ISI2F3 STATISTIKA INDUSTRI

SAMPLING DISTRIBUTION

LEARNING OBJECTIVES

1. Students can understand the concept of the sampling distribution

2. Students can understand the sampling distribution of the mean, the sampling
distribution of proportion, and the sampling distribution of variance.

INTRODUCTION

In a population, it must have characteristics to describe the observed population, as
well as the samples obtained from that population. The characteristics of the population
are called parameters, while those in the sample are called statistics. The characteristics
of this population and sample can be mean, median, mode, quartile, decile, percentile,
range, variance, standard deviation, mean deviation, and proportion. Of these
characteristics, the ones most often used to represent data are mean, median, variance,
standard deviation, and proportion. The following are symbols of the characteristics of
the population and samples that are often used.

Table 1. Symbol of Characteristics of Population and Sample

Characteristics Parameter Statistic
Mean u X
Variance o? S?
Standard Deviation o S
Proportion p p

The parameters of a population can be estimated using statistics. These statistics are
obtained from one or more random variables. The random variable is a function that maps
the set of real numbers to each member in the sample space. The probability of each result
on a random variable is called the probability distribution. There are two types of random
variables, namely discrete random variables and continuous random variables. Similarly
with the probability distribution, which consists of a discrete probability distribution and
a continuous probability distribution.

One of the most important probability distributions in statistical analysis is the

normal distribution. This normal distribution is part of a continuous probability
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distribution that is bell-shaped. The normal distribution is also known as the Gauss
distribution. The probability density function of the random variable X is normally
distributed with the mean u and variance a2 [X~N (i, 02)]:

1(@)2

flx;u,0%) = e 2V /), —w<x<0w-—0<u<wag?>0

2mo?

Here is the curve of a normal distribution.
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Figure 1. Normal Curve with mean p dan variance o2
The Characteristics of a normal distribution are:

1. Bell-shape curve
2. Symmetrical curve

3. The area of the normal curve is 1.

The curves of some normal distribution with several conditions can be seen in the figure

below.

Z He T =iz

p1 < piand o = oy f1 = and oy < o,
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Figure 2. Normal curve under various conditions

Based on Figure 2, it is known that the normal curve is highly dependent u and o. The
area under the normal curve of a random variable X is limited by two points of x, namely

x, and x, (see figure 3). The area of the normal distribution can be calculated with a

formula:
X2 X2
Plx, < X < x,) J 1 _%(x—_u)zd 1 _1(x—_u)2d
X X = e o X = e a X
! 2 ; \V2mo? V2mo? ;
2 2

The area of this normal distribution is called the cumulative distribution function (CDF)

and can be described as below.
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Figure 3. The area of X between x; and x,

X X

Figure 4. P(x; < X < x,) from different normal curves

Lecture Notes, Riska Yanu Fa’rifah, S.Si., M.Si.



ISI2F3 STATISTIKA INDUSTRI

The area between x; and x, of the two normal curves also depends on u and a. As
in Figure 4 above, itis an area of P(x; < X < x,) for two curves with different mean and
variance. If X is a random variable representing the distribution of A, it is represented by
the shaded area under curve A and if X is a random variable representing the distribution
of B, then P(x; < X < x,) is given by the entire blue shaded region. The shaded areas
are of different sizes. Therefore, the probability associated with each distribution will be
different for the two given values of X. This causes difficulty in obtaining
P(x; < X < x,). This difficulty can be overcome by changing the two random variables
X (curve A and curve B) into a new set of observations, namely a standard normal
distributionZ with mean 0 and variance 1 [Z~N(0,1)]. To get Z score with mean 0 and

variance 1, it can be done through the transformation:

X —
Z = s

o

If a value of x is chosen from X, then the value of Z that can be givenisz = (x — u)/o.
Therefore, if X is a normal distribution with values of x; and X with values of x,, then
zy = (x; —p)/oand z, = (x, — u)/o. As aresult, the CDF from Figure 4 above can be
changed to:

