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Numerical Stimulation for Reverse Wave Suppressor in
Unstable Ring Resonator

HUANG Jian-feng, SHI Xiang-chun
(Shanghai Institute of Optics and Fine Mechanics, The Chinese Academy of Sciences, Shanghai 201800, China)

Abstract In order to provide best parameters for unstable ring resonators with reverse-wave-suppressor (RWS), it
is necessary to make numerical simulation. With the help of the self-consistent-equation, Matlab computation results
show that RWS can increase the output of forward wave and suppress the reverse wave in unstable ring resonators,
by changing the parameters such as the length and magnification of resonator. When forward wave and reverse wave
compete for the same particles, which is caused by Doppler frequency shift, suppression ratio of RWS gets high
while forward wave output declines. To a certain resonator, a best magnitude can be got to provide the best output
amplitude. Results show that introduction of RWS can increase the output of unstable ring resonators. All these
computational results are useful for practical unstable ring laser design.

Key words lasers; unstable ring resonator; reverse wave suppression; numerical computation; suppression ratio

1 5 7

AR B R L BR IR R A R D R BOL &% B9 B
RETH PR IR B FL » 5 SE B TE A B , REBE KR B 4
R IR, B TIEERZSEWRR, 7KK
S » I ELAE P BRI M2 7 R 8 1] 362 » 481 1) 382 A0 I o) 98¢
TEST B B 32 4 22 5 R IE 1] 6 Joe 8 1 B9 SR 2
PR O ) o 38 40 ) (RWS) 85 59 51 A 2 5 31 9B 15 30
o AR A B T R R S B T R R
oAy BIR G A B 1 3 B Y R I Rk L AR SO AR

WrFs B H.2006-07-19; WxB& vk H B #5.2006-10-17

P ARTRHE B — AL ], SEROCA AR, AU I 20
WIRESHE MR ROR BRI T BRI 8 5
TE AR A5 IO 0T 488 1 A H o 3R A % 90 4l 1 Y
e

2 HEFE
) 1 BT S 7 R8T 0 S SRR JE R R B

HARK SN TE T i 25 38 B RO 51 B9 1E B i 35
EHFME 2 Rt

TEEB M B (1982—), B, M A B L5 4, TENFEBE ML . E-mail:bee2gz@ yahoo. com. cn
SN GEHFE Q69— B, EEA AR, BEIHFR TR 2B SEOESR R EMN A, E-mail: shixc@siom, ac. cn



3 BENE & . BRI AR AR I 3 1 J5 400 1R B R R RO BUE AR 371

reverse
wave reflector

. gain
mirror 2 7 gy pe— e
7 —
1 iy
v S S— fh
. it s
mirror | gy L T ‘a.___.._..____.f__»_f “
L telescope
output  Li-i ="coner cube
L system

beam (annular) s>l reflector

e e

forward wave direction reverse wave direction

B1 s REASCHIEERERER
Fig.1 Settings of negative branch ring unstable

resonator with a corner cube reflector

vo§5 v

K2 2EEm%sEE
Fig. 2 Doppler frequency shift

2.1 MEamfEi

R R BOEAS . R LT R U
MmN EMEGEEMTET . B2 Hh v 5y Bz
I S AR 2 B R, P g NIRE
AR, Ave HBEFLIERE v RIE I B v R
LRER 6 O AE AR G IE 8] 1) B B R 2= . FESLBR Y
Bots b MR EEE . AR RN R MME
SHAE W AFL07? em 0T 78 B LAY B
B R il = R B, LGRS HE IR B 45 2R
2.2 BEEER

UnIE 1 F R B 08 5 1 v R e O 0 o B A 45
A o {6 B B 1] 9B S A BRE 17 B EE A A R R B
A — 52 B 1) e 22 BLIE 18] P B AT 2 6] B BE 4 o
R HE AP S AT LA R 5 40 2 1 52, 3R R OE
] P ity o P& 1B B9 SL 7 RO BR A TR E DR R

=)

H o
2.3 BHIHEHAR

¢ N IE [ B 5B P Z B AR 2=, L/ c A
BATHE . B8 R R

% = % L£E+ [(g"— g+ 20 cos(p+e], (1)

