<HKEROHRZEHRE >

I7Y—0ORKEEODERTIZEET A5
(1834%E(*)) D AT

(*)On the Diffraction of an Object glass with Circular Aperture.

(ARAOZEORIL Y XD EFIZDOUNT)
by George Biddell Airy, 1834

201947HR
ER: A Mo



[ZC®HIZ

ZZTHIT T DXL DEH G B. =TV —3AFVADY B - RIFAETro 7
UV REFERILF - FRWELZTNIT B, 7V =y VR Bk (EERX
H)REEBOELL,

Sir George Biddell Airy (1801-1892)

T7U—% A5 180 FELL LR 1834 4RI
AERCTHRA T2 AREAOOR L o XOERFICDONWT |2 ELEL,
ZDZAD HARX, LR OB TR LN E Il o T EHTLT,
(1834 £F13 A AL A & L7 FRE W <725 T 16 22 TY)

TV —IXZOF LD, [RRETH D | L VHHEEL-T,
PN ARSI =N N -U - N BTN
[—EDKREFSER - -ARBGRUVTNEROERDY VT 1 L0520%
AR LELZ, ZOMBBIZTI TP Y —FT 4 R LEENET,
ZNHITA B RIREEEDO S HEFES MTF(Modulation Transfer Function)Z i
BEZDAR—R| T2 TNET,

— I, FPTERER IS A B L CRHEIC L > CU IEREIC R BL TE 720D TIEF I
LR ZET, ZOERHI=T U —DEHTIZET ML OT I NI A Z/F T 5%
DTT, FHLHITEAI T, KA HZRFT T, 828X STih o725
HICd, i, =7 U — DD H AGER LRSI ERITAHT L,

ZOEEHT

(B ORI B R A DA A2 F0 T2

M P S 8 Ll D > 5 BIE SO BIPTGITE NS H DB 2 H0 720 |
RE | BRI HROH D N AT T,



BR

[FL&HIC
FT1E ERBRETT)—DRXDEELGIEN 5
1 [EEFEIE? v e e e e e e e e e e e e e e e e e e 6
O YDEHT & FEHE 0 e e e e e e e e e e e e e e e 6
3 BEORFMEEBIEI LA ¢+ v e e e e e e e e e e e e e 8
4 =7V —OEEFOFMICEIE? oo e e e e 9
F2® ITT7—DIRXDIEN 12
0. MXEHRL - D 13
0. 1 Pﬂy‘? .................... 14
0. 2 ¥BDOELFH . nTAR) o o o o o000 15
0. 3 EX¥IT7AOEH (ZFHOERE) - 00000 15
O. 4 =fltsinh &L cosh + ¢ o o o o o o o o oo 16
0. 5 =fABMy=sinx,y=cosx  * * * ¢ ¢ ¢ ¢ o o o 17
0. 6 AEORLY (ML) = o oo oo oo oo 17
0. 7 PBty=sinx,y=cosx DV T T7FK/x o 19
0. 8 (HEIMCE BBIEL ¢ e v e e e e e e e e e e 21
0. 9 EEOHEANLATE 0 v 0o 22
0. 10 BEEEEELTCRIETLE o0 0o v v v 929
0. 11 IEREOERFEIIHER ¢ o 0o o e e v o v 23
0. 12 JEHEGOHEEECX DDA L S D2k - 25
0. 13 FRIHOARE e e e e e 2
0. 14 IEEEOC=MAEBOREREN  « o v 000 . 27
0. 15 MOEFBRELIZONT v v v v v v oo o 97
0. 16 7~ (Z) &Fm (J) 0o e o oo e e 28



1. T7—DwRXORNETMN (ZFD1:AREEO) 30

1. 1 BWEDEERE, y, DEA e o0 v oo e e e e e 30
1. 2 EBROFEORP ~OEHEOHERSL « » « « o 0 00 - o 30
1. 3 XL X0y S AT W b s PIZELEE - - - 32
1. 4 XL X0y S AT Wrm o 58 PIIZE SR E
= N o R N L R R R S S S S S S SR 34
1. 5 Lo 2Aefnb Rl PICEDSRYDLEZFR « « 0 0 0 - 35
1. 6 FE J{d-w)2%kcosnw f dw DOFFHE  « « v 0 0 0 00 e 40
1. 7 4 Wr)x f{0-wd)2%kcosnw } dw DIED 7 Z 7« « + - 42
1. 8 JOMMEELIL?  » o ¢ o o v 0 0t e e e e e e e e e 44
1. 9 [EIFEOIEDFREE  « o o o o o o o o o o 0 0 0 0 0 . 45
1. 10 HELFBEOEPEZML L ZORLNLDOM[ETHET - « 48
1. 11 HALIVWELBEWEOREIFBORZ Ok« « « » - - 51
2. I7V)— DX DABTHEN (ZTD2: P RER) 52
2.1 qjy%ﬁfﬁ&k = S T 59
2. 2 HIGERRONEFZROEPTEE « ¢ ¢ o o o o o o e 000 e 592
61 q= fF—bx/F DEEBA  + - « = « « « « o« « o o .. 54
f18&2 T7V—DwX 56
( 1) H jgggg .................... 56
(2) =Y R T R S S S R S 62
2 69

BEH J 1—w2)12dw, S (1—w2)12 w2dw, | (1—w2)12 widw, | (1—w2)2 wodw DEHE

T84 WO AHFEX N+ (3/n)* dN/dn + d®N/dn? = 0 ZfE< -+« 70



F18 EHFBRETT)—DERX
O BIEHE T




1. BE#rElE?

- BEATT DI K LIRE DA DI,
W2 DEEMOERRE, DFV —R 25 & RBMAFAIITIT
FETERVWHEEBICEIYRAATELY T,
WS L 2 OBS & Bl (diffraction: T427359323Y) EFEA TV E T,

2. ROEHFLERSE

B AR O TEIFTHRHSE N EE T,

(B) BDORD, ROENY (ZhalHOES0nET) 128D
ROBEBA DR S5 &, el L0 @il L7t
JEDIZIRA Y | EHEOMGHE LV bAMANCm & £,

L R LD B DDOIE,

ENoDI

PR DEZICHYL X ZEL &

ENoDE

£ m| ;
kS
_______________ 5B
AT
q oz ER =30
‘/;(-ﬂm/Jx 7}5\0”;])_
SRy
=== \\\ﬁﬁwﬁﬂ

MEA VWD 1T ATIEZRL,



| B &% - B35
T M EREDIC
L g e T LU 5%
s LI sy = BRIz
:, e TR E£DK
| EAE
. b LEROEFEOR P ICIRZELS EX L XK 6 ORI E

STWLDONRRAET, BIWILTHRIAT DL TORD I HIT7RD £,
ZoLE, PRERIMENORIZTNTWADT, L X8ENS P
L HEITETHIEER T L > XD EDMLENT LY, K& T IR AN
AT ET, RITEROTEREBEOENRAE T D L, TOEIS L TEREINZ
WITRDE -T2, /OG-0 LET, ARSNTEOEDOmMEF L P OfriE
IHIELET, 20X HIZL T, L v X8k s P ~OET L P O #E
IZX VAR EALET,

YL X LENLPADEHT

MRREQ




BARBICIE, BREDIZED (B 13, TROBLINT 1 A7 &2
ZHETCEROHADOY TN H0 £ (TOFE), ZIUIKOEIFICLV AL S
DT TER) EPRENET, Eo. FRO\ADNT 0 27 1%, TRUMIILAR
I UL TZP)V—=T4RY | EMEINET, =7V —F 1 27 | LS AR,
AEFRAT T D5 L & EV 7= George Biddell Airy (ZHISR L £97,

T V=T 4 AT ErSiof Al (BAREE- 0% & F
JSDOWEE AL LT HE &, A TR PRI

122% AXF
VO RTEINET,

Bl Z X, SO E%E 1 =500nm (F/ A— kL) =0.0005mm, Lo HE S
BEF=100¢d20L&, =7 V=74 27 DO¥E =1.222F =0.006mm T,
ZDB%E 300 %5 THA &, 0.006%300=1.8mm TT,

WoT, BORIMEITHI L —EEZ R L& L, RFEmSEZ S HI

L7t EITRDZENTEET,

3. EDEITZERTELI-A

JERHNIIKREREZR AL W, "— = VRN EORITMBEZFELIBIE L
DN TT, 1 9 MALDOREORZEH LA U —RITRO L 5 IR ~TOET
MEiEBEOB A O KIZ X2 B g OM/NE W, ~N— =W KD Bl S vk
L7co SRREICEET 2 RDIEMOLF E L ZRWEBITN— = b b R <A -
TWE L7z, HIFERTHREDEZ 7 ey 7T 58ERHY £ LT, )

F 72, TR & 72 Neil English # @"Chronicling the Golden Age of
Astronomy —A History of Visual Observing from Harriot to Moor —
(RILFOHBRHROFENRGE — NV v b2 H L—T7 £ TOIRGEBUAI OFE)
D HFE-8FE N—Y = /VOBE] OFIITROFGLENHY £ ;

(= 2 SR E LT D 8T 4 AT OV A APRRKREL 2 D03, HimED



171

ARAEZNSLSTDHET A A PERT D LK EE L, —F, 37—

DFRIETE D L Z NNV E X RTT 4 AT BINSL 72D, « o |

ZOEIT, W =z VIERBRIIC R BI O DD K E < 72 D L EIFTE I/
EL< DT Mo TWE L, £, PRI XY ErgEO® S ST LT
A A7 BNEL R @EROGMEICAMTH L Z L2M>TNT, (h—T=
NARLEEBEE VD) RO LEBEOFRB I EZERTT ry 7 LTV &
S5 LDLEHTY,

W. =2 = VIR IR BT R OMEE 2 BRAE L TV E L2y, £ OB
S, WEDEFIC S =T U — D

“On the Diffraction of an Object glass with Circular Aperture.(Ff%

BOZEFORILUADEFIZOLT)”
IZE VD TR SINE LT,

4. I7")—DEFORIEX?

SEFETT 227 UV —0fmiE, BT IN—YOUELLEADOLTENN
TWET GiXORBICHEMRLORIZH Y 32, WXXPIZKTI—HY F
HA),



ZONEIZT—FETE A,
BAAAAR CE) DLE, BIRBOIEDEEOHH (TOHE2BE) it
HICKYIERIZRD S
Z&TT,
(1) BEOANARCEFEOLA XHE @ YRR SN T E L7ens
Yimdie &L XIZHER2O THRANHEOGENEE TY,

MmJizix
LAY AN
KDEE KDBEST
| DD
GE)HDEEEE XD RILF—FE (cc K DIRIMD — ) EEe E*&)f—

DFY . BIBONOBESA AT T 7 TETE, FTORDO L HITRDHIL
ZRUELT,

|
10) (n)
() Seoev——p— ,é PSR pre——
R :.(.I_."EE
“** SRERNY B\ moge
(Peak) \. 50)¢
ZDTT7HNTERITHE,

I(n) =1(0) *{®(n)}2
fBL., ®(n)=1n2/(2X4) +n4/(2X 42X 6)—nb/(2X 42X 62X 8) ++++
T, MITEHERRBOXTT A, NV EAEEEBRLET, 2O nED LD
WL TENANDNE, IROF2E [ZP)—OMX DI TFHELGHLET,

10



7V — D LT LIRSV BT OWFFERE F I, YIRFO R [E O EimfiA— I —
T. Cook & Sons DEATH H. T =A-TAT—IZEr b2 | [FOT ARGl O
FLHEDMENTIZ 5. LU £ L 7= (Neil English # Classic Telescopes 2% P.30 19),

H. 7=A7TAT—I%, 1891 T, AF—T AN/ STk z IR L £ L7,
EZX, TR L XDOT AREFHEE (Taylor 1983  The Adjustment and Testing of
Telescope Objectives)] T, ZAHDEIIAEIBYZF Y hSt, Taylor DFLiR T 5
DORIZEHZINTNVET, ZORDEHE3E The Star Image OH T 7V —D ATk
SLORERDFAIT ST TNVET,

