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Lecture — 11
Tutorial on Discrete Probability Distributions
So, welcome once again. So, we have discussed discrete probability distribution, we have seen
different type of discrete probability distribution uniform probability distribution, binomial
probability distribution, multinomial than we have seen hyper geometric distribution, negative
binomial geometric distribution and Poisson distribution, we have this discuss all this discrete
probability distribution. Now, we will be doing a tutorial session on this distribution, the thing is

here, I have problems catering to all the distribution.

But what I want is that before immediately jumping to the solution, because I have the solution
also here, immediately jumping into the solution, what a request is that once you read the
question, and then from the question, you try to find out what is the random variable here and it
will fall in which distribution then once you are sure that it will fall in this distribution, then you
can check for the answer check for a solution, that way your learning will be proper.
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Concepts Covered

©Solving objective type questions
5o test the level of understanding from Lecture 07-09

& Problems to ponder
1 To build problem salving aptitude




So, first we will be solving few objective type questions which will help you in understanding
the concepts and then we will be solving some problems. So, first to discuss the objective type
questions.
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Question—-3.1

T 3.1: Specify the distribution for the following

a:l Randam varlable specifying the number of accurrence In 3 flxed number of
trial. [ Binomial Distribution

b] Random variable specifying the number of occurrence In a fixed perlod of
time. [Paisson Distribution |

£l Randem variable specilying the number al trigls to the st accurrence o
an event. [Geometric distribution |

d]  Randem variable specifying the number of trials to the kth ecourrence of an

event. | Negative Binomial Distributlon |
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So, here I will give certain statements from this we need to find out what is the distribution for
the following like first one is random variable, if my random variable specifies the number of
occurrence in a fixed number of trials, random variable specifying the number of occurrences in
a fixed number of trials what is that? This is binomial distribution, we have seen binomial
distribution weather number of occurrences we are interested in finding out the number of

successes and our trials are fixed.

Which are x, which is actually the trials are independent as well, is not it? So, this is a binomial
distribution. Now, the second is random variable specifying the number of occurrences in a fixed
period of time and a fixed period of time, what are the number of total number of occurrences
probability of a number of 0 occurrence, probability of number 1 occurrence in a fixed period of
time, or in a fixed region of space we have seen that is not it? What is that? That is your Poisson

distribution.

The next random variable specifying the number of trials to the first occurrence of an event, so

here the number of trials are not fixed, but what is fixed, we want to find out the random variable



specifying it specifies the number of trials and we want to find out in what number of trials we
will get the first occurrence that is maybe the first success or maybe the first failure, what is that

that is geometric distribution.

Next random variable specifying the number of trials to kth occurrence of an event. Here also my
random variables is a number of trials and what I am interested in finding out the kth occurrence
of an event, maybe the kth success of an event, kth failure of an event so, what is that that is
negative binomial distribution.
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Question—3.2

T 3.2 In the textile industry, a manufacturer is interested in the number of blemishes
or flaws occurring in each 100 feet of material. The probability distribution that has
the greatest chance of applying to this situation is the

a) Geometric Distribution

bl Binomial Distribution

¢] | Polsson Distribution

d]  Uniform Distribution

(;) analiea Sarms

Again, another one question in a textile industry, a manufacturer is interested in the number of
blemishes or flaws occurring in each 100 feet of material, the probability distribution that has the
greatest chance of applying to this distribution. So, here it is number of blemishes of flaws in a
particular length of material. So, what is that this is undoubtedly Poisson distribution.
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[ S
Question—3.3

T 3.3: Suppose you buy a lottery ticket. You can either win 1 dollar (with probability
1/10) o win nothing (with probability 9/10). The amount you win is a random
variable and it has a

) Geometric Didtribulion

b | Binomial Distribution

cl Poisson Distribution

d] Unifarm Distribution

MWionalisa Sarms
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Then suppose, you buy a lottery ticket, you can either win 1 dollar with probability of 1 / 10 or
win nothing means you can win or you can lose that is where you are not winning is lose means
not you did not win anything, you can say the success or a failure with probability 9 / 10. The
amount you win is a random variable and it has a what distribution? That is a binomial
distribution.

(Refer Slide Time: 04:20)
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Question—3.4

T3.4: State if the following statements are true or false

a

b I hypergenmetric distiibution sampling is done with replacement. [ False |

(r..) Manalivs Sarms
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Then some statements to find out whether it is true or false. In a binomial distribution sampling
is done without replacement. In a binomial distribution, do we do the sampling without

replacement? No, we do the sampling with replacement in a deck of cards, we pick a card and we



put it back. So that if we do without replacement, then it will be dependent it will not be trials
will not be independent, so it is false. In a hypergeometric distribution sampling is done with

replacement.

