%10 N
COLLEGE PHYSICS

Yy H Vol. 28 No. 10

Oct. 2009

E LB IEREATS

BX,FRE AT

(FEPXRE HER $E FH)

RE-BATEHAFEEMF RN WTHREZR, AN ERBEEE (R Lommel HH) A FHHBEZHAHY R
FBFERHRLER. FAMMACCD BRHENEETHANBL G, SEHNERET L, 15 Burch 7 1985 | F R4 RIE

T

XA FELFEREBM; NE /KK ; Lommel &3 ;CCD BATH

FESHEE.0436.1 RRIRIRAG A

BT CCD BapmE Rk BAMEEE(RE
i) T ERATUBES A A BN R RE LR
W, ERRR TR RS ARERES AR
P 182089 Burch! 49 7E 20 ZERE T APK
AETBEHRHNABRI T, Z2BEE R 0EH
RS FHEYE. bW BN ERIBEEEN
HEAKEYELRE, R W b &3 B 4508 LA
AL, — A5 A B,

AXH, BINEEREEELHIR. RITIE
BTRAWFEEEFGHMERERBRATTLANE
IR BB B ok o, T X 05 89 S5 50 A g SR AR 2
EHEHANZERM Lommel i ¥, 5x A o] B0 20 47
BETHOEBRIGRESGFAHERANRFRGE
MR FERMNFAR, XN HBEREREIMN. B
ML, RIWFTBENERE5RENZEXEIH
HEA MY BT K B Walker # TRAB M 89 T
N B R B G R X B BB
f.

LR HE, ZATFIFH CCD BARHL R FBF S
EREER. e CEk[ 1] sk EE, RI11H
CCD LA L TR AEAA:1) CCD BB X;
2) b EEEECES A S BIF, W CCD BA
MAGHR, BHMEESRTREYENLRHE.

1 HEFEE-EREXRSY

FREGFEN o MPERK, EERMN—F
BRHoWEAAL MREFEF-ERERFERE
™, 8% exp(-iwt) A F, EERT /M E R
B

AN B3 :2009-01-04 ; 4§ G A 3§ :2009-06-08

3K %S :1000-0712(2009) 10-0031-04

F(r)= ﬂwda' (1)

ZREMNRIEAEBENEANE, k=0/c BEH.R=
r=p’,r Ml p' 43 5 2 A B 4L A O B B R I e P U A
RBE R (LA 1).

x

B

\ Ferp’ »

d 7 P

—_———

0 /

1 HEFEE-BEREXRS KL,
O REfL+.L,P ZWH S

BIVBRE r>a, B A B8 R EZETF r, 0L
REBRDSSH, WAL RBFE o/r KT,
E15 3

ER=k[r+(p"-2pp’cos ¢')/2r] (2)
EERARABRELIEE p' o' RA, MR SME R
LR ER (p,0,2) (LE 1), Hik

R=r/1+(p"*~2pp'cos ¢') /7
Y EGFREF G A, r<ka’ T p t o DFF—
BER, XEMHERER

ka’/re<(r/a)?H (2/a)’>>ka (3)
p<r BEER, Wiz=y/r=p" . Bl a~0.5 mm X &
SHH ka ~5x10°. M} 2>50a=~2.5 cm. & z=ka®,

B p o K EMARFR. 1K (2) R

EEGA BNA(1945—) B, " RAXTA FEFXKREDERER, TENERE A H¥AEHTHFRL LA



32 X ¥ 9 H

. R ) '
F( )=exp(rlkr)£p’eq)(r‘_§r&) dp’j:exp( —1I_cggrcos ¢)d{p'
)

AR BEERNERER I (8), 2FBBHE
BfFE7E

F(r)=§r—:exp(ikr) rf]o(f)exp(iagz)dg (5)

p 0

He oz=r/2kp2 JB=kap/r. B R

£ 1= FLE (O] (6)

FIFI 4 BB 848
Fp.2)= 2 explik(ria’/2r)] Z (-)™(a/p)"), (kap/3)
)

EEEMNMATRG) HENERERERTH r
RER 2 EEAX()PHEE m TR BB, MEK
m R S, BATRT LAFI A Lommel 6%

U,(u,0)= Z (=1)"(w/v)"" ], n(v)  (8)
Eﬁﬁi%ﬂiﬁ*ﬁ[i(ﬂ&ﬁ%ﬁﬁ%‘f]ﬁﬁi

l(u,v)=?[Uf(u,v)+U2(u,v):| (9)

Hop

u=ka’/z,v=kap/z=up/a (10)
EFRANTEMSE ko’ RIGFIER, v RE® M H
B, FEEH v,o REWMLE.

