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The Normal Distribution

* Introduction

Before exploring the complicated Standard
Normal Distribution, we must examine how the
concept of Probability Distribution changes when the
Random Variable is Continuous.



The Normal Distribution

¢ Introduction

A Probability Dastribution will give us a Value of P{x) » P(X«x)
to each possible outcome of x. For the values to make a Probability
Distribution, we needed two things to happen:

L Pix)»wP(X»=x)
2 0=Pix)=1

For a Continuous Random Variable, a Probability Distribution
must be what 1s called o Density Curve, This means:

1. The Area under the Curve is 1.
2.0%< Pix)lforall outcomes x




S
The Normal Distribution m—

« Introduction: Example:

Suppose the temperature of a piece of metal s always between oF
and w'F. Furthermore, suppose that it s equally hkely to be any
temperature in that range, Th h of the probability distribution
for the value of the tem re would look Ilsghe one below:

»)

P(XN<g) Uniform Distribution

Protebiiay oo

Piz«<X=s2)

Probabuling:

\ LAl

Hiustration of the fundamental Fact about DENSITY CURVE
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The Normal Distribution: Definition
of Terms and Symbols Used

» Normal Distnibution Definttion:

A continuous variable X having the symmetrical, bell shaped distribution
is called a Normal Random Vanable,

1 The narmal probability distribution (Gaussian distribution) is a |
continuous distribution which is regarded by many as the most significant

shability distribution in statistics particularly in the ficld of statistical
nicrence.

« Symbols Used:
* "2" = zesgores or the standacd scores. The table that transforms every normal
distribution to a distnibution with mean o and standard deviation ». This
Jdistribution is called the stondard normal distribution or simpl

stondaord distribution and the individual values are called standard
SCores or the 2-5cores,

o "y~ the Greek letter "mu,” which is the Mean, and
« "o~ the Greek letter “sspma,” which s the Standard Deviation
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The Normal Distribution: Definition
of Terms and Symbols Used

« Characteristics of Normal Distnibution:

0 s "Bell-Shaped™ and has a single peak at the center of the
distribution,

The anthmetic Mean, Median and Mode are equal.

The total arca under the carve is Loo; hall the area under the
normal curve is to the right of this center point and the other
half to the left of it,

o1 It is Symmetrical about the mean,

It is Asymptotic: The curve gets closer and closer to the X -
axis but never actually touches it, To put it another way, the
tails of the curve extend indefinitely in both directions.

41 The location of a normal distribution is determined by the
Mean, i, the Dispersion or spread of the distribution is
determined by the Standard Deviation, o.




The Normal Distribution: Graphically

Normal Carve is Syenmetrical
Two halves identical

LV
.\‘}\\\ J
I heoretxcally, curve Fheoretically, curve
oextends 1o« oo evtends to & oo

Maoean, Maodun
and Mode are

ojual




AREA UNDER THE NORMAL CURVE

P(x,<X<x,)




AREA UNDER THE NORMAL CURVE

Let us consider a vanable X which is normally dostributed with a moan of wo and
A standard deviaton of 10 We assume that among the values of this variable are
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0.7745
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The Standard Normal Probability

Distribution

» The Standard Normal Distribution is a Normal

Distribution with a Mean of O and a Standard Deviation
of 1.

* Itisalso called the z distribution

* A z ~value is the distance between a selected value
, designated X, and the population Mean u, divided by
the Population Standard Deviation, a.

