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4-1-1

           sin    ,  0, 1, 2, 3,d m mθ λ= = ± ± ± �  (1-1)

d � m

 

a

b

c

4-1-1   

(1) L

y EXCEL m 1

�

L 

 

y 

(2)  



 

 
5 

 

(1) 

4-1-2  4-1-3  4-1-4 

(2)

4-1-5  4-1-6 4-1-7 

4-1-9 

y1 y2

y  

4-1-8 

 L
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(3)

4-1-10  4-1-11  4-1-12  

 

 

1  

n1 n2 n1 n2

P

Q  

1(0 a) 2 b -c

4-2-1 1

1
1

cv
n

= 2 2
2

cv
n

=

 
2 22 2

1 2

( )
( )

b x cx at x
v v

− ++= + (1-2)

t(x)

 

2 2 2 2
1 2

( ) ( ) 0
( )

dt x x b x
dx v x a v b x c

−= − =
+ − +

(1-3)

2 2
sin x

x a
α =

+ 2 2
sin

( )
b x

b x c
β −=

− +

2 1sin sinv vα β=   1 2sin sinn nα β=   

4-2-1  n1

n2  
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2

(1)

90

 

 

 

 

(2)  

(3)  

3

 

4-2-3 3600 4-2-4 4-2-5 

4-2-6  4-2-7 4-2-8

4-2-2  
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1

4-3-1

4-3-1

4-3-1

212 4φ π θ θ= + −         (1-4)

2
1 1sinsin

n
θθ − � �= � �

� �
(1-3)

1 1
1

sin2 4sin
n
θφ π θ − � �

� �
� �

= + − (1-5)

4-3-1 1sin
d
R

θ = R n

1 1
1

sin4sin 2
n
θα π φ θ− � �

� �
� �

= − = −   (1-6) 

n 42°

4
3

n = (1-6)

1sin θ 4-3-2 4-3-2

0.86d =   

= 42°

φ
1θ

1θ

2θd 2θ
2θ

2θ

1θ

α
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� = 42° 4-3-2

sin�1 4-3-3

 

(1-6) � 1

2

sin
(4 )

3
nθ =

− (1-7)

(1-7) (1-6) α αmax n

�
�
�

�
�
�
�

� −−�
�
�

�
�
�
�

� −= −−

3
4sin2

3
4sin4

2
1

2

2
1

max
n

n
nα  (1-8) 

αmax n 4-3-4

4-3-2 � sin�1

4-3-3 sin�1  
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4-3-4 αmax n  

4-3-4 αmax n n = 1.3333 αmax = 420

420 αmax

(1-7) n

4-3-10 11

4-3-4 αmax n

(1-7) 4-3-1 4-3-1 αmax

n
 

4-3-1  αmax n
�max 20° 21° 22° 23° 24° 25° 26° 27° 

n 1.5328 1.5210 1.5094 1.4982 1.4874 1.4769 1.4666 1.4567
�max 28° 29° 30° 31° 32° 33° 34° 35° 

n 1.4470 1.4375 1.4283 1.4194 1.4106 1.4021 1.3938 1.3856
�max 36° 37° 38° 39° 40° 41° 42° 43° 

n 1.3777 1.3699 1.3623 1.3549 1.3476 1.3405 1.3335 1.3267
�max 44° 45° 46° 47° 48° 49° 50° 51° 

n 1.3200 1.3135 1.3071 1.3008 1.2947 1.2886 1.2827 1.2769

n

maxα



 

 
11 

 

4-3-5
200

200

4-3-6 4-3-7 

4-3-8 4-3-9 4-3-10 

αmax

4-3-11 4-3-12 4-3-13

4-3-14 4-3-15 4-3-16 
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1
4-4-1 4-4-3

4-4-1 4-4-2 4-4-3 

2

4-4-4 4-4-9

4-4-4 4-4-5 4-4-6

4-4-7 4-4-8 4-4-9
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d L y1

y2 y1 y2 y
2 2

sin y
L y

θ =
+

sin�

sind mθ λ= m = 1 sindλ θ= EXCEL

5-1-1 100 lines/mm  

y1 cm y2 cm y cm L cm 2 2L y+ cm sin� 

1 18.79 18.75 18.77 357.9 358.4 0.05237 
2 26.28 26.25 26.27 499.2 499.9 0.05254 
3 31.65 31.62 31.64 603.5 604.3 0.05235 
4 37.83 37.82 37.83 716.8 717.8 0.05270 
5 42.58 42.53 42.56 802.7 803.8 0.05294 

