oy = (IA, = 7,,)0 0, +iG.(0yy —0y) —iG 0, +iG e G,
K, ¢=0,+¢. -4, R=AIHIAAX AL B RME =HEH AR T I T RGN
FERRETTRE, LM R R G R RN R R . Rom -

di| o,e" 1,1, (4.5)

X,(x)=Re(y,)+Im(y,)=N,
X, Re(y,) fIm(y,) 4B ) SRR MR, 4> BT BRI A AL
U2k, N, = NoA, - 0200 5 o R R T35, BRI T LA 3 2 58 i 37 5 R A
n,(x) =1+ 7,(x) » WEAR 3.7 BIAK (314D THEAFRERI G 0 SR L A
i RS2 2 1 R L C

4.2 BUERIUS 1R

/
1 -
= () A =-14MHz
0.8 ¢ R‘P=0A932219 (a)
0.6
a
04
02
0 1 ! i 1 i ._"k»"'_’ $~--k, 5
-40 -30 -20 -10 0 10 20 30 40
A, (MHz)
3
- i A =22MHz
s ¢ =7 R=1.92782 (C)
&
0.5
/
40 30 20 -10 0 10 20 30 40
A, (MHz)

K4-2 () + (b) « (o) M (d) AFIREAFFRANGL T, BRI 122 S5 R, FUA
SRR BERUEA AR, HARZHnE4- 1 For.
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AT 1 H A2 AU ) — AR GRRE BT wm g b S e SRR FATTE AR
TAEAN RS ARARL ¢ 1 A D0 22 00 4 52 S AR BEHR M 3 SR I AR Ak, Al 4- 2 BT &
Ba, =2 a,=45. p =13 p, =350, FETXFRIEBBRES, FATH R G
WARH. 53 580, RIERIN S AT NS I AN B8 5 42 S, T A2 (NS I s S R SRR
o MEAFVERIR, FERRIAIIFE BRI U P& [l R IE AR L T R A AR (4%
H, EAR T AT RS AT EER], Zg=00f, K IBABBKR
[R<1.0], Wi 4-2 () Pirm: MiZg=rx iy, ZRGATLAEHOR, RKERED 1.8,
W 4-2 (o) Fime Rl M g=3z/20, HITHNMRKWELS REIX, £x
S RAEIE 5.8, WK 4-2 (d) Fiw. A1, W T BRAAXAAL ¢, ARG HEAE S
BRI IE. S ANBE R, Mp=x/2 8, AT LLSZILTEH I A RAHEBOR, FE
D S 2Lk B 8, 1 55— ) S 2 J L A [R <<0.01], I HUb it
IR B8 A5 A B SMHz, WK 4-2 (b) FiR.

--0.= A, = 22(MHz)
0.006

Bp=0 . o A, =— 14(MHz)

-5 -1 05 0 0.5 1 1.5 2

¢/m Im (%)
0.006
0.003
0

-0.003

-0.006

1 4-3 (a) TERFHMKNE A, RV Im(y, ) BARARRL ¢ 1925 0k: (b) T34

At s o Im(y ) BRI SR A RIADRTAIGL ¢ 107 k. Fb 24 4- 1 .

HBEARFET, 3 HR 70 T2 fis i PR AT B3R 1 DAL 43 (a3 Fr
RIS PR FE 158 — 000 BRSP4 o DR, SRINOG AN DAL WU S5 1) 2 S 232 e 30
FEE G R, R B AT AR, BRINDG HE I 5 A A A, AT
PAAEAN[R] 9 25 i Bl AT 58 56 28ty S i [ vl AT TS A 5K (3.14) TS 2B .
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SRPUE —AEGREE 1 % 58 A LA SR UK
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