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What is the probability?

R

So since we said that, that when a system left to itself will go towards the condition of

maximum probability we have to talk about what is probability?
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What is the probability?

Probability = (no. of ways of getting a particular thing)/total number of ways

So probability very simply put is number of ways of getting a particular thing divided by the

total number of ways.
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What is the probability?

Probability = (no. of ways of getting a particular thing)/total number of ways

)
PO = im0

So let us say we are talking about probability of x. x is a particular thing, that is the thing we

talked about,
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What is the probability?

Probability = (no. of ways of getting a particular thing)/total number of ways
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probability of getting a particular thing is number of ways getting that thing. So this is

counting number of
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What is the probability?

Probability = (no. of ways of getting a particular thing)/total number of ways
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X, or number of getting x divided by total number of ways.

So again this omega denotes number of things, number of ways the
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What is the probability?

Probability = (no. of ways of getting a particular thing)/total number of ways
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all possible things can come, all possibilities are sigma.

So these all possibilities are called probability space
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What is the probability?

Probability = (no. of ways of getting a particular thing)/total number of ways
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or sample space. So for example,
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What is the probability?

Probability = (no. of ways of getting a particular thing)/total number of ways
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Here, 0(X) is the number of ways of getting X and Q(Z) is the total number of ways

so as we mentioned here is the number of ways of getting x and this is total number of ways.
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What is the probability?

Probability = (no. of ways of getting a particular thing)/total number of ways
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Here, 0(X) is the number of ways of getting X and Q(Z) is the total number of ways
P —
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What is the probability?

Probability = (no. of ways of getting a particular thing)/total number of ways
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Here, Q(X) is the number of ways of getting X and Q(Z) is the total number of ways
T

Example: What is the probability of getting a “4” in a dice throw?

A

So for example if we say that what is the probability of getting a 4 in a dice throw? So here
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What is the probability?

Probability = (no. of ways of getting a particular thing)/total number of ways
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Here, 0(X) is the number of ways of getting X and Q(Z) is the total number of ways
e ——

Example: What is the probability of getting a “4” in a dice throw?
Here, X = 4 is called a event and number of such event Q(X) = 1

A

we have to see that what are the possibilities that are there in a dice? 1, 2,3,4,5, and 6.
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What is the probability?

Probability = (no. of ways of getting a particular thing)/total number of ways
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Here, O(X) is the number of ways of getting X and Q(Z) is the total number of ways
e s—— = —=——
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Example: What is the probability of getting a “4” in a dice throw? i & %l ' L2102
Here, X = 4 is called a event and number of such event (X) = 1

I have a dice to show you. Here is a dice. As you can see,
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and all of you have probably seen the dice but you know it is interesting to see them when
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we talk about them.

So this is a dice which has 6 possibilities only.
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If we throw it you can never get 7 or 8 or any other thing. We can only get the 6. So this is
our sample space in which we have to move around. Even if I do a million times I am not

going to get a 7 out of this.

I am only going to get either 1 or 2 or 3 or 4 or 5 or 6. That is the constraint that I have, that is

all possible outcome in which how many, what is the number of getting a 4?
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What is the probability?

Probability = (no. of ways of getting a particular thing)/total number of ways
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Here, 0(X) is the number of ways of getting X and Q() is the total number of ways
e e
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Example: What is the probability of getting a “4” in a dice throw? i G i‘ b 1\) 4
Here, X = 4 is called a event and number of such event Q(X) = 1

Only once, one time. I get 4 only one. So x is 4,
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What is the probability?

Probability = (no. of ways of getting a particular thing)/total number of ways
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Here, 0(X) is the number of ways of getting X and Q(Z) is the total number of ways
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Example: What is the probability of getting a “4” in a dice throw? i = % / Ly 1\1 4
Here, X = 4 is called a event and number of such event Q(X) = 1
X,_ ”[! h

sigma is | have mentioned here, number of ways getting 4 is only one.
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What is the probability?

Probability = (no. of ways of getting a particular thing)/total number of ways
P = lim == 7
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Here, Q(X) is the number of ways of getting X and Q(Z) is the total number of ways
"-—__—'
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Example: What is the probability of getting a “4” in a dice throw? i * %' b 1\1 .
Here, X = 4 is called a event and number of such event (X) = 1

ax)=1

Number of ways getting all of them, let us say, I said you get me either 1 or 2 or 3 or 4 or 5 or

6, there are 6 possibilities, right.
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What is the probability?