Z2

X2
1 _Lx=py? 1 _1
Plx; <X <xy)= fe Z(J)dx=>\/—_fe Z(Z)ZdZ=P(21SZSZZ)
X2

V2mo? 2T

Z2
and the probability density function (pdf) of the standard normal distribution is:

1 1 \2
(2;01) = — e 2?
f V2Tm

Ilustration of transformation from a normal distribution [X~N(u, 02)] to [Z~N(0,1)]

can be seen in Figure 5 below.
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Normal Standard Normal
X —
—_—z=lTE
o
1 1 1 1 1 1 1 1 1 1 1 1
p-3c W26 p-c P Hto P20 p+3o X -3 2 -1 0 1 2 3 Z
H#0 p=0
o#1 o=1

Figure 5. Normal Curve Transformation

The results of P(z; < Z < z,), P(z = Z), or P(Z < z) can be obtained in the Standard

Normal Distribution Table, otherwise known as Z score table.

Table A3 Aress under the Normal Cure
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14| O3 000 0O00E  0K3 00008 O0WE 03 03 UK G0
—1.3| 00005 00005 00005 00004 00004 00004 0op0d 00004 00008 00008
—1.2| 00007 00007 00008 0.0NE 00008 00006 LOD0E 00005 00005 00005
-1 00010 000 000 00N9 00008 00008 LOD0S 00008 00007 00007
—30| 00013 00013 Q0013 o012 00012 00011 oll  a00ll 00010 00010 The Z score
—28| 00019 000185 00018 00017 00016 00016 OOpLS 00015 00018 0saaTd
—2.8| 0.0026 00025 00024 00K3 00023 00022 OoEl 00021 0 00019
—27| 00035 0003 00033 0002 00031 00030 OO0 00aTE 00027 00026
—2.8| 00MT 00045 00044 00M3 00041 00080 O 00038 00037 0003
—2.8| 00082 00060 00050 Q0O005T 00055 000 052 0051 0004 00048 P(Z <1 96)
—2.4| 00082 00080 00078 00075 Q0TS 000TL  0LOPED 00088 0066 0006 - '
—2.3| 0007 00104 00102 Q08T 0009 0004 el 00089 00087 ostsd
—23| 00139 0013 00 00129 00125 00122 00ll9 00116 0.0 00110
—2.1| 00179 @A 00170 00166 00162 00158 00054 00150 014 00143
0T 00#E 00188 00183

=2.0| 02 0222 00217 00212 00207 (032
—1.9 L1 EE T R | L1 F R VR ) AR LT S @ 0244 0J239 (0253
LR 4
L2
(L85
LA

28T
=T8| 00359 00351 0034 00836 00329 00322 O30T 00301 00294
=17 Q0edE 00436 00427 LMLE  00dE 000401 L0384 008TS  QUOSET
=L 00ME 00537 0536 00516 00505 00495 LS5 (LHTS  0UdES (0455
=15 00668 00655 (066 00630 00618 00606 L0582 00571 QOS50
—1.4| 00808 00798 00778 Q0764 00749 00735 Q0721 Q0708 00694 (U06S]
=L3 (EEs  00E51 00934 018 00901 00885 00869 00853 00838 (0523

—i o aniEl oaonra A1 A WnnE AOTE AIORR 0 e nWen 0 e Aies

To get P(Z > z), you can use the formula:

P(Z > z) =1— P(Z < z) —» remember, the third characteristic of the normal
distribution (The total area of the normal curve is 1
and the area of the standard normal curve can be
obtained from P(z; < Z < z,)

For example, if you want to get P(Z > —1.96), then:

P(Z>-196) =1—-P(Z <—-196) =1—0.025 = 0.975
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Example of applying the normal distribution.

