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ABSTRACT

A review of diffraction phenomena for a double slit, grating and
regularly triangular aperture has been done.

First, as a width b and a space d of double slit vary, a diffraction
pattern has been simulated by computer. In case of d-b, as a width b is
kept constant and a space d varies, an interference pattern within envelope
varies and as n(=d®) is increase, the number of principal maxima within
the envelope occured 2n+1l. As a space d is kept constant and a width b
varies, a scale of the interference pattern and diffraction pattern varies
and when 1/n is 0.1, the value of principal maxima and first maxima are
nearly equal. Conversely, in case of d<, as a width b is kept constant
and a space d varies, a scale of the interference pattern and diffraction
pattern remains and when n is 0.1, diffraction pattern is similar to a single
slit. As a space d is kept constant and width b varies, a scale of the
interference pattern and diffraction pattern varies and as 1/n is increase,
the diffraction pattern almostly disappears.

Second, an intensity of diffraction light and separation between fringes
for grating have been measured. Using this data, calculated values of
space between the slits agree with practical values of space between the
slits.

Third, as a grating is rotated to a incident laser beam, the diffraction
pattern appears in the arc of a circle. The measured values of radi of a
circle agree with theoretical values.

Lastly, we can expect that the calculated diffraction pattern for a
regularly triangular aperture has three symmetric axes, and the diffraction
pattern in each axes has bright and dark fringes like the diffraction
pattern of single slit.
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Fig. 1. Geometry for the Fresnel-Kirchhoff formula
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Fig. 2. Definition of the variables for Fraunhofer diffraction by a single
slit
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Fig. 3. Fraunhofer diffraction pattern of single slit
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Fig. 5. Faunhofer diffraction pattern of a double—slit aperture
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Fig. 7. Fraunhofer diffraction pattern of a multiple—slit aperture
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Fig. 8. a) The geometry of a normal incidence diffraction grating setup
b) The geometry of a nonzero angle of incidence. The ruling are
perpendicular to the incident rays.
c¢) The geometry of the diffraction grating setup where the rulings
are no more perpendicular to the incident rays. The locus of
the diffraction maxima is along a curved path.
( Phadke $} Allen, 1986 )
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Fig. 9. The coordinate system used in the calculation of the circle
pattern
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Fig. 10. Fraunhofer diffraction from an aperture

°|A Fig. 113} o] i) Aols}t add ARAYAM ADZE yZ2E 83 4
B FAZAE Y022 9T FEANA ARy TN 9% ¥E F5Y

& AR

~

/

Y

a

e
cé
(0 g

0
~

B V2 z |
Q’ — 7
Cd B
&‘ ~
’ \~
.4 &
STk CR R
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Fig. 14. Intensity curve for grating diffraction pattern.
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Fig. 15. Diffraction pattern for grating.

HAFHE ZE X A7) AN vlo|Z 20 & o] FHEA A I
A A1SHA[)o] dehde A9 A2 y& FA¥0d. 348 vy (10)
4 h = xa/y# o] §#q slitte] BH(h)& AAHH AHAFAS) w2
Zo] Elojx}.

Table 1. Separation of slit and value of intensity at maxima
(hy : ¥R slit 744, hy ; AR slit 78, hy ; A2 slit 23
L ; 02 Sda], [, 5 12 SdA], vy ; 54 AJo] AF)

slit b | h To I y ! 1
No | (m) | (m) | (aV) | (V) | (mm) | " P2 hs
1 254 | 005 | 241.9] 7.0 | 55 0.05 0o
2 2.54 | 0.05 | 195.4 | 11.7 | 5.8 0.04 0.01 |
| 3 | 25 | 005 ; 241.0 | 27.0 | 5.4 0.05 0
|4 2.54 | 0.05 | 250.0 | 41.1 5.7 0.05 o |
5 2.54 | 0.05 | 248.6 | 28.4 | 5.8 0.04 0.01
6 508 ; 0.10 | 239.1 [ 11.9 | 2.4 0.11 0.01
7 5.08 | 0.10 | 239.3 | 63.8 | 2.9 0.09 0.01
8 508 | 0.10 | 267.9 [104.2 | 2.4 0.11 0.01
9 4.00 | 0.08 | 265.6 | 246.7 | 3.5 0.08 0
[ 10 508 | 0.10 | 269.7 [227.4 | 2.8 0.10 0
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) ALY slit 3, Lt Lie A2 02 SdAs 12 SdiAeld ye W ¥
H Aol A & Lt L Aole Are]lX, xE slit#h photodiode Aol A
(45.5cm)olct. EejA AR slit 71 3t host (1004 4T AR slit 71
9 3 hy7t A APE B 5 U4

