Section 3.2
Binomial Distributions

A Bernoulli Trial is a random experiment with the following features:

1. The outcome can be classified as either a success or a failure (only two optlons and each is
mutually exclusive).

2. The probability of success is p and probability of failure is 1 — p.

A Bernoulli random variable is a variable assigned to represent the successes in a Bernoulli
trial.

If we wish to keep track of the number of successes that occur in repeated Bernoulli trials, we
use a binomial random variable. Assuming there are n trials, then the random variable takes on
the numbers {0, 1, 2, ..., n}.

A binomial experiment occurs when the following conditions are met:
1. Each trial can result in one of only two mutually exclusive outcomes (success or failure).

2. There are a fixed number of trials.
3. Outcomes of different trials are independent.
4. The probability that a trial results in success is the same for all trials.

Binomial probabilities are calculated with the following formula:
P(X =k)=C(n,k)- p* -1 p)""
where X = binomial random variable, n = whole number of trials, k = number of successes, and p
is the probability of success.

>.R-Studio Commands: Y CX 4k§

—~P(X =k)=dbinom(k,n, p)

=>P(X < k)= pbinom(k,n,p) pCX > \f-B
P(X >k)=1-P(X <k)=1- pbinom(k,n,p)

Y n

Example 1: Let X be a binomial random variable with probability success 0.32 and 10
independent trials. Calculate each of the following using R-Studio o

a. P(X=5)
Command: Ata'\\"\ om (‘5‘ \O\ 52) Answer: | \ 22Q
b. P(X < 2)
Command: PB' hom(Z 1o, . 523 Answer: RESAEN

c. PX<2) = DCK )

Command:

Pinom (1,10, . 22 206
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Answer:




d. PX>8) = \—D(Xé?b

Command: \._. \D\D"nom (2 ‘\0‘.?)23 Answer: | OOOE:
e. P(X > 8) = \- > (5{ é‘(\

Answer

Command: :
| - PElhom(’(\lO,-Bzﬁ , 0025
f, PB<X< > A
exn L S ASE S
P(X 26> -P (X2
Command: Answer:
P\o\nom (610,22 — \bblhom @ 1022 = [.65
Lo NSO P=Ye _
Example 2: A fair coin is flipped 30 times. Find the prdbability that the coin comes up tails:
a. exactly 12 times? o succes S

PX=12>
Command: (k nag)s Answer:

___c_:_L_; binom (\2\, S . 0206
b. eSS RERI2 times?
PX<D=PX=< O
Command: Answer:
bivom (1,20,.5> . 1002.

c. 11 or more times?

PXZID=-P(x < = 1-P (X £\0>

Command: Answer:

\ —Pbihom (10, 20,.. , AaD06
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Binomial Distribution Formulas for Mean, Variance and Standard Deviation
pu=E(X)=np

o’ =np(l-p)

o =np(l-p)

Example 3: Suppose it is known that 80% of the people exposed to the flu virus will contract the
flu. Out of a family of five exposed to the virus, what IS the probability that: =5
a. at least two will get the flu? n

P(X>23=\—D(x<g v

Command: (\L \’\ 5 Answer:
- ponom () i =T TN

b. between WI|)| get the flu?

D(2<x <L) > L 2 2 A5

P(XEh) - P(x< O

Command: Answer:

\sb\now\(H R — Pb\“OW\(‘ SRS . 6656
n

c. Find the mean and standard deviation of-this-distribution. 5 g

p=E(X)=np = 5(, 2N = =1y

TP = (sG> = Al
sqet (Sx.2%.2 or Gx 22"

Note: This is a binomial distribution since (
The trials: are fixed, each is independent and the probability of success for each is the C/L)
same.
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