W6k S5 CEEEET I S Vol. A26. No.5
1999 4 5 J CHINESE JOURNAL OF LASERS May. 1999

BB SER U PR IR
# 3 £

(bR G R DFICTT A 610209)

RE B S ik, WS T AN A JE R A% 72 R A5 (8 5 IR (RMS) F1 B J2 Strehl LEFY
KAl TG KRN FFLLE T T Kolmogroff fifi (f ro Y5 B MUK F .
KR HIENOLE, PR, AU, S

1 5 5

TEWE 2 DGR TR frbn b, AT OGsR 2 A 3 ST D, 28 I 4R A2 O s T i PR -1
B FNILIAYEBE 1] Strehl EB™ 7 o W LA BRI 37 G BE R 500 O oty R BEAEAR - PN R L i
( Encircled energy) i 2| FEALP [ 37 06 5 — 2T ES ro W RIRERE, WIEAHTTHEA 1 B= r/ro,
BV T AR J LA RT IS BB o Strehl PSR SE bzt 37 06 B Hp Lo D6 ik BRARULG AR 22 DB B
LG 2 b, R IEE Strehl EE S pea o X T — 28 W T, 493 I SEBR G BE T ro YGRS [ GE
i EAEDEBE . BEOR AU Lo SUAE e R B iR A B RAE, B BROG IR Strehl B S ineie o AX
JIT R, DGR SRR B 2 e 1 5 A DR R A G SR A 3 B2 AR M 40 A v | N2, R S 5 ) N
FARLUR ZE (AR ZE) TP EUR o AR ZE 10 RN H T ILE 7 AR (RM S) KRk o 7006 Aol
RGBT HT b, S8 T B AE R 2 B 5E Strehl ELI A, HINBEIAR]— M g &
¥t 2= 3 2 /0 RMS LA S U] #2284 22 43 BOwE 2 AN 0 SR VPR R . (Hot th Tz
5 B K Strehl L2 ) B AT € B BT 5 38, g il 1 B 96 5 2 1 2 [R) A 2110 AS (5] o PR T AE 5
A Z ) PR, RS RO R Fe vt Moy oA

AT R AN AT ) 2 3, vk 5L B07 3%, WA [RIZE BL (1B AR 22 %) B F1 Strehl EEIT)
K&, 7 H Monte Carlo X ANF] Zernike 22 WA G HETT vHF, 07 T AR KT Zernike
WeAg 22 LA 51 RMS {55 B Al Strehl LU K R 15— 7, W90 T 45 & Kol-
mogroff i [ R Ui il P AH TS EE ro 55 B M Strehl EEIFOG AR

2 BUEHEITL
RitEz = R BI85 15 LI 5L AR M7 A DA T e L

i | JA O expli®P) Lexpl - 2mro/aR]dp | (n

I(r) =

Wk H i 0 1997-11-19; W24 2ofs H 1 0 1998-02-23



416 rh E5| L n 26 4

Hort, A () exp[j R L)Y ICEHITIZ S YRNE, T(r) NAEE I 65093 A1 AT LibE s ) &
1 i AFIVIE ek  fE f  A f  BT FL  NAR, eh b HE ST 1 B AR B2 G R Streh] LR G
P — MR RAT AR A AR R R AR, 1 A FH 1] 50 1) o ORS 1l 7 K o A S PP L2 1, Zernike %
TSR IE A IR Z B — R o Zernike 22T 0E B A BIIE e X, r FoRbh, 0 Rk

g %r,08) = ao+ Eauﬁ{r ) (2)
Zi(r,0) [15E3CA

Zeek(r,0) = 2(n+ 1)Ri(r)cos(mb) %0

m
Zoaa(r,8) = 2(n+ 1)RY(r)sin(m0)
Zi(r,0) = In + IRY(r) m= 0 (3)
me_y _ T (= D'(n-s)! e 20
Ri(r) = Eu Al(nt m/2— s\ (n- m)y/2— s|1"
=
o m, n R 2 e
n— |m| = even

EH TR R VR S i (1) = S DR ZOE A AR A, D v 55, A SO B 1 1A 5 EE 3 Al 1)
=, JGH A [ FE G

3 BT S Hr

LINQ VEMIRYE S 175 5 597 il W b U 1% L VAR LA Y e O S B A B BU T G L A S
)7 i R R R e A e i, e — B o3 A3 %5 55 B M1 Strehl EUIYOR & FRAT]
LT B0 Zernike REVEARZE W HOUAR T g 2GR, Hop BATAGRYERTJLItin i 1 Br
AN e

P L AT L, AT B SR ZE S TR WA T 2 MO R, 1T H Y Zernike
IR B I, g 55 W AT AN R R S 28 . P 1 - 2 SR ok S AR s, 1 it 28 4 dul

—ohEe, WA R B (A) , T E Y W = Ol g = 1, B

Bi= AuW’+ AuW + 1 (4)

E - B ARAGURE AN 5E Wi S 37 Y B T AR B 5, B UL T 58 3 TR 28 20 T Zernike 4

A Bt, o A2, A1 5 Zernike BEU L E BORFROCR WK 1 R,

F 1 EMr Zernike REFTLL pAIHIE R Y
Table 1 Fitting coefficients of g with different Zernike orders

Zernike order k3 4 5 6 7 8 9 10 11
A2 5.5552  4.5342 5.2791 9.4937 9.6852 7.229 7.2288 18.813 10.421]
A 7.8387 4.8992 4.5324 10.237 10. 188 7.8498 7.8499 15. 661 16. 308
Zernike order k12 13 14 15 16 17 18 19 20
A2 31.775 9.8667 9.5057 35.9 36.521 48.558 48.558 16.017 16.02
A 12.166 11.005 10.929 14.317 14.264 12.848 12.848 12.865 12. 865
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Fig. 1 (a) The relationship of beam quality factor S with defocus (k= 3) and astigmatism (k = 4) aberration;

(b) The relationship of beam quality factor  with coma (k= 6) and spherical (£ = 10) aberration
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Table 2 Variance of different Zernike orders of Kolmogoroff atmospheric turbulence

Zernike order  Variance (rad’)  Zernike order  Variance (rad®)  Zernike order  Variance (rad’)
1 0. 4479(D /ro) ™" 8 0.0062( D /ro) " 5 0.0012( D /ra)
2 0. 448(D /ro)™” 9 0. 0062( D /ro) > 16 0. 0012( D /ro)
3 0.023(D/ro)™” 10 0.0024( D /ro) ™" 17 0. 0012(D /ro)
4 0. 023(D /ro) ™" I 0. 0024( D /ro) ** 18 0. 0011(D/ro) ™
5 0. 0232(D /ro) " 12 0.0024(D /ro) 19 0. 0012(D/ro) **
o 0.0061(D/ro)*” 13 0.0024(D/ro) 20 0.0012(D /o) ¥
7 0. 0062(D /ro) 14 0. 0024( D /ro) ** a1 )
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Fig. 2 Relationship of the beam quality factor B
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Fig. 3 The relationship of the peak Strehl ratio (a) and the encireled Strehl ratio (b) vs wavelfront aberration
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The Relation between Wavefront Aberration and
the Beam Quality Factor

Xian Hao Jiang Wenhan
(Institute of Optics and Electronics. The Chinese A cademy of Sciences, Chengdu 610209)

Abstract The relation among RMS errors of wavefront, beam quality factor B and
Strehl ratio is interesting in an optical system and the laser beam quality analysis.
In this paper, this relation is researched, and the optimal formula is established by
using numerical analysis. As an example, the relation between roand g is given un-

der the Kolmogroff atmospheric turbulence model.
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