
 

ビュレット計量用副尺の簡易作成法	

	
A Simplified Making Method of the Vernier Utilized for Burette 

Metric Scale  
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2.  
 

1542 Pedro Nunes ( Petrus Nonius) (1492-1577)
 [3] Nonius

1631 Pierre Vernier (1580-1637)  
 [4]  

Fig.1  [5] n (n-1) n  
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Fig. 1. Schematic illustration of a main scale division and a vernier scale division of the 

“Nonius” calliper (modification from [5]). Definition of the codes were described in the text. 
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3.  
 

IWAKI PYREX® 25 ml
0.01 cm 20 cm2 19 20

0 ml 20 ml 28.1 cm
1 mm 0.1 cm 0.281 cm

281%
20 0 10

Fig.2a 95% OHP
0 10 19

4 cm  5 cm
0.5 cm 0.5 cm 2 cm

Fig.2b  
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Fig. 2. Pictures of the vernier scale films manufactured in this study. (a) Vernier scale drawn on 
the graph paper enlarged. (b) Front view of the vernier scale film utilized for burette metric 
scale. 
 
4.  
 

IWAKI 25mL PYREX®
25 mL

Mettler Toledo
(Table 2)  

 
5.  
 

NaOH

Freundlich
[6] 0.1 molL-1

0.025 molL-1, 0.05 
molL-1, 0.1 molL-1, 0.2 molL-1, 0.4 molL-1

0.025 molL-1 0.4 molL-1

0.100 molL-1 NaOH  
50 mL

1g 200 mL 40 10 mL
20 mL 0.100 molL-1 NaOH

A E
A B C,D, E Table 3

2  
 
6.  
 
6.1.  
 

11 Table 1
0 10 2.21 cm 1σ 0.02 cm

0.73% 0.000073 mL

Film number Film length,
cm

1 2.22
2 2.20
3 2.24
4 2.20
5 2.21
6 2.23
7 2.19
8 2.20
9 2.22

10 2.20
11 2.20

Average 2.21
Standard deviation 0.02

Table 1. Repeatability of the 
vernier scale length of the 
films reproduced in this 
study. 
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0.01 mL
Fig.2a

3σ 0.0002 mL

0 10 1.9 mL
 

 
6.2.  
 

Table 2 0.2 mL .0mL
18 Veye Vver Veye 

Vver Fig. 3a,b R2 0.999

0.99 y 0.0 mL
25 mL 0 mL 25 mL

Veye-Vver

-0.01 mL 0.03 mL -0.01 
mL

0.05 mL
Veye Vver

0.0065 0.0054
 

 

Fig. 3. Correlations between a volume and a weight of the effluent. (a) The volume was 
measured with the eye. (b) The volume was measured with the vernier scale film manufactured 
in this study. The functions of the regression lines and the coefficients of determination were 
shown. 
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Table 2. Analytical results on the effluents’ volume measured with the eye or the vernier scale. 
The amount of the effluent was utilized for the normalization of the volume.  

 
Table 3. Analytical results on the acid-base titration in comparing between the eye and the 
vernier scale measurements.  

 

Accumulated
volume of

effluent, mL

Volume of
effluent, Veye / mL

Nornalization,
Veye / w

Accumulated
volume of

effluent, mL

Volume of
effluent, Vver / mL

Nornalization,
Vver / w

Accumulated
amount of
effluent, g

Amount of
effluent, w / g

(Veye - Vver)

Measurement with the eye Measurenmnet with the vernier scale

4.8830 4.8830 4.88 4.88 1.00 4.87 4.87 1.00 0.01
9.8398 4.9568 9.82 4.94 1.00 9.85 4.98 1.00 -0.03

