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3.2% When we roll a pair of balanced dice, what are the

Chapter 3 Probability

comment on one factor that might influence your ) NAnEBn Cy;
Estimate. (2) NAu B):
(h) N(BUCY,

probabilities of gelting . I
(i) NCLAUEBUC):

(@) 7, .
® 1 () NIBnuo),
7 ' 1. 335 An experiment has the fourpossib]emutualfy exclusiy
{cy Torl1; . outcomes A, B, C, and D, Check whether the follow
{d) 3; ing assignments of probability are permissible:
(€} 2or12; (@) P(4)=038, P(B)=0.16, P(C)=0.1],
() 2,3, 0r129 P(D) = 0.35,
3.30 A lottery sells tickets numbered from 0000] through (b) P(A)=03], PLB)=0.27, P(C) =0.28,
50000, What is the probability of drawing a number P(D) = 0.16; ‘
that is divisible by 2007 (c) PlA) = 0.32, P(B) =0.27, P(C)= —0.06,
331 A car rental agency has 18 compact cars and 12 P{D) = 0.47;
intermediate-size cars. If four of the cars are randomly 1 1 1 i
selected for a safety check, what is the probability of ) Pia)= 3 P8 = i PC) = g (D) = 16

3.32 Among the first 842 convection ovens sold 1o con-

getting two of each kind? 5 1 1
(8) P{A) = 1—§'P(B) = E’P(C) = §|P(D) =

sumers, 143 required some adjustment during the 2

warranty period. Estimate the probability that a newi v 9
purchased convection oven will require some adjust- 3.36 With reference 1o Exercise 3.1, suppose that the points
i ] 0,0, 0, 1), (0,2), (1, 0), (L, 1, (1, 2), 2, 0), (2, 1),

ar
enrolled in an advanced course in statistics, 63 are
enrolled in a course ip Operations research, and
40 are enrolled in both. How many of these students

(a}) Verify that thjs assignment of probabilities is
permissible. '

(b) Find the probabilities of events R, T,and/ given
in part (b) of that exercise.

(c} Calculate the probabilities that ZEr0, one, or {two

(B).and some would gladly Streams are contaminated.

switch to public masg transportation if it were available

(). Use the information given in Figure 3.10 to find 3.37 With reference to Exercise 3.7, Suppose that each point

(2) N(A); ) (i, ) of the sample space is assigned the probability
’ 15/28

(&) N(C); {a) Verify that this assignment of probabilities s

(d) N(AnB); permissible,

{e}) N(AnQO): (b) Find the probabilities of events B, C, and D

described in part (b of that exercige.

(c) Find the probabilities that one, two, or three
| of the graduate students will be supervising the

i .‘ physics lab,
‘ A ] 3.38 Explain why there must be a mistake in each of the

i aa J following statements:
|
1‘ . i _ (a) The probability that 2 minera] sample will contajn

| silver is 0.38 and the probability that it will not

: 27 contain silver is 0.52

|
|
f (b} The probability that a drilling operation will be a

success is (134 ang the probability thar it will not
Figure 3.10 Diagram for Exercise 3.34 be a success is 0,66,

N
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(d) P(AUB).
{e) Are A and B independent?

In a sample of 446 cars stopped at a roadblock, only
67 of the drivers had their seatbelts fastened. Estimate
the probability that a driver stopped on that road will
have his or her seatbelt fastened.

The marketing manager reported to the head engineer
regarding a survey concerning the company’s portable
cleaning tool. He claims that, among the 200 customers
surveyed, 165 said the product is reliable, 117 said it is
easy to use, 88 said it is both reliable and easy to use,

" explode during lift-off or have its guidance system fail
in flight are 0.0002 and 0.0005, find the probabilities
that such a rocket will

394

'3.95

{2} not explode during lift-off;
(b) explode during 1ift-off or have its guidance system
fail in flight;

(c) neither explode during lift-off nor have its guid-
fail in fligh

0.09, verify that.
(@) P{AIB)= P(Ah
(b) P(A|B)=P(A);
(c}) P(B|A)= P(B);
(@ P(BIA)=P(B).

If events A and B are independent and FP{A) = (.45
and P(B) = 0.30, find

() P(ANB);
(b) P(A|B);

(¢) P{AUB);
(dy P(ANTE).

The following frequency table shows the classification
of 58 landfills in a state according to their concentra-
tion of the three hazardous chermicals arsenic, barium,
and mercury.

