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Fig. 1 Fraunhoger diffraction of rough wavefront at an aperture in a plane screen: a) only wave aberra—

tion; b} rough wavefront with aberrations. Where, R.: reference wavefront; Tw: test wavefront
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Fig. 2 Point spread functions of the rough wavefront

tern”

faint ring”

distributions;  distributions

o= 0, 10 nm,

o= 20 nm, - = [ —
iﬁfi’ﬁJJH, Eﬁ@%ﬂﬂﬁlb@*@fmo ;UI ko> 1 ag= 30 nm, A R —
o= 50 nm, - XK=, — K —

IF, S A PR AR BB AT T OB S B

3 SEE Uk
3.1 SERR/RIE
RS B2 A SO A Ao I, RHBS B 1T A0 97 il eR B0 e A0 Sz 8177 K 7 A A N e 8 AR
A[K.] FTA[R:] - 4E(ko) > 1M AR L, Al (ko)) Sh(ko)® A ik, 5090 (17) X, JFERdEE 1,
£33
1) MAc< 10 nm~ B A[ (ko)?] < 0.013 B, 15:
A[K.] < = 0.013{Ke)}, A[R:] < 0.275 X 0.013 exp [ - (kQ./2R)’],

(K.} = exp[- (ko)?] [2]1(kaT/R)/(kaT/R)]? (20)



1768 pie 2% s it 17 %

2) M Aac> 20 nm-~ BUA[ (ko)?] > 0.052 if, 45
A[K.] > 0.052{K.). A[R:] > 0.275 X 0.052 exp [ - (kT./2R)?] (21)

DL B, (Ko RGBSR o B %7 e A A %L (20) UR1E 2 R W M Ao<
10 nm I, A[K.] b2 (K.} /MFZ, fEmnt b HMRBUY ~ 2% 2 F; A[R] S o= 0. 10
nm [ %8 720 A £ AT o X EER: Ao < 10 nm X ALY R B AT C W B . (21) 3R
AE 2 FW: 2 Ac> 20 nm B, A[K.] HHAFT{K.), Ok el s b H A2 U ~
2% 2 by A[R:] o= 20 nm [ %28 g B oA IZRAH A5 ) X B Ao> 20 nm X AT
BR B3 A T A B S R 5
3.2 ZWHEEER

FE— R R G0 N T 95 3 SLH0) Wi 77, I e T S Ik 1T 2 AR /N B AR TR 7

AU R R, W 3 TR

— B4 A (a), o= O JFFIRGHT%
- ﬁﬁxt:iﬁﬁﬁm%$%mgﬁ@ﬁmmxm%(@%m
' AO POA MO IR AT % 0= 10 nms 03 = 37 nm 04

Fig. 3 Experimental setup for viewing the star images = 44 nm %gﬂ*ﬂﬁéqz ﬂﬁﬂgiu H{]E'ﬁ @% °

of different roughness: AO: collimator; CA: ﬁ%%iﬂﬂiﬁﬁ%m%ﬁ*imﬂﬂ** 1) {b) /:Fn(ﬂ)

tested lens: P: rough surface plate changable ﬁqﬁ‘ﬂ{] E{%%Eﬁ E%%U, 2) (e)~ (d) & {% e

( transmmited wavedeformation < A10); L: {a) E{] E{%ﬁ‘ Eﬁﬁ%;ﬁ'ﬁ, H:'lfm T ‘% ”, E{%}j‘ Lk

}Toinl. lamp at the focus of AO:; MO: mi- ¥ @, ﬁ ”EFIJEL\%ﬁE’TéEﬁﬁ;J\; 3) (E} % ko> 1

B [ B, R A S — A AT S B A

KA AV B AR, 885 RIRAHZR R 458 . 5 JORRT R 0 28 5] 3 R e 45 2
B F

Fig. 4 The images of both star and resolution pattern for a) = 0; b) o= 10 nm: ¢) 0= 37 nm; d) o=
44 nm; e) gk A

4 ZEMiie
1) ASCH BRI A R, RHTIRBOE, T 5 A AT

o AS[R)EEHURE BE T B O WEE, SRR AS RS R cE B R . BRI O ). SR Form Talysuefl 2@ 07 5E B 00( B
o] 43 HE4 0. 50, fIERE 1.0 nm]*iﬂ]mt. 1 s DL RS .