Probability = (no. of ways of getting a particular thing)/total number of ways
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Here, 0(X) is the number of ways of getting X and Q(Z) is the total number of ways
g = ———

c}
Here, X = 4 is called a event and number of such event Q(X) = 1

X: ”‘, b
alx)=1
£2(5)-6

_$1y 54,8
Example: What is the probability of getting a “4” in a dice throw? i & % ! Ly 22 1‘\1 i

That is 6 and therefore probability, probability is, as we said that it is the sample size number

of getting 6. And that is why probability is 1 by 6.
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What is the probability?

Probability = (no. of ways of getting a particular thing)/total number of ways
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Here, 0(X) is the number of ways of getting X and Q(E) is the total number of ways
"'—_—-___
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Example: What is the probability of getting a “4” in a dice throw? ‘i i %' fL’ ’1\1 g

Here, X = 4 is called a event and number of such event Q(X) = 1
L={12345,6) isthe sample space and number of members in the sam%e_spa,ce B OE) =6

ax)=1
2(5)-6

A

So the probability of getting a 4 is 1 by 6. And notice this limit thing, that this is saying that

this will not happen if you do just once. If I just throw one or six times I may not get a 4. It

will only happen when my, you know sampling is much, much, much more.

So we need this limit, you know omega, this thing, sigma tends to infinity because for the

outcome to follow the above probability calculation, we need to try many times.
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What is the probability?

Probability = (no. of ways of getting a particular thing)/total number of ways
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Here, 0(X) is the number of ways of getting X and Q(Z) is the total number of ways
e
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Example: What is the probability of getting a “4” in a dice throw? i 2 % !/ Ly 1‘\1 i
Here, X = 4 is called a event and number of such event Q(X) = 1

I={123456} is the sample space and number of members in the sams&e__spw%;: BOE) =6

We need the limit Q(Z) —> = because for the outcome to follow the abovgeprg 'Htxcicu Pcm\f
need to try many times. ﬁ -

Demo with coin toss A (‘S—)" ‘6

So now we are going to do that with a demo coin.

A simpler than dice is a coin, right. The reason is that coin has only 2 possibilities,
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head and tail. So however number of times we do, we can either get a head or get a tail.

And hopefully they are equal. For example I am saying that this is only true when they are of,

you know equal probability. That means
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they are, both the sides are same, same weighted. If one side is heavier then it will fall on that

side and then other side will be seen. So we are not considering that aspect.

So let us say we do this coin toss a few times and see what happens. So again we should get
half head and half tail.

So we are going to do two times. We should get one time head and one time tail, right.
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Solgota
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tail.
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Ok
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second time I got a head.
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And I got
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a tail again.
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And
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I got a tail again. So I got 3 tails and 1 head.

If I do a small number of times then I may not get the half, half thing. I will only get half
when the number of trials becomes infinite. So we are going to show you that how increasing

the number of coin tosses will lead us to half probability.

Because I could do only 3 or 4 times and the statistics is only true when it is done multiple
number of times, not 1 or 2 times, right. We are going to just exactly see that. So what we do

in computer is that we draw random numbers.

Just like, so we are considering these events as random. Let us say, imagine if push with the

same
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force, exactly the same force every time your outcome would be deterministic.

So when you throw that
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we assume that every time we are randomly pushing it. Like our force is like kind of random,

right.

But in computer we exactly draw random number, almost random number like, it is called
pseudorandom number to be more precise but they are random for our own purposes, you can

say that. So we can define something is, let us say we are drawing here between 0 and 1.