%:%EE [(g+ 1t —g)l+2p" cos(p—e)],
(2)
d¢

7 Li[‘(f sin(¢+¢) + p" sin(¢—e) 1, 3

gt = gy (14 017 2 g, = “(R—IZ)’

=11+ /Muw)?]", p-= E* rt/E¥,

p=¢g—n—("—e), e=("+e)/2,
re R IE B B ) AR AN R R G B B R e
.0 9 1E 48] o] B9 22 LB R R MAKE ™
A B 250 RS 7 A, IOBRE 4 B I £ el B XY
TH gt g0 Ml g A MEE R RER .M N
MR ,RL R j MR TR R« AHEALH
EM L AER, L AGEN K E .2 HE 5 IE R
WAERBAN TR HEERBRZ ], SCERC1D AT 2
BRI £ A A E TR, Bmmoe T BEY &%
(353 2 2 B SCERL 10 148 5 HE 35 i 74

ET%F&%%@%W‘EH&% % 2K VR 5 T )
B, A3 B T R HEAT T B8 R S R B
HedR G HTE BT R . 1 SE B b 3 A AR 43 A X 41 o
BERYRCR A R Y, A S SR R D0 R A e Ot
R RN,
2.4 HEITEAHE

RIBLIRBEAR EMAENSH. L 0=
0.5, M= 1.6, BRI BFEMHER, B . =+ (1—
1/M) = 0.375G= 1), LMl 8B R . =
0.05,/7F = 0.05, K L =400 cm, ¥ K [ =
100 cm, BEEFH 2 = 0.9, /NMEE B ERE 2% N
g0 =0.01 e ' Fi g, =0. 0047 cm ' ,WIIRE ET (0)
=E (0) =0.0001,$(0) =0.1,e=0.1, XA LA
LB TE — AR L AR R

TE T TR A B ARk AR 0 M 1A , kW
X TS SHOF M HIROR 9

3 i

RIE BB S TH BT € e 1Y 3R 08 30
W, EY /E H2.413, T E" fi E- WIRIBRE 4
B H2.889 #N1.197 . F1Fr. =0.375,0=0.5, 155
X AR B I0H EbR WT LA FE A Y 5 S O T, X B T
HSEEHE Gy = 0.05) BYIE M3 A 48 S T #E
—f . X UL, PRI B HI SR B A — M, EIE M
B ESERTRRER.

3.1 g WMEEMITEEZRA® I

BIBORFE ) g7, RBUIME 514 25 go X
T BOR MBS o go B AR R 27 R A ] L B 38/
1E 8 [a] 8 4 W 38 ST R E Bk 5 B R B U8



372 H 5|

i b 34 %

3.2 0568/Avi BN REMHIFI SR KM

B 2,2 5 3% im CRP SR A% 19 28 4k B, 76 382 A A3
BNFF,mHE . ERMHI S, BT IE W EZ 3]
F/NYIRFE 55 S AR KT IE ) P AT, WA E A
B, 0 AR, I b B B K, (EAR E B Y IE B )
PRIBAE R IE TR X2 B h KA 3% 4 B A —
RE & 1 RE Y T8 R » 1T 78 At Ao B 1 R 7 I IR B
THFE, BT LAIE S8 5 3 B9 PR 1R Ao g E R 3/, Lt R
LA 3 25 B FE XS T B

ZBEPHGE,, ERILTEE A BE R E
BT [ 1B LT, 3R15 3 K % L, W A
B L, (AR 4B AY IE . 31 [7] P 450 % 22 20 SR SE 3K 6
R AN e S WA N
.3MEER ri BRI

B 1 R] A, 5 AR 2 ) D B R R 4
A B 4R BUE 18] B, FoAR (R D # A ¥ k2 U
B MR ARG. BT =7 A—1/M),
MREBEM 5 r 5% r, FEEFRM.,

™A M, M = 2. 7,313k g, =0.015 cm ™", JEAT
IS ER N g0 =0.00993 cm™ ', . = 0.63,g, =
0.015 cm ™, B 4R WE 0 i He 24 2. 979, TE 8 1) 3 19
Fafl 4y B M1, 591 L 0. 534, lH AT 40, B3 F M 4
R iy s A REH n L 3 55 B E KRR R, XA B
PR T HE 25 L (BARSR R BUR T B o AR 1 1 B A R
SHE ~ IME - BONFRE, K 3.

