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Abstract

Abstract

Since non-classical state were generated in Lab. it has been used in the various fields:
precise measurement below Shot Noise Limit, quantum nondemolition measurement, and
quantum information-----quantum teleportation, quantum dense coding, and quantum secret
communication, and so on. At present. optical parametric process is the best and the most
developed technology generating the non-classical state in all methods. With the coming ends
of principle experiments on quantum communication, it becomes important that the
experimental set-ups were maked to be practical and simple. Quasi-phase matching(QPM) is a
technology that were invented to mect phase matching condition in the parametric process and
were rapidly developed in last a few years. Virtually any wavelengths in the transparency
regions of nonlinear material can be realized in the parametric interaction if the material can
be quasi-phase matched. In addition QPM gives the possibility o utilize the largest nonlinear
tensor element of the material and allows walk-off frec interactions between the waves. QPM
has been used to generated entanglement source in quantum information with the discrete
variables, but few experiments were reported in continuous variable field. The major reason is
the low squeezed degree using QPM. Our destination is to do some rescarch on the
continuous variables entanglement. During my PhD period. the [ollowing work was
completed: the intensity noise of all-solid-state laser was suppressed by the amplitude
modulation technology using Electric-Optical Modulator, the amplitude quadrature squeezing
was generated by optical parametric de-amplification in Periodically Poled KTP(PPKTP)
crystal, and the similar EIT phenomenon in optical parametric process was investigated.

Following three parts will be presented in this thesis:

I The intensity noises of all-solid-state Jaser are suppressed by cleetric-optical
modulator loop. The theory of the feed-forward and feed-back loop are presented and we
concluded that both loops can reduce classical noise greatly in the low-frequency ranges
except for the resonant relaxation oscillation peak and the feed-forward loop needs less gain
to get the largest suppression is better than the feed-back loop. In experiment, the intensity
noises of single-frequency ring-cavity 1064nm Nd:YVO;, laser arc reduced about 15dB and
the lower is the frequency. the larger is the suppression. The Laser Diode driven-current
feed-back loop can effectively suppress the resonant relaxation oscillation noise. Combined
the electric-optical modulator loop and Laser Diode feed-back loop, the suppressed noise are

experimentally presented and the whole noisc spectrum are close to the Shot Noise Limt
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Abstract

below 10dB.

2 The amplitude quadrature squeezing are generated by means of quasi-phase matching
optica] parametric de-amplification. Quasi-phase matching optical parametric amplification
are theoretically analyzed by periodically poled material of the first order and showed that the
amplification and de-amplification can be obtained like the phase matching. The theory of the
generation of squeczed staic was presented by the degenerate optical parametric amplifiable
cavity in the learised (ormalism. The effect of the pump parameter, the injected
fundamental-frequency power, and the detecting frequency on the squeezed degree are
showed in detail. Three kinds of squeezed state: vacuum squeezed state, quadrature-amplitude
squeczed state and quadraturc-phase squeezed state are compared and conclusion is that the
bright quadrature-amplitude squeezed state 1s the best choice to the maximum noise reduction.
The quadrature-amplitude squeezed state are cxperimentally generated by optical parametric
de-amplification in periodically poled KTP and the 2dB notse reduction is observed.

3 Elcctromagncetically-Induced- Transparency-Like Effect of Nonlinear Coupled
Quantum Oscillators in the Optical Parametric Process are presented theoretically and
experimetally with two nonlincar coupled light fields. The coupled oscillators model can
showed the elcctromagnctically-induced transparency phenomenon and optical parametric
process. the differcnces between them are: the former corresponding to one-order coupling
and the later corresponding to the second-order onc. Both the cffects on the transmission field
were presented theoretically and experimentally: adjusting the cavity resonant frequency with
different relative phase between the pump and signal field and adjusting the detuning between
them. The former showed the doublet and the later showed the electromagnetically-induced
transparency-like phenomenon.

The completed creative works as follows:

1 The classical intensity noise is suppressed 10dB by the feed-forward electric optical
modulator loop on single-frequency ring-cavity 1064nm Nd:Y VO, laser.

2 2dB quadraturc-amplitude squeezed light were obtained by a continuous-wave
quasi-phase matching optical parametric de-amplifier in periodically poled KTP.

3 Electromagnetically-induced-transparency-like  phenomcnons are presented by

optical parametric amplifier theoretically and experimentally.