And something that is below point 5 we say it is head, above point 5 it is tail. So we are
totally defining the random number and drawing head and tail. And we can do as many
number of times as we want and we will show that probability of getting head is what, as a

function of number of trials.
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+ import random

So you see this is a program that is written in Python. We are going to run the program. And

it is asking that enter the number
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O localhost: & W A+ RO

arr =
for i in range(l,N+l):
resultOfExperiment = []
for x in range(i):
if random.random() > 0.5:
resultOfExperiment.append(SampleSpace(1])
else:
resultOfExperiment.append(SampleSpace[0])
arr.append(resultOfExperiment.count( 'H')/1i)
return np.array(arr)
fig, ax = plt.subplots()
numberOfGames = int(input("Enter number of games you want to play: "))
plt.plot(trials(numberOfGames))
ax.set_xlabel("Number of games")
ax.set_ylabel ("Probability of obtaining heads")
plt.savefig(os.path.expanduser("~/Desktop/plotl.jpeg"), dpi=300, format = 'jpe

Enter number of games ycu want to play:

In [5): import random
numberOfTrials = int(input("Enter number of trials: "))
resultOfExperiment = []
for x in range(numberOfTrials):
resultOfDiceThrow = random.choice(range(1,7))
resultOfExperiment.append(resultOfDiceThrow)

nrint!"DutramenfRyneriment ice "\

of games you want to play, Ok. We say we want to play only 10.
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arr =
for i in range(l,N+1):
resultOfExperiment = []
for x in range(i):
if random.random() > 0.5:
resultOfExperiment.append(SampleSpace(1])
else:
resultOfExperiment.append(SampleSpace(0])
arr.append(resultOfExperiment.count('H')/1)
return np.array(arr)
fig, ax = plt.subplots()
numberOfGames = int(input("Enter number of games you want to play: "))
plt.plot(trials(numberOfGames))
ax.set_xlabel("Number of games")
ax.set_ylabel("Probability of obtaining heads")
plt.savefig(os.path.expanduser("~/Desktop/plotl.jpeq"), dpi=300, format = 'jpeg')

Enter number of games you want to play: 10
]: import random
number0fTrials = int(input("Enter number of trials: "))
resultOfExperiment = []
for x in range(numberOfTrials):
resultOfDiceThrow = random.choice(range(l,7))

resultOfExperiment.append(resultOfDiceThrow)
print("OutcomeOfExperiment is: ")
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And what you see here, that the probability of obtaining head is increasing. First it was 0, so
there was no head. And then increasing to 1 and then slowing coming down, again it is

increasing and then coming down, so it is really fluctuating.

So our probabilities are not really half or point 5 with these few trials. Let us some more time.

Let us do up to 100.
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And you see it is still, now pdinf 5 is somewhere here. It is still not there yet, still fluctuating

So let us do now 10000 times
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and you see that the probabilities has converged to the value of point 5. You can see that,

right. So this is the point 5 value
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Enter number of games you want to play: 10000

10

08

0.6

04

0.2 1

Probability of obtaining heads

00
and it as converged to point 5. After oscillating above and below point 5.

So you see this is called law of large number. We have done only 10000 times. We have not
done 10 to power 23 times, 10000 you know then you know 10 to the power 23 is almost like
million billion billon. Billion is 9, 9 9 18, 18 plus 6 is 10 to power 24.

So it will be almost like 10 to power 24. So million billion billion times if we do, you can

imagine that how almost accurate that probability will come to.

And that is the number that we deal with when we talk about glass of water or a cylinder of
gas. We do not talk about like 10000 particles. Of course we do simulations with 1000 to
10000 particles and still it comes out to be Ok.

So similarly let us do die throw. So now you know that there are 6 possibilities and each of

them has 1 by 6 probability, like 1, 2,3,4,5, 6.

If we throw the dice,
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let us say for 10 times or 50 times do you think we will get the probabilities of each of them

as exactly 1 by 6? We are going to do that the same way as we have done the coin toss using

our computer program.

However in this case we have all the 6 possibilities. You can again draw a random number
between 1 and 6, an integer random number and we can define each of them as 1, 2,3,4,5, 6
and you can calculate the statistics of it. And that is what we are going to show you in our

Python program.

Because only, because we are not really, want to throw a die a million times, it will take time.
And secondly we have powerful computer programming tools available in order to achieve

the same task in very short time.

So we will do that. See this is again a very small, you know simple Python program and I am
running that program. It is asking me number of trials. So I give 6 trials because, you know 6

trials are only required to get all of them as 1 by 6, right. So I give 6 trials and what do I get?

