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Source of uncertainty

1. Measurement repeatability is obtained as experimental standard deviation of measurement results divided by square root of number of measurement results.
2. The standard uncertainty of the balance is obtained from the resolution of the balance using a rectangular distribution.  

4. The standard uncertainty of the air density is obtained from the value provided by Spieweck's

6. The standard uncertainty of the water temperature is obtained from the value of the thermometer calibration using a coverage factor of 2. 
7. The cubical  thermal expansion coefficient of the flask is given in protocol, we assumed the expanded uncertainty of 5 % and rectangular distribution . 

5. The standard uncertainty of the water density is obtained  from the value provided by Tanaka and also from the  diference between maximum and 
minimum value of water density . 

3. According to OIML R111 - 1: 2004, Weights of classes E1, E2, F1, F2, M1, M2, M3 standard uncertainty for  weights  is estimated from maximum 
permissible error of weights class E2   and assumed density.

8. The standard uncertainty of meaniscus reading is obtained from geometric approach, based on ISO 4787 and taking into account the error in meaniscus position and 
the  neck diameter . 
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Uncertainty evaluation for gravimetric determination of a 100 ml volumetric flask (Contained Volume)
Mathematical model:

= 99,9593

definition symbol factors of uncertainty in connection with the mathematical model
nominal mass of control weights equal to 
filled standard mf (kg) 0,148258142 kg u(mf) (kg) 2,45E-07 kg
nominal mass of control weights equal to 
empty standard me (kg) 0,048590114 kg u(me) (kg) 1,69E-07 kg
density of control weights �ss (kg/m3) 7950 kg/m3 u(�ss) (kg/m3) 70 kg/m3

density of air �air (kg/m3) 1,201330745 kg/m3 u(�air) (kg/m3) 0,000435 kg/m3

density of water at actual temperature �H2O (kg/m3) 998,1313573 kg/m3 u(�H2O) (kg/m3) 0,02 kg/m3

temperature of water in the standard TH2O (oC) 20,36 oC u(TH2O) (oC) 0,015 oC
coefficient of cubical thermal expansion 
of the material of the standard � (1/�C) 9,60E-06 1/�C u(�) (1/�C) 4,80E-07 1/�C
 balance indication for filled standard O2f 0,14825812 u(O2f) 5,00E-08 kg
balance indication for control weights of 
nominal mass mf  O1f 0,15 u(O1f) 5,00E-08 kg
reference temperature of standard 20 oC 0 oC constant

 balance indication for empty standard O2e 0,04859022 u(O2e) 5,00E-08 kg
balance indication for control weights of 
nominal mass me  O1e 0,0486 u(O1e) 5,00E-08 kg

additional uncertainty factors
air bubbles in the water u(�ab) 0 ml
error in reading the water meniscus u(�er) 0,010 ml

variation in the amount of liquid residue u(�lr) ml
loss by the evaporation u(�e) ml

Pmf Pme P�ss P�air P�H2O P��2� P� PO2f PO1f PO2e PO1e P�er

m3/kg m3/kg m6/kg m6/kg m6/kg m3/oC m3 oC m3 m3 m3 m3

0,001002924 -0,001002925 1,90028E-12 1,00297E-07 1,00267E-07 -9,60E-10 -3,61101E-05 0,001002924 -0,001002923 -0,001002923 0,001002924 1

Pmf
2
*u(mf)

2 Pme
2
*u(me)

2 P�ss
2
*u(�ss)

2 P�air
2
*u(�air)

2 P�H2O
2
*u(�H2O)2 PTH2O

2
*u(TH2O)2 P�2

*u(�)2 P2O2f*u(O2f)
2 P2O1f*u(O1f)

2 P2O2e*u(O2e)
2 P2O1e*u(O1e)

2 P2
�er*u(�er)

2

m6 m6 m6 m6 m6 m6 m6 m6 m6 m6 m6

6,04E-20 2,85586E-20 1,76942E-20 1,90352E-21 4,0214E-18 2,07193E-22 3,00428E-22 2,51464E-21 2,51464E-21 2,51E-21 2,51E-21 1,00E-04

ml2 ml2 ml2 ml2 ml2 ml2 ml2 ml2 ml2 ml2 ml2 ml2

6,04E-08 2,85586E-08 1,77E-08 1,90352E-09 4,02E-06 2,07193E-10 3,00E-10 2,51464E-09 2,51E-09 2,51E-09 2,51E-09 1,00E-04

ui [ml] 0,000245716 0,000168993 0,00013302 4,36294E-05 0,002005343 1,43942E-05 1,73329E-05 5,01462E-05 5,01462E-05 5,01462E-05 5,01462E-05 0,01

Standard uncertainty (u) 1,02E-02 Type B

Expanded uncertainty (U) 0,020409851

Measurement result = 99,972 ml ± 0,021 ml
Rel. Tot. U = 0,021 %

Calculation of sensitivity coefficients
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