12 14 ] BH A% 22 1R REURE B 6 o5 1ok B0 w (X WF 9T 1769

2) Fif3Hig S s ek B, WA 8

3) R ARG 0 < 10 nm B, X RGER 2l e EOE W WA . 31X — 5518 Bk
WF RGN DRI R R ZE, AR mRENB I £ &M, AR A4 BRIV
PrHEN], W] CAASZE L8R 8 1% 22 1) s i

4) Mo< 20 nm B, 2SR FAEAEE, R AT b PGk Al (R TH A% 22 1 RN

5) Mo> 20 nm B, A2 STEMEI POl IREDE); REEME Y R, sl R RERIRZ

6) M S A EHR BRI FE RS, A T e o (1 AN,

7) ACAT IR A B AR . sgFEmmgiie, S RANILERMILR, R —xEm
e 5 S

AT P BB G2 R R GRS P ) S S, G T B oA 28 TR R 5 1 52 ey 2 3L 2y
%, BT XP e

& ¥ X Wk

[1] D. BErRE,  OE 4. Jbat, BUBCTV HE A, 1983 2313~ 339

[2] P. J. Chandley, W. T. Welford, A redformulation of some results of P. Beckman for scattering from
rough surface. Opt. and Quant. Electron., 1975, 7(5) @ 393~ 397

[3] R. Barakat, The influence of random wavefront errors on the imaging characteristics of an optical sys—
tem. Opt. Acta., 1971, 18(9) 683~ 694

[4] J. W. M), g, Jba, BHEE R, 1992 1 338~ 344

[5] %4, v v 2o £ o o REiiibY. BRI IR, 1976 1 14~ 15

[6] P. Beckman. A. Sl)i;r,;r,i(-hino, The Scattering of Electromagnetic Waves from Rough Surf aces, Perga-
mon Press, 1963 1 90~ 110

[7] D. Middleton.  Statistical Communication Theory. New York, McGraw ill Book Co.. 1960

[ 8] G. Rasigni, F. Varnier, M. Rasigni, J. P. Palmar, Autocovariance functions, for polished optical
surfaces. J. Opt. Soc. Am, 1983, 78(2) © 222~ 233

[9] P. Beckman. A. Spizzichino,  The Scattering of Electromagnetic Waves f rom Rough Surf aces. Perga—
mon Press, 1963 1 190, formula (41)

[10] M. Born, E. Wolf.  Principles of Optics, Pergamon Press. 1959 [ 392~ 397

[11] P. Beckman. A. Spizzichino,  The Scattering of Electromagnetic Waves f rom Rough Surf ace. Perga—
mon Press, 1963 : 183

[12] WA S,  HAE A iR 2 10 BRZ:. Je#F4, 1983, 3(2) : 146~ 151

A B, R G R 2 11 2. Jeserdit, 1983, 3(6) 557~ 561

The Effects of Surface Roughness on Point Spread Function

Xiang Yang
(State Key Laboratory of Applied Optics, Changchun Institute of Optics and Fine Mechanics,
The Chinese Academy of Sciences, Changchun 130022)

Xiang Caixin
( Changchun I'nstitute of Optics and Fine Mechanies, The Chinese A cademy of Sciences, Changchun 130022)
( Received 4 December 1996: revised 19 January 1997)

Abstract We derived the point spread function of rough wavefront from the

Fraunhofer diffraction integration of rough wavefront. The integration result

consists of an Optical kernel” and a faint ring”. When the roughness increases,

the former decreases, but the later increases.

Key words rough wavefront, point spread function, image quality evalua—
tion.



