Lesson 10-4 The Binomial Distribution
Objectives:
Identify and conduct a Find probabilitie

binomial experiment. using binomial distributions.

1 Binomial Experiments

KeyConcept Binomial Experiments
* Thereis a fixed number of independent trials 7, @

* Each trial has only two possible outcomes, success or failure. o g S°r \-f
* The probability of success P is the same in every trial. The probability of fallure q is1—p

* The random variable X is the number of successes in n trials. m’—\
y

\

Determine whether each experiment is a binomial experiment or can be reduced

to a binomial experiment. If so, describe a trial, determine the random variable,

and state n, p, and q. N

a. The spinner at the right is spun\20 times to see how
many times it lands on red.

This experiment can be reduced to a binomial experiment with success

being that the spinner r lands on red and failure being any other
outcome. Thus, a trial is a spin, and the random variable X

represents the number of reds spun.

b. One hundred students are randomly asked their favorite food.

|rus is not a binomial exper:mmt]because there are many possible outcomes.|

medra '

A are randomly asked if they

Thi.{ 18 a]m'nowu‘o.o_ e;%.,o:e_.ﬂ‘mm{'- Ct*" ) q) 1 \
K Success p is(Yes )k —
» Pailwe o (No) *

)‘:1 }:’; " _{5 Pz%ﬁ_o
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1B. In class that consists of 12 male and 13 female students, a group of 5
students is randomly chosen to see how wales are selected.
This WIQeﬂmwk Canwt be Lo binoms

|

i ok because Hhe ermontd 5 ok
| Qppernment 2 are. o \»\_dx‘ﬂ%.d-

|

|

|

el

1C. A schog dy thaof students have seen an episode 0? specific
show. students are randomly asked if they have seen an episode of

the show.

“Thys wlgmwwv‘f Con Yedulaah Y Yinomuo L ANppenms
Sukcesst1s a (ges)  failee ts We”

draks s asking) Yhe z\-wk.w!f 5 Calleshed Phuir Jru»pam:)\
HQAQZM#W===M1——M£_%A— o0f

e = 0-T5

KeyConcept Conducting Binomial Experiments Q“’:'_J'l P=06.6 %—0@

Describe a trial for the situation, and determine the number of trials to be conducted.
‘—_—'—'—-—._ - e —— ———————————————— ——

Define a success, and calculate the theoretical probabilities of success and failure.

Describe the random variable X.
Design and conduct a simulation to determine the experimental probability.

—_—

Example 2 o S5
Conduct a binomial experiment to determine the probab drawing an odd
i numbered flashcard from a set of flashcards, consisting of 52 cards, divided
“equally between four different colors and each color is numbered 1 to 13. Then
! compare the experimental and theoretical probabilities of the experiment.

Step 1 A trial is drawing a flashcard from the set. The number of trials conducted can be any
number greater than 0. We will use 52.

Step 2 A success is drawing:;t- odd-numbered flashcard. The odd-numbered flashcards in the
setare 1,3,5,7,9,11 and 13, and they occur once in each of the four colors.
Therefore, there are 4 @or @odd—mmbere& flashcards in the set. The probability

of drawing an odd-numbered flashcard, or the probability of success, iscﬁf 1—73 . The
probability of failure is 1 — 1—73 or % . P= % m
Step 3 The random variable X represents the nmumber of odd-numbered flashcards drawn in 52

trials.
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Step 4 Use the ramlom number generator on a ca‘culator to create a simulation Assugn the
integers 0 — 12 to accurately represent the probability data.
Odd-numbered flashcards 0,1,2,3,4,5,6
Other flashcards T L
Make a frequency table and record the results as you run the generator.

Outcome 1ELY Frequency

r
|
|
|
|
|
|
|
|
|
|
Odd-Numbered flashcard LT < 172
|
|
|
|
|
|
|
|
|

Other flashcards MMMMMTHHHLTN LLO

An odd-numbered flashcard was drawn 12 times, so the expenme,nta[ probability IS@I‘
about{ 23.194. This is less than the theoretical probability of = or about 53.8%.

