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1. (2 points) If there are six vacant parking places and six automobiles arrive at the
same time, in how many different ways they can park?
Answer: Number of different ways the automobiles can park = 6! = 720

2. (2 points) A gumball machine has six red gumballs, four blue gumballs, and three
yellow gumballs. If you buy three gumballs, what is the probability that you get

three different colors?
13!

3Ix(13-3)
Number of ways to select one red gumball from 6 is C$ = 6.
Likewise, for blue and yellow: C7 =4; C3 = 3 respectively.

6XxX4X3 o
86 25.17%

Answer: Total number of possible outcomes are N = €13 = 286

Hence, probability of 3 different colours is P =

3. (10 points) A general contractor has submitted two bids for two projects; A and B.
The probability of getting project A is 0.60. The probability of getting project B is
0.75. The probability of getting at least one of the projects is 0.85.

a. (2 points) What is the probability that the contractor will get both projects?
Answer: P(A) =0.60, P(B) =0.75, and P(A U B) =0.85

P(A U B) = P(A) + P(B) - P(A n B) implies that 0.85 = 0.60 + 0.75 - P(A N B)
Hence, P(A N B) =0.50

b. (2 points) Are the events of getting the two projects mutually exclusive?
Explain using probabilities.

Answer: Since P(A n B) =0.50 # 0, the two events are not mutually exclusive.

c. (2 points) Are the events of getting the two projects independent? Explain using



probabilities.
Answer: Since P(A) - P(B) = (0.60)(0.75) = 0.45 # P(A n B) = 0.50, the events of
getting the two projects are not independent.

(2 points) If the contractor gets project A, what is the probability that he will get
project B?
Answer: P(B | A) =P(A n B)/P(A) =0.50/0.60 = 0.833

(2 points) If the contractor gets project B, what is the probability that he will get
project A?
Answer: P(A | B) = P(A n B)/P(B) =0.50/0.75 = 0.667

4. (4 points) A company wishes to evaluate the effectiveness of a marketing campaign.
Seventy five percent of all potential professors were reached in a focused
advertising program. Twenty eight percent of those contacted adopted the book
while 8% of the adoptions came from professors who did not receive the

promotional material. Define the following events of interest:
A1 = Professor received advertising material

A2 = Professor did not receive advertising material

B1 = Professor adopts the book

B2 = Professor does not adopt the book

a.

(2 points) What is the probability that a professor who adopts the book received

the advertising material?
Answer: P(A1) =0.75, P(A2) =1-0.75=0.25, P(B1 | A1) = 0.28, P(B1 | A2) = 0.08

Using Bayes' Theorem, we get
P(B1 | A1) P(A1)
P(A11B1) =
W11 B = 55 Tay ptan = P61 1 A) P

(0.28)(0.75)

= (0.28)(0.75) + (0.08)(0.25) — 0.21/0.23 = 0.913

(2 points) What is the probability that a professor who received advertising
material does not adopt the book?

Answer: P(A1) =0.75, P(A2) =1-0.75=0.25, P(B1 |1 A1) =0.28, P(B1 | A2) =0.08
P(B11A1) +P(B21A1) =1, then P(B2 | A1) =1-0.28 =0.72



5. (4 points) The following table lists the relative frequency distribution of the number
of calls coming into a call center each hour. Each call takes five minutes to process.
What is the mean and standard deviation of the number of minutes the operators
are answering questions each hour?

X 2 3 4 5 6 7

P(x) | 0.07 | 0.11 | 0.23 | 0.31 | 0.18 | 0.1

a. (2 points) What is the mean of the number of minutes the operators are

answering questions each hour?
Answer: Let Y=5X.

Since ux = 2.\-13(.\-) =4.72; then, py = 5px =23.6
0 2

b. (2 points) What is the standard deviation of the number of minutes the operators
are answering questions each hour?

Answer: Since o g( = EA‘ZP(.\') -y i: 24.08 - (472)2 = 1.8016; then, ox = 1.3422, and
X

oYy=50X=6.7112

6. (8 points) In basketball, one of the possible penalties after a foul is called a free
throw. The fouled player gets one shot at the basket from the foul line. If he misses
this shot, he is awarded no points and the penalty is over. If he makes the shot, then
he gets one point and gets to take another shot. If he makes the second shot he gets
an additional point, and the ball is turned over to the other team. If he misses the
second shot, the penalty is over. Suppose that the probability of making a shot is
80%, and the likelihood of making one shot is independent of the outcome of any
other shot.

a. (6 points) In a table, show the probability distribution function for the points
from the penalty, (Hint: attach probabilities to each outcome).
Answer:
X 0 1 2
P(x) | 0.20 | 0.16 | 0.64

b. (2 points) On average, how many points would you expect to get from the



penalty?

