2245 Y2 3 Ypoom IR Vol. 22, No. 2
1966 4 2 J ACTA PHYSICA SINICA Feb., 1966

T R — R BB PR R

%
G JF K )
3 ®

%%ﬂ%ﬂﬁﬁ%ﬁ%%ﬂ?ﬁ%ﬁﬁn%?ﬁ%ﬁ%ﬁﬁ%%%Hﬁﬁgmﬁﬁ@w
TR T 2R 5 DRI » S AR R 0 2 1 —— e 5 I OO 4 15 SRR T 19
B S T HR MR #FnR, Bis, sScsk[10]8 irHt Mg, DAN#E4 T
ARHe— IROIR A AR > DUV 2 P82/ IV HE T 4L 50 ot AR 5 — TR IR 1 SRR AT, 43 31044
SR A 2 T 4 TR R B T % PO B DISROR, ZE BRI, SRR B, AT 5351 B
TSI SO (KT ST LI 5 SRR M — R 55, B115
SR 3 it — A IR

—. 51 &

v SR B T 2 A B JURAR (8 B8 T A TR ok 838, SR AR | SK[
FrIBCEI ,ARYE Babiner JEE, AP F BRI ) SRR BRI [0t F— IR R
Y5, A& FCERIS B3, B4 Braunbek!™9 SE{L(k | Franz”) 2@,
Qox®) 1237 (local field) i, Keller® @) JUMFTHIEEIRSE, XEH HAH HARBLA
BSERVEIR , 4557, X B0 BB A P A m A R E B P R (Franzl?) 568
SRFE TP O £, (HM SR 18 H T R ).

YUV I HEB T RO R AR SHEN T — P BB, I BT R R
Rk BARE SRR, AHER, TR IER AR kS RS RBaE
T XA TE AR R I THT S E R ATSR A 0 AT 2Rl 2 _ERY, Pr LABGERIA PT 8B N M iT Ot
] AR L TCAR TR L R,

AT RS, AT E RS ER AR EE AR, SESEBYE R R, fl
MAE B SF A EN, WAREMS, M2 EMIURESmE, SRk
Ak, B 4240 B P A4 R 9 Fo o7 i B s (AR T O A B3 ) , T A3 B A — 2P T R
A U RS A8, M R —RRTER N, A B R A e B T, 3k [10] BeAs 2
B sk e x— A T RGO IR 7 v, HBMTIE L T, Mtz JUTEARARRT
F IR TR R A — DN, [ A AR S5 T (R A% S 2 i _E— L T8
VLB TR0 FA R S8 Lk 42 T ARG, TS Beh BREEAGI R TE PR 46 4~ T PR/ I
ZEACZ RN, R4 — T NI T A Tk R AR PR AT SR 40 BT 5 A P 45 L SR TE T) A e

AICRTERABFR T 420 W A7 G100 X W TE 25 5 FE B A b7 TR W iT 4t (B GE) %

* 1965 481 B 18 RulcHl; 1965 4 6 B 12 B FEoks.



224 L I 5l Eid 22 4%

e

KT L5 AT SUBB AR , % T HRRL S TSV B T = (07 1 BN TE (JLES=9) il 0 85
ST /2 R H RIS ) BORT ST T2 Feids ok, 28 4 S SE R TR, 4 B 4
TR R AR (R T AR SRR T L AEROTR R AOTF L) AME BT R BB 4
ERREATSO—FBIERL ISR, BT LRBAEBER LTS, WAELEY b
St B ) RS, |

AR T S P R BAT S BB it a5 5,

L RRREHOERREERERPLTRRA LOITH AT
BB T o, 8P, FERRFR

x = rsinBcos¢@,

y = rsinOsin @, (2.1)
z = rcos@
ToORZWBE SR
19 ov 1 8 (. ,0V 1 87 .
v+ 2V=~__<z_>+ ——( e_—)+ 2y —
o F 2 0r \' o rlsin@ 00 o 08 r’sin? 6 B¢? tE
= — L 50~ 7)8(6 — 60(0 — ) (2.2)
risin O
WORE , 35 12 50 R
V=0 Ye=mn, 0<O<aH, (2.3)

