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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.
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Introduction

Forelectron probe microanalysis (EPMA),a comparative quantitative analytical method used throughout
the world, certified reference materials (CRMs) play a crucial role in the analytical accuracy.

This International Standard has been developed to facilitate international exchange and compatibility
of analysis data in EPMA.

It gives guidance on evaluating and selecting reference materials (RMs), on evaluating the extent of
heterogeneity and stability of RMs, and it gives recommendations for the determination of the chemical
compuasition of RMs for production as EPMA-certified reference materials

© IS0 2014 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 14595:2014(E)

Microbeam analysis — Electron probe microanalysis —
Guidelines for the specification of certified reference
materials (CRMs)

1 Scope

This|International Standard gives recommendations for single-phase certified referend
(CRMs) used in electron probe microanalysis (EPMA). It also provides guidance on the use
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ormative references

following documents, in whole or in part, are normatively referenced in this documnj
pensable for its application. For dated references, only the edition cited applies. I
ences, the latest edition of the referenced document (including@ny amendments) appl

fuide 31:2000, Reference materials — Contents of certificates.and labels

Terms and definitions

he purposes of document, the following terms.and definitions apply.

rogeneity
ured variation in compositions of eleinents measured from a group of specimens

1 to entry: The contributions to heterdgeneity include the uncertainties in the measurements fi
bcimen, from micrometre to migrometre within each specimen, and from the test procedure it

arch material

rial that appears to have the physical and chemical characteristics required of a CRI\
be examined in detdil, including the determination of chemical composition, stability
rogeneity and macro-heterogeneity, before certification as a CRM
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feral>tesistance of a specimen to chemical and physical change during long-term stora
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of CRMs for
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om specimen
self.

1, but which
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be at normal

erature and pressure

stability
<EPMA>resistance of the material to changes in chemical composition during electron bombardment,
i.e. the resistance to change of the intensity of the relevant characteristic X-rays observed during the

time

3.5

the specimen is exposed to the electron beam

uncertainty
quantitative statement that provides a value for the expected deviation of a measurement from an
estimate of the value of the specific measured quantity
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4 Preparation of the research material

4.1 Selection of material

The research material used for the preparation of a CRM should exhibit little or no heterogeneity on
a micrometre scale, should be free from unwanted inclusions, and should be sufficiently dense (such
that voids, if present, can be readily avoided during testing and analysis) and stable under prolonged
electron bombardment.

The mounted research material should be of sufficient size to provide several areas suitable for point
beam analysis; each area should be approximately 20 pm or more in diameter. At a minimum, the size
should be at{least twice the area of X-ray emission.
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 of research material should be adequate for the preparation of certified specimens.
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The research material should be in the same or similar physical orientation as that proposed for the
CRM, e.g. if the CRM is to be cut or cleaved so that flat surfaces are to be used by the analyst for EPMA,
then the research material should be mounted in the same manner as that used to obtain heterogeneity
data.

5.2 Sample size

The number of specimens selected for testing will depend upon the number, size, and composition of the
individual specimens in the sample group.

For a large number of specimens, such as 200 or more seemingly identical specimens already cut or
cleaved and ready for distribution, testing of all specimens would be prohibitively time consuming. A
statistically representative number of randomly selected specimens should be selected for testing. If the
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measured heterogeneity between and/or within specimens is observed to be greater than 1 % relative
after taking account of counting statistics for the elements being certified, testing of more specimens
might be needed.

Where there are fewer specimens, typically 5 to 20, which can be tested before being cut into smaller
specimens for distribution, each specimen may be analysed before being cut, provided that the
preparation process does not change the composition in any way.

Consultation with an experienced statistician is strongly recommended before data acquisition is begun.
Detailed rules regarding the sample size are avoided here to allow the analyst flexibility in designing the
testing procedures since decisions will depend upon the characteristics of the material and the number

lalal
of SpecHrensavatrante:

5.3 | Test conditions

If th¢ extent of heterogeneity is being determined on the micrometre scale, a 1 ym (point) heam should
be used for the analysis. In some cases, where there might be damage to the 'specimen by the electron
beanp, a defocused beam, typically 5 um diameter, may be used. Such samples should, therefore, be
certified for use only with a defocused beam.