GuidedPractice
Conduct a binomial experiment to determine the probability of drawing an
even-numbered flashcard from a deck of flashcards. Then compare the
‘ é')%}ﬁe—ﬁtal and theoretical probabilities of the experiment.

Step | Ptral s 1s o\mwrm o cord Rrow the dedk , The Sinnlokm
will Consid %'ﬁrt’a&é 2 4 6 3 o 12 \Wm b b 2o
Step2 SUCLEs S T3 OrTmANA R wam e, o)

Thalomfahuj o-} Sukceds 3 233- L ) c:‘~-

Step3  The redow. wariabe X Mm\:&fﬂ‘?— mm—(}vol.\ W c:lrwub\ﬂj
?\fr\-- adeck ¥ in 20 Leials

Outcomes Tally Frequency
Even-Numbered Card Ml +

Other Cards Mt #t A 1%
The experimental probability is}a- r 357 ") the theoretical probability of % or((507.

|
|
|
|
|
|
|
|
|
|
Step 4
\
|
|
|
|
|
|
|
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Bmomlal Distribution

A binomial distribution is a frequency distribution of the probability of
eac

h value of X, where the random variable X represents the number of successes
1n 7 trials.

1 Because X is a discrete random variable, a binomial distribution 1s a discrete
probability distribution.

‘ —
KeyConcept Binomial Probability Formula ‘/{‘

\
The probability of X successes in n independent trials is 5 @'g
PX) = Cxp¥q" ~* EC, >

where p is the probability of success of an individual trial and g is the probability of failurex
on that same individual trial (g = 1— p).

A

Notice that the Binomial Probability Formula is an adaptation of the
Binomial Theorem you have already studied. The expression "Cy pXq™ ™%
represents the pX g™~ % term in the binomial expansion of (p + q)™.

Standardized Test Example 3

Khamis is selling items from a catalog to raise money for school. He
has a(40%)chance of making a sale each time he solicits a potential Q{/

p— |

customer. Khamis asks 10 people to purchase an item. Find the probability -
‘@eople make-a-purchase

C 24% D 40%

nci_#° Or\ 6
0-
P= Lfoo/o: o-Y4 - 10C§ P C}\
ar: \—o-Y =0.6 = \0Cs¢ P q_l‘\

6 Y xo
: : L roch () (0-6)" = o XL
GuidedPractice SN,

‘ TELEMARKETING At Khawla’s telemarketing job, 15% of the calls that she

'makes to potential customers result in a sale. She makes 20 calls in a given hour.
‘What is the probability thanalls result in_asale?

@(o 15) (o 8

“CxP °&

D 11.9%
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KeyConcept Mean of a Binomial Distribution = Pl
The mean 1 of a binomial distribution is given by i ‘ where nis the

number of trials and p is the probability of success.

“. 'Real-World Example 4

Houriyya forgot to study for her civics quiz. The quiz consists of five
“multiple choice questions with each question having four answer choices. ) ©®

‘ Houriyya randomly circles an answer for each question. In order to pass, she
needs to answer at(le/asntcm questions correctly. = e
= . L X | caalle

U Figois . .

answered correctly by calculating the probability distribution. =5 p=l=025
e + 2 3 u s Ttz o 20 |

Questions Answered Correctly

P(ﬁ) = CC}O 25 Lo '1'5? 045

PO = Se1 (os) (o a0

ok leastli quehdn Y

b. What is the probability that Houriyya passes the quiz? D P"’ 62U
— Y20

orX=

PP "C, (s ?-9) Co- ’#5) 3
@;? l o- ool A
-0-01lY 6 _\. O 000 @(’
0.0l6
¢. How many questmunyya EX ﬁto answer correctly?