Suppose that the test results of a Li-lon 1100 mAh type battery have a mean talk time of
100 minutes with a normal distribution with a standard deviation of 5 minutes. Find the
probability that a battery that is taken will be:

1. less than 95 minutes?

2. more than 105 minutes?

3. between 95 and 100 minutes?

For questions 1 to 3, the first step is to find the Z score. After obtaining the Z score, the
probability can be found

The answers:

1. P(X <95)?
u=100,0 =5
X —
Z = a
o
95 - 100
= z = —-1.00

P(Z < —-1) =0.1587 = P(X < 95)

0.1335  0.1314 01292 01271 01251 0.1230 01210 01190 0.1170
0.1562  0.1539 0.1515 0.1492 0.1469 0.1446 0.1423 0.1401 0.1379

Conclusion: The probability that a battery's talk time is less than 95 minutes is
15.87%.
2. P(X>105)?

u=100,0 =5

X_
Z = a

o

105 - 100
=T=1.00

Find the area under the standard normal curve to the left of Z = 1 in table Z

1.0  0.8413 | 0.8438 0.8461 0.8485 0.8508 0.8531 0.8554 0.8577 0.8599  0.8621
1.1 0.8643  0.8665 0.8686  0.8708  0.8729  0.8749 08770  0.8790  0.8810  (0.8830

P(Z<1)=08413=P(Z>1)=1-P(Z<1)=1-0.8413 =0.1587

Conclusion: The probability that the talk time of a battery is more than 105 minutes
is 15.87%.
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The results of number 1 and number 2 are the same, which is 15.87%. Remember that
the second characteristic of a normal distribution, which is symmetrical. That is, the

mean divides the curve into two equal parts. So that P(Z < —1) = P(Z > 1).

3. P(95< X < 105)
u=100,0 =5

5

The area shaded in black is P(Z < 1) or P(Z < 1), and the shaded orange and black
are the areas P(Z < —1) or P(Z < —1) so that P(—-1 < Z < 1) is the area of
P(Z<1)—-PZ<-1orP(Z<1)-P(Z<-1)
P(-1<Z<1)=PZ<1)-PZ<-1)

= 0.8413 — 0.1587 = 0.6826
P(95 < X < 105) = 0.6826

Conclusion: The probability of a battery talk time between 95 and 105 minutes is
68.26%

SAMPLING DISTRIBUTION

Suppose a population of size N with the parameter p will be sampled as many as n.
In random sampling, there are several possible samples selected, namely as many as k.

Each possible sample that is formed has the statistic p;. All possible samples that are
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formed have a probability distribution and the probability distribution of the p; is called
the sampling distribution. In the sampling distribution, there are two methods of
sampling, namely the replacement and without replacement process. The possibility of
samples formed from a population of size N if a sample of size n is taken randomly is as
follows:

With Replacement Process:

k=N"

Without Replacement Process:

e=(})
N!
(N —n)!

Suppose there is a population of 4 people aged 18, 20, 22, and 24 years. Of the four
people, 2 people will be taken with replacement and without replacement. The possible

samples formed are:
X ={18,20,22,24}
N=4

n=>2

a. With Replacement Method:
k= N?2=4%2=16

The possibility of the sample formed by the replacement process

Observation 2
18 20 22 24
18 | 18,18 | 18,20 | 18,22 | 18,24
Observation | 20 | 20,18 | 20,20 | 20,22 | 20,24
1 22 | 22,18 | 22,20 | 22,22 | 22,24
24 | 24,18 | 24,20 | 24,22 | 24,24

X

b. Without Replacement Method:

41
k:(g):21(4—2)!:6

Lecture Notes, Riska Yanu Fa’rifah, S.Si., M.Si1.




ISI2F3 STATISTIKA INDUSTRI

Possible samples formed:

Observation 2
X 18 20 22 24
18 18,20 | 18,22 | 18,24
Observation | 20 20,22
1 22 22,24
24 24, 20

So that the number of possible samples formed from selecting with replacement is 16
possibilities and without replacement as many as 6 possibilities.