Key Words:  Electric-optical modulator: quasi-phase-matching; degenerate optical

parametric amplifier: Amplitude quadrature squeezed light field; coupled oscillator.
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bia To I | = e i A
=, IEACHRIEME S 2455 exp[ gz]

2

EMRIICEEIE SR, ABXHEAL N @, — @, =

WK, FPEAEFAS AL R4 Y. MIXT ML R by, — O, '—g o 1A e i 7S SR £ R
exp[-gz] i/, PR IRIETE 48K

FEAALRECHI TR T, ASRAHXHARAL Gifa], 1 A IR IE 43 5 e 75 #1% Bif ' % 78 &
R 4R A B 2 IR
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b~ B, = (B =) I, KB BHOTFE, P AR EGE . 7R S kA )
AR E REE R, WA ICECR IS m AL gE R D T AL (BT — M
n KA B KRR T R B RE S IR XUT S ABALUCES, X0AT LASKELEAR AL UL ES, B DASK
Frrh . WEHIAL UGS (Y 158 25 0 FR 46 1 I 4% s TAHAZOUEC, 3% 25 BT 88 b 4B A7 [T EC A 89 JL
FHETE L, BT LiNbO; @44 i P4, SR F Y AR L UG T SR F 4T S T e AR
o, B4 T42E 729 20 (5. (2d,,/md,)’ =20, FIRS, HEARAZVCECH AR ILED 3%
LA L T IR A DA R R IR B R, M ET LA A PR S B,
PUSEF TN K, RA R B R, T8 b, R AOE B B — K
AT B oL A AR o VG B 75 21 2 8 R MINg: BSR4

S 67 49 ) £ v A7 DTG T o 1A T AL P fE A7 TR TG — A A P K bl T AR
BIARGIREE: AR AR S0 T 0 BE MR 25 R AL X S B BE AL (R 2204124, Ho ik
A, X 358300 S B WL 22 2 i s B A A X SR A 1 S B AL 2t s 25 3 AR I 00 DX SR A0 5
(EL 5 JB) M4 i S S T 2 T P A R S R A, R1 o 48 DX 3 AR K BE 2 () A 7 S R B
FRAY (X S50 P F A B O 22 2 FR U1 R S M %5 T3 AR R R A, (E R RGN
KREREH LR B SR, ARARBC AR 2 b ST, AAETEREE, BT THE
REMAAEAEB ARG (A48 2 B ROTEGE S FRAR, AR Ak X I 7R B 2 0 5
M /0N, WA XK I A T B WL ARG 22 B W o, (B IR AT (9 e AR IC e AL - 3K, P&
TGRSR, —HIEICLY 1dB A 4.

3.2.3  HrAEMEAI RS SRR ISR

3.2, 2 (I HTRET NS SRR B HBFE AT ZRS R T xR H S
BN Rt — B HEAR AL DT BC TV i SR AR . 9 T RESEKE HEAR A7 ITBC A 3238 0 41 7 V%
FUARRTICER 45— ok, A ATTH v AR 437 DU TR A 5% o 84 9 B JF 4tk 28 BiL IR G Sm R TT
S LA AR UL S 4 B X S B AR BE TR, ARE LT AR
(IVCER f i oy B Cxsb B R A5 EME St HIZ R B Z A Lok, Xt
ZEHERATIRAR). BEMT.

{E 2008 SR RS RN B G R VT, BT S Bl AR 5 S e 48
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ﬁ:—i)la’(:)AlﬂA‘l'exp(—:’/&k:) (3.2.25)
dz 2
.%&:_ézd@yfemmah) (3.2.26)

o d(z) MBI E LA AE L R S HORN i T Y

B o g — 9 PR A A UG T i A1) e o 1 2 2 A0 9 ) A 41 75 1) 0 1748 7 0 e
e

d(z)=d S G, explik,z) (3.2.27)

He, J MR SIEN—BEE S T R k,,,=”;” S m B S 4 B S A

RE, | RHEARCICE SRR R IR — . XS EERBEGETEENR

(317].