RATL AL W, Walker' 5 T HIRLH0 T4, (B
MERNR(OHBRENMBET -4 o, RMNEHR
BREJNEFBEAAENER. UL FRERES, &
ETBESARZHN FZBHARLS S o'
W

2 RBHSHH—EEHE

HAERATA A I ZE /R o B Lommel o 3 &Y £
RHEN—EERIER TSGR, XMXE3]FH
SRENREE SHIE = FROERD A HLL

1) Y z>ka’ ,u Mo HEEFH,R(T)PRE
DREE,TR

(22 A )

Heb p/z=0. 5R, X R B K EAKRK # AT HA
8,15 v, =3. 833,90, =7.016,v, = 10. 174, -, Xf |if
1, (0)= ORI TR, B NF.

2) X FRH

Yp Mo BBET, N EREHHE

B2
J.(v)—=(v/2)"/m! (12)

TE, NEHHEFR, R (T)ATBER
F(O,z):%exp(ikz)(l—exp%) (13)

B, I AR ORI 2
R 611‘ . 1kaz_1611'2 . 21

I(z)= B sin’ = P sin" (14)

XEAAMHNER BREUTHNE
u=2qm B zq=ka2/2q1r=az/qA (15)

Horg=1,2,3,,¢ & (B) HH LB IEZK
(B)E. EBREMBRAREEME, LXMW EER
B EEREEENEFER. FE TR R KK
BE MR
RERMNEL L XE (41 PEMNHRMPRFE
FFREA(BY O XELFE(BMu=0)LER
BERRENER, EAREAELBERAMNE
ERIEER R K.
3) LI ARG
BEUTERE.
exp(—if)=J,(£) +2 Z (-1)"1,(¢)
HER(7)P,p=a( B u=v) K563 7T LA LA
I,,(z)=:—2[l—2Jo(u)cosu+J§(u)] (17)
XHEREM S, BT —RAE z<<ka’, B u>>1, H Ik
IL(z)=u’/E W R EFT— 1 8IE (BB K
vPBETPE L, EREp=c LBE—ITHH BE

BRE RN v MR BT B AH u (BB 2) B R
—sepy R (E 2 TIELMA).

(16)

0.8[
0.6
0.4f

0.2r

5 10 is 20"

B2 EAEBHEAN:: W4 MERAFEEREM o HE
W(u=2%3% 47, # 67, 2 FI X R ¢=1,1.5,2, 51
I HEz=ka’/u.)

3 FEEMHAESGMILE

3.1 ER4ER
MARS MR ENARERHKE+ N
ERERBEHFAROO)HEERE z R u I



#1044

B, 5 AANFEEERY 33

BEBEAHAES A RE BIERA () PARIHET 20
Tk @A S 2 U, (u,0) 8 Uy(u,0) ], %
B2, K12 4 AT, u BES R 27,3,
4m, 0 6m( B u,=2¢m,q=1,1.5,2,713) il v
AL H— bR, B K 1(u,0) /167" R H TR
(14) 3 FRl LR RE ¢ HBRH AT, EHXNF
B AR, MR EZENE—¥, B8, FEX
Muf, CREBRKMED. XERESRINBES
NP4 EZHBR OBRELZBRIERKARDEE
1, (v)= OBy A 7 3L,
3.2 ERLE

XEOTEMMET ¢=2,3,4,5, M6 H3F
EEAHER HERBNRIMNOERERMYY
A B3R —-Ag=3Ru=6n WEKLE . E5EH
SERMUBLER BERXBMIINEIREGR
(RMBTEXMFERASERGEY); KESER
BRI AR FETTE, — IR,
F-REBRHEBS FRFENEREXIENHR
BETRASN) ;L= AFRRMNAA CCD B
LB =3 NERFER(ZEFATR).

