
APPENDIX II:

Uncertainty evaluation

A cylinder of nominal height 300 mm and diameter 100 mm was measured using a 
calibrated vernier caliper reading to 0.02 mm and a micrometer with the readability of
0.001 mm. The vernier was used to measure the height and the micrometer was used to 
measure the diameter. Each measurement was repeated 10 times

The calibration certificates for the caliper and micrometer state that the overall expanded 
uncertainty of measurement of the caliper and micrometer are 0.04 mm and 0.003mm 
respectively. The certificates further state that the expanded uncertainty has been 
arrived at multiplying the standard uncertainty by a factor of 2 (k=2) with 8 degrees of 
freedom.

The measurement model

1/

Where
d - diameter of the cylinder
h - height of the cylinder

Using equation 6.2.3 and assuming that the measurements of d and h are uncorrelated 
we get

UC( V ) .

(In this example, we have assumed n to be a constant with zero uncertainty.)

where

■"2M  = VC' - u2(d) + c ' u2(h)

_ 2n-d-h _ n-d2
cd~  2 and Ch~ ~ 4~

are the sensitivity coefficients of the measurements.

Test results
Test d, mm h, mm
1 100.001 300.00
2 100.001 300.00
3 100.000 300.00
4 100.000 300.02
5 99.999 300.00
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Calculations
1 . D ia m e te r  m e a s u r e m e n t

1 .1  M e a n  d ia m e t e r ,  d =  1 0 0 .0 0 0  2 m m
1 .2  S ta n d a r d  u n c e r t a in t y  d u e  to  r e p e a ta b il i ty , Urep ( d )  =  0 .0 0 0  3 7 4  m m  ( e q u n :6 .5 .5 )

1 .3  D e g r e e s  o f  f r e e d o m , d rep ( d )  =  5 - 1  =  4

2 . H e ig h t  m e a s u r e m e n t

2 .1  M e a n  h e ig h t , h  =  3 0 0 .0 0 4  m m
2 .2  S t a n d a r d  u n c e r t a in t y  d u e  to  r e p e a ta b il i t y ,  u ^ p  ( h )  =  0 .0 0 4  0 0  m m  ( e q u n :6 .5 .5 )

2 .3  D e g r e e s  o f  f r e e d o m , d rep (h )  =  5  — 1 = 4

T h e  v o lu m e  o f  th e  c y l in d e r  is  th e r e fo r e  g iv e n  b y

V = 7T ( l )  h = TT p 00'^002]  -300.004 m m 3 = 2 3 5 6 2 3 5  m m 3

3 . U n c e r t a in ty  c o m p o n e n ts

3 .1  S ta n d a r d  u n c e r t a in t y  o f  d ia m e t e r  m e a s u r e m e n t ,  u ( d )

T h e  s o u r c e s  o f  u n c e r t a in t y  c o n t r ib u t in g  to  th is  m e a s u r e m e n t  h a v e  b e e n  id e n t i f ie d  a s :

• C a l ib r a t io n  u n c e r t a in t y  o f  th e  m ic r o m e t e r

• L im ite d  r e s o lu t io n  o f  th e  m ic r o m e t e r

• Repeat measurement of diameter

N o te : O t h e r  c o n t r ib u t io n s  s u c h  a s  e f f e c t s  d u e  to  t e m p e r a t u r e  f lu c t u a t io n s ,  m is - a l ig n m e n t  o f  th e  

in s t r u m e n t  w ith  th e  w o r k  p i e c e  e t c  h a v e  b e e n  ig n o r e d . A  p r o p e r  e v a lu a t io n  w o u ld  r e q u ir e  th a t  

e f f e c t s  d u e  to  a l l  p o s s ib l e  s o u r c e  a r e  id e n t i f i e d  a n d  e v a lu a te d .

3.1.1. Standard uncertainty of calibration, uca( (d)

cal W -
0.003

mm = 0.0015 mm

with i9ra, (d) = 8 degrees of freedom

3.1.2 Standard uncertainty due to resolution of the micrometer, ures id)

The micrometer has a resolution of 0.001 mm. Our readings would be estimated to the 
nearest 0.001 mm and assumed to be within an interval of 0.000 5 mm(square 
distribution). It is further assumed that this estimate is reliable to about 25% (ie. relative 
uncertainty of the assumed interval).

Therefore

11 res (*0 0 0 °°- m m  = 0.000289 mm
V3
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The degrees of freedom, 0res (d) can be calculated using equation 6.5.11 
Thus

Therefore, the standard uncertainty

^res(d)~ 2
f  25
yWOj

= 8

of diameter measurement is given by:

u(d) = i< 2res(dh l<cal{d^ u2re s ^  = ^.0003742 +0.00152 +0.0002892 

= 0.00157 mm

and the degrees of freedom is calculated using equation 6.5.12.

__________ 0.001574__________
0.0003744 0.00154 0.0002894-------------- 1-------------h-------------

4 8 8

Note: The degrees of freedom shall be rounded down to the nearest whole number. 