‘J—ZE:':F (rla 91: (pl) ?‘Jzﬁgﬁﬁs z%bﬁ(%@ 1).
HRE(2.2) T F 4 5(2.3) i fig 0

ie—ry —
. —; 242 i 2 . -1
Vl___j e :K\/r +r} er]_smacost(rz_*_ r— 21‘7‘181116608;) ix

x'co+rf
L1 1
sm-é-é‘ sin7 g
X . n + ac, (2.4)
cos? £ — cos Y (p— @) cos% ¢+ cos %— (p — @)

AR IR SCRTE TR S BRI M2 B R £ (I
B 1), B 6 = % FHEL ERMT 2 = a A, T

AR R o', 0, @ EUIRTE REE B AR
R, AR S R R AR RIS R

7 . 7 1 -
r'sinB cosp’ = rsinBcos g,

LA Y ’ - -
r'sin0@ sin ¢’ = rsin O sin @,

r'cosf’ = ycosf — a,
gt BT T AR A
v =7'"(r, 6, p;a),
0 =06'(r, 6, p; a),}
¢ =¢(r,0, ¢;a),



2 4 B B (TR — O ARk B 225

Tk, RN BT ROR G IS8 v [ (2.4) KRl r, 0, @ B
O, '], AT ERYTF(2.5) 3K 25 18 Z Sl AEE SO B As kT B i TR
Vi=Vi(r, 0, p; 11, 61, 915 a), (2.6)
2.0F R n. 6, ¢ IREBEEEBAERTER LA T
SR 17 LYy S G TR) AR, ARy
—ixR1 6—:’@:

e
V, = —— + 2.7
’ Ry R, ’ (27)

Ser Ry R Ry 78909 W A SR B FAE o 00 096
Ry = {r* 4 r} — 2rri[ cosOcosf; + sinOsin 6,( cosp cospy + sin ¢ sin ¢py) ]2,

Ry={r"+ r} — 2rr cosOcosB; — sin B sin6;( cosq cos ¢y, + sin @ sinqy) ]}
3. LA T R R T B AT
Bl AL PR RY
x=7(1 — k" cos? )" cosp,
y = rsinOsin @, (2.8)
z = rcosO(1 — k2 cos® )2,
k = (1 + tan? L cos® )™, (2.9)
K=v1-#k, (2.10)
ARFEET 2 AT I S AR RN 2 B R S RAZELR X Mg, o BT
SHARZARTDIR R @ . % 6 — — 0, MitERAc NP,
1 (2.8)—(2.10) R s b bn T, 5 (2.2) AR N B Z I TR 25 B2 09

1 0 ov 1
AV + 2V=———<2~——)+ X
" 2 9r \' or r*(k*sin® @ + k7 sin’ 6)

X{\/l —kzcosztp—ﬁ—(/\/l — k% cos? (pﬂ> +
Op Op
+ 4/1 —k'zcoszﬁ—é%—(«/l —k'zcoszﬁ%” +

+ g2V = — —1;5(1’ — r)0(0 — 6.)6Cp — ¢y1), (2.11)
r

stk ,
k*sin? @ + k'*sin’ 0

B ,\/1 — k% cos? (‘p'\/I — k" cos’ 0
=, TMEEET ~ 4 A AT SO B —Hui

VA — P BT, HaEALE 9 (DA 2)
p=m, 6 <<O<nm—E,

(2.12)

[

Hor e P,

1) AEART—E, HMI IG5 P]BRPS 6, e EH A



226 )] T & H# 22 4%

BRTEAT ST 2R R AT RS NN TR SRZ B LR 5 1

AV + gV = — —2——.1-—6‘(7' — r1)8(0 — 6)6(p — ¢y) (3.1)
r’sin 0
) 0 A

V=0;Yp=me<i<z—ceiy, (3.2)
IAESS B ZE & 0 b igdh, e, 4
6 =0 + gcost’, (3.3)
BT 0 B R ke R (2.3)RZ TR