11



F28 TT7I—DRX DI

12



0. BXZEFL = DZE(HE

T V=D SINEDITZDIEE DI 200 T FI T8, T DY BFOHFD
LU ERAE TR M O, RO TR TR AT hs Y L £,
LI=o T, =7 —0d L a5t te = 0121%., HAFEE OEBFEOHGZRD VBT,

FOHITIL, =7 — D L& mtLe 7o i/ NRGE R Pl Ak i HL £,
e @R OBTF: (R OWH) 25 CLES T NIFXZZ &7 A TrD =7 —0
i SCFRITICHEA TR SV, B8 @R OB (R OB Z Z<H->Td N

ZZIFFRIIL TRV,

ez O D/ NEOEHIL FFL T
< LA
FDFLF (n Fe, n FAR)
EHTTAOER (= OERE)
-k AR
-AEDORL GINETE)
«BA%L y=sin x , y=cos x DI T 7KK
(B EA% A B
- IESEIE D BRI 72 EE
AR IEZEELTRIATHIE
< IEREIR D EIHER
EDWHLEDZEAL
BRI DA AL
* TPl O = B DR A5 e B
*HOHEAITSNT
T (2) ERES ()



0. 1 MR
JERE L0, MONBEEIEET 27205250580, Bz, Fo
BT, (a, IFFiHE EOS A ZEETL2HOMTYT, ZiUk, x=a, y=b ZEHL
TWET, £, Pl EOEEDOR QZRT L &1, L2 x, y OfEfE->T
Qx, & LET,

y
M
120 B TQx, y)
A :
O T(a, b) !
> X
0 a X

3R ICDOZER TIIEFE X (%, v, 2)E3ODHDOERVFET (FOLEDK) .,
TOLEDKIZL, z #ERIZLT=5HETT,

- ~N
A -4Q(x Y, 2) g
SRR ' o >
z|--— ' 2 Rttt O A
' : .
X : =< :
& LSRRI M -
=
/ e @)
Z > N
(0] y .Y N

KL L R @I DA F BT H-0IIE, SV XS ST A O (2 i)
ELERAOIRETRT x Dy i bakn3RITZEM D BAZ N LT,
IV X EOEE DR Q DIEREE Qx, v, 2)ET D&, x, YITEATHE LOEE O A
ARLUET, 2T z AR U723 ouZE M T,

14



0.2 BOERLA(h F.nFR)
7= LR OFRETIE D n o n FRO/LIZULITERBELETOT
IOV TR BRIZRRAL £ 7,
[FCE a % n fl T 72356 (a D n ), Zha a" TRLET,
T72bb, aXaXec+Xa=a" (a%nf@l#HiT5)
(B) 2x2x2=2"T7,
a®DnFERITnFTLTalllndETT,
WEoT, adnFTefB=x LT5HL x"=a=@"")" b, x=a &720FET,
Fbb, a?®n Fll=a" (a®n FtRlLa D 1/n F)
(Bil) 2 O AR CEIFHR) =212 (2 O FARIL 2 D 1/2 F)

0. 3 EATSADER(ZFEADEE)
EHIATZAOEE (=L OER) EiX. HEA =ZAEO3>OUDOESD " 3E
[ZDUWNT a*b?=c? DD SEDZETT,

4

a

-

a2+ p?=c2

S~—_ b

MDD HO LT T OIS G0E T
FTOMT, FWIESEOHEMEL, (a+b)’=a*+2ab+h? -+ -D
HEAWIESTEOEE + 420F WEMA = MATEOmHEIL,
c?+ 4ab/2 = c*+ 2ab +++©@
DO EOQIFHELLRTNIXZ 25720 DT, a®+2abtbh® = ¢* + 2ab
PE-T a*+b’=c® DL ET,

at+b

Eifi=(a + b)2 . mf=c?

15



0.4 =Att sin Bk cos O
(1) sinf &%
KOXHICHEDEMA=MAIET, mI/pERI=CIADZ L TT,

SINEDTEE

sing= <

(f5]) sin 30° =1/2, sin45° =1/N2,
sin 90° =1,sin180° =0,sin0=0
sin 30° , sin 45° DOEHIZ TFTOMEZSR L T F &V ;

1
1/V2
o)
\’ 1/\0[2 __/
E=fAR ERA-HI=fA1K

(2) cosO &1x?
XOLIIZAHE O DEA AT, EL/FEHI=BADZ LTI,

(#) cos 30° =~3/2, cos 45° =1/N2,
cos 90° =0,cos180° =1,cos0=1
—cos 30° , cos 45° DfEIX (1) O ESME,



(3) =AkonEEs
sin (a+fB) =sina Xcos B+ cosa Xsin

TSNS Z EIXTORNSL 00 £

E

~—— SinpBxcosa

B
)f~'cosBxgna
D
0. 5 =A% y=sin x, y=cos x

%L 1T, ADEHTIEW D 2 OBUEDOHOX ISR T, AMEZ DN
THMER 1 DICEE D b DT, AN NOEIZE T 20T TE#H &
W, Fx TARERY., THAER) TN ET,

AL 0 12%F LC sin 0 DEITHE—DEE DT

6 — sinf
VO RGBARRITEET, AR LEFOE T, BEBROANLEIL x, HHEEK
Ly ETD5DB /2D T

X = sinx , Xi¥ y=sin x

THRILET, y=cosx b =AM T,

0. 6 HEMERLA GIEZX)

=PI sin x X° cos x DA x DHENLNAEOLE, oRE (FlxiX2 &k
e &) LI/ 7 7ICRBILZY, BELEV T EREETT, flx
T, 2 EAE D x #ili3 e (FEE) Tsinx O x 1 TAEROTHE Ul L TIERET
TFEHA, £, x+sinx EWVWHIXEEBX R, x=30" & [JE] TRINT
W= 58 30° +sin 30° =30° +V3/2 L2 ZhL BIFERE TE £ A,

17



ZZC, E b2 b0 LT, #F 1.0 DARAODRSAEEZET, I
TEESRDOTH () ThHy, oo xtitFC Loz £,

L EE=100MEEZD E . ZFO1EIX360° THAEIZ 27 X1.0=2x T,

M &=2r
N
,,/ JET \_‘.
Beo"t —' |
\ S % 4 ,ll
Wl
E#ii’x‘r;l o0mH
ME DSy KOHBE O 1/4 DA%, (kO X H122 0 £9;
EM@E=2r/2=n 1/4F@=2n/4=n /2
=N\
A \
E£E=1.0 DA FZFr=1.0 DA

DFED, AKTFEELODOHRBADRSZME > TRTZENTEET,
ZoEE, MEAOEINAELRITDHZLE2RTTED [SUTV] L)
BN TRV E S, A& P O%IRIE,
360° & 2z (FUVTV)
180° & xn (Z¥7V)
90° & w2 (TVTV)
ASEIFFRIOOICELVWEESOHEEOINLT2bb 1 (FVT ) 2% 2 FE T,

a

Wl 77 AR DTLE DMN?
— 180° & xn (FUVTY) kb, 180 /=& 1 (F¥T V)
WoT, 177 2=180° /x = 57.3°

18



Mz 28 L=/ 360° X2=720° TT2, ZHiEX 22 X2=4x (TT )
W23 LET,
ToORIE, AELEYELIOHOMBEOXNMIZXRLTZHDTT ;

n/2
0" _got?
/ 45° /4
30° /6
. \o° 0
L 360° 2n
270°
3/2n

S%AETFEZLOOARORS(BAFSOTU) 2o TRIT Z LI LET,
HEORETIE, ZOXIRAEORLGZIMEEREEVET,
30° ©x/6,45° ©x/4,90° ©x/2,180° ©x/rdDT
sin ©/6=1/2, sin n/4 =12,
sin ©#/2=1,sin = =0
cos n/6=43/2,cos n/4=12,
cos ©n/2=0,cos n© =1
MEETHEZRBT D . ZABESLROFRE L IREL R £7;
(B) x=n/6 DL E x+sinx= 7/6+1/2 =3.14/6 + 1/2=0.523 + 0.5 = 1.023

0. 7 BA# y=sin x, y=cos x DT TR
1 OM FEFEOMFETIE TBEAM)) 12, A X st L THE 6
BN Z OMJE &2 D ROEEEIX(cos 0, sin 0) & 72 £,
sinf= HI-RILORE = H&+1= &3
cos 0= B +RBADOES = B +1= K

o)
——_ (cosB,sin8)

| N\
A |

{0J0) cond o)

sine

/

Tebb, BUMATAHE O =AZOE I sind TT,

19



ZOELE, B x ICAE0 GNEE)., Mty lZsind 272y FLET,

/2 y
(8, sinB)
1 :
sin @ lil\sin 6
o 4 0 / > X
n 5 5 >
3/2n

ZIT, 0DfEEEZD L, NEETOD y=sinx D7 7 7 R#HnivE T ;

n/2 14 y = sin X

y=sinx WO BEEUIILE RV IRLENDS VT 7 TTH, ZiUTkas RIS
HOIZHE L TCWET, 20X RBEMMELEZRTHEEZ TERRKR ESWVWET,
Kb 72D THOEAREITZ=ABFKTITOILET,

—7J5, cos 0=1, cos(n/2)=0 TH Y, y=cosx (I FD LD 77T 712720 £,

20



0. 8 {REIHLFTRAR
y=f(x) T, f(-x) = {2 SEOBE A BBIE & W vE T, 2Ty BHIZEAL
THRMEEAE T, y=cos x I1HMERETT, #it> T, cos(x) =cosx T,
—F., y=f&) T, f(-x) = fBEY SO A AR E VW ET, ZHUTERES
[CEAL TR#MGEEAE CE) T7, y=sinx (F&HFBEE T,
7> T, sin(x) = —-sinx T,
() BRI RE U TR R Bas &1 2
yEHCEAL THV IR L  XRIC x 8HZRE LTIV k4 & eI 0 £,
(f31) y=sin x

_y=sinx y=-sinx
N\ L/ L I )
/ \ \ 3 » X
e O >
\
A N am [
FYEL

881l
UEL

BRAICEALTHMGRERONE
TORO L ST, FAICE L TRk E b=x=b OKXHTEZ % &
ZOXENTIEBEEOMEOEF=0 £ 720 £3 (GEAEKOE & 1B EERO
BN ZDENDHLTBHEWVICF ¥ LT 5720),

y
A y=sin x

>

BEEH. FEHKOMHE
h(x)=f(x) X g(x), f ZEE. g ZarPE L T2 &,
h(—=x)= f(-x) X g(-x) =f(x) X (-g(x))=—h(x)
it> T, BER x FRAM=FER

21



0. 9 IEXROELRMLTAE
sinx # AfFL7-B# y=A*sinx 25Z5XF7,

VA sozpses /——’
/\Tmﬁmg) i

A (GREK)

y=A*sinx

<IEXROEXRMLZRAE>
ERL CFRUERMEYVRSNDZOEDHOREIN 1EETT,
- Zfi(displacement) : 8 E INT-NE TORE DO KX S
- IRIE A EORBDOIRDOY DRSO & T, (IRIE=HK KZAL)

MEETO y=sinx DV 77 (R_—YD—F LD T 7) a5
oz, IEETIE
KBEL & 2=
EWVOIRICZe D £,
ZHiCED, EREWHIRES] & TUEE WO MR ITEBTEET,

0. 10 AZEKKELTRETSHLE
Yem B E L TR LIS A.
CGEREITROE (H:F[460nm~500nm], FmE[570nm~590nm] %) # < L,

- IRIEIXBABZECGE) AR LET, (am: T/ A— h/L, 1 nm = 0.000001 mm)

[ 0B & & fRod |
T A AN F 5, N
(BB &) NS \4
\ #ITHR
BE
()

(IE) Zofitox=rrF—2RKTHOL L THRDREN
HYETH, THIFRICHALET,

22



0. 11 EXROBFRENKER [EE]

