
1.

2.

3.

4.

For the transition matrix P , solve the equation SP S to find the stationary matrix S and the limiting matrix .=
0.5 0.5

0.6 0.4
= P

S =

(Type an integer or decimal for each matrix element. Round to the nearest thousandth as needed.)

P =

(Type an integer or decimal for each matrix element. Round to the nearest thousandth as needed.)

Most railroad cars are owned by individual railroad companies. When a car leaves its home railroad's trackage, it becomes 
part of a national pool of cars and can be used by other railroads. The rules governing the use of these pooled cars are 
designed to eventually return the car to the home trackage. A particular railroad found that each month % of its boxcars 
on the home trackage left to join the national pool and % of its boxcars in the national pool were returned to the home 
trackage. If these percentages remain valid for a long period of time, what percentage of its boxcars can this railroad expect 
to have on its home trackage in the long run?

56
42

% (Round to the nearest tenth if necessary.)

Consumers in a certain state can choose between three long-distance telephone services: GTT, NCJ, and Dash. 
Aggressive marketing by all three companies results in continual shift of customers among the three services. Each year,
GTT loses % of its customers to NCJ and % to Dash, NCJ loses % of its customers to GTT and % to Dash, and 
Dash loses % of its customers to GTT and % to NCJ. Assuming that these percentages remain valid over a long period 
of time, what is each company's expected market share in the long run?

5 20 30 5
5 20

GTT's expected market share is %.

(Round to the nearest tenth as needed.)

NCJ's expected market share is %.

(Round to the nearest tenth as needed.)

Dash's expected market share is %.

(Round to the nearest tenth as needed.)

An auto insurance company classifies its customers in three categories: poor, satisfactory, and preferred. Each year, % of 
those in the poor category are moved to satisfactory and % of those in the satisfactory category are moved to preferred.
Also, % in the preferred category are moved to the satisfactory category, and % of those in the satisfactory category 
are moved to the poor category. Customers are never moved from poor to preferred, or conversely, in a single year. 
Assuming these percentages remain valid over a long period of time, how many customers can the company expect to have 
in each category in the long run?

15
25

25 25

Poor % (Round to the nearest tenth if necessary.)=

Satisfactory % (Round to the nearest tenth if necessary.)=

Preferred % (Round to the nearest tenth if necessary.)=
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5.

6.

A given plant species has red, pink, or white flowers according to the 
genotypes RR, RW, and WW, respectively. If each type of these 
genotypes is crossed with a pink-flowering plant (genotype RW), then the 
transition matrix is as shown to the right.

Next Generation
Red Pink White

This 
Generation

Red   0.5 0.5     0
Pink 0.25 0.5 0.25

White     0 0.5  0.5

Assuming that the plants of each generation are crossed only with pink plants to produce the next generation, show that 
regardless of the makeup of the first generation, the genotype composition will eventually stabilize. Find the stationary 
matrix that gives the eventual genotype composition.

The stationary matrix is .

(Type an integer or decimal for each matrix element.)

A new rapid transit system has just started operating. In the first month of operation, it is found that % of commuters are 
using the system, while % still travel by car. The following transition matrix was determined from records of other rapid 
transit systems. a) What is the initial-state matrix? b) What percentage of commuters will be using the new system after 1
month? 2 months? c) Find the percentage of commuters using each type of transportation after it has been in service for a 
long time.

45
55

Next Month
Rapid 
Transit Car

Current 
Month 

Rapid Transit 0.7 0.3
Car 0.4 0.6

a) What is the initial-state matrix?

S0 =
Rapid transit Car

(Type integers or decimals.)

b) After 1 month, % of commuters will be using the new system.

(Type an integer or a decimal.)

After 2 months, % of commuters will be using the new system.

(Type an integer or a decimal.)

c) After the new rapid transit system has been in service for a long time, % of commuters will be using it.

(Round to one decimal place as needed.)

After the new rapid transit system has been in service for a long time, % of commuters will still be travelling 

by car.
(Round to one decimal place as needed.)
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7. The table to the right gives the percentage of the population of a country living in a 
certain region during the indicated years. The following transition matrix P is 
proposed as a model for the data, where S represents the population that lives in 
the certain region.