Barium
High Low
Mercury Mercury
High Low | High Low
Arsenic  High 1 3 5 9
“Low | 4 8 10 18

3.97

3.98

3.99

Review Exercises 79

If a landfi!] is selected at random, find the probability
that it has

{a) ahigh concentration of mercury;

(b) a high concentration of barium and low concen-
trations of arsenic and mercury;

(c) high concentrations of any two of the chemicals
and low concentration of the third;

(d) a high concentration of any one of the chemicals
and low concentrations of the other two.

Refer to Exercise 3.95. Given that a landfill, selected
at random, is found to have a high concentration of
barium, what is the probability that its concentration is

() highin mercury?
{b) low in both arsenic and mercury?
(c) high in either arsenic or mercury?

An explosion in an LNG storage tank in the process
of being repaired could have occurred as the result of
static electricity, malfunctioning electrical equipment,
an open flame in contact with the liner, or purposeful
action (industrial sabotage). Interviews with engineers
who were analyzing the risks involved led to estimates
that such a explosion would occur with probability (.25
as a result of static electricity, .20 as a result of mal-
functioning electric equipment, 0.40 as a result of an
open flame, and 0.75 as a result of purposeful action.
These interviews also yielded subjective estimates of
the prior probabilities of these four causes 0of 0.30, 0.40,
0.15, and 0.15, respectively. What was the most likely
cause of the explosion?

An engineer wants to move across the country from
City A to City B to work. On different days, she mails
a cover letter and resume to three different companies
in City B. Suppose that a letter sent from City A to City
B has a probability of (.7 of reaching City B within
3 days.

(a) What is the probability that exactly 2 of the 3 let-

ters will reach City B within 3 days?

(b) If the three Eettérs are mailed together at the same
time and location, how does your conclusion in
part (a) change? Explain. ’

Amy commutes to work by two different routes A and
B. If she comes home by route A, then she will be
home no later than 6 P.M. with probability 0.8, but if
she comes home by route B, then she will be home no
later than 6 p.M. with probability 0.7. In the past, the
proportion of times that Amy chose route A is 0.4,

(a) What proportion of times is Amy home no later
than 6 p.M.7

(b) If Amy is home after 6 P.M. today, what is the
probability that she took route B?




eri-
vho
1eet
yba-
ithe
ork-
>11!t)’

: the
duc-
ining

20%
from
3 cars
tires,
r with

ibility
= from

e3.16

. find the
forms ac-

or a prob-
lete initial
epair was

378 Two firms V and W consider bidding on a road-

building job, which may or may not be awarded de-
pending on the amounts of the bids. Firm V' submits

3
a bid and the probability is ) that it will get the job

provided firm W does not bid. The probability is % that
W will bid, and if it does, the probability that V will
get the job is onky %

(a) What is the probablhty that V will get the job?
ts the jo

that are part of the cooling systems. The inside con-
dition of the pipes cannot be observed directly but a
nondestructive test can give an indication of possible
corrosion, This test is not infallible. The test has prob- 2
ability 0.7 of detecting corrosion when it is present but
it also has probability 0.2 of falsely indicating internal
corrosion, Suppose the probability that any section of
" pipe has internal corrosion is 0.1,

(2) Determine the probability that a section of pipe
has internal corrosion, given that the test indicates

exposes all finished boards to an online automated ver-

ification test. During one period, 900 boards were corm-
pleted and 890 passed the test. The test is not infallible.
Of 30 boards intentionally made to have noticeable de-
fects, 25 were detected by the test. Use the relative fre-
quencies to approximate the conditional probabilities
needed below.

(a) Give an approximate value for P[Pass test | board
has defects].

(b} Explain why your answer in part a may be too
small.

{c¢} Give an approximate value for the probability that
a manufactured board will have defects. In order to
answer the question, you need information about
the conditional probability that a good board will
fail the test. This is important to know but was not
available at the time an answer was required. To
proceed, you can assume that this probability is
Zero.

(d) Approximate the probability that a board has de-
fects given that it passed the automated test.

Do’s and Don'ts

Do's
I. Begin by creating a sample space S which specifies all possible outcomes.

2. Always assign probabilities to events that satisfy the axioms of probability.
In the discrete case, the possible cutcomes can be arranged in a sequence.
The axioms are then automatically satisfied when probability p; is assigned

to the /th outcome, where

0=<p; and Z pi=1
all outcomes in §
and the probability of any event A is defined as
P(AY= > p
all outcomes in A
3. Combine the probabilities of events according to rules of probability.

General Addition Rule: P(AUBY=P(AY+ P(By— P(ANB)

Rule of the Complement: P(A)=1—- P(A)

General Multiplication Rule: P(AN B) = P(AYP(BA)If P(A) #0
= P(B)P(A|B)if P(B) #0

P(AN B)
P(B)

Conditional Probability: P(A|B)= if P(BY#0