Z—’j - -{;/1*’-’1;; Ay A4 exp(—ilk,2) (3.2.28)
‘%" =- %Adm A7 exp(ifk,=) (3.2.29)
MAESER T30 (3. 2. 27) AT LAAG S — B HEAR R DS E 16 FR 9 A 2 A 2k ik 22 54
d, =dG, (3.2.30)
AEFH A7 UL BE 1 FH % 2% KBS A -
Ak{j = kEw - 2km - km (323 l)
HARL M R A AR L R 5B, (3.2.27) RS BIT R R B h -
Gm=iaﬂmﬁz) (3.2.32)
mi 2
Eiw L ARAZUTEE, W
k = Ak (3.2.33)
2
G, =— (3.2.34)
w

FTEL, FER 2 HO6 — M AR DT B SE 4 46 FR O B8 T e, RT3 2 R ARALIT
T

ACI d .
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B, T BRI b R — Mg a itk BT LUE FF ASRESS HERR A 45
s B SR (RS JIAR AT AT AT S i B — S R .

3.3 SEHEMERSF

X EE R EHNES BROCEIRE RS ER N g, REEE
RESHMELRSHEHAER, ETERXNTERAEFMSEEMR, REXNTEX
JTE 465 5 B 0 Ay~ ] 7 24
3.3.1 HipHRE

WS BRI A SO MBS | FEEG . AR E G, =
X, A FLHY Hamiltonian 8 AT %77 40

H =H  +H,, (3.3.1)

R H o, BRI, RS P

Z 4 Hamiltonian & R 1 7] B85 RAA KRR N

73 o k T A g
H, =hw,b"b+ Z ho,a”a, +i}‘r;(a] a,"b—aa,b")
oo - (3.3.2)
Fil(Eb e™™ + he)+in(Y Ea ¢™™ +he)
=12

For, IR R RIS N B A A9 Hamiltonian 8 3 “IRIRIE W5 S BEAIR BAER)
Hamiltonian 8 : 5 =X % < = 47 TLAEFH Hamiltonian &, k ®RFEE WAL EIRH
FARLLNE A R MRy 2 B AR B AT . RLABCELHS L UL BB AR AR
B X: B0, B A ER ST NSNS Hamiltonian EHI TR, £,(=0,1,2)R /N &
SR .

Hamiltonian S8R a8 3845 H,,, TTLARR A

H,. = ({;T; +5*I"l,)+ Z (ar,” +a'r) (3.3.3)
1=1.2

Hef, 1. 17 RBEMREETT, CHIERIRATRE .

i A 45 (1) Hamiltonian i, B LL{ B N IS 80 & F B -7 132 a) 5 iE Ky
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b(¢) = —iarb (1) - y,b (1)~ Ky (1), (1) + 5 (1) (3.3.4)
a, (1) =—iwa, (1)~ ré (1) +kb(1)é (1)+a" (1) (3.3.5)
a, (1) = =i, (1)~ -, (1) + kb (1)a; (1) + a2 (1) (3.3.6)

KA, yos sy D RIRRE R FAER. (F5 8. BB E 8RR,
b (1)~ (1)~ ar (1) HIETHER . (FERAR S SFEAY - GiTEmA
B OSHEE. AU NAREESI AR &2 T AR Sk R 7.

TEHEHATAAT . @, (1) = é, (1)e™ « ay (1) > an (1) ™ b(r)—>b(1)e™ , Eik
R

b(r) =i, —@,)b(t)~y,b(t)~ké, (t)a, (1) +5" (1) (3.3.7)
a, (1) ==i(@,—w,)a, (1)~ (t)+kb(1)a; (1) +a" (1) (3.3.8)

53(1):—5(@—(»;)&? (1)~ ya, (1) + !da( )a, (1)+a\ (1) (3.3.9)
b o, w, Mo, 73 3R W IRIE R0 T-HE . 15 50 35 IR B 5 21 095 f8
W TRATTLLT B9 EE A LA 55 DY 255 (1G9 P18 4 9T # 2 AL R 119
FREWE 3.3, 1 iR H RS BIRG S, ALMIEs) 7Rl LU G

ic
a”"'”' ' b“"'” C} C}ur ot > e ot
>
au',um * b:c,.-m; Z; am.- it Jrk Jan
-
Y
Fig. 3.3.1 DOPA ffi NI Lyt tlig % At

134 T R 20 B0 5 BRI R A (T 10— M, R e = VRZ 17 501 2 | F 65
MEYRIE LA R TS, ke ab o,
a(t)——ya(f)+fca (!)b({)+ 2y, “m(f)+\/’2_;f', + 2;/(*_6}‘”_”(:) (3.3.10)

~

o K >
b(r)=—}/mb(f)‘—;ﬂ- (t)‘i_ 2?,11 nl’: te.in +_ 7}!; Y a’\.l’: "'/( sl u m( ) (3311)
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a.,.1)=+2y.a(t)-a,, (1) (3.3.12)