     Next decade
     S    S

Current  S 0.59 0.41

0.21 0.79
P=decade S

Year Percent
1970 30.7
1980 33.7
1990 34.5
2000 35.4
2010 37.3

(A) Let and find . Compute the matrices exactly and then round to three decimal 

places. 

S =0 0.307 0.693 S , S , S , and S1 2 3 4

S1 =

(Type an integer or decimal for each matrix element. Round to three decimal places as needed.)

S2 =

(Type an integer or decimal for each matrix element. Round to three decimal places as needed.)

S3 =

(Type an integer or decimal for each matrix element. Round to three decimal places as needed.)

S4 =

(Type an integer or decimal for each matrix element. Round to three decimal places as needed.)

(B) Construct a new table comparing the results from part (A) with the data in the table above. 

Year Data Percent Model Percent
1970 30.7 30.7

1980 33.7

1990 34.5

2000 35.4

2010 37.3

(Round to one decimal place as needed.)

(C) According to this transition matrix, what percentage of the population will live in this certain region in the long run?

% (Type a whole number.)
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8.

9.

Identify the absorbing states in the transition matrix.

A B C D  

P =

A 0.4 0.3 0.1 0.2

0 0 1 0

0 0 1 0

0 0 0 1

B

C

D

Is A an absorbing state?

No

Yes

Is B an absorbing state?

Yes

No

Is C an absorbing state?

Yes

No

Is D an absorbing state?

Yes

No

(1) is

is not

Identify the absorbing states for the transition diagram, and determine whether or not the 
diagram represents an absorbing Markov chain. A B

C

0.3

0.7

0.3

0.7

1

What is/are the absorbing state(s) of the trasition diagram?

The absorbing state(s) is/are .

(Use a comma to separate answers as needed.)

Does the diagram represent an absorbing Markov chain?

The chain (1) an absorbing Markov chain.
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10.

11.

12.

13.

14.

Once a year employees at a company are given the opportunity to join one of three pension plans, A, B, or C. Once an 
employee decides to join one of these plans, the employee cannot drop the plan or switch to another plan. Past records 
indicate that each year % of the employees elect to join plan A, % elect to join plan B, % elect to join plan C, and the 
remainder to not join any plan. (1) In the long run, what percentage of employees will elect to join plans A, B, and C? (2)
On average, how many years will it take an employee to decide to join a plan?

5 14 3

(1) % of employees will elect to join plan A.

(Type an integer or decimal. Round to the nearest tenth.)

% of employees will elect to join plan B.

(Type an integer or decimal. Round to the nearest tenth.)

% of employees will elect to join plan C.

(Type an integer or decimal. Round to the nearest tenth.)

(2) It will take years, on average, for an employee to decide to join a plan.

(Round to the nearest integer.)

One of two urns is chosen at random with one as likely to be chosen as the other.  Then a ball is withdrawn from the 
chosen urn. Urn 1 contains white and red balls, and urn 2 has white and red . If a white ball is drawn, what is 
the probability that it came from urn 2?

1 4 4 1 ball

Probability (Type a fraction. Simplify your answer.)=

An urn contains red and white balls. Two balls are drawn in succession without replacement. If the second ball is white,
what is the probability that the first ball was white?

7 5

Probability (Type a fraction. Simplify your answer.)=

Urn 1 contains red and white balls. Urn 2 contains red and white balls. A ball is drawn from urn 1 and placed in urn 
2. Then a ball is drawn from urn 2.

5 5 2 7

If the ball drawn from urn 2 is red, what is the probability that the ball drawn from urn 1 was red?

The probability is .

(Type an integer or decimal rounded to three decimal places 
as needed.)

A manufacturer obtains clock-radios from three different subcontractors: % from A, % from B, and % from C. The 
defective rates for these subcontractors are %, , and % respectively. If a defective clock-radio is returned by a
customer, what is the probability that it came from subcontractor A? From B? From C?

