7.1 Properties of Normal Distribution MATH 241 THOMPSON

Dr. Lorenzo finds that his patients’ heart rates are normally distributed,
with an average of 82 beats per minute and with a standard deviation

1) of7 beats per minute. He then graphs the normal curve as seen to the
right. Label the tick marks on the x-axis of the normal curve.

= 51 \IEAN IS MIDDLE

b= left side: subtract standard deviation from the mean

= e (start in middle and move left)

= right side: add standard deviation to the mean

e= &9 (start in middle and move right)

f= 396 7 -7 -7 47 47 +7
g= 103 61 68 75 82 89 96 103

2) Which of the following are properties of the normal curve?

Select all that apply.

The graph of a normal curve is skewed right.
* The graph of a normal curve is symmetric.
* The high point is located at the value of the mean.

* 1 The area under the normal curve to the right of the mean is 0.5.

3) Fill in the blank to complete the statement.

The area under the normal curve to the right of p equals

1
The area under the normal curve to the right of p equals 7

The area under the normal curve is 1 and the curve is symmetric about g, so half
of the area under the curve lies to the right of p.

4) Completa the statement below.

The points at x = and x= are the inflection points on the normal curve.

What are the two points?

¥/ Thepointsarex=p-candx=p+a.



Determine whether the following graph can represent a normal curve.

5)
X
T < '
Mo, because the graph is not always greater than or equal to zero. Yes, because the graph has the shape of a normal curve.
6)
X
X
Mo, because the graph has multiple peaks. /

No, because the graph does not approach the X-axis as X increases or decreases without bound.

7) Discuss the validity of the following statement. If the statement is always true, explain why. If not, give a counterexample.
If two normal distributions have the same mean and standard deviation, then they have the same shape.

Choose the corract answer below.

The statement is false because the normal distribution with a mean eqgual to - 1 and a standard deviation equal to
2 can change shape based on the value of x.

¥ . The statement is true because a normal distribution is completely defined by its mean and standard deviation.

8) Discuss the validity of the following statement. If the statement is always true, explain why. If not, give a counterexample.

The area under a normal distribution and above the horizontal axis is equal to 1.
LMO0SE NE COIMEct answer Delow.

The statement is false because the area under the normal curve with a mean equal to 1 and a standard
deviation equal to 2 does not equal 1.

The statement is true because the graph of a normal distribution is a normal curve, and irrespective of the
shape, the area between the normal curve and the x-axis is always 1.

For any symmetric distribution, the median equals the mean. The graph of the
distribution must be symmetric about the median because it is the point where 50%
of the area under the distribution lies on either side. The graph must also be
symmetric about the mean, because it is the balancing point of a graph. For a
symmetric graph, the balancing point will always be at the middle. The normal curve
alzo only has one peak, and so for it to be symmetric, it must be symmetric at the
highest point on the peak, which is the mode. Therefore, for the normal curve,

mean = median = mode.



Empirical Rule

Value away 7 | vy
From the mean -3 -2 -1 p p+l p+2 u+3

Standard = ------ e Y D | e R 2omeemee 3-eemeeee
Deviations | -----68%---— |
| 95% |
e 99, 7% |

- Approximately 68% of the data will lie within 1 standard dewiation of the mean.
- Approximately 95% of the data will lie within 2 standard dewviations of the mean,
* Approximately 99.7% of the data will lie within 3 standard deviations of the mean.

9) If 120 scores are chosen from a normal distribution with mean &0 and standard deviation 5, how many scores x would be
expected to satisfy 75 =x = 857

80-5=75 80+5 =85 one standard deviation is 68%

82 scores 120-0.68 = 82
(Round to the nearast integer as needed.)

10) Determine whether the statement is true or false. If the statement is falze, make the necessary change(s) to
produce a true statement.

The mean, madian, and mode of a normal distribution are all equal.

Choose the corract answer below.

v The statement is true.

11) The scores on a test are normally distributed with a mean of 150 and a standard deviation of 30. What is the

1
score that is 15 standard deviations above the mean? 130 + 1 1/2(30)

1
Ascore of 195 is 15 standard deviations above the mean.

12) The scores on a test are normally distributed with a mean of 140 and a standard deviation of 28. Find the score
that is one and one-half standard deviations below the mean.

Ascore of 98 is one and one-half standard deviations bealow the mean. 140 - 1.5(28)
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13)  Not everyone pays the same price for
the same model of a car. The figure
illustrates a normal distribution for the
prices paid for a particular model of a
new car. The mean is 320,000 and the
standard deviation is $2000.

Use the 58-95-99.7 Rule to find what
percentage of buyers paid between
14,000 and $20,000.

Number of Car Buyers

[
LY

The percentage of buyers who paid between 514,000 and 520,000 is 4585 %.
(Type an exact answer.)

0.15% ’ 0.15%
2.35%4 13.5% 34%‘ 34% 2.35%
Value away . . | | »
From the mean - = - _‘—+ ”+ +7—__
2.35+13.5+34 Umiemean. =S B4 LR L ine s
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14) Not everyone pays the same price for - 00 7% -
the =ame model of a car. The figure [le—— 95%% ——
illustrates a normal distribution for the e 65%

prices paid for a particular model of a
new car. The meanis $19,000 and the
standard deviation is $1000.

Use the 65-95-55.7 Rule to find the
percentage of buyers who paid more
than $22.000.

