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We have alread\ seen the normal distribution as a "bell
shaped" distribution, but we can formali]e this.

The normal or GaXVVian  distribution is a
continuous probabilit\ distribution with probabilit\
densit\ function (pdf)

for .

We then show that b\ 
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A normal random Yariable is (often) a finite aYerage of
man\ repeated, independent, identical trials.

Mean Zidth of the ne[t 50 he[amine pallets

Mean height of 30 stXdents

Rotal  \ield of the ne[t 10 rXns of a chemical
process
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Nal^a\ DSmolSbpoSa_¬m Ce_oel a_d SRaie

Regardless of the values of  and , the normal pdf has
the following shape:

In other words, the distribution is centered around  and

has an inflection point at .

In this way, the value of  determines the center of our
distribution and the value of  deterimes the spread.
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HeUe Ze can Vee ZhaW diffeUenceV in  and  dR WR Whe
VhaSe Rf Whe VhaSe Rf diVWUibXWiRn
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IW iV QRW RbYiRXV, bXW

b

b
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Standardi]ation is the process of transforming a random
variable, , into the signed number of standard
deviations by which it is is above its mean value.

 has mean 

 

 

 

 has variance (and standard deviation) 
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The CalcXlXs I methods of eYalXating integrals Yia anti-
differentiation Zill fail Zhen it comes to normal densities.
The\ do not haYe anti-deriYatiYes that are e[pressible in
terms of elementar\ fXnctions.

This means Ze cannot find probabilities of a
Normall\ distribXted random Yariable b\ hand.

So, Zhat is the solXtion?

Use compXters or tables of YalXes.
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The XVe Rf WabOeV fRU eYaOXaWLQg QRUPaO SURbabLOLWLeV
deSeQdV RQ Whe fROORZLQg UeOaWLRQVhLS. If 

,

ZheUe .
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Soa_dald Nal^a\ DSmolSbpoSa_

The parameters are important in determining the
probabilit\, but because the pdf of a normal random
Yariable is difficult to Zork Zith Ze often use the
distribution Zith  and  as a reference point.

DefiniWion: SWandard Normal DiVWribXWion 
The standard normal distribution is a normal
distribution Zith  and . It has pdf

`

We sa\ that a random Yariable is a "standard normal
random Yariable" if it folloZs a standard normal
distribution or that .
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It's Zorth pointing oXt the reason Zh\ the standard
normal distribXtion is important. There is no "closed
form" for the cdf of a normal distribXtion.

In other Zords, since Ze can't finish this step:

Ze haYe to estimate the YalXe each time. HoZeYer, Ze
haYe alread\ done this for VWandard normal random
Yariables alread\ in TabOe B.3

So if  then .

The good neZs is that Ze can connect an\ normal
probabilities to the YalXes Ze haYe for the standard
normal probabilities.
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These facts drive the connection between different normal
random variables:

Ke\ FacWV: CRnYeUWing NRUmal DiVWUibXWiRnV

If  and  then 

 b
b
If  and  then 

We use this connection as a way to avoid working with the
normal pdf directly.
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A rXle of WhXmb in dealing ZiWh qXeVWionV aboXW finding
probabiliWieV of Normall\ diVWribXWed probabiliWieV of 

:

(1) TranVlaWe WhaW qXeVWion Wo VWandard Normal
diVWribXWion. i.e. 

(2) Look iW Xp in a Wable
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CDF af Soa_dald Nal^a\ DSmolSbpoSa_

The sWandard Normal disWribXWion $ Z\sim N(0,1)$ pla\s an
imporWanW rXle in finding probabiliWies associaWed ZiWh a
Normal random Yariable. The CDF of a sWandard Normal
disWribXWion is

Therefore, Ze can find probabiliWies for all normal
disWribXWions b\ WabXlaWing probabiliWies for onl\ Whe
sWandard normal disWribXWion. We Zill Xse a Wable of Whe
VWandaUd noUmal cXmXlaWiYe pUobabiliW\ fXncWion.
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E[amSle: NRUmal WR SWandaUd NRUmal

If  WKeQ:

ZKeUe WKe YaOeX 0.9332 Lf fRXQd fURP Table B.3
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E[aPSle: SWandaUd noUmal SUobabiliWieV

b

b
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Sa^e pmefp\ oSim abapo moa_dald Nal^a\
dSmolSbpoSa_

B\ V\PPeWU\ Rf Whe VWaQdaUd NRUPaO
diVWUibXWiRQ aURXQd ]eUR

b

b

b

We caQ aOVR dR iW UeYeUVe, fiQd  VXch WhaW 
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