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Figure5.5. NORMAL DISTRIBUTIONS Finding Normal Probabilities

The following exanples llustrde we ¢ the two(4- and 6-figue) standad normal distibuton tables, to find valesfor

probabilties nvdving te rormal famiy of distibuions. A convenient way © reasn is b use &etthes vhich shav the
required probabiity as he gpropriate area unde a normal p.df [f(@ or f(y). Throuchaut the dsausson, Z andY are
random vaiabessud tha Z [IN(, 1) andY CIN(y, o).

1

Table L ook-up of N(0, 1) Probabilities "2

Pr(0<Z<1) = areaunde N, 1) p.df from 01

= areaunde N(O, 1) p.df. from —co to 1
- area inderN(, 1) p.df. from —co to O

= 0.8413 - 0.5000 [from the N(0,1) Take]
=0.3413 (or 0.34134 or 0.341 345

[By symmetry, Pr(-1<Z<0)is ds00.343

Pr(-1<Z<2) = areaunde N(0,2) p.df. from -1 to 2

= areaunde N, 1) pdf. from-1t0 0
+ areaunde N, 1) pdf. from O to 2

= areaunde N, 1) pdf. fromO01 [ymmery
+ areaunde N, 1) p.df. from O to 2

= 0.3413+ 0.4772 [from the N(0, 1) Tallg]
= 0.8185 (or 0.818% or 0.818 P5)

[By symmetty, Pr(-2<Z<1) is ds00.8184

Pr(Z>1%) = areaunde N(0, 1) p.df. from 152 to
= 1- area underN(, 1) p.d.f. from —oo to 152
= 1-0.9357 [from the N(0, 1) Tallg]
=0.0643 (or0.06426 00.064 255

[By symmetry, Pr(Z <-1.%2) is ds00.0643

0

NOTE: 1 Unlesscontext dictates aherwise we write Rr(@<Y<h), the pobability the random vdade Y (sg) takes valies

baween a and hy so as o exclude the bwerend pant of the ntewval @, § and include the (finite) upper endpaint.

® This mnventon maintans cadstencywhen we find a pobability using our definition of he cumulative dstri-
buion fundion F(y) on page 524 d Figure 59 d the SAT 220 Cairse Materals.

How would the valiesof the pobabilities catuated dove ke altered if the nheguditiesinvolved a gictly lessthan fgn (i.e,
<) in place d eachs< sigr? dsify yourarswerby referenceto gopropriateproperiesof the déinite integral
® Answerthe same giestbn if the< or = signs were redaced ly < or > sgns.
- What b you ondude from your previous arswes éaut use d the rormal distibuion for modeling continwus
quantitie® Explain briefly.

Draw a &eth to llustrae the probability fourd by ymmetry in the B4 line of each of the hiree ganples gven above.

Without furtherlook-up of atable of dandard normal probabilities, us the nformation in he tiree ganples gven eove
to evaluae tre five grobabilities whichfollow, and dawv a sketch to llustrae each one

e Pr(z>] e Pr(z>2) ; Pr(z=<-) ® Pr(Z<1®) ; Pr(z>-1%).

Diswsshbriefly the alvantgeg9 and disadvantge(9 of atwo-pané tale o N(0,1) probabiities o the aerkaf sdesof the
two normal distibution tables, omparedwith the one-pané version on har front sdes.
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2. Table Look-up of N(u, o) Probabilities

To find probabilities br normal distiibutons other than the sandad [or N(0, 1]
casewe se he @erdion of gandardization (i.e, ubtract the mean and dde he
differenceby the shindad deviation) to dbtain the equivalent probabiity for the N(0, 1)
distibution; the bass of this geration is he esit given as gudion (5.5]) at e ight above. We illustrae this matterusng
probabities guivalent to hose h the hree eanples verkaf m page 83; reall tha Y LIN(y, o) and Z [IN(, 2.

Y EONQD) (5.5

Pru<Ysu+o) Pru—o<Y<u+20) Pr(Y > u+1%0)
_ Pr(ﬂ;ll < Y;u < u+g—u) _ Pr(ﬂ-g—u < Y;u < u+2éf—u) _ Pr(Y;_ﬂ S u+1-5;_20—ﬂ)
=Pr[0<N@©,D =1 =Pr[-1<N(@©,D < 2] = Pr[N@©,2) >157]
=Pr(0<z<) =Pr(-1<Z<?2) =Pr(z>1%)
=0.3413 =0.8185 =0.0643

f(y) f(y) f(y)

' }
u-o u+20

3. ‘Inversg Table L ook-up of Normal Percentiles

The probability calcuationsoveleaf and bhove for the normal random veabesZ andY involve ‘dired use ¢ a tabe o
standad normal probabilies i.e, we havea value @ whichwe locatein the kft and tq margins of the Talde and we then
real dof the valie of he @rregponding table entry. However in some #udionswe reed tte ‘inverséprocess d talde look-up;
i.e, we havea probability (or area) which is,or is dose 0, the valle of a &de entry and we haveto find the orreponding z-
value (a rormal quantile or gercantile) in the alde margins.

As an illustrdion, supposewe want the valie of ¢ sich tha Pr(Z<c) =098 We lodk in the body of the &le for 0.98000
and find 097982 6r z= 2.05 and 098030 6r z= 2.06; tence to 2 cedmd places, c= 2.05. To dbtain a nore acaurae value
for ¢, we @an ug linear interpolation bewean the z-valuesof 2.05 and 206; we have .

— 0.98000-0.97982 _
C = 205+ (2.06-2.09 x 236000-0.97%2 _ 5 053E.

Althouch it is important to understand this interpdation procedire br dotaining
additionaldedmad places for z-valueswe @n dten aoid having © actudly do it by
usng the spaate lowerrigh sedion of he Bldes theseTales give z-values[to 4
(or 6) dedmd places] without interpdation for sleded pobébilities fleroted F(Z).
We e that he c valle br aur exanple is atudly 2.0537 r 2053 749; thus,
inea intepdation gves s, n this instancethe orred value b five cedmd places.
A diagmammnatic representdion of this &anple is gven at he iight.

Without furthertable look-up, e he nformation in he eanple to find the
value of d sich tha Pr(Z=<d) =0.02; dav a sketh to llustrde your arswer
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