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#H1% (a) =0
s ! = 2,5cm ! =5,0cm ! = 10.0cm [ = 20, 0cm I = 40, 0cm [ =00
-3, d, d d, d d, 6,
(107%em) | (10-demy | Tmaz | (107%em) | mez | (10%em) | Imer | (10%%em) | Ime= | (10-%cm) | Imes  |(10-tad.)| mes
5 84,21 | 0.04760 168.5 0. 04729 337.1 0, 04722 674,21 0,04720 1349 0.04719 16.86 0.04719
10 41,56 | 0.05397 83.99 | 0,04883 168. 4 0. 04760 337.1| 0.04729 674.2 | 0.04722 8.429 | 0.04719 |
15 26,16 | 0,08721 55,21 | 0,05586 111.9 0, 04928 224.5 | 0,04771 449.4 | 0,04732 5.619 | 0.04719
20 16. 62 |N0. 2247 39,83 0.07761 83.12 | 0.05397 168.0 | 0,04883 336.9 | 0,04760 4.214 | 0.04719
25 29.29 IA0.1377 65.16 | 0.06470 133.7 | 0.05126 269.1 | 0,04819 3.372 | 0,04719
30 20. 65 |A\O. 2966 52.30 | 0.08721 110.4 | 0,05586 223.8 | 0.04928 2.810 | 0.04719
s =16 s =22
24,00 { 0,1018 35.26 | 0.09484
s =21
14,96 [A0. 2823
#15 (b) 7y = 0. 0005
s I = 2,5cm I = 5.0cm ! =10.0cm [ =20, 0cm [ = 40. 0cm [l =o0
- d d d d; d, 6,
(10 scm) (10—-3lcm) Imaz: (10'3}31‘0) Ima:z: (10~3lcm) Ima:c ,(10—3cm) [ma.z (10‘3cm) Imax (10_31‘3(,1.) Imaz
5 84,24 | 0.04741 168, 6 0.04711 337.2 0. 04703 674,5 0.04701 | 1349 0. 04701 16. 86 0. 04700
10 41,60 | 0.05318 84,09 | 0,04808 168. 6 0. 04685 337.4 0. 04655 675.0 0. 04647 8.439 | 0.04645
15 26,18 | 0,08511 55,33 | 0,05408 112, 2 0. 04758 225,1 0, 04604 450, 6 0. 04566 5.634 | 0.04553
20 16,11 |A0. 2206 39.92 | 0.07404 83.46 | 0, 05086 168. 8 0. 04586 338.5 0, 04465 4,235 | 0,04426
25 29,10 |A0. 1312 65.50 | 0.05952 134.6 0. 04656 271.1 0. 04361 3.397 | 0.04265
30 52,46 | 0.07900 111, 4 0. 04891 226.2 0. 04269 2.841 1 0.04072
s =22
35.29 | 0.09022
s =27
24,98 |/A0.1765
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1 (o) iy = 0, 0010
s [ = 2,5cm [ =5, 0cm { =10, 0cm [ = 20, 0cm ! = 40. 0cm l =00
- d d, |, d d, d g
(10-%cm) (10—310.0) Tz (10—3lcm) E Tnaz (10—3lcm) Lag (10%cm) Tinazx (10—3lcm) ¥ - (10“3;ad. ) ¥ -

5 84,31 | 0.04685 168.7 0. 04655 337.5 0, 04647 675.0 0.04645 | 1350 0. 04645 16. 88 0. 04645
10 41,74 | 0.05086 84,38 | 0.04586 169.2 0. 04465 338.7 0.04436 677.5 0.04428 8.469 | 0.04426
15 26,24 | 0,07900 55,72 | 0.04891 113.1 0. 04269 227.0 0.04121 454.3 0. 04085 5,681 | 0.04072
20 | 40,19 | 0.06391 84,60 ; 0.04212 171.3 0. 03750 343.7 0. 03640 4.300 | 0.03604
25 66,60 | 0,04540 137.8 0. 03386 277.9 0. 03129 3.484 | 0,03046
30 52. 42 |/\0., 05757 115.1 0. 03103 234.7 0, 062594 2.953 | 0,02437

s =18 s =24 s =27
19.60 | A\0.1338 30,24 |A0. 09906 60.78 { 0,04873
HB1E (d) 7o = 0. 0615
s { = 2.5cm { =5.0cm { =10.0cm ‘ I =20,0cm { =40, 0cm I =o0
_ d | d d, d d 0, !
(10~%cm) (10—3lcm) | Lz (10—3Zm) Loz (10-%cm) Tmaz (10—3lcm) Loy (10”31cm) Loz (10-3rad., )' Toax