14.7750 4.9352 14.80 4.98 1.01 14.86 5.01 1.02 -0.06
19.6772 4.9022 19.70 4.90 1.00 19.70 4.84 0.99 0.00
24.2896 4.6124 24.30 4.60 1.00 24.27 4.57 0.99 0.03
0.0000 1.39 1.37 0.02
0.9561 0.9561 2.33 0.94 0.98 2.35 0.98 1.02 -0.02
2.0956 1.1395 3.50 1.17 1.03 3.49 1.14 1.00 0.01
3.8147 1.7191 5.20 1.70 0.99 5.22 1.73 1.01 -0.02
5.0577 1.2430 6.45 1.25 1.01 6.49 1.27 1.02 -0.04
7.3068 2.2491 8.72 2.27 1.01 8.74 2.25 1.00 -0.02
7.5273 0.2205 9.05 0.33 1.50 9.05 0.31 1.41 0.00
8.9085 1.3812 10.43 1.38 1.00 10.43 1.38 1.00 0.00

10.8430 1.9345 12.38 1.95 1.01 12.38 1.95 1.01 0.00
13.4045 2.5615 14.98 2.60 1.02 14.97 2.59 1.01 0.01
15.5641 2.1596 17.05 2.07 0.96 17.07 2.10 0.97 -0.02
18.1913 2.6272 19.70 2.65 1.01 19.78 2.71 1.03 -0.08
20.6026 2.4113 22.13 2.43 1.01 22.10 2.32 0.96 0.03
22.4595 1.8569 24.00 1.87 1.01 23.96 1.86 1.00 0.04

1.03 1.02 -0.01
0.12 0.09 0.03

0.007 0.005 0.002

Average
Standard deviation

Coefficent of variation

Run 1 Run 2 Average
0.400 19.09 19.00 19.05 0.05
0.200 8.79 8.88 8.84 0.04
0.100 7.55 8.10 7.83 0.28
0.050 6.45 7.00 6.73 0.28 (0.026)
0.025 2.66 2.70 2.68 0.02
0.400 18.80 18.80 18.80 0.00 (0.010)
0.200 8.80 8.90 8.85 0.05
0.100 7.55 7.75 7.65 0.10
0.050 6.40 6.45 6.43 0.02 (0.008)
0.025 2.55 2.55 2.55 0.00
0.400 18.79 18.54 18.67 0.13
0.200 8.62 8.70 8.66 0.04
0.100 7.80 7.82 7.81 0.01
0.050 3.40 3.19 3.30 0.11 (0.010)
0.025 1.33 1.45 1.39 0.06
0.400 18.55 19.05 18.80 0.25
0.200 8.35 8.70 8.53 0.18
0.100 6.00 8.30 7.15 1.15
0.050 6.58 7.07 6.83 0.25 (0.159) (0.036)
0.025 6.42 2.45 4.44 1.99
0.400 17.70 17.66 17.68 0.02
0.200 8.35 7.89 8.12 0.23
0.100 7.48 7.45 7.47 0.01
0.050 3.30 3.20 3.25 0.05 (0.018)
0.025 1.49 1.32 1.41 0.09

0.43c)

(0.017)

a) The volume of 5 mL for 0.4 and 0.2 molL-1; and that of 10 mL for 0.1, 0.05, and 0.025 molL-1.
b) The difference between the values obtained by the experiments and the avarage are shown.
c) The value is a standard deviation of all data of the differences.

A

C

D

E

B

0.13

0.04

0.05

0.80

0.09

Students:
operators

Concentration of
CH3COOHa),

molL-1

Volume of 0.0930 molL-1 NaOH to
nuetralize the acid by the titration, mL

Method for
the

measurement

Differences
(absolute

value)b), mL

Vernier scale

Eye

Standard deviation of the
differences, mL

(Coefficient of Variation)

0.10

0.54
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6.3.  
 

NaOH
Table 3 A B

C,D E 2
0.00 mL 0.28 mL

0.01 mL 1.99 mL
0.04 mL 0.80 mL  

0.10 mL 0.54 mL
0.010 0.036

5
0.017 B(0.008) C(0.010)

A(0.026) D(0.159) E(0.018)  
 

 
 
6.4.  
 

0.01 mL

1/10

 
 
7.  
 

1/100 mL

 
 
8.  
 

 
 

 
10

10  
1 mm Photo Shop®
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