Answer: px = E(X) = YxP(x)=1.44 points

7. (8 points) In a recent survey of 300 teenagers, 62% of the teenagers indicated that
they had been to a movie within the past month. 75% of those teenagers who had
seen a movie also had gone out to dinner in the past month, while only 64% of the
teenagers who had not seen a movie had been out to dinner in the past month.
Define the random variables as follows:

X =1if teenager had been to movie; X =0 otherwise
Y =1 if teenager had been out to dinner; Y =0 otherwise

a. (4 points) Construct a joint probabilities table of X and Y (joint probability

function).
Answer:
X=0 X=1 Total
Y=0 0.1368 0.155 0.2918
Y=1 0.2432 0.465 0.7082
Total 0.38 0.62

b. (2 points) Find the conditional probability function of X, given Y =1.
Answer: P(X=11 Y=1)=0.465/0.7082 = 0.6566, P(X=0 | Y=1) =0.2432/ 0.7082
=0.3434

c. (2 points) Find and interpret the covariance between X and Y.

Answer: cov(X)Y) = EE\'}/P(-Y/ ¥) - uxpy =0.465 - (0.62)(0.7082) = 0.0259. There is a
xy

very slight positive relationship between going to a movie and going out to

dinner.

8. (4 points) A bank grants mortgages to 87% of all applicants. After the applicant gets
approval, the bank sends an appraiser to evaluate the value of the property. The
bank pays an appraiser a salary of $2000 a month plus $200 for each appraisal.
Assume the bank gets 10 loan applications next month.

a. (2 points) What is the variance of the amount of money the bank will have to pay
its appraiser?
Answer: (This is Binomial distribution)



X = Number of appraisals out of 10 mortgage applications

Since n =10 and P =0.87, then uyx=nP =8.7,and o §( =nP(1 - P) =1.131

Since Z = Amount paid to appraiser = 2000 + 200X, then
o2 =(200)20 % = (40,000)(1.131) = 45,240

b. (2 points) What is the expected value of the amount of money the bank will

have to pay its appraiser?
Answer: pz =2000 + 200 X = 2000 + 200(8.7) = 3,740

9. (4 points) As a purchasing agent, you are responsible for selecting sources of
supply for manufactured components to use in your firm's production process. The
salesman for a certain supplier has indicated that they can supply an electronic sub-
assembly that has a defect rate of 1.1%—-well below your current supplier's defect
rate. You accept 100 sub-assemblies for evaluation, and find that there were four
defects.

a. (2 points) Using the Poisson approximation to the binomial, how likely is it to
get four or less defects out of 100?
Answer: X = Number of defects, n =100, P=0.011, A=nP=1.1
P(X<4)=0.3329 + 0.3662 + 0.2014 + 0.0738 + 0.0203 = 0.9946

b. (2 points) Using the Poisson approximation to the binomial, how likely is it to

get exactly four defects out of 100?
Answer: P(X=4)=0.0203

10. (8 points) The quality of computer disks is measured by sending the disks through
a certifier which counts the number of missing pulses. A certain brand of computer
disks averages 0.1 missing pulse per disk. Let the random variable X denote the
number of missing pulses.

a. (2 points) What is the distribution of X, and what is the mean of X?
Answer: X has a Poisson distribution with mean 0.1.

b. (2 points) Find the probability the next inspected disk will have no missing

pulse.
Answer: P(X=0)=0.905



C.

(2 points) Find the probability the next disk inspected will have more than one

missing pulse.
Answer: P(X>1)=0.005

(2 points) Find the probability neither of the next two disks inspected will
contain any missing pulse.

Answer: We can assume the disks are independent.

P(X =0 on first disk and X = 0 on second disk) = P(X = 0).P(X = 0) = (0.905)2 =
0.819

11. (16 points) The joint probability distribution of variables X and Y is shown in the
table below, where X is the number of tennis racquets and Y is the number of golf
clubs sold daily in a small sports store.

Y/X

1

2

3

1

0.30

0.18

0.12

0.15

0.09

0.06

0.05

0.03

0.02

a.

(2 points) Calculate E(XY).
Answer: E(XY)=2.55

(4 points) Determine the marginal probability distributions of X and of Y (two
tables).
Answer:

X 1 2 3
Px) | 05 | 03 | 0.2

y 1 2 3
P(y) | 0.6 0.3 0.1

(2 points) Are X and Y independent? Explain.
Answer: Clearly X and Y are independent since P(x,y) = P(x).P(y) for all pairs

(x,y).

(2 points) Calculate the conditional probability P(Y =21X =1).
Answer: P(Y=2| X=1)=P(X=1and Y=2)/P(X=1)=0.15/0.50 = 0.30



e. (2 points) Calculate the expected values of X and Y.
Answer: E(X) =1.7 and E(Y) =1.5

f. (2 points) Calculate the variances of X and Y.
Answer: Var(X) =0.61 and Var(Y) = 0.45

g. (2 points) Calculate Cov(X,Y). Did you expect this answer? Why?
Answer:
Cov(X,Y) = E(XY) - E(X).E(Y) = 2.55 - (1.70)(1.50) = 0.0.
Yes, since X and Y are independent.