5 84,43 | 0.04593 169.0 0. 04563 338.0 0. 04555 676. 1 0. 04554 1352 0, 04553 16.90 0. 04553
10 41,96 | 0.04711 84,89 | 0.04227 170.3 0. 04111 340.8 0. 04082 681.7 | 0.04075 8.522 | 0.04073
15 26.30 |A\0. 06946 56.43 | 0.04090 114.7 0. 03514 230. 4 0.03379 461.2 | 0.03345 5,767 | 0.03334
20 40. 51 |AO. 04906 86.78 | 0.02955 176.3 0. 02561 353.8 | 0.02468 4,429 | 0.02437
25 68. 58 |/\0. 02689 144.7 0.01777 292.8 | 0.01587 3.674 | 0.01527
30 123.6 0.01181 256.3 | 0.00868 3.239 | 0.00778

s=14 s =19 s =24
} 28,81 | 0.06132 43,34 | 0.04598 71.92 | 0.02700
1s =17 s =21 s =27
i 20. 83 |/\0, 09744 37.57 |A0. 05340 60. 60 |/\0. 02787
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HLE (o) io = 0.0020
s I =2.5cm I =5.0cm ; [ = 10. 0cm [ = 20.0cm 1 = 40.0cm I =oo
4y d, d, | dy I d, d, 0,
(107%em) | (10-scm) | Tmes | (10%cm) | Tmex | (107%cm) | Tmer | (10%cm) | Tmez | (107%cm) | fmes  |(10-tyad,)| fmes
5 84.62 | 0.04465 169.3 0.04436 338.7 0. 04428 677.5 | 0.04426 1355 0.04426 16. 94 0. 04426
10 42,30 | 0.04212 85,65 | 0.03750 171.8 0, 03640 343.9 | 0.03613 648.0 | 0.03606 8.600 | 0.03604
15 26.21 {/\0. 05757 57.54 | 0.03103 117.3 0. 02594 235.8 | 0.02476 472, 2 | 0.02447 5.905 | 0.02437
20 90.70 | 0,01637 185.4 1 0.01341 372.7 | 0.01273 4,667 | 0,01250
25 160.0 | 0,00574. 326.3 | 0.00476 4,104 | 0.00446
30 152, 3 |/A0. 00357 316.7 | 0.00258 4,000 | 0.00232
s =13 s =17 s =21 5 =27
31.82 | 0.04687 50,44 1 0.03001 86.80 | 0.01489 ! 154.6 | 0.00421
s =19 s =23 i
43,75 |/A\0.03075 79.20 |A\0. 01265 |
ok (a) i =0
s { = 2.5cm I = 5.0cm ! = 10, 0cm ! = 20.0cm { = 40.0cm I =0
(10~ w e . (w e . w e ” w e . (w3 (83 - (w ] (e I
(10~ |(10~ ¢ 1107 |(1073 (10~ (107 | &, | (107® [(107% | & 107 |(1078 | & 1078 | (1079 ¢
cm) cm)| cm) (%) cm) cm) (%) cm) cm) (%) cm) cm) (%) cm) cm) (%) cm) cm) (%)
5 5.005 0.005 0.1 5.002 0.002 0.0 5.001 0.001 0.0 5.0010.001 0.0 4.999-0.001 0.0 5.000/ 0.000f 0.0
10 10.14 1 0.14 1.4 10.04 | 0.04 0.4 10.01 ;0,01 0.1 10.00 1 0.00 0.0/ 10.00 | 0.00 0.0, 10.00 | 0.00 0.0
15 16.11 { 1,11 7.4 15,27 10.27 1.8 15.06 | 0,06 0.4 15,02 0.02 0.1 15.00 | 0.G0 0.0/ 15.00 | 0.00 0.0
20 25.36 | 5.36 |/A26.8 21,16 | 1.16 5.8 20.28 | 0.28 1.4/ 20,07 } 0,07 0.4] 20.01)0.01 0.1/ 20.00 | 0.00 0.0
25 28.78 1 3.78 |A15.1] 25.87 | 0.87 3.5 25.22]0.22 0.9/ 25.06 | 0.06 0.2] 25.001{ 0,00 0.0
30 40,82 10.82 |A36.1 32.23 | 2.23 7.4/ 30.54 | 0.54 1.8 30.13 | 0.13 0.4; 30.00 | 0,00 0.0
s =16 s =22
17.56 | 1.56 9.8 23.90!1.,90 8.6
s =21 |
28,17 | 7.17 |A34.1 !
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ok (b) 2o = 0. 0005
s { =2.5cm [ =5,0cm { =10,0cm { =20, 0cm ! =40.0cm ! =0
(10_3 (w3 (83 e (w3(€3 e w e ¢ w (6 ¢ wa(ea < (wa(ea e
1078 (10" 1073 (10~ (107 | (10-® (1073 |(10~® (1073 | (10~ 1078 {(107% | &
cm) cm) cm) (%) cm) cm) (%) cm) cm) (%) cm) cm) (%) cm) cm) (%) cm) cm) (%)