(]
V=0 Y =2, 0<0 <0, (3.4)
SRIa R IBEENR (3.3) XM ELEFR(.1) B2
z REATER, YURE e f— KRG, H
M o2 sinf = sin@’ + € cos* @', (3.5)
1 _ 1 (I_ECOSZH') (3.6)
sin 8 sin 6’ sing /7’ )
1 1 _2& cos’d’
sin’ 6 - sin? 6’ (1 sin &’ ) (.7
B, B IRA KD
5(1‘ _ xn)
5 = —_— 3.8
f(=)] Z G (3.8)
A DAFH
6(8 — 8y) = 8[(0" + ecos8') — (8] + £cosB))] =
= M = (1 + esinB)s(6" — Gy). (3.9)
1 — &sind

BGS5)—GDREGIRRAGDRK, BIFHDE ¢ HI—RF W, 1%
2 4
V 4+ k2 = AV + &V + { L [_°°Sei<- o aV)+
2o " e * ° rsin 6’ ind 06\ 8¢
2 ’
+ —-Q—,(coszﬁ' _G_V_')] _ 5 _cos 0’ GZV}
00 06’ r’sin® 0’ A¢?

= — —L_5(r — )86 — 6)5(p — @) +
rsin @
— . ’ 2 ’
+ £ = sin0) o0 5 500" — 6))6(p — @), (3.10)
r*sin @ sin @

He A R A R0 BK O TR,
A (3.10) KT8 {2 b (3.4)RZ i H(2.6)RM Vy i E— DRI TR o, ED
V(r, 0, @3 11, 01, @1) = Vi(7, 6, @3 11, 01, @1) + 01(7, 6, @3 71, 05, 1), (3.11)
vi BTN, BTAES e ZHBa ZeE, KGADRIRAGL0)K, #HHBRE v, £
FHRRQ2.2)MB R &M4(2.3) R, WiF
Doon(r, 05 @5 115 015 1) + £2on(r, 05 @5 11, 01, 1) =

e ! 20’
_ e {__ (U = sin0)cos 0 5, ys(0" — 0)5(p — ) +

r2sin 0 sin 6’



24 OB TR — R AR I B

o
b
~3

+ D[Vl(ry 6,5 P35 T1, 613 Wl)]}; (312)
Sl D 93

20 . . . 20
D[Vv,] = C?S 0, —@—;<sinf)' —d—V—,‘> —_— ,i,<cos2 6 dV}) 4 2598 q 62V1. (3.13)
sin® 06 00 06 00 sin8’ Ogp?
HY oy BB G, T VR vy 0950 R AR B e, TR R
=0 Y p=m, 00 < xli,
ZIRTE L FE(3.12) 5 _baltah S ARy

. - ’ 2 ’
Ul("a 0, @; ry, O, (Pl) = 8{<_ (1 sin ' )cos’ ) Vi(r, 0, ;5 r1, O, ‘Pl) +

sin 6

+ JD[Vl(f: 6", s 11, 00, )1 - Vi, 6, @5 71, 01, 1) X

X8(r —7)8(0 — 0)6(p — p)dr dé’dq‘)},

—_— 2
”1(7‘a 6; P5 71,5 61’ ‘pl) = € [('— (1 sln@)cos 6) Vl(r) 05 P35 T, 013 (Pl) +

sin O

=+ F(ra 63 P35 T1, 619 @1)]; (314>

Horgs
F == jD[Vl(ra 0: 12 ;9 9: ‘I_’)]Vl(;: é: @3 11, 61) (PI)X

X8(r — 7)8(60 — 0)6(p — p)dr d6 dp,
T Bl &P 2 ],

PO 2 TS S — i T

WH— MR K, Ha Gh—tunthdigk ¢ (B 3), ZHUT ek 10], 3|48
K dl MRS TR RS T, S
STz 4F—TR S £ R BIET M AAK (3.14), &
JEXFA & kT, B AR BI4 h T8 69 — ST 5t
325 REBA] DR H 8 = e Tt 745 B gt
WK P (BEsck[10]), 4 40— 0 B, 8k
P ZRIREN AT K 247518, EASH—%K
Wi #ah, BN EX JUT S —K E
ik,