G o (1) =\27000(1) =, (1) (3.3.13)

B o ()= 27, (1) =D, (1) (3.3.14)

) =\27,000b(0)=B,0,, (1) (33.15)

b, G, & ARHIE N E KRS, 6. G SRS

R RS T ARSI 0 KT, b, b, b, MNT#ES, a.,. ().
G (1) 5 BUARR TR TER A BRI B (LR EIRE 0 R ST R g R
7 R R 0BG 5), b L, (1) by (O MR T AR RSS: v v,
o Vs Vo Frae T Ve 5 AR T BEAN 4R I X AR AR AR T
SR, NBR TR R IR, YR I T T ek S R R I A RS
B, DLRA A TR RFERRE, FEA y=y 4y +y, W
Vo = Ve ¥ V1w Vi Vs ¥, R AERFETIARNEAER.

RSB ST R T, AR M e T U 35 0 K 40 P S8 T T U 3 B R A
Cpsoy, ). KRR 7B ML E LR RORIRE £, FEXRERT, ERER

AR S B ) RO DTuﬁ”lSib(l)=0'3"”‘3"”". W (3.3 11) 32

Mo=—5§4}(pjfb(q (3.3.16)

Hoep, g SGE T AT
5;1:(r) : be . ( )+'\12y.",,\'h§|'..\'h ({)+ "':'V \hbc r( ) (3317)

¥ (3. 3.16) ;AL (3. 3. 10) K, 723:
ﬁ(()=nyc}(r)— av(t)a (r)+—a ()b, (¢)+a, () (3.3.18)

Hop, 2 RN
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a,(ty=y2r.a,.,(1)+{2y7,69v+2y,.a,., (1) (3.3.19)
IFIRATAISL PRSI 2, MRS 8 AN IR I AE I 3 15 h B 1,
METAFE S EIT A RE IS XUR ZE L gh 4K, By AT RATA A v IR I X6 15 38 1) 4 /s 4
FEF TN XIS B 04T, 2RI EIRst, iy, =y, - A, &XWHF

AR B8 =
2}/‘.’;
WT BB TR M, HEDHFE (3.3, 18) (5 A 2 75 Bl e 1600 1 e (5
Ca(e))=al(r), (a( (M} (1)) REREH, Fikh:

Ll
L
-2
=
S

a(t)y=—ya(t)—ua ( +2\/7a () B . (1)+2r. (1) (3.
5 N FE R IATE K AT IR R a (1) =a (1), LATfE1E A

d( ) = _#a (l)fﬁ N ) ;V) (I) + 2}/!« ah'.-‘“ (f) (3‘3‘21)
HIRT UL 2 8 202t e . B 2C(3.3.20) 01 BL AT A JRiZE 5 e A3
$s5 2 [0 KA % 2 @ AR5 1T A i R i)

MTSEMRIE TR, FHLIE R B0 18) P E NIRRT Y
HHEE(E AN P9(E0h O ARSI PEE 4, 20t R L B @& is ik os, B3)%F
BAREIZF) 7L

2

A A K  an Tong K by “ oy . -
Sa=—ySa- - (20’ asd+a’sa )+Z(a 5b, + B84 )+ 5, (3.3.22)

K, HET

a (t)=a' (r)+oa' (1) (3.3.23)
b, (1)=p,(1)+5b, (1)

a,(t)=a, (1)+da,(r)
(3. 3. 22) B ERMNBE NS 8t FRMRFTEN:
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Sa(r)=- y+f:1fa]5ﬁﬁ)+f;(ﬁ”-fmfldﬁ*U]+Jimf§ﬁ”0)+5&"0) (3.3.24)

yn"r } }/\I: l\ 2 :y\.h

LT, AR i 2 B R 8 TRt
3.3.2 ZHUEFIE
VWA FEAU T A BRERE——a,, (1)=08), X (3.3.21)F 2 7E:
G (1)=—pa’ (1)+(2JuB... (1) -7 )e(r) (3.3.25)
MFRAREN, HfREABa()=0, ¥H¥E, [2:
~ua (1) + 2\ up, (-7 =0 (3.3.26)
I, BEIS R B 2K

(3.3.27)