5 5. 008’ 0.003, 0.1, 4.999-0. 001 0.0 4.999-0.001 0,0, 4,999-0.001 0.0, 4,999-0, 001 0.0 4.998-0.002f 0.0
10 10.13 1 0.13 ‘ 1.3] 10.02 | 0.02 0.2/ 10.00 | 0.00 0.0 9.993-0,017, —0.1 9.990-0,010; —0.1,  9.988-0.012] —0.1
15 16.10 | 1.10 ‘ 7.3 15.23 | 0.23 1.5/ 15.02 | 0.02 0.1, 14.98 |-0.02 | —0.1 14,96 |-0.04 | —0.2/ 14,96 |-0.04 | —0.2
20 26.16 | 6.16 A30 8 21.11 | 1.11 5.6 20.20 | 0.20 1.0l 19.97 0,03 | —0.2 19.92 -0.08 | —0.4/ 19.91 10,09 | —0.5
25 ; ‘ 28.96 | 3.96 [A15.8/ 25,74 |0.74 3.0/ 25,05 0.05 0.2 24,87 -0.13 | —0.5] 24.81 -0.19 | —0.8
30 1 32,13 | 2,13 7.1 30.26 | 0.26 0.9 29.81 -0.19 | —0.6] 29.67 -0.33 | —~1.1

[ ! s =22
\ 23.83 1 1.88 | 8.5 ’
| s =27
| 33.74 | 6.74 |A\25.0
2%k (o) io = 0, 0010
$ 1 =2, 5cm ! =5,0cm I =10, Ocm [ = 20.0cm I = 40, 0cm I =0
(10_3 (w ( 4 e ( 14)3 ( 83 e ( w e ¢ w ( e < w e < ( wa ( 23 e
1073 |(107 10-0 (10~ 1078 |(10-3 (10 (1073 (10 |(10-3 107 (10
cm) cm) cm) (%) cm) cm) (%) cm) cm) (%) cm) cm) (%) cm) cm) (%) cm) cm) (%)