MWr——— 7

(397
\y
.
.
.
.
,
.
:
.
.
.
.
,
.
.
.
.
+
.
N
+
o

)
o
:
'
'
L
'
,
:
NI
e
'
.
'
'
.
v
'
'
:
.
:
,
L
'
'
;
-
:
'
'
:

#
B

[
<

----------------------------------------

T L
0.5 , vwr :
0.0 0.1 02 03 04 05 06 0.7 0.8
7y

Amplitude suppression ratio
and steady amplitude
AN

B3 ] I I B e o 3 o R K 5

Fig.3 Impact of RWS 7, on suppression result

7y BV /NS B 0 0 o U o Fl R 1 R A
TE [ 382 B 3R 4308070 » TF [ 9% A e B L0 /) s AT 5
RS TE 81 1) 35 58 S S B, B 1] B BB AR AR £ Y 4
i o 518 ) AR E E G AR AR AR R 1, IR HUE
MHIBE, BB . =0. 05, MH L E T 1, 5HERME
FHAT

3.4 YIREENITESENZE

FETFE S, RB s EY (0),E- (0) F1 $(0)
R0 BB, P41 L B AR AR 1T ¢ 3R 15 1) BT A 4%
A5 By 1E 1) 38 R0 8 [ 3 A 60 % 3 B R 27
¥, @ E, AN e = x/2 B, EEIM BRI N
AW B AT BRI BRI RZIRY &4
Fa e, I A BHJE MR 1 2 e RREUIE IR kn BT,
RESCIE KA IE R s . B, 7T LA IR A R H
W %5 (PZT) {8 {8 1) ¢ 9 A8 467 5 1E 1) 47 3 /9 A8 12 48
[, 4 e i o 5 B R AR 1
3.5 0 5RMKRKEMHWES®I

233 3. 1~3. 3 MITE, A0 5 MG, 5 g
Xof T A AR BRI R K. fEX B, AT L
INRHIRME LK TF 5 A BT WIHI R, KF
10 R FE4r- 40, A 4,

4R 3.2 Fitie, 0 B RBEE A& L K, IE.
18 1] 35 3 4 R OK S BROHG £5 AR TR A T
R T HORFE M R, vy g PR HY R WK,

Intensity suppressionratio

B4 05MILREZmET M
Fig. 4 Intensity suppression ratio by the influence

of g and M

[—
W
1

Eoutput of forward wave

."loutputrate

\ :

—_
(]
1

Outputrate & output amplitude

0.5 -
i e i
2T output of reverse wave SR -0
0 Lo ouputofte ve S 5
300 25 20 15 100 0

M

B 5 05 M RN T IE B K 5% &b
Fig.5 Output of forward and reverse wave by the

influence of § and M



3 BENE & . BRI AR AR I 3 1 J5 400 1R B R R RO BUE AR 373

rg B3 0 00 o SR A A (L L Y R R H o
AN B BE AR R S AR A A T A A
05 MAEREFRIERZRHAER E4NRARKR
9 M 5 0 (9456 A8 5B 4 140 RICR

Bl 53R T 05 M X%t IR 08 89 %2 0 o el &1 AT
AR — AR AR B OR R M, 52 B i K H9 IE i 3
i B 5 3R B, 2800 % i i B9 e A B8 I
M e E R AP RRERNER. 75, 3 M RUEE
L2 fHEE,re 5 g WA/, 5 28 48 X 80K, 76 i
WEERIEMME o 5 g X8 B R & LK
B EER, TRELIA TR/ EH .

Xt T AR B BB, A4S 50 BAR R 2 A —
R (X TIE AR , A LR B4 I8

4 45 #®

ST B AR, W B2 Y 51 BE S R
hA . O T LB RO IS8R DA B R 4 i
R, FEM N 05 M XHASHMAE, HitS
O 100 4 SR DA K S AR AR R /N . X SR
PrEg e R RERARAE RSB AINERERE
TE B 1 35 B AR AL 22 DO A 0 55 T 1] 2 A9 A DL R AR
REME .