On the contrary, in hypergeometric distribution sampling is done without replacement. So, this is
again false. But those were very simple objective type questions. Now, we will come to some
problems.

(Refer Slide Time: 05:06)
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Problem—3.5

T 4.5: Let ¥ be the random variable that denotes the life in hours of a certain electronic device. The
probability density function is

(zopo0

() I—— [z=100

|! 0, elsewhere

Find the expected life of this type of device, Y .’1 Y o=

So, first question, if X is the random variable that denotes the life in hours of a certain electronic
device, the probability density function, the probability density function is given here that is f(x)
in a particular range where x > 100 it is given 20000 / x * and in other portion this means for
values of x <= 100 it is 0, we have to find the expected life of this type of device. What is the

formula for expected value you remember formula for expected value is E(x) = Y. | xf(x).

Since this is a continuous random variable, continuous random variable we use integration for
discrete we use summation. So, e ( X ) is x / f(x), x f(x) so, it will be from 0 to infinity or you can
say it from -oo to +oo as well. So, it is basically we do not take 0 it is from -oo to +oo.
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Problem—3.5 : Solution

T3.5: Lot & b re cmdrn wariable that denetes the (8
life in Faure of a certain electronic dedice. The

The expacted life of the dovica is: prababilty density funchin s

n=E(X) fal e AR
0000 LT
Firnl the esgectind 1 ef this Dypss of dindio,

[*
g gl

@

= 20000 [ i
20000 %] .00
1] @&
Sl H 100
= —20000 % [u = ﬁ
=200

So, how do we find out E of x is here why we have specified from 100 to c because an
elsewhere it is given 0 so, we know that will be 0 only y instead of taking this we are taking it
from 100 above x > 100 it is given so, we are taking from 100 to o, you can write it from 0 to oo
also no issue but from 0 to o from 0 to 100 it will be 0. So, and then it is simple question of

simple integrating it.

As I already told you one of the class you will have to brush up your knowledge on integration
and differentiation for different problems that we will be encountering in this course, we will not
go for very complicated integration, but simple integration you will definitely need it also
integration by parts also we will need it, so please brush up your knowledge on that.
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Problem—3.6

T 3.6 Your |:r|.1r|l manufactures circult boards, You are worrled that your pruliuc:!i-::lu prGCEss 1§ I.II'IIJ'.I.Id"l[
faulty today, Mormally 8% of the circuit boards are faulty. You will sample 15 boards.
a) What is the prabability that exactly 2 boards will be defective?
b What is the probability thet 2 or fewer boards will be detective?
] What is the probability that 4 or more boards will be defective?
d] Find the expected value of this distribution when sampling 15 items. Find the standard deviation
of this distribution when sampling 15 items?
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So, that is all now, next question. The earlier question is the simple question of continuous
probability distribution where we are trying to find out the expected value. Now see this vision
your plant manufactures circuit boards you are worried that your production process is unusually
faulty today normally 8% of the circuit boards are faulty you will sample 15 boards. 8% of the
circuit boards are faulty that means my probability of faulty is given, probability of fault is 8 /
100.

So, and whatever we will find out, we will sample total 15 boards now, the question is what is
the probability that exactly 2 boards will be defective? Now, first one, this is a question of which
probability distribution? It is definitely a question of binomial probability distribution, you are
just what you are doing in a production line, you are just finding out one whether it is faulty or
not, you are keeping it back taking one keeping it back. So, it is not that we are taking it and you

are doing it finding it out till destruction, and then you cannot keep it back.

So, it is not that sort of sampling process, you are just picking a circuit board and you are testing
it on a probably again picking another testing and putting it back. So, it is definitely a question of
binomial probability distribution.
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Problem—3.6 : Solution

L T 3 Your plel manalsciures cimat 88
Given, p=—=008, n=13 boards. fou o worled that your
- produchon process s unusualy fauly
today. Normally 3% of the crouit boards B4
A [y, ou will sample 15 hownds,
a| The prabability that exactly 2 boards will be defective .

P15, 08} = 000,081 (1 - Bog) J::,,[“-"‘HJ"{I 061 = S 00 0054){0,338) = 105 X BAOZ1632
=0.221

b} The probability that 2 ar fewer boards will be defective
MYZ2=PX=0+MX=1)+P(¥=10)
Mrw,
(X = 0) = By(008)"(1 — 008) ' = 12062
POX = 1) = B¢, (OA) (1 — 008)H = AT34
Therafare,

02060+ L3754 02271 = 0, BB6T
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So, probability of exactly 2 boards it is what is my n? nis 15 so 15 C 2 we have this formula just
put it in a formula that is all, once you know it is binomial distribution, you know the values of
the parameter you know what is n, what is p, what is x then just putting it in a formula. Similarly,
the next question probability that 2 or fewer boards will be defective 2 or fewer that means, we

have to find 0 defective, 1 defective and 2 defective.

