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Lecture - 21
Tutorial on Sampling Distributions

Hello everyone. So, today we are going to end the topic on sampling distribution like last lecture,

| already told that we have covered almost everything of sampling distribution, | should not say

everything | have covered, but then whatever is necessary at this point. So, | have covered those

topics and today | will end those classes basically with a tutorial that is a tutorial on sampling

distribution. And after that, 1 will be starting a new topic.
(Refer Slide Time: 00:54)

Concepts Covered

% Solving objective type questions
®To test the level of understanding from Lecture 16-20

@ Problems to ponder
7o build problem solving aptitude

So, as usual in a tutorial, I always try to keep few objective questions, which will basically help

you to take a quick recap of whatever we have learned. So, and then we will be doing few

problems as well.
(Refer Slide Time: 01:12)
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Problem—6.1

T6.1: State true or false

a

)

¢

d) The sample mean is a reliable estimate of the popul mean for populations with
larger varfances, [ False )

Tt C Monalisa Sarma
<‘:‘ I > )

11T KHARAGPUR
i NPTEL

So, coming to the objective type questions, it is simple | do not have much objective question in
this tutorial was there some simple true or false statement? So, first question here is the t
distribution is known as the sampling distribution of the mean if the sample is small, and the
population variance is known, so, what it is given? It is given that, so, let me take the pen, so, it

is given that sampling distribution of the mean.

So, for sampling distribution of a mean we use 2 distributions if you can remember that one is t
distribution and one is z distribution, when we use t distribution and when we use z distribution?
We use z distribution when it is when the population variance is known, and we have to estimate
about the mean of the population and population variance is known and we also have an
estimated value of the population mean then we use z distribution on the contrary when the

population variance is not known, which is actually more practical.

Knowing the population variance is not very much possible they actually so, when the
population standard deviation whether population variance is not known, then we use t
distribution. So, this statement is false. Second statement the standard error of the mean
decreases as the sample size increases. So, while in a sampling and what is the central limit
theorem do you remember when we have done central limit theorem? So, what was that central

limit theorem what does it say?



It says the mean of the sampling distribution is the mean of the population and the variance of
the sampling distribution is given by o 2 / \ n right this was the variance of the sampling
distribution of mean. So, what does this variance indicate? Variance indicates if this is the
variance sorry it is variance is ¢ 2/ n not \ n. So, if | this is whole square is variance and if |

removed a square and this is the standard deviation, what the standard deviation means?

Here in this case, standard deviation is basically the standard error of the mean, means how much
the mean varies among themselves if you take mean of different samples, how much the mean of
different samples varies among themselves that is, we call it a standard error among the means.
So, the standard error of the mean increases the sample size increases. So, what happens this is
the standard error. So, if the sample size increases that means, if n increases then what happens

the denominator is higher than the result will be lower.

So, the standard of the error of the mean it will decrease when the sample size will increase. So,
this is again a false statement. Third, the sampling distribution is used to describe the variability
of sample statistics. That is, of course, that is the reason why we use the sampling distribution.
So, represent the variability of the sample statistics different sample will have if we take from the
same population if we take different sample all the sample will have the same value for the

statistic it is quite unlikely.

So, the sampling distribution is used to describe the variability of the sample statistics this is a
correct statement. Then, the sample mean is a reliable estimate of the population mean for
population with larger variances. Same similar to question number b, the sample mean is a
reliable estimate of the population mean for population with larger variance. So, for population

with again same thing is what will be the standard error? The standard error will be 6 / V' n.

So, if this factor is more, definitely the standard error will be more if the standard error is more
than on an every sample mean is equals to the population mean that is not a very much a reliable
estimate. So, sample mean is a reliable estimate of the population mean for population has larger
variance that statement is false. So, that is all from the objective side. Then we will be solving

few problems.
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Problem—6.2

T6.2: A production company making machined auto parts, checks the consistency of ity/msmns
by sampling 15 auto parts and found the standard deviation of those parts,/s = 0.012% mn. If the
allowable tolerance of these parts is specified so that the standard deviation may not be larger than
0.01 mm, we would like to know the probability of obtaining that value of S (or larger) if the

population standard deviation is 0.01 mm. ,
o —
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So, first problem you will see a production company making machine auto parts, checks the
consistency of its dimensions by sampling 15 auto parts and found a standard deviation of those
parts. So, standard deviation of those part is given, how many parts we have taken a sample sizes
that means my n = 15, sample size | have taken 15 and of this 15 the standard deviation is given

when it is as that means it is talking about the sample.

