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UNCERTAINTVAT)

+ Every measurementhias emomWhiChNSNnKnownians
unknowable: IistunknownrERoISIcallEd IR EASUREMERT

Uncertainty

Types of Error

Type I Error (false detection): Probability of deciding a
constituent is present, when it is actually absent.

Type II error (false non-detection): Probability of not
detecting a constituent, when it is actually present.

Systematic error: For these errors definite cause can be
assigned and can be corrected. The term “Accuracy” is related to

systematic error. Thus a method showing good accuracy will bear
less systematic error.

Random error: Scatter of repeated measurements about their
mean value. The sign and magnitude of the error varies at random
and cannot be known exactly. Normally they are easy to recognise
and are always present in @ measurement.
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OHERM PO INENITISF

+ Precision: Precisioniis CIOSENESSTO];
agreement 'r:f}rw EN REPEALET
measurements

+ Accuracy: Accuracy is the closeness
of measured! value to the true valle:

\

+B|as Consistent deviation: of
“measured value from the t ue
caused by systematic error



=2hror Vs Unesrizirny

+ Error is a diffeEreEnce hetWeenrtruenvaite
and measured value. WhEreas,
Uncertainty IS a range:

+ Any parameter WhiChIcannoet be expressed
with' certainty is associated With
uncertainty. It exists in allf quantitative
measurements.

+ Uncertainty is quantitative indication’ of
the quality of the result.

+ [t is the interval around the estimated
value between which the true value of the
measured parameter is expected to lie.
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1IS0) [IEC 17025

During the year 1995, 1SOrprepancdianu publishEu thEs
document “Guide to the expression ofuncertaimysn
measurement “which is abbreviatedras GUM:

Clause 5.4.6: Estimation ofi Uncertalnty oifmeastiemenis:

A calibration laboratory, or a testing|aperatery PErOHNING
its own calibrations, shall have and;';hall appIyAcipProcEd Ul
to estintate the uncertainty off measurement fiorall

caIibra/nt’lo\;ns and types of calibrations:

+ /Clause 5.4.6.2: The laboratoery shall ateast atteEmpL to;
identify all the components off uncertainty.

+ Clause 5.4.6.3: All important uncertainty. components:shall
be taken into account using appropriate methods: of;

analysis.
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IMpPOHEn CENIAICEN I

It is'the guantitativelindicationroirguality oresuic

Information on uncertainty cantoften aveid innNECESSalYy,
repeatation of analysis.

/\

Con5|deTat|on of all"uncertainty compenents ProVidESISEopE
for |mpf’o\/ement

Jt—prowdes valuable infermation aboutthe guality and
~ reliability of result.

+ Avoids unwarranted or risky decisions taken based ononly;
measurement.
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SOURCESIOIMINCEREURLY;

+ Sampling’ ( stability, contaminatioRNELE)
+ Storage conditions:

+ Sample preparation (Weighing, subEsamplingy
extraction, etc)

+ Instrument effiects (" analytical balancerete)
* Reagent PUFItY

+ Environmental conditions ( dust, humidity,
temperature)

* Callbratl\on effect (Linearity off calibration)
7we|gh|ng, temperature, etc)

+ Blank correction

+ Analyst effect (Minor variations in applying
method, lack of knowledge) S s



off SUperior grade chemicalss
end model eff therequipment:
+ Better method / technigu

+ Better control of environmen,tg conditions



Procecll ef OF LnGerizlinity
I :

Define the me JSJFEJJ’JCJ dGrSEIECHERE
aPPI’OP ate ;)
Identify the factors that- WillNRHUERCESthE
result.

Evaluate standard uncertainty: ype A
and-Type B evaluatior

* Evalu\ate combined uncertainty:

+7/Determ|ne the effectlveA gree of
freedom.