So, for 0 defective, 1 defective and 2 defective in fact, instead of doing it manually, you can
consult the table also which I have discussed in the class that is binomial distribution table
because binomial distribution table give us the cumulative value here we are interested in this
question problem we are interested in a cumulative less than equals to 2 means from 0 to 2. Here
I have solved it without solving the consulting table, but you can very well consult a table in the

table if this particular probability value is given.

But, in a table there it has some limited number of probability values actually all this probability
it can take any value. So, table it does not contain any probability values. If first you find out
whether it is probability concerning probability value equals to 0.08 if it is there, then very well
write it on the table.

(Refer Slide Time: 09:57)
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Problem—3.6 : Solution

T 3k vour plet manulsieres cimat

c) Thae probability that 4 or mare boards will be defective boards fou o worlsd that wour
) A production process i unusualy Faulty
Mrzd=1-[Mr=0)+PX=1+rK=20+Px=17) today, Hormally 2% of the orcuit boards A
- [PE )+ BT = 1] ate Tl Y il sl 5 s,
= 1 = [{BHET 4 BC,00.08)%(1 = 0.08)"]

=1- Iﬁ.?lﬂﬁ." + # (0.0d)%1 - 0.08)#

= 1 - [n867 + 0.0856]
0074

d| expected value of this distribution when sampling 15 items
Expected value, £x) = np = L3 2006 = 1.2

Stendord devialion, 7= \.'W =412% 082 = 1.0%51
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Then next question, what is the probability that 4 or more boards will be defective 4 or more that
means probability that 4 will be defective total there are 15 boards, 4 or more will be defective
means 4 may be defective 4 + 5 + 6 + up to it will go to 15. So, it will be well if it is in a table we
can find out but if it is not at the table, then it will be very difficult to find out from 4 to 15. And
the table also we do not get it we get it from 0 to 4, we will not get it the other way around. So,

one way is that finding it out 1 minus of 0 to 4.

It greater equal to 4 that means 1 minus of 0 to 3 so that means O defective, 1 defective 2
defective and 3 defective 1 minus of that will give us the data is equal to 4. You will see it here,
probability that 1 minus probability that x = 0, probability of x = 1, probability of x = 2,
probability of x = 3 and probability of x = 0 and x = 1 these 2 we have found out in our last
question. So, we found out this value that is where we will not solve it again for x =2 and 3 we

will find it out.

Sorry we find it out till this portion on the 3 is remaining with 3 we will find it out and we will
get the value. Then expected value binomial probability distribution what is the expected value?
Expected value is n x p what is n here? n is 15, p is what? p is 0.08. Standard deviation is \ np,
variances npq, mean standard deviation is V npq.

(Refer Slide Time: 11:36)
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Problem—3.7

T 3.7: An aircraft uses three active and identical engines in parallel. All engines fail independently. At 4
least one engine must function normally for the aircraft to fly successfully. The probability of success of
an engine s 0.8, Calculate the probability of the aircraft erashing. Assume that one engine can only be in

two states, i.e., operating normally or failed.

Turt r) [T —
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Now, one more question an aircraft uses 3 active and identical engineers parallel, all engine can
fail independently it uses 3 identical engine at least 1 engineers function normally for the aircraft
to fly successfully. It usually happens in a normal case in aircraft we usually have 3 different
machines and at least 1 machine should perform so that aircraft will fly normally. So, at least

once a function the probability of success of an engine is 0.8.

Calculate the probability of the aircraft crashing, when the aircraft will crash when there is not a
single machine is successfully operating if all the machines are failing then the aircraft will crash
even if 1 machine is working this aircraft will not crash. So, when we have to find out probability
of the aircraft crashing that means we have to find a probability of 0 success, is not it? When
there is not a single successful machine then it will crash so we will have to find a probability of

0 success.

Assume that 1 engine can only be in order of 2 states operating normally or fail. Why this
question is why this point is given assume that engine can only be in 2 states operating normally
or fail there are some machines where there are 3 different states that you do not need to know at
this point just the 3 different states means failing as 1 state and working maybe through 2
different like some like circuit all of you may know circuit short circuit failure, open circuit

failure 2 different failure modes 1 success and 2 different failure modes.



