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6 100.1 -0.06 0.0036 + 1.96x0.084=%0.165
100.16 £ 0.165
7 100.2 +0.04 0.0016
99.985 «— 100.326
8 100.1 -0.06 0.0036
9 100.1 -0.06 0.0036
10 100.3 +0.14 0.0196
Iﬁb‘ﬁbﬁs/ 261 1,001.6 0 0.0640
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e in _ 54.5+54.3+54.5+54.4+54.5
n 5

~54.44

5
s:\/5112( xi—54.44) =0.089~ 0.09
=15

=x=x18( prob.68.3%)
=x=54.44+0.09

13,5 Wb 42 720 Glseb! maw ) Jbis! (ul J1ad gy : a2

Agﬁ”dg&.g.béro.)&d{wubw

S S (5 lol 5T (bl 2 o8 Connl oy
SS03l0 wld SOl el Cuway glroald

dgui 0 Jols

Slide No.78/ 261




Histogram distribution o!,5 giw 2599
A
| ] ] l
v H-G° u UH+G” =
HISTOGRAM DISTRIBUTION
normal distribution Jb s & ,¢5
A
v p-c* Iz Hra’ >
NORMAL DISTRIBUTION

Page 40 of 130



Page 41 of 130

A gy & Canad pas dwlone

33,5 0ol g3 s Jg0 8 51 A gy & Cuxbad pus duwlxe 43
189503101 Wyl 48 SO 51 (0]) o] Cowny 4lade M gl 4

Zqi
a-5- i sl b e
(qi _a)z
2 i )
S (q) ="+ 1 owib,ylg
_ S?2
s2(@) =9 Sl 2,25 ouil g

il Vo 51w i lol Slawi W9y ! 50 Dgad oA

Slide No.s1/ 261

V- Ry ,8

ol 2] Cowss Q CuroS (5505101 )L Vo 45 45 wdlio

3.56 | 3.46 | 3.48 | 3.50 | 3.42 | 3.43 | 3.52 | 3.49 | 3.44 | 3.50

b el Gt 1y 15 (S ad Lo

. 2 [ .
CI,S(C{),S (CI),R 1)
el Consty Jlabl s 23 b SQ) o 38 pauita o
SCww!

wwiled dawlono 1y il )5 il Y00 ao o ,lado 51—

Slide No.s2/ 261




Page 42 of 130

B w9y & Curlad pus dwlxe

9y 9wl o Cuxlad pas (g, o 4
33,5 o0 dple (5 lol (S N9, 51 pé

Slide No.ss/ 261

B (99, 4 Canlad pus dpwlone

Colad pas amwloe (pig) E95 ol 2 Sl e 515 g0 Jolgs Jloo
Dgw 48,5 i
M8 5503151 3 el Cuway glrosly L1

)5 )0 Jalwg g dlge Olwoguad o )L, 51 (IS RIS L g 4,00 .2
X

b5 5w 5,15 Slasuio .3

ol 9 Oyguwl il 5 sl doladlsS 43 3ga g0 slaod> 4

kil & OUS 51 &5 oo dgo b g LolKiwd acushd ocus .5
ol oo Gy

.y .6

Slide No.s¢/ 261




Page 43 of 130

Jlosl sla 23595 £lol

Slide No.ss/ 261

(Rectangular Distribution ) duiuwe &34

1lgi oo JUo (ylgis 4 B g9 (g, (sadlge
O9n FA Wi O g (6 pojlail sliwd S (S g By
obod Jloin g il s 0313 Lt Useb! glans
&3 Se ol @i o Sl Gl Aol ol 3 ol

ol dudasiune

Slide No.ss/ 261




Page 44 of 130

(Rectangular Distribution) e & ;¢
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(The Resolution of a Digital Indication)
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Combined Standard Uncertainty (Uncorrelated
input quantities)
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Combined Standard Uncertainty
(Uncorrelated Input Quantities)
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V2 V2
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c. - P _ ~V? _-P
° 0R, RiQ+alt-t,) R,
oP ~VZ(t-t,) —P(t—t,)
Ca=——= — = —
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Combined Standard Uncertainty
(Correlated Input Quantities)
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) Jbe