The sensitivity coefficient cd is given by

= 2n'd:J l  = n .W0-300 mm2 =94247mm2 
2

3.2 Standard uncertainty of height measurement, u(/i)

3.2.1 Standard uncertainty of calibration, ucal (/i)

Ual{h) = ^ ^  = —  mm=0.02 mm 
k 2

& c a , ( h ) = 8

3.2.2 Standard uncertainty due to resolution of the caliper, ures (h)

T h e  ca lip e r  h a s  a re s o lu tio n  o f  0 .0 2  m m . O u r  r e a d in g s  w o u ld  b e  e s t im a te d  to  th e  n e a re s t  0 .0 2  

m m  a n d  a ss u m e d  to  b e  w ith in  a n  in te rv a l o f  0 .01  m m . It  is  fu r th e r  a s s u m e d  th a t th is  e s t im a te  is 

re lia b le  to  a b o u t 2 5 %  (ie . re la tiv e  u n c e r ta in ty  o f  th e  a s s u m e d  in te rv a l) .

s (h )  = m m  = 0 .0 0 5 7 7  m m  
V 3

2 ^100J
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T herefore, the stand ard  uncertain ty  of height m easu rem en t is given by:

u (h )  = J u ^ W  + u ^ i t y + u ^ i h )  = -Jo.0044722 +0.0022 + 0 .0 0 5 7 7 2 =0.02129 m m  

a n d  th e  d e g r e e s  o f  f re e d o m  is  :

m= t r r-u,{h)_________ = --------------- ----------------------------- r  = 10
u 4a l (h )  u 4res(h )  o m M 7 2 ^ j _ m ^ + o m 5 7 7 ^

f frepihf 9cA h ) + &,Ah) 4 8 8

T h e  s e n s it iv ity  c o e ff ic ie n t  chis  :

ILAL^” 100- 2 = 7853
4 4

U n c e r t a in ty  b u d g e t

Q u a n t ity

Xi

E s t im a te

Xi

E s tim a te d

S ta n d a r d

u n c e r ta in ty

u(Xi)

S e n s it iv ity

c o e ff ic ie n t

Ci

C o n tr ib u tio n  

to  th e  s ta n d a rd  

u n c e r ta in ty  o f  th e  

o u tp u t , V  
u, ( y )  =  c, • u ( x ,)

l .D i a m e t e r

m e a s u r e m e n t
0 . 0 0 1  5 7  m m 9 4  2 4 7  m m 2 1 4 7  m m 3

1.1 R e p e a ta b ili ty 0 .0 0 0  3 7 4  m m

1 .2  C a lib r a t io n 0 .0 0 3  m m 0 .0 0 1  5 m m

1 .3  R e s o lu tio n 0 .0 0 5  m m 0 .0 0 0  2 8 9  m m

2 .H e ig h t  m e a s u r e m e n t 0 . 0 2 1  2 9  m m 7  8 5 3  m m 2 1 6 7  m m 3

2 .1  R e p e a ta b ili ty 0 .0 0 4  0 0  m m

2 .2  C a lib r a t io n 0 .0 4  m m 0 .0 2  m m

2 .3  R e s o lu tio n 0 .0 1  m m 0 .0 0 5  7 7  m m

The combined standard uncertainty of volume measurement is therefore calculated as:

uc(V) = yJl472 +1672 = 223 mm

The effective degrees of freedom is therefore:

■ V M -
223

1474 167“+ -
= 19

9 10

The expanded uncertainty for a coverage factor k=2 (95% confidence level) is given by

U(V) = 2-223 mm3 =446 mm2
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R eporting  the result
There are many instances where after a careful m easu rem ent, the results are reported 
with so many figures which have no significance whatsoever in relation to the quantity 
measured. Therefore it is necessary to pay attention to individual m easurem ents and 
the number of significant figures to which a value is reported in a series of 
measurements where the final value is obtained by using a mathematical formula.

In our example, we have measure two independent quantities v iz d ia m eter  and the height  

of the cylinder. The diameter was measured using a micrometer reading to 0.001 mm 
whereas the height was measured using a caliper reading to 0.02 mm. It is evident from 
the set of results, that the diameter measurements have been reported to six(06) 
significant figures while the height measurements have five(05) significant figures 
retained in each measurement result. Therefore, the final result, the volume, should not 
have more than five(05) significant figures in its value.

The calculated value 2 356 235 mm3 have 7 figures but only 5 are significant. Therefore 
we may report the volume as

V  = 2 3 5 6 . 2 x 1 0 3 m m 3

According to the accepted norms, the uncertainty is never reported to more than two 
significant figures. In our example, the expanded uncertainty U = 446 mm3, which has 
three significant figures. Considering the fact that the value of volume has only one 
decimal place, we may report the uncertainty as U = 0.5 x 103 mm3 (one significant 
figure).

The final expression of the value of the volume takes the form

V  = ( 2 3 5 6 . 2 ± 0 . 5 ) x l 0 3 m m 3
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