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CHAPTER ©

&

Adding a positive constant ¢ to (subtracting @ from) a random variable
creases (decreases) the mean of the random variable by ¢ but does not aff,
its standard deviation or the shape of its probability distribution.

=~/

(divides) the mean of fthe random variab le b; b and the standard deviation
b but does not change the shape of its probability distribution.

®  Multiplying (dividing) a random variable by a positive constant b multipli

°  Alinear transformation of a random variable involves adding or subtractiy
a constant a, multiplying or dividing by a constant b, or both. \f\.f"e can wrife
linear transformation of the random variable X in thc formY = a + bX. Th
shape, center, and spread of the probability distribution of Y are as follows:

Shape: Same as the probability distribution of X if b > 0.
Center: iy = a + by
Spread: oy = |bloy

o [ Xand Y are any two random variables,

Hxay = pix + pyr The mean of the sum of two random variables is the sum

of their means.

Lx-y = px — py: The mean of the difference of two random variables is the.

difference of their means.
® IFXand Y are independent random variables, then knowing the value of one
variable tells you nothing about the value of the other. In that case, variances add:

o%.y = ov + ov: The variance of the sum of two independent random vari-
ables is the sum of their variances.

9 . . - s - R
0%y = ot + ov: The variance of the difference of tivo independent random

variables is the sumn of their variances.

e The sum or difference of independent Normal random variables follows a

Normal distribution.

Crickets The length in inches of a cricket chosen randomly selected 20-vear-old man in inches. There
at random from a field is a random variable X with are 12 inchcs in a foot.
mean 1.2 inches and standard deviation 0.25 inches. - . i

: ‘ 37. Geton the bozz%’ A small ferry runs every half hour

Find the mean and standurd deviation of tzw length ) . T, ;
_ 7 from one side ol a large river to the other. The num-
Y ot a randomly chosen ericket from the field in

ber of cars X

. o1 a ra 1d<m iy chosen ferry trip has the
centimeters. H were are 2.5% centimeters in an inch. e 1 ’ \ ’ R
probabiliby distribution shown below, You can check

Men's heights A report of the National Center ‘fm‘ that e = 357 and oy = 1.20,

Health Statistics savs that the height of 3 20
J b

man chosen at random is a random variable H 3 1? g
mean 5.5 feet and standard deviation 0.24 feer. Find

the mean and standard deviation of the |
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probability distribution for the random variable M =
money collected on a randomly selected ferry trip.

Describe its shape.
Find and interpret ey
Find and interpret oy

I i
Skee Ball Ana is a dedicated Skee Ball player (see
photo) who always rolls for the 50-point slot. The
pmbabﬂit}f distribution of Ana’s score X on 4 single
roll of the ball is shown below. You can check that
px=23.8and ox = 12.63.

e

SCOICT

Probability:

A player receives one ficket from the game for every
10 points scored. Make a graph of the probability
distribution for the random variable T'= number
of tickets Ana getson a randomly selected throw.

Describe its shape.
b) Find and interpret pi.
¢} Find and interpret or.

Baercises 39 and 40 refer to the following setting. Ms. Hall
ave her class a 10-question multiple-choice quiz. Let

= the number of questions that a randomly selected stu-
dentin the class answered correctly. The computer output
i?ﬁow gives information about the probability distribution
of X To determine cach student’s grade on the quiz {out
91 100), Ms. Hall will multiply his or her number of cor-
"t answers by 5 and then add 50. Let G = the grade of a
ﬂdenﬂ}‘ chosen student in the class.

- variance of X and the vanance ol ¢

7 justify vour answer.

44,

Basy quiz

Find the median of G. Show vour method.
Find the [OR of G. Show your method.

What shape would the probabilit
i T

have 151’1(‘} VOUT answer.

Ceet on the boat! Refer to Exercise 37. The fern
company’s expenses are S20 per trip. Define the ran-
dom variable Y to be the amount of profit (money col-
lected minus expenses) made by the ferry company
on a randomly selected trip. Thatis, ¥ = M~ 20.

Find and interpret the mean of Y.

Find and interpret the standard deviation of Y.

X

The Tri-State Pick 3 Most states and Canadian
provinces have govemment—sponsorcd lotteries. Here
is a simple lottery wager, from the Tri-State Pick 3
game that New Hampshire shares with Maine and
Vermont. You choose a number with 3 digits from 0
to 9: the state chooses a three-digit winning number
at random and pays you $500 if your number is
chosen. Because there are 1000 numbers with three
digits, you have probability 1/1000 of winning.
Taking X to be the amount your ticket pays you, the
probability distribution of X 1s
-

Payoff: 50 S50t

}
Probability: 0.999 0.001

Show that the mean and standard deviation of X are
(i = $0.50 and ox = $15.80.