1.0

FIRAER)
o o o
e = o0

<
[

-

0." I L 1 n
0 5 10 15 20 25 v

B3 FREZHEANTRERSXMONITHEARLE
4 zm

L% B A M Edmund Industrial Optics 4% 7] Il 3K
MERN(1000£5) pm & E L. HHAH K
(Uniphase) B§ 213 258 7 mW , ¥ 25 Y B FL # BE RY
294 6 m, fi CCD B #L( Electrim U1000) 28 % 7 5
Eget, RNAATRALOME CCDER E,RBE
293 0.1 mW/em®) f§ CCD BRAIHLRS 3R ) K B R
SN B3NERECETRAERERE. AT
W hnZs 4y B R AE R B, RIR 4 A R 20 NER I
¥, mE T EERE CCD BHENBEMBENE 3
#70.5 mm fif§. ATHBIERFHHBE, FH—1E
BEMAT 3 4K R 8L B (20 ms,40 ms,
60 ms) 423 , 3% ih 2R W) FA R O B (8] 3R 19 — 4k

RV T o6 3 B R R B R 80
3, LREE (A XM ] ML, s AR
FIAOLERRK, RETLERLKXR
f(L-1)
(L-1-f)
Hb I RERZERAMER,LEHAZRAME
B RERKEE B EMA CCD MMl
KBRBEIE B G EBCRBE.

M
1
EARLE <

HA—— T

[ £

z=1-

:_—TvT—J | My

M M, FEH: TS HEEHTFE;PMT: XH

{5 B R R CCD M HLI LS A
A4 TRERER.

RAVEFH CCD BARYLK B B ¥ X FR 3 ) 6 58
AL AETEENIANRBREKS, DA S B B
PR ERN(M)MER METRERSEAY S,
HEIMEKEEERTL 2,=7.9 ¢cm,z,=13.2 cm,z,
=39.5 cm 4k B, 3R B AE A (F.

015 20 25 30 35 40 %
PR z/om

5 WEXMEBBEM L SELRH
R ELRABRER

5 &

RINEAT AAHFEEGH WERERRS
T LA DU JR oR B B R R R, X 3 i 3K
MERBEEERAZEK Lommel BE, XA
BG4 W AR AE AT BT OESR 2 T AR 5 R R E
FREFHESR RIEMA CCD AN A A MK



34 X ¥ 9 = sRE

Xk EEFEEAWEREMHNAOER LT EHKLEDS University Press, 1904 : See his Eq. (66) on p. 147 in
FLRITRHEF B8, 9 45 A 4 T paricular.

W4, Rt Burch E‘J%%“WET W [5] See, for example, Fowles G R. Introduction to Modern

B RN R TN ES. Optics [M], Holt, Rinehart, and Winston 1968 ;110-

111;0r Born M, Wolf E. Principles of Optics [M]. 7*

S 230K : (expanded) ed. Cambridge University Press, 1999.
484-492,

[1] Burch D S. Fresnel diffraction by a circular aperture
[J]. Am J Phys 1985,53. 255.

[2] Watson G N Theory of Bessel Functions [ M]. 2™ ed.
Cambridge University Press, 1944 .537-550

[3] Born M,Wolf E. Principles of Optics [M]. 7" ( expand-
ed) ed. Cambridge University Press, 1999 :484-492.

[4] Walker J. The Analytic Theory of Light [M]. Cambridge

[6] See, for example, Gradshteyn I S, Ryzhik I M. Table of
Integration, Series, and Products [ M ]. translation ed.
by Jeffrey A. Academic Press 1965.8.511(4) p. 973.

[7] Walker J. The Analytic Theory of Light [ M]. Cambridge
University Press, 1904:147. Note that u’p} in (63) is
simply a constant for p,>p,.

Fresnel diffraction by a circular aperture
LAI Hon-ming, LEE Wing-kee, YUEN Chi-yan
(Department of Physics, The Chinese University of Hong Kong, Hong Kong, China)

Abstract: An analytic expression in terms of Bessel’ s functions or Lommel’ s functions of two variables, is ob-
tained for the intensity distribution of the Fresnel diffraction by a circular aperture. The Fresnel pattern in any
transverse plane at an axial distance from the aperture is then easily computable using commonly available software
packages. Comparison with Burch’ s theoretical results(in 1985) is made and satisfactory agreement with experi-
ment is found. The light intensity patterns are recorded by the use of CCD camera, which may be adapted as a
student experiment in universities.
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Significant figure and the calculator
KA Xing-lin
( Department of Physics, Beijing Normal University, Beijing 100875, China)
Abstract ; Significant figure in numerical calculation is illustrated and the general features of the calculator are
given.

Key words: significant figure; numerical calculation; calculator



