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Figure5.3. NORMAL DISTRIBUTIONS. Sdected Areas Under the Pd.f.

The dagrams and egudionsin this Fgure stow aeas winderthe gandard normal p.d.f [f(2] tha are wsdul in probability

cdculationsand shtidicd mettods.

* The ypper three dagrams llustrde what is ®mdimes clied the 68—-95-997 rule; they invdve integer numbers of gan-
dard deviationsfrom the mean

* The three dagrams a the ottom d this sde of the Fgure rder to ‘round values(viz. 90% 95% and D% for the cen-
tral area @s a pecentge of he totl aed; they are rdevant to finding a onfidene intevd, an ideantroduced n Part6.

Shaded area: mean * 1 standard deviation Shaded area: mean * 2 sandard deviations
0.6827 =68.226 H68% 0.95%6 = %.4%6 L 95
f@ f(2

-3 -2 3
Shaded area: mean + 3 sandard deviations Other central (C) and tail (2T) areas
0.9973 = 993% L9976 e mean + 3 gandard deviations:

f2) C: 0.997 300
2T: 0.002 D0 U3 in10°

e mean 4 sandard deviations:

C: 0.999 936 66
2T: 0.000 063 3446 in 10°

e mean =5 sandard deviations:

C: 0.999999 4268
2T: 0.000 000 573216 in 10

e mean * 6 sandard deviations:
C: 0.999 999 998 0268
2T: 0.000 000 009732 12 in10°

Shaded area: central 90% Shaded area: central 95% Shaded area: central 9%%6
meant 16449 $andad ceviations meant 19600 $andad ceviations meant 2.558 sandad deviations
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The probability expresions @uivdert to the central areas in the dagams and eudions given ovaleaf ae & follows
whee the random vaale Z [IN(0,1) and the random vialde Y LIN(, o):

Pr1<z<1) = 0.6827
PrE2<z<2) =0.9545
Pre3<z<3) =0.9973

Pr4<z<4) =0.999 936 66
Pre5<Z<5) =0.999 999 4268
Pre6<z<6) = 0.999 999 998 0268

PrE1645<2<1649 = 0.90
Pre196<2<196) = 0.95
Pre2.56<2<2.5%) = 0.99;

The orreponding ¢wo)-tail probability expresions ae:

Pr(|z| >1) = 0.3173
Pr(|z| >2) = 0.04%65
Pr(|z| >3 = 0.0027

Pr(|z| >4) = 0.000 06334
Pr(|z| >5) = 0.000 000 5732
Pr(|z| >6) = 0.000 000 009732

Pr(|z| >1645 = 010
Pr(|z| >196) = 0.05
Pr(|z| >2.5®) = 0.0

Priu-o <Y< pu+o) = 0.6827
Pru-20 <Y< u+20) = 0.9545
Pr(u—30 <Y< pu+30) = 0.9973

Pr(u—40 <Y< p+40) = 0.999 936 66
Pr(u—50 <Y< u+50) = 0.999 999 4268
Pr(u—60 <Y< u+60) = 0.999 999 998 0268

Pr(u-16450 <Y< p+16450) = 0.90
Pr(u-1960 <Y< y+1960) = 0.95
Pr(u-2.5B0 <Y< u+2.580) = 0.99.

Pr(lY| >u+0) = 0.3173
Pr(IY| > u+20) = 0.0%65
Pr(lY| > u+30) = 0.0027

Pr([Y| > u+40) = 0.000 063 34
Pr([Y| >z +50) = 0.000 000 5732
Pr([Y| >z +60) = 0.000 000 009732

Pr(lY| > u+16450) = 010
Pr(lY| > u+1960) = 0.05
Pr(lY| >u+2.5B0) = 0.0L

NOTES 1 Unlesscontext dictates ctherwisg we write Ar(a<Z <), the pobability the random vaalde Z (sg) takes véues

baween a and b so asd exclude the dwerendpaint of the ntewvd (a, § andinclude he (finite) upper end-pant.

e This mnvertion maintans cadsteny when we wse air defirition of he cumulative dstribution fundion F(2)

in Figure 59 o find a pobability.

2. In the Sx Sgma processimprovenrent program, it is said ‘60 has been achievel’ when the déed ratedoes rot
exaeed3.4 defeds per nillion opportunities Curioudy, this value is he ail areabeyond 45 dandad deviations
from the meani.e, Pr(Z>4.9 = Pr(Y > u+4.50) = 0.000 003 398.

e The 45 gandad ceviationsis the difeen@ between 60 (the idea from which the pgram takes its name
and an asunedl15¢0 shit of the pocess @nte from the mean

The \erticd axis in each of the & diagrams $own overkaf s labelled f(2); give bath the name and he equation for f (2.

How wouldthe values of the @nta probabilities gven éove ke dfeded f the < gns in the nequdities vere redaced ly

<? Explain briefly.

® Answerthe same giesion if the< signs wete redaced ly < sgns.

How would the values of the &il probabilities gven ebove e dfeded f the > gns in the nequdities were redaced ly >?

Explain briefly.

Why are the dlute value gns wsedin the twotail probability expresions dove? Rewrite ae d theseexpesions

without usng eb=olute value gns.

Write the one-tail probébility expresions caregponding b the two-tai expresions gven ebove.

6] Skech the dagrams and write the probability expresians careponding  the @ntd 80% and B% d the aeaunde the

normal p.d.f.
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