HISBE LM
2006 4 4 J

X F ¥ #
ACTA PHOTONICA SINICA

Vol. 35 No. 4
April 2006

i ARSI Bl 6 IE 32 3

K o @mbr F

7 S

F AR A Y R T
EI,Z

(1 o Rl B e B AR B ST BT BRAR L1 610209)
(2 P EB2EBERF ST 4 Be , AL BT 100080)

B E ATEABSRAIBIERNB LRI FTRALRREITRAM, 5T EXRRBEEAR
RAEEMHA R SR ERLX G Yo, KARK MBI REALTEEARSABEARAZEMAKIIRS
Ty AR K A1 Zernke B EMA A . BRAW XD S R K AL ART K AMK D B4
W BRI, AR EZ RGP ERFHBERE REFINREAGER AREER

Az R, BARAME F @R TR ELEY G4 .

XEBRE AFBEE EALD; &K E; AKX Zernike £ B K

RES XS
0 5|8

WOt 2x BT N & Rh PR 3l 038 25 % R 2
S0 R PR 3 L R T R T AR R AR R
SRR RS AR AT B RO R R
TR . U EREZSTRE R EN AR E, X FRA
IE SRR AR R (LA 8 PR AR B2 ) 2540 B oL 4% T
B BRTSE AT 5 R BLURE P R R i b R B
MEBERRZ — HENFERKEMRER DN,
AMUE B DR R % B AL, HAERF
ZEHBRERHEI WM ERWCRTE . A
SIS AR R A AFE B EIF R B
ERZEUE 5 KB Zernike B35, K3 B KB B
ZHEAXN TRH-BERR . 1981 4 D. anafi LK
B 5E % B 4 e LR 338 K B — s B E R, R A e
WL IR BN HE R R IE R K™, Hik
A BRI R MR 3% T AR B, Bl
KT R AN TR B AR 10 3 X 't TR 38 BE A 18 AN 4% By
R 22 R B BT ST GE v )

A 3CET X AR RS B A 7 IR) 0 46 A 418 3 o B oA
AR R W BEAT T B /0 A FBCEL O T3, 48 e B
WA RN EFI ARSI, X AAER A& B R 22 i
Wi J2 A 1R B9 » S 0F 5 e PR s X 4 1 e TR A ) 3
BT —Fh AT 0785 18 AT I P 45 22 FME B R 2
p-y:f b

1 BERHRERHELRER

VAR I PO R K BT 40 R T - 5 R K
SRAEAIAE 0 50 70 5 WORAR 6 I L R AR 38D . 5
AT SR A 0 31 L 5 2 SRS 0L

Tel : 028~ 85101093
H A% 8 #2005~ 01- 02

TN241 X REFRIRGD

Email ; zhanghk23@ yahoo. com. cn

BT 5 B TR A A 3 B R PR e B
¥ I » B9 0 52 B 3R B, AR T B X AT AR S 77 7 3
AN BOCEKX W R . R, R
A0 A 3B BT AR o2 e 28 2 ot Jis P9 L 90 30 g A R AR
ML, FF TR MMM B LR E . Bk
FARLAR I S5 R e R B WAL B L B AL
A&C) W ey F B A A AL 36 B 3 R 0 B B R B T
Fm A

& x
Do () —;)AE(W> )

R 2 B ST R RTAR AL OB A R . M R IR K
KK

R s P 5 — i T A9 B 9 B2 T4
B A 4 3 3, B T BB TR R 36 T 06 B 6 Ak AR
Taylor BHTE R

$, ()= ga,-kxk 2
T R AR B G B0 T 2 30 312 25 B 3.
KR FEB AL BRI N ER— EE R
BE— KRR MR, A 1. M I E
B IF 68, 5 R T O E I 5 =0, %R T U
BPEj=N-+1. B 1 RBEHAEAE NAHAET
. W bR B B A 4 B AR R R R

Convex mirror Concave mirror
<---§- ------ Tt ks b nlal s Sl S o :::::==-<§
4.---%.- ....-__-.--__-..._.:--:..: b 1 O

j=0,1,2--- N-1,N,N+1

H1l HgHEMREREARETE
Fig. 1 Positive-branch confocal unstable resonator with
a segmented inhomogeneous phase medium
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Fig. 2 Positive-branch confocal unstable resonator with
an intracavity phase perturbation plane
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Fig. 3 Perturbation-weighting factor as a function
of different intracavity place

(). B5.E 6.8 7 M558 K 4 &%E 505 xt
IO B BB 2. 3 A BE AT B Zernike B 2 HL & 45 R
ML 3 53 7

B P 4 AT UL R P TG A 30 e A R A3 BE O 3959 43
fi . EEIABBRERESHERARYSHE, R
BRAEAREAEES . NE 5 a5, X5 i
A3 53 A B B 1) — AN 7 e BUR K R 2, B RS ST MI4%
AEEAMAEL .