So that is why this particular statement is given. So, it is it has 2 states operating or fail but that is
not very that is redundant information for description for your knowledge I have just mentioned
it.

(Refer Slide Time: 13:23)
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Problem—3.7 : Solution

T 3.3 dn wrcrsft usey three actfve ardl identical (SR

engines i parallel, All engines fal independenly. At

least cre enpre st function nermaly for the i

The probability of success of an engine, p =01 alrcraft to fy successtuly. The prabability of success (4
of an seyin is 0.8 Calculdte e proqubility of the

Hence, aircralt crashing. Assurne that ene enagine can oely
be intwo 0., opereting nermaly or faled,

tha prabability of failure of an engine, p = 0.2 i :

Tharefore,
the probability of success of 0 engine out of a total of 3, is:
Pi3,0) = 4C,(08)°(0.2)"= 0.008
Hente,

the probahility of aircraft crashing is 0.008

So, now how to find out a probability of success is given probability of success is 0.8 we have to
find out 0 success in a total of 3, simple it is simply a case of binomial distribution very simple
case of binomial distribution.
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Problem—3.8

T 3.8: The companents of a 6-component system are to be randomly chosen from a bin of 20 used B
components, The resulting system will be functional if at least 4 of its 6 components are in working

condition. If 15 af the 20 compoanents in the bin are in working condition, what is the probability that the

resulting system will be functional?




So, now distribution those components of 6, 6 component system are to be randomly chosen
from a bin of 20 used component. 6 component system we have to choose randomly from a bin
of 20 components the resulting system will be functional if at least 4 of its 6 components are in
working condition. From this 20 we have to form a 6 components system there is a system which

is consisting of 6 component system we have to pick from this 20.

And form gradually will pick 1, will pick the second one, will pick the third one and that way we
have to form a 6 component system. That directly implies we are bringing a component means
we are not putting it back there. We are not replacing it back isnt that directly implied, because
we are bringing a component and we are making the system and this will take this whole system
and take 6 components one by one we bought 6 components. So, directly implies that we are not

replacing it back.

So now next, the resulting system will be functional if at least 4 of its 6 components are in
working condition for it to function, at least 4 of the 6 components should be in working
condition. If 15 of the 20 components in a bin are in working condition in the bin there are 20
components out of this 20 we know that 15 are in working condition, 5 bad components are

there. In a lot of 20 there are 5 bad components are there 15 good components are there.

And for the system that I have made the 6 component system picking component from the 20
components, I should get at least 4 working component than only my system will work. Now,
what is the probability that the resulting system will be functional? Resulting system will be
functional if I pick 4 good components, if I pick 5 good components, if I pick 6 good

components, then my resulting system will work.

So, I will have to take these 3 scenarios picking 4 good components, picking 4 good components,
picking 5 good components and picking 6 good components then only my system will work. So,
definitely it is a question of hypergeometric distribution we are not putting it back and we have 2
different categories one is 20 components are working condition out of 20, 20 components out of

these 20 15 are in working condition and is from 20 how many we have to pick we have to pick

6.
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Problem—3.8 : Solution

T3.8; Tree comperrwents ol m éampanent sysiem sre

If X is the numher of working companents chosen, then X i | 5 mndorly chesen from a kin of 20 used
companentz. The resiting spstem wil be functicral

hypergeometric with perameters 15, 5, 6 The probability that the it at least 4 af fs & companents are In wcrbing (B4
sifstem will be functional is carditian, 115 of the 20 corserients in L b ara
i working conditicn, what is e prabality thal the
resulfing wystem will ks funcsionsl? ¢

PY=4) = FL P(X=1)

#1684 05% e85y /By 155y - i =
|, =l iR .”'l, +-.||. al . | M

s L =70 ,"~’7' [ 1157 (9 ]
o [5||.e? 4 (@ Il I '.,i\ )

= 0. 8687

So, my sample space is 20 / 6 here I have written it together. So, basically if | write it separately
itis 154 5 of 2 from 15 I got from 15 good ones I got 4 total I got 6 from rest 5 I got 2 and this is
20 of 6 + from 15 good got component and component I got 5 from the remaining 5 I got just 1
20 6 plus from 15 I got 6 then from remaining 5 I got 0 divided by 20 6 this I am writing it in this
form here basically.

(Refer Slide Time: 16:54)
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Problem-3.9

T 3.9: A manufacturer of automobile tyres reports that among a shipment of 5000 sent to a local %
distributor, 1000 are slightly blemished. If one purchases 10 of these tires at random from the

distributer, what s the probability that exactly 3 are blemished?