X RGNS A HER. XL,
BT G R B0 ) PR AR SR X T B R AL R
EARRE  BERUNESE—ERa R UL
TR R M SRR R IE 1) Pt S HBOR B9 S8

2 £ x W

1 Harold Mirels, Richard A. Chodzko, Jay M. Bernard et al..
Reverse wave suppression in unstable ring resonator [J]. Appl.
Opt. , 1984, 23(24) :4509~4517

2 Liang Qian. Study of negative branch ring unstable resonator
with a corner cube reflector [ D]. Shanghai Institute of Optics
and Fine Mechanics, The Chinese Academy of Sciences, 2001
2 T RSAXFBERBENBIEID]. S EB K -
LR BB LB, 2001

3 Frederick Aronowitz, R. J. Collins.
phase interaction in the ring laser [J1. J. Appl. Phys., 1970,

Lock-in and intensity-

10

11

12

13

14

41(1):130~141

Frederick Aronowitz. Theory of a traveling-wave optical maser
[J]. Phys. Rev., 1965, 139(3A); A635~ A646

Frederick Aronowitz, R. J. Collins. Mode coupling due to
backscattering in a He-Ne traveling-wave ring laser [J]. Appl.
Phys. Lett., 1966, 9(1):55~58

Jay M. Bernard, Richard A. Chodzko, Harold Mirels. Reverse
wave suppressor mirror effects on cw HF unstable ring laser
performance [J]. Appl. Opt., 1986, 25(5) .:666~671

Duo Liping, Min Xiangde, Qu Yingli et al.. The gain profile
and cavity temperature of a supersonic COIL [J]. Chinese J.
Quantum Electronics, 1999, 16(2) :138~141

LW, B, i A, AL 2 OGS I 1Y 4R 4R AL
WIREEL]]. &5 % F 44, 1999, 16(2),138~141

Hu Limin, Gao Zhi. Performance modeling of supersonic
chemical oxygeniodien laser (COIL) [J]. High Power Laser
and Particle Beams, 2002, 14(4) ;511~515

AR, s & BFREILEEOR BaR o] Bak
5% F %, 2002, 14(4):511~515

Duo Liping, Yang Bailing, San Fengting e al.. The
computational simulation of two-dimensional small-signal gain of
a COIL [J]1. High Power Laser and Particle Beams, 1999, 11
(2):134~138

ZMWME AR, Z2RE £ BEERABTLEROER MM
S MBEERIT]. BB ETF &, 1999, 11(2)134~
138

Zhou Bingkun, Gao Yizhi, Chen Tirong et al.. Principle of
Laser [M]. 4th ed.. Beijing: National Defence Industry Press,
2000

IR, & L R . BOREMIMI. 584 1. doat =B
Tk . 2000

Zhang Xiang, Xu Bing, Yang Wei. Influence on outcoupled
mode by introducing intracavity mirror tilt perturbation [J].
Chinese J. Lasers, 2006, 33(3):303~310

¥, K. . RS E X IE A e bR
BER M),  B#k, 2006, 33(3):303~310

Wang Ning, Lu Yutian, Kong Yong. Analyzing the light
intensity distribution of super-Gaussian mirror resonator by fast
Fourier-transform [J]. Chinese J. Lasers, 2004, 31(11) ;1317
~1322

FOTLMFTHE,IL B, FIYE A ek A BT R
SRR A LT]. F BRk, 2004, 31(11):1317~1322
Liu Wenguang, Lu Qisheng, Liu Zejin. Misalignment
characteristic analysis beam-converting annular resonant cavity
[J]. Chinese J. Lasers, 2005, 32(6) ;803~809
XUSCTT B IR A4, X PES. SEHRAZR B TE FLAR TR I A 2% TR 4 ik
S3H70T]. F E sk, 2005, 32(6):803~809

Wei Qing, Wei Zaifu, Wang Runwen. Experimental research of
an annular output UR90 resonator [J]. High Power Laser and
Particle Beams, 1998, 10(2) ;194~198

B FLBER, X0 FRH L URYO R IR M5
WEElT]. BB ET £, 1998, 10(2):194~198