1] 6 AT S0 P46 R 3 R B B8ORS R AR

(d)L=0 mm

Fig. 4 The normalized intensity properties at the place of convex mirror

Phase/rad

y/mm
(b);=900 mm

()L=0mm

S BALHEAHHELER S

Fig. 5 The phase properties at the place of convex mirror



43 KAE . R BERHE 3 X IE 3£ e AR AR R A 507
1010 ; 20 ‘ 20 40 :
= 008 (@) (b) ! © 1 ()
B 15 L5H 307
g M ! 10 10\ 20
o 05 05 . 10
z 0 l L\/ {
0| #msae i i 0 e ui 0 \al A
N 008 y
010 05 10,

0 5 1015 20 25 30 35

Zernike orders Zernike orders

~0'50 5 1015 20 25 30 35770 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

Zemike orders Zernike orders

B 6 AAfL4oAty Zernike R EH S LR

Fig. 6 The Zernike coefficient fitting result of phase distribution

Bt Zernike R ZE K K (KFHH Z, 25, HHE KX
BEERT&ENB2E; B 6(a) I A T4 L3
W, RAEBE A AL Zernike RERE 2 M Z, BiE
FF,(EFREH 3 MM BRI, L, 2 900 mm
Bt,Z, % 1.51;L, 2 600 mm B, Z, % 1.82;L, H
0mf,Z 5% 3.63. BT+ oBFE . HKREH®E
BEREMEE, 7E Z1 AW FEE, B3 EEHEREm
B BB, B 6(b)h Z, ()R 0.03,Z;
(B & B KR —0.03, & 6(c)H Z, K 0.16,2Z; K
0.15,E 6(d)H Z; }—0.58,Z; —0.63, 4%} {H
EWH B KRB . Zernike 4 2 P KB FHE 2 5 K
FE7 TG EREREMNERE, BN REM T
RRERAEZ .

4 ik

BEABAHE s R IR RMEERR
Z—, YEAFER KBRS B, A E #5306
HAERRER % A A, HP MK Zernike 4 2
PAB 55 R 3R W A8 22 18 K [R] e 58 1 i — 26 8 B4R
2= AR AR R BB B K, AT R W O TR
FEXERET F, FEE AR FALE T RS, XA
AEAL AN 2% B R 22 B R R AR [ 19, 45 58 W AH 2 3 30
TR 80 3 M TR 3 0 S A A AE A o R e R 3 . B
AR SRR DA o7 T 455 ) 111 T 45 R 5 T 1 A 6, e P B
B B9 JLAR 20 A7 45 53 A A AE A £ 01 SR Al 45 SR 4 136 A
TEE—mL N SERSERETEMESE . & T
FEAGUARHE 22 98 /)N 7] B 3B T P B0 85 I 0 22 TN S 4 IR Y
BREF MW/, BT DL R S 0 0 2 254 X
N B BUARHR 22 AT AL IE , I IE P TR B R AT BB S
TE 58 B T o Y M TR B 4 g A L AN TR
8% ik
1 EFH,RRE,FAKE. GEKAEHE L . BTl

HARA:, 1997, 95~110
Zhuang Q, Sang F T, Zhou D Z. Shortwave chemical

laser. Beijing: National Defence Industry Press, 1997.
95~110

2 PEBR, AW, KM, E. BRI X P MR RO R

10

11

12

13

1 SR i R BB AT SR BOE SR F 3R, 1997,9(3) ;447
~449

Ku G, Cheng Z H, Zhu S L, et al. High Power Laser
and Particle Beams ,1997,9(3) : 447~449

HRBL kA, BEH, % TN ES XERENY
we B A T, 2002,31(6) 1 754~757

Tian L K, Yao H B, Yang Z Y, et al. Acta Photonica
Sinica ,2002,31(6) :754~757

%, BEXZ, THE,.Z. SERBEST LD 5 &l
i B R BRI R BT W, 6 F 24, 2001,3006)
724~1729

Zheng J A, Zhao S Z, Wang Q P, et al. Acta Photonica
Sinica ,2001,30(6) :724~729
B0, AL, ZEF S QRS N YAG #k
2. BT 241 ,2001,30(6) : 757~760

HouX Y, Sun Y M, Li Y F, et al. Acta Photonica
Sinica ,2001,30(6) :757~760

Sanderson R L, Streifer W. Laser resonators with tilted
reflectors. Applied Optics,1969,8(11) :2241~2248
Anafi D, Spinhirne ] M,

Intracavity adaptive

Freeman R H, et al.
Tilt  correction
performance. Applied Optics, 1981, 20 (11); 1926 ~
1932

optics.  2;

Anan’ev Y A. Unstable resonators and their applications.
Sov J Quantum Electrons, 1972,1(5): 565~586
Oughstun K E. Intracavity adaptive optic compensation
of phase aberrations. [I :Passive cavity study for a small
resonator. JOSA,1981,71(10); 1180~1192
Gerrand A, Burch J] M. Introduction to matrix methods
in optics. New York: Wiley Press, 1975. 89~128
Siegmen A E. A canonical formulation for analyzing
multi-element unstable resonators. IEEE ] Quantum
Electron,1976,12(1): 35~39
Fox A G, Li T. Resonant modes in a master
interferometer. Bell Syst Tech J, 1961,40(3);: 453 ~
488
Cubalchini R. Modal wave-front estimation from phase
derivative measurements. J Opt Soc Am,1979,69 (7).
972~977



508 b F ¥ ) 35 %

Influence in Eigenmode by Introducing Intracavity Tilt Perturbation
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Abstract Intracavity perturbation will bring degrade of beam quality in high power laser. The result of
influence in eigenmode by introducing intracavity tilt perturbation in different place of positive-branch
confocal resonator was analyzed. At the same time, idea eigenmode, the mode of intracavity tilt
perturbation in different place, Zernike aberration coefficient and the far field of beam were all analyzed by
using numerical prony method. The results show that the sensibility is increased from convex mirror to
concave mirror for a given aberration perturbation in different intracavity place. High order aberration such
as defocus and astigmatism will also rise when tilt aberration increases in intracavity mode. So intracavity
phase-corrected element used in unstable resonator should be near to concave mirror.
Keywords Resonator cavity; Intracavity perturbation; Prony method; Eigenmode; Zernike aberration
coefficient
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