=

ﬁn th 2\/1“

W SE SRR T B, B ST AR, XTRRAEN, HREG.3.21) 5=
JC— IR IT AR

) J2
+ 4 \f;ﬁu-.m a - Vi a, .= 0 (3328)
i M

wEH IR, TEAGESHASERGHIEHEAEKNSERL. T AHMEZAREY)
@ﬁ%%%%%ﬁ?ﬁigﬁﬁ,ﬁf@?ﬁﬁ@%ﬁﬁ%%ﬁ%ﬁ,%ﬁﬁ%ﬁ
R & R F R, B

Kl ( ? S
[Jﬁﬂa}+2tr~gﬂﬂ g | oo [Te Zem (3.3.29)
;V . lﬁu R (‘V }/ IBH.'.F!:

(3.3.30)

EILEEXESBRGEMELT, BiESHEAMEHRESHITEARFELRL
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A= J&iﬁiJ+ EP—QWJ >0 (3.3.31)
7 B 30 B
fERAL . tH = JC— IR AR B A A rT &0, e A — D, AP RER .

MFHENESIHNS BB NMEDL,  9:BR 1015 79 54007 A1 75 T A
M BEi, SR AT LA 7R

|
13 s
(o] 2] N

LJ

B2 o, SR N TESE, 2 B, WHIEREN, FRZ A5 a, “in-phase”, HMRNF

"

W

SEBKRE; HB, WK, M2 h5a, “out-of-phase”, HMNTZ&4/VR

Ao HE A E A (3.3.13) . fEEE A (3.3, 27) Fise i ag kR (3. 3. 32),
MBS BB ST O KRk

|
a, 133 "3
o =2 ym [_f{_i_ﬁ.‘.] +[_£!..._~A-’-] (3333)
ﬁm Y 2 - 2

JX Y P AT KA W B 1Y — A ks T T IRAT % he s o R i 2
A phizper, M (3.3.21) 33
0=—ya(r)++27,.4,., (1) (3.3.34)
it AR S GBI SUR R R A

acomt fean (

3.3.35)

HMIEHE, £ BAHDMERT, HEIENEHIHHRRAGER, Mzt
(3.3.21), BmEI =K, HBEHZHRLER,

2 }’”('Z
Jre (3.3.36)

am'.rm.‘ = _—_ﬁ—_ an i
o
B

XFE, gE/ANELB R -
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e, %w-H{JE‘E‘H:@EEI%JMO@J—I, Bt A8 /N D b I BT, ’r‘&ﬁE{EﬂJ—j{o

KJLR BN — 52, £ 2R = RIMEIT IR 48R RE NFRSE 8. 1E
B ENSEITRR, NRHERER XK.
S F RS, NS A MRE. B2 = RIAE, BRI RIEX
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_?M"_’." _ 2\/;_:: [ 2 ‘_;_V“'_ Ez_'iﬂ] (3338)
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it LA 25 R F

[ 2
3 k
':?EﬂL-=[21} -JELJ (3.3.39)
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R b, A WA A SR AT B ORI K

B2, NSRS, T 2R/, 7 iElyit N 8nsE o 5405 1
hERFN A fhIZ 3 B M EC B8/ N IR o 1/4, X — S RIERER A28, DRI A
HATIH IR RN RREA K XN TSSO, 35 5505 1 0 BOK 5 Bom i i
i AN BEIPUAT R & S0UFE R BT B B 19 DL S AR 5505 D B S RS 12 1 s 4 D
FELEOIF R, PEEVDN, TOREEEAR, X BRE NS 8 B — 2t
i dhe i BE DU UL FC RS PE B0 O3, 55— (R Hh iz 95 U 32 B B A3 o R Bk

[3.49.3.50.3 51]
-]

3.3.3 DOPA By & F4F4E

R MAF R M — 4 ATy, =7, 00 7o >> 7,0 My, >>y, . (L
THAU7EFREER SR, 33017 3, A7 DL 2S5 0E 15 1 R A R
NARFESIARYE S AR, (BRGNS A 5 0 3 (0 5 n,  FI H] X006 T 4550 2

f\ﬁ'ﬁ——— FIE X, F(3.3.22)FxRN:

._}V,

53( ()= (y+2,ua a)()a (”\/7,8 e )()a (1)
+2/ua’sh,, (1)+da,(t)

UL, R IR SR AT R R GATH R R WCHRBS R X (1) =a(r)+a* ()