5 4,999-0.001] 0.0/ 4.996-0,004 —0.1 4,995/~0, 005 —0.1] 4.995-0.005 —0.1; 4.995-0,005 —0.1  4.994-0,006 —0.1, .
10 10,10 | 0.10 1.0/ 9.989-0,.011| —0.1] 9.9631-0,037] —0.4] 9.954/-0,046] —0.5 9. 9530, 047] —0.5  9.953-0, 047 —0.5
15 16,06 | 1.06 7.1 15.13 [ 0.13 0.9 14.90 |-0,10 | —0.7/ 14,85 |-0,15 | —1,0/ 14,84 1-0.16 | —1.1} 14.84 |-0.16 | —1.1
20 20.97 | 0.97 4.9 19.93 |-0,07 | —0.4 19.68 -0.32 | —1.6/ 19.62 |-0.38 | —1.9 19.60 |-0.40 | —2.0
25 25,311 0.31 1.20 24.47 -0.53 | —2.11 24,26 -0.74 | —3.0, 24,19 -0.81 | —3.2
30 32.16 | 2.16 | A7.2] 29.29 -0.71 | —2. 4] 28,73 |-1.27 | —4.2] 28.54 -1.46 | —4.9

s =18 s =24 s =27
21.50 | 3.50 |A19.4] 27.87 | 3.87 A\16.1] 27.74 0,74 2.7
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g2k (d) 7 = 0, 0015

s I = 2.5cm [ =5, 0cm ! = 10.0cm ! =20, 0cm ! =40, Ocm l =

(10~ (w3 ( e | (w3 (1e3 . (w3 ( e | . (w ( e | . (w e . w .
1073 |(10- 10" 0- 1078 {(10- 1078 | (10~ 1073 {(1073 (10-% (10
cm) - cm) | cm) (%) cm) | cm) (%) cm) | cm) (%) cm) | cm) (%) cm) | cm) (%) cm) | cm) (%)
5 4.992-0.008) —0.2  4.987-0.013| —0.3] 4.987-0.013| —0.3  4.987-0.013] —0.3  4.987-0.013] —0.3] 4.987-0.013; —0.3
10 10.04 | 0.04 0.4 9.929-0.071) —0.7, 9.899-0,101} —~1.0  9,.893-0.11 | —1.1 9.891-0.109, —1,1  9,891-0,109 —1.1
15 16.02 | 1.02 | A6.7] 14.94 —0.06 | —0.4/ 14.70 -0.30 | —2.0 14.63 -0.37 | —2.5/ 14.62 -0.38 | —2.5 14.62 |-0.38 | —2.5

20 20,81 | 0.81 | A4l 19.42 -0.58 | —2.9| 19,12 -0.88 | —4.4 19.06 |-0.94 | —4.7| 19.03 -0.97 | —4.9
25 24,58 1-0.42 |A-1.7| 28.30 -1.70 | —6.8| 23.03 |-1.97 | —7.9 22.94 |-2.06 | —8.2
30 27.28 -2.72 | —9.1] 26.81 -3.69 |—12.3 26.02 |-3.98 |—13.3

s=14 s=19 s=24 |-0.56 | —2.3

14.63 | 0.63 | 4.5 19.45|0.45| 2.4 23.44

s =17 s=21 s=27 |0.82| A3.0

20.23 | 3.23 |A19.0] 22.43 | 1.43 | A6.8] 27.82

moE (e) iy = 0.0020

s I =2, 5cm ! =5, 0cm ! =10, 0cm ! =20. 0cm ! =40, 0cm I =0

(10~ (w3 e | « (w3 (e . (w (ea . (w (e3 . (w e . w e e
10-% (10~ 10~ 103 1073 (10 10-3 (10 1073 (1073 (10-3 (10~
cm) cm) | cm) (%) cm) | cm) (%) cm) | cm) (%) cm) | cm) (%) cm) | cm) (%) cm) | cm) (%)
5 4.980-0,020] —0.4 4,979-0,021] —0.4  4.977-0.023) —0.5/ 4,976--0.024 —0.5 4.976-0.024 —0.5 4,976/-0.024| —0.5
10 9.963-0.037) —0.4/ 9.841-0,159] —1.6; 9.812-0.188 —1.9 9.804-0.196/ —2.0] 9.801-0.199 —2.0/ 9.801-0.199 —2.0
15 16.08 | 1.08 | A7.3 14.65 -0.35 | —2.3 14.37 -0.63 | —4.2| 14.30 -0.70 | —4.7] 14.28 -0.72 | —4.8 14.27 |-0.73 | —4.9

