Unit 10 : Statistics and Probability
Lesson 10-5 The Normal Distribution
Objectives:

Find area under normal Find probabilities for normal distributions,
distribution curves. andfind data values given probabilities.

The Normal Distribution The probability distribution for a continuous variable is called a
continuous probability distribution. The most widely used continuous probability distribution is
called the normal distribution. The characteristics of the normal distribution are as follows.

L4 The mean, median, and mode are equal and located at the center.
&% The curve is continuous.
L The curve approaches, but never touches, the x-axis.

¢4 The total area under the curve is equal to 1or 100%.
\

KeyConcept Characteristics of the Normal Distribution Z/y\él% |
N = The gréph\ofﬂicurve isogt;elhsha ped and symmetric with respect to the mean. a{j“)\

the percent of data values that fall within that interval. The empirical rule can be
used to describe areas under the normal curve over intervals that are one, two , or

KeyConcept The Empirical Rule

In a normal distribution with mean 1t and standard deviation o

p—30c p—20 p—o
L=

® approximately 68% of the data values fall between pt — oand pu + o.

* approximately 95% of the data values fall between pt — 2orand i + 20.

* approximately 99.7% of the data values fall between p1 — 3orand p + 30.

| dexsnin®

€% =D 150-5 and oS = \sadlis
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'HEIGHT The heights of the 880 students at Al-Sharq Secondary School are
normally distributed with afmean of 168)cm and a standard deviation of 6 cm.
a. Approxmlately how many students are more than 180 c¢m tall?

= 162em ¥6 = 6 om
P(X >\86) = 50 % —34% - 135Y
= 2.35%
N twhw C’feg’lu.dlhi

b. What pezcent of the students are between and(174)cm tall?
‘ PLIn < X<VFw) = BYUY + 3uf + 1257 +L.75 9
|
|

= 85.857%

Nunby v}ghkdzw@ 8385 4 830

L oo
= 937.88 :@
GuidedPractice
MANUFACTURING A machine used to fill water bottles dispefﬁ slightly

different amounts into each bottle. Suppose the volume of water i ottles is
normally distributed with a mean of 1.1 liters and a standard deviation of 0.02 liter.
A. Approximately how many bottles of water are filled with less than 1.06 liters?

- s vl < \eb
PCX < Vsk) = 2.5%
The numbar o} bekles 13
_%?_ x o = 3 LGH'LQ . b \. KR TS WY

B. What percent of the bottles have between 1.08 and 1.14 liters?

PO AKX W) = BUT +3u% 1259

-

e

| 221

lon o6 et b W2 L b




KeyConcept Formula for z-Values

A

The z-value for a data value in a set of data is given by|z =

the data value, u is the mean, and o is the standard deviation.

where X is

Example 2 [
Find each of the following.

KN |
s Z= x_j,\/
23130t = x| el

a. zif X =24, u=29,and g = 4.2

_ 24_2q9
-2

= -\19

b.Xifz=-173,u=48,and 0 = 2.3
—_ XM

=
—Y733- X-48

-3

o Y
“L72(29) - x - Ud

GuidedPractice
Find each of the following.

K Bo % fA

a. zif X=32,u=28,ando = 1.7

K -M

5 D228 0
— = = 2.35

=

" A

b.Xifz=215,u=39,and o = 0.4

lx-_-, ZQ.SGI

X= 216(0u) 4 30 =

c. zif X =52, u=43,ando = 3.7

X =M _ 52- Yz
o 3.7

2_

2 = 2-43

d Xifz=17,u=49,and o = 4.1
x M x:%s".\./ut.

= \3(“-\)-{ qul |
= S553%

e. zif X=32,u=38,ando = 2.8

(C.
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The total area under the curve is equal to 10r 100%.

The distribution is symmetric.

The mean is 0, and the standard deviation is 1.

Almost all of the area is betweenz= —3and z= 3.