Wave¢length-dispersive X-ray spectroscopy (WDX) is the preferred method for hé¢terogeneity
detefminations because the high X-ray peak rates obtainable withtthe technique expedite th¢ acquisition
of statistically useful data. Energy-dispersive X-ray spectremetry (EDX) can be applied by using
integrated X-ray peak intensities, but the data acquisition pro¢ess is significantly longer. For specimens
sensltive to the high current needed for WDX, EDX can be.the only choice.

Ideally, the excitation voltage used for the analysis,should be about two and a half timeq the critical
excitption energy of the X-ray line of the element being analysed, although this can be difficplt if several
elements are analysed simultaneously. As a compromise, the selected excitation voltage should be
suffitient to excite the X-ray lines of the elements used in the testing with an adequate overfvoltage of at
least|1,5 times the critical excitation potential.

The selected X-ray lines used to acquire the heterogeneity data should not overlap any Xtray lines of
othel elements in the specimen. This’can be ascertained from wavelength dispersive spectrometer
(WDE) scans of the pure elements (or appropriate well-characterized compound specimen in which
overlap does not present a problem) and of the RM.

The ¢urrent used will depehd upon element concentrations, the stability of the specimen to the electron
beany, and the count rate-desired.

The fount rate should provide acceptable counting statistics. The count rate should not be so high
that the dead time of the WDS proportional counter will increase beyond the normal workling range. A
nornpal propertional counter dead time is 1,2 us or less. For energy dispersive spectrometgr (EDS), the
dead|time _should be approximately 30 %.

NOTH Acceptable count rates will also depend upon tolerable counting uncertainties. From Poigson counting

sdes £ £ A A faint H £ £ Liitas Ad_F. AY4 £ 3 1
statis cICS e Stantar G ancertartity i ot CountS 00 TarmCOIT OTIT ait 7x Tay hncaSurCincre s oquar to the Square

root of the total number of X-ray counts, \/ﬁ .A 1% error can be obtained when the total number of counts is 10
000, but this relative error can be reduced by increasing the number of counts. At 100 000 counts, the relative
error is reduced to 0,3 %. For an EDS, the number of counts refers to the counts in the window of interest or
integrated peak counts, not the total spectrum counts. This test uncertainty will be present regardless of the
extent of heterogeneity and can be minimized by increasing the integral number of counts through increased
current and/or counting time at a given excitation voltage. Both ultimately depend on the specimen stability,
while the counting time will also be limited by test practicality.

Knowing the estimated count rate, R, and the desired relative error, g, the counting time, 7, required to
achieve that relative error can be calculated from the equation T = 1/02R. This equation is derived from
the Poisson estimate of the relative error due to counting statistics,

1/J(N)=1/(RT)

© ISO 2014 - All rights reserved 3
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5.4 Test procedure

Before heterogeneity testing is begun, the edges of bulk specimens should be analysed and compared
to the specimen interior to determine whether there might be a consistent difference in element
concentrations in the two locations. Occasionally, differences can result from the manufacturing process
of materials such as metal alloys or synthetic crystals. If the edges are different from the specimen
interior, they should be removed before samples are taken for bulk quantitative analysis and before
specimens are mounted and polished for heterogeneity studies. In some specimens, differences might
also be due to mounting and polishing procedures; if this occurs and cannot be remedied, the certificate
should include instructions to the analyst to avoid using the material within a specified minimum
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d between-specimen heterogeneity, to determine the experimental uncertainty, and tq
increasing or decreasing concentration changes on the micrometre scale using 50
scans. Examples of tests are given below, but they may be modifiéd)depending upo
haterial or group of specimens being analysed. The beam current’should be monitor
lue corresponding to each data reading enabling subsequent current drift corrections
if necessary.

s advisable to collect data in an ASCII format that can be easily:put into a spreadsheet for subse

cimen being tested, X-ray counts for several, randemly selected points (typically 7 to
ding upon the size of the specimen) should be aequired. These data should be acquir
icate i.e. integral X-ray counts should be acquired and recorded at least twice on each
ing the specimen or electron beam betweén acquisitions. Specimens should be analys
der and preferably, each specimen shoul@be analysed twice, each time in a different org
rhwhile for different operators to také.data for duplicate analyses, using a different raf
hn for each. Refer to ISO Guide 358! for sampling procedures and methods of evalu
data from this type of test is used’to calculate the within-specimen and between-spec
s, as well as the test uncertainty after beam current drift corrections are made.
data are obtained for each ¢lement, the uncertainties can be expressed as a mass frac
e used for these calculations are given in 5.5.
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5.5 Statistical evaluation of data

The uncertainties in the element concentrations resulting from heterogeneity within specimens and
between specimens and in the test acquisition can be obtained from the procedures described above
using the following calculations.