2-3) AAR] slitd AAUYAR S 349 2 3o
Laser beam®] A4 ¢# slit o)) 5 & HHAA2EH screend] e}
e HAFHE 3F3%7] 44 Fig. 163 2L A28 #3d.

laser

|
|

screen

Fig. 16. Block diagram to observe a diffraction pattern for grating no
perpendicular to the incident rays.

slit®] ZtX& 55°AA 80°7z] W3A7|HA Vel A FHE 9T 4
Ao] 2§ Fig. 1740 Si}.
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c)

d)

e)

f)

32,0cm
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9) Y 20.5Cm

11.0cm

h)

Fig. 17. Diffraction pattern for the variation of rotating angle(e).
(a; 6=55°, b; 8=57%, c ; 6=60° d ; 8=62°
e ; 6=65° f; 0=67°, g ;6=70°, h ; 6=T77°,
i; 8=80°)
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FAF & 27 94 HAAA AYE S92y slit} screen Aol A
D = 30cm& #A}¥3qd. Laser Ro] 3 A4 A+ A ¥H+& Fig.163%
ol {AFHI 4HARA Yt ey slits A3 HAAA g9
Aol ALSE (AT 423 dH& 88U 4 At F2¢ AL
6 & HAFHE F98 40442 89 33 (RJF R=Dcotd 4 ¥
Agd Yo FRE w=dgd.

Table. 2. Radius of circle for the variation of incident angle().
( R; : theoretical value, R.: experiment value )

80 | Rilenm Re (c;) | IR - Re|

.9 : 21.0 ‘ 29.8 ) 8.8

L ST 19.5 23.6 ; 4.1

.60 17.3 20.3 3.0
62 15.9 17.6 ‘ 1.7
65 ; 13.9 16.0 2.1

L. 67 ; 12.7 11.3 1.4

. 109 10.3 0.6
i [ 6.9 5.5 1.4
80 [ 5.2 1.9 0.3

A 671 FMESE FHT 4YHE IIY F AT, o] Fole
#RE ¢ A 2T 671 FIRSEF L AA Jeidd ¥ 5 9led
ol oM U9 FAL Fr] AM 97 90°A Paje) w2 1 — cot?d =
12 71497 &)zt ¥ 4 9ld. Fig.18¢ A A o4& RS R e ¥
2P efxo)v},
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28—

24— °

22

20 4 °
18
16 A °

14 A

»

12 .

A 0 o

28—

S WSS— I I — '

35 50 65 70 75 80 (6)

Fig. 18. Theoretical and experimental values of radius for variation of
incident angle(p) .
(®: experimental value, A: theoretical value )
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2-4) A3 244 4% HR
P Polrt ad AAAYA T (A A A4 2= EXE ADHGA

A Aret v
anDAL A
W = 8—12 (3A/2)"}(3B/2)? [( 2 )ZS“‘Q(%&\“) * (%&)2““2(%)

- ( 3?‘ )( 32B )sin( Sf)sin( 32B )cos(B/‘ZBa + —éA— - %)l (19)

2 EYE 4 .o weA (19428 =0, A =0, B =02 A IFuigtd
14 4 . & B = 044 p = kZ/Ro|BZ Z=0 YHolw, A = 0AME
A=a/2/3(c — B/3) = 04X Y = Z//3 ¥ 283 B = 0AM £ B=a/2/3(a +
8/y3) = 04X Y = — Z//3Q Foldh. wA i) Rolvt adl AAAY 7
o o NP FANL Z =02 YR, Y = :Z/3 F 349 Ao £X¥
}.(Fig.19)

g
(EA oy
~
N

S ' 4
'/
s y
%\ ——- 7
4
V] \
* .
4 \

’ N

Fig. 19. The coordinate system used in calculated of the regularly
triangular pattern
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ARZANAN y2E&E FA2E HAHYLER screenFlA] Y 4 AE =
oot BMate] ¥, Z = 02 A4 YZAME A=Bo|w, L'hoptial®] H)&
o] 31 (194& A = 04) Fdi27} slen, 3A/2 = iz, +2x, +3x o)A 09
Fto] "ck. & A=Bold (194

1 sin(34/2) \? sin(34/2) |?
1, ?[2[ (34 ] . 2{——3A/2 }cos(2/3[33)

. 2
- 3—122[—5%37’;/2—)} {1 - cos(2/3pa)}

. 2
4/9a2[L‘§g3/2‘ﬂl} ............................ (20)

2EYUS ] YRAME 358 A% AoleslAd HE Ay $¥xe <
slit] &g 3} 3to] wsto] =AH = Yelrl | Ao) AR, 17 E& A

Fe AgdolasdEd, 2 d3E Fig. 20004

Fig. 20. The Fraunhofer diffraction pattern of the regularly triangular
aperture by a computer simulation
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¥ AFdAE AU 22 AAAY g P A X & B S8AM A
A48 2] apertured MFHL HAH FHE BFY AH screene] #
FAX AFT 2 o] 3N AP ZA Wede] IASE AE 2FE & &
A Fig. 21). Hecht $¢ A7 A 9sid ARGy ¢ A FA