It should be noted that the normal distribution is very important and forms the
basis of the sampling distribution. In the normal distribution of a population, there are
two parameters, namely mean and variance. To form a normal curve, it is necessary to
get the root of the variance, which is the standard deviation. Both parameters are in the
normal distribution, can be estimated using statistics (mean and variance) of selected
samples which are normally distributed as well. The sampling distribution can be said to
be the process of obtaining the mean and standard deviation of the statistics generated
from all possible samples formed. Based on this, the sampling distribution is the basis of
inferential statistics, especially to obtain test statistical formulas. This test statistic is used
as a critical area in the rejection or acceptance of a null hypothesis (H,). The sampling
distribution is divided into three, namely the sampling distribution of the mean, the

sampling distribution of proportions, and the sampling distribution of variance.

SAMPLING DISTRIBUTION OF THE MEAN

The sampling distribution of the mean is the probability distribution of the mean
of all possible samples of size n formed, which are randomly selected from a population
of size N. If there are k samples of size n, then there is a mean distribution of k samples.
It says the mean sampling distribution because the aim is to estimate the mean of the
population. The mean and variance of the sampling distribution of the mean are as

follows:
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a. Mean
The set of means of all possible samples obtained from the process of taking with or
without replacement in a population, each of which will form a distribution of the
sample mean with the new mean being:

Tk
X k

where:
uz - mean of the sampling distribution of the mean
X; :data from each of the mean i-th sampling distribution, i : 1,2, , k

k :the number of possible samples formed

The mean obtained from the sampling distribution of the mean is equal to the mean

of the population.

b. Variance

There are two conditions in determining variance, namely:
o % < 5% and the sample is obtained by replacement

This condition occurs in an infinite population or when the sample is obtained by

returning it. The formula for this variance is:
2

Q

where:
a)%: variance of the sampling distribution of the mean
a?: variance of the population

n : the size of each sample from the sampling distribution.

5 o2 o
L Sl P

Z Statistical test (Z score)
_X-u

X—pu
Z = = 7=
0% a/\n
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J % > 5% or the sample is obtained without replacement

This condition occurs in the finite population or when the sample is obtained

without replacement. The formula is:

o N—n)
VAN —1

—»  Correction Factor

Z statistical test (Z score)

X—u I X—u
9% o (u)
VnV\N -1

7 =

If N is very large, and the result of (N —n)/(N — 1) — 1, then 6z = o /+/n. Based
on this, it is found that the distribution of all (X;) is normal with ug = u and a§ =
a?/n [X~N(u,0?/n)]. So that:
_X-u

a/\n

In the sample questions about the process of determining the sample, the probability

Z

that the samples formed from the without replacement process are 6 (k = 6) so that we
have a new data of size 6. What is the probability of the mean age over 20 years? The
first step that must be done is to find the mean and standard deviation of the population.
Here are the results:
_ i=1(x;)
N

_ (18420 + 22 + 24)
N 4

=21

iz (i — )2
N

B \/(18 —21)2 4+ (20 — 21)2 + (22 — 21)2 + (24 — 21)?
B 4

=jGV+GP:OP+BP= %Lﬂz%
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After that find the mean and standard deviation of the mean distribution.

Sample Data |Mean (X;)| Proportion

1 Become new data which will then
1 18,20 19 1/6 | be calculated the mean and
2 1822 20 1/6 standard deviation.
3 18,24 21
2/6
4 20,22 21
5 20,24 22 1/6
6 22,24 23 1/6
Ux —k
(19420 +21+21+ 22+ 23)
- 6
=21
oo = Z?:l()?i - 'u)Z
X k
_ (19-21)2+(20—21)24+2(21 —21)2 + (22 — 21)2+(23 — 21)?
B 6
B 10
|6
=1.29
or
_c (N—n)_2.236 (4—2) — 199
= mlw=1""3 J\a—1)" "
The last is looking for the probability when the mean age of the sample is more than 20
years.
u=21 X =20 oz = 1.29