§ b y=(p—q+r) £

P=5.02,U(P)=0.13

g =6.45,U(q)=0.05
r=9.04,U(r)=0.22
y=5.02-6.45+9.04=7.61

U(y)=+/0.13% + 0.052 +0.22% =0.26
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Student, t for 95% confidence (2tailed)

Decrees Of freedom
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o 01 A W N
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4/3
3/2
2/8
2/6
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Appendix A. Student’s 7-Distribution

Value of t,(v) from the t-distribution for degrees of freedom v that defines an interval - (V) to + t,(v) that

encompasses the fraction p of the distribution.

Degrees of Fraction p in percent

freedom v 68.27% 90.00 95.00 95.45® 99.00 99.73
1 1.84 6.31 12.71 13.97 63.66 235.8
2 1.32 2.92 4.30 4.53 9.92 19.21
3 1.20 2.35 3.18 3.31 5.84 922
4 1.14 2:13 2.78 2.87 4.60 6.62
5 1.11 2.02 2.57 2.65 4.03 5.51
6 1.09 1.94 2.45 2.52 S7L 4.90
) 1.08 1.89 2.36 2.43 3.50 4.53
8 1.07 1.86 L 2.3 3.36 4.28
9, 1.06 1.83 2.26 2.32 Do 4.09
10 1.05 1.81 2.23 2.28 3057, 3.96
11 1.05 1.80 2.20 2.25 Sellk 3.85
12 1.04 1.78 2.18 2.23 3.05 376
13 1.04 VT 2.16 2.21 3.01 3.69
14 1.04 1.76 2.14 2.20 2.98 3.64
15 1.03 1.75 2.13 2.18 2.95 359
16 i.03 1.75 2.12 b Uy 2.92 3.54
17 1.03 1.74 2.11 2.16 2.90 B35k
18 1.03 1.73 2.10 2.15 2.88 3.48
19 1.03 1::7:3. 2.09 2.14 2.86 3.45
20 1.03 1.72 2.09 2.13 2.85 3.42
25 1.02 1.7 2.06 2.11 2.79 RS
30 1.02 1.70 2.04 2.09 2.75 3.27
39 1.01 1.70 2.03 2.07 2:72 i
40 1.01 1.68 2.02 2.06 270 3.20
45 1.01 1.68 2.01 2.06 2.69 3.18
50 1.01 1.68 2.01 2.05 2.68 3.16
100 1.005 1.660 1.984 2.025 2.626 3.077
) 1.000 1.645 1.960 2.000 2.576 3.000

™For a quantity z described by a normal distribution with expectation ., and standard deviation o, the

interval u, * ko encompasses p = 68.27, 95.45, and 99.73 percent of the distribution for k = 1, 2, and 3

respectively.
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Reporting Uncertainty

Slide No.1s1/ 261

B 09,155

g0 48,5 485 )3 Wb 253,190 JBlas (o234 135 SG 5

5ol Cawsy Curbad pus g (680l bl dmwlxe Wi °
59"'“’ o3> C)-hk’ Sl 9 T 999 )914.3 Wol8' KO PRET IR 9 Olaalle

Wl L (ross (Kge 9 Canlad o (glaadlge Jolf Cuw b ¢
33,5 ,53

O oo U310 65 33,5 (39,155 (5 59k b Wodly Judosi g s ¢
o jolar 8,93 0aud (49135 gl g o 1T (Jal il
Bgm 51,55

Slide No.s2/ 261




R o915

a5 bl abe U coll pilie 5 Clbumal  olod °
Dgw a1 b oo 3l Julod g 49 350

O b &8 33,5 9 18 (g yeb Wb dnwlome Slaeg, o
D90 dawlmo |y Comlad pae gl dyas glaoald