  0.05258 
  0.00022 

sin� = 0.05258 sindλ θ= 0.001 0.05258 525.8
100

nmλ = × =

532.0nm
532.0 525.8

1.17%
532.0

−
= =

532.0nm

5-1-2 100 lines/mm

y1 cm y2 cm y cm L cm 2 2L y+ cm sin� 

1 14.17 14.21 14.19 358.0 358.3 0.03961 
2 18.89 18.87 18.88 468.8 469.2 0.04024 
3 23.16 23.22 23.19 578.6 579.1 0.04005 
4 27.32 27.25 27.29 679.9 680.4 0.04010 
5 31.32 31.29 31.31 784.7 785.3 0.03986 

  0.03997 
  0.00022 
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sin� = 0.03997 sindλ θ=
0.001 0.03997 399.7
100

nmλ = × =

405.0nm
405.0 399.7

1.31%
405.0

−
= =

1%

100 lines/mm  

532.0 lines/mm sin�

sin
d λ

θ
= 5532.0 1.012 10

0.05258
nmd −= = × 98.8 lines/mm

d  

5-1-3 98.8 lines/mm  

y1 cm y2 cm y cm L cm 2 2L y+ cm sin� 

1 21.72 21.68 21.70 327.8 328.5 0.06605 
2 28.78 28.75 28.77 437.9 438.8 0.06555 
3 35.95 36.05 36.00 547.9 549.1 0.06556 
4 43.18 43.15 43.17 657.0 658.4 0.06556 
5 50.12 50.15 50.14 766.2 767.8 0.06529 

  0.06560 
  0.00023 

5-1-3 sin� = 0.06560 sindλ θ=

0.001 0.06560 664.0
98.8

nmλ = × =  
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5-1-4 5-1-5

    
2 4( ) ...b cn aλ

λ λ
= + + + (1-9)

2

b
λ

2( ) bn aλ
λ

= +
                 

(1-10) 

5-1-4 ( ) 

5-1-4 n 2

1
λ 5-1-1

5-1-1 1/�2

5-1-1

(664.0nm)
2

11.3243 3077.8 1.3313
664.0

n = + × =  

(532.0nm)
2

11.3243 3077.8 1.3352
532.0

n = + × =  

(405.0nm)
2

11.3243 3077.8 1.3431
405.0

n = + × =  

y = 3077.8x + 1.3243   
R² = 0.999

1.331
1.332
1.333
1.334
1.335
1.336
1.337
1.338

0.0E+00 1.0E-06 2.0E-06 3.0E-06 4.0E-06 5.0E-06

n

1/�2 (1/n2m2)

(nm) 656.3 589.3 486.1 

n 1.3314 1.3332 1.3373 
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5-1-5  ( )

 

5-1-5 n 2

1
λ 5-1-2

5-1-2 1/�2

 

5-1-2  

(664.0nm)
2

11.3541 2936.2 1.3608
664.0

n = + × =  

(532.0nm)
2

11.3541 2936.2 1.3645
532.0

n = + × =  

(405.0nm)
2

11.3541 2936.2 1.3720
405.0

n = + × =  

5-1-6

5-1-6 (200C )

 

(nm) 664.0 532.0 405.0 

 1.3313 1.3352 1.3431 

1.3608 1.3645 1.3720 

y = 2936.2x + 1.3541
R² = 1

1.36
1.361
1.362
1.363
1.364
1.365
1.366
1.367

0.0E+00 1.0E-06 2.0E-06 3.0E-06 4.0E-06 5.0E-06

n

1/�2 (1/n2m2)

(nm) 656.3 589.3 486.1 

 1.3609 1.3625 1.3665 
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1 5-2-1