If it is population, | would have written as c. So, then the standard deviation of the sample is
given this value 0.0125mm if the allowable tolerance of this part is specified, so, that the
standard deviation may not be larger than 0.01mm. So, what we want is that our requirement is
that the standard division should not be larger than 0.0lmm we would like to know the

probability of obtaining that value of S or larger if the population standard division is 0.01mm.

So, given if the population standard deviation is 0.01lmm, if this is the population standard
deviation, what is the probability that if we take a sample from the sample standard deviation
will be this value that is what we need to find out. If you go through the question, you will
understand it is basically this asking that if the population standard deviation is this what is the
probability from a sample we will get this much standard division. So, it is talking about

variance.



So, that means, we have to infer about the population variance, because this is something what
we got from the sample this cannot be wrong, we have collected the sample we have calculated it
and we have got this value. So, this value cannot be wrong, but we are not sure about this value.
This value may be wrong this value may be correct. We do not know about this, we have just
estimated this. Now, from this value, we will find out if that means what we will assume that this

is correct, if this is correct, what is the probability of getting this.

If the probability of getting this in the probability of getting this is very less that means our
assumption is wrong means we are trying to prove it the other way basically. So, for this
remembers what we have done, this is the inference of a population variance that means, we will
be using chi square distribution. So, what was the statistic? n-1s2/c 2.

(Refer Slide Time: 08:08)

Problem—6.2 : Solution
T 6.2; A production compary making machowed auto parts, checks

The statistic to be compared to the y “ distribution has the 1 clsends of 1 oo by sariping 15 Kuko part w1 /

value faurd the sandard daviation of thee parts, 2 = .0125 . the [y
. (n=1)s* 14 x 0.00015625 allowable tolerance of these parts is specified 5o that the standard fd

e ———2 = 71 §75 deiation may ot be langer than 0.01 mm, we would like to know I8

-— L 0.0001 dp—— the probabilty of chtaining that value of § {or lamger) If the 8
population standard deviation & 0.01 mm.

a
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1 0 0 Q0 0 002 171 384 500 663
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So, the statistics will compute is chi square n - 1s 2 ¢ 2. So, thisis n—1 14 6 s 2 s 2 value is given
o 2 value so, we got is 21.875. Now, we will find out what is the probability of getting this value
21.875 remember chi square always the value is towards the unlike this normal distribution what

we get? We get cumulative distributed value, but here we get is the area towards the right.

So, if suppose, this is my 21.875 this value this portion corresponds to this 21.875 then what is
this area basically, and what is the degrees of freedom in chi square distribution parameters is

degrees of freedom. So, what is my degree of freedom? Degree of freedom is 14. So,



corresponding to 14 | am trying to find out for what probability 1 will be getting this value
probability means this area here this areas are given for degrees of freedom from 14 for what

probability I will be getting this area?

But that area is not available in the table what is available here? You see here | am getting a
value of 21.06 and after that, it is 23.68 that value is not there. That means from here we can find
it out if this is 21.06 that means this one let me first proceed and also it properly. So, if this value
IS suppose this value is 21.06 and this value is suppose 23.68. So, my value will be somewhere

here, is not it? Somewhere in between this from 21 to 23.

So, that means, corresponding to 23 what is my area what is my probability is 0.05
corresponding to 21.06 my property is 0.1 that means, my probability will be when between 0.1
and 0.05. So, that is the probability it is smaller than 0.01 but greater than 0.05 that is my
probability.

(Refer Slide Time: 10:25)

Problem—6.2 : Solution

The statistic to be compared to the y * distribution has the

T 6.2 A production compary making machined aulo parts, checks
the conistency of its dimensions by samplirg 15 aute parts and A

value faurd the standard deviation of those parts, 5 = 0.0125 mm. If the
o (n=1)s% 14 x 000015625 2 allowable tolerance of these parts is specified so that the standard S
e ~”—:—-—W—31.815 deiation may ot be lager than 0.01 mm, we would like to know B¢

The desired probability is the area to the right of that value,  PRUatian standard deviation = 0.1 mm.
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Problem—6.3

T 6.3: Traveling between two campuses of a university in a city via shuttle bus takes, on average, 28| o
minutes with a standard deviation of 5.minutes, In a given week, a bus transported passengers 40 times.
What is the probability that the average transport time was more than 30 minutes? Assume the Fea_?\
time is measured to the nearest minute. g

b =i <t ~ s
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So, next question travelling between 2 campus of a university in the city via shuttle bus takes on
average 28 minutes with a standard deviation of 5 minutes, this is something it is this estimated
or we can say from our previous knowledge from a past knowledge we can say travelling
between 2 campus it takes one and a average 28 minutes with a standard deviation of 5 minutes.
In a given week, the bus transported passengers in 40 times that means my n is 40 here. What is
the probability with that average transport time was more than 30 minutes.