T 4R/, #E AR BES SBTE 2 U T L
BAH

(l,’:ﬂ"_Zd[, (4.1)
Oi
Hrp, AithEk C 1E & hradhi B0, FNRAPRRZ Z fhiltils T A K, X BhA 210G

&, HE AT &, M(3.2) e, SF




228 y B = Eid 22 4%

g = L4 (4.2)

2 pi
BAKGIOMATEA &, &

Z .
vy = & [('— M) Vy+ Fi];

sin 6;
JRRY i R AFREASIRAE £ AL B X BhAE S o fa, SPPPRTRSE £ EEURTN, B S
Rz — A5

Var = Z vy = Z €; K_ 3::70") Vi + Fi].
¥ (4.2)RIA X,
V= “;— Z ﬂ* [(— i?i%) Vi + Fi].
M dl— 0 B _ERFER—P TS

Vo= ﬂ) (- o) v + 7o) 2 (43)

E Rtk C ERUIRK N BB RS EE Nl C. (4.3) REVHH K 00— P4
2.

T, 0 BT 5 WG ST BB —BUE T
BAE RN L Wi, w5 R R
= % +e (e H—ihE).
fE—A~(2.8) KT RIOREHEALET R, MR BT E5 9, SkIEWE R 0 4

V=0, ¥ 6=-—2”—+qu‘ (5.1)
W R T XM B R(2.11)ZMHE,
SIEHTEES 6
0=06 + esinf, (5.2)
WxF 0" 5,0 FéF(5.1)REH
V=0, %6 =, (5.3)
IUERMEFER(5.2)FEHR(2.11)F LML, YINE e H—RITN,H
1 — 1 2k’esin’ @' cos 6’
kisin? @ + k%sin* 0 ksin? @ + k"sin?6’ (1 * k*sin’ + k'*sin? 6'>’ (5:4)
2 20 _n 20t Eklsinz 8’ cos &’
A1 k7 cos? 0 = /1 k" cos’0 (l + Ty K02 O ), (5.5)
o= k*sin’ @ + k"%sin? 0 _ k%sin’ @ + k'sin? 60’ %
x/l — k% cos? (po\/l — k" cos’ 6 A1 — k? cos? (p«/l — k"%cos’8’
e b2 2 g ’ 1 2
X [1 ek?sin® 0’ cosf (1 Iy + R s g+ K7 s 0,)], (5.6)



2 1 B (TSR R I R TE 229

INHERDF-EE
5(6 — 0y) = 86[(6 +esin) — (0, + esinh)] =

=200 — (1 — )s0 — o). (57)

¥ (5.4)—(5.7) KA (211)30, B 5 &2 01, 1t

AV 4 &V = AV + &V + - _ %
P(K2sin? ¢ + K’sin 0')

{\/1 K cos 6 (l{ Zsin? 0’ cos B’ dV) n
06" \'1 — k?cos’ 06

+kzsmz€ cos 6’ ( I — k" cos? 6'ﬂ>+
1 — k?%cos0 00 o6’

7 - -
2k"2sin? 6 cos 6’ ’\/1 K cost 0 %(\/1 k7 cost O 6V>} _

k*sin? p + k"sin%0 o6’
- — L( ksin’ @ + k’sin’ 0’ )x
\V1 — B cost pa/1 — k2 cost 0’
X{l — 8[1 — F'%sin’ 6 cos &’ (———,1————’— +
1 —k'2cos’ O
| Lt
&(r — 6(0 — 0)6(p — 1) 5.8
Ksin? ¢ + kZsin? 0 ( r1)6( 1) (I p1) (5.8)
AV + &V = AV + £V + eclvl
r2(§* sin? ¢ + k"sin? 0')
— = L )00 = 08 — @)y (59)

r’o(r, 6, @)
B A (2.01) KPR RESRARPN O LB RO GH-HF, GIV]ET
(5.8)REEERMFRE; HETGHORELZRIW A E S AMNRER
iR SR Y ST
V=V,4+ vy, (5.10)
Hep v, (2. 7)), W ooy E— N /NE, BGA0ORRAGORN, FHBER Vv, &4
(211 50 5 4