NOTE There are several examples[11[2][3][4] of the use of test procedures and calculations similar to those
described here; the statistical notation has been simplified for this document to facilitate its usage. The statistical
approach used here is called a nested design that is described in detail in other references.[51(6][8] The procedures
described have been developed in collaboration between the National Institute of Standards and Technology
(NIST), Gaithersburg, MD, USA and the National Physical Laboratory (NPL), Teddington, Middlesex, UK and have
been used successfully. Other validated test and statistical procedures may be used, provided that they are
described in full in the CRM certificate.
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Let wg be the true mass fraction of a particular element in the RM. Any single micrometre scale
measurement, w, expressed in weight percenttaken fromarandomlyselected pointofarandomlyselected
specimen will deviate from wg because of the variation between specimens (macroheterogeneity),
variation within specimens (microheterogeneity), and the measurement error. The deviation, w - wy,
may be viewed as a sum of random effects, as shown in Formula (1):

w=wn+S+P+E
0 )

where

g . fractioninthe-setected-specimen:

Wo +S+P is the true micrometre scale mass fraction concentration at the selectegdpoint of the
selected specimen;

i) is the measurement error.

The fomponents of variance 652 GE and O'é are the variances ofthe random effects S, P, and E,

respectively. The variance, a , of the measurement w is given by, Férmula (2):

Q

2 2 2 2
w=0s, *t0op +OE, (2)

If ng jndependent measurements are made at each of np zanidomly selected points of each of ps randomly
seledted specimens and if wjji denotes the kth replicated measurement at point j of specimgn i, then the
granfd mean given by Formula (3):

Inp
3 S Y ®

(np ng ng) i-1 j=1 k=1

=

has d variant, given by Formula (4):

2 O-SZW GSW O-éw
ay = + + 4)
ns nsnp NSNPNE

assuming the design isbalanced. Thus, the uncertainty in the mean measurement w can be|determined
from|estimates of GSZW ; a%w ,and Uéw. An approximate 95 % or 99 % confidence interval for the mean

micrpmetre scaleeoncentration is respectively

1/2

1 G5 Ulg 01%

w2+ 4 w (54)

ns ___nsnp__nshpng
L |
or

1/2

_ |98, op,  of

w =+ 3 W Wt v (5B)

ns nsnp  NSNpNEg

Estimates of agw , ogw ,and aéw can be obtained from the raw count data as follows.

Let Yjjx denote the kth count measured at point j of specimen i, and let Bjjx represent the background
count associated with the measured count Yjj;. Assuming a linear relationship between the number of

© IS0 2014 - All rights reserved 5
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counts above the background count and the mass fraction on the micrometre scale, Yjjx - Bjjkx can be used
to determine a mass fraction measurement, as given in Formula (6):

(¥~ Bije)

c (6)

WI]k =

where Cis a conversion factor which depends on test conditions such as the operating voltage, counting
time, etc.

If B is the mean background count:

n
E
Y. =T Z Yiik is the mean count at pointj in specimen i; (7)
bong o
Ip
- 1] &
Yi =] z Yy is the mean count for specimen i; (8)
Mp| j=1
_ 1 s
Y=— Z ; is the grand mean count; 9
g =1
ns
v v 2 . .
Ss=npl EZ(Y,- —Y) is the between-specimen sum of squares; (10)
i=1
n§ n P >
Sp= nEE_‘ (ij —Y,-) is the between-points'within-specimen sum of squares; (11)
i1 j=1
ng ‘l ng _ 2
Sg=2, », Z(yijk _Yij) is the errof.and baseline sum of squares. (12)
i=1 jE1l k=1
The correspjonding mean squdres are
Ss
Swms = ) between-specimen; (13)
Sump = oL
MP = ;'13 ("F —1) between-points within specimen; (14)
S al:
ME ~ residual. 15
nghp (nE - 1) (15)