In a week, the bus transported passenger, 40 times bus as shuttle it to and from and then average
transport time was more than 30 minutes. As in the mean time is measured to the nearest minute.
This say assume the mean time is measured to the nearest minute, that means measure to the
nearest minute means when | have means specified is more than 30 minutes means if any of my
journey, if I got is 30.1 then I will write it 30 only 30.2 | will still at 30, 30.3 I will still write it
30 till 30.5 I will write it 30.

Above 30.5 I will write it 31 minutes. So, it is nearest to the nearest minute means still 30.5 I will
write it 30 minutes. So, essentially, when it is asking what is the probability that every transport
time has more than 30 minutes. So, essentially | need to find out what is the average transport
time what is the probability that the average transport time is more than 30.5? Because 30.5 also

we will write it as 30 minutes because we are measuring it to the nearest minute.



Now what we have to find out here? Let us move this to the nearest minute the surrounding and
follows the different and simple issue. Now coming to the main question what we need to find
out here, but it is given so an average is 28 minutes standard deviation is 5 minutes. So, it is we
have to infer about the mean 28 is the mean and 5 is the standard deviation. So, we have taken a
sample, sample is doing to and from 40 times and from there we got it on an average 30 minutes.
(Refer Slide Time: 12:50)

Problem—6.3 : Solution :

Given i = 28anda = 5, T 6,3: Traweling between two campuses of &
university in & city via shutte bus taes, on B2
Need tofind P(X > 30) for n = 40 average, 28 minutes with 2 standard deviation o

of 5 minutes, ' o given week, 3 ous

As the time is measured on a continuous scale to ibe nearest minute, an (> 30) is Yransported passengers 40 times. What 5 the M

equivalent to (¥ = 30.5)
(1~28 30528}~ waz more than 30 minutes? Assume the mean

Plx > 30) .'[ § e 5 measurid o the nearest minute,
Vi

=P(Z2316)
=1-P(Z<3.16)
L
Z _.‘Z.'::__—-
oz
-

) v
So, what we have to find? p is 28 given o is 5 given means this is estimated this is if this is
known only why at all we are doing all this is not it? These values are not known this or we are
just what to say predicting it or estimating it. 1 do not want to use the word hypothesize.
Basically we are hypothesizing that term hypothesis this value, I will be using this word after this
lecture on what basically. So, this is we are just let me use the term estimate. Now we are just
estimating or we are just guessing it of that estimation.

Now from the sample whatever we got, | am repeating this again and again from the sample what
we get that is the actual value. So, from the sample basically, we need to find out assuming this
is correct, whatever we got from the sample, what is the probability of that? If that probability is
very less that means our assumption is wrong, same thing in all the guestions. So now, since
here, we have to find out the mean, we have to infer about the population mean, and our standard
deviation of the population is given.



So, it is a straightforward question, we will just have to use z distribution. So, probability of this
is X bar greater than 30, mean is x bar greater than 30.5. When | am telling actually greater than
30, that means actually, I am actually implying x bar greater than 30.5, because | am nearing it to
the nearest minute. | am measuring it to the nearest minute. So, what is this? What is the formula

for z bar for sorry, so z is equals to basically x bar — 1/ o v n.

So, my x bar is 30.5, p is 28. What is my ¢ ¥ n 5/ 40 the root of a 40. So, this is what probability
of Z greater than equals to 3.16. z distribution always | get it from - o to that value. Whereas for
chi distribution, t distribution we get the opposite side from that value, value to the infinite. So
here, z equals to, so I will find it 1 - P Z at least, probability that Z is less than 3.16. So this value
we can get it from the table this | have not shown here the table I have shown it many times.
(Refer Slide Time: 15:08)

Problem—6.3 : Solution
G e T 6.3: Trveling between two campuses of 4
P(E>30) =1 -P(Z <316) University In & city Wia shuttie bus takas, on B4
average, 28 minutes with a standard deviation o
of 5 minutes, I 3 pgiven week, 3 bus S
transported passengers 40 times. What s the 38
A P(E > 30) = 1-09992 prabablity that the average trarport time §59
was more than 30 minutes? Assume the mean
= 0.0008 T s muasured to the nearest minute,

From the Z-score table, we get P(Z < 3.16) = 0.9992

So there is a slim chance that the average time of one bus trip will exceed 30 minutes.
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So, from the value if we can calculate it | have here | have given a table | forgot it. So, my value
compared to 3.16 see how do we remember 3.1 is this then 6 is this so 3.16 this is the value this
is the probability the Z less than 3.16, how is the z distribution remember the figure if I draw it
this way, so, this is 0 the side is minus this side is plus so, it is 3.16 maybe somewhere in here
3.16. So, this whole area this whole area is this is 0.9992 and what | want is greater than this, |
do not want less than this, | want greater than this that means, | want this portion. So, what is this
portion? 1 minus of this will be given this portion.