+ Determine expanded uncertainty.
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AEYPHESICIAINCEN NI

+ Type A: Based on any: Validsstatistical
method - Average, std. [Deviation

+ Type B: Based on scientificjidgment

using all infermationavailabie, WhlcChrmay.

include, previous measurement data)

maﬁdfacturer S specifical }JJ‘L, | JI‘J

pljov,lded in calibration certificates

l"

e

> Linearity,Glassware, Certified reference
material Purity, Temperature, Instriment:
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REPOLUINEROINESUIL

+ Report resultsiin therunits ofy
‘ed quantity” orfin Ys:
+ It is always reported at 95%
confidence level unless otherwis
R
specified
2 A
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NCENC unt/ clisirioutions

Normal

Rectangular

U Shaped
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EXCUTIPIE

+ Calibrationfof;weighing balancer

+ Proceadure:

+ Weigh' a 9_]:3‘ Jrs)e V\/éJJrlrJ, mlmrrurrl 5) glpple Sy
keeping at t Entre off pan dENMSCORERSIOIRUIE

pan. Ifhe aver C 9 ValUes o thesive
measurements are as follows:
0.9989, 0.9988, 0.9991, 0:9989)
R
. Calcula?:on of Type A uncertainty: Calculate
mean‘and standard deviation.

+ Calculation of Type B uncertainty: Select the
-components /np/

0 2l



< Components arer

+ Std. welghts UnceErtalnGy:

+ Uncertainty due torreselution

+ Uncertainty due to e centriciioading

+ Uncertainty’ duerto air Bueyaney,

+ Uncertainty duertorlineanity:

nyp’e\A: Average: 0.99895 Stdk

Deviation: 0.15

+Type A uncertainty (Ua) = SB7/'v'n
= 0.15/ VvV 5 = 0.067



FOrype B

Mﬁi\and min values
J

~Air density -0.011
Density of steel — 8

Linearity — 0.12 Linearity /' 3




Combined uncertainty (UE) SV (ApEA) 2= (I PENB)Z \

v/ (0.067)2 + (0.025)2 +(0:0268)2 = (0L L 15)2
(0.396)2 + (0:069)?

=/ 0.180 = 0.42 n

Degree of freedom:
>R

N
) A

f

Expanded uncertainty = 1 + 0.86 mg at 95% confidence level



UNCERTAINTYE CALCULNTION F OF\%\

PARNTION OF STANDARD SOLUT|ON

l:

+ Example:

+ Preparation off 0.1 NFEAS seluition:
+ Mol.wt of FAS: Fe(NH,)5 (S0O4)5 - 655
= 391.99
+ \Wt. of'FAS for preparation: oif OLi=NFEAS

=309, 199 gm
+Type A uncertainty: ni



+ [ype B UnCErtalNTY~E

+ Components are:

1. Mol.wE

2. Balance

3. Volume

4, Purity of substance
Vs

[V

3
A /
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VIGIECH I AV ETY Il

As per certificate, balance uncertai

Ub = (0.1 /39199) / V3 = 0.00000147




Voluire Unesrizinty o

& Three major seurkcesiaresCalibrationREPEataLIIBINIEMPEE tUTE
a. Calibration: 1000 = 0.1 Ml atr205 E:
Standard uncertainty: = 0:15/V6r =100 mIt

b. Repeatability: Standard uncertainty = 0 025m|5

c. Temperature: Calibration'is JJr]e,J 5 20°8 . WhErREas) N aleratoly
temperature varies betweenrthelimitsy=4eE

I
===
e

Ut = 2.1 x 107% x 1000 x 4
”\ (2.1 x 10-* is coefficient of expansion| of water)
= + 0.84 mL)

0.84 / /3 = 0,48 mL

Total uncertainty due to volume is:

v (0.04)2 + (0.02)2 + (0.48)2
= 0.48 mL / 1000 = 0.00048mL



ROTILY TN

+ 90.25% pUrity: 1€, 10755 mp Ui tyASSth ErRe?
(0.75 /100) / v3'="0.0043

Uc = v (Umol.wit)2 4 (Ubal)Z + (Ovol) 2 (UpuR2
= v/ (0.009)7 + (0.00000147)= + (0:00048)% +(0-0043)=
= 0.009

Expanded uncertainty = 2 x 0.009 = 0,018
U= 0.018 x 39.199 = 0.705 gm/L
PN
Uncertaini\y In terms of normality:
0.705 x70.1!/ 39.199 = 0.0017 N

A= .

Hence normality of standard solution: 0.1 + 0.0017 N
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