I get 2 times 1 as you can see here, I get 2 times 1,
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rint("Number of trials: ", numberOfTrials)
for j in range(1,7):
print("Number of occurrences of {:d}: {:d}, probability = {:.3

Enter number of trials: 6
OutcomeOfExperiment is:
4, 3,5 1,1, 6

Number of trials: 6

Number of occurrences of 1: 2, probability = 0.333
Number of occurrences of 2: 0, probability = 0.000
Number of occurrences of 3: 1, probability = 0.167
Number of occurrences of 4: 1, probability = 0.167
Number of occurrences of 5: 1, probability = 0.167
Number of occurrences of 6: 1, probability = 0.167

]: import numpy as np
import os
import matplotlib.pyplot as plt

I get 0 times 2, so in my 6 trials there was no 2,1 getonly 1 times 3, and I get only 1 time 4, 1

time 5, 1 time 6. So although these probabilities came fine,
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rint("Number of trials: ", numberOfTrials)
for j in range(l,7):
print("Number of occurrences of {:d}: {:d}, probability = {:.3

Enter number of trials: 6
OutcomeOfExperiment is:
4,3,5, 1,1, 6

Number of trials: 6

Number of occurrences of 1: 2, probability = 0.333
Number of occurrences of 2: 0, probability = 0.000
Number of occurrences of 3: 1, probability = 0.167
Number of occurrences of 4: 1, probability = 0.167
Number of occurrences of 5: 1, probability = 0.167
Number of occurrences of 6: 1, probability = 0.167*

]: import numpy as np
import os
import matplotlib.pyplot as plt

which is supposed to be poiﬁt 16 -7, this and this did not come correctly.

Let us then increase it and make it 100 times.
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rint ("Number of trials:
for j in range(l,7):
print("Number of occurrences of {:d}: {:d}, probability = {:.3

', numberOfTrials)

Enter number of trials:
OutcomeOfExperiment is:

100

31 2! 6! 6r 5r ]-r Sr ]-r 5r 5: lr 6; 4; 6; 4,— 5, l, 6, 4, 5, 3, 6,
6, 3,3, 2,1, 6,5 2,4 4,6, 6, 6,3, 3,5 2,2, 5 5 3,6,
1, 6,2, 4,2,3,4,5,2,2,5,2,3,3,2,5,3,5,4,6,6,6
Number of trials: 100

Number of occurrences of 1: 8, probability = 0.080

Number of occurrences of 2: 17, probability = 0.170

Number of occurrences of 3: 19, probability = 0.190

Number of occurrences of 4: 16, probability = 0.160

Number of occurrences of 5: 20, probability = 0.200

Number of occurrences of 6: 20, probability = 0.200

]: import numpy as np

And what do I get? Again as you can see, none of the probabilities came out to be right.

Because in 100 times I should have around 16, 16 point some times, 16-17 times right

And you can see, number of occurrence of 1 only 8, much, much less than expected; 2, 17,

very close to what we expect, and then 3,4, 5 and 6 all came a little
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Enter number of trials: 100
OutcomeOfExperiment is:
3! 2! 6! 6! 5! 1' 5!’ 1!’ 5!’ 5!‘ ll‘ 6!‘ 4! 6! 4! 5! 1! 6! 4! 5' 3' 6'
6! 3! 3! 2f ]'f 6! 5! 2' 4' 4!’ 6!’ 6!’ 6!’ 3!’ 3!’ 5! 2! 2! 5' 5' 3' 6'
1, 6,2, 4,2,3,4,5 2,2,5 2,3,3,2,5 3,5 4,6,6,6
Number of trials: 100
Number of occurrences of 1: 8, probability = 0.080
Number of occurrences of 2: 17, probability = 0.170
Number of occurrences of 3: 19, probability = 0.190
Number of occurrences of 4: 16, probability = 0.160
Number of occurrences of 5: 20, probability = 0.200
Number of occurrences of 6: 20, probability = 0.200
]: import numpy as np
import os
import matplotlib.pyplot as plt
import random

SR

alaiui.

bit large, little bit more than the number, right. Because we did only 100 times.

Now let us do 10,000 times. 10,000 times is Ballpark number by the way. You can do more
than that.
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resultOfExperiment.append (result0fDiceThrow)
print("OutcomeOfExperiment is: ")
print(", ".join([str(x) for x in resultOfExperiment]))
print("Number of trials: ", numberOfTrials)
for j in range(1,7):
print ("Number of occurrences of {:d}: {:d}, probability = {:.