FTUHDICBEBDOFETEE IOV THIILET,
TDXDIHNZEIEL y=Rx)23 x BIOIED F 0T a 72T PATREILT-5G 6.
B OBEIE x=a DEZITTOBIED (0)E R EIZ/RD ET,

o T, TR ENE ORI y=Rx-a) TT,
y

4 y=f(x) y=f(x-a)

//// FATHH

WIZ, IESL OIRFRIAIHERS 2 T RIS D AT &) | TRILET,

BN y #i CIRIE=0 (F7eb b, y=0)DREICH D L LET,
DL XEZKITy=A%sinx TERINET,
EAZEM=REXREZ2OT, 4, EREOREL v ET D& X t B
(ZIFXIERRR IE R e LT vt T H A~ L4,
ol E, BEMZO R TBROATRE)] LV,
y=Asksinx —vt) -+ D
LW =AETTRINE T,

y = A% sin x 1

A >
(WA VIR & X

t ik

y=A*sin(x - vt)
AN /AL A AR
W & YT T NF W X

ESXRDETHA

23



x BT IEZE S E IR A2 R L CWET, Zhva: =AM R IZER 7

SUVERICAE T 5 &, R LA©2 ] LW ostiiro T, ORL
y=Aksin{ Qn/1)*(x —vt)} -+ @

LY ET,

ZDEE, x=q DA TOEN (F) X, OXTx=q £T5Z&I2LD,
Aksin{ @rn/A)%(q—vt)} =+« « + @
LR ET,
() &AL o@BlE, 0. 8fHi%

y
A

78

/AN 0

\\\}1;

y = A*sin(q - vt )

A
/\/\7‘\/\/\47{/_”
V7 57 \JO0 oS N

IE%EBZG):EﬁﬁH

@IZED, IO Ty=0 & 72> THGE LIZIEREN t PRICE S q 7217
AT E OIRIEA RS D E Lz,

W, BN y i THRIEL0 (T 7205, y20)DRED L X 2E X F7,
T7bb, WEHDKO XL HIZ, xBIDOF SN G-a ZITBEI LT & Z A TRE=0
Thbb, y=0)DOWREEAZZEZET, 22D a 2SS VET,

ZO L FIELEIL BB OATHE) XLV
y=A%sin (x — (o)) =A*sin x+a)

TRINET,
A, IEREOMEZ v &35 & & t BPRITITIEREITI AR E LT vt 7207
AT~ BE L E£7,
ZDEE, BEWROIEREIT B OEATESE) LV

y=A%*sin(x+ o« —vt) -+ @
V) =ABTTREINET,

24



INEVETERELT 5 L
y=A%xsin{ Qrn/A)%(x+ o —vt)} =+« @
A=

y
y=A*sin(x+ @)
A

Y /ﬁ(//\ """ 1 X
Yot NI \/_“0 X

o

t ik
y

A

y=A*sinx+ @ —vt)

A
/\/\r\/\/\//\/“x
WA B L R A T

ESXRDEITHR

0. 12 REISDIEMICKDILDELEDEL

JEFSEIEDN D BIRITCIZIAA Y £ T8, ZORE A (5 ) [ ZEREC v i
BB L E T (DR GEEN 212 EIRIEA/ NS < e RIS 2 5] L0 )
HIzDEZDOZ L EBREETTE),

o T, HROWIRE A L5 L. KED D r £ MR- LA TO
JEDIENLI

y = (A/r) *sin(r — ct) ( clTIEeDHHE) SN
TRINET,
IMVEETRIRT D &

y=@A/m) *ksint @Qn/A)*%(r —vt)} =+« « - B’
LRV ET,



0. 13 EXKEDERK
EREEOE IR ZEICIDIRD BT 550 5D L FT,
O NAHENZWGE ., 200K IZHROAEWVET,

A

vy /\/\‘

4 .

2'313(

i 2”:, \/f> E15HE
1R

@ RLAHZEN A /2 DGE . 2ODKITB AWy LS ET,

N

*%&E%

o

/\ /\ . KliEFvotILEhd

22

> Bube

1/2;‘&E

@ MAEPOLQDRDOE AL, B RSN IR OIRIEIFFEO L ET,

BXYL O XEBBLI-EDERK
S ICEFANITII AR ZE 2N D T, FOARRITRD HILET,

1
- %

MR FD eI T BREE O 22 DALARZED AL | O A KL
FIOLINET,

26



0. 14 AP XRU=AHBHOKIBER
AEECHERAT 5 HDIL TR T ;

B =ARROB I EEH
cosx =1 — x2/2! + x4/4! — x6/6! + ---
ZZ T, nlEIX2X3X + » « Xn TT (21=1X2, 41=1X2X3X4 72 L),
RERIFEME L £97,

Sin X =X — x3/3! + x5/5) — x7/7! + «+-
FRIZ, x BPIFFIT/hS N E E | sinx = X
ZHHREIFIERE L E T,

B _IE DR
p WhENEE (1 — p)r = 1-nkp
() p=0.06,n=2 D& =, (1 — 0.06)2=0.8836, 1—2*0.06=0.88
p=0.06, n=1/2 ® & %, (1 — 0.06)12=0.9695, 1—(1/2) % 0.06=0.97

AE AN L £

0. 15 ADARERKITDOVT
PRRaOME EOREX, yYETDHE, EXITTAOEHND
X2+ y2 = g2
DN LET, Zhe¥taOMOlENXNESWVET,
y

A

-a 0 X a

27



0.16 LT (DEWA(J)
(1) M & ke
HER &1, &R VDORETEESR T 65,
() 451 a, ay, a;, - - -, a) ITEEBES T,
Hge L X, 22> TUIN B DR WIREETE Z I H L2,
() 0=x=1 #Tii/=79 xR DELS RITFEEK)

(2) ¥ 7~ () L8 (f)
W7~ (X) 1%, BEE iR a2 Nz b & &2,
() at ayt a;, ++ « ++ a= Xa, (k=1, 2, 3, + + -, n)

Wiy (J) 13 ERRdR e A s & I,
(B1) FOKT x2S a=x=b 2L D & & () ORI
SOV O ERIC 2D £

A y=f(x)

f(x)

A4
x

0 a X b

INERODHTZDI2IE,. K la, b]ZMr<fMoy L TENE
AXi(izl, 2, c oy, n) & L\ijéo
ZOELEMSEENT-REFEOEMIT f(x;) X Ax; L7220 £1,

0 y=f(x)

AT

X \
0 3)3(12 % an

T 5L, HEWEIROBmEOTEMEIZ, Mok sk HFEOm
> (f(x;) X Ax;) (i=1, 2, + + +, n)
L7 ET,



ZIZT, MEAx /S LTV &
2 (f (Xi) X AXi)
T EE AWV RO EfE 7 mfEI S X £ 9,

X (F(x) X AxDIZEWNT, MofbAx 2R < /ha Lize X
YiERER e (FEar §) &0 Ax ITEERR/Ndx () &7V ET,
Tobb, Ax—0DEE (DFHRD 2 <E5< OER)

Y (fx)XAx) — [fx)dx (a=x=b)

L7220 HAOHEMOmEICF LR £,

() ERR/N : —ETEE, B RPNV EDZ & TT,
REETIEd ZHEWET, X, A x OMER/NT dx TT,
Tbb, x 2RV 2 0IESIT L 2x—0)., x D% dx
TRLET (dx#0, dx RV 72< 0 IZEWA 0 TIEZRW 1),
SRR/ DR T b O BIRITANT L E T,

() x=a*kw (al3EE) LTH&%, dx=akdw

VU CHEfgITHE D T

29



1. I7)—OmXOABMEN(ZD1; AKEEOD)
1.1 ZRTOEERK, y, 22DFEA

2P r=a DXL U AOE S A £ LU, A x,y JERE ZIUCTERER
iz z e LET, ;LR EOMTEOROEEE QKx, y, 2L LET,

G
f R IR

:::::::

1.2 EREEDOE P AQORITEOHKXRIR
RO X G A b 72BN LB ROE O R A2 P EL, XL X EORED
QK y, 2 EDIEEEE q LLET, A QK, y, 2 TONDIRIEE A, fifiE o LT 5HE
X, QD P ~DOEHTHEO A P TOEAIL, 0. 11£0. 12Hi0@° , &’ )15
A/ *ksint @x/1)*%(q+ a—ct)} ++-®
EIRVET (c ITIEDHE),

(A/a) *sin{ (2n/A)* (q+a-ct)}

QM BPAD EH Y4

I
f AR R B

AR

\\\\\\\

30



KK GEDOLA L >a (A X 0RO a IR THREVD) DT
q =f
ELT, AWITADICER X D Z LN TEET CERM D ORI ZEN
INEWR BT S S (IRIE) 135 ELEDLRNDT),
TbbH, @i
(A/f) *ksin{ Qn/2) % (q+ a—ct)} @
ETAHZENRTEET (),
(JE) 22T, sin DD qII fICEHRZ 52 LITTEEEA, ZOEHIX
q (ZIE@ 7/ L) EVIFEFITRE 2 I (10D HNT BT CRAZESM IR T& /<
2AMBTT, (A =500nm=500%10"m 95L&,
27/ 2 =2%3.14/500 % 109=1.26 % 107)

WIZ, q 2245 £, b, x DT TET L,

q= f— bx/f
EIRDTENIRENF T, HlZIE, S P AESRSIE b=0 22D T g=f TT,
MLQ DBRHL RO FLRGIE x=0 72D T q=f T, s Q DXL o XD
x=—a2biX, q=f—b(—a)/f=f+ba/f (FT72bbH, EAHEHfLVLERD) LD
F4, Fol 8 Q L L RO RO x=a 7251E, q = f—ba/f (bbb,
FESUERE £ Kb e s) LR ET,
q= f— bx/f BV HZLEDOFEIIFER1EZSRL T RS,

o T XL X ED A Qlx, y, 220 BE ST ED 5 P, 0, 0)~D
FEIHT DR P COEAIL, DT q=f—bx/f ZRATDHE

A *ksint @/ A)(f — bx/f+ a—ct)} +++@®
ER0ET, ORT Qlx, y, 2D y JEAEIZER LW EIZEE,

ZOMWEEMALC, OB T XL X0 8 Q 20, y Sl A 772 Wi
5L PAZEED RGO AR EROET,

31



1.3 PLUAD y BHICETLRE, DA P ICEDEFR
ZIZIT A QEPEEY, y AT P L oW A R CAET,
y1, y2 (3. Q ZIBEAWTHE SKHL o~ XD i, Ll iebneExd y DT,

[\ RQEPERY. yBAIFATRFE
(A/f) * sin{ (2n/A) * (T= =ct)}

QM BPAD A H
o

1

FESUERE

KL XD HEK TERITHE, TOXDOIHZ/2DET, Q ZBDWra T y sl
TR EARERY . (x, y1), (x, y)IX B E R,
NG V)

Q

-a 0 x a

_...---"""l X, Fl}

(x, y1), (x, y)ITEPE a OME EcHHOTHO G x2+y2=a2 ZiiizLx9,
F7ebb . x2+yi2=a2,x2+y2=a?
y 1ZDV VCﬁ’q‘K&\ y,= i(a2 — x2 )1/2 , Vo= i(aZ — x2 )1/2
y2>y1 7RDT ya=+(@2 — x2)12, y;= —(a2 — x2)12
o T ys — y1=+@2 — x2)12 — { —(a2 — x2)12} =2(a%2 — x2)112

FThbb.y, — vy =22 — X2 )2 -+

32



— 5. TORIA Q Zi8Y y AT/ I AW m 2806 B7-H 0T,
CITHERTREZLE. 1 2Dy £TO PIZEARIHENERESITET

QM EPADEIHHD RPTOHE(L
£ 5 BE R 1R (A/f) * sin{ (211/A) * ( f = bx/f + a— ct) }
ETABRE DK@
YA
\ 2TRILES=f
Yo