Hyoubuya Pick 3 ticket, vour winnings are W=X-1,
because it costs $1 to play. Find the mean and standard
deviation of W. Interpret cach of these vatues m context.

Get on the boat! Based on the analysis in Fxercise 41,
the ferry company decides to increase the cost of a trip
i $6. We can calculate the company’s profit Y on a ran-
domly selected trip from the number of cars X. Find the
mean and standard deviation of Y. Show vour work,

Making a profit Rotter Parmers is planning a major
investment. From experience, the amount of profit X
(in millions of dolars} on a randomly selected invest-
f this type is uncertain, but an estimate gives

8]
following pi'obabﬂit&' distribution:

ment «
the foi

e
Profit: 1 1.5 2 4 10
Probability: 0.1 0.2 4 0.2 01

Based on this estimate, jy = 3 and oy =

Partners owes ils lender a fee of $200.000 plus

of the profits X. 5o the firm actually retains ¥ =

o investment. Find the mearn and
Sh work.

" Show vour

¢
69X — 0.2 from th

standard deviation o
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(a)

46.

(a)

(b)

48.

Y be the recorded rainfall o

Too cool at the cabin? During the winter months,
the temperatures at the Starneses” Color do cabin
can stay well below freezing (32°F or 0°C
weeks ata time. To prevent the pipcs from freezing
Myrs. Starnes sets the thermostat at 50°F. She also

buys a digital thermometer that records the indoor

temperature each night at midnight. Unfortunately,
the thenmometer is programmed to measure the
temperature in degrees Celsius. Based on several
years worth of data, the temperature T in the cabin
at midnight on a randomly selected night follows a
Normal distribution with mean 8.5°C and standard
deviation 2.25°C.

Let Y = the temperature in the cabin at midnight
on a randomly selected night in degrees Fahrenheit
{recall that F' = (9/5)C + 32
standard deviation of Y.

). Find the mean and

Find the probability that the midnight temperature
in the cabin is below 40°F. Show vour work.

Cereal A company's singleserving cereal boses
advertise 9.63 ounces of cereal. In fact, the amount
of ceréal X'in a randomly selected box foilm\'s a
Normal distribution with a mean of 9.7
a standard deviation of 0.03 ounces.

) ounces and

Let Y = the excess amount of cereal bevond what's
advertised in a randomly selected box, measured in
a . 7% 13 N .-

grams (1 ounce = 28.35 grams). Find the mean and
standard deviation of Y,

Find the probability of getting at least 3 grams more
cereal than advertised. ‘uho\& your work,

His and her earnings Researchers randomly select a
married couple in which both spouses are emploved.
Let X be the income of the husband and Y be the
income of the wife. Suppose that vou knm\' the
means gy and gy and the variances o and o7 of
both variables.

[s it reasonable to take the mean of the total income

X+ Ytobe puy + wy? BExplain vour answer.

Is it reasonab 1 e to take the variance of the total in-

come to be 0% + o2 Explain vour answer.

Rainy days Imagine that we randomly select a day
from the past 10 years. Let X be the recorded r Hinfall
on this date at the airport in Orlando. Florida, 'md

n this date at Disney
World just outside Ordlando. Suppose the tyou know
the means v and gy and the variances o2 and oy of

both variables.

Is it reasonable t> ake the mean of the total rainfall
\ be i+ 7 rAplain YOUT answer,

Is it reasonable to take the variance of the total rain-
fall to be a3 + o717 hxphin VOUr auswer,
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Get on the boat! Referto Fix

ise 1 Find the

1 L,‘ 1:41 ()H f’ fwz: fOiaE
amount of profit made on tvo tandomly selected

expected value and stand:

days. Show vour work.

Refer to Fxercise 42 SEIP)QSE‘
ticke ‘t m each of two consecy
dd}x, Find the expected value and standard d

The Tri-State Pick 3
vou buy on¢ Pick 3

. A i Cnatmﬁ,
of vour total winnings. Show vour work, V
Essay errors "Typographical and spelling errors can pe
etther "nonword errors” or “word errors.” A NonWord
error is not a real word, as when “the” is tiped as el >
Aword error is a real wand, but not the right word. 45
« " « 11 ARe .

when “lose™ is typed as “loose.” Wen Student! ure
xed\mg}

the number of nonword errors X in a mndomi\ selected
essay has the following probability distribution:

asked to write a 250-word essay (without spell-c

Value: 0 1 2 3
Probability: 0.1 0.2 0.3 0.3

= 2.1 o = 1.136
The number of word errors Y has this probability
distribution:

VYalue: 0 1 2
Probability: 4 0.3 0.2

ty = 1.0 oy = 1.0

Assume that X and Y are independent.
An English professor deducts 3 points from a
student’s essay score for each nonword error and
2 points for each word error. Find the mean and
standard deviation of the total score deductions fora
randomly selected essay. Show vour work.
The Tri-State Pick 3 Refer to Exercise 42. You and
a friend decide to play Pick 3, but with two different
strategies. Your hwnd buys a $1 Pick 3 ticket on
each of five consecutive days. You bet $5 on a single
number on your Pick 3 ticket. Find the mean and
standard deviation of the total winnings for vou and
your friend. Show your work.
Essay errors Refer to Exercise 51.
Find the mean and standard deviation of the difference
¥ = Xin the number of errors made by a randomly
selected student. Interpret each value in context.
From the information given, can vou find the prob-
ability that a randomly selected student makes more
word errors than norword errors? [F so, find this prob-
abilin I not, explain why not

tudy Habits and At
ssahoiugk I test that meast

%tu( habits The Survey of

itudes (SSHA is a p
zluzdumac motivation and study habits.
Hon of SSHA so
: 5
has mean 12

! e \U»TH

s armong the women 'xi 2 r;z)ﬂcgc

1A

ndard « deviation 25, and the

distribution of scores among male xtudmtx has mean




105 and standard deviation 35. You select a siy ingle
male student and 4 single female stude
and give them the SS}L\ test.

Find the mean and standard deviation of the dif-
ference (female 1min

ent at and( 5o

us male) between their scores.
Interpret each value i context,

From the information given, can vou find the prob-
ability that the woman chosen scores higher tha

man? If so, find this prob ability. If not, ex
you cannot,

n the
xplain Wh_\;‘

Essay scores Refer to Exercise 51
and standard deviation of tl
ductions (nonword — word)
essay. Show your work.

- Find the mean
1e difference in score de-
for a randomly selected

The Tri-State Pick 3 Refer to Exercise 52. Find the

mean and standard deviation of the diffcrcn(c {vou -
your friend) in wi mnings. Show vour work,

xercises 57 and 58 refer to the followi mg setting. In Exer-
ses 14 and 18 of Section 6.1 we examined thc probabil-
distribution of the random variable ¥ = the amount
ife insurance company earns on a randomly ch
vear term Jife policy. Calculations reveal that
= $303.35 and ox = 5970757,

- Life insurance The risk ofmmrmc' one person’s
life is reduced if We insure many people. Suppose
that we insure two 2]-vear-old males, and that their

48¢s at death are inde pendent. If X, and X5 are the
msurer’s income from ¢
insurer’s average

1osen

1e two insurance policies, the
income W on the two policies is

X+ X

N
/

W=

Find the mean and standard deviation of W. (You
see that the meqp ncome is the same as for 4 single
policy but e standard deviation is Jess |
Life Insurance [f four 21-vear-old i

1en are instred,
; tie ; Mmsurer’s

average mcome is

;“'h@fc Niis the meome fmm ixmn'mg one man.
MUming that the amount of income earmned on
mdl\ldm} policies is ; ndcm wdent, find the mean
and Standard devig 1011 of
sults of |

UIf vYou compare with the
Exercise 57
AE,Q

. vou xh uld see that o \'c:zxging
PIore insired ;) ndividuals reduces risk |

Ilmc and mfﬁmf‘ At

Ime-and-motion udy mea-
1€ time ‘aqn ired f fm an assemb l line worker 1o
drepetitive task. The data show that the time

¥
to b? Ng a part from a bin to it position on

- chassis varjes s from car to

car accordi
] (Uxff'é?m%im'e

h mean 11 seconds

deviation 2 seconds. The t fime required to

e nart 100 00 3

bution with mean 20 seconds and standard deviation
4 seconds. The sty dy finds that the t; mes zc‘qmrcd for
the two steps are independent, A part that takes 4 ] long
time to position, for ex xample d()cs not take more or
less time to attach than other parts.

(a)  What s the distribution of the time required for the

entire operation of posmonmﬂ and attaching arar
Iomk selec ted part?

(by M m’mgux

e
Ay 20
=2 Uan sy

nt’s goal is for the entire process to fake

seconds. Find the prob ability that this
goal will be met for 5 randomly selected part.

60. Electronic circuit The design of an electronic circnit
for a toaster callg for a 100- Ohm resistor and a 250-0hpy
resistor connected in series so that thei
add. The components used are not perfectly uniform,
s0 that the actual resistances vary mdepcndcntl
according to Normal distributions. The resistance of
100- hm resistors has mean 100 ohms and standard
deviation 2.5 ohms, while that of 250-0hm resistors
has mean 250 ohms and standard deviation 2.8 ohms.