2.35%
(o f 3\5

® The curve approaches, but never touches, the x-axis.

.23

\,
' You can solve normal distribution @ o
problems by finding the z-value tha @
' corresponds to a given X-value, and then
finding the approximate area under the
standard normal curve. The corresponding
area can be found by using a table of z-

values that shows the area to the left of a

\ given z-value. For example, the area under

} the curve to the left of a z-value of 1.12 is

- 0.8686, as shown.

\ You can also find the area under the curve

\ that corresponds to any z-value with a

Standard Normal Distribution Table for Z = 0.00 to 3.59
AREA to the LEFT of the Z score

0 0.01
0.504

0.02
0.508

0.03
0.512

0.04
0.516

0.05
0.5199

0.06
0.5239

0.07
0.5319

0.5438 §0.5478 | 0.5517 ] 0.5557 | 0.5596 | 0.5636 5105714

3] 0.5832 §0.5871 ] 0.591 [0.5948 | 0.5987 ] 0.6026 0.6103

0.6217 §0.6255 ] 0.6293 | 0.6331 [ 0.6368 | 0.6406 3] 0.648

0.6591 §0.6628 | 0.6664 | 0.67 | 0.6736 ) 0.6772 0.6844

51 0.695 J0.6985 ] 0.7019 | 0.7054 | 0.7088 | 0.7123 0.719

0.7291 §0.7324 J 0.7357 [ 0.7389 | 0.7422 | 0.7454 0.7517

0.7611 §0.7642 1 0.7673 | 0.7704 [ 0.7734 | 0.7764 410.7823

0.791 §0.7939 J0.7967 | 0.7995 [ 0.8023 | 0.8051 0.8106

0.8186 §0.8212 ] 0.8238 | 0.8264 | 0.8289 | 0.8315 0.8365

3]0.8438 §0.8461 | 0.8485 | 0.8508 | 0.8531 | 0.8554 0.8599

31 0.8665 §0.8686 0.8729 | 0.8749 [ 0.877 0.881

0.8869 J0.888890.8007 §0.8925 | 0.8944 ] 0.8962 0.8997

e e P
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Using the Normal distribution table to determine the area corresponding to z = 1.12
* Locate the table of positive z-values.
* Locate in the first column the value 1.1 and in the first row the value 0.02.

* The area corresponding to the z-value of 1.12 1s located at the intersection of
the row and column, which 1s 0.8686.

‘ COMMUNICATION The he average number of : i
customer service represenfative each day during a 3!!—;13;{ month was 105 w1

standard deviation 0@ Find the number of days with fewer than 110 phone
‘ calls. Assume that the number of calls is normally distributed. A=LO5

o Ko MO8 Ly Sew Hun v

= 12

66613
NJunbs o}
GuidedPractice
casd

BASKETBALL The average n}\l}pber of points that a basketball team scored
| during a single season wa{63 :)?Vlth a standard deviation @ I@ If there Wer@/v |
\ games during the season, find t f games in which the team scored

"{J éomts Assume that the number of points is normally distributed.

Fo- 62 _ 5.2 =63
T - o

PCXLH) = 0.3519F
= 35@? Q/b

ICHTHYOLOGY As part of a science project, Mazen studied the growth rate
0 1797 g\?een gold catfish and found the following information. Assume that the
data are normally distributed. The green gold catfish reaches
. Determine the number of fish with a e 1';‘,2:‘:“,,‘,‘:‘,,{7,’;3,‘,",}";“““ |
length less than 4.5 mm at birth. e Average length at bin@mm 4 ‘
b. Determine the number of fish with a_ ® Standard deviation 0258 mm G* {
length greater than 5 mm at birt - S-%A

Q-) P(’((t“;) Tz 4.5- 464 @ P(.X '>S) c-258

0-25%
= 0-2387%F = -t J3h = b,!.\%?