T72bH, y1 1D y2 FTOR NS PIZEDREITED P TOENITET
(A/f) % sin{ 2/ A)(f — bx/f+ a— ct) }

IZEFELL2DET,

BEoT, y1 DD y2 FTOHKHENS PIZEDRIITED P TOEMNDOEFIT
(y2 — y1) XA/ *ksin{ @7/ A)(f — bx/f+ a— ct)}

ERRVET, — . ORIV, y, — v =2@° — X )2 DT

y1 225 y2 £TO PIZELEHTHDO P TOEAMOAEFHE
2(a2 — x2)12X (A/f) *sin{ @/ A)(f — bx/f+ a— ct)} ++-@

ERVET, ZNEKRTHE, TORDIINTRET,

N RQEPERY. yEAISTATRFE
Qlx, ¥, 2) 2(a% - x2 )2 (A/f) * sin{ (2n/A) * (f - bX/TFo=—et) )

Y A




1.4 HPLOAO y BICTEITEHEA LR P ICRSEHREZRLENRS
SEE B DD THRET,

2(a% = x2 )12 (A/f) * sin{ (2n/0) * ( f = bx/f + a=-ct) )

A-__riiiii ,—‘_b‘
T EAER >

ZOLE YL XS EEEDO R P ~OBEHHEE TORO ISR 5T T
T L ADHK DD P ~EDEHTEONEITRIC RS TIEHY £ A,
OXOHFDO( £ — bx/f + a— cthd P ~EEDEHTIEOMETFREET T3, J)EE%E
IO+ a— etV )HImEr e, — bx/f LVIHYEFNER RSV E T, BEERIIL, &
BT DONBRELZEIRLET,

BIZIE, FOKTHYL o ZOHF NS P~ O e FiF L x=0 Xb
(f+ a— ct) TT, ML XD x=—a b P ~O RO e BEEE X
(f—b(—a)f+ a— ct)=(f+baf+ a— ct) &baf ZITEIRVET,

XL XD x=a 125 P ~OEHT HEOHET FEEEI(f - ba/f + a— ct) &

ba/f 72 HELRVET (FREZZ]),

ERIEMEFE YL o RPAESEHTH
ETAHHKED KA DEXBIFECTEBYFEEA

B ‘ f - ba/f + a—ct

X A

34



ZOIDNT x BT ISR > TEHGICHEBREEEb /NP ELHT LTI, ZbD
A RRORNE CEOM DI IFIZALLET (0. 138 IERFEDOAEM) . ZAUHEHTEIC
AN AECHEH T, Ll OB SLONLE LSS 2 IEMEIZRD 5121
HUTLDRIANLETT,

1.5 @AYPLUoXLENMSEA P ICESEFTE
1. 3. 1. 4HiTiL, XL XOWE NG P IZEL T EE 2 LN
ST L o R BRSO R EE % £,

AWML X EEDLPAD B K

(=hici s

o3t

\ ,r/\\A
5
-

1. 3HiTRD7=
2(a2 — x2)12X(A/f) % sin{ 27/ 2)(f — bx/f+ a— ct)} «--@

I, R Q EBDMEDT AL DB P ~OEIFT 2RO P COEAMEF
TL7,

ﬂ%l/‘/}(“éﬁiﬁgﬁ P IS RIITHRAROEN A FHE, A Q ZlDHED

TA % X Zh > T—a 2D a FTEHMIZE(LSETLEDWOWXDEDF,
FTROHBORD x (2T 2855 ([ ) TREVET FE2130. 16Hi2ZH) ;
f2(a2 — x2)12X(A/f) %sin{ Qn/A)(f — bx/f+ a— ct) }dx @

(fHL, O OHIE, —a =x Za )



OZEFTeDITAE LB LET,
ADITER/2DT, B FEHOIMI T ET;
f2(a2 — x2)12X(A/f) %sin{ @/ 2)(f — bx/f+ a— ct)} dx
=2(A/)* [ (a2 — x2)2%sint @ /A)(f+ a— ct — bx/f) } dx -+ @
ZZCREGTRL T D DI
sin{ @7/ A)(f+ a— ct — bx/f) }
WIERLET,
ZIZT.(E+ a— ct — bx/f) 1L P ~EEDEHTROMET BRREE T A3,
ZOMEEHI(f+ a— ) EVHFHBRIABS &, — bx/f L) b x DEIZIY
LT ORBES DN ET, COTRIFADILBED 1D EHTEBEEH
HLET,
ZZT BB S T M, ABESE N LESET,
I72bb M=f+ a— ct, N= — bx/f £LT
ZABBDIMETEE(0. 4810 (3)ESW) 21454,
FEITRL T DR DO
sin{ @/ A)(f+ a— ct — bx/f) }
(TRDOIHIZM EN DEOEEMIZHBETEES;
sinl@n/A)(f+ a— ct — bx/f)}
=sin{@7/1)(M + N )}
=sin{27/2)M+ (27/2)N}
= sint(2 7/ L)M} * cos{(2 7/ )N} + cost(2 7/ A)M} * sint(2 = / A )N}
M DIE N DI M DIH N DIH
=sin{ 27 /A)(f+ a— ct) }*kcost (27/1)(—bx/f)}
+ cos{ @n/A)(f+ a— ct)}*ksin{ (27/1)(bx/f) }
cos [MHRAEL, sin |3 a7 REE (B BI%, #TRE%130. 2. 8EiZ M) 2D T
=sint @7/ 2)(f+ a— ct) }*kcost 27/ 1) (bx/f)}
—cost @/ L)(f+ a— ct) }*ksint 27/ 1) (bx/) |
E->T, @A
200/H) % [ (a2 — x2)12%sint Q7 /A)f+ a— ct — bx/f) } dx =
2(A/0) ksint @/ A)E+a—ct) } % [ (a2 — x2)123kcost (2 7/ )(bx/f) }dx —
2(A/f) *k cost 2/ A)(E +a—ct) } % J @ — x»)""** sin{ (2 W/ Abx/f) Jdx- - @
A E

36



Tabb | L XEEDNS P~ [t as e 2@ L 7y 28 0 7R O
SMTHIT ZENTEELL, Le MAMEBERIABESTOAEINIE L,

ORIFT— REHETT N, BLREZ LIS
J(@ — x®"2%sinf 27/ Dbx/f)ldx=0 ===={

MNRIT DN REET,

T V=D LTI, TN THIEITDONT,

[AIZALDNTRRNL L ET, TOH T2 TOEDMIL, T EHHENELVA D
IRV SN TY, JER X THYE T,

WO OHFORDOA—wDV2D 7 Z7 XM E D E-43720T y #hIZBIL TxrlFr7e RS
B (BBIE) T3 (RBI%, ARz DWW TR, 0. 8HiZZ ),

(1 —wdyv2
]

i

{ \
d |
-1 <

Fz, sind @7/ 1) (bx/f)} (TFAICBIL TR CT (T 70 bh, w B0 .
#E-7C, 0. 8HiILD, (a2 — x2)123ksin{ (2 7/ 1 )(bx/f )N, JFAUZBIL TR #72 B %%
T3 (BB X w7 A% =4 B30 .
JRRIZBE L CxitBrZe s —a=x=a ORMTE X 5 £0. 2. 8HiLY
TORXBATIIERDOED &E=0
LD ET,
ZDOXHEINTD(@2 — x2)123%ksind (2 7/ 1 )(bx/f )} DEDEF &1,
J (a2 — x2)2sksint (2 /1) (bx/f )}dx
DZETT,
LG,
J@ — x®"2*sin{ 27/ Nbx/f)ldx =0 ===
DRSNELIZ,
1E->T, Q=%

37



200/ % [ (a2 — x2)12%gin{ Q7 /A)(f+ a— ct — bx/) } dx =

2(A/0) ksin{l @/ A)f+a—ct) 1% [ (a2 — x2)12%cosi{ (27 /1) (bx/f) }dx ---

EIRNET (B OHPHIL, —a =x =a ),

ZZTC.xla=w, 27/ A1) %kbalf=n LELE, -1 Sw =1 THY,
nw={(2 /1) *kba/f} * (x/a)= (2 = / 1 ) (bx/f)
F7-. x=a*w LV dx=akdw. T,

PE-TB 1%
200/H) % [ (a2 — x2)12%sin{ @/ A)(f+ a— ct — bx/f) } dx =
2a2(A/f) *sinl @/ A)E+a—ct) } % [ {(1—w2)12%cos nw } dw *+-@"
ER0ET, (B OfEHIZ, —1 =w =1 )
(1—w2)12 . X cos nw 1ZEHHY y #ilIZ6f L CTRFRZRD T,
@R OHPAZ 0=w = 1] TRDIAED 2 fFL7R0ET,

-,
2/ % [ (@ — X2 )2 *xsinl 2/ N(f+ o ct — bx/f) }dx =
42%(A/F) * sin[ 2 7/ A(f + a—ct) } * [{(1—w?)"?* cos nw } dw =--@D

(FEHDOEAEE. 0=w =1 )

E7R0FET,

38



<1. 5HiDFEEDH>

XL o ARG K PR DT RR DAL G EHT,

200/ % [ (a2 — x2)12Xsint Q7 /A)(f — bx/f+ a— ct) fdx +--@
=2a2(A/f) * sin{ 2/ 2)(f +a—ct) } * [ {(1-w2)123%k cos nw | dw
LRV ET, (B OFIHIL, -1 =w =1 )

¥, WO OHEZ 0=w =1 £T5HE,

2A/H) % J (@2 — x?)"2xsinfl @/ N(f — bx/f+ o~ ct)}dx =@
=4a%(A/f) * sin{ 2 7/ X + a—ct) } * J{(1—w?)"** cos nw } dw ===
<9, {HL. w=x/a, n=(2 =/ 1) * ba/f

BAPADEFTADPTOEMDEE

w

w=1 "

LY X LD BPN DB %

y/y
\
[

X, ¥

MzEA

/ ERE

FEOREEND KL AR P ICES R EEIRDO N AR
RDOHI=DITIE, TS S {(1—w?)"2 % cos nw } dw DEFENEE T,
ZZCIROET CIORE T DiEE RO ET,

20A/F) % [(a® — x* ) ¥ xsinfl 27 /A) f — bx/f+ a— ct) ) dx =+«
=4a*(A/f) *sin{ (2 /A Xf +a—ct) | * [{(1—w)'""*cos nw | dw -+~

@

39



1.6 FH J{1—w)"?*cos nw} dw DEE

ZITIE FEY w21 2kcos nw fdw (B OFPHIZ. 0 =w =1 )
ZRDET,

ZDFEE RO D ITEICHONWTET ) — DR LTI,

2ODIRIED HFE N RIILTOET N PO EITEL TERDO D #H > T

T, 200RIEE L, XD HREREME TIEE cos nw R EURBAT 5
FiETT,
ZZ T fRED—>ThDHIcos nw BRI HAE IOV TRIALET,

B B9 J{(1—w)"?* cos nw } dw D cos nw Z#RBERT 55 %

cos nw ZHRAUEBAT 5L, 0. 148k

cosnw =1 — n?w?2/2! + ntw#/4! — nbwb/6! + -
- T,

J1(1—w?2)123k cos nw § dw

= [{Q—w2)12%k[1 — n2w2/2! + n4w4/4! — néwé/6!] } dw

= [ (1—w212dw — nZ2!X [ (1-w?)12 w2dw
+n4/4! X [ (1-w2)12widw — nb/6! X [ (1-w?2)12 wbdw

ARISN

f(1—w2)12dw. [ (1—w2)12w2dw. [ (1—w2)12widw. [ (1—w2)V2 wbdw

EWVIADDIESy FE OFIPHIL, 0 =w =1 ) ZRDODLZEITIFAELET,

BOO#MIL. 0 =w = 1720T, w=sin 0 LEHTHE, 0= 0 = /2 TY,
T x DR ER R T D8,
JA—w212dw=1[ 0/2+(sin20)/4]1(0=0, =/2)= =n/4
fAQ—w2)12w2dw =[0/8 — (sin4 0)/41(0=0, =/2) = =/16
JA—w2)12widw =[0/16 — (sin2 0 )/64 — (sin4 0)/64 + (sin6 0 )/192 ]
= n/32
f Q—w2)12weédw = [ (1/3072)(120 § —24(sin4 6 ) —3(sin8 6 ) —64(sin32 0 )]
=607 /3072 =60 7 /(43X 6 X 8)
EIRVET GRFOFHEIT F8]3 25 H),
E-T,