Slide No.1ss/ 261
B oyl
1Oy (§ o5 0301 S e (g2 il
Y=y+u

y—-u<Y <y+u

dgw o0 83135y lod

Slide No.134/ 261

Page 67 of 130




Page 68 of 130

Compliance against limited sas cpwed 390 U gkl

A1 ool 2 Wb s Ao Cuslad pas WL
i b9 d9a b el by 3 laliul (g e
dgo 40 pgow 399 Wilo) 33,5 duwwlie aswiv
W (Wl aduie odgusme SU 0 Wb &5 glis
SHo w15 g0 b Al Capahad i K3 @ ls

Sl (o (s igasl )3 3190 (63, L 9 o2y

Slide No.1ss/ 261

Compliance against limited oo i 3ga5 b gl

o ¢ : .
)

LCL
O (1 (1) (V)
Result plus Resultabove limit  Resultbelow limit Result minus
uncertainty above but limit within but limit within Uncertainty below
limit Uncertainty uncertainty limit

Slide No.16/ 261




Page 69 of 130

Decision rules according to 1SO 14253-1

Value of measurand

F
L
F 3
¥

ambiguity | conformance | ambiguity

useful

4— part's —¥|
tolerance

44— part’s tolerance —bl

>

Quantifying uncertainty in analytical

measurement
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Second Edition
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if y — lel X2p2 .. ann

then
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Jlo asy

fstl gy =1
Standard Operating Procedure (S.O.P)

Clean metal

Surface
| L

Acid Mixture

_ L 0.01mgr
Weigh metal | Balance

—L L

— 1 ml of nitric acid
Dissolve and 3 ml of ion free waters

Dilute fill with ion free waters
— mix 30 times by Inverting

Result
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* o

(Calculation) cbwslxe -Y

1000.m.p

V
m=Mass of the high purity metal

Ccd= mg/liter
p=Purity of the metal as mass fraction

v=Volume of the liquid of the calibration standard
(ml)
Ccd=concentration of the calibration std

Slide No.1s3/ 261

JUlo any

Hodl Sl g Cannad ot @ilio (4390 asuabio- Y
:(Purity) yosld a3 -A
Quoted in Suppliers certificate

As:99.99+0.01%
(Mass) o » -B

The relevant mass of Cd is determined by a tarred weighing,
giving= 0.10028 gr

1- Readability (Digital Resolution)

2- Repeatability

Uncertainty 3- Sensitivity of balance

4- Buoyancy

5- local gravity
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* *

(Volume) p -C
Volumetric flask uncertainty:
1- Certified internal volume
2- variation when filling

3- temperature difference

Slide No.1ss/ 261

Jlo any

Cunla3 pas glaadlge (435 (oS -V
(Purity) pogls ax )3 -A

On the certificate (0.999+0.0001)

+
U, = £00001 _ 15 000058 (Rectagular )

J3

Mass (M) : 0, -B

Manufacture’s recommendation: 0.05 mgr
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Vulum gz -C

Calibration:

Manufactures quotes: 100ml=3=0.1 ml

Measured at temperature of 20C°
i +0.1ml
Standard uncertainty =———— =+0.04ml
N3
(triangular)
(Repeatability) 4,55 -D

Std uncertainty= 0.02ml (n=10)
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o o

(Temperature) Ly -E
Lab Temp. varies = +4°C
Calibrated temperature=20 °C
Coefficient of volume expansion for water is 2.1X104/C °
Volume variation=+(100 X4 X2.1 X104)=+0.084ml

+
Std uncertainty= M =+0.05ml

J3
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Uncertainty of the volume

U(V)=+0.042 +0.02° +0.05% =0.07ml
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JUlo ay

Values and uncertainties

Description Value X U (x) U x)/ X
Purity the metal P 0.9999 0.000058 0.000058
Mass of the metal m (mg) 100.28 0.05 mg 0.0005

Volume of the Flask V
(mi) 100.0 0.07ml 0.0007
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: 5 5, ol Cualad sue dwlxe
cd :1000.m.p(mg/"tter) Sy ) b3 pus 4,
s aaagi b
Cd =1000x 100'21802069999 —1002.7mg /litter

4. (20 T 5]

