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NormalDist.nb

n = 20;

yv[x_] = Binomial[2n, x + n] / (
BIT = Table[y[i], {i, -n, n}];
ListPlot [BIT, Axes -> False];

Plot[y[x], {x, -n, n}, PlotRange ~» {0,

Const = N[Sqrt[nPi]] ;

2%(2n));

.13} ]

Plot [Exii[-—- (x ~#2) /n] /Const, {x, -n, n}, PlotRange » {0, .13}

1

m:20}

£t = 0;
N[B:Lnom:l.al{Zm, £ +m] /(2" (2m)) , 10]

N[Exp[-(t ~2) /m] /Sqrt[ml?:.], 10}
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Elements oS the, Costwel Limit T heorent (S5 Eremionin)

The frequency terms of the foregoing distribution corresponds
to those of the expansion of (3 + 1)8. If we ask what is the area
included by deviations of 2 from the mean on either side of it, the
appropriate expression is:

X =42

AX
X=Z—2 =

(Ax =1 =AX)

The derivation of the normal curve for a binomial distribution
involving different values of p and g is very laborious. Here we
shall consider only the case (e.g. r-fold spin of a coin) when
p =+ =g, and it simplifies our arithmetic if we write r = 2n
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Fig. 193. Probability as the Ratio of Two Areas

If p = 4 = g meaning equal probability that a newly born will be a
boy or a girl, we can represent the probability that a family of eight
will consist of 0, 1, 2. . . 8 girls (or boys) as indicated on the horizontal
axis. The vertical unit is ()8, The area of the first four columns is then
the probability that there will not be more than three of the same sex,
that of the remaining five that there will be at least four.

in the expression (4 -+ 1)~ The mean score is then M = .
Without ambiguity, we may use the symbol y; to signify both
the frequency of a score x and of its corresponding score deviation
X = x — n, so that x = X + n. As we have seen
_ 2n)! 27222n)! (x + 1)
Va = 2 2n =
2n — x)!x!  (2n— x)! (x 4 1)
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‘ Fig. 194, Probability as the Ratjo of Two Areas

thali;]ft;: rz:]s}lijrll(iifi.glhﬁ‘t?a‘.v'il;?ﬁ unblackened arca represents the probability
o | ave not less than three or more than five of
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Since AX = 1:

Yz it

When, as we assume, n is very large, we may write:

n
- ¥y H
2
o logey = o+ 16

Fig. 195. The so-called Normal Curve as an Approximation to the
. Binomial Distribution

To tailor the last expression so that X is the independent
variable, we may put C = log. A, so that

e ¥ ¥
loge y — loge 4 =—— = log (A)
600

Bearing in mind that /loge @ = b means g — €', we may therefore
write
—Xt —X3
Z=e_"— and y:AeT
A
The value of A4 is obtainable by putting X = 0 in which event
Y = yn, i.e. the ordinate of the mean, so that:

_2722(2p)) _

T T

We have already dealt with the properties of this curve in chapter
10 (page 493). For tabulation of values of the definite integral
cited below, it is useful to invoke a formula which gives good
values for n! in A4, so long as n is larger than 10, i.e.

n

nl ~ e—npgna/Inp

2u2ne—2n22n '\/EI 1

S fhiat A= e—2nQ2n)my Vrn
We cannot say in advance how big # must be to Jjustify the
approximations we have made, Actually, the fit is very close in
the range X = 2 when 7 is as small as 8 so that 2iz - 16.

Our aim in this derivation is to be able to state the probability
that a score will lie in a certain range expressed as an area on the
assumption that the total area is unity, i.e.

- €O
f ydx =1

To use it as such we have to remember that the curve approxi-
mately cuts the midpoint of the top of each column of Fig.
195, i.e. for the column score value ¥ — +a there is a deficiency
of 43 in the range enclosed by the particular values of v. If i is

relatively small (n < 100), we should perform our calculations on
the assumption that

X=a LR
z Mo D2 ydX
X=—a

—a-+} ]
The reader who hopes to gain an intelligent grasp of how to
use such tables should verify the meaning of the half interval
correction (a + 1) above by drawing the histogram of (& + Lyw
and the curve which cuts the tops of each column approximately
at its midpoint,
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To perform the calculation, we can refer to tabulated values
of the definite integral on the right. This implies that it is possible
to evaluate the indefinite integral, as can be done by series
integration (p. 584) which shows that the value of the definite

integral over its whole range is unity, i.e.:

1 +oo —-X:
T e” dx=1

Probability and the Real World. Aside from its earliest use in
connection with games of chance and its later misuse in connec-
tion with life insurance, we may broadly distinguish three do-
mains in which the algebraic calculus of probability has staked
a claim. One is the theory of error, largely due to Gauss. What
prompts the question to which it seeks an answer is the circum-
stance that successive observations on the same phenomenon,
especially ones made with instruments having a large assemblage
of cog-wheels as in an astronomical observatory, are never
exactly the same. Such an application of the theory of probability
seeks to side-step the dilemma which arises when the investigator

finds himself confronted with two sets of repeated measurements
or counts respectively clustering around different mean values and
to some extent overlapping. Here the decision sought is whether
the difference between the means may or may not betoken two
true values rather than one. In common parlance: is an observed
difference between two means consistent with errors of observa-
tion? We need not dismiss the considerable plausibility of the
assumption that the distribution of errors is comparable to
what we obtain when we toss a die; but the practical issue is

mathematically intractable unless we can justifiably invoke a

correct value for p and ¢.

A second use of the algebraic theory in scientific investigation
is wholly above criticism. One may call it a Calculus of Aggre-
gates. This term embraces scientific hypotheses which deal with
populations of particles, atoms, molecules, genes, and chromo-
somes, whose properties the observer can study in large assem-
blages. Such is the situation when we explore the Brownian
movement of microscopic solid particles bombarded by mole-
cules in solution, or when we explore the effect on the proportions
of progeny of a particular type when an extra chromosome turns

up in the parental stock. In such situations, the investigator can

use a card pack, die, roulette wheel, or lottery ‘urn’ as a model of
602
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