40



J1(1—w?)123k cos nw § dw
= [ (1—w2)12dw — n2/2! X [ (1—w2)12 w2dw
+n4/4! X [ (1—w2)12widw — nb/6! X [ (1—w?2)12 wodw
= n/4 — n%2!X 1/16 + n#/4! X ©/32 — né/6!X 60 /(43X 6X 8)
=7 /4X{1— n2/(2X4) + n4/(2X3X 32) — n6X60/(6! X 42X6X8) }

=1 /4X{1— n2/(2X4) +n#/(2X42X6) — n6X60/(2X3X4X5X6X 42X 6X 8)}

=7 /4X{1— n2/(2X4) +n4/(2X 42X 6) — nb/(2X 6X 42X 6 X 8)}

= /4X{1— n2/(2X4) +n4/(2X 42X 6) — nb/(2X 42X 62X 8)}
ERRVET, T,

J{1—w»"? % cos nw } dw

=/4x{1— n?/(2%4) +n*/(2%X4*%X6) — n®/(2X 4 X6 X 8)H+== [©
MO SEHDZEN RSN FE LT, ZHUTEY n IZEEZ A1 5E
FE4 J{(1—w2) 23k cos nw | dw DEZFHETAZENTEET,

—---(BE) -
b DDA
N= f{(I—w)"* % cos nw } dw LT H&& N MBI e
N + (3/n) % dN/dn + d*N/dn* = 0
DIRETHHZLZ R ZETY, ZHUL, J=nkN EEWTRAZEL .
n*kd*J/dn* + n*dJ/dn + (n*~1)] = 0
DI CHLZEZRLET Gl 84 25H),
ZOWSy TR, IRE=1 OOy TRERE S b, FORMRE I
J)=2 D n™ /@RI (k=0, 1, 2,+++)
THALNLZENHONTNES, 22T k=0, 1, 2, 3 &5,
Jn)=n/2 - n?/(2°%2!) + n°/(2°% 215 3!) —n"/(27 5k 3! 5k 4!)
- T,
N=J(n)/n=1/2 — n*/(2°% 2!) + n*/(2°% 2! %k 31) —n®/(27 %k 3! 3k 4!)
=1/2-n?/(2°%2!) + n*/(2°% 2! % 31) —n®/(27 % 3! %k 41)
2N =1 = n*/2% + n'/(2° % 3!) -n°/(2° % 31k 41)
=1 -n?/(2%4) + n"/(2 2" 6) n°/(23k 4%k 6°% 8) ( =2J(n)/n)
ZIVTN OEDSKREVET,

41



1.7 &9 @/ % J{(1—w)"?*cos nw}dw DIEDTSTERT

5 P()=(4/ )X J{0—wH)"?*kcos nw } dw FEHOFFHIZ. 0 =w = 1) DHE

FHETHETORGE) DINTRVET (n=Q2 /1) *kbalf) ;
(JE) ZoF ik, @IV EE O @O T LA TEHE (O 0=n=2.0 TIEHE)

n @ in) n P ind
0.0 1.0000 6.0 —0.0822
02 0.9950 6.2 -0.0751
04 0.9801 64 -0.0568
086 0.9557 6.6 -0.0379
08 0.9221 68 -0.0192
10 o.88m 10 ~0.0013
12 0.8305 12 00151
14 0.7742 74 0.0296
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kE:} 0.0087 98 00190
40 -0.0330 10.0 0.0087
42 -0.0660 10.2 -0,0013
44 -0.0922 10.4 -0.0107
46 -0.1116 106 -0.0191
48 -0.1244 10.8 -0.0263
50 -0.1310 1.0 -0.0321
5.2 -0.1320 11.2 -0.0364
54 -0.1279 1.4 ~0.0350
56 -0.1194 116 —0.0400
58 -0.1073 118 ~0.0354
6.0 -0.0822 120 -0.0372

INETT7ICFKRTHE, TORDOINIR0ES, B OFMIE. 0 =w =1)

1.0000

0.8000

0.B000

0.4000

0.2000

0.0000

-0.2000

o (n)
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EOO&EHEZ, —1 =w =1 752, @I FEROIIC n=0 ZH 0N kTG

7T ET,

®(n)

1.0000

0.8000

0.6000

®(3.832)=0

0.4000 | = @(n)

0.2000 T
0.0000 |

o
H

-0.2000

“oC ARSI MANAN e O\NOS O
e B DR A -t

T, L L R ERDE 8 PITHED T I RIR DI AR

4a2(A/f) sk sint @ /L) +a—ct) } % [ {(1—w2) 2%k cos nw | dw ** 1)

DOFEL Y ([ 1(1—w2) 123k cos nw | dw) D EARHIZEA R EVEL -,

DI T 7% ADHED()=0 L7025 n HEDIKLFEAEL TWET, Filx i
B — 7B AT n=3.832 D3R ANT 0 L7220 FE T (P (3.832)=0),
1. 5fid&D n=(2 n/ 1) *kbalf 72D T, Zik b IZ OV THE &
b=n* L/(27)*fla=n3k A/(27)%2%{/(2a)

KL XD ORE D ET5HE, D=2a 72D T
b=ns* A /(2 7)*2%{/(2a)=2n* 1 /(2 1) *f/D
=2X3.832/(2X3.14)% L *f/D
=1.22 4 *f/D
ERRVET,
HiEEOE R E F L3258 F=f/D 72D T ORI
b=1.22 A% F

EREET, ZHERITBRO P ROHADLNT AR (2T V=T 4 R7) DH¥E 2 KDL

ANEIRET (RE RO P.8 25 M),
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1.8 SOEELIT?
ANEDOIRIZEE U AW D5a XX o ) TERINFET,

WOCOFRE LT ?
DTN F—BEIRTHDO T, BALO _FDFHIETT,
TbbH, KDOFE TR LF—FERTHEOTHEDOEERET,

W% EA%IK y=A%sin x EL7=2E& AL —F L y=(Asin x )*
ZDTIT7IE T OLEKITIRDET,

y=(A*sinx)?

Ya 2
y=A%*sinx w A Kk

27 3

ZDLE BALD ZRONYEEL RO DL
A%/2
ERVET GHREITE) .
AL T D7 Z7 OEMEDFEEEZRL TWVET,

IAAAN
[V V VL

Tt 27 3T

ER/VPISN
DT E=(RIED —3)/2
T,
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1.9 EHBDOXDHRE
A 1. THIOR R (O &l

HPILUXLENCRA P ICRIEHRALEDILDAE
ZRDET,

KL o ARG R P DEHTERIRO LG EHET, O D
4a2(A/f) % sin{ 2/ L) +a—ct) } % [ {(1—w2)12%k cos nw | dw
=4a2(A/f) % sinl (2 £/ A )(f + a —ct) } 3k (7 /4) * @ (n)
={ 4a2(A/D) % (2 /4) * ®(n) } sk sin{ 2 /A )E+a—ct) }

EIRVET, Tebb, iR = 4a2(A/f) * (1 /4) * ® (n)

ZOETFEDIEEE (LT D&,
I(n) =(RIED —3)/2 = { 4a2(A/f) %k (7 /4) * & (n) }2/2

BL. ®()=1— n2/(2X4) +n4/(2X 42X 6) — nb/(2X 42X 62X &) ++++

1(0) = { 4a2(A/f) * (1 /4) * ®(0) }2/2 = { 4a2(A/f) * (x /4)}2/2 72D T
[(n) = { 4a2(A/D) % (7 /4) * O (n) }2/2 =T (0) %k { P (n)}2
ERAYSISN
I(n) =1(0) * {® (w)}2
i) AYA D=

{®()}2 DELZFHETILEREDEDIIITRVET,
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@ {n} Pin) P n) Qrin?

-12 -H0372 00014 oo 1.0000 1.0000
“11.8 -00394 00016 0z 049950 0.9500
-11.6 00400 000G 0.4 D901 D960
-11.4 —10%40 00015 i3 DAagaT 09134
-11.2 -00364 00013 08 nazz 0.8503

-11 -003 Qa0 10 ET 07746
BT -D0283 0.0007 12 0 8305 06897
-10.6 -0a1e 0004 14 07742 050494
-10.4 -0.0107 01,0001 1.6 07ng4 L5078
0z 0013 o.0000 1B 0461 04174

-10 00087 L0001 20 O5TET 03326

Y 0.0190 0.0004 22 05064 02554

Y 00201 00008 24 04335 0L1B78

oy 00387 00015 26 0362 [XEE]

oz 0073 n00z FT) 02927 00657

" 00545 00030 an 02261 00511

8 00600 00%e 32 01633 0.0267

b T 0040 ad 01054 oaii

Yy 00645 R a6 00530 n.o02e

T 0.0628 0.0040 48 DaD&7 0.0000

" 0.0587 00034 40 il o

EY 0.0516 00027 4 il L 2.0044

-16 00418 0008 44 ~gpaz 0035

= 00290 00008 48 011186 L0126

= T o002 48 01244 0015s
- 0013 55000 50 0.1310 o7

-8 -00182 0.0004 52 01420 o

—6.6 00379 00014 a4 0127 oo

0 T T 5 -0.1184 o142

5§ -0.1073 IR

-6.2 ~00751 0.0056 — 0a02 008

=i =002 Q0085 2 0051 20058
=58 -0.1073 00118
64 -0.0568 0.0032

-5.6 -0.1104 00143 o5 T SooTa

54 bl noes [T -0 52 0.0004

-5.3 -0.1320 0017 = =y T

- 01310 00172 12 151 00002

-48 01244 00158 ¥ 00 2000

-46 01116 0012s 75 BT Loo1E

—44 —0.0922 daiead 78 00516 00027

42 ~0.0660 0.0044 = T D

-4 0330 0.0011 a9 Daks 0040
a8 e il 84 00645 DOD4z

36 00530 H.raz8 a8 00634 D.0D40

—34 10,1054 oo 38 20800 20035

-32 10.1633 002ET a0 D545 00030

3 0.2261 00311 ¥ no472 0.0022

=18 0.3827 00857 o4 DO3ET 005

—26 034622 orang a8 0oz D.000E

-14 0.4335 01874 ap [oiEn 00004

-2.2 0.5054 0.2554 100 0anET 0.00al

-2 05767 0,332 F 0,003 00000
=1.8 0. 6461 04174 104 -ann? 0.onal

=16 07124 0.507% 108 a.oie 0.0004

-1.4 0,7742 05994 108 0,063 nopar

-1.2 06305 0.6897 114 -0.0321 00010

-1 08401 0.7746 12 -0.0364 00012

-08 08221 0.B503 na -0,0390 00015

06 08557 0.9134 118 0.0400 00016

04 0,880 0.8606 A -1, 354 00016

02 08850 08900 120 -0.0372 00014
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(O OMEELTHTEDOEZMEHT 5L, 1 I —7DfE% 1(0) T 5%k DIH 7
DT 7120 F1,

(0) I(n)

>

I

‘----‘

ZOT X EIHE D DOFRE /3 AR 2~ TONET,

CDTT7VE, TNETORERERT 2 iz BT O E [ Ol L7854,
TOR DI EFRTHIET,

Qlx, vy, 2)

YL XLENSPAD B

PEXELICEIMLI-EE
AP XLENSD
EHFFEDBREDNT ST

ZORNWTT71E, x B EDOBRIFFRDEBE L RL TOET,
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AN, XL XTI RO T ZOEIFTEOFRE 1 O7 T 711 z BhdD B8R
[ZRUTRICIZZRD £ (RDK), ZHuckh TEREOICESEH ) 135050
L7,