Winnalisa Sarma
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So, a manufacture automobile tyres report that among a shipment of 5000 sent to a local

distributor 1000 are slightly blemished. Out of a shipment of 5000 1000 are blemished, what is



the probability a blemish that means 1000 / 5000 1 by 5 if 1 purchased 10 of these tires at
random from the distributor, what is the probability that exactly 3 are blemished? Fine if one
purchased 10 of these tires at random, from the distributor what is the probability that exactly 3
are blemished?

(Refer Slide Time: 17:37)
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Problem—3.9 : Solution

T 3k ranufacturer of mulemekile brus reperts (080
Given that amang & shipment of S0 =nt o 3 local
4 cetributor, 1000 are dightly blemizhed. IF one
N = 5000,n = 10, purthases 10 of these tres at random fiom the B4
st what s he sl vt sty Sre [
Slnee N i large relative bo the sample size n Elumished = 1
Hemie,
Wie shall approximate the desired probability by using the binomial distribution.
The probability of obtalning & blemished tire |s 0.2,
Therefore,

the probahility of obtaining exactly 3 blemished tines = 7

T SHARAGPUR

So, can you guess what is this? This is also a simple case of hypergeometric distribution, is not
it?

If 1 purchase 10 of this tire, so [ am purchasing 1 tire, and I am not giving it back again, is not it?
Again | am purchasing another tire I am not giving it back again. So, if I am purchasing 10 tires
out of 10 tires what is the probability that exactly 3 are blemished? And I know from this 5000
1000 are blemished total, there are 5000 tires out of them 1000 are blemishes.

And I am purchasing 10 one out of this 10 what is the probability that exactly 3 are blemished.
So, it is directly a question of hypergeometric distribution.

(Refer Slide Time: 18:22)
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Problem—3.9 : Solution

T 3k & ranufacturer of malgmekile tres reports [
Given that among & shipmenst of SH0 =ent to 2 loal
i detrbutor, 1000 are slighly olemizhed. If one
N = 5000,n = 10, perchases 10 of these thes ot random from the A
diitrkisa, whal & Ui prabakslity Ul ssiclly 3 are
Slnee N is large relative to the sample size i Eumished?
Henge,
We shall approximate the desired probability by using the binomial distribution.
The probability of obtalning & blemished tire Is 0.2,
Therefare,
the probahbility of ebtaining exactly 3 blemished tires s

hid; 5000, 10,1000) = b(3; 10,0.2) = 08791 - 0.6778 = 0.2013

On the other hand, the exact prabability 15

h{E; 5000, 10,1000) = 0.2015

But here there is a twist here, see here; I can very well use the hypergeometric distribution here.
But since N is very large relative to the sample size, as I told you from a bucket of water, if I pick
one glass of water, it will hardly make it dangerous, N is very large what is N? N is 5000. And
what I am picking out my sample size is only 10 out of 5000 I am picking out 10. From 5000 I
am picking out 10 if I am not replacing it back also it will hardly make any difference it will not

make much of a difference.

When N is very large relative to the sample size that is small and then instead of hypergeometric
distribution, we can also approximate it using binomial distribution that I have already
mentioned. But now the question is why we will do, when hyper it is fitting hypergeometric
distribution why we will unnecessarily use binomial distribution. The main reason behind is that

hypergeometric distribution the calculation is a bit tough, is not it?

We have to do from numerator and denominator the calculation is a bit complicated compared to
the binomial distribution. And hypergeometric distribution you we do not have a table. So,
instead of hypergeometric if we can approximate it binomial distribution, we can also consult the
table and our calculation is also easier. So, if it satisfies this condition and is quite large

compared to the sample size, we can approximate binomial distribution.



So, this is the question see, if we approximate if we do solve it by hypergeometric distribution,
this is the thing we will get this value 0.2013 you can solve it and see. Now same thing, if we
have used binomial distribution from by using binomial distribution we got this, but if we solve
it by hypergeometric distribution we will get this value almost same slightly different. So, you
can very well approximate by binomial this question that so, that is the objective for giving this
question to bring you to your notice that how sometimes in some of the case we can approximate
it using binomial distribution.

(Refer Slide Time: 20:30)
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Problem—3.10

T 3.10: In an NBA (National Basketball Assocition| championship series, the team that wins four games %
out of seven is the winner. Suppose that teams A and B face each other in the championship games and

that team A has probability 0.55 of winning a game over team B,

al What is the probability that team A will win the series in & games?

bl What is the probability that taam & will win the series?

Now this in NBA National Basketball Association championship in the team that wins 4 games
out of 7 is a winner. So, my number of success is 6 I need to have 4 success out of 7 games. That
means number of 7 is success is fixed. Suppose the team A and B face each other in this
championship games and a team A has probability of 0.55 of winning a game over team B that is
probability A winning is given 0.55 what is the probability that team A will win the series in 6

games.