5-2-1 

1 1 sin sinnα β× = ×
sin
sin

n α
β

=

5-2-1

5-1-6

1.3078n =
1.3313 1.3078

100% 1.77%
1.3313

−
= × =

1.3273n =
1.3352 1.3273

100% 0.59%
1.3352

−
= × =

1.3161n =
1.3431 1.3161

100% 2.01%
1.3431

−
= × =  

2 5-2-2

5-2-2

y = 1.3078 x    R² = 0.9968 

y = 1.3273 x    R² = 0.9972 

y = 1.3161 x    R² = 0.9968 
0

0.2

0.4

0.6

0.8

1

1.2

0 0.2 0.4 0.6 0.8 1

sin�

sin�

y = 1.3672 x   R² = 0.9970 

y = 1.3865 x   R² = 0.9955 

y = 1.3505 x   R² = 0.9963 
0

0.2

0.4

0.6

0.8

1

1.2

0 0.2 0.4 0.6 0.8 1

sin�

sin�
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5-2-2 5-1-6

1.3672n =
1.3608 1.3672

100% 0.47%
1.3608

−
= × =

1.3865n =
1.3645 1.3865

100% 1.61%
1.3645

−
= × =

1.3505n =
1.3720 1.3505

100% 1.57%
1.3720

−
= × =  

2.1%

5-2-3 5-2-5

5-2-3

5-2-4 

 

5-2-5
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(1) 
 1 2 3 4 5 

cm 22.49 22.92 24.67 27.11 28.22   
cm 20.45 20.88 22.85 24.75 26.03 

�max( ) 42.280 42.333 42.807 42.394 42.688 42.500 0.208 

(2) 
 1 2 3 4 5 

cm 22.60 24.30 24.97 27.42 29.48   
cm 20.48 21.86 22.62 24.65 26.36 

�max( ) 42.183 41.974 42.173 41.955 41.806 42.018 0.143 

(3) 

 1 2 3 4 5 
cm 21.65 25.19 26.69 28.46 30.51   
cm 18.89 21.91 23.55 25.18 26.80 

�max( ) 41.105 41.016 41.424 41.505 41.298 41.231 0.185 

4-3-1 5-1-6

664.0nm 1.3267 1.3335 (42.500 42) 1.3335 1.3301
43 42

n −= × − + =
−

-21.3313 1.3301
100% 9.01 10 %

1.3313
−

= × = ×  

532.0nm
1.3267 1.3335 (42.018 42) 1.3335 1.3334

43 42
n −= × − + =

−  

 
-11.3352 1.3334

100% 1.34 10 %
1.3352

−
= × = ×  

405.0nm
1.3335 1.3405 (41.231 41) 1.3405 1.3389

42 41
n −= × − + =

−   

-11.3431 1.3389
100% 3.13 10 %

1.3431
−

= × = ×  
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(1) 
 1 2 3 4 5 

cm 26.90 27.72 29.71 31.85 34.08   
cm 21.11 21.85 23.53 25.39 26.80 

�max( ) 38.123 38.247 38.385 38.561 38.185 38.300 0.157 

 1 2 3 4 5 
cm 22.71 25.15 26.58 29.73 31.79   
cm 17.59 19.47 20.69 23.21 24.53 

�max( ) 37.760 37.745 37.898 37.970 37.653 37.805 0.114 

 1 2 3 4 5 
cm 25.91 26.28 27.96 29.19 30.56   
cm 19.48 19.95 21.08 22.13 23.31 

�max( ) 36.937 37.203 37.007 37.172 37.331 37.130 0.141 

4-3-1 5-1-6

664.0nm
1.3549 1.3623 (38.300 38) 1.3623 1.3601

39 38
n −= × − + =

−   

-21.3608 1.3601
100% = 5.14 10 %

1.3608
−

= × ×

532.0nm 1.3623 1.3699 (37.805 37) 1.3699 1.3638
38 37

n −= × − + =
−   

-21.3645 1.3638
100% = 5.13 10 %

1.3645
−

= × ×

405.0nm
1.3623 1.3699 (37.130 37) 1.3699 1.3689

38 37
n −= × − + =

−

-11.3720 1.3689
100% 2.26 10 %

1.3720
−

= × = ×
 

0.32%
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 1 2 3 4 5 
cm 25.78 26.51 28.45 30.31 32.35 

 

cm 12.45 12.85 13.65 14.51 15.45 
�max( ) 25.777 25.861 25.631 25.581 25.529 25.676 0.124 

 1 2 3 4 5 
cm 23.57 24.25 29.85 30.32 31.52  
cm 11.21 11.35 14.23 14.48 15.08 

�max( ) 25.436 25.082 25.488 25.524 25.564 25.419 0.174 

 1 2 3 4 5 
cm 26.35 28.74 29.85 30.72 33.71  
cm 12.28 13.08 13.79 14.19 15.74 

�max( ) 24.987 24.471 24.796 24.793 25.025 24.814 0.196 
 

4-3-1
 

664.0nm
1.4666 1.4769 (25.676 25) 1.4769 1.4700

26 25
n −= × − + =

−  

532.0nm
1.4666 1.4769 (25.419 25) 1.4769 1.4726

26 25
n −= × − + =

−  

405.0nm
1.4769 1.4874 (24.814 24) 1.4874 1.4788

25 24
n −= × − + =

−  
 

 