6 © ISO 2014 - All rights reserved
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Assuming Poisson variation for the background count and for replicated counts at each point of each
specimen, it follows that

(D) ng n, n

=1 j=1 k=1 = SwuE is an unbiased estimate of Czcéw —0'12;:
ngnp (ng — 1)
(ii) ng np )
n Y‘ Y‘ (‘7:.’ —‘7 )
l:.hd H Y . . . 2 ) 2 2
=1 j=1 S is an unbiased estimate of C (o-E +NEop )—O'B;
—“MP w w
ng(np — 1)
(iii) ns
=\ 2
”P"EZ(YI' - Y) ol 2 5 5 5
=1 =Sus is an unbiased estimate of C (O'EW +Ngop  +NpNEos )—GB.

where Gg is the variance of the background noise.

The ¢stimated components of variance are thus taken to be

E + B
5 Sug + B ngnp (nE 1)
dqg = = =~ (16)
w C C
Sp X Sg
2 Swp—SuE _ ng (np - 1) ngnp (nE - 1)
qp = = (17)
w 2 e
ng ¢ EC
SS SP
n -1 _
2 _Swus ~Swp” LS s (np 1) 18
g SW - 2 - ) ( )
NpNpc! Nphg
wheife the eonversion factor, C, is estimated using Formula (19):
q={y"- B) / w, (19)

where w is equal to the certified mass fraction concentration determined by chemical analysis of the

original bulk specimen. The variance of the mean mass fraction,w, can be calculated directly using
Formula (20):

1 S —
- S +B (20)

2
ngNphg ¢ (ns - 1)
with ng-1 degrees of freedom. This equation is preferred in practice to Formula (4) because, in general,

fewer potentially negative substitutions have to be made to calculate the variance. Since the components
of variance approach depends on taking differences to estimate the individual components, difficulties

TN

o
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2

~2
S or o

w PW
need to equate a negative variance to zero.

arise when either & are negative. Use of Formula (20), rather than Formula (4), avoids the

It is essential to the above computations that the conversion factor, C, remain constant throughout the
test. If current drift, etc. induces changes in C, there might be practical limitations on the number of
measurements that can be taken for any one test. Data should, in that case, be acquired in separate tests,
and an estimate of each variance component determined for each test. A weighted average can then be
determined from the individual tests to obtain a final estimate for certification.

An example of the use of a spreadsheet for making these calculations is given in Annex A. Detailed
instructiongareinctuded:

5.6 Criteria for certification

A research raterial is an acceptable candidate for certification if the relative uncertainty at the 95|% or
99,74 % conffidence interval equals

S _
+2 1 ~ S __+B
NgMpng C (”S - 1)
or
S _
+ 3 1 - S __+B|!,
ngnphy ¢ ("S - 1)

if the mean micrometre scale concentration, w, due to specimen heterogeneity, is less than 1 % on2 %,
respectively. A larger relative uncertainty may, in somé-cases, be acceptable, particularly if high dount
rates are noft achievable in the testing procedure, which might be due to such factors as the sensitivity
of the specirhen to the beam, the element concentration in the specimen, or the X-ray line used for tegting.
The potential usage of the CRM can also influenée the acceptance of larger uncertainties. Such faftors
should be discussed in the certificate.

An example|of a spreadsheet for the statistical evaluation of heterogeneity data are given in Annex A.

6 Stability of the research-material

The stability of a research material should be determined as a preliminary step in evaluating a material
for certification. For specimens that are sensitive to electron bombardment, the specimen stability ight
influence the choice of test parameters such as the excitation voltage, the beam current, the acquigition
time, and the electroh/beam size.

The stability of\a‘specimen is measured by exposing it to the electron beam without stage or llu)eam
movement fpra/time period that would be used in routine EPMA, such as 10 s to 100 s, while measuiring
the X-ray peak count rates of the elements present. The count rates can be measured on a ratemeter or
on arecorder using a direct display of the ratemeter signal or on a periodic integral tracel3] in which pen
excursions are changed after X-ray counts have been collected for a discrete time interval such as 10 s.