B D& E D5

ZEZBAL T

1. 10 £REEDOR P ERYPLUOXDBLIASDOEETERT

INETEREEO R P DM EZERNODORE b TEX TWELMR,
KBTI A CEZ R T ZENZ OO T, LSO AR A 2s L8
RESORRZRL THET, PIEEFDEOE SROTHYIL o XD FLh6
J P ETORRREX (O S ERE) T3,

ZoEE, A s(BA) BIEFIT/ NS, sins (£, sin 17 O s fi%
EZEZTRWIAE) DT,
b="fksin(s) = fksin(s*1”) = f*s*sinl” E-T,
n=Qx/A)xba/f) = Q2x/ L )kax(fxs*sinl”)/f) = (2w / A )*(as*sinl”)
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sin 17 = 4.85X 10 72D T
JEDW R A =540nm= 0.000022 (1 F)=2.2X107° (A F) LT DL,
n =(2 7t / A Px(as*ksinl”)=(2 X 3.14 X 4.85X 10 %)*as/ 2.2 X 10°=1.3846%*as
16>, s=n/(1.3846%a) (FA) ----@®
720 ET (a DHALTATF),
(7£) 0. 148D PRI, x BIFEFIT/HhSNEE | sinx = x
HEoT, u, x BIEFHIT/NSNEE
sin(ukx) = wkx = wksin x D3N,
u=s, x=17 LE< &, sin s = sin(s*1”) =s*sin 17

[EPHED FLODNERSY, T2 T —T A A7 0280, BT O TR A
WINZ 0 &72% n TF, ZHUT1. TEIOFRNDIT 3.8 (T THAHZEN D ET M IEE
IZRDDHE, n=3.832 T, ZDEE, W5

s = 3.832/(1.3846%a) = 2.76/a
ETRDET,

TT V=T AT DIEDR T2 HEZ AL, 9FIDE T ¢ (0)*=0.5Hn=1.6 TH
(¢ (1.6)=0.5075) , T &% EfMIZKDHDHEL n=1.616 72D T® X725
s=1.616/(1.3846%a)=1.17/a T,
BAIDV T DEHBHDZWE L, 1. 98I0 NS n=5.2 TT (¢ (5.2)=0.0174) ,
INEIEMEIZR DD E n=5.12 72D TWORD D 5=5.12/(1.3846%a) =3.70/a L2V ET,
ZOLEEDJ DS, B =27 DK 1/57 TT( 1(0)x {1 (5.12)12 =1(0)/57 ),
FIRRIZL T FOWITKEL 2DV 7%, n=7.14, s=7.14/(1.3846%a) =5.16/a T,
BRI 7 Db BHAUER Sy, n=8.43, s=8.43/(1.3846%a)=6.09/a.
ZOEEDHDRETL, B —2DH) 1/240 T (1 (0% {P(8.43)}2 =1 (0)/240),
WATHEL 72 D) 7% n=10.17, s=10.17/(1.3846%a) =7.32/a T,
=BT 7 DR ARSI, n=11.63, s=11.63/(1.3846%a)=8.40/a.
ZOLEDFOIRE|T, B —2 DK 1/620 T (1 (0% {®(11.63)}2 = (0)/620),
() SLamdE D N £E D=4 AL F7251%, a=D/2=2 72D T

TTV—F 4 AT DAL 5=2.76/2=1.38 F0F4

BTV 7 OBV DHAR s=3.70/2=1.85 4

WITHEL 72DV T DA 5=5.16/2=2.58 Fo-F
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5B T O EB DV O s=6.09/2=3.05 F0 A
WITHE 2DV 7 DA% s=7.32/2=3.66 F0 A4
5 =BT T OEB LU O s=8.40/2=4.2 ) f4
(FR¥E)
PREOERALE F LThL 2TV =T A ATDY2E b (EX) ZRDHARIL
b=1.22 A% F
TL7, 22T, F=t/D T9,
hEIE s () 2RO DL L THET,
b=f3k sk sin 17 720D T frsksinl” = 1.22 1 3k f/D
PE-T,
s= (1.22 1 /D)/sin 1”7 = (1.22 ¥D)/(4.85 % 107°) (Ff4)
ER0FET (DT EmEED O£,
Thebb, =TV —FT A A7OIL, DRSO B SRR LEE A,

W, ZNEINE S (VT ) ICE#L THET,

s= (1.22 /’D)/(4.85 X 107°) (FhfH)
=10°/4.85%(1.22 1 /D) (#£4)
=1/3600%10°/4.85% (1.22 1 /D) (FF) <1 F>f=1/3600 FE
=7 /180 1/3600* 10°/4.85(1.22 1 /D) (F¥TY) <1 E=n/180 7V 7T
=(3.1410%)/(180X 3600 X 4.85) % (1.22 1 /D) (F¥7T )
=(3.14x10%/(1.8X3.6 X4.85X10°) % (1.22 1 /D) (¥ T)
=(3.14X10)/(1.8 X 3.6 X4.85)% (1.22 2. /D) (F¥TV)
=(31.4)/(31.428) % (1.22 1. /D) (F¥T V)
=1.221/D (F¥TV)

ETR0FET,

Thebb, KOWEL L, BEEONREEL D L7258,

TV —F 4 AT D58 (8 FE) 1T VLTI,

s=1.22 VD (SVFV)
ERRVET,
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----(BB) - -
<ANyt)LEHEDREFR>
TTU—IZ LRGSR,

n=Qn/A)asins &I HEX,

I(s) =10) % {1— n®/(2x4) +n*/(2 X 4* X 6) — n®/(2 X 4> X 6> X 8)++ -}
DI, n (BT Dk BRI NTY,
P.41 OZEIY, 1ROV E J)ET 5L,

{1— n*/(2X4) +n*/(2X4*X6) — n°/(2X4*X 6> X 8)++++}=2% J;(n)/n
TY, I720b,

I(s) = 10%[2*J(n)/n]*  (J [FT1TRDANv)LEED
EIRVET, ZHUE, BUED N FOHEFFEIZH > THHAZDLD T,

1. 11 BHZNELEVNEORITEDORZFDLLE

— DRI 7 DN DORIERIA T, FEFITHDLNETIL 2 DT 3 DDY
DRZ TR ETIZV I NRZIRNIEE il CE £, A REDO=TY
—TAATDERDOELELHATEET, NI PREII=TI—FT 4 R0 —2 )
FEOY I ETLORIZITRZ2WET 58, =7V —T A7 D R .2 %A XL n=1.616,
s=1.17/a T3, — 5, HOWHFDORIZ=TV—T 4 A7 D7 ED 1/10 £TIRIZ
RAxHEeTHL, 2T7V—FT A ATDRZ DA XL n=2.73, s=1.97/a T, ZNEKT
AT ETFOINTRY, THEWED =TV —F A AZT/NSK R D ENHZENTEE
R

AV EDEHFERDADARSD S BOZ20RFTEDAEDBRSDHH
0) I(n) I(n)
RMNECHBHLSSORIE
/ 1(0) \ ~
() —— — —— J — . —
ORI YITY 7399189888383 23¢° AZ/EIRPLITNITgAR22232989
BRICRZS BRICRZ%
I7\)— I7')—
TARID TARID
K& K&
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2. I7)—DMXOABTEM(ZD2; hRERR)
2.1 PRERKLE

FRDIHZ, B0 ot geicih b HIEOMER D 2T, BARBNCIT R S i
DRI ZT 4A T N7 R ORI Z L LET,

B O OEALE D T T 2RO EARD LR AERE ¢« LENET,
HERCERO I L, ERE T SO 5m g e ET,
(#) £ =0.316 L35&,
WERZOBE 01Zx32 A% £=(0.316)2=0.0999=10%

2. 2 HRERDILZERDEFE
TV — D3 TR, AN ¢ =0.5 LLTrlgimL TV ETS
Thbb, HOO¥EL a L DeE, PRIERIDO¥IT /2 TT,
H LR D O R DRI,
[ rp i 22 B BRI 2R DRI 1 26 T JLlEik (2 7% 24 3 58050
BDEHTG ] 2B W L7 DT, Zhid
[ rfr sl 2 B BRUON R R ORI 226 T Julifik LR URE S D
HERE DI FR DA ) ZFRELICBDICFE LR ET,
INEATRETDE,
2(A/)*sint 2/ A)E +a—ct) }* [ (a2 — x2)12%cost (2 /1 )*bx/f }dx
(—a=x=a)
—2(A/D*sin{ (2t / 2)(E +a—ct) 1* | (a2/4 — x2)V2%cosi (2 /A )*bx/f }dx
(—a/2=x=a/2)
LR FET, T2 T, x/a=w, 2x/a=u EELE 0= w, u =1 LT R
422(A/D)*sin{ 2/ A)E +a—ct) }* [ (1 — w2)12*cost (2 £/ 1) *baw/f }dw
—4%a2/4(A/D)*sint 2 /A1) +a—ct) }* [ (1 — ud2*cost (2 7/ L )*bau/f }du
=a2 7 (A/D)*sint Q@ /A1) +a—ct) HO(n) — (1/4)* P (n/2)}
A E
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ZOEFTEOBEE ()& D&,
) = [ (A/D* {® () — (1/D*D(n/2)} ]2/2
AL, ®(n)=1— n2/(2X4) +n4/(2X 42X 6) — nb/(2X 42X 62X &)+«
1(0) =[(3/4) a2 (A/f) 12/2
I(n) = [a2 7 (A/D* {®(n) — (1/4)* P (n/2)} ]2/2
=1(0)* {®() — (1/9)* D (n/2)}2
ETRDET,
R DS A . 1(0) = { 4a2(A/f) * (1 /40)}2/2={ a2 = (A/D}2/2 72D T
W R 50%0D P HIER DTV —F 4 AT DY — 7R FE
=(3/4)2 X HHERR O =T ) —F 4 AT DY — 7 SR
=0.56 X R DTV —TF 4 AT DY — iR JE
ERRVET,
I)ABErlisdiE, n=3.15, 7.18, ++-TT,
Mo T, =T V=T A AT DRIT, B fRDO =7V —F 4 27 D48 (n=8.83) LY
INELIROFET, Eo, BTV 7 OO,
F—EPT) =T V=T AT OE— 7R E D 1/10,
B =T —F 4 RO — 7R E D 1/80 T,

1

o8

08

o7

0.6

s 7

0.4

0.3 7

0.2

01

1]
-0 9 € -7 € 5 4 -3 -2 -1 0 1 % 3 4 5 & 7 B 9 1.0

ZDIDNT, KL RO R A D Z L0 ' NV AR Y RO JEEE XL
Vo7 OB LIIIHEIMLUET,
FROIERCR € =0.5 DA TLID, IR ¢ DEEIT
In) =T(O)*{®1) — (e HkD(e %kn)}2
ETRDET,
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181 q = f — bx/f DIEH

q MDA, b, x DILPATRTZLEeBELET,

ZDI=DIT, FEFE R (X, y, 2 DHFIZHINLONOEAZARICHKL T
EAITAOER (=L OER) 2L £7;

ToORIZIZ, EWMROEA=ZARN20HVET, ZHUTKLEXTTAD EE%
2EH 5L (x —b)2+y2+z2=q2 QD

DRRAELET,

“Hrme——
f: 8 R Rt

AR

/

D b, 2=(x — b)2+y2+22=x2 — 2bx + b2 + y2 + 72

=x2+y2+22— 2bx + b2 = x2+y2 + 22— 2bx -+
ZIT b2 JFEFITNSONOTEELET (b 1TE AT EOERDO T, £ 3R
TH% b2 (TEFIT/NERD),
— G BROERID, L X LD R Q B ERADRORIIT 20T
TOMOKRNMEOERA=ZAR TEFITADOER LT T 5L

x2+y2+z2=12

AN RYADE S N
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o T, ZNEORITRATHE
2= (x2+y2+z2 — 2bx =2 — 2bx