What is the probability that a team A will be in the series in 6 games that means the team A has
for winning the series it needs to be in total 4 games, the 4th success it got in the 6th game 4th
success, it is basically the question it is asking what is the probability that it got the 4th success
in a 6 game. So that means it is a question of negative binomial distribution our success is fixed

and number of games is the random variable.
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Problem—3.10 : Solution

T8,10: inan WA [Nt fishiethal Amerintion) (B8
e g W0 crampionzhip series, the team that wine four
a) Pyteam A will win the S & games) L e e i L
— a crdd Y
=G 4,055) = )I'I.','" — 0550 = 0,185 teams & and B face eich otter In the A
b(6; 4.055) {3 Sl Rt campicnship games and thil Team & hi
prabiditg 055 of wiering & game aver e B
af  What is the protabilsy thet team & will win g
L mmries i & pames?
b What ks the prebablley thae team & will win

= (44, 055) + b(5:4,0.55) + (6 4,0.55) + b(7:4,055) Ll
= 00915 + 01647 + 01853 + !J.1F.r.it -
0.6083

b} Pteam A wins the championship series) is

i (;) e
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So, it is the 4th success he got in the 6th game. So that is just once we know this, you know what

is n what is p, what is k, what is x than just put it in the formula. Second question, what is the

probability that team A will win the series when a team A win the series for winning the series it

has to win 4 games, so it can win again in the 4th game. The 4th success it can has it in the 4th

game, it can have the 4th success in the 5th game, it can have the 4th success in the 6th game.

So, it will be total having the 4th success in the 4th plus having the 4th success in a 5th game

plus having the 4th success in a 6th game. That is a total 7 games. So, here having the 4th

success in the 4th game, having the 4th success in the 5th game, having the 4th success in the 6th

game, having the 4th success in the 7th game then put it ina formulax -1 Ck—1x*xp* %
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Problem-3.11

more than 75 randomly selected batteries and to reject a lot if a single battery fails. Suppose the
probability of a fallure ks 0,001,

al What is the probability that a lot is accepted?

bl What is the probability that a lot is rejectad on the 20th test?

¢ Whatis the probability that it is rejected in 10 or fewer trials?

So, the acceptance sample for purchasing lots containing a large number of batteries is to test no
more than 75 randomly selected batteries. And to reject a lot if a single battery fails. So, this is
our acceptance sampling means is a large we want to purchase some batteries and a large
number. And we will purchase the batteries for that what sampling plan we will see is we will

pick at the most 75 batteries, at the most 75 batteries will fix and we will reject the lot in while

picking the 75 battery if we get a single failure, we will reject a lot.

Let us see if we get a failure in the at the most 75 we will pick we will get a failure if suppose we
are picking gradually 1 2 we are picking and we got the failure while picking the 10 batteries
then also we will reject a lot we will go on suppose we got the first failure in that 10 to 10 also
will reject a lot. So, at the most we will try till 75, till 75 if you do not get any failure then we

will not see then we will assume that a lot is acceptable and we will accept it.

So, that is the question what it is asking containing a large sum is to test no more than 75
randomly selected lot is and to reject a lot if a single battery fails, suppose the probability of
failure is 0.001 What is the probability that a lot is accepted when a lot is accepted? Till 75 there
is no failure then a lot is accepted because it will check maximum till 75.
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T 3.11; The aepiarce scheme for purchasing lots cantainirg a
large number of batteres is to test no more than 9 rancoely

Given, =75 with p = 0,959 seiected battenes and 1o reject 2 (ot If 3 single batbery fails.
. Suppose the probabiliy of a falure 15 0,001
aj X = the number of trials, and Al Wha it ekl thet alat s scenglid?

; 5 7% i Bl Wihit is the jrckalilay Uit ol is rjected cn e 201k Lea?
P(X = 75) = (0,999 (0.001) 2| Whatis the probabiley thet i is rejectad i 10 or fewer trisls? 3

0.9277
b ¥ = the number of trials before the first fullure {geometric diseribution), and
F(Y = 200 = (0.001)(n999)"

0.000981

gl 1= Pino falures) =2

.':;IE::: (1_-) analiss Samms

So, it is a question of geometric distribution. So, till 75 there is no failure. So, tell what is the
probability of what to say probability of failure is 0.001. What is the probability of, then
probability have success is 0.99 so we are using, 1 - probability of failures probability all till all
75 we got them success. So, this p to the 75 and this is q °, next is what is the probability that a
lot is rejected on the 20th test, lot is rejected on the 20th test means the first failure that is the

first failure we got on the 20th test mean still 19 it was all success.