=/0.0000587 +0.0005° +0.0007
=0.0009

Uc(Cd)=Ccd x0.0009 =

=1002.7mg/ litter x0.0009 = 0.9mg/ litter
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Figure AL5: Uncertainty contributions in cadmium standard preparation

v |
K
Purity ]
c(Cd) |
0 0.2 04 06 08 1
u(y.x) (mgr’)

The values of t(y,x)=(dy/dx,).1(x,) are taken from Table A1.3
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Common sources and values of

uncertainty on analytical

Measurement

S 25031051 33 Cozbald pue pdlie g pole
(oS
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Determination Uncertainty Cause Method of determination Typical values
Components Example Value
Mass Balance calibration Limited accuracy in Stated on calibration certificate, | 4-figure balance | 0.5 mg
uncertainty calibration converted to standard deviation
Linearity i) Experiment, with range of ca. 0.5x last
certified weights significant
ii) Manufacturer's specification dig
Readability Limited resolution on From last significant digit 0.5x last
display or scale significant
digit\3
Daily drift Various, including Standard deviation of long term ca. 0.5x last
temperature check weighings. Calculate as significant
RSD if necessary. digit.
Run to run variation | Various Standard deviation of successive ca. 0.5x last
sample or check weighings significant
digit.
Density effects Calibration weight/sample | Calculated from known or Steel, Nicke! 1 ppm
(conventional density mismatch causes a | assumed densities and typical Aluminium 20 ppm
basis)' difference in the effect of | atmospheric conditions Organic solids | 50-100 ppm
atmospheric buoyancy Water 65 ppm
Hydrocarbons | 90 ppm
Density effects As above. Calculate atmospheric buoyancy | 100 g water +0.1g (effect)
(in vacuo basis)"*" effect and subtract buoyancy ;
effect on calibration weight. 105 ke <1l et
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Determination Uncertainty Cause Method of determination Typical values
Components  Example Value
Volume (liquid) | Calibration uncertainty | Limited accuracy in Stated on manufacturer's 10ml (Grade A) | 0.02/V3 =
calibration specification, converted to 0.01 ml*
standard deviation.
For ASTM class A glassware of
volume V, the limit is
approximately V061200
Temperature Temperature variation | AT-0/(2\3) gives the relative 100 ml water | 0.03 ml for
from the calibration standard deviation, where AT is operating
temperature causes a the possible temperature range within 3°C
difference in the volume | and o the coefficient of volume of the stated
at the standard expansion of the liquid. a.is operating
temperature. approximately 2 x10+4 K-! for temperature
waterand | x 103 K-! for
organic liquids.

Run to run variation | Various Standard deviation of successive | 25 ml pipette | Replicate
check deliveries (found by filliweigh:
weighing) =

0.0092 ml
Determination Uncertainty Cause Method of determination Typical values
Components Example Value
Reference material | Purity Impurities reduce the Stated on fi 's Reft 0.1N3=
concentration amount of reference certificate. Reference certificates | potassium 0.06%
material present. Reactive | usually give unqualified limits; | hydrogen

impurities may interfere
with the measurement.

these should accordingly be

PRI

treated as rectangular
distributions and divided by V3.
Note: where the nature of the
impurities is not stated,
additional allowance or checks
may need to be made to establish
limits for interference etc.

tr:eniﬁed as99.9

Concentration
(certified)

Certified uncertainty in
reference material
concentration.

Stated on f ’s
certificate. Reference certificates
usually give unqualified limits;
these should accordingly be
treated as rectangular
distributions and divided by V3.