9 R} Fig. 228} .

Fig. 21. Diffraction pattern for the regularly triangular(our experimental
result)

Fig. 22. Diffraction pattern for the regularly triangular
(Hecht $} Zajac, 1973)
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2-5) 4871 2 4% 3

§27kx] Apertured] 1% 5NA ¥ TEE BAHY) AN A 2
9 Aperture & T, W, A [0 2% Apertwre® AFsT (7 FI ¢ ¥
#4. #3239 (A T & Fig. 229 @2on e o]y Apertured] A
7Y 23§ 49922 Fos] BE Aol v Ard

Fig. 22—a) Diffraction pattern for theA
b) Diffraction pattern for the
c¢) Diffraction pattern for the T
d) Diffraction pattern for the W
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v, 2 &

o] % slitl W3t slite] FH} F& FRAA7IRN HEFH Y& AFH
A gl HH, slite] P} F& HA HAGAR AF3HI o] HAEY
Aol A% HAERY M7 JARY F8 SR Y AYE FANA ARG
slite] Z+3& T3 o] &4 3} vz Y laser beamo] slitd §
AYAstA] 43 AT 22 FAUYASE A+ AAFY HE FFIH,
AAAY 2o T AT HAYRY oy AL 3o JE AYESH
Hadgded 2 A dd3 2
1. o]Z slitf] ¢ HE FH<& slits] F(b)s} 2 (dF BHA7A AFH A&
#old H2w A

AA,d=b A A4 d9 #§E be] AFNE BERAEM, S d =D

A4x X8 d = 9b A=A HHXFNAN (d/b=n=1-9) FFY A FH &

F< wl MRS F Y FH9 Qv Wi IFA vk HHA o

€ ¥ & 92d, 12 23U F8 S99 A4t 2n+l2 YEdE ¥

T gl

¥4, d 2 bol'dA b9 & dJ LAY ulg o= HIAIAM, &b =

dedx ¥¥ b = 0.1d 7= H}A7HA (b/d=1/n=1-0.1) ¥5F Hd §4

8 2ge Lt 3284F X443 34 7 gt dige # 4 92

7} 0.1 A%+ 12 (A ¥4 A7 A9 03 3H FH A7 vl &P

el HAE AL ¥ ¢ Y

MA, d<bl 3¥ d¥ be] UAY wle] o= HWRAIAAM, & d = belA
¥H d = 0.1b Ax) @RA7EA (db=n=1—-0.1) ¥IHE A FH9 =

FL EIgA Y ¥4 e ¥HA X ng Fto] Wit v} 14 3

A 49 A7 A i b 0.1 A4 A @Y slitd) Yeio)

H3id.

WA, d<belhA b¥ do AT WY o2 WRAINYA, F b = dAA

¥€ b = 0.1d 7Ax @3A719A4 (b/d=1/n=1-10) ¥5F¢ Jd 9 B

_33_



ke ERAFH 2AFHS Yesl AR WAL Voot FHESE, B slite) F
ol Wolgdl wet HA Fy9 Wesl 4HARE ¥ 4 Asdch

2. slite) F3 3R & BHAN oF slite] HA 229 FAADY A y& &
Astd h=xA/yq o ALY FL AA 278 F YAPE ¥ § U
.

3. Laser beam)] gratingo] HAzA A&« 38 FH T3 A 5o,
29 WAL R = Deoto2 A A= o3to] 90°2 Fagol e} AY A
9} & dA3}oA.

4. 9 Yo} add AAAY A A FHYE YF, Y = :Z/3 394 379
Ao FExEG. 223 4 FA A FH & 2 slithAd AP Hgto] =
e YRAM HA 79 F2 Fde Al=a/2/3 * kY/R) = 0 o S35}
Nex, 3A/2 = ix, 2z, :3x- - ofH Co] HI, o] FHE Aol 2214
S92 EARE ¢ & U

5. 99 A [, T, WA A% Aperture® A5 A7 F & S33
Qe olE AP AFH EH o Hojg Aol
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T A

€ =0l €457 7AA Hlde 243} FHE A=HFTA AFA 2edA
AL A8 =q4uUd. HiEA FAE AsA AAE 47 Wt 249F
2AY 2edA 4 =Yy B}y o A T ¥R U AL /Y
22 Axs FA ¥} 2edA 4 =94

EX = AEE YL ¢ AEF AAELE 434 23 Adegd, AR
3t 193 YA zHa =334

g 3o RE AL AR AT AFE FAE REY, AR
T4 Aok A Aol, AFEAA o] =EE v
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