6"‘:\‘3‘

Nusbwe) Lih= 0036t FA M Nus” o7

~ \3\Y Fraln = jout o
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Flnd the 1nterval 0 e alues assocmted Wlth each area.
a. Middle 50% of the data. Midde 257+

CASIO fx-991 EX

i | e e \
l:Calculate 0'15
1:Normal PD et

2:Normal CD
3:Inverse Normal
4:Binomial PD

o]
Inverse Normal

@
o i1

n HJ

Area=0.25 = z= —0.674489579 Area=0.75 = z = 0.674489579

]
xInv= xInv=

-0, 674489579 0, 674489579

—0.6745 < z < 0.6745

b. The outside\20%)\of the data
CASIO Fx-991EX

[ 4 48 ¢ 2814
MENY) | %5 g it S g B @
1:Calculate 0.%80
\/

1:Normal PD
2:Normal CD

3:lnverse Normal

4:Binomial PD

& "
Inve rse Normal \o'ly |

(3) | o l—— % -——II

Area=0.10 = z=/~1.281551638 Area=090 = A= 1281551638
= v=

-1, 281551638

—1.2816 < z < 1.2816/
. e |
GuidedPractice

4A. The middle 25% of the data 4B. The outside 60% of the data
._'____——-.

\
-}

1,281551638

., 30
o.F0o

o.524Y

cIMUMI L 2 < 0.52M1
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2 Probability and the Normal Distribution

Example 5

| N[ETEOROLOGY The temperatures for one month for a city in California are
‘ normally distributed with 4 = 81° and g = 6°. Find each probability and sketch
the corresponding area under the curve. z X— M

a. P(Zg-:@ ?-_-90) :—O-gqy ) =

—

C e
'TESTING The scores on a standardize ally distributed with u =
72 and 6 = 11. Find each probability and sketch the corresponding area under the -
curve. |
a. P(X <89

a4 Plbs < X <8b)
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“JReal-World Example 6 _
i COLLEGE The scores for the entrance exam for a college’s mathematics
department is normally distributed with 12 =65 and o= 8. e V™
a. If Fatema wants to be in th@‘ what score must she get? ‘7@\\54‘

first find z-vlaue

0.8Ylb(3)465 |
= X

8 ~
= X=HF = %2

b. Fatema expects to earn a grade in the(rr?iddle 90% bpf the distribution. What
range of scores fall in this category?

Z2l64 216y 0.655
2 -

GuidedPractice |
RESEARCH As part of a medical study, a researcher selects a study group with
a mean weight of 86 kg and a standard deviation of 5.5 kg. Assume

that the weights are normally distributed.
A. If the study will mainly focus on participants whose weights are in the
middle 80% of the data set, what range of weights will this include?

B. If participants whose weights fall in the outside 5% of the distribution are
contacted 2 weeks after the study, people in what weight range will be
contacted?

<L) |
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Fmd the area that corresponds to each shaded region.

N

AN/

th of each song j usic collection 1s normally distributed
= 4.12 minutes and(g = 0.68 minutes. Find the probability that a

B 19% C 39%

r

|

\

|

|

|

|

|

|

|

\

|

|

|

|

|

|

\

|

|

|

}

|

PLY>5) = PRS2 S -
‘ = 0( 8’79 (B2
PROJECTS The scores on a science project for one class are normally
|
}
\
|
|
|
|
|
|
\
|
|
\
|
|
|
\
|
|

distributed with 4 = 78 and ¢ = 8. Find each probability.
a. P(X = 96) b. P(60 < X < 85)

S /i“b@ ze ST
.

e 2. B ogts

§\ b e

Suppose the test scores on a final exam are normally distributed with a
mean of 74 and a standard deviation of 3. What is the probability that a

randomly selected test has a score higher than 77?7 >33
A2.5% B 13.5% @ D 34%

An= 1Y e 3

PlE-\) - 0\986
_ ARy
2 - —7 6 = q. - \5‘_867‘3
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