Chapter 6

6.2 The standard normal distribution is associated with a normal
random vari abl e that has a zero nean and standard devi ation
of one. But normal random vari abl es can have any nean or
positive val ued standard deviation. Any normal random
vari abl e can be mapped into a standard normal using a
transformati on that does not alter the probabilities because
both a standard normal random vari abl e and any ot her nor mal
random vari abl e have bel | -shaped di stributions for which
approxi mately 68 percent in within one standard devi ati on of
t he nmean.

6.4 a. P(z>b) =0. 9946; 1-P(z<b)=0.9946; P(z<b)=0.0054;b = -2.55
b. P(z<b) = 0.8186; b = 0.91
C. P(z>b) =0. 0003; 1-P(z<b)=0.0003; P(z<b)=0.9997; b = 3.43

d.  P(-b<z<b) = 0.673; P(0<z<b) = 0.3365:
P(z<b) = 0.8365; b = 0.98

e. P(z<b) = 0.0228; b = -2.00
f.  P(0<z<b) = 0.1664; P(z<b) = 0.6664; b = 0.43

Usi ng EXCEL, the above z val ues where obtained as foll ow ng:

A B
10 0.0054  -2.54909537 =NORMSI NV( A10)
11  0.8186  0.910042672 =NORVBI NV( A11)
12 0.9997  3.431923687 =NORVBI NV( A12)
13 0.1635  -0.980173809  =NORVSI NV( A13)
14 0.0228  -1.999078449  =NORVSI NV( Al4)
15 0.3336  -0.429994316  =NORVMSI NV( A5)
. | b-25. |
6.6 a. P(y>b) = 0.0007; P(z> 50 ) = 0.0007;
b-2 b-25
< - D25 _ 390 p =53
P(2<2 ) 0.9993; 52> -3.20; b - 53.8
b. P(y>b) - 0.0550; P(z>-i;%$) - 0. 0550
b-2 b-25
< = ——— =1.060; b = 39.
P(2<2 ) 0.9450; 52> - 1.60; b - 39.4
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c. P(y<b) - 0.9948: P(z<2;if) - 0.9948
b-25
D25 _ 5 56 b -48.04
= 56; b - 48.0
d.  P(b>y>25) - 0.032; P(L7255,525725y _ 032
9.0 9.0
b-25 i _ b-25 _ L
P(222>2>0) = 0.032; S22 - 0.08; b - 25.72

e. P(b<y<25) = 0.5429; there is no such value of b because
the probability of y less than its nean cannot exceed 0. 5.

f.  P(y<b) - 0.2123: P(z<2;if) - 0.2123
b-25 b-25
<z< =0.2877;, —— = -0.8; = 17.
P(=55-<2<0) = 0.2877; —— 0.8, b 8
Usi ng EXCEL, the above val ues can be determ ned as foll ows:

A B
0.9993 53. 75254722 =NORM NV( A24, 25, 9)
0. 945 39. 38372237 =NORM NV( A25, 25, 9)
0.9948 48. 06005626 =NORM NV( A26, 25, 9)
0. 532 25. 72268335 =NORM NV( A27, 25, 9)
0. 5429 No way
0.2123 17.81380724 =NORM NV( A29, 25, 9)

29

6.8

33
34

P(1.45<x<2.95) is required to cal cul ate where X, denoting
the conpletion tine, is a normal randomvariable with a nean
of 2.05 and a standard devi ation of O.4.

1.45-2.05 2.95-2.05
<z<
0.4 0.4

= P( -1. 5<z<2. 25) = 0.9210

P(1. 45<x<2.95) = P( )

A randomy sel ected enpl oyee will take between 1.45 m nutes
and 2.95 mnutes with a probability of 0.921. In the
follow ng diagram the unshaded area identifies the
probability of 0.921. O by using EXCEL we have:

A B
1.45 0. 066807
2.95 0.987776

NORMDI ST( A33, 2. 05, 0. 4, 1)
NORMDI ST(A34, 2. 05, 0. 4,1) 0. 920968 =B34- B33
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6.10 It does not seemto be reasonable to assune that the

6.

6.

12

14

distribution is normal because the distribution is highly
right skewed with a very large value pulling up the nean. To
be a normal distribution, the nmean should be the sane as the
medi an which is approximately $10. Wth the nean of $10, $10
is the distance between the nean and the absol ute end point
of a zero. However, the distance between the nean and the

| ar gest val ue of $25,000 is $24,990. The distribution cannot
be symetric.