X-p 20-21

Z =
Oox 1.29

= —0.775 = —-0.78

P(Z>0.78) =1—-P(Z <0.78)

=1-0.2177
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= 0.7823

=0.8 0.2119 0.2090 0.2061 0.2033 0.2005 01977 0.1949  0.1922  0.1894  0.1867

—0.7 02420 0.2380 0.235% 0.2327 0.2206 0.2266 0.2236 0.2205 0.2148

So that the mean probability over 20 years is 0.7823 or equal to 78.23%

Central Limit Theorem

If the sample is taken from a population with unknown distribution, both finite and
infinite population, the mean sampling distribution remains close to normal with mean p
and variance o2 /n provided that the sample size is large (n > 30). This is called the

central limit theorem. And the formula for the Z statistic is:

Z=X_M
a/Vn
Differences in the use of the standard normal distribution with the Central Limit Theorem
Formula of Z utilization
Standard Normal Distribution: Information from a mean value from normally
7= X—p distributed data
g
Central Limit Theorem: Information from the sampling of the mean
7 X—n that is normally distributed with the original
o/\n population is not normally distributed

If the sample is small and o2 is unknown, then the test statistic used is to follow the
t distribution, that is, the distribution approaches the normal distribution. which is the
distribution close to the normal distribution. The t distribution is usually called the
Student distribution, it is similar in shape to the standard normal distribution (Z) in that

they are both closely spaced and bell-shaped. Here is the form of the t distribution.

Lecture Notes, Riska Yanu Fa’rifah, S.Si., M.Si1.



ISI2F3 STATISTIKA INDUSTRI

By considering the curve above, if the area « is a bigger (¢ — 1), then the t value is
getting smaller (t — — o ). The possible results of all of the t can be seen in the t
distribution table. Two things that need to be considered in the t distribution table,
namely:

e Degree of freedom (df) isv=n—-1

e « isthe probability of t with certain v

e P(T>t)=P(T<-t)

The difference between the standard normal distribution (Z) table and ¢t distribution table
is the Z score determines the area of a while in the t distribution table, « and v are to
determine the t score. The statistical t-test can be formulated as follows:

X—u
s/

t

Sampling Distribution of the Difference between Two Means
Suppose there are two populations each of size N; and N, having mean p,; and u, also
variance o7 and 2. X, represent the mean of a random sample with a sample size n, and

X, is the mean of a random sample with a sample size n,. So the formula of the Z score

is:
_ ()?1 - )?2) - (H}?l—)?z)
o L %%
ng, N,
Where:

Uz, -k, = H1—H2

of 9%
O%-% = | t—
1 2 nl n2

SAMPLING DISTRIBUTION OF PROPORTION

Sampling distribution of proportion is the distribution of the proportions obtained
from all possible samples from a population, where the size of each sample is the same.

The distribution of this proportion is in line with the binomial experiment where the
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probability of success is p and the failure is (1 — p), the range of ispis0 < p < 1. The

proportion of a population is denoted by p = X/N and the proportion of the sample

denoted by p = x/n, because as many samples as possible k, then p also as much k.

From the set of proportions, the mean proportion will be calculated (yﬁ) and standard

deviation (0,5). The important formula for the distribution of proportion sampling can be

seen in the table below.

