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Figure51. PROBABILITY MODELS Sdected Areas Under the Gaussan Rd.f.

The dagrans and equdionsin this Fgure stow areas underthe sandard Gausian p.d.f. [f(Z] tha are wsdul in probabi-

lity calcuationsand satisticalmethods.

* The yper threediagians ilustrae wat is ®mdimes caktd the 68—-95-997 rule; they invdve integer numbers of gan-
dard deviationsfrom the mean

* The three dagrans at he ottom d this sde of the Fgure rder to ‘roundvalues(viz. 90%, %% axd 9% for the central
area @s a preantege of he total aeg; they are rdevant to fnding a onfidene intewval, an ideantroduced n Chapter 13.

Shaded area: mean + 1 standard deviation Shaded area: mean * 2 standard deviations
0.6827 = 6827% U 68% 0.95%6 = %.4%6 H95%
@2 @

Other central (C) and tail (2T) areas

e mean * 3 sandard deviations:

f C: 0.997 300
(@ 2T 0.002 00 03 in10°

e mean * 4 sandard deviations:

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

e mean =5 standard deviations:

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

e mean * 6 standard deviations;
C: 0.999 999 998 0268
2T: 0.000 000 00973212 in10°

Shaded area mean + 3 standard deviations
0.9973 = 993% L1996

Shaded area: central 90% Shaded area: central 95% Shaded area: central 9%
meanz* 16449 $andad deviations mean+ 1.9600 $andad ceviations meanz+ 2.558 sandad dceviations
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The probability expresions ejuivalent to he central areasin the dagans and ejudionsgivenoveleaf o page Sl ae &
follows, where the random wdalde Z [1G(0,1) and the random viade Y [IG(y, o):

Prel<z<1) = 0.6827
Pre2<z<2) = 0.9545
Pre3<zs<3 = 09973

Pre4<z<4) =0.999 936 66
Pre5<Z<5) =0.999 999 4268
Pre6<z<6) = 0.999 999 998 0268

PrE16449< Z<16449 = 0.90
PrE19600< Z<19600 = 0.95
Pre2.558<2<2.559 = 0.99;

The orreponding (wo-tail probability expresians ae:
Pr(|z] >1) = 0.3173
Pr(|z| >2) = 0.0%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| >16449 = 010
Pr(|z| >19600 = 0.05
Pr(|z] >2.55B8 = 0.0L;

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

Pr(u—4c <Y< u+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-1644% <Y< u+1644%) = 0.90
Pr(u-1960Q <Y< y+19600) = 0.95
Pr(u—2.5580 <Y< p+2.5580) = 0.99.

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

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

Pr(lY| > u+1644%) = 010
Pr(lY| > u+1960w) = 0.05
Pr(lY| > u+2.5580) = 0.0L

NOTES 1 Unlesscontext dictates aherwisg we write Rr(a<Z<h), the gobéability the random vdalde Z (sg) takes valies
between a and b so aso exclude the bwerend pdnt of the ntewval @, § andinclude the (finite) upper end pant.
® This mnventon mantans cadstencywhen vwe wse air definition of he cumulative dstribution fundion F(y)

=Pr(Y<y) to find a pobability (e.g, see Bde 531 o page 58 in Figure 53.

2. In the 9x 9gma processimproverrent program, it is sid ‘60 hasbeen ahievedwhen the died ratedoes rot
exeed 34 defeds per million opportunties Curioudy, this value is he til areabeyond 45 gandad deviations
from the meani.e, Pr(Z>4.5 = Pr(Y > +4.50) = 0.000 003 398
® The 45 dandad ceviationsis the diferencebeween 60 (the idea fom which the programtakesits namé

and an ssumedL 5o shft of the pocess @nte from the mean

The werical ais in eadh of the $ diagrams sowvn overkaf b labelledf(2); gve bath the name and he equation for f(2).

How would the values of the @ntralprobabiities gven ébove ke dfeded f the < gns in the hequditieswere redaced ty

<? Explain briefly.

o Answerthe same giestbn if the< signs were redaced ly < sgns.

How would the values of the &il probabilities gven ebove ke dfeded T the > gns in the nequditieswere redaced ly =?

Explain briefly.

Why are te dsdutevalue fgns wsedin the twotail probability expresions dove? Rewrite e d theseexpesians with-

out usng ebsdute value fgns.

Write the one-tail probability expresions caregponding © the two-tail expresions gven ebove.

6] Skech the dagams and write the probability expresions caregponding © the @ntral80% and B% d the aeaunde the

Gausg&anp.d.f.

2004-06-20