The probability of an overcharge is 0.90, P(x>0) = 0.9, and
t he mean overcharge is $223. The probability of not being
overcharged is 0.1, P(x<0) = 0.1, and if the nean
undercharge is $25, then the nean of the over, under or
correct charge distribution, X is $198.20(= (0.9)(223) +
(0.1)(-25)). If Xis normally distributed its standard
deviation is then

0-198. 2

$154. 60, because P(z<-1.282) = 0.1, and -1.282 = =

If X ~ N(198.2, 154.6), and given that an agent is
overcharged, the probability that the agent is overcharged
by nore than $585 is less than 0.01, which is extrenely
unlikely. We typically do not observe unlikely events, so
given that the agent is truthful, either the assunption of
normal ity or the assuned $25 undercharge nmean nust be called
into question. Furthernore, as those who know cal cul us and
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6. 16

6. 18

6. 20

6. 22

conputer prograns |ike MATHEMATI CA and MAPLE V can attest,
if X ~ N(198.2, 154.6), then E(X X<0) = -73, and the
E(X] X>0) = 228, as seen with the foll ow ng MAPLE V program

h: =1/sqrt (2*Pi ) *exp(-¥#2z"2);

H =int(h,z=-infinity..-1.282);

198. 2+154. 6*int(z*h, z=-infinity..-1.282)/H
F:=int(h,z=-1.282..infinity);

198. 2+154. 6*int(z*h,z=-1.282..infinity)/F;

VVVVYV

Thus, there is an inconsistency in assum ng the nmean of
undercharge is $25 and the undercharge nean of $73 inplied
by X ~ N(198.2, 154.6).

P(70<x<90) is required to calculate where X, denoting the
score, is a normal randomvariable with a nean of 75 and a
st andard devi ati on of 10.
70—75<Z<90—75
10 10

That is, 62.47 percent of exam scores are between 70 and 90.

P(70<x<90) = P( ) = P(-0.5<z<1.5) = 0.6247

6 is 3.75 standard devi ati ons bel ow the nean of 36(that is,
6 = 36-3.75%x8). Using the rules of normality, we know that

al nost no values are below p-3F. -3.75 is smaller than -3.
Thus, al nost no val ues are bel ow 6.

O we can formally cal cul ate P(x<6) where X, denoting |ength
of the tinme until service is needed, is a normal random
variable with a nean of 36 and a standard devi ation of 8.

6-36
8

It is given to us that 0.35 < P(6<x<10) < 0.40, where X
denoting wonen's clothing size, is a normal random vari abl e
wth 8 as its nean. Normality of X suggests that the
follow ng should be satisfied:

0-8
F

P(x<6) = P(z< ) = P(z<-3.75) =0.0001

6-8 1 2 2
P(6<x<10) = P( =—<z< ) = P(_f<2<f) i s between 0.35

and 0.40 where F is the standard devi ation of the
di stribution of the clothing size.

2
That inplies 0.455 < E < 0.525 if we find corresponding

z-values in the standard nornmal distribution table. Thus,
the inplied value of F should lie between 3.8 and 4. 4.

It is required to cal cul ate P(x>100) where X, denoting days
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6. 24

6. 26

6. 28

6. 30

worked to pay taxes, is a nornmal random variable with a nean
of 81 and a standard devi ati on of 10.

100-81
10
i.e., the probability of selecting a taxpayer who worked

nore than 100 days to pay taxes is 2.87 percent.

1 -NORMDI ST(100, 81, 10, TRUE) = 1 - 0.047128 = 0.02872
10-7
5.56

P(x>100) = P(z> ) = P(z>1.9) =0.0287

P(x>10) = P(z> ) = P(z>0.54) = 0.2946.

A randomy selected university president will stay in office
nore than ten years with a probability of 0.2946.

Under the assunption of normality of the distribution of the
average |line speed(X), the followi ng probability cal culation
can be done:

11250—115OO<Z<11750—11500
142 142

- P(-1.76<z<1.76) = 2(0.4608) = 0.9216

Because the |ine speed is a continuous random vari abl e t hat
can be expected to vary symetrically around its nmean, with
val ues closer to the mean occurring nost often, it seens
reasonabl e to assune that the average |line speed(X) is
normal Iy distributed.

P(11250<x<11750) = P( )

Usi ng EXCEL, 1.880789569 =-NORMSI NV(0.03); thus,
P(z>1.881)=0.03 and the standard deviation of snowfall is
0.53 inches [i.e., 0.531691592 =(3-2)/1.88078957].

lQis distributed as a nornmal random vari abl e.
The expected value of 1Qis 100.
The standard deviation of 1Qis 15.
About 16 percent, or using EXCEL
0. 15865526 =1- NORMVDI ST( 115, 100, 15, 1)

aoop
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