(3.3.40)

mfﬁﬁﬁﬁiwq=4@@yyun,ﬂu%QWﬁm 5T (RA93E 3 T Rt

C ) =~(r+2ua’+3)3 X" (1) +2JuasV” (1)1 657 (1) (3.3.41)
He, @ Xske i@M—LE@J,ﬁ$FEW%ﬁﬁ,LK%MW%,ﬁf

AL R, EXEWHN T, £ Fourier B (2RI A 5. H.
mngéiw(g):_(y+2ya1+¢“)5ﬁ*(Q)+2J}&5ﬁf@)}+5ij(Q) (3.3.42)
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5f¢“n=2J;m”T“H+5ff“n (3.3.43)
(y+2ua’ + &) +i220 B

FOHT s B2 OE BT R N5 0 AN f o & 20 (3.3.13) B9 Fourier & #
0X* (w)= 27, 83X (0)-8X* (0), @HHNTFLHTRRA:

. 2&0{5}“’: (Q)+ SX* (Q) .
SX!,(Q)=2y,. = z nl L _S5X* 3.3.44
() Vo (;v +2;¢a2+§*)+i2ﬂQ '''' («) © )

K B, RAO1EH:

st () Vo (@) 2 el (@)1 o (9)
- <V e (}, o+ 2;_;0:'." - L::: )-l' i2720) (33.45)

2w (rr2uaT )20 o
(v -+2ua’ &) +i2a

L 15 5 R 2 S T 9 T T P R AT N 7. R A LR
WS 30 7 ) % 5 Rk oL

S

dy, (ro 12w’ v &y V7 (Q)- 200V (Q)) (3.3.46)

v Q) Yret) “
(r 1 2ma® 157) 1 (22)

Hep, OB aT@smneo 1.

RV EE S A7 I M A SH B8 AT, (3. 3. 46) ek — DRtk

(o) [ I (3.3.47)
o (7 ¢ 2ua’ +E) +(22Q)

FUH B %04 20(3.3.27) W I B ity A 30(3.3.33), & nfLAR A

éx:%ﬁziyﬂlai_éhl (3.3.48)

|
f’) 13 a
amm[},‘yu-’ym"ﬁi"&Jz .‘——‘“-az[-_f‘!_-pAlJ +[71_A2J (3349)
/B.'h ﬁm }’ 2 2

XA, FER SRRy ALY Av xR (I 3.3.5), (3.347)
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(1+al, +¢7) i—{;‘—]

S IEAR k@S, HIKKRMN:

1o )
v (Q):—l 4 k‘ ,[1”* / (3.3.51)
"""" Y 3,0 B (20
(IFE(I , -ﬁrmJ [{\‘ ]
$FFEAARGL RS, HRRZRA:
i([ini _lal \
o P2 7). (3.3.52)
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4 {I -;-%a,i, 4&\ r(jQW

Av )

H(3.3.51)MH(3.3.52), AILAFH, 6, ks, G3snAam&hT 1,
IF S PR o B S A ke A DL R . T a(3.3.52) 86 28 KT 1, IEAT A 40 B e 75 iy
FRORINE A B, XFEE R T IRAS IR R A, AN F A IR & B4 N R

BB, FF K EE], BB AL A0, e A K NS W R )N,
XFE33SDR KT 1, RK(3.3.52)/NF 1, AHRN T A i 69 2 &R Fe o AT LUTE A8 ML
TEAE V632 NEES h 2R AR, TEA DN ERBOR,  IFATARAT [ 46 A . 4R, iF
ANFESIH Dy 3 XT T F A Pl L a8 B F7 PEACHS/EFE, (EAFEA S Al LE H, X
MR A
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FELLBIRL K, JR4ERE M, MAXFELEHEEMaTHEEAR2LETN.: Mgy
LB, IR, BEmRE)EEFRESDER 2/3 UL, LFHEEEEAR
K, MRS RS, TR, —RORBOE R AE £ 56 89 1/10 FEa] B,

ESPRS IR B, S THRTIESE, HTRATAZESG, FLULESER
TRIEBNEAE G RIS b, X FERIR MR B KRR EIZ T, ATRLANIE KB
F o = B R O A i 88 T 4 A B AT FH A TE 48 A .

