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According to our definitions, a SET of 

UNITS is said to be  :

6 HOMOGENEOUS : when ALL units are

STRICTLY IDENTICAL.

6 HETEROGENEOUS : when this 

condition is not fulfilled.

Homogeneity can be defined but can

never be observed. Example of pure water

made of molecules H20, ions H+, OH-, O2- to 

say nothing of all possible isotopic combi-

nations of H and O. 3



The sampling of a homogeneous set by 

selection of entire units would, by definition of 

homogeneity, be a é

All sampling errors, THEREFORE, stem 

from one form or another of heterogeneity

A theory of sampling is therefore logically 

derived from a theory of heterogeneity.
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STRICTLY EXACT OPERATION

HETEROGENEITY IS THE UNIQUE 

SAMPLING ERROR GENERATOR



QUANTITATIVE APPROACH

THEORY OF 

HETEROGENEITY

Quantification of the heterogeneity      

of a zero-dimensional lot L
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We will distinguish between two main 

forms of heterogeneity :

6 CONSTITUTIONAL HETEROGENEITY

The unit is a single constitutive element.

6 DISTRIBUTIONAL HETEROGENEITY

The unit is a group of adjoining constitutive 

elements possibly correlated to one another.
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THE TWO MAIN FORMS 

OF HETEROGENEITY



Lot L is regarded as a POPULATION of

NU unspecified units Um: m = 1, 2, é NU

am : proportion of component A in unit Um

aL : proportion of component A in lot L

Mm : mass of unit Um

ML : mass of lot L ËML ¹NU  Mm*    with é

Mm* : mass of the average unit Um* of lot L
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DESCRIPTION OF LOT L 



By definition : am¹aL irrespective of m.

Constitutional and distributional homoge-

neities can be mathematically defined but are

INACCESSIBLE LIMITS never to be obser-

ved in the real world. 

Any hypothesis of homogeneity is the-

refore unrealistic / dangerous. It amounts 

to solving a sampling problem by juggling it 

out. Lots of money have been lost as the 

result of this hypothesis. Human lives ?
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HYPOTHESIS OF HOMOGENEITY 



hm should logically be proportional to    

(am - aL) and weighted by the mass Mm

We found it easier to deal with relative, 

dimensionless quantities, hence the 

definition we have retained for hm :

HETEROGENEITY hm of 

UNIT Um WITHIN LOT L

K (am - aL) Mm (dimension of a mass)

(am - aL)      Mm

hm = ------------ ³------- (dimensionless)

aL               Mm* 9



A thorough definition of hm is é

To shorten this lengthy definition, we will,

from now on, call it :

6 The heterogeneity hm , a function of 

both grade am and mass Mm , is a convenient 

and thorough descriptor of unit Um . 
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PROPERTIES OF hm

« CONTRIBUTION of UNIT Um to the 

HETEROGENEITY of lot L ».

« The HETEROGENEITY of Um [in lot L] »



The heterogeneity hm had attracted our 

attention when we developed the « Equipro-

bable sampling model » because the 

« sampling variance » was found to be 

proportional to s²(hm). This was confirmed 

when we developed the much more sophis-

ticated « PROBABILIST MODEL » in 1979.

11

PARAMETER hm CAN THEREFORE  BE 

REGARDED AS THE TRUE « VECTOR »

OF STRUCTURAL SAMPLING ERRORS.



6 It is easy to show that, for the NL units of L :

6 Heterogeneities are additive (like masses) 

6 Heterogeneity hn of a group Gn is é

where é

Sm is extended to the NG units Um of Gn

Gn can be an Increment I or a Sample S

6 Thanks to its properties, hm is a powerful 

tool in our study of the structural sampling 

errors expressed by the mathematical model.
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Sm hm¹0

hn¹Sm hm

m(hm) ¹0



We first consider lot L as a population of NF

constituents Fi with i = 1, 2, é NF . Those 

constituents can be fragments (hence the F ),

molecules or ions. The heterogeneity of Fi is

hi . We now define é 

CHL : Constitutional Heterogeneity of lot L

CONSTITUTIONAL 

HETEROGENEITY CHL of LOT L

1

CHL¹s²(hi ) ¹-----³Si hi ² sinceSi hi¹0 

NF 13



CHL suffers from a serious shortcoming.

It can usually NOT be computed. For this 

reason we define the easy to compute HIL :

HIL : Heterogeneity Invariant of lot L

Use of CHL will be limited to theoretical de-

velopments, that of HIL to practical issues. 14

HETEROGENEITY

INVARIANT HIL of LOT L

ML

HIL¹CHL³Mm*¹CHL³------ (mass)

NF



We now consider lot L as a population of NG

groups Gn of adjoining constituents with n = 

1, 2, é NG . The heterogeneity of Gn is hn

We now define é

DHL : Distributional Heterogeneity of lot L
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DISTRIBUTIONAL 

HETEROGENEITY DHL of LOT L

1

DHL¹s²(hn ) ¹-----Sn hn ² since Sn hn¹0

NG