V,=0, i’;@’:%u\f

IR, AT
’ 2 1 G[Vz(r, 0’: P35 71y 0;: (pl)]
Ny, + gy = — ———— 31 + ¢ —+
T ro(r, 05 @) { ['\/I — k? cos’ (P'\/l - kQCOSz@’]
+ H(O', ¢)o(r — ﬁ)ﬁ(ﬁ'—-906(¢’—-qn)}. (5.11)
BV 5 vV, RV R KRS HE o TREEL T —h A A
v, =0, ;4_46’=—~——u<f, (5.12)

YR E G RGA) Hh R arE(5.12)RZMR



230 L] 3 = & 22 4

vr, 0, @3 ry, 01, ¢1) = S{H(G', e)Vir, 05 @3 1y, 01, p1) +

+[ ! _ GIVi(r, 6, 93 75 05 31X
A/1 — K cos? (,T)\/l — k'’ cos?®’

XV(5, 0, @3 ry, 01, p1)8(r — 7)8(0 — 6)6(p — ¢)didé'drﬁ},
HRiRE, eGSR 2 IE R T, 0 #K 0, T&

”2(", 0, @5 1, 015 ‘pl) =€ {H(ey (P)Vz(f, 0, @5 1, 01y (Pl) +

+EV2(;9~95 @5 r1, by q)l)G[VZ(’.a 0, @57, é: (ﬁ)] X
A1 — k? cos? (ﬁ\/l — k' cos’ 8
x6(r — 7)6(0 — 8)6(p — qﬁ)d?d@dq‘p}, (5.13)

U S W s 2 B A 1),

AL EEERATS S —BIEIE

WH—XWEHhE 2 (LA 4),d 5\ £ E, ) KRS FHZELESBH 0(s, 1) T
p(E,m), 012 po T3 EAE—K 4, F—EAEFER, Kz bR 4 K@ s =
HekZ&Fm, Uz=—«WFEBHE 2, WY« 2%
/N, B — R, RUBRZ SN B, EF
R b, EASIMRDOHEREE)R o, Fi% X P
ITTRAH, BB IUTREIER, Y o — 0 K,

B _ /ﬂ
4 02

MR EEARLE

c=x/Bz-—b2=b /Pl"ﬂz.
02

BB O SR Pr e A N &Y 6 5 0,,

cos@y = ——j‘—————-,
at + &
1]
B 4 tan 4 = —f—,
a
T &
k = (1 + tan? ) cos? 6,) "% = /ﬂ, (6.1)
01

HSHRNM AT Y a— 0 Ha‘%—w RAER, T

D) B 2 EEAEHN A, MTHARL A,



2 4 Fe s (RRIE — R G RE 231

K=V —F— \/0:_0 (6.2)

AR, Wa—> 00, & = 7 P

b= 0t~ (02— a) = v/ 200 + & = / 2ppa
(BN TS5 /0N b, P

b
g = 7{)—2 (6.3)
FR AL ¢, (B 4) (XZ ARSI 2, MBI ez K- h
dn = 2b,
RA(6.3)30, 4%
= 4 (6.4)
P2

1% (6.1), (6.2) F1(6.4):RINA(5.13) K, FFxt th &Lk ¢, LR IRE H BT A 4% A;
sk,

dn;
Z vy = Z i {H(ei: PV ri5 0i5 i3 71i5 Oris 1) +
© € P2

\/1 . —@cosz @i - \/1 __ Py T Pu cos? gi
01 i

X8(r; — 7:)8(0; — 0:)8(p; — ‘pi)d;idéidq_)i}:
Hp R ¢ BRI MBS C, bX A AR R P EHE, Hdy—> 0N, b
F F— B

d
ngZ = 5 —n{H(es'(P)VZ(r3 0, @; r1, O, (P1> +
@ P2
2 _ .
_*_J VZ(;a 63 ‘p; iy 019 ‘PI)G[VZ(” 69 P ;9 83 q_))] X