If the element X-ray count rates consistently increase or decrease beyond about 0,5 % relative, or beyond
the acceptable 1-sigma Poisson counting statistics error during a reasonable time interval, the test
parameters cited above should be modified until stability is observed forall elements while also providing
the countrates needed for the analysis. Often, the excitation voltage and /or beam current can be reduced
(while still maintaining the overvoltage needed for the X-ray lines being used) and the acquisition time
can be increased to avoid specimen instability and maintain the counting statistics needed for good test
precision. In some cases, the electron beam can be defocused if a point beam resolution is not needed in
the analysis. A5 um to 10 pm diameter beam is recommended if defocusing is used. The analyst should

8 © ISO 2014 - All rights reserved
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determine acceptable conditions through trial and error and such recommendations should be clearly
specified in the CRM certificate.

7 Determination of the chemical composition of CRMs

7.1 Classification of CRMs

The chemical composition of material for CRMs should be determined and the accuracy and precision of
both the analysis method and the test results for the particular material tested should be described on
the certificate. The class to which the CRM should be designated is determined by the extent of testing

carri

7.2

The

laboi
the 1
analy
and 4

In ca
analy
not g

ed out. Requirements for testing for each class are given in Annex B.

Determination of classification of CRMs

determination of the chemical composition should be carried out by at-Adeast two
atories and the mean or weighted meanlel[9] of their results used as the.cértified valug
hboratories should avoid replication of method-dependent systematic errors by usi
rtical methods. For class 1 CRMs, these analyses should be carried-out in more than
hould include methods other than EPMA.

ses where the difference between the results of two laboratories is larger than the acq
Ftical method, the results from round robin tests may bedised to achieve a preferred va
ossible, a third laboratory should be involved as an arbitrator. This laboratory should

to a pational or international accreditation body.

7.3

Selection of analytical method

An International Standard analytical method should preferably be used for the chemical

detel
The
certi

7.4

If on

participating in the analysis should have well-established expertise in the analysis of the

type
8 ¢

8.1

‘'mination. If an International Standard:method is not available, a classical method sho
method used should have internationally acceptable accuracy and should be desc
ficate.

CRM material tested by:EPMA only

y a small amount of material is available and the only way to test it is by EPMA, the

of material and jdeally be part of an accreditation programme. These will not be Class

CRM specimen preparation, packaging, transportation, and storage

Preparation of CRM specimen

The

CDRN snatarial chaonld bha poasmtnd 300 o haldas vaibh 4o £l oolichad cnfann

narnaAn

ndependent
. If possible,
Ing different
pne country

uracy of the
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t particular
1 CRMs.

eHcular to the

CIvIvD rracCrar oot oTTnoutC O o (TOTOCT vy It 1oS rat, pononCt o sar rattptrpTtnt

electron beam. Non-conducting materials require a suitable conductive coating on the surface.

The polished surface of the CRM should have areas large enough for analysis, which are free from defects
when viewed with an optical microscope at x 400 magnification. For the size requirement of these areas,

see 5.2.

8.2 Packaging

The CRM specimen should be packaged in a suitable container to protectits working surface and prevent
damage.
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8.3 Storage

The CRM should be stored under conditions designed to prevent deterioration. For most materials, an
air-tight desiccator or cabinet are considered suitable. Certain materials might need special conditions
of storage and this should be clearly stated on the certificate.

8.4 Repolishing and recoating of CRMs

CRMs will have to be repolished and recoated from time to time. This time interval will vary according to
the type of material. Hard non-reactive materials might only need recoating every two years while soft
reactive metals, oxides, and minerals might need repolishing and recoating every time they are used.
The certificate should state a time period after which repolishing and/or recoating is recommendgd.

9 CRM certificate

9.1 C(lassiffication of CRM

The CRM will be classified in one of the three classes of CRMs in accordance with the criteria given in
Annex B and the class should be indicated on the certificate.

9.2 Conte¢nts of the certificate

The CRM cqgrtificate should be written in accordance with 1SQ Guide 31. It should include the name
of the CRM,[the source of the RM, the producer, the batch number, a description of its propertigs, its
preparation} instructions for use, and relevant references., The heterogeneity testing procedureg and
results, the ptability, and chemical determinations should.bhe described in detail. A typical exampl¢ of a
certificate i§ given in Annex C. The amount of information required will depend on the CRM class.