Concentration (made
up from certified
material)

Combination of

r
mn

Combine values for prior steps as
RSD through

values and intermediate
steps

+0.1%

Cadmi 3=12
acetatein4% | mg1”
acetic acid. (0.0012 as
Centified as RSD)*
(1000+2) mg 1"

Cadmium

acetate after
three dilutions
from 1000
mg ! to
0.5mgl”

*Assuming rectangular distribution




Page 84 of 130

Determination Uncertainty Cause Method of determination Typical values
Components Example Value
Absorbance Instrument calibration | Limited accuracy in Stated on calibration certificate
s calibration. as limits, converted to standard
Note: this component deviati
relates to absorbance SIEIon
reading versus
reference absorbance,
not to the calibration
of concentration
against absorbance
reading
Run to run variation Various Standard deviation of replicate Mean of 7 1.63N7=0.62
determinations, or QA absorbance
performance. readings with
5=1.63
Sampling Homogeneity Sub-sampling from i) Standard deviation of separate | Sampling from | For |5 portions
inhomogeneous material | sub-sample results (if the bread of from 72
will not generally inhomogeneity is large relative to | assumed two- | contaminated
represent the bulk exactly. | analytical accuracy). valued and 360
Nf)te: random samph.ng ii) Standard deviation estimated (See Ex;mpl " | buik podticns:
will generally result in from known or assumed Ad RSD = 0.58
zero bias, It may be population parameters. ) 2
necessary to check that
sampling is actually
random.
Determination Uncertainty Cause Method of determination Typical values
Components Example Value
Extraction Mean recovery Extraction is rarely Recovery calculated as Recoveryof | 28142=43%
recovery complete and may add or | percentage recovery from pesticide from | (0,048 as
include interferents. comparable reference material | bread; 42 RSD)
or representative spiking. experiments,
Uncertainty obtained from mean 90%,
standard deviation of meanof | s=28%
TEcovery experiments, (See Example
Note: recovery may also be M)
calculated directly from
previously measured partition
coefficients.
Run to run variation in | Various Standard deviation of replicate | Recoveryof | 031 asRSD.
recovery experiments, pesticides from
bread from
paired replicate
data. (See
Example Ad)




Page 85 of 130

Estimation of the uncertainty of
Dimensional Calibration and

Measuring

9 ‘)w‘)«)w ) t.—uﬁ.:.b.‘é Qs wwd
Sl (5 505105
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Sl (5 505105
il 323 5158 51 ol (65051l 55 Cuxlad pae plbie I (S
(Master) as yo 5 lailiw! Coxlad sus
(Repeatability) iyl ,S5 Coxlad pus
(Cosine error) agl; slasd Coxhad cus
(Elastic deformation)  Saw¥! JSd pts
buzeo (glod a7 bg2po (slas
Error caused by temperature not being at the standard
temperature of 20°C
& o slod b dawg slod SUET 4y bgypo gl 7
error caused by the test item being at a different
temperature than the master

g r W NP
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&3\l g 505100
Twlod & bospo las Y
Error in the thermometer measuring the room or part
temperature
oS ki gl A
Scale errors in the measuring instrument
L Fixtures a bgswo s A
Errors due to fix Turing
azhad 4 bgsyo glas .Y+
Imperfect geometry of the part
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1t

€] 0-6 g8 S ygumw!l o5 (6159 Curhad pue dwlome »
0I5 £5°F laswo (slod 3 dowiw Sl & by el SO

9 il o 2] 0.0005 3l yuudgS (gl (32 55295 9 w0
1wl 8w (135 1°F asdows Sglh U g5 (slod EWLSI

(FESNUE ) FRSPRCIRR PRV

Tolerance of grade 2 blocks is 16 pinch

Slide No.172/ 261




Page 87 of 130

1)t

s Py 4 4298 b (6 200,155 Conlad ous -B
Repeatability Vs. Resolutions

Std Deviation=0.00012 inch (n=10)
Resolution std Deviation is 50y —144 1inch
23~ M

Resolution > Repeatability

=0Omit Repeatability
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1t

13l bludl o pb 4 by o Cualal pae —C

Uncertainty in coefficient of thermal Expansion
AL=LXATXA«w
AL=Errorin Length
L=Nominal Length
A T=Deviation From 20°C
A a=Difference Between the coefficient
AL=(6in) (5.0°F) (0.9X 109/ °F) ~27 p inch

&30 9 azhad clod YS! &y by po Cyalad ue -D
AL=(6in) (1.0°F) (6.5X10%/ °F) ~ 39 n inch
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Table 5. Uncertainty Budget for Calibrating 0 - 6 Digital Caliper.