* The formulais :
A= i
J

A




Areas Under

the Normal Curve
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How to Find Areas Under the
Normal Curve
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How to Find Areas Under the

]\Iormal Curve

Z be a standardized random variable

P stands for Probabnliny

O 2) indicates the area coverce
undes the Normal Cu

dIPa0sZ22008) w»P(-2.0) « Plogs)
- 0. 3250
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This shaded arca, from
Lo 2ountil Z » 095

repreesents the probsabiliny
value al o 85odn




How to Find Areas Under the
Normal Curve

‘ . o~ oou e - .
Let Z be a standardized random variable Gk o= — L% .
P stands for Probabilay I Gt . N - _— :
W 2) indicates the area covered
undes the Normal Curve i Sk M SR SEe W
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his shaded area, from
Lowpsuntil Z « 0.5
reproesents the probabslicy
value of 0 2417,

| | 2 values
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How to Find Areas Under the

Normal Curve

Let Z be a standardized random variable
P stands for Probabilay
O 2) indicates the area covered
undes the Normal Curve

(N2 220)«08-D(20)

=085 «04772
. 0228
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Thisshaded area, from

Low 2.0 until beyorsd 7 « 5
represents the probuahility
value of 0 0228
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How to Find Areas Under the

Normal Curve

Let Z be a standardized random variable | o -~ — —— -— — ‘
P stands for Probabalaty ' 40 .

O 2) indicates the area covered 3 s s A A .
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Finding the unknown Z represented
by Z
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!mamg tHe unknown Z represented
by Z_
» P(ZsZ. )= 08461

0.5+ X= 08460

X = 08461 - 0.5

X = 0.3461

Z_ = 1.02ans,

Pl-i72s 245 2,.) = 09345

D (-1.72) + X = 0.9345
X = 0.9345 ~ 0.4573

X=04772

L =20




!mamg tHe unknown Z represented

CASE ~ MNEMONICS
0=2s2Z ' P(Z )
(Z,s2<0) | @(z) |
2,252, | 9(Z,)-P(2,)
. Z,52=27) | ®Z)+®(Z,)
(2,s2<-2)) | ®2,)-P(Z,) |
| 2=, | 05-9(Z ) |
; .§ .z.o ' O_:Sf Q .(,;o ). e
2s-2, | 05-®d(z)
2=>-Z, | 0.5+D(Z)




The event X has a normal distribution with mean p
Variance = 9, Find the probability that it will fall:

a.) between 1o and
b,) between 12 and 19
¢.) above 13
d.)atx=n
e.) between 8 amd 12

= 10 and
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PlioSXSu)*"PleS5Z 50.33)

“#(0.33) " 0.1293
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o 3 3

P(IXZ13)=P(ZZ1)=0.4 " 9%(1)

T 0.5 7 0.3313 T 0.1587




d.JP(X " n)=o

XN _ =30 =72
v 3 3
PSS XSu)=Pl(-obyrSZSo0.67)

)L™ Y o.67

“#(0.33) © 0.1293
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! 2. A random variable X has a normal distribution }'/

with mean 5 and variance 16,

a.) Find an interval (b,c) so that the prabability of X
lying in the interval is 0.95.
b.) Find d so that the probability that X = d is 0.05.

X-u X -5

y A
| @ ;
Solution: A

P Xx)e 1L sdx?) o Ll = 0,475
z 2 '
L=3

Fil=19% < ;= < 196)

« Plagbhlg)l =X s<i1901(4)
« P-785 55 X<784+4)
PihsXzc)w Plalygy=sXxz28g)

thus b= 254 and ¢ » 1284
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! 2. A random variable X has a normal distribution }'/

with mean 5 and variance 16,

a.) Find an interval (b,c) so that the prabability of X
lying in the interval is 0.95.
b.) Find d so that the probability that X = d is 0.05.

0 0.5 = 0.05 = 0.45

Solution B

P{Xad)=P(Z2Z,) 008 from the table
(X -5
= P| —3 =164
= PIX =5 = (1.64)(9)) 0.45-> £ =1.64

« PN 52 06.50)
s PIX 2646 4+4)
FiXzd)e PFIXz0eh)

thus: d » .56
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| 3. A certain type of storage l;.jucry last on the }'/

average 3.0 years, with a standard deviation a of
0.5 year. Assuming that the battery are normally
distributed, find the probability that a given battery
will last less than 2.3 years,

Solutson - b A& L 233 > -~ 0. 2
e : = = 0.4

PiX<cir)wPLLeary) 0.5 0.5
« 05-Pl1y)

L T A 1L
PLX <21 = 00808