 

 

 

 

 

 

 

 

 

 



 

 
22 

 

5-3-1 5-3-2

5-3-1

αmax

5-3-2

5-3-2

�1 �2
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5-4-1  

5-4-1

1 1 ( 1 1)
10.0300 1.3305 1.3455
2

n = × + =

( 1 1)
1.3313 1+1.3608 1 1.3461

1+1
n × ×= =

-21.3461 1.3455
100% 4.46 10 %

1.3461
−

= × = ×

1 2 ( )
20.0299 1.3337 1.3536
3

n = × + =

( )
1.3352 1+1.3645 2 1.3547

1+2
n × ×= =

-21.3547 1.3536
100% 8.12 10 %

1.3547
−

= × = ×

1 3 ( 1 3)
30.0311 1.3386 1.3619
4

n = × + =

( 1 3)
1.3431 1+1.3720 3 1.3648

1+3
n × ×= =

-11.3648 1.3619
100% 2.13 10 %

1.3648
−

= × = ×

y = 0.0300 x + 1.3305   R² = 0.9981 

y = 0.0299 x + 1.3337   R² = 0.9986 
y = 0.0311 x + 1.3386   R² = 0.9966 

1.32

1.33

1.34

1.35

1.36

1.37

1.38

0 0.2 0.4 0.6 0.8 1

n

V /(V +V )
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5-4-2

5-4-2  

5-4-2

1 3 ( 1 3)
30.1392 1.3303 1.4347
4

n = × + =

( 1 3)
1.3313 1 1.4700 3 1.4353

1 3
n × + ×= =

+

-21.4353 1.4347
100% = 4.18 10 %

1.4353
−

= × ×

1 4 ( 1 4)
40.1388 1.3336 1.4446
5

n = × + =

( 1 4)
1.3352 1+1.4726 4 1.4451

1+4
n × ×= =

-21.4451 1.4446
100%=3.46 10 %

1.4451
−

= × ×

1 5 ( 1 5)
50.1400 1.3387 1.4554
6

n = × + =

( 1 5)
1.3431 1 1.4788 5  = 1.4562

1+5
n × + ×=

-21.4562 1.4554
100% = 5.49 10 %

1.4562
−

= × ×

y = 0.1392 x + 1.3303    R² = 0.9999 
y = 0.1388 x + 1.3336    R² = 0.9999 
y = 0.1400 x + 1.3387    R² = 0.9999 

1.32

1.34

1.36

1.38

1.4

1.42

1.44

1.46

1.48

1.5

0 0.2 0.4 0.6 0.8 1

n

V /(V +V )
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5-4-3

 
5-4-3

5-4-3

2 1 ( )
10.1097 1.3601 1.3967
3

n = × + =

( )
1.3608 2 1.4700 1 =1.3972

2 1
n × + ×=

+

21.3972 1.3967
100% 3.58 10 %

1.3972
−−

= × = ×

3 1 ( 3 )
10.1093 1.3634 1.3907
4

n = × + =

( 3 )
1.3645 3+1.4726 1 =1.3915

3+1
n × ×=

-21.3915 1.3907
100% = 5.75 10 %

1.3915
−

= × ×

4 1 ( 4 )
10.1089 1.3687 1.3905
5

n = × + =

( 4 )
1.3720 4+1.4788 1 =1.3934

4+1
n × ×=

-11.3934 1.3905
100% = 2.08 10 %

1.3934
−

= × ×

 

 