10 © ISO 2014 - All rights reserved
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Annex A
(informative)

Spreadsheet instructions for the statistical evaluation of

heterogeneity data

A1l

This
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Thes|

A2

A.2.1
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Jj. Thg
by th
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seled
poin{
i.

A.2.2
singl

A.2.3
meas

A.2.4
J,inc

A.2.5
in th

General

Annex gives a step-by-step description of the use of a spreadsheet for calculating co
nce in 5.5. An annotated spreadsheet that begins from step 3 below follows these i
e calculations can also be done with a computer program.

Procedure

Put the data into a spreadsheet so that the name of the data’point includes i, the spe

t beam current, recorded before each data acquisition, should be placed in a single colu
e data (X-ray peak height or peak integral) for each\element tested in respective c

ted points on each of ng randomly selected speeimens. The integrated X-ray count for

is defined as Yjjk that is the reading for the kth'réplicate measurement taken from point;

Make current corrections to all data-choosing a single current value for evaluating al
P experiment.

urements for each elementon that specimen.

Group all datafor€ach specimen and calculate the mean count for specimen, i, 1_/1' , fra
uding the repetitions, for each element.

Calculaté the grand average, Y, for each element from all points and repetitions in a
P experiment.

A.2.6

count from all analysed points of specimen i, 171, —1_’,', for each element.

)
A.2.7 Calculate the square of this difference, (Yij —Yi) , for each element.

tical notation is that np replicated independent measurements are made at each of 1

mponents of
nstructions.

en number

ci
de, j, the number of the point analysed on the specimen, and)k, the replicate measurerrlznt on point

mn followed
blumns. The
p randomly

h single data
of specimen

data from a

For each point, j, in each-specimen, i, calculate the mean count 17,] for that point from the replicated

m all points,

|l specimens

i aind the mean

A.2.8 Sum the squares of these differences over all points, np, in all specimens, ng, for each of the

elem

S

© ISO

ents, as shown in Formula (A.1):

ng

P=HEZ

i=1

n

v}

(7y-7)
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A.2.9 Calculate the difference between the specimen mean and the grand average, (171 —17), for each

elementin e

ach specimen.

A.2.10 Calculate the square of this difference, (171 —17)2, for each element in each specimen.

A.2.11 Calculate the “between specimen” sum of squares, Ss, for each element knowing the values for np
and ng as given in Formula (A.2):

n
S 5
SS:”P”EL (Yi-Y) (A.2)
i=1
A.2.12 For pach element in each tested point in each specimen, calculate (Yijk - ?'J)’ the diffefence
between eagh single point measurement, and the average of the replicate measurements’on that point.
2
A.2.13 Calcplate the square of the difference, (Yijk - ?IJ) , for each element at each point in|each
specimen.
A.2.14 For gach element, calculate the error sum of the squares, as:given in Formula (A.3):
s |Mp  ng _ 2
Se=2, (2 2 (YY) (A-3)
i=1|j=1 k=1
A.2.15 Knoping the measured background, E, in counts/s for each element, calculate the terms (17 —L_?).
A.2.16 Then, from the certified weight fraction concentration, 12)0, of each element determindd by
chemical anglysis of the bulk specimen, calculate the estimated conversion factor, C, using Formula (A.4):
C=(Y-8)/, (A.4)
where w, i$ the certified mass.fraction value of the original bulk specimen as determined by chemnical
analysis.
A.2.17 The [estimates-of the variances O'SW, O'SW , and GSZW can then be calculated using Formula (A.5),
Formula (A.p), and Formula (A.7):
S _
_ { ( E )} +B
S .. +B nen, (n 1
o =M1 T (A.5)
" C C
Sp _ Sg
2 _Smp ~SmE _ nS(nP_l) nSnP(nE B 1)
UP - ~2 - ~2 (A6)
w ngC ngC
12 © ISO 2014 - All rights reserved
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Ss Sp
2 _Sus ~Swp s s (np—l)
oy = = ~ (A.7)
NpNgC NphgC

A.2.18 Finally, calculate the variance of w using Formula (A.8):

S _
évZT/ = 1 |7 3 + B“ (A-8)
nSnPnErﬁv2 ("S ~ 1) i

L

Note|that the estimate signs (raised circumflex over symbols) have not been used in the.spreadsheet.
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