I resistances

(a)  What is the disty; bution of ]

two components in series for
toaster?

1e total resistance of the
a randomly selecte

(b) Find the probability that the tota]
randomly selected
ohms,

resistance for g
toaster lies between 345 and 355

61. Swim team Hanover High School has the best
Women's swimmj g team in the region. The 4()0- -meter
freestvle relay team is undefeat ted this year. In thc
400-meter hccsh le relay, each swimmer swims 10
meters. The times, in seconds, for the four swimmers
this season are approximately Normally distributed

with means and standard dey iations as shown, Assume
that the swimmer’ s ind

Find the probab ility th
F00-meter freestyle rel;
less than 220 seconds,

widual imes are independent.
atthe total team time i, n the
elay for a randomly selected race is

- .
Swimmer Mean Std. dev,
Wendy 55.2 2.8

Toothpaste Ken is traveling for his busi mess. He has
i =
tnew U.55-0unce tube of I sthp

1paste that's sup posed
to Tast him 1

ne amount of toothp ipaste
Ken bsqueezes out of the tube ege
VATIES ac cording te

U.13 ounces and

htime he brushes

Normal distribution with mean
nidard de ugzi‘;'on 0.02 cunces.

It Ken brushes his ;gdh Six H
calamin 3 - :

nes on a randomh
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Auto emissions The amount of nitrogen oxides
(NOX) present in the exhanst of a particular type
of car varies from car to car according to a _\\()Hlxdl
distribution with mean 1.4 grams per mile (g/mi) and
standard deviation 0.3 g/mi. Two randomly selected
cars of this type are tested. One has 1.1 g/mi of NOX;
the other has 1.9 g/mi. The test station attendant
finds this Jnfu snice in emissions between two similar
cars surprising. If the NOX levels for two randomly
chosen cars of this type are independent, find the
probability that the d lifference is at least as large as
the value the attendant observed.

64. Loser buys the pizza Leona and Fred are friendly
competitors in high school. Both are about to take the
ACT college entrance examination. They agree that
if one of them scores 5 or more points better than the
other, the loser will buy the winner a pizza. Suppose
that in fact Fred and Leona have equal ability, so
that each score varies Normally with mean 24 and
standard deviation 2. (The variation is due to luck in
guessing and the accident of the specific questions
being familiar to the student.) The two scores are
independent. What is the probability that the scores
dltfcr by 5 or more points in either direction?

Multiple choice: Select the best answer for Exercises 65
and 66, which refer to the following setting. The number
of calories in a l-ounce serving of a certain breakfast cereal
is a random variable with mean 110 and standard deviation
10. The number of calories in a cup of whole milk is a
random variable with mean 140 and standard deviation 12.
For breakfast, you eat | ounce of the cereal with 1/2 cup of
whole milk. Let T be the random variable that represents
the total number of calories in this breakfast.

(a)

68.

(b)

i [ NEARE RN
ihemean ol 11

10, (b) 1400 {¢) 180, (d) 195

fo—

The standard deviation of T1s

220 (b)) 16 (o) 1562 (d) 1166 (¢) ¢

Statistics for investing 1 .1 Joe's retirement plan
invests in stocks through an “index fund” that follow
the behavior of the stod\ market as a whole, as mea.
sured by the Standard & Poor’s (S&P) 500 stock indey
Joe wants to buy a mutual fund that does not track
the index closely. He reads that monthly returns from
Fidelity T Technole ogy Fund have correlation r = 0.77 k
with the S&P 500 index and that Fidelity Real Estate

Fund has correlation 7 = 0.37 with the index.

Which of these funds has the closer relationship to
returns from the stock market as a whole? How do
you know?
Does the information given tell Joe anything about
which fund has had higher returns?

Buying stock 153 i You purchase a hot stock
for $1000. The stock either gains 30% or loses 25%
each day, each with probability 0.5 Tts returns on
consecutive days are independent of each other. You |
plan to sell the stock after two days. ‘

What are the possible values of the stock after two
days, and what is the probability for each value?
What is the probability that the stock is worth more
after two days than the $1000 you paid for it?

What is the mean value of the stock after two days?
{Comment: You see that these two criteria give differ-
ent answers to the question “Should I invest?”)

s Determine whether the conditions for using a binomial

random variable are met.
t probabil

Compute and interpre ities involving hinomial

disiz‘ibuiiong.

c

WHAT YOU WILL ;tﬁé?’%% By the end of the st

a3 involving geometric random

‘oximation fo the
Jm mm

k 12 Normal a

i
f
cajculate pio '1

s Calculate the mean and standard deviation of a bino-
mial rand m variable, Interpret these values in confext.
“This topic is

presenting tie sam




