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Figure 5.6. PRO BABILITY MOD ELLING: Normal Distribution Examp l es

The fol low ing problems illust r ate the use of the nor mal dis tribution as a probability model . A sele ction of the problems
will be dis cus s ed in class; you sh ould try to sol ve the oth ers, rem embering that the clarity of the pre sen tat ion of your sol u-
tion may be as, or more, impor tant than the final answe r. Als oremember to giv e any final nume rical answe r(s) to an appro pri-
at enumber of sig n ific a n tfig ure sin lig ht of the approxi mat enature of all mathem atical model sof real phenomena .

Example 5.6.1: If the random variable sY∼ N(6, 4), find: Pr(Y≥ 8) ; Pr(Y≤ 4) ; Pr(3 <Y≤ 7).

Example 5.6.2: If the random variable V ∼ N(10,√2), find the value of the con stant c such that Pr(V > c) = 0.02.

Example 5.6.3: If W andY are random variable swith W∼ N(3, 2) andY∼ N(6, 3):
(a) evalu ate: Pr(W≤ 2); Pr(1<W≤ 2); Pr(W> 0); Pr(|W−3| >2); Pr(|W−2| >2);
(b) find value sfo r b, c, d such that: Pr(Y≤ b) = 0.05; Pr(Y> c) = 0.4; Pr(|Y− 6| ≤ d) = 0.95.

Example 5.6.4: The exa m ination sco res obtaine dby a large group of students can be model led by a nor mal dis tribution wit h
a mean of 65% and a standard dev iat ion of 10%. Usi ng this model , fin d the percent age of students who
obtain each of the fol low ing lett e rgrades:

A(≥80%); B(70 -80%); C(60 -70%); D (50 -60%); F (<50%).

Example 5.6.5: The lig ht bulbs use din a large building hav eli fet imes that can be model led by a nor mal dis tribution wit h a
mean of 500 hours and a standard dev iat ion of 50 hours. To min imize the number of bulbs faili ng during
wo rking hours, all bulbs are replaced after t hours of operation. What value of t should be use dso that no
mo rethan 1% of bulbs fail before replacement?

Example 5.6.6: The mesh size s of a gil l net is the minimu m diameter of the fish which can be cau ght in the net . Fish
diameters can be model led by aN(6, 2) dist rib u t ion for one -ye ar-ol d fis h, by aN(8, 2) dist rib u t ion for two -
ye ar-ol d fis h, and by aN(10, 2) dist rib u t ion for three -ye ar-ol d fis h.
(a) What should be the value of s to catch 80% of three -ye ar-ol d fis h?
(b) What pro por tion of two -ye ar-ol d fis hwill be cau ght wit h the mesh size fou nd in (a) ?

What pro por tion of one-ye ar-ol d fis h?

Example 5.6.7: A cre a m ery produces a large number of package sof butter; it is known from exper ien ce that the weights in
grams of the package scan be model led by a nor mal dis tribution wit h a standard dev iat ion of 5 grams. At
what value should theaver agepackage weight be set so that at least 90% of the package sweigh at least 450
grams?

Example 5.6.8: Suppos ethat the diameters in mil l im etres of the eggs laid by a large flock of hen scan be model led by a nor-
mal dis tribution wit h a mean of 40 mm and a standard dev iat ion of 2 mm. The sel ling price per dozen is
$1.84 for eggs les sthan 37 mm in dia m eter, $2.16 for thos ewith dia m eters gre ater than 42 mm, and $2.02
fo r the rem ain d er. What is the ave r age sel ling priceper eggproduced by the flock?

Example 5.6.9: A diag nos tic test for a certain dis ease is based on a con tin uou smeasurement repre sen ted by random variable
Y. Y can be model led by aN(100, 4) dist rib u t ion for people with the dis ease and by aN(80, 3) dist rib u t ion
fo r peoplewith out it . An individual is classifie d as dis eased if Y> c and as healt hy if Y ≤ c; thu s ,a person is
miscl assified if the test indicates Y≤ c for a dis eased individual or Y> c for someon ewithou t the dis ease. If
20% of those test e dhave the disease, expre ss the probability of mis classific atio n as a function of c. By
plo tting this fun ction, or other wise, find the value of c which minimizes the probability of mis classific atio n.

HINT: Pr (misclassific atio n) = Pr(misclassific atio n when dis eased) × Pr (diseased) +
Pr (misclassific atio n when not diseased) × Pr (not dis eased).
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Theanswer sto the problems ove r leaf are as fol low s :

Example 5.6.1: 0. 3085 ;  0.3085 ;  0.3721.

Example 5.6.2: c =12.90 44−−∼ 12.90.

Example 5.6.3: (a) 0.3085 ;  0.1 498 ; 0.9332 ; 0. 3174 ; 0. 3753;

(b) b =1.0653 ; c = 6.7 599 ; d = 5.8800.

Example 5.6.4: A, F: 6.68−−∼ 7% ; B, D: 24.17−−∼ 24% ; C: 38. 30−−∼ 38%.

Example 5.6.5: t = 383.685−−∼ 384 hours.

Example 5.6.6: (a) s= 8.3168 −−∼ 8. 32;

(b) two -ye ar-ol d : 43.7 07 −−∼ 43.7 % ; one -ye ar-ol d : 12.3348−−∼ 12.3%.

Example 5.6.7: 456.408−−∼ 456.4 grams.

Example 5.6.8: 16.9182 −−∼ 16.92¢ per egg.

Example 5.6.9: We can tab ula te the probability of mis classific atio n fo r differen tvalue sof c as fol low s :

c Pr(misclass.)

87 0.008035 4
88 0.00330 44
89 0.001 676
90 0.001 589 3
91 0.002 537

c Pr(misclass.)

89.4 0.001 496 386
89.5 0.001 483 356
89.55 0.001 481 306
89.565 0.001 481 204
89.6 0.001 481 8
89.65 0.001 485 706
89.7 0.001 491 994

Thus, c−−∼ 89.565 approxi mat ely min imizes the probability of mis classific atio n at aroun d0.001 481 2
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