(Refer Slide Time: 16:01)
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Problem—6.4 '

T 6.4: A normal population withij_nknown variance I_ws a mean of 20. Is one likely to obtain a random
sample of size 9 from this population with @ mean of 24 and a standard deviation of 4.17 If not, what 3

conclusion would you draw?

BE® oo ‘
So, next question in normal population with unknown variants has a mean of 20. Is one likely to
obtain a random sample of size 9 from this population with a mean of 24 and a standard
deviation of 4.1. If not, what conclusion would you draw? So, see here it is given unknown
variance has a mean of 20. If this is the case, it is a population is normal. Always remember | am
repeating this again chi square population, a chi square distribution and t distribution and f

distribution we can use only if the parent population is normal.

So, it is mentioned here the normal population with unknown variance, variance is not known.
That means somehow we can we are guessing the value mean is 20. If says this is the case, is one
likely to obtain a random sample of size 9 with a mean of 24 standard deviation of 4.1. If not,
what conclusion would you draw? Same we will use here, we will use t distribution because
variance is not known and we have to infer about the population mean is not it? Because it is
asking is it likely to obtain a random so, for with a mean of 24.

(Refer Slide Time: 17:17)
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Problem—6.4 : Solution

b T T 64 A normal population with
t= = 2.927/" /| unknown varlance his & mean of 20, 14

) G k \ Is one llkely to cdtain a random
sample of size 9 from this papulation

togy = 2896, with 8 degrees of freedom with. 8. mean of: 24 and. &. ssnderd Bl

Conclusion NO; u > 20 e T
a

05 025 02 015 01 005 0025 001 0005 0001 0.0005

11376 1563 3078 6314 1271 M8 6166 31831 63662

0816 1001 13% 1886 292 4303 6905 9925 22327 11599

0765 0978 125 1638 2353 3182 4541 5841 10215 12928

0741 0381 119 1533 2132 2776 3747 4604 7173 86l

0727 092 1156 1476 2015 2571 3365 4032 58931 638

0718 0906 1134 149 1M3 2447 3043 3707 5208 5959

0711 09 1119 1415 1895 2365 2998 4% 4785 5408

0706 0899 1108 1397 185 2306 IEER 0355 asot s

0703 0883 11 1383 1333 2202 a1 328 429 481

0.7 0879 1083 1372 1812 2228 2764 3169 4144 4387

0657 0876 1088 1363 1795 2200 2718 3.105 4025 4437

069 0873 1083 135 1782 2179 2581 3085 393 4318 ‘
0694 087 1O 135 AT 216 265 3012 382 422
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So, we are using t distribution. So, using the value for t distribution, what is the thing

LB w®—uoweswNn-<
sceccococococooce

representation, | mean the formula for t distribution what the t statistics what this gives t = x bar -
w/ s/~ n.So, whatis my s here? s is 4.1 \ n is what is the size is 9? So, \ of 9 is 350, 4.1 /3 24
- 20 this is the value 2.927 so, 2.927 with 8 degrees of freedom because it is sample size is 9, 8
degrees of freedom 2.927, 8 is not there in a table, so, 2.896 closer value is there. So, it will be

above this.

So, the probability of this will be lesser than one person less than 0.01, it will be between 0.01
and 0.005 less than 0.01. So, that means it is a very less probability. So, that means the whatever
we have estimated that is this our estimation this mean of 20. So this our estimation is not
correct. So, conclusion no p is greater than 20 p has to be greater than 20 it cannot be less than
equal to 20.

