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Ch.5: Uncertainty/Error Analysis
• Introduction
• Bias and Precision Errors/Uncertainties
• Different Instrument Errors
• RSS-Errors Summing
• Error Sources
• Sensitivity or Dependency Rate
• Error Propagation (Combined Uncertainty)
• Design-stage Uncertainty

(Instrument errors only) 
• Advanced-stage Uncertainty

(Instrument and measurement errors)
• Multiple-measurement Uncertainty
• Error Summation/Propagation

(Expanded Combined Uncertainty)
• Problem 5-30

©1997-2001 by M. KosticCh.5: Uncertainty/Error 
Analysis

Errors (e = x-x’ ≅ x-xavg= d, also B, P, S≅σ; 
do NOT be confused, see NIST Guide): 
Bias (B), Precision (P), also Standard (S or σ)

Uncertainty (u) is the range of errors (e, B, P, S) 
at corresponding Probability (%P)

Remember: u = d%P = tν,%PS  (@ %P);  z=t=d/S
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Errors/Uncertainties

True Value

Average value Precision error

Bias error

©1997-2001 by M. KosticDifferent Instrument Errors
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…or, in general, when eyi is uyi : 

RSS-Errors Summing

e1 e2e3 e4=Max eR12e1

e2

eR123

e3

e1 e2 e3 e4 eSUM=|e1|+|e2|+|e3|+|e4|

eR e4

eR=eRSS=   (e1)2+(e2)2+(e3)2+(e4)2

e4=Max < eR< eSUM

eR

…too 
conservative
some errors
are opposite 

signs and 
cancel out

…more
probable
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Error Sources

1. Calibration Error Source Group
Table 5.1 - (B or P)1j

2. Data Acquisition Error Source Group
Table 5.2 - (B or P)2j

3. Data Reduction Error Source Group
Table 5.3 - (B or P)3j

It is not important which group an error is assigned to,
as long as it is accounted for.

The groups and their items are for convenience only.
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Sensitivity or Dependency Rate
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©1997-2001 by M. KosticError Propagation (Combined Uncertainty)
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©1997-2001 by M. KosticDesign-stage Uncertainty
(Instrument errors only)
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(Instrument and measurement errors)

∑
=

+=
N

i
idN uuu

1

22

th yuncertaintorderN

22
02

1
0 ;resolution

iesuncertaintorder design  and -Zero

cd uuuu +=±= duuu ,
yuncertaintorder -First

01 ≥



6

©1997-2001 by M. Kostic

M
ul

tip
le

-m
ea

su
re

m
en

t 
U

nc
er

ta
in

ty

©1997-2001 by M. Kostic

Error Summation/Propagation
(Expanded Combined Uncertainty)
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Problem 5-30

©1997-2001 by M. Kostic

Problem
 5-30 (C

ont.)
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