12. (6 points) The amount of time you have to wait at a dentist's office before you are
called in is uniformly distributed between zero and twenty minutes.
a. (2 points) What is the probability that you have to wait more than 8 minutes?
Answer: P(X > 8) = (20 - 8)/(20 - 0) = 12/20 = 0.60

b. (2 points) What is the probability that you have to wait between 10 and 15

minutes?
Answer: P(10 < X <15) = (15 -10)/(20 - 0) =5/20 = 0.25

c. (2 points) Seventy percent of the time, you will be called in before you have to
wait how long?
Answer: The range is a total of 20 minutes. 70% of the time, you should be
called in before you wait 14 minutes.

13. (10 points) Let the random variable X follow a normal distribution with mean u =
48 and variance 02 = 60.84.

a. (2 points) Find the probability that X is greater than 58.
Answer: P(X>58)=P(Z>1.28) =0.50 - 0.3997 = 0.1003

b. (2 points) Find the probability that X is greater than 36 and less than 60.
Answer: P(36 < X <60) = P(-1.54 < Z < 1.54) = 0.4382 + 0.4382 = 0.8764



c. (2 points) Find the probability that X is less than 52.
Answer: P(X <52)=P(Z <0.51) =0.195 + 0.50 = 0.695

d. (2 points) The probability is 0.2 that X is greater than what number?
Answer: P(X>a)=0.20=> P[Z>(a-48)/7.8]1=0.20> (a-48)/7.8=0.84> a=
54.552

e. (2 points) The probability is approximately 0.05 that X is in the symmetric
interval about the mean between which two numbers?
Answer: P(a<X<b)=0.05= P[(a-48)/7.8<Z<(b-48)/7.8]=0.05
= (a-48)/7.8=-0.06 and (b - 48) / 7.8 = 0.06
= a=47.532 and b = 48.468

14. (2 points) As manager of a pizza shop, you are responsible for placing the food
orders. You currently have enough anchovies for 8 pizzas. You expect to have
orders for 60 pizzas tonight. If 8% of all pizzas are ordered with anchovies, what is
the probability that you run out of anchovies before the evening is over? Use the
normal approximation for the binomial.

Answer: P =0.08, n =60, u = E(X) = 4.8, 62 = Var(X) = nP(1 - P) = 4.416, 6= 2.1
P(X > 8) = P(Z >1.52) = 0.0643

15. (2 points) A wire-spinning machine will spin, on average, 12.3 miles before needing
maintenance. Assume the time between maintenance is exponentially distributed.
What is the probability that a spinning machine just placed back in service will need
maintenance before it produces 4 miles of wire?

Answer: E(X) =1/A =12.3, then A=0.0813, and P(X <4) =1 - e"4A = 1 - ¢-0.3252 = ¢ 2776.

16. (4 points) A random variable X is normally distributed with mean of 50 and
variance of 50, and a random variable Y is normally distributed with mean of 100
and variance of 200.



a. (2 points) Given the random variables X and Y have a correlation coefficient
equal to 0.50, find the mean and variance of the random variable W = 4X+3Y.

Answer: ux =50, (ri =50, uy=100, o %/ =200, Corr(X, Y) =0.50
#W = 4uX + 3py = (4)(50) + (3)(100) = 500

o %v = (4)2 a%c +(3)2 ¢ % +2(4)(3)Corr(X, Y)oxX oy

= (16)(50) + (9)(200) + (24)(0.50)(7.071)(14.142) = 3,799.977

b. (2 points) Given the random variables X and Y have a correlation coefficient
equal to 0.50, find the mean and variance of the random variable W = 4X - 3Y.

Answer: px =50, ¢ % =50,y =100, o2 =200, Corr(X, ¥) = 0.50
HW = 4uX - 3uy = (4)(50) - (3)(100) = -100
02, =@2 o2 +(-3)2 52 +2(4)(-3)Corr(X, Y)oX OY

= (16)(50) + (9)(200) - (24)(0.50)(7.071)(14.142) = 1,400.023

17. (6 points) A sample of 33 students was asked to rate themselves on whether they
were outgoing or not using this five point scale: 1 = extremely extroverted, 2 =
extroverted, 3 = neither extroverted nor introverted, 4 = introverted, or 5 =
extremely introverted. The results are shown in the table below:

Rating x; 1 2 3
Frequency f; 1 7 20

a. (2 points) Calculate the sample mean.
Answer: x=2.88

b. (2 points) Calculate the median.
Answer: Median =3

c. (2 points) Calculate the sample standard deviation.
Answer: s=0.70