The first failure we got in a 28 test. So, first failure this all this trial 19 all success then we got the
first failure here geometric distribution. What is the probability that is rejected in 10 or fewer
trials now distribution what is the probability that it is rejected in 10 or fewer trials, what does
that means? That means, the first failure we may get in the first trial or in the second trial, third
trial that means, the first release from 1 to 10 we may get it in any that is what we have to find

out what is a probability that it is rejected in 10 or fewer trials.

So, that instead of finding it that we are getting the first failure in the first trial plus getting the
first failure in the second trial plus getting the first failure in the third trial up to up to 10 instead
of finding that we can just find out a compliment with 1minus probability of no failure that
means still 10, what is till 10 we got no failure 1 minus probability of 10 is getting failure
between 1 to 10 is not it?
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100 br. Find the following probabilities:
2% I@ |
&) One fallures ocours during this mission | P,
b T failuires eecuirs during this missien

cl Twia or fewer failures ooours during this mission

Also find the system reliability for this mission.

So, now, given a system exhibiting a constant failure that of 150 failure for it is not 106 hours is
10 to the power 6 hour, there is a mistake here. So, in an operating for a mission of 100 hours
find a following probability. So, this here is 150 failure by 10 to the power 6, 10 over 6 hours this
one this was a mistake here. Of course, when I will be giving the slide I will correct this and give

it and for me to find a following probability is one failure occurs during this mission.

So, in this 100 hour time, we need to find out what is the probability of 1 failure what it is given
in 10 ¢ hours total 150 failures this is the average failure, average failure intended for 6 hours is
150 failure and we need to find out what is the probability of 1 failure in this 100 hours 2 failures
in this hour because mission time is 100 hours we have studied what is mission time in a first
lecture. So, this is again a question of can you will find out? Yes, this is a question of Poisson

distribution.

Where we are interested in a number of occurrences in a particular time interval or number of
occurrences in a region of space, here number of occurrences in a time interval what is the time
interval time interval is 100 hour. What is the A? A is 150 per 10 ¢ hours. So, what will be A t 150
/ 10 ® x 100 that is the At so, first we are interested in 1 failure then 2 failures or 2 or fewer
failures, 2 or fewer failures means 0 failure plus 1 failure plus 2 also find the system reliability

for this mission.



How do we find a system reliability? We talked up system level what is reliability? Reliability
means failure free operation that means no failure that means O failures. So, what is the
probability of O failures that is the system reliability.
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Problem—3.12 : Solution
T 8,48 Given o rysterm wabibiting & mestat fniure (R0

4] The probability that no fallures occurs during this misslon, as e of 1545105 frand operab for @ mision of
{107, 15 the system reliability for this mission, as 100 . Find she falowing pronabilties:
5 1) Cme falures cocurs during ths misslan
" it g 100 b T liduriss cecurs durieg res missian
RS = (P Aty o I T ——
hlsa fi reliakslity fartf

We can alw deduce this from Poisson Distribution.
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fi2) = —— = 0.00011
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First we are doing here probability finding 0 failure O failure is in Poisson distribution what is the
formula e - At, At *'. So, what is x here x is 0 At /01is 1 0 !is 1 so, e to the power 1 - At for zero
failure. Similarly, we can do it for more than 1 failure, 2 failure and 2 or few failures is 0 1 2
summation on 0, 1 and 2, simple question of Poisson distribution.
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T 3.13: If the average number of claims handled daily by an insurance company is 5, what proportion of g
days have less than 3 claims? What is the probability that there will be 4 claims in exactly 3 of the next 5 0

days? Assume that the number of elaims on different days is independent.
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There is one more question here. This is an interesting question to see if the average number of
claims handled daily by an insurance company is 5. Average number of claims is insurance
companies 5 in a day, in a day average number of claims is 5 directly it is a question of Poisson
distribution. What proportion of days have less than 3 claims? We have to find what proportion
of days have less than 3 claims probability of less than 3, less than 3 means 0 claim, 1 claim, 2

claim that is one question.

Next is what is the probability that there will be 4 claims in exactly 3 of the next 5 days? We
have to find out 3 here we have to find what is the probability that there will be exactly 4 claims
in exactly 3 of the next 5 days, out of 5 days, in 3 days we will get 4 claims. So, what is this first
question directly? First question is directly a question of Poisson distribution average number is

given what proportion of day we will have less than 3 claims.