V Vn n n
V V V V

= × + ×
+ +  

y = 0.1097 x + 1.3601    R² = 0.9999 
y = 0.1093 x + 1.3634    R² = 0.9999 

y = 0.1089 x + 1.3687    R² = 0.9952 

1.34

1.36

1.38

1.4

1.42

1.44

1.46

1.48

1.5

0 0.2 0.4 0.6 0.8 1

n

V /(V +V )
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1 1 1
5-5-1  

 
5-5-1

5-5-1

1 1 1 ( 1 1 1)
10.1274 +1.3436=1.3861
3

n = ×
 

( 1 1 1)
1.3313 1+1.3608 1+1.4700 1 1.3873

1 1 1
n × × ×= =

+ +

-21.3873 1.3861
100% 8.65 10 %

1.3873
−

= × = ×  

1 1 2 ( 1 1 2)
20.1251 1.3479 1.4105
4

n = × + =  

( 1 1 2)
1.3352 1 1.3645 1 1.4726 2 =1.4112

1+1+2
n × + × + ×=  

-21.4112 1.4105
100% = 4.96 10 %

1.4112
−

= × ×  

1 1 3 ( 1 1 3)
30.1260 1.3535 1.4291
5

n = × + =  

( 1 1 3)
1.3431 1 1.3720 1 1.4788 3 =1.4303

1+1+3
n × + × + ×=  

-21.4303 1.4291
100% = 8.39 10 %

1.4303
−

= × ×  

 

 

y = 0.1274 x + 1.3436  R² = 0.9999 

y = 0.1251 x + 1.3479  R² = 0.9998 

y = 0.1260 x + 1.3535  R² = 0.9997 
1.38

1.39

1.4

1.41

1.42

1.43

1.44

1.45

0.3 0.4 0.5 0.6 0.7 0.8

n

V /(V +V +V )
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1 1
5-5-2

 
5-5-2

5-5-2

1 2 1 ( 1 2 1)
2( 0.0388) +1.3944=1.3804
4

n = − ×  

( 1 2 1)
1.3313 1+1.3608 2+1.4700 1 1.3807

1 2 1
n × × ×= =

+ +  

21.3807 1.3804
100% 2.17 10 %

1.3807
−−

= × = ×  

1 3 1 ( 1 3 1)
3( 0.0380) 1.4023 1.3795
5

n = − × + =  

( 1 3 1)
1.3352 1 1.3645 3 1.4726 1 =1.3803

1+3+1
n × + × + ×=  

-21.3803 1.3795
100% = 5.80 10 %

1.3803
−

= × ×
 

1 4 1 ( 1 4 1)
4( 0.0401) 1.4093 1.3826
6

n = − × + =  

( 1 4 1)
1.3431 1 1.3720 4 1.4788 1 =1.3850

1+4+1
n × + × + ×=  

-11.3850 1.3826
100% = 1.73 10 %

1.3850
−

= × ×  

 

 

 

 

y = -0.0388 x + 1.3994  R² = 0.9942 
y = -0.0380 x + 1.4023  R² = 0.9932 
y = -0.0401 x + 1.4093  R² = 0.9968 

1.37

1.375

1.38

1.385

1.39

1.395

1.4

0.3 0.4 0.5 0.6 0.7 0.8

n

V /(V +V +V )
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1 1
5-5-3

 
5-5-3   

5-5-3

3 1 1 ( 3 1 1)
3( 0.0831) +1.4142=1.3643
5

n = − ×  

( 3 1 1)
1.3313 3 1.3608 1 1.4700 1 =1.3649

3+1+1
n × + × + ×=  

-21.3649 1.3643
 = 4.39 10 %

1.3649
−

= ×  

4 1 1 ( 4 1 1)
4( 0.0844) 1.4175 1.3612
6

n = − × + =  

( 4 1 1)
1.3352 4 1.3645 1 1.4726 1 =1.3630

4+1+1
n × + × + ×=  

-11.3630 1.3612
100% = 1.32 10 %

1.3630
−

= × ×   

5 1 1 ( 5 1 1)
5( 0.0837) 1.4234 1.3636
7

n = − × + =  

( 5 1 1)
1.3431 5 1.3720 1 1.4788 1 = 1.3666

5+1+1
n × + × + ×=  

-11.3666 1.3636
100% = 2.19 10 %

1.3666
−

= × ×  

V VVn n n
V V V V V V V V V

n = × + × + ×
+ + + + + +

y = -0.0831 x + 1.4142  R² = 0.9982 
y = -0.0844 x + 1.4175 R² = 0.9998 
y = -0.0837 x + 1.4234  R² = 0.9996 

1.35

1.36

1.37

1.38

1.39

1.4

0.3 0.4 0.5 0.6 0.7 0.8

n

V /(V +V +V )
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100 lines/mm

98.8 lines/mm

0.32%

2.1%

V Vn n n
V V V V

= × + ×
+ +  

 

 

( ) 2011 4-3 4-5  

David  Halliday 2005

Lide, David R. (EDT) 2010 CRC Handbook of chemistry and physics CRC Pr I Llc 

2007  p41 p48  

Richard Phillips Feynman 1992 ( )  

2011 “

2007

2002
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