(Refer Slide Time: 18:41)



Problem—6.5

A
T 6.5: A certain type of thread is manufactured with a mean tensile strength o_TéklIograrns and a o
standard deviation of 5.6 kilograms. How is the variance of the sample mean changed when the sample ji

p—

size s
3) Increased from 64 to 19&?
b) decreased from 784 to 497

RO wme
So, next question is certain type of thread is manufactured with a mean tensile strength of 78.3
kilograms and a standard deviation of 5.6 kilograms, mean is given this is the mean and this is
the standard division how is the variance of the sample mean changed when the sample size is
increased from 64 to 196 or decrease from this | will just one second one will also be the same.
So, it is a very simple question what it is given a certain type of thread is manufacture mean

tensile strength is 78.3 and a standard deviation is 5.6 kilogram

So, that means, for this for sampling distribution of mean if we draw a sampling distribution of
mean what will have? Mean of the sampling distribution of mean will be this 78.3 and what will
be this variance? Variance will be 5.6 divided by the sample size, is not it? So, what it is given?
So, how is the variance of the sample mean when a sample sizes so, sample size initially sample

size is 64 then we have seen the sample size to 196. If we do that, how the variance will change.

Remember we have already done in the objective type my second question is the same thing
actually, when my sample size is increased, whatever as my variance decrease my sample sizes
decrease my variance increase. So, here initially sample size is this then so, see what happens.
(Refer Slide Time: 20:09)
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Problem=6.5 : Solution

T 6.5: A certain type of thread is manufctured
with & tean teasile strergth of 78,3 kilagrams and 4

a) Forn= 64,0, = = 0.7, whereas, forn = 196,a, = -~ = 04 2 standard devtaton of 5.6 kilograms. How Is the
! variance of the sample mean changed when the fd
rample vioe it Y
50 the variance of the sample mean is reduced from 0.49 to 0,1¢ al Increased from 54 to 1957
- A b} decreased from 784 to 497
when the sample size is increased from 64 to 196

b) Forn=784,0;= —:7 = 0.2, whereas, for n = 49,0, = 2=08.

So the variance of the sample mean is increased from 0.04 to

0.64, when the sample size is decreased from 784 to 49,

RE
So, this is how we find out the standard deviation that is the standard error just the standard
deviation of the population divided by the what is a sample size root of our sample size that is
root of 64 is 8 I got 8 is 0.7 whereas, if n = 198 if | got variance | got 0.4. See, when the sample
size increased my variance our standard error decreased that is it obviously, but we have seen in
objective type question similarly, for the next question decrease from 784 to 49. So, variance will
increase. So, | am not discuss this it is a solution is given there you can see.

(Refer Slide Time: 20:50)

Problem—6.6

T 6.6; A manufacturing firm claims that the batteries used in their electronic games will last an average o
pi?»gﬂclurs. To maintain this average, 16 batteries are tested each month. If the computed t-value falls i
between —t,, ;,c and t; oz, the firm is satisfied with its claim, What conclusion should the firm draw

from a sampte-that-has a mean of X = 27.5 hours and a standard deviation of § — 5 hours? Assume
the distribution of battery lives to be approximately normal,

So, next question a manufacturing firm claims that the batteries used in the electronic games will

T OUARNDPUR

- |

last an average of 30 hours. So, this is a claim. So, they are claiming that their mean lasting time
that the mean time that the game will last is 30 hours to maintain this average 16 that is tested



each month. So, whether this average is maintained at a manufacturing firm it is claiming there,
but before it goes to the market, it wants to check again and again. So, what is so, it tries to check

it taking 16 batteries each month.

So, how it does? If the computed t value falls between this t value is also similar to t distribution
is also similar to normal distribution just to the fatter tail is not it? So, the computed t value falls
between t value of 0.025 means 0.025 maybe says this is t value of 0.025 maybe this portion and
t value of -0.025 maybe this portion. So, if my computed value falls in this range, that means
falling in this range means, from the sample what | am getting assuming this is true from a

sample what | am getting is be significant probability.

Probability is quite good, it is not a very less probability, because if it falls in this region, it falls
in this region means very less probability. So, the manufacturer or the firm is satisfied if it falls
within this range that means, if it is falls within this 95% of this area, it is satisfied with this
claim. So, what we need to find out from the question, only it is very clear, that means we need
to find out a t value first from the sample. And this our sample t values would fall within this

range.

So, we will have to find out what is the t value corresponding to this area, we will have to find
out what is the t value corresponding to this area, what is the t value corresponding to this area?
How do we find out? This we will find out we will be able to find out from the table using what
is the degrees of freedom 15 degrees of freedom. For 15 degrees of freedom what is the t value
corresponding to 0.025 as I told you t distribution as symmetry and whatever we get it if we get
value we have x then this will be —x is not it?

