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This paper discusses the applicability of statistics to a
wide field of problems. Examples of simple and complex
distributions are given.

I F  a variable X  is attributed to the individuals of a population,
the distribution function (df) of X, denoted F(x), may be
defined as the number of all individuals having an X  <  x,

divided by the total number of individuals. T h i s  function also
gives the probability P  of  choosing at  random an individual
having a value of X  equal to or less than x, and thus we have

P(X _,. x) =  F(x)

Any distribution function may be written in the form

F(x) =  1 —  e-v(z) [ 2 ]

This seems to be a complication, but the advantage of this formal
transformation depends on the relationship

(1 — P)" =  e-n9(x) [ 3 ]

The merits of this formula wil l  be demonstrated on a  simple
problem.

Assume that we have a chain consisting of several links. I f  we
have found, by testing, the probability of failure P at any load x
applied to a "single" link, and if we want to find the probability
of failure P„ of a chain consisting of n links, we have to base our
deductions upon the proposition that the chain as a whole has
failed, if any one of its parts has failed. Accordingly, the proba-
bility of nonfailure o f  the chain, (1  —  P„), is equal t o  the
probability of the simultaneous nonfailure of all the links. T h u s
we have (1 —P„) = (1—P)". I f  then the df of a single link takes
the form Equation [2], we obtain

P„ =  1 — e-nv(x) [ 4 ]

Equation [4]  gives the appropriate mathematical expression
for the principle of the weakest link in the chain, or, more gen-
erally, for the size effect on failures in solids.

The same method of reasoning may be applied to the large
group of problems, where the occurrence of an event in any part
of an object may be said to have occurred in the object as a whole,
e.g., the phenomena of yield limits, statical or dynamical strengths,
electrical insulation breakdowns, l i fe of electric bulbs, or even
death of man, as the probability of surviving depends on the
probability of not having died from many different causes.

Now we have to specify the function ce(x). T h e  only neces-
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sary general condition this function has to satisfy is to be a posi-
tive, nondecreasing function, vanishing a t  a value x„, which is
not of necessity equal to zero.

The most simple function satisfying this condition is

— x„)"1
To

and thus we put

(x -
F(x) =  1 —  e x o 151

The only merit of this df is to be found in the fact that i t  is the
simplest mathematical expression of the appropriate form, Equa-
tion [21, which satisfies the necessary general conditions. Experi-
ence has shown that, in many cases, it fits the observations better
than other known distribution functions.

The objection has been stated that this distribution function
has no theoretical basis. B u t  in so far as the author understands,
there are—with ve r y  f ew  exceptions—the same objections
against all other df, applied to real populations from natural or
biological fields, at least in so far as the theoretical basis has any-
thing to do with the population in question. Furthermore, i t  is
utterly hopeless to expect a  theoretical basis for distribution
functions of random variables such as strength properties of ma-
terials or of machine parts or particle sizes; the "particles" being
fly ash, Cyrtoideae, or even adult males, born in the British Isles.

I t  is believed that in such cases the only practicable way of
progressing is to choose a simple function, test it empirically, and
stick to i t  as long as none better has been found. I n  aocordance
with this program the df Equation [5], has been applied not only
to populations, for which i t  was originally intended, but also to
populations from widely different fields, and, in many cases, with
quite satisfactory results. T h e  author has never been of the
opinion that this function is always valid. O n  the contrary, he
very much doubts the sense of speaking of the "correct" distri-
bution function, just as there is no meaning in asking for the
correct strength values of an SAE steel, depending as it does, not
-only on the material itself, but also upon the manufacturer and
many other factors. I n  most cases, it is hoped that these factors
will influence only the parameters. However, accidentally they
may even affect the function itself.

The purpose of this paper has been to illustrate with a few
examples the experience that the df, Equation [5], may some-
times render good service.

The number of examples has, by space, been limited to the
following:

1 Y i e l d  strength of a Bofors steel
2 Size distribution of fly ash
3 F ibe r  strength of Indian cotton
4 Length of Cyrtoideae
5 Fatigue life of a St-37 steel
In the Appendix:
6 Statures for adult males, born in the British Isles
7 Breadth of beans of Phaseolus Vulgaris
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