40 20 40
1 5% 2

The probability that it came from subcontractor A is .

(Type a decimal. Round to three decimal places if needed.)

The probability that it came from subcontractor B is .

(Type a decimal. Round to three decimal places if needed.)

The probability that it came from subcontractor C is .

(Type a decimal. Round to three decimal places if needed.)
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15.

16.

17.

18.

19.

A computer store sells three types of microcomputers, brand A, brand B, and brand C. Of the computers they sell, % are 
brand A, % are brand B, and % are brand C. They have found that % of the brand A computers, % of the brand 
B computers, and % of brand C computers are returned for service during the warranty period. If a computer is returned 
for service during the warranty period, what is the probability that it is a brand A computer? A brand B computer? A brand 
C computer?

60
30 10 15 15

5

The probability that it is a brand A computer is .

(Type a decimal. Round to three decimal places if needed.)

The probability that it is a brand B computer is . 

(Type a decimal. Round to three decimal places if needed.)

The probability that it is a brand C computer is .

(Type a decimal. Round to three decimal places if needed.)

An unfair coin is flipped. If a head turns up, you win $1. If a tail turns up, you lose $1. The probability of a head is and 
the probability of a tail is . Let X be the random variable for the amount won on a single play of this game. What is the 
expected value of the game?

.42
.58

E(X) dollars=

(Type an integer or a decimal. Round to the nearest cent as needed.)

The annual premium for a $ insurance policy against the theft of a painting is $ . If the (empirical) probability that 
the painting will be stolen during the year is 0 , what is your expected return from the insurance company if you take out 
this insurance?

5,000 300
.03

Let X be the random variable for the amount of money received from the insurance company in the given year. 

E(X) dollars=

Decision analysis. After careful testing and analysis, an oil company is considering drilling in two different sites. It is 
estimated that site A will net $ million if successful (probability . ) and lose $ million if not (probability . ); site B will net 
$ million if successful (probability . ) and lose $ million if not (probability . ). Which site should the company choose 
according to the expected return from each site?

40 3 3 7
80 2 5 8

a. What is the expected return for site A? $ million

b. What is the expected return for site B? $ million

c. Which site should the company choose?

Site A

Site B

An automobile manufacturer produces % of its cars at plant A. If % of the cars manufactured at plant A have defective 
emissions control devices, what is the probability that one of this manufacturer's cars was manufactured at plant A and has 
a defective emissions control device?

79 4

Probability (Type an integer or decimal.)=
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20. If a salesperson has gross sales of over $600,000 in a year, then he or she is eligible to play the company's bonus game:
A black box contains one-dollar bills, 1 five-dollar bill and 1 twenty-dollar bill. Bills are drawn out of the box one at a time 
without replacement until a twenty-dollar bill is drawn. Then the game stops. The salesperson's bonus is 1,000 times the 
value of the bills drawn. Complete parts (A) through (C) below.

3

(A) What is the probability of winning a $ ,000 bonus?22

(Type a decimal or a fraction. Simplify your answer.)

(B) What is the probability of winning the maximum bonus by drawing out all the bills from the box?

(Type a decimal or a fraction. Simplify your answer.)

(C) What is the probability of the game stopping at the third draw?

(Type a decimal or a fraction. Simplify your answer.)
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1. 0.545 0.455

0.545 0.455

0.545 0.455

2. 42.9

3. 38.3

25.9

35.8

4. 45.5

27.3

27.3

5. 0.25 0.50 0.25

6. 0.45

0.55

53.5

56.05

57.1

42.9

7. 0.327 0.673

0.334 0.666

0.337 0.663

0.338 0.662

32.7

33.4

33.7

33.8

34
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8. No

No

Yes

Yes

9. B

(1) is

10. 22.7

63.6

13.6

5

11. 4

5

12. 4

11

13. 0.6

14. 0.182

0.455

0.364

15. 0.643

0.321

0.036

16. − 0.16

17. − 150

18. 9.9

12

Site B
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19. 0.0316

20. 1

10

1

5

1

5
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