(Refer Slide Time: 23:17)
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Problem—6.6 : Solution

T 6.6 A manulscturing firm claims that the batieries wsed in thee %
rom table, .« = 2.131 for v = 15 degre electronic gamies will last an average of 30 houes. To maintan this average, B2
PR e e fanas SECSERRD fegre 16 batterkes are tested each month. If the computad tualue falls between o

of freedom =t 00t the i s satisfied with it caim. Whatconcusion auld g
! 2530 _ the fem drww from o sumple that has & mean of £ = 27,5 hours and 3 B
Since the value ¢ ==—5—= -2.00 falls between  standard destation of 5 = & howrs? Assume the distrbution of bttery ™9

‘ ¥ Iives to be appraddmately narmal,
= 2,131 and 2,131, the claim is valid,
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So, for 15 degrees of freedom t value of 0.025 is 2.131 that means from the sample statistics
from the sample sorry from the sample the sample statistics that | will calculate if my calculated
value falls within plus minus 2.131 then the manufacturing firm is satisfied. So, what is my t
value t value formula you know how to calculate the t value it found is -2. So, it falls between the
- 2.31 and 2.31. So, claim is valid.

(Refer Slide Time: 23:58)

Problem—6.7

T 6.7; Pull-strength tests on 10 soldered leads for a semiconductor device yield the following results, in
pounds of force required to rupture the bond: "

198 127 132 169 106 188 111 143 17.0 125 /

Another set of 8 leads was tested after encapsulation to determine whether the pull strength had been
—=
increased by encapsulation of the device, with the following results:

249 22.8 236 22.1 204 216 218225 /
e ——— ~

le concerning equality of the two population variances,

Comment on the evidence availabl

So, we have seen question on the sampling distribution of mean, sampling distribution of mean
we have seen using both z distribution and t distribution then we have seen the sampling
distribution of variance that means to infer about the population variance we have seen some

problems on that we have also seen problems on how the standard error varies with the as regard



to the sample size. Now, what is remaining whatever we have learned of sampling distribution

what is remaining?

This f distribution is remaining, f distribution and sampling distribution of proportion, sampling
distribution of proportion. | do not think I have a problem here already we have discussed when
we discuss 1 or 2 problems while we have discussed sampling distribution of proportion. So,
now we will see f distribution. When we use f distribution, remember when we want to compare
the variance of 2 different population as | had mentioned you earlier it is usually we used in the

food and beverage industry.

Where food and beverage industry where there are many players for the same type of product
like cold drinks, there are many products for fruit juice for say mango juice, mango juice there
are different players in the market. So, this is one of for this sort of products, usually this
variance and comparing the variance of 2 different populations or different chemical factories

comparing the variance of 2 different products, it is very important.

So, f distribution you will see a different example here, pull strength test on 10 soldered leads for
a semiconductor device is the following results in pounds of force required to capture the bond,
how much strength we have to give basically to rupture the bond. So, these are the values given
for sample size is 10 here for f distribution, it is not required the sample size for both the
population has to be same it is not required. So, as we have already seen that n 1 and n 2 we have

used 2 different terms remember.

So, here another set of 8 leads was tested after encapsulation, we have encapsulated the thing
with some material maybe and then to determine whether the pull strength had been increased by
encapsulation of the device, we have encapsulate the soldier lead by some sort of material after
that, do we need to what to say put more stress it is expected at we need to put more stress to
rupture the bond. So, increased with the following results we got the following results. Comment

on the evidence available concerning equality of the 2 population variances.



But the manufacturer whatever they are claiming that both the population variances are same
both the population variances are same. So, we have to comment on this whether the population
variances same are not how we will come in? We will find out f value if the f value from the
because these are the statistics. This is one sample, this is one sample from this 2 sample we will
be able to calculate the f value and if the calculate the f value has a significant probability. Then
equal the population variances are in the 2 population variances are equal, we will agree to that
claim.

(Refer Slide Time: 27:23)

Problem—6.7 : Solution

2 2 Sy T 67; Pull-strergth tests on 10 soklered lusds for 3
5 :'_,.m'Ml and s = 1.846 which gives f = 56(:_,;-, semiconductor devke yield the fallowing results, in 4

\\ o\ paunds of farce required to rupture the band:
) 9 \ 198 127 132 169 106 188 111 143 170 125 B
Q\ ' Firather et ol 8 Teads was tesied alter encapaulation 1o B
oy encapsulation of the device, with the folowng results;

‘* 49 228 236 201 204 206 18 N5

Commant on th inddence avalable concaring equality of

1he twa population varlances.
e —

M
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Manalisa Sarma
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So, what we got so, from this set of data you will calculate the S 2 that is the standard variance |
have not shown you how to you know how to calculate the variance with the same method
calculating variance or we know that from class 9 onwards. So, calculated the variance from this
value, calculate out the variance from this value, so one is this S 12 S 2 2, then we will find out

the f value. What it is mentioned?