ZEEN
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Mumber of Car Buyers

The percentage of buyers who paid more than $22,000is .15 %. Only portion greater than 3 sd

15) The random-number generator on calculators randomly generates a number between 0 and 1. The random variable X, the number ge
uniform probability distribution.
(a) |dentify the graph of the uniform density function.
ib) What is the probability of generating a number between 0.12 and 0.927
ic) What is the probability of generating a number greater than 0.897

ia) Choose the correct graph of the uniform density function below.
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b} Th bability is .8 . (Simpli WET.
(b) The probability is {=implify your answer.) 0.92 — 0.12

(c) The probability is .11 . (Simplify your answer) 1-.089

16) A study was conducted that resulted in the following relative frequency ¢
histogram. Determine whether or not the histogram indicates that a 0.4
normal distribution could be used as a model for the variable.

2000 3000 4000 5000

Choose the correct answer below.

v The histogram is bell-shaped, =0 a normal distribution could be used as a model for the variable.
The histogram is not bell-shaped, so a normal distribution could be used as a model for the variable.
A study was conducted that resulted in the following relative frequency (o}

histogram. Determine whether or not the histogram indicates that a 04
normal distribution could be used as a model for the variable.

Q

o

0.24

%00 2000 3000 4000 5000

¥ ©. The histogram is not bell-shaped, so a normal distribution could not be used as a model for the variable.

17)  The relative frequency histogram represents the length of phone calls on George's
cell phone during the month of September. Determine whether or not the histogram
indicatas that a nermal distribution could be used as a model for the variable.

R elative Frequency

Mo, because the histogram is symmetric about its mean.

Mo, because the histogram does not have the shape of a normal curve.

¥ . Yes, because the histogram has the shape of a normal curve.



The relative frequency histogram represents the length of phone calls on George's A
cell phone during the month of September. Determine whether or not the histogram & 0.4+

indicates that a normal distribution could be used as a model for the variable.

0.24

Relative F regue

0 G 12
Length (minutes)

* Mo, because the histogram does not have the shape of a normal curve.

18) One graph in the figure represents a normal distribution with mean p =12 and standard deviation
@ = 1. The other graph represents a normal distribution with mean p=6 and standard deviation A B

@ = 1. Determine which graph is which and explain how you know.

Choose the correct answer below.
¥ /. Graph Ahas a mean of p=6 and graph B has a mean of p= 12 because a larger mean shifts the graph to the
right.

One graph in the figure represents a normal distribution with mean p =12 and standard Q
deviation o =3. The other graph represents a normal distribution with mean p=28 and A B
standard deviation o =23. Determine which graph is which and explain how you know. G'\

o
8 12

Y Graph A has a mean of g=38 and graph B has a mean of 1= 12 because a larger mean shifts the graph to
the right.

19) The graph of a normal curve is given on the right. Use the graph to identify the values of pand o.




20) The graph of a normal curve is given. Use the
graph to identify the value of p and &.

The value of pis 2.

The value of iz 3.

21) Draw a normal curve with p=57 and o = 15. Label the mean and the inflection points.

Choose the corract graph of the normal curve below.
W

@
Q

[olyo

22) Suppose the monthly charges for cell phone plans are normally distributed with mean p =368 and standard deviation o=$20.
(@) Draw a normal curve with the parameters labeled.
(b) Shade the region that represents the proportion of plans that charge less than 348.
(c) Suppose the area under the normal curve to the left of X =548 is 0.1587. Provide an interpretation of this result.

(a) Choose the correct graph below

L
Q Q Q
Q Q Q
- - -—’
(b) Choose the correct graph below. :
w
Q@
Q
]
] '
[
[
48 63 38 68 &8 “IEII-E 28 48 68

(c) Select the correct choice below and fill in the answer box to complete your choice.
{Type a whole number.)

¥ A The probability is 0.1587 that a randomly selected cell phone plan in this population is less than 5 48 per month.



23) Suppose the birth weights of full-term babies are normally distributed with mean 3550 grams and standard deviation o =450 grams.
ic) below.

(a) Draw a mormal curve with the parameters labeled. Choose the correct graph below.

L

3080 30 4040 1550

2570 4530

3550 -
3060 4p4p 4930

(c) Suppose the area under the normal curve to the right of X = 4530 is 0.0228. Provide an interpretation of this result. Select the correct choi

fill in the answer box to complete your choice.
iType a whole number.)

¥ The probability is 0.0228 that the birth weight of a randomly chosen full-term baby in this population is more than 4530 grams.

24) Suppose the lengths of human pregnancies are normally distributed with p =266 days and o =16 days. Complete parts (a) and (b} below.

(a) The figure to the right represents the normal curve with p =266 days and o =16 days. The area to the left of
XK =245i= 0.0947. Provide two interpretations of this area.

Provide one interpretation of the area using the given values. Select the correct choice below and fill in the answer

boxes to complete your choice.
i Type integers or decimals.)

The proportion of human pregnancies that last more than daysis .
745 258
The proportion of human pregnancies that last less than 245 daysis 0947 .

Provide a second interpretation of the area using the given values. Select the correct choice below and fill in the answer boxes |

choice.
(Type integers or decimals.)

The probability that a randomly selected human pregnancy lasts more than days is

Y5 The probability that a randomly selected human pregnancy lasts less than 245 daysis 0947 .



Determine if the following statement is true or false.
The normal curve is symmetric about its mean, p.

Choose the best answer below.

¥ /.. The statement is true. The normal curve is a symmetric distribution with one peak, which means the mean, median,

and mode are all equal. Therefore, the normal curve is symmetric about the mean, p.