Enter number of trials: 10000
OutcomeOfExperiment is:

1,5, 2,5 6,4,56,4,2,1,2,4,5,3,5,6,5,6,4, 4, 4,
4,2,1,1,3,5 2, 4,5,5,6,5,6,2,6,2,1,6,3,5,4, 2,
2,4,6,3,51,5 41,5 1, 4,5,5,2,2,4,5,1, 2,3, 2,
1, 6, 3, 4, 3,3, 6,3,6,2,1,6,6,4,2,4,1,2,5, 6,4, 3,
1,6,2,52, 1,3, 3,3, 4,6,2,1,1,2,5,4,3,5,1, 1, 5,
2,3,1,3,3,2,3,3,6,4,6,2,3,3,5 2,5 6,5 1, 6, 4
3,551,2,52,41,1,1,1, 4, 4,1,2,2,2,1,6, 6, 5,
1, 1,55 4, 4,1, 4,5, 4,5, 1,2,5,5,4,3,4,1,5,3,6,
1,5 6,1,1,5,6,52,3,53,1,1,6,6,3,5,1,2,1,5,

;
And these are the outcomes that you got. As you can see 1, 5, 2 these are the outcomes that
you got. And at the end of our outcome we will have the probabilities which we mention

here.

Now you see most of the
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1,1,1,1,3,31,2,2,1,51,1,5/2,1,42,1,3,3,2,6,1,5, 4
3,3, 4,3, 2,1,4,6,2,41,3,1,3,5/1,4,2,2,4,2,6,4,3,1,5
2,1, 2,4, 4,6,5 4,4,5/1,6,56,6,6,3,4,1,3,5 4, 4,6,4,1
4,6,51,2,2,3,6,6,2,45,4,5/6,1,6,2,6,2,2 4,4,1,4,3,
2,1, 4,4 1,4,1,5,5/ 1,3, 3 55,1,3,6,6,5, 5 2,6, 1,5 3, 6
4, 4,6, 4,5,5/3,2,3,2,3,2,2,2,41,6,1,2,5/5 5 6,3, 5,3,
6,3, 6,6,2, 5

Number of trials: 10000
Number of occurrences of 1: 1691, probability = 0,169
Number of occurrences of 2: 1701, probability = 0.170
Number of occurrences of 3: 1634, probability = 0.163
Number of occurrences of 4: 1616, probability = 0.162
Number of occurrences of 5: 1644, probability = 0,164
Number of occurrences of 6: 1714, probability = 0.171

In [14): import numpy as np
import os
import matplotlib.pyplot as plt
import random
def trials(N):
arr=[]
for i in range(N):
seq=[1,2,3,4,5,6]
a=random.choice(seq)
b=random.choice(seq)
Y=at+b

probabilities are very close to point 1 6 7; point 1 6 9, point 1 7 0 and things like that. Now if
you want to be more accurate, so this is nothing but 10000 times right, if I want to be more

accurate let us do 100,000, 100,000 times.
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This was superfast and let us see what we got at the end of the program.

You can pull it down. Now you see, with 100,000 we got up to second
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1, 1,1,1,3,3,1,2,2,1,5 1,1,5 2,1, 4 2,
3,3, 4,3,2,1,4,6,2,41,3,1,3,5 1,4 2,
2,1,2,4,4,6,5 4, 4,5/1,6,56,6,6,3, 4,
4, 6,5 1,2, 2,3,6,6,2, 4 54,5 6, 1,6, 2,
2, 1,4, 4,1, 4,1,5/5,/1,3,3,55,1,3,6,6,
4,4,6,4,5,5/3,2,3,2,3,2,2,2,4,1,6,1,
6,3, 6,6,2, 5

Number of trials: 10000
Number of occurrences of 1
Number of occurrences of 2
Number of occurrences of 3
Number of occurrences of 4:
Number of occurrences of 5
Number of occurrences of 6

In [14]: import numpy as np
import os
import matplotlib.pyplot as
import random
def trials(N):
arr=[]
for i in range(N):
seq=[1,2,3,4,5,6]
a=random.choice(seq)
b=random.choice(seq)
Y=a+b

decimal place correctly; point 166,167,167,168,165, and point 1 6 7. So now we see

: 1691, probability = 0.169

:+ 1701, probability = 0.170
: 1634, probability = 0.163

1616, probability = 0,162
: 1644, probability = 0.164
: 1714, probability = 0.171

plt
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that only by 100, 000; 100,00 is nothing but 10 to the power 5 only.