We have to assume that the 2 population variances are equal if the 2 population variances are
equal. So, what will be the f statistics value will be f statistic was S12622/S 2261 2is not it?
So, now o 1 2 6 2 2 becomes one in both are equal. So, if that is one, then 6 1 2/ ¢ 2 2 this is
equals to 1 because if both the population variance are assumed to be equal, under this situation,
what is my f? fturns outtobe S12/S 22,



Now, whether | should which one I will consider as S 1 which will consider S 2 as a general
convention. The higher value I will consider S 1 is a general convention based on that also the
tables are given in the standard textbooks. So, S 12 S 2 2, which indeed I got this is my f value, f
= 5.66. So, now, this is my f value what is the 2 degrees of freedom? One is the numerator
degrees of freedom and the denominator degrees of freedom, what is the numerator degree of

freedom, so, that is the total 10 size sample size is 10.

So, that is 9 and this is 8, that is 7. So, my degree of freedom is 9 and 7. For this f value, and this
is my degrees of freedom, what is the probability corresponding to this that we will see, but
again mind it for f value has very limited probability in that standard books. So, sometimes we
will have to either we have to interpolate or we will have to find a value which like closely in
this and then we can basically give a interval like we have done in t distribution or x chi square
distribution in previous one for example.
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Problem—6.7 : Solution
T 6.7; Pull-strength tests on 10 soldered lunds for &

§j = 10441 and s; = 1.846 which gives f = 5.66 semiconduetor device yield the fallawing results, in 4
paurds of farce required to rugture the band:

From table, [q.425(9,7) = 4.82 198 27 132 169 106 188 111 143 170 125 ot

Arather set of & leads was tested aiter encapsufation to B8

iy ercapsudation of the devics, with the folowing results:
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So, here what it is given, we got the value of 5.66 so, and degrees of freedom is 9 and 7. So, this

Degreas of rmedom & the denominatec

is the numerator degrees of freedom here this is 9, this is 7, we in the table we have only this 5
probabilities given 0.1, 0.05, 0.025, 0.01, 0.001 and that means only these are the values which
are given here which value closely resembles is 5 we have our value is 5.66. So, we do not have

this value in the table what we have is 4.82 we have and 4.82 corresponding to area 0.025.



And we have 6.72 corresponding to area 0.01 that means, our value will lie within this range. So,
if f distribution is something like that, so, this is one value this is another one value this is one
value that is 4.82 and this is 6.72 it will so, 4.82 corresponding to 4.82 what is the area it is 0.025
that means, this area to the right and what is the area corresponding to 6.72 is this portion. So,
my value is in between 4.82 and 6.72. So, my value may be somewhere in this portion. So, my

area will be this.

So, it will be in between 0.025 and 0.01 means it will be greater than 2% but lesser than 1% |
mean sorry it will be lesser than 2% but greater than 1%.
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Problem—6.7 : Solution
T 67 Pull-strergth tests on 10 soldered lends for o

St = 104441 and 57 = 1.846 which gives f = 5.66 semicanductor devien yield the lllowing. resuls, in R4
pounds of farce required to rupture the band:

198 127 132 169 106 184 111 143 170 125 Rt

hrather set of § lesds was tested after encapsulation 1o B

probability of P(F > 5.66) should be between 001 and 0,025,  daterming whether the pull strength had been increased IS9
oy encapsulation of the device, with the following results:

249 N8 06 01 WA 6 N8B NS

Camenant on the infdenca avalable cancarning aquality of §*

the twa population varlances. -

From table, fp05(9.7) =482 and [50:(97) =672, the

which is quite small, Hence the variances may not be equal.
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So, probability of that f is greater than 5.66 so should be between this value. So, which is quite

Degrees of frmedom 4= the denarminator
~
e

small this is a very less probability and so, it is less than 2%, less than 2% is a very less
probability. So, hence the variation variance whatever it is assumed that the 2 population
variances are equal that may not be true. In probability and statistics we cannot tell deterministic
it is not true, this is correct, this is false, this is right nothing we can tell deterministic because it
is a science of uncertainty probability. So, everyone see the statements where variance may not
be equal.
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Problem—6.8

T 6.8: The breaking strength X of a certain rivet used in a machine engine has a mean 5000 psi and o

standard deviation 400 psi. A random sample of 36 rivets is taken, Consider the distribution of X, the |

sample mean breaking strength. _)<
a) What is the probability that the sample mean falls between 4800 psi and 5200 psi?

b) What sample n would be necessary in order to have P(4900 < X < 5100) = 0.99?