20 18.59 -1.41 | —7.1 18,18 |-1.82 | —9.1 18.09 -1,91 | —9.6] 18,06 |-1,94 | —9.7
25 21.07 1-3.93 |—14.8 20.66 |-4.34 |—17.4 20,54 4,46 |—-17.8
30 - 22,14 -7, 86 926 9 21.29 -8.71 |—29,0/ 21.07 |-8.93 |—29. 8
s =13 s =17 s =21 s =27 :
13.24 | 0,24 1.8 16,71 -0.29 | —-1.7 19.42 |-1,58 | —7.5/ 21,81 |-5.19 |—19.2
s =19 s =23

A
19.27 1 0.27 | AL 4] 21.28 |-1.72 | —7.5
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#H3FE (a)
1] s ip = 0. 0005 iy = 0,0010
(cm) (1(3:—;) dy’ (10~%cm) w' (1073cm) e’ (10~%cm) ' (%) d,! (10-3%cm) w' (10~%m) ¢! (10~%m) ¢ (%)
5.1] 82.08-0,34 5.134-40,021 | 0.034-0.021 | 0,740, 4 82. 2840, 35 5.12240,022 | 0.022--0,022 | 0.4=-0,4
2.5/ 10.8 | 38.3240.17 | 11.00 40.05 0.20 +0,05 | 1.8+0.4 38,44+0.19 | 10,96 =0.05 | 0,16 -+0.05 1.5+0.5
15.4 | 25.24+0,12 | 16.70 +0.08 1.30 +0.08 | 8.4-40.5 25,3220.12 | 16.64% 0.08 | 1.24 +0.08 8.120.5
5.1 163, 82-0.43 5.145-+0.013 |  0.045+0.013 | 0.9-+0.3 | 164.80-0, 40 5.115-40.012 | 0.01540,012 | 0,340,2
5 o 108 77.52x0.24 | 10.87 =0.03 0.07 +0.03 | 0.7+0.3 77.80+0.23 | 10.83 =-0.03 | 0,03 =+0.03 0.3::0.3
"l 15,4 58,98+0.22 | 15.61 -=0.06 0.21 40,06 | 1.4-40.4 54,1420.27 | 15.57 40,08 | 0,17 40,08 1.1+0.5
20.5| 88.54+0,17 | 21.87 0,10 1.87 +0.10 | 6.7+0.5 39.78+0.24 | 21.19 =-0.13 | 0.69 --0.13 3,40, 6
5.1 | 328,78-£0.70 5.12740.011 | 0.02740,011 | 0.5--0.2 | 33188104 5.07924-0. 016 |—0.0214-0,016 |—0, 42-0.3
10,8 | 155,7240.37 | 10.83 =40,03 0.03 40,03 | 0.32:0.3 | 157.74+-0.38 | 10.69 —+0,03 |—0,11 =0,03 |—1.0-+0.3
lo.g| 154 | 109.14::0.30 | 15.45 =0.04 0.05 4-0,04 | 0.3--0.2 | 111,08+0.39 | 15.18 0,05 |—0.22 +0,05 |—1.4--0,3
"1 20.5 | 81.7640.36 | 20.62 -0, 09 0.12 +0.09 | 0.6=0.4 85,6820.35 | 19.67 +40.08 |—0.83 40,08 |—4.0--0,4
25,1 65,2440,31 | 25,84 -0.12 0.74 £0.12 | 2.940.5 | 71.34:0.80 | 23.63 +0.10 |[—1.47 +0.10 |—5.9:0,4
29,1 | 55.3420.22 | 30.46 +0.12 1.36 +0.12 | 4,7+0.4 62.30--0.22 | 27.06 0,10 |—2.04 +0.10 |—7.0-0.3
5.1 660,801 41 5,102--0.011 |  0.002--0,011 | 0.0+0.2 | 668.10-£1, 72 5.0464:0. 013 |—0.054-4-0,013 |—1,12-0,3
10.8 | 312.42+0.66 | 10.79 +0.02 | —0.01 +:0.02 |—0.140.2 | 316.5620.64 | 10.65 +0.02 |—0.15 40,02 |—1,4--0.2
bo.o| 54| 219.9620.51 | 1533 20,04 | —0.07 £0.04 |-0.520.2 | 223.18:0.63 | 15.11 :£0.04 |—0.29 £0.04 |~1.9:0.3
71 20,5 | 164,840,833 | 20.45 £0.04 | —0.05 +0.04 |—0.2+0.2 | 173.62--0.62 @ 19,42 -+0.07 |—1.08 0.07 |—5.3+0.3
25.1 | 134.5240.62 | 25.06 #0.12 | —0.04 0,12 |~0,24-0.5 | 148,10-0.44 = 22.77 -+0.07 1—2.23 +0.07 |—9.3+0.3
29.1 | 115.84-0.29 | 29.10 -=0.07 0.00 40.07 | 0.0:20.2 | 136.00-0,45 | 24,79 -0.08 |—4,31 0,08 |—14.8--0.3
T 15,4 439.2441.44 | 15.35 0,05 | —0.05 40,05 |—0.340.3 | 449.02+1.50 | 15.02 =-0.05 |—0.38 =005 |-2 50,3
s0.0| 20-5 | 83L.50£1.28 | 20.34 %008 | —0.16 £0.08 |—0.80.4 | 348.38:1.06 | 19.36 £0.06 |~1.14 +£0.06 |~5.620.3
U1 25.1| 271.5040.85 | 24.84 40.08 | —0.26 -0.08 |—1.00.3 | 298, 4840.62 | 22.59 40,05 |—2.51 40,05 |—10,0-0,2
20,1 | 235,8420.83 | 28.58 40,10 | —0,51 --0,10 [—1.7+0.3 | 278.14--0.89 | 24,24 +0.08 |—4.86 +0.08 |~16.7+0.3
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H3% ()