Combined standard 147
uncertainty, u,

Expanded

Uncertainty, U= 2y, 294 % 300

Estimate Degrees Sianard Variance

Uncertainty Source i) of Type | Distribution | Divisor | Uncertainty i

# Freedom (pin) i
Gage Blocks 16 0 B Rectangular | V3 9.24 85.4
Resolution 500 ) B | Rectangular | 23 144 20736
Uncertainty of CTE | 27 0 B Rectangular | 3 156 243
Master/part
temperature 39 w0 B Rectangular | 3 225 506
difference
Summation 21570

(2] G yio 9550 Sy Cunlad pis dpwlo)

Y Jb

Sld )0 S w5 wmiw Sob by (ol S e 95w S
Sl amiw Sab g w0 9,8 Cuwl 2a 5Jl8 68°FE1°F
il oo 0.1°F sl W1 ¢ Sl y Jolas
i8S s -A
Cul oy yo 11y (650 )5 slbd jabo 9ilpl Sy
& sbs-B

U=p=%4 pinch
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Y Jbe

o 3y slbs -C
Resolution= 100 p inch

U= 10%\/5 =29 u inch

AL=L X(68°F-T) X Aa
AL:(]. inCh) (]_OF) (nglol °F)=O.9 M inch
22 5o b dlwg (lod SW T 4y bgs o slas —E

ol bl o o glbs -D

AL=L XATXa 6
AL=(l inch) (0.1 °F) (6.5 X 10/ °F)=0.6 p inch
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Table 9. Uncertainty Budget for Calibrating a 0 - 1 Inch Digital Micrometer,

: Estimate T g Standard Variance
Uncertainty Source G Type | Distribution | Divisor UesHamt ). | (0%
Gage blocks 4 B Normal 2 2 4
Resolution 100 B Rectangular | 243 29 841
Uncertainty of CTE 0.9 B Rectangular | V3 0.52 0.27
MG et : 0.6 B Rectangular | V3 0.35 0.12
temperature difference
Summation 845
Combined Standard

: 29
Uncertainty
Expanded Uncertainty 48
(k=1.65)

An examination of the uncertainty budget shows that it consists of only one significant source, the
resolution, which is a rectangular distribution. In fact, this single contributor is so large compared
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1.Guide to the Excretion of Uncertainty in Measurement by
BIMP, IEC, IFCC, ISO, IUPAC, IUPAP, OIML(1995)

2. International Vocabulary of Basic and General Terms in
Metrology by BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML

3. Statistics for Technology Chatfield C. (1983)
4. Uncertainty, Calibration and Probability, Dietrich, C.F (1991)

5. EAL-R2, Expression of Uncertainty Measurement in
Calibration April 1997

6. EAL- R2-S1, Supplement 1 to EAL- R2
7. 1SO 3534-1 Statistic- Vocabulary and symbols
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8. PD 6461 Vocabulary of Metrology

9. Quantifying Uncertainty in Analytical Measurement ISBN
(1995)

10. The Expression of Uncertainty and Confidence in
Measurement UKAS publication M3003

11. Accreditation Standard, UKAS Publication MIO NAMAZ

12. Guide to the Expression of Uncertainty in Testing UKAS
publication NIS80

13. Lira, Evaluating the Measurement Uncertainty, institude of
physics publishing, Bristol and Philadelphia, 2002

14. Uncertainty of Measurements, ASQ Quality press, 2002
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15. ILAC-G17, Introducing the Concept of Uncertainty of
Measurement in Testing in Association with the application
of the standard 1SO/ IEC 17025 (2002)

16. A2 LA Guide for the Estimation of the Uncertainty of
Dements ional Calibration and Testing Results (2002)

17. EA-10/16 Guidelines of the Estimation of Uncertainty in
Hardness Measurements

18. Accuracy (Truness and precision) of Measurement Methods
and Results (ISO 5725-1 to 6)
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