AN

q=( — 2bx)12={ 25k (1 — 2bx/f2) }12=f% (1 — 2bx/f2)12 - -
ZZC.0. 2. 14Fi 0 ALY

p B/hENEE, (1 — p)2=1—(1/2) *%p 72DT

ORJL, g= % (1 — 2bx/f2)12 = £k (1— (1/2) * 2bx/ f2) = f — bx/f
ERNFET, 2T q 2MOELE L, b, x ORI TESTZENHFKELZ,

-
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&2 T7)—Daw
(1) =7V —of@3 (BAGER)
7Y — D LIFEUZL DA THIZHY EE A,

AREAOZEO>HRPL U XDEFTIZDLNT
MN)=F4ALYS-Jz0— RUT Ty RER X - LR YES
TILZT7UEER O3—C-ERIL-T 71— [1834411H24H]

20195F6 A HARZERMER A F12

BEHRLEE TR RIclE 208 LT 7 DLW LS ORI, kL
RO E N6 IR CTHL BV ER A, D T2 E RS UTHE K
DISLIREEL DY A R0ath A THY iy OHEIPAZ IELIDLE R HVET,
ZOREDW DD — AT FERTBI e —FH L TWET, BT ETHRL, Zhb
DFEBRIL, ZDEZED B EOWER AT T 522 RN T o7 ldTh N E
Fh, LDLRNG, BADFIEHO 7 —ANH0E T Z UL FEERMBEE L TF IR
S, TNEFERIZEHATH-01E, JVEELWE SN ERSNET; B
B A ZFFOXIL L ADIGE T, 20 B 7t BRI TR L T2 &
VOB | Z B R MEDFH R A ER L T2 WD KUV E LT,

a RHIL L RDOPL | wE R ERE, b 25 R0 (LR Ot 5B 722 i
D) RETORGFHOHEEELET, 20L& LU RIFERAE N EN 2L LRIk
OFF R AFT L, AL R I S AT 2R R TSNS
ELET, RV KIZIVHIRS I E | D/NSZ2ER 53 13N S0 (BRE) D34
TREE 2 B, ZOIORSITIE O/ 7y OR AN HFILE T b0/ ISl
OAARTER I 2 R CBfER T D 0T, & CRIUALFE T,

(RIE) L5/ NSl A TR T L),

O x X 0 y& XL L XDIEH N/ NSIREIE L | a2 DOREED (BRI D) R
MOLIZT BN R A~DEREE T 28 ZO/NS72 %8S, B RDbIE T B R T
DOF DAL GRIFE) 1%

0 xX dyXsin2 /A Vt—g-A)
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MaA/F 3V =3 8
(FRIE) GRHDERARZDHUR (2 =T 1) DD DHLEZ BN TND T, ZOR LTI
[displacement of the ether (=—7 /L DZENT) |
EVIHRBEZL CWET, (=T VDOFIEIZE OB G ESILELE)

ZUCEREIE DR TOERINOD/INSIRIIZ I D BN DA FHE
sin2 © / A (vt—q—A)
XL ADRRENIE DL LRV ET,

(x, vy, 2Z&L X EDOREL, xITERDPDDIEITHE NI i~ D S5 A | L ATIZL X
D LORNDEERERCSY | yidxZ 15 05 17 <0 i B oD il & B J5 [ 2 EEAR B
53 Fo X EIEBEO NN AT ICE BRI IRy ELET, ZDEE,

q = {(x= b P+y*+2° 1'% = { X +y*+2° — 2bx }'*
DEASLLET, AL, bD “RIIIEFIT/PSNDOTEHEEET,
WL LA R CHLERE O — 72D T,
Ayt = £ BRI LE T, 6o T
q={f?-2bx }"?=f-Dbx/f
720 L L A DR ENTIEDRE /T DOXTSRIT
sin27w /A (vt—f-A +bx/f)
TH, ZORDYITETDFEMIFEFITHAM T, ZOPHEIL, yDIFEZ ORI RO
IZEENTORODNLTT, yOIRKEER/IMEZ Y, |, v, ETDE, BAIOFETIE
(y, —y)Xsin2n /A (vt—f-A + bx/ f)
T,
XIZBAL TR 500, v, v DIEZAX TEHRZ £, FHIEH 1IZXL T,
o —yi = 2% - x9)'*
ZITROBFFITIETY, o THE MBI TEEN /= S CORF DL FRiick
nERINET;

2 [(a® = x)V%% sin2 w / L (vt—F -A + bx/ f)

=2sin2 7w/ A (vt—f-A) X [(a®> = x})"?s*cos(2 7w / L * bx/ f)

+2 cos2 7/ A (vt—f -A) X [(a® - x)"*s#sin(2 7w / 1 * bx/ f)
o OfHIIx=—a 7°H x=ta T,
ZOFIFATIE, FIBMIZ

[@* = x)"?%sin(27 /A% bx/ ) =0
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DRENLLET (B TOIEDEIL, R EAERMENEL WA DEIC VRS NL1OT
ERE
-, AL
2sin2 7/ A t—f-A)X [(@® - x)Y?*cos(2 7/ A% bx/ f)
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On the Diffraction of an Object glass with Circular Aperture
by George Biddell Airy, A.M. late Fellow of Trinity College, and Plumian Professor of Astronomy and
Experimetal Philosophy in the University of Cambridge.

[ Nov. 24, 1834]

The investigation of the form and brightness of the ring or rays surrounding the
image of a star as seen in a good telescope, when a diaphragm bounded by a rectilinear
contour is placed upon the object—glass, though sometimes tedious is never difficult.
The expressions which it is necessary to integrate are always sines and cosines of
multiples of the independent variable, and the only trouble consists in taking properly
the limits of integration. Several cases of this problem has been entirely in accordance
with observation. These experiments, | need scarcely remark, have seldom been made
except by those whose immediate object was to illustrate the undulatory theory of light.
There is however a case of a somewhat different kind; which in practice recurs
perpetually, and which in theory requires for its complete investigation the value of a
more difficult integral; [ mean the usual case of an object—glass with a circular aperture.
The desire of submitting to mathematical investigation every optical phenomenon of
fraquent occurrence has induced me to procure the computation of the numerical
values of the integral that presents itself in this inquiry:and I now beg leave to lay

before the Society the calculated table, with a few remarks upon its application.

Let a be the radius of the aperture of the object glass, f the focal length, b the lateral
distance of a point P (in the plane which is nrmal to the axis of the telescope) from the
focus. Then the lens being supposed aplanatic, and a plane wave of light being
supposed incident, the immediate effect of the lens is to give to this wave a spherical
shape, its centre being the focus of the lens. Every small portion of the wave, as limited
by the form of the object—glass, must now be supposed to be the origin of a little wave,

whose intensity is proportional to the surface of that small portion; and the phases of
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all these little waves, at the time of leaving the spherical surface above alluded to, must
be the same.
If 0 xX §y be the area of a very small part of objective—glass, q the distance the
distance of that part from the point defined by the distance b, the displacement of the
ether at that point, caused by this small wave, will be represented by

0 xX §yXsin2 /A (vt—q-A);
and the whole displacement caused by the small waves coming from every part of the

spherical wave will be the integral of

sin2 t / A (vt—q=A)
through the whole surface of the object—gkass,

q being expressed in terms of the co—ordinates of any point of the spherical surface.

Now let x be measured from the center of the lens in a direction parallel tob ; y
perpendicular to x and also to the axis of the telescope; and z from the focus parallel to
the axis of the telescope. Then

q = {( x— b )Hy*+z? W2 = Xy2z? — 2bx J1/2
omitting squares and superior powers of b .
But x*+y*+z* = f 2, since the wave is part of a sphere whose centre is the focus;
therefore,
q={f%-2bx }"*=f-bx/f
and the quantity to be integrated is
sin2 /A (vt—f-A + bx/ )

The first integration with regard to y is simple, as y does not enter into the expression,
which is therefore to be considered as constant.

Putting y, and y, for the smallest and greatest values of y corresponding to x, the first
integral is

(y, —yp) Xsin2 7w/ A (vt—f—-A + bx/ f)
To this point of the investigation the expressions are general, including every form of
contour of the object—glass.
We must now substitute the value of y; and y, in term of x, before integrating with

regard to X.
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For a circular aperture
vy —y; = 2%(a® - xH)*
where the sign of the radical is essentially positive. Hence the displacement of the
ether at the point defined by the distance b is represented by
2 [(a® - x)"?% sin2 7t / L (vt—f -A + bx/ f)
=2 sin2 7/ A (vt—f-A)X J@* - x)"**cos(2 7w / A * bx/ f)
+2cos2w/ A t—f-A)X [(a> - x)"**sin(2 7/ A * bx/ )
and the limits of integration are from x=—a to x=+a. Between these limits it is evident
that
J@2 = x)"?%sin(27 /A% bx/ £) =0
(as every positive value is destroyed by an equal negative value): and the displacement
is therefore represented by
2sin2 7/ A (vt—f-A)X [@@® - x)Y?*cos(2 7/ A% bx/ f)

the integral being taken between the limits x=—a, x=+a.

If we make x/a=w, 2t/ A * ba/ f =n, the expression becomes

2 a%sin2 7w / A (vt—f -A) X [(1 - wH)"?*cos nw
from w=-1 to w=+1
or

4 a%in2 7w / A (vt—f -A) X (1 - wH)"?*cos nw
from w=0 to w=+1
It does not appear, so far as | am aware, that the value of this integral can be exhibited
in a finite from either for general or for particular values of w.
The definite integral

[ - w»)"?s%cos nw  from w=0 to w=+1
(which will be a function of n only) being expresses by N, it may be shewn that N
satisfies the linear differential equation

N + 3/n*dN/dn + d*N/dn* = 0
which may be depressed to an equation of the first order that does not appear to yield

to any known method of solution.
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If we solve the equation by assuming a series proceeding by powers of n, or if we
expand
cos nw and integrate each term separately, we arrive (by either method) at this
expression for the integral

7t /4 X (1-n"/(2%4)+n"/(2%4°%6)-n"/ (2%4°%6°%8)+&c.)

The table appended to this paper contains the values of the series in the bracket, for
every 0.2 from n=0 to n=12. Each value has been calculated separately, the logarithms
used in the calculation have been systematically checked, and the whole process has
been carefully examined. The calculations were carried to one place further than the
numbers here exhibited. I believe that place; except perhaps in some of the last values,
where the rapid divergence of the series for the first five or six terms made it difficult to
calculate them accurately by logarithms.

In the use of this table n must be taken =2 /A * ba/ f. If instead of using the linear
distance b to define the point of the field at which we wish to ascertain the illumination,
we use the number of seconds s, then b=fks*sin 17, and n must be taken=2 7/ 1 a%*s
sin 17. If A be taken for mean rays = 0.000022 inch, n must be taken =1.3846%a%s, a
being expressed in inches. From this expression, and from the numbers of the table, we

draw the following inferences.

1. The image of a star will not be a point but a bright circle surrounded by a series of
bright rings. The angular diameters of these (or the value of s corresponding to a given
value of n) will depend on nothing but the aperture of the telescope, and will be

inversely as the aperture.

2. The intensity of the light being expressed (on the principles of the undulatory
theory) by the square of the coefficient of

sin2 © / A (vt—f -A),
and the intensity at the center of the circle being taken as the standard, it appears that
the central spot has lost half its light when n=1.616, or s=1.17/a ; that there is total
privation of light, or a black ring, when n=3.832, or s=2.76/a ; that the brightest part

of the first ring corresponds to n=5.12, or s=3.70/a, and that its intensity is about
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1/57 of that at the center; that there is a black ring when n=7.14, or s=5.16/a ; that
the brightest part of the second bright ring corresponds to n=8.43, or s=6.09/a,

and that its intensity is about 1/240 of that of the center; that there is a black ring
when n=10.17, or s=7.32/a; that the brightest part of the third bright ring corresponds
to n=11.63, or s=8.40/a, and that its intensity is about 1/620 of that of the center.