4 s iy = 0.0015 7o = 0. 0020
(cm) (1%;;) d,' (10-3cm) w! (10~3cm) ¢/ (10-3%cm) (%) d,! (10~%cm) w! (10~%cm) e/ (107%cm) (%)
5.1 82,4040, 29 5,.115=+0. 018 0.015+0.018 | 0.32%0.4 82. 040,39 5.137+0.025 | 0,037+0, 025 0.7+0.5
2.5/ 10.8 38.68+0.24 10.90 +0.07 0.10 =+0.07 0.9:+0.6 39.3840.14 10.70 +0.04 (—0.10 +0.04 —0.940.4
15.4 25,78+0.15 16,35 =+0.10 0.95 +0.10 6.240.6 27,2040, 10 15. 49 -+0.06 0.09 +0.06 0.6+0.4
5.1} 165.52+0.60 5.092-+0,019 | —0.008+0,019 | 0.2+0.4 165. 4240, 50 5,095+0, 015 {—0, 00520, 015 —0,1+0,3
5.0 10.8 78.98-+0. 33 10. 67 +0.05 —0.13 +0.05 [—1.2+0.5 81.90+0, 19 10.29 40,02 |—0.51 +0,02 —4,7+0,.2
15,4 57.304-0. 25 14.71 =+0.06 ~0,69 +0,06 |—4.5+0.4 63. 660, 22 13.24 +0.05 {—2.16 =+0.05 —14,0::0.3
20.5 43.62-+0.31 19.32 +0.14 —1,18 +0,14 |—-5.7+0.7
5.1 331.68+1.23 5, 082-:0,019 |—0.018-:0, 019 ~0.440.4 | 331.9840.76 5.0784-0.012 |0, 0220, 012 —0.4+0.2
10.8 | 160.40+0.80 10,51 40.05 |—0.29 0,05 —~2.7+0.5 | 165,960, 30 10.16 =+0.02 |—0.64 +0.02 —5.940. 2
10.0f 15.4 ; 118,58+0.38 14,22 +0.05 |—1.18 =0.05 ~7.740.3 | 130.24+0.33 12,94 +0.03 |—2,46 0,03 —~16,040.2
20.5 97.06+0. 56 17.37 +0.10 |—3.13 +0.10 —15.3+0.5 | 105.36+0. 29 16.00 40,04 [(—4,50 +0,04 —22,04:0.2
25.1 80, 184-0. 44 21,02 +£0.12 |[—4.08 +=0.12 —16.24-0.5
51| 664,20-+1,18 5. 0760, 009 |—0. 02440, 009 —0.54+0.2 | 665.04+1.42 5,07040, 011 [—0. 0300, 011 —0.6+0.2
10.8 | 324.40-+0.83 10.39 40.03 |—0.41 +0.03 —3.840.3 | 332.42-40.68 10.14 +0.02 |—0.66 +0.02 —6.140.2
20.0 15.4 ] 239,74-:0.52 14.06 0,03 |~1.34 -:0,03 —8.7+0.2 | 261.62+0,56 12.89 0,03 |—2.51 ==0.03 ~16.340.2
"1 20.5] 198.82-0.52 16,96 +0,04 |—3.54 0,04 ~17.3+0.2 | 216.16+0. 44 15.60 +0.03 [—4,90 +0,03 —23.940.1
25,11 170,480, 46 19.78 +0.05 {—5.32 +0.05 —-21.240.2 | 186.72+0.40 18,06 +0.04 [—7.04 0,04 —28,040.2