Infinite population

Finite Population

' = < 5y = > 59
N = 0 N 0
Proportion of sample p = d p = x
n n
Mean Hp =D Hp =D
Standard deviation
5 = [PA—P) oo [PA=P) [N—n
P n - n N-1
Z score h — h —
P s PP
Op Op

Sampling Distribution of the Difference between Two Proportions

For example in the first population has a sample size n,, then this sample has a

proportion p; = x;/n, and the second population has

a sample size n,, then the

proportion is p, = x,/n,. The formula for the sampling distribution of the difference

between two proportions is as follows:

Formula

Proportion pP1 = x,/n, dan p, = x,/n,

Mean of the difference | us _5, = p1 — 2

between two proportions

(N1 + N,) — (ng +ny)

(N; —Nz) -1

]

S 5y
N 0

p1(1—=p1) p(1—py)
Standard deviation in 0p,—p, = \] + :
ny n,
n
N < 5%
o o o = pl(l—pl)+pz(1—pz)
Standard deviation in p1-D2 n 1,
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Z score 7 = (BP1—D2) — (o1 —p2)

Op,~p,

Since the proportion is in line with the binomial experiment, the normal
approximation to the binomial applies. Continuity correction can be applied to the
discrete value of the variable X by adding or subtracting 0.5/n (the first way) or to the
proportional variable by adding or subtracting 0.5/n (the second way). Continuity

correction can be seen in the following table:

Determine The Correction Used
1. PX=a) P(a—05/n<X<a+0.5/n)
2. P(X>=a) P(X>a—-0.5/n)
3. PX>a) P(X>a+0.5/n)
4, PX<a) P(X<a+0.5/n)
5. P(X < a) P(X<a-0.5/n)

SAMPLING DISTRIBUTION OF VARIANCE

If a random sample of size n is drawn from a normal population with mean u and
variance o2, and the sample variance is computed, we obtain a value of the statistic S2.
We shall proceed to consider the distribution of the statistic:

(n—1)S?
ZT

XZ
S2 is the variance of a random sample of size n taken from a population, the statistical
test above results in a Chi-Square distribution of degrees of freedom v =n — 1. The
formula of 52 is follow:

o <Z?=1(xi : az)2>

n—1

Lecture Notes, Riska Yanu Fa’rifah, S.Si., M.Si.




ISI2F3 STATISTIKA INDUSTRI

The probability that a random sample results in a value y? that is greater than the multiple
specified values equals the area under the curve to the right of the value. This can be seen

in the image below.

Because the chi-square distribution is not symmetrical, the area on the right and left can
be different.

EXAMPLE

1. Suppose a Li-lon 1100 mAh battery has a mean talk time of 100 minutes and is not
normally distributed with a standard deviation of 10 minutes. If the random sampling
is 35 batteries, what is the probability that the batteries will have a mean life of fewer
than 98 minutes?
The answer:
P(X < 98)?
It is known that what we want to observe is 35 batteries (>30), fulfilling the central
limit theory because the population does not come from a normal distribution and the
sample is more than 30. So that to get the Z score is not from the formula Z score is
the standard normal distribution. However, using the formula of the Z score from the
central limit theorem can be applied to this problem.
u=100and o = 25

X—u 98-100
T o/n 10/¥25
Using the Z distribution table, it is obtained:
P(X <98) = P(Z <—1) =[0.1587 | —» SeetableZ
Conclusion: The probability that the mean talk time of 35 batteries is less than 98

minutes is 15.87%

Z
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2. A sample of size n; = 5 is taken randomly from a normally distributed population
with u; = 50 and variance ¢ = 9. The second random sample of size n, = 4 is
taken from another population which is free from the first which is also normally
distributed, with u, = 40 and variance 7 = 4. From the two samples, the mean was
calculated. What is the probability that the mean difference between the first and
second samples is less than 8.27
P(X, - X, <8.2)?

The mean of the difference between the two means:
Hg,—x, = 50 —40 = 10

The standard deviation of the difference between the two means:

9 4 14
0%,-%, = §+Z= ?Z 1.67

Calculate Z score:

Xl — XZ = 82
_ (X1 - Xz) - (.“)?1—)?2)
of L 03
ny Ny
_82-10 _ o
167
P(X, — X, <8.2) = P(Z < —1.08) = 0.1401
Conclusion:

the probability that the mean difference between the first and second samples is less
than 8.2 is 14.01%.
3. Itis known that 10% of housewives in Bandung use detergent A to wash their clothes.