We have not reached even a billion thing, we have to go to million billion billion. And you

can imagine how accurate those probabilities will be when we talk about molecules,

molecular systems, Ok.

oo e o

wWooy W e



So this is the, this is to show you that the statistics will work right when we deal with atoms
and molecules for representing the bulk system. It will work out right because it is even
working in just 100, 000 trial runs. But it did not when we had very small number of

molecules.

So it will be very helpful later on to think that whenever we have doubt on the statistics you
imagine that law of large number will play a big role in determining that what will be the

outcome of the event.

(Refer Slide Time: 14:18)

> 0 O lcahost ﬁg@,uh}z-lﬁ-ﬂo

* B ] ] -] B B . R -]
4,1,4,1,2,51,6,3,3,1,54,4,6,6,2,53,61,656,53,53,3,23,1
3,1,565,3,53,3,6,3,226,61,6,52,2,1,3, 642,66 1,3,1,62,2
3, 6,4, 1,1, 4,4,5,5 3,43,6,6,1,5,2,61,2,35,21,55,3 11,2216
1,3, 2,2,3,3,6,55,6,4,4,4,3,3,5,3,5/6,2,4,6,1,2,1,1,5,3,4,3,3,2
,1,1,5,1,5,6,3,2,313,5/,6,1,2,2,5,2,5,16,3, 245,55 265 1,5
3,2,1,6,4,3,4,1,6,5,4,5,1,5,5,3,2,2,3,5,2,51,1,1,6,3,435,2,6°5
3,2, 3, 6,5 2,1,5 4 2, 41,1, 1,3,6,55 42, 1,3 3 1,5 3,3, 2, 3,6 2, 4
3,2,1,2,2,2,2,35,52,3,5/5,3,6,6,3,4,4,6,3,1,1,4,6,2,2,2,3,4313
3,4,3,5/5,5 2 6,2,66,3,4,3,2,514,2,3,4124,6,2,36,55 223,35
2, 3,5, 2,2,5 3, 4, 6,2, 1,4, 3,4, 2,2,3, 1,3, 4 3, 2,4 6,1,1,6,5,1,3,4,3
4,6,6,4,3,6,3,3,4,1,3,1,2,2, 4,48 6,3,6,2,2,523,3,1,41,2,6, 58,3
1,4,3,1,4,3,2,3,6,4,5°5,56,6,4,1,6,1,3,6,2
Number of trials: 100000
Number of of 1: 16640, probability = 0.166

Number of occurrences of 2: 16704, probability = 0.167
Number of occurrences of 3: 16706, probability = 0.167
Number of occurrences of 4: 16757, probability = 0.168
Number of occurrences of 5: 16508, probabilityl= 0.165
Number of occurrences of 6: 16684, probability = 0.167

In [14]): import numpy as np
import os
import matplotlib.pyplot as plt
import random
def trials(N):
arr=()
for i in r

a=random.choice(seq)
berandam_chaica(aam)

Now we will switch back to

(Refer Slide Time: 14:22)

Combining Probabilities: “AND™ probability multiplies




little bit more probability calculations, so we have just saw simple events; simple events
meaning either getting 1, 2 and things like that out of a die, head and tail out of the coin

throw. Now you can combine and show that how AND probability multiplies.

Remember I told you about multiplication of the microstate just now. We said that if you have
W microstates for one system and W for the other system then the combined system will have

W into W which is W square.

Where does it come from?

(Refer Slide Time: 14:50)

Combining Probabilties: “AND” probability multiplies

1. What is the probability of getting a "4" in first throw and a “6" in the second throw?

We will be clear here. So what is the probability of getting a 4 in the first throw and, look at

this and, I am talking about and probability is not it? Here also there is



(Refer Slide Time: 15:01)

Combining Probabilities: “AND" probability multiplies

1. What is the probability of getting a "4” in first throw and a "6" in the second throw?

an and here.

So what is the probability of getting 4 in the first throw and a 6 in the second throw?

(Refer Slide Time: 15:08)

Combining Probabilties: “AND" probability multiplies

1. What is the probability of getting a "4” in first throw and a “6" in the second throw?