A zNP 2 5(0.25) 2125wk oasr

A Qe
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GuidedPractice  n= 2=, P=k F=h
i TEST TAKING Suppgse Houriyya’s civicfs @iz_(_:_(_)ggi_s_t_ed pf f_i_v_eitrue-or-false!
| questions instead of multiple-choice questions.

A.)Determine the probabilities associated with the number of answers Houriyya
answered correctly by calculating the probability distribution.

PX) = Ne, pF
X=\ Pl0)= o (p~SJb\L0a5)5 =
PL) = Zc, (o-s)q_to.s) = 0.\56
Pl = 7C.(e) (_0,353\ = 0.312S
LP0)= 3¢ (£ (5T = \o.pr2sS
X W) = <y Lo.S)t{(o,S)‘ - e~

# 96) = S (o3 (0.9~ e
B. What is the probability that Houriyya passes the quiz?
*o Pa_bs eve sk anvswod ot leos t Y Q\Msl‘idr\ Corved'k\'s—

P+ PO) = B 69)(09) + Fwsy (oD

—
.

C. How many questions should Houriyya expect to answer correctly?

nf 2 '5(313 e S
She will angwer abat 2 (qusx"—--"'

GAMES Saeed has earned five spins of the wheel on the right. He will receive a
prize each time the spinner lands on WIN. 15 the probability that he
receivesl three brizes?
A 4.2%
B 5.8%

lllal) IS o AR5 Y
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| SOCCER A certain soccer team has won 75 7% of thelr games. Flnd the
P probablllty that they f thelrigext 12\games.
\

=2 pz PPh= 0BT | n= 12 )= ey 0 Qr
//rjor« 1=

= 7 P(F) = Nty (015?) (o w

X< = 0-0956 .~

= ASLYy o
\
\ GARDENING Zayed is planting 24 irises in his front yard. The flowers he

\ bought were a combination of two varieties, blue and white. The flowers are not
| ' blooming yet, but Zayed knows that the probability of having a blue flower is
75%. What is the

L Sy

robability that 20 of the flowers will be blue?

P= F5h=0.75 | P = NCy P?( 9*

EER XL P(26) = 24 Ca (o 15) Lo.'LS)Ll
- n=2Y 0. 1316

Xz 20

3-16 %
' RUGBY A penalty goal kicker 1s accurat

—
—

R A %

of the time from w1th 35 myWhat 1s the C’ gnge (m) ccuracy( )

probability that he makes exactly 7 of his next [‘35]
kicks from w1th1

| R

35-45 62
X n-x

N 4
P q 5+ 20

—T" 3
PC?) = 'Oc; (035) (0.29) = 0-25028

— 2040 3 GA
BABIES Mr. and Mrs. Salem are planning to have 3 children. The probability of

each child being a boy is é_(_)_‘V___o. What is the probability that they will have 2 boys?
P = 0.D0 f - N —
Qv 6.50 PLY) = Nex P Y \
Pl2) = 3¢, (0.5) (o.5)

—_—
—

X=2
NS

= 0-315 ,4 =is &
EZEE '
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‘ A blnomlal dlstrlbutlon has 60% rate of success There are 18 trials.
a. What is the probability that there will beat e st 12 successes?

K”ﬁ%%%ulﬂ -
\BC' (_a.e) (a.q) + cn(c-s)(o-ly+ cLa (,) @ u)-y. sy & clgg-s)(ﬂ)‘

b. What is the probability that there will be@ailures?
)( SUCLRDS \2 %;u\um =) Surcea( = \&-\z=6

X=6) ‘%Lw

¢. What is the expected number of successes? = ®

_np = 18(0.6):@
i on WAl

Each binomial distribution has n trials and p probability of success. Determine
the most likely number of successes. 0’
an=8 p=06 b.n=10, p=04

iy
> §x6-6 M= NP = o o)
-:-Q-% -~ L\

55)

Each binomial distribution has n trials and p probability of success. Determine

' the probability of s successes.
| an=28 p=03
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