Suppose that a sample of 100 is taken from the population, determine:

e The mean and standard deviation of a sample with the population is housewives
using detergent A? (it is assumed that the population is normally distributed).

e If from the sample there are at least 15 housewives who use detergent A, what is
the probability?

Answer:

Proportion: 10% —> s =p =10% =0.1

Standard deviation:

Lecture Notes, Riska Yanu Fa’rifah, S.Si., M.Si1.




ISI2F3 STATISTIKA INDUSTRI

B p(1—p) _ 0.1(0.9) B
%—\/ n _\[ T

So the mean and standard deviation of samples from housewives who used the

detergent A in Bandung were: 0.1 and 0.03, respectively.

P(X = 15)?

The proportion of detergent A usage is 15 people is:
X 15

p= — =700 0.15

To get the Z score, the first step is the sample proportion is reduced by a continuity
correction of 0.5/100, which is 0.005 so that p = 0.15 — 0.005 = 0.145.
) — 1.45—-0.1
05 0.03
P(X>15)=P(Z=15)=1-P(Z <15)=1-0.9332 = 0.0668

Z

Conclusion:
The probability of housewives in Bandung using at least 15 detergent attacks is
6.68%.

4. A battery manufacturer guarantees 95% that the battery will last a mean of 3 years
with a standard deviation of 1 year. If a sample of five batteries that last 1.9, 2.4, 3.0,
3.5, and 4.2 years are taken, is the manufacturer still sure that the standard deviation
of these batteries is 1 year?

Answer:
Calculate the variance of the sample:
_ i (x — x)? _ nyt, (x)?— Gk, x)? _ 5(48.26) — 152
n—1 n(n—1) 5(4)
Calculate the statistical test.
_(n—1)s* 4(0.815)
a? 1

The statistical test above is at 4 degrees of freedom, then it will be calculated that 95%

52 = 0.815

= 3.26

XZ

of the batteries have a standard deviation of 1 year.
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Because what is wanted is a guarantee of 95% of the standard deviation of the lamp

is 1 year so that the @« = 5% = 0.05 and the 1 — « position is between )(f_a/z and

X&/2- The area can be described on the chi-square curve as follows.

1-—a/2
a2
l1-a
95% = 0.957 / W ,
X
x? =0.484 x? =11.143
Table A.5 Critical Values of the Chi-Squared Distribution 9 =

(a3
0995 099 098 [ 0975/ 095 090 0.80 0.75 0.70 0.50
0.0'393  0.0°157  0.0°628 0.00393 0.0158 0.0642 0.102 0.148 0.455
0.0100  0.0201  0.0404 0.103 0211 0.446 0575 0.713 1.386
0.115 0.185 0.352 0.584  1.005 1213 1424 2.366
0.29 0420 0.711 1.064 1.649 1923 2195 3.357
0.412 0.554 0.752 1.145 1.610 2343 2675 3.000 4.351

0.676 0.872 1.134 1.237 1.635 2.204 3.070 3455 3R828 K.34R

Table A.5 (continued) Critical Values of the Chi-Squared Distribution

S
v 0.30 0.25 0.20 0.10 0.05 I 0.025 I 0.02 0.01 0.005 0.001
1 1.074 1.323 1.642 2.706 3.841 5.0p4 5.412 6.635 7.879 10.827
2 2.408 2.773 3.219 4.605 5.991 7.3f8 7.824 9.210 10.597 13.815
3.665 4.108 4.642 6.251 7.815 9.348 9.837 11.345 12.838 16.266
e . Ay 11.668 13.277 14.860 18.466

A NARA R RIR 7 9%0 a2 11 070 12 2/Q 1R NRA 1R/ 7RN 2N R1K

Since 3.26 is between 0.484 and 11,143, the standard deviation of battery life is
indeed 1 year.
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