29.1 | 154,820, 42 21.78 0,06 |—7,32 -=0.06 —25.2+0.2 | 174,880, 47 19.28 40,05 |—9.82 +0,05 —33,7+0.2
15.4 | 482,60+0,97 13.97 40,03 |{—1.42 0,03 —9,3+0.2 | 526.70-+0.96 12.80 0,02 |-—~2,60 +0,02 —~16,940,1
£0.0 20.5 | 398.28+0.84 16.93 =+0.04 |—3,57 0,04 —17.440.2 | 436, 72:0. 59 15,44 +0.02 |—5,06 0,02 —24,740.1
Tl 25.1 ] 347.0040.75 19.43 +0.04 |—5.67 +0,04 ~22.6-40,2 | 379.38--0.61 17.77 +0.03 |—7.33 0,03 —29.240,1
29,1 | 320.68-+0. 86 21.03 +£0.06 |—8.07 =+0.06 ~27.740.3 | 356.0240.65 18.94 +0.03 [—10,16=+0,03 —34.940,1
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o4 0K
l s iy = 0. 0005 19 = 0. 0010 io = 0, 0015 1y = 0, 0020
(cm) (107%em)| &' — e (%) o — 2 (%) ¢~ (%) e —e (%)
5.1 0.6+ 0.4 0.4+ 0.4 0.5+ 0.4 L1+ 0.5
2.5 10.8 0.0+ 0.4 0.1+ 0.5 0.1£ 0.6 —~0.7+ 0.4
15.4 0.2+ 0.5 .1+ 0.5 —1.8+ 0.6
5.1 .9+ 0.3 .4+ 0.2 0.1+ 0.5 0.3+ 0.3
5.0 10.8 0.4 0.3 0.3+ 0.3 —0.4+ 0.5 —2.9+ 0.2
15,4 —0.2+ 0.4 0.0+ 0.5 —4.2+ 0.4 —11.7+0.3
20.5 0.4x 0.7 —2.1+ 0.6 ~11.14+0.7
5.1 0.5+ 0.2 —0.3% 0.3 —0.14 0.4 0.1+ 0.2
10.8 0.3+ 0.3 -0.6+ 0.3 —1.6+ 0.5 —-38.7x£ 0.2
10.0 15.4 0.2+ 0.2 —0.7+ 0.3 —5.6+ 0.3 -11.5+ 0.2
’ 20.5 —0.5+ 0.4 —3.64 0.4 —12.3+ 0.5 -14.6+ 0.2
25,1 —0.2+ 0.5 —7.1+ 0.4 —14.6 0.5
| 29.1 —1,64 0,4 | ~12.54 0.3
- — ! - . .
, 5.1 .0+ 0.2 —1.0x 0.3 —0.24 0.2 —0.1x 0.2
10.8 0.0+ 0.2 —0.8% 0.2 —2.6+ 0.3 ~3.94 0.2
20.0 15.4 —0.44 0.2 —0.8% 0.3 —6,0+ 0.2 ~11.3+ 0.3
’ 20.5 0.0+ 0.2 —3.64 0.3 —12.6+ 0.2 —14.4% 0.1
25.1 —0.44 0.5 —7.24 0.3 ~14.3+ 0.2 —13.04 0.2
29.1 ~0.8+ 0.2 ~12.4+ 0.3 -16.3%x 0.2 ~11.5+ 0.2
15. 4 —0.1+ 0.3 —1.34 0.3 —6.6+ 0.2 | —1L.7% 0.1
0.0 20.5 —0.4%+ 0.4 -3.5- 0.3 —12.3+ 0.2 —14.5+ 0.1
251 —0.5x 0.3 —-7.0+ 0.2 —14.6+ 0.2 —11.2+ 0.1
29.1 -1.1% 0.3 ~12,7+ 0.3 —16.4+ 0.3 —~8.7+ 0.1
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Summary

