Chapter 5
Discrete Random Variables

Chapter Outline

5.1 Discrete Random Variables and Probability DistributionsiD
5.2 The Mean and Standard Deviation of a Discrete Random VariablelB
5.3 The Binomial Distribution®

5.4 The Poisson Distribution B



Definition 5.1: Random Variable

A random variable is a quantitative variable whose value

depends on chance.

Definition 5.2: Discrete Random Variable

A discrete random variable is a random variable whose possible
values can be listed. In particular, a random wvariable with only a

tinite number of possible values is a discrete random wvariable.
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« {X =} denotes the event that the random variable X equals x.

« P (X = r) denotes the probability that the random variable X equals x.



Definition 5.3: Probability Distribution and
Probability Histogram

Probability distribution: A listing of the possible values and
corresponding probabilities ot a discrete random variable, or a

formula for the probabilities.

Probability histogram: A graph of the probability distribution
that displays the possible values ot a discrete random variable on
the horizontal axis and the probabilities of those values on the
vertical axis. The probability ot each value is represented by a

vertical bar whose height equals the probability.
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. Use random-variable notation to represent the event that

exactly two heads are tossed.
. Determine PI,:'_!L — 2).
. Find the probability distribution ot X.

. Use random-variable notation to represent the event that at

most two heads are tossed.

e, Find P (X < 2).







. Use random-variable notation to represent the event that

exactly two heads are tossed.
. Determine P (X = 2).
. Find the probability distribution ot X.

. Use random-variable notation to represent the event that at

most two heads are tossed.

e, Find P (X < 2).




Definition 5.4: Mean of a Discrete Random Variable

The mean ot a discrete random variable X is denoted ux or, when

no contusion will arise, simply u. It is defined by

uw=YXrP(X==x).

The terms expected value and expectation are commonly used in

place of the term mean.
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Definition 5.5: Standard Deviation of a Discrete
Random Variable

The standard deviation of a discrete random variable X is
denoted sx or, when no confusion will arise, simply ¢. It is

detfined as

o — x...-"':E[::: _u?P(X =2).

The standard deviation of a discrete random variable can also be

obtained from the computing formula

o — 1,..-""2;1&?:- (X —z) — 12,
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5.31 Space Shuttles. The random variable X is the crew size of a randomly selected shuttle

mission between April 12, 1981 and July 8, 2011. Its probability distribution is as follows.

X 2 - 5 e I 8

P(X ==x) 0.030 0.022 0.267 0.207 0.467 0.007

POK=%) 0,060 ] 0088\ 1335 |1-242 |5-269 \0.05¢
X P (X=X 0.120[0.252]6:675 | 14s277.95B\ . Uyg

M =605

- 21930 - (.0507>

-







Mortality Mortality tables enable actuaries to obtain the probability

that a person at any particular age will live a specified number of years.

[nsurance companies and others use such probabilities to determine

lite-insurance premiums, retirement pensions, and annuity payments,

According to tables provided by the National Center for Health

people of age 20 years are selected at random.
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Formula 5.1: Binomial Probability Formula

Let X denote the total number of successes in n Bernoulli trial

P

with success probability p. Then the probability distribution ot

the random wvariable X is given by

P(X=1z)= (” rF(l—-p) ", z=012,..., n

Cﬁ\Cc

The random variable X is called a binomial random variable and

is said to have the binomial distribution with parameters n and

P



. Determine the probability distribution of the number alive a
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Formula 5.2: Mean and Standard Deviation of a
Binomial Random Variable

The mean and standard deviation of a binomial random wvariable

with parameters n and p are

p=np and o= ,/np(l—p),

respectively.




5.78 Gestation Periods. The probability is 0.314 that the gestation period of a woman will exceed

9 months. In six human births, what is the probability that the number in which the gestation

period exceeds 9 months is