FO28 BEFPE AR S5 W LR, AT LAREN, AT 5 17 A e A5 5 P 42 e 2 —
R, X — MBI R R A FR R RN AT LLE HE O, X RRATT AT LATE R
T 25 5 LB S R K A Ok P AR L AC S B3I T B3 T Rl
3.3.4 U HEXTAELLIET DOPA Ay

8258 v N B b L RN B R AR % 4002 3 98 L ZE AT EE IR /1N, SX P R AR AR I
T, 20 (303, 20) A =R, 19 375 R

0=—ya(t)+2Jua’ (1) B, (1) +27..a, () (3.3.55)

BT NBESRIZ) 0, WA N 9B, T N IS 5 IR 50 B AR AR AL ¢ L A 4

BB e=ce™ =2Jup, (t) KER. hFBRELIRA, BTl LS A B4

MR TF AL 9, Ma=a o HREMBEERRN:

27 . a,,

a = - (3.3.56)
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FIRI NS R, St S EHUE S R N

2 Y:J('?u' aHT

am.’! = 2},04:'0‘ = ] (335?)
V&€
XRE. RS AR E TS AR L, BRI A
e wr (3.3.58)
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Hoh, Q0 RRERGTIEZES N KBNS . 5EREETH S iR BEKR
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0 =% PPKTP (RifA & St FEF= 4 R 4000 0 L8 L s 48 0t

g_\ia
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FALFE B 102, MEX AR, MoK, 3. 2.2 (ARRTHIGE A R SR 1R o (1 4
KARA
3.3.5 LWSUMELSHMNXA
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=% PPKTP i A% it F2 P Ak I 4 6 [ 38 1 s 58 DF ot

P =lof hew /it (3.3.61)
Hoop 7 g B 7 I N 18 51— B B R Y A ()
PR T B P 2o AT R A ST 0 bt BB E, E SCRPOL

£ ﬁ_\,ﬁ,(__ﬁ ]6:7'1({;:"?:’

o ( F:r: )2 B /1 ] nm, 'nm_. gﬂ c

(3.3.62)

i 9
e, k% Boyd-Kleinman S&ERTFOS, | £ @AKE, 1==25 £E% TR
,

HWAes m, o n, 5B IESTIR R TE G PRI BT, ¢ LA
H, e BEEMARER, d, B REOEREEERE, X FRRIEG KRS 4,

¥~ Bi HEABALUCES PPKTP, M 1064nm 1 5320m (65550 d,, = 2 dyy=9.5pm/1 139,
e

#F 10mm K1) PPKTP @ik, SRER TN A =1, it 515 6 45 B 0E g 4

¥ RHCH E,, =1.55%/W , JZI0F TR A BB ULES Smm K KTIOPO, ai A HT 3.7 .

WO FARFGEE R 0 1 E, (565 R0

}.
u==tE, (3.3.63)
T

IR A HYEHEX FSR . 456 Av . SR IRFLS . K E Finesse Z 184 4N

FTx%:
FSR _2x

Finesse = —— - (3.3.64)
Av 12

VIR I A B e e O RIS P RO 06 I T 2 R SR &

o

ISR = (3.3.65)

~N | —

RIS R SO IRIE SRR y R ERTB MO %R N I TH

R0 B Ul s B ST )
5 1 21 axFSR

y=—=— = =7 xAv (3.3.66)
2t 2t Finesse  Finesse

R, 7, SRABAEBS EOR Ry, = 7, SREEHEENENXR
T

T . _
ygyu(' =');:-’ ’ﬁ‘ﬁ yz}/!l +;Vf+ym-°

1% Eik & ARARERIEN (3.3.27), BASERGOBEEFERAXA:
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> T

‘!.u:_.rh |
|}messe,; ) ‘

(3.3.67)

X HE A SOk 3. 16 AT A L.
3.3.6 [EHEZSAYIRI
1« MR AT 3 3% Y6 R8I 1F 5 T 46
RN 1A 46 38 K AT i B0 %, T4 50/50 20w 8% (BSH). w4
AR ENEE . M DEE S, EREWE 3. 3,16 FiR.

—v ]u o ]f'
l.ocal I,
D,
* Signal /7
Kl 3.3.16 T TR A4
SRy o BB 36 35 F39 RS 50635 00 R b 388 5 420 70 40 5 T 1L ) TF. A Y i 5.4
ARVFASRABERT P 2o ALl
E;_ (1) /},. cos(wit + 0) + 15L sin(wt + 0) (3.3.68)
Eg(t)oc Ag cos(wi) + P, sin(wt) (3.3.69)
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W= FT PPKTP W A% G F8 7 4 H A 0 B R 1 SR NPT

. 1 - .
En o* ‘T(E.r. "E,\‘)
V2 (3.3.70)
= —}:—{(A, cos @ + }l’,, sinf — A\ )cos Wt + (- ;{J, sin @ + {3’; cosf — ﬁ.)sin ml}
Vo

.:‘;,_ or L.(f:?, t f;"\.}
| 5 .