Effect of Fresnel’s Diffraction on Measurement of Slit
Width with Fraunhofer’s Diffraction.

Akira TARANO and Yasohachi MORIMOTO

(Laboratory of Physics of General Education, Faculty of Engineering and
Department of Precision Engineering, Faculty of Engineering)

Previously) we have investigted the effect of the size of the light-source
(that is the size of the slit width of the collimator 4,) on the measurement of
the slit width by using the approximate expression of Fraunhofer’s diffraction.
In this report we want to find out the effect of the distance [/ between the
slit and the screen on the measurement of the slit width.

An expression I (s, i, /, d) of the intensity of the diffraction patterns are
introduced by the autheors. Here s,i, and d are the slit width, the largest
angle of incident beam on the plane of the slit and the distance from the
optical axis to the observing point on the screen, respectively. The comparision
of the theoretical expression with the measured values concludes as follows :

1. In this experiment, when / is smaller than about 10 cm it is impossible to
regard the diffraction as Fraunhofer’s diffraction, but when / is larger than
about 20 cm it can be regarded as Fraunhofer’s diffraction. And though !/ is
about 10 cm, if s is smaller than about 0.002 cm, it may be regarded as
Fraunhofer’s diffraction approximately.

2. When [ is small and it is impossible to regard it as Fraunhofer’s diffraction,
the theoretical errors originated from approximation must be corrected, and
the slit width is measured by using the approximate expression of Fraunho-
fer’s diffraction. Especially when i, is large, the slit width may be measured
more exactly by using Fresnel’s diffraction.

3. The size i, of the light-source gives negative errors but Fresnel’s diffraction
effect (when / is small) positive errors. Both the errors offset each other, but
the errors originating in the size i, are more remarkable than those origina-
ting in L

The results obtained for several values of i, are as follows:

(a) In i, =0.0005 rad., the errors of the measured values are ahout 0.5 %
when they are corrected by calculation from the expression. In other
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words, in this case, the theoretical calculation gives the approximatly
correct values.

(b) In i, =0.0010 rad., when s is smaller than about 0.015 cm, the errors
of the measured values corrected by the expression are within 1%. But
s is enlarged about 0.015 cm, the results calculated from the expression
are remarkably different from those of the measured values.

(¢) In iy = 0.0015 rad., within about./=2.5~5.0 cm (Fresnel’s diffraction),
as large as s = 0.010 cm, the errors of fhe measured values corrected by
the expression are within 1 %. Over these bounds, the calculated values
are remarkably different from those.'of the measurement. '

(d) In i, =0.0020 rad., except about /= 2.5 cm, the calculated values are
remarkably different from those of the measurement, and it seems impos-
sible to measure the slit width with the diffraction phenpmenon.

1) Y. MoriMOTO. and A, TAKANO, “On the Measurement of the Slit Width with Fraun-
hofer’s Diffraction Phenomenon (The Effect of the Size of the Light-Source)”, Journal of
the Faculty of Engineering, Shinshu University, Vol. No. 23, Dec,, 1967, pp. 77-95.