\/1——hcosz(ﬁ\/l—p1—pzcosz§
H o1

X5(r — 7)6(6—0)5(p — (f))d?d@dq‘)}_ (6.35)

+ [Vz(fi: Oiy @i 7105 Oris 1) GIV(2:,0;, @iz 7iy 6i5 )] x

I SRR K C, M5 X IERMBhELE €, FFUATELER 3 L
HIRRE, n, W E 5 E 4 dE Brefy— A e E Tt

ds = dk K«/EG — Fldy, (6.6)
Hrh E, F, G¥RE, nzmk, HEXRk(16], TRB(6.5)RTFHF,EEFE+ 48
2 A — Bk il T P A 0 — R AT S DT O

dgj ———M{P}, (6.7)

)

ook (P} AR (65)R PR SR FER. 14 (6.7) 3 § B (BU-UE BT HE E



232 L) H 4 #Hh 22 4%

IO ), (T A 5 LA A B ST B AR08, (3,) t— SR T,
Valr,0, 03 mn 01, 90) = (| VEE=E (pagan, (6.8)
E,) 2
SRk A oth 1 7 4% JLART 22 BRI — RAE TR,
fEASC TSR, AL, MM RTERE S W T RS0 VR
S0 R,
& % X W

[1] Sommerfeld, A., Math. Ann., 47 (1895), 317; Franz, W., Theoriec der Beugung Electromagnetischer
Wellen (Springer-Verlag, 1957), §22, 74.

[2] Andrejewski, W., Z. Angew. Phys., 5 (1953), 178.

[3] Mie, G., Ann. der Physik, (4) 25 (1908), 377; Born, M. and Wolf, E., Principles of Optics (Pet-
gamon Press, 1959), §13.5, 630,

[4] Braunbek, W., Zeits. Phys., 127 (1950), 381.

[5] Frahn, W., Zeits. Phys., 156 (1959), 78.

[6]1 Frahn, W., Zeits. Phys., 156 (1959), 111.

[71 Franz, W., Zeits. Phys., 125 (1949), 563.

[8]1 ®ok, B. A., K3TD, 15 (2) (1945), 693.

[9]1 Keller, J. B., J. Opt. Soc. Amer., 52 (1962), 116.

[10] #& &, iR, 21 (1965), 1798,

[11] Kraus, L. and Levine, L. M., Comm. Pure Appl. Math., 14 (1961), 49.

[12] MacDonald, H. M., Proc. London Math. Soc., 14 (1915), 410.

[13] Williams, W. E., Quart. J. Mech. Appl. Math., 6 (1953), 101.

[14] Born, M. and Wolf, E., Principles of Optics (Pergamon Press, 1959), §11.7.2,, 581.

[15] Mapenysr, 3., Maremaraueckuil annapat Quamku (Pusmatrus, 1960), 38.

[16] Pauwescknit, I1. K., Kypc nuddepenunancnoii reomerpun (Mocksa, 1956), 219.

THE PERTURBATION THEORY FOR THE FIRST-ORDER
APPROXIMATION OF THE DIFFRACTION PROBLEMS

Cuenc Lu

(Nankai University)

ABsTRACT

Applying the perturbation theory to Helmholtz’s equations of spherical and sphero-
conal systems of coordinates, the author deduces the expressions for the perturbation
terms of diffraction due to a plane angular sector with its angle nearly equal to = and
those due to an elliptic cone with 6 nearly equal to =/2 respectively. Then, following
the principle in [10], substituting the diffracting plane disk of arbitrary form by its ins-
cribed polygonal disk and the diffracting surface of arbitrary form by a sutface which
consists of many small inscribed elliptic cones of the original surface, we make the sum-
mations of the perturbation terms for the sectors of the polygon and those of the tops
of the small cones respectively. In the limiting case these two summations become in-
tegrals, hence the diffraction fields of first-order due to the disk (thereof, the comple-
mentary plane screen with a hole) and the surface of arbitrary forms are derived respec-
tively.