56

There is the last question. The breaking strength X of a certain rivet used in a machine engine

U1 OHARAGPUR

has a mean of 5000 psi and a standard deviation of 400 psi random sample of 36 rivets is taken
consider the distribution of x bar the sample mean breaking strength, what is the probability that
sample mean falls between 4800 psi and 5200 psi here it is one problem on error in the equation.
If you can notice then it is very good if you till now if you did not notice | am mentioning it to
you.

Because this is always it is a general convention random variable we always write it using capital
letters. And a value that a random variable takes we write it is in small letters. So, when we talk
about the random variable has a particular distribution that means we are talking about a random
variable we are not talking about a value then always it will be what it will be capital letter. So,
consider a distribution it is not small it is X bar. So, what is the probability that sample means

falls between so it is asking that a sample between falls within this.

So, say what it is given let us let us just draw it when we draw things becomes very easy, X has a
mean of this 500 psi this is the mean value. So, this is something like that and a standard
deviation of 400 psi. So, consider the distribution of X bar sample mean distribution of X bar has
a sample mean breaking straight what is the probability that sample means fall between 400 psi
and 5200 psi? So, for 1400 will be somewhere maybe here and 52 will be somewhere maybe

here | need this probability.



So, how do I find out? First this is something which we this type of problem we have done when
we have discussed normal distribution. This is basically a question of that only not a question of
sampling distribution basically. So, how do | find this value first is that this is in normal
distribution, I will have to convert it to z distribution that means, which has mean 0 and standard

division 1, that means each value | will have to convert it to z value.

And then from that z value | will be able to whatever some | will get some value say this is z 1,
this is z 2 and this mean will be 0 basically, when it is converting it to z distribution and | have to
find out this area how do | find this area? This area will be this whole area minus this portion
because normal distribution | get cumulative from - oo to this point, is not it? So, | got this whole
area and from here | got this area. So, this minus this area, | will get this area.

So, it is this repetition of that type of question which we have done many questions on while
discussing normal distribution.
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Problem—6.8 : Solution

T 6.8: The breaking strergth X of & certain rivet
a) Using approximate normal distribution (by CLT used in & machine angine has & mean 5000 psi B4
and standard deviation 400 psl. A random sample
of 36 rivets is taken, Conseder the distnbution of Rt
110030 -5 001 £, the samgle mean breakeg strength, f
P{4800 < X < 5200) = P| L T | 3| What 5 the probability that the sample
\ mean falls between 4800 pst and 5200 ps1?

(< 3)=09974

b) Tofindazsuchthat P(~z < Z < z) = 0.99,
we have P(7 < 7) = 0.995,

which results in z = 2.575, -

R
So, I will not be discussing in details here you can just see for calculated the Z value, so, this P of
Z value falls between this. So, you can from the table you will be able to do this. So, | am not
discussing that next also what sample n would be necessary in order to have probability of this is

0.99 here it is given that again, if you solve it yourself, it is given probability 4900. So, this is



4900 because mean is 5% 49 will be definitely this side and 5100 it is given that probability of

this is that means this portion is given 0.99.

If this portion is 0.99 that means this to put together is 1% means this will be 0.05, this will be
0.05 is not it? So first, we will have to convert it to z. So that means this portion what will be the
area of this portion? This portion will be 0.995 is not it? This portion will be 0.995 and what it
will be sorry and this portion will be 0.05. So, subtracting from this portion to this portion
corresponding to z value of that and we will get the n value.
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Problem—6.8 : Solution

T6.8: The breaking strergth X of & certain rivet

8) Using approximate normal distribution (by CLT) e in & maching angine his & mean 5000 ps A
and standard deviation 400 pi. A random sample

af 36 nvets is taken. Consder the distribution of S

AH00-3000 . _ 5200500 7, the sample mean breaking strength 2

=P-3<Z2<3)=09974 to have PI4500 < £ < 5100} = 0.997
b) Tofindazsuchthat P(~z < Z < z) = 0.99,
we have P(7 < 7) = 0995,
which results in z = 2.575
Hence by solving 2.575 = L‘:ﬁﬂ we have n 2 107,

Note that the value n can be affected by the 2 values picked (2.57 or 2.58)

0T KMARALPLR

So, this all this | am not repeating it because we have done this sort of questions.
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