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SOME PRELIMINARY COMMENTS

Some Definitions

It has been sald that:

Physicist is one who has a clena
mind and works with dirty things,

Chemist is one who has a dirty
mind and works with clean things,

Engineer is one who has a dirty
mind and works with dirty things.

I might add:

Mathematlcian 1s one who has such
a clean mind that he must work only with
the abstract symbols of c¢lean things.

"Mathematics is the subject in whech
one_never knowg what he 1ls talking about
nor if what he says is true"”.

Not so long ago & well-known phy-
sicist defined a mathematical physicist as
one who agong physicists is considered a
mathematician and ameng -m#*hematicians is
considered a physicist. In the same way,
1t might be sald about a mathematical sta-~
tistician in the engineering field that he
is one who emong engineers is s mathematician
and among mathemat icians, is an engineer.
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FUNDAMENTAL CONTROL HIPOTHESES

Hypothesis 1 - Some repetitive operations
exist in nature that obey
mathematical laws of
probability.*

Hypothesis I1 - The maximum sttainable de ree

of validity of prediction™*
that an operation will give a value X lying w
within any previously specified tolerance
range is that based upon the prior knowledge
that the probability of this event is q*' or
more generally, upon the prior knowledge of
the mathematical law of chance underlying tHe
cperation.

Hypothesis 11 ~The maximun degree of attain-
able control*** of the cause

system underlying eny repetitive operation in

the physical world is that wherein the system

of causes produces effects in accord with

a mathematical law of probability.

Bypothesis IV - Some criterion or criteria
: may be found snd methods
developed for their application to the nutl‘!vO
obtained in a sequence of repetitions of eany
operation such that whenever a falilure to
meet the criterion or criteria is observed,
it is worthwhile to look for and try to revove
an assignable cause of veriability from the
operation. As these causes are removed, &
* Por example, drawing from a bowl is such an
operation.
* Or, in engineering terms, maximum quality
assurance.
*** Hence minimum tolerance limits and most
efficient use of materials.




state of statistical control is approached
where the results of repetitions of the
operation behave in accord with a mathema-
tical law of chance.

It is not the object here to discuss tb
available evidence supporting these physical
hypotheses because that has been done else-
whare, but rather to show the prominent part
played by mathematical laws of probability .
in the fundamental assumptions and to emphe-
size the point that the testing and use of
these hypotheses implies that the engineer
must keep his eyes on the physical operation
as well as on the mathematics.
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CRITERIA OF CONTROL

1 ILJ_

1. Relative Effects of Causes

Criteria baesed upon frequency distribu-
tion of varisble X in terms of elemental
effects of system of m elemental causes in
a constant system of chance causes.,

If one of the m causes produces a very
large effect in comparison with that pro-
duced by any one of the (m=l, remaining
causes, it mey be possible to {ind and
remove it and the presence of such a cause
will likely be revealed by bimodality of
the distribution,

8. Lack of Constancy in Probability

Criteria based upon order of occcurrence
in the sequence (1) revealing lack of con-
stancy in the cause system, i.e., lack of
constancy in the probebility fledx.

This may result in muctimodility that
may be detected and will always modify
runs in a wqy that can likely be
detected.
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2. Need for New Technigue of Research

Theee difficulties srise when the
scale of physical and chemical
oparations is reduced:

1. New ysico-chemical hypotheses
2., few o ds of laboratory opera-
tions.
3. New techniques for snalysing
" data and testing hypotheses.

Naw technique embodies principles,

points of view, and objectives that

make it differ from classical teeh-
' 1¥ to make 1t & mew

a) Newtoglan vs. quantum mechanics,

b) Qﬂantitati?e ¥s. microchemical
and micro-gas analysis.

¢} Classical statistical criteris
igncring order vs. criteria
based on order.
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Toickness Paper in mils
HorizontajEAsgoss sheet

Zﬁl@ H)C’d B . T .Le ; 111
Tvpe of : Variance var Ianca
of Tessure—~ 3 Reoid- Resid
Taper _ ment tave. areas Sheets ual Ave. areas Sheets ual
L001" Ratchet .1.28 L0018 .0149% 0212* L0014 : 1,32 ,0072%,0172* ,0017

Disl :1 29 ,0013 ,01561% 0174* L0015 3 1.29 0007 .0125% ,0015
L0125 atehet 1 6% 0064 ,1135" .0050 s

| 8 .0987* .0063
Dial :1.60 0084 ,0958% ,0050 '

,1068% 0062

1.64 .0G78 .1250 .0678
1.61 .0084 .1101% .0058
1.80 .00756 .0475* .0052

L.0015"Ratchet :1.81 .0071 .0854% ,0040 0825% 00587

8% TS B4 G¢ 9% % N4 NE VS ws B U SN Er RS €6 4 S¢ & PR Be

Dial 11,80 .00B1 .0993™ .0045 : L0711% 0059 : 1.80 .0058 ,0769* .0053
00177 atchet 21.92 .0049 .0053 ,0025 ;1.§k“,1 L0138% 0022 : 1.99 .0071 .0146* .0029
Dial :1.98 .0044 .0137* .0018 :1.9KEOS8 .0138* .0027 : 1,98 .GO3B .0144™ ,0023

.CUB" Ratchet 21.92 0020 .0080* ,0018 21 ﬂ 128* 0100* .0025 : 1.93 .0138%.0072 .0034
Disl :1.91 .0082%.0072*% ,0020 :1 69%.0051* ,0021 : 1.92 .0081%,0020 .0022
L,CIZ5*Ratehet :3.66 .0029 .0023 .0030 % ,0052 : 3.57 .0220%.0082 .0080
) o1 .0044 : 3.66 .0048 ,0075 .0043

bial :3.03 ,0057 ,0054 .0033

“§ignificant difference between areas flshests as heading indicates

Novemoer 14, 1340

Turned over to .v. Vinch
12/4/40
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STATISTICAL THEORY PLUS MASS PRODUCTION
PROVIDES A MEANS OF MAXIMIZING OUR
PHYSICAL COMFORTS IN TIME OF PEACE AND
OUR STRATEGIC FACTORS IN TIME OF WAR
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The Application of Statistical Methods

to Industrial Standardization and Quality
Control by E. S. Pearson, published by
the British Standards Institution, 1935.

21.1-1941, Guide for Quality Control
7z1.2-1941, Control Chart Method of
Analyzing Data

Published by the American Standards As~
sociation.

An Engineer's Manual of Statistical
Methods by L. E. Simon, published by
John Wiley and Sons, 1941.
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