The rapid decrease of light in the successive rings will sufficiently explain the visibility
of two or three rings with a very bright star and the non—visibility of rings with a faint
star. The difference of the diameters of the central spots (or spurious disks) is also fully
explained. Thus the radius of the spurious disk of a faint star, where light of less than
half the intensity of the central light makes no impression on the eye, is determined by
making n=1.616, or s=1.17/a ; whereas the radius of the spurious disk of a bright star,
where light of 1/10 the intensity of the central light is sensible, is determined by
making n=2.73, or s=1.97/a.

The general agreement of these results with observation is very satisfactory. It is not
easy to obtain mesures of the rings; since when a is made small enough to render them
very distinct as to form and separation, the intensity of their light (which varies as a?) is
so feeble that they will not bear sufficient illumination for the use of a micrometer.
Fraunhofer however obtained measures agreeing pretty well (as to proportion of

diameters, &c.) with the results above.

For verification of the numbers it would probably be best to use an elliptic aperture. By
an investigation of exactly the same kind as that above it will be found that the rings

will then be ellipses exactly similar to the ellipse of the apaerture, but in a transverse
position; that the major axes of the rings for a circular aperture will be the same as the
diameters of the rings for a circular aperture whose diameter = minor axis of ellipse of
aperture, but that the intensity will be greater in the proportion of the aquares of the

axes. | have not yet had an opportunity of examining this in practice.
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[ shall now apply the numbers of the table to the solution of the following problem. To
find the diameters, &c. of the rings when a circular patch, whose diameter is half the

diameter of the object glass, is applied to its center, so as to leave an annular aperture.

The radius of the patch being a/2, it is easily seen that the displacement (using the
same notation) is
2sin27/ A (vt—f-A)X [@@® - x)"?**cos(2n /A *bx/ ) (from x=—a to x=+a)
- 2sin2 7/ A (vt—f-A)X [(a® - x)"?%cos(2 /A% bx/ f) (from x=—a/2 to x=+a/2)

Putting x/a=w, 2x/a=u, this become
4a’ 7wk sin2 7w / A (vt—f —A) X [(a® — x})V**cos(2 7w / A * baw/ f)
— 4xa”/Ax ¥ sin2 7 / L (vt—F ~A) X [(a® = xB)"?*cos(2 7w / A * bau/(2 f))
the limits of integration both for w and for u being 0 and 1. Omitting the factor a* «,
the intensity will be expressed by
{ on) - 1/4%¢p(n/2) }*
where @(n) is number given in the table.

Upon forming the numerical values we find that the black rings correspond to values
of n=3.15, 7.18, 10.97: and that the intensites of the bright rings (in terms of the
intensity of the center ) are 1/10, 1/80. Thus the magnitude of the central spot is
diminished, and the brightness of the rings increased, by covering the central part of
the object—glass.

In like manner, if the diameter of the circular patch =a(1-p), the intensity of light
would be proportional to { @(n) — (1-p)**@(n—pn) }*.

The quantity under the bracket, if p is very small, is equal to

2p*@(n) + pn*@’(n) =p/n*d{n’@(n)}/dn.
In the case of a very narrow annulus therefore the diameters of the black rings will be
determined by making n®@(n) maximum or minimum. It appears then that there ought to
be only one black ring corresponding to each black ring with the full aperture, and that

its diameter ought to be somewhat smaller.

This conclusion does not agree with the experiments recorded by Sir J. Herschel, in

the Encyc. Metrop. Article Light, page 488: but it is acknowledgesd there that the
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results are discordant with Fraunhofer’s: and I am inclined therefore to attribute the
phenomena observed by Sir J. Herschel to some other cause.

The investigation of cases of diffraction similar to that discussed here appears to me a
matter of great interest to those who are occupied with the examination of theoried of
light. The assumption of transversal vibrations is not necessary here as for the
explanation of the phenomena of polarization: and they therefore offer no arguments
for the support of that principle. But they require absolutely the supposition of almost
unlimited divergence of the waves coming bot merely from a small to which they lead us,
shew strikingly how small foundation there was for the original objection to the
undulatory theory of light, viz. that if waves spread equally in all directions, there

could be no such thing as darkness.
G. B. AIRY

Observatory Cambridge,
November 20, 1834.
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Bo | 1—w2)12dw, | 1—w2)12w2dw, | (1—w2) 12 widw, [ (1—w2)12 wodw DFHE
®J(Q—w2)12dw DOFE
w=sin 0 FE<E, O=w=1 1L 0=0 = /2, dw=cos 0 d 0O
§ (—=wH)Y2 dw=J(1—sin* 0 )"*sk cos 0 d 6 =[ (cos> 0 )""* %k cos 0 d 6 =Jcos> 0 d 0
=[(1+c0s2 0)/2d0=0 /2 +sin20 /4
@ J (1—w2)12 w2dw DEHE
(1—w*"?=(1—sin® 0 )"*=cos 0 72D T
[ (1=wH)"*w?dw=]cos 6 %k sin*6 sk cos 0 d 0 =[(sin 0 sk cos 0 )*d O
=[((sin2 0)/2)*d 0 =(1/4) * Jsin®2 0 d 0 =(1/4) % [(1—cos4 0 )/2 d 0
=(1/8)% [ (I—cos4 0) d 0=(1/8)% (0 —(sin4 0 )/4) =0 /8 —(sin4d 0 )/32
@ J (1—w2) 12 widw DEHE
[ (1—wA)"2w'dw=]sin* 6 cos* 0 d 6 = [sin> 0 (sin 0 *k cos 0 )?d 0
=[(1—cos2 0)/2 % ((sin2 6 )/2)*d 0 =J(1—cos2 0 )/2 % (1/4) % (1—cos4 6 )/2 d 0
=(1/16) % [ (1—cos2 6 )(1—cos4 6 ) d 6
=(1/16)* [ (1—cos4 0 —cos2 0 +cos2 0 cos4 0 )d 0
=(1/16)* [ (1—cos4 0 —cos2 0 +(cos2 0 + cos6 0 )/2) d 0
=(1/16)% [ (1—cos4 § —(cos2 6 )/2 + (cos6 0)/2)d 0
=(1/16)* [ (1(cos2 0 )/2 —cos4 0 + (cos6 0)/2) d 0
=(1/16)*[ 0 —(sin2 0 )/4 —(sin4 0 )/4+ (sin6 6 )/12 ]
=0 /16 —(sin2 0)/64 —(sin4 0)/64+ (sin6 0 )/192
@ J 1—w) 2 whdw DFHE
[ (1—wA)Y2 whdw=]sin® 6 cos* 6 d 6 = [sin* 6 (sin 0 *k cos 0 )°d 0
=[{(1—cos2 6 )/2)* 3 ((sin2 0 )/2)*d 6 =(1/16) % [(1—2c0s2 O +cos>2 0 ) sk sin*2 6 d 0
=(1/16) *|(sin®2 0 —2co0s2 O %k sin?2 0 +cos?2 0 *sin’20dH -+
ZZ T, sin®20=(1—cos4 0)/2 , —2co0s2 0 *ksin’2 0 = —sin’2 6 *d(sin2 6 )/d 0
cos®2 0 *ksin®2 0 =(sin2 0 * cos2 0 )*={(sin4 0 )/2}*=(1/4)sin*4 0
=(1/4)(1/2)(1=cos8 0 )=(1/8)(1—cos8 0 )
HE->T, O=(1/16) % [{(1—cos4 0 )/2—sin’2 § s d(sin2 6 )/d 6 +(1/8)(1—cos8 6 ) }d 6
=(1/128) % [ {5—4cos4 O —cos8 O —8 sin’2 0 *xd(sin2 0 )/d 6 }d O
=(1/128)% {5 0 —sin4 6 —(1/8)sin8 0§ —(8/3)sin’2 0 }
=(1/3072){120 6 —24sin4 0 —3sin8 0 —64sin2 0 }
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8%4 5 A N + (3/n) * dN/dn + d’N/dn” = 0 ZfE<
Wy HRAEMGE . MO O/MPIZ. -1 =w =1 ELET,
J=n#N EEW T RN + (3/n) % dN/dn + d*N/dn® = 0 BB L £,
N=J/n=n"'%] 72T,
dN/dn = —n"**] + n"'*d]J/dn
d®N/dn? = 2n%%] —n%¢dJ/dn —n %¢d]J/dn +n '*d*]/dn?
{S=NEN
N + (3/n)* dN/dn + d*N/dn? = n"'*] + (3/n) 3%k (—n k] + n"'*dJ/dn)
+ 2n %] —n %kd]/dn —n %kd]/dn +n '*d*]/dn?
=n %] —=3n ] + 3n %kd]J/dn + 2n*%J] —n"%kdJ/dn —n *kdJ/dn +n '*d*]/dn®
=n %d*]/dn®* + n**d]J/dn + n"'%] —n %]
=n*{ n?¢d*J/dn® + n*dJ/dn + (n*~1)] } =0
- T, n*d*J/dn®* + nxdJ/dn + (0*-1)J =0 @D
WIZ, J=nxN =n3k [ {(1—w2)23kcos nw } dw 23, D HRRAXOQDOE THLZ LA
RLET, ftREZH RIS T 272D AR E A AT — DR
exp(inw) = sin nw + i cos nw (i IZREHHLAL)
(Z&Y J D cos nw ZAEHPEIEICEIAR T2y B X ET, T720b,
y = nx [ {(1—w?)"? sk exp(inw) } dw
y D n (BT DM a KDDL, Ty Lo DNEF A2 LY
dy/dn = [ [ d{nk(1—w?)"?sk exp(inw) }/dn ] dw
= [ [(1—w)"? %k d{n * exp(inw) }/dn ] dw
= [ [(1—wH)V2 %k { explinw) + inw 3 exp(inw) }] dw
d*y/dn® = § [(1—w?)"? %k d{exp(inw) + inw 3k exp(inw)}/dn ] dw
= [ [(A—wH)"2 %k { iw sk exp(inw) + iw 3k exp(inw) —nw? %k exp(inw)} ] dw
= [ [(1—=wH)Y2k{ 2iw *k exp(inw) —nw? %k exp(inw)} ] dw

#E-T,
n*kd%y/dn* + n*dy/dn + (n*-1)y
= [ ((1—w*)V2 %k [nK{ 2iw * exp(inw) —nw? * exp(inw)}

+ n{ exp(inw) + inw 3 exp(inw) } + (n*~1) *kn* exp(inw)] )dw
= [ (A—w?)"? %k [2n*iw sk exp(inw)  —n’w? >k exp(inw)}

+ nxexp(inw) + in*w * exp(inw) } + n(n®*~1) *kexp(inw)] ) dw
= [ ((A—w?)"? %k [2n*kiw sk exp(inw)  —n’*w? > exp(inw)}
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+ nxexp(inw) + in*w * exp(inw) } + n® *k exp(inw) — n %k exp(inw)] ) dw
= [ ((1—=w?)V2 5k [2n%kiw *k exp(inw)  —n’w’ 3 exp(inw)}
+ in*w* exp(inw) } + n® %k exp(inw) ] ) dw
=n’% [ (((1—w?)"? % [3iw 3k exp(inw) +n(1-w?)*exp(inw)] ) dw
=n’% [ ( 3(1—w?)"? kiw * exp(inw) +n(1-w?)*>kexp(inw)] ) dw
=—iskn’%k [ (=3(1—w?)"? sk wsk exp(inw) +i % n(1-w?)**kexp(inw)] ) dw
—iskn®% [ [ d{ exp(inw) % (1-w»)*?} /dw ] dw
=—i sk n® %k [exp(inw) * (1-w»)*? ] (w=—1, 1)
=—is%n” % [(exp(in) * (1-1%)**) — exp(-in) * (1-(-1)*)*"?]
=—i sk n®*k [(exp(in) % (0) — exp(=in) % (0)] = 0
T 7205, J=nkN =n* [ {(1-w2)12% cos nw } dw IZf 0 HEEXODME T,
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