Probability of less than 3 probability of 0 claim what is the probability of 0 claim what is the
probability of 1 claim what is a probability of 2 claim given that my lambda is 5 per day. Now,
what I need to find out in exactly in the next 5 days, in exactly 3 days what is the probability that
I will be getting 4 claims? So, for that, I need to find out next portion. Next portion is you see it
is a binomial distribution and binomial distribution means out of 5, 5 trials my 3 success out of 5

it is a question of as if I can put it out of 5 what is the success? 3 successes.

Now I need the probability of success. So, here success means 4 claims. Here success is what
success means not success, basically, for this question, I am just drawing an analogy here to
success is basically the 4 claims. So, I need to find out what is the probability of 4 claims.
Probability of 4 claims how do I get it? Probability of 4 claims by using this Poisson distribution,
I will be getting the probability of 4 claims. Now, this probability I will be using it in a binomial
distribution. So, this question is a combination of Poisson plus binomial distribution.
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POX = 3) = PIX=0) 4 POY = 1)+ P08 =12)

T 3% IF the aversge number of daims kandled B8
ity by ar Insurarcs compary b5 5 whet propartion
Al 53t (5 of dups have less than 3 clims? What & the
Ea A T S crobability that thene vl be 4 clabrs b exacily 3 of 4

mo. the et 5 days? Arive that e number af daims
== e dilfieret digs = indupendes,

= 01247

Thie number of days in a &-day span that has akactly 4 claims is 2 binomial randam variable with parameters & and
P(X = 4)
=t
ME=4=¢"-=01755

The prefability that 3 of the nest 5 days will have 4 claims is equal to

o
|\;;‘| {07551 %(08245)° = 0.0367

First you find a probability of x less than 3 that is for a first portion of the equation. As I told
you, this, we have done probability of x =0, x = 1, x = 2 by using the formula e ~* At */x! then in
a number of days in a 5 day span that is exactly 4 claim is a binomial random variable with
parameters 5, 5 is the total number of trials that is m and p what is the p? p of x =4 we found a

probability distribution Poisson distribution.

And then to find compute this probability of next 3 of the next 5 days using simple binomial
distribution. So, this question we had Poisson distribution also as well as we found out the
probability using Poisson distribution and then this probability we have used to calculate the
value of the random variable binomial random variable.
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T .14: Suppose that the probability of a transistor manufactured by a certain firm being defective is |

0.015. What is the probability that there is no defective transistor in a batch of 1007

Suppose the probability of a transistor manufactured by certain firm being defective is 0.015.
What is the probability that there is no defective transistor in a batch of 100.
(Refer Slide Time: 32:34)
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Problem—3.14 : Solution
T 514 Suppose that e prabssslity of & tamistor

th f - . - ! manufaciured by @ certal firm being defectye 5
Let X be the number of defective transistors in 100, e e e

The required probahilty is defecthvie trarastar in @ batc of 1007

B(0) = [l:f:”]{a.n15)"(u.9as J191-2 _ (0,985)19= 0, 2206

Sinee o is large and pis small in this case, the Poisson approximation is appropriste and
wie oblain

B0) = L'.!-I:Il'_‘ ' =g 1 = .223,

whith is very close to the exact answer In practice, the Foisson approwimation i
frequently used when n = 10, |.'J1r.l’r1 <01,

Very simple question of binomial distribution, but this question you can use, because n is very
large and p is very small. Here again you can use approximation when n is very large and p is
very small instead of binomial distribution, you can also use Poisson distribution. So, we have
seen 2 approximation in a hypergeometric distribution can be approximated by binomial
distribution when the number of population that is population size that is N is very large and

sample size that is n is very small.



Then, instead of hypergeometric distribution we can use binomial distribution that we have seen.
Now, again we have seen another one another one approximation in case of binomial distribution
when what to say now, n is very large that is the number of trials, number of trials is very large
and the probability is very small here to see if there is a batch of 100 that means, the number of
trials basically it is 100, out of 100 how much we are picking up what is the probability is given?

Probability is given only 0.015 p is very small.

When n is very large, p is very small instant when was under sufficient where binomial
distributions would be used, instead of binomial we can approximate it by Poisson distribution as
well which will not give a much of a difference in a result, you see both the result here, here we
got the result is 0.2206. And here we got this not a very different high difference. So, there is a
rule of term also in practice Poisson approximation is frequently used when n is greater than 10

and p is less than 0.1 and both the condition has to be satisfied.

Not that only when n is was greater than 10 we will go for Poisson and even a binomial is
necessary in order both have satisfied n is greater than 10 and p is less than 0.1. So that is all and
again, | request you to solve as many problems as you get which will give you give you a
confidence.
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So, these are the references and thank you. Thank you guys.