V2 (3.3.71)

bl
H T R 28 el I () KT e dm R B, B DUERIN 28 RO BRI 2 3 5635 2 A 88
R AR P e R0 BRI B Do Dy 4RI BB PR BLR R

/nir cos0 ¢« P sing v A, )cos Wt (-4, sinf + IA’I, cos @+ Fn’_\.)sinwr}

| (3.3.72)
= E—{(A; ~ A cosf— P sin®) + (P, + Agsin 6 ~ P, 0059)"‘}
o (EJE, ) = (E;
| < ) < > (3.3.73)
E{( A, cos@+ Psin@ 1 Ag) +(- A, sin0+ P, cos£?+Ph.)3}
22 1 ki 2% I i 1 A RO g -
I, -1, =—(A,45+ PP )cosO+(d,P;— P Ag)sin0 (3.3.74)
i 4 Ry PRI 22 A RO -
5(1,-1,)=-(A,04;+ A;64, + P, 5P + PSP, )cosé 3375)
+(A,0P; + P64, — P,6 Ag — A6 P, )sind .
T (4 )= 4, >>(A)= 4 (P)=P =(B)=P=0. FTLLERELA:
5(I,-1,)~-A4,045c080+ A, 6P sind (3.3.76)
MR H, iy s R A5 Lh 2R g -
P, « <§‘” (1,-1, )> =—A; (64, c0s0 + 5 Py sinO)3 (3.3.77)

HEARRG 61 5 (& SRR ARAL 0 <0, W

P, o {(67(1,~1,))= 4|6 A | (3.3.78)

T EHENRZRENEHIYEERILEES LG FRRESERRE )R, £H0
=2, W;

uur (5 (1(.: - 1 )> Af [S'PS ]2 (33?9)
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2. E BRI RN 5 I SRR 4

PRI E IR 3.3, 17 BFoR, Bl 50750 B WREE (BS) . A m & TR
BRI EE (Dgs Dp) « — I AR (Add) T~ AL &% (Sub) ZH A, R %4058 AT LU,

D,
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>

S ignal Ls

B 3.3.17 ¥ 48N F 40

CRAARIRG N, 7 HRBRE T o L B WR 75 R 7E, 70 S BRI s 4/ ok
tHF AN EE 0 AR S35 S S eIt 17 B aCUC S, Br LU &t 777 Wi, (2e g bk
= R E 155 I TFE RIS 2 0 4, BT LU BE AT 8 F 25 R 06 5 45 % .
FUFHFOST45 A0 R G AR TR0 M 773, BI04t rb, 78 B AR e 4R g -
6(1,~1,)=~(A, 045 + A A, + PSPy + PP, )cos 0

+(A, 6P+ PS5 A, — P65 Ag — A6 P, )sin 0 (3.3.80)

T (4)=4,=0 . (4)=4,>>0 . (B)=p=(B)=p-0 . A #

(64.T)=([sR.T)=1. miL.
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S PPKTP i) A% T 527 A a4 Y6 0 40 5 s 88 014

§(1,~1,)=-4,(54, cos@ + 5P, sin0) (3.3.81)
(53(1,-1,))= 4} (<[5AJ ]2>cosf 0 +<[§g]2>sin:’ 9) (3.3.82)
(53(1,~1,)) =4 (3.3.83)

BT D Ok g 7 B
1+[:1{A3+P3+A?+P?} (3.3.84
1] h 2 ! I N N i )

S(1,+1,)=4,64,+ PSP, + A, 854, + PSP, ~ A5 A,  (3.3.85)

(62(1,+1,)) = 4 ([64T) (3.3.86)

B N5 S H63n I FAS a4 B s
3.4 REWKH

P TG A 0 e Be % EAARHOCE. ES B . AR 9.
AR TS 4 A5 e 37 R0 4 B DU 38 43, b e B AR AR EE 70 = 22 R 3RO A8 AR Al e B
W I BB« LA RHAE Y3 AN N5 5 0635 L i) A8 XS AB AL 3 81 58 i B 58 9
LA R i —fa] 514 21
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HMAEA S IR 3. 58, FaSILAJG B E S 16 JG T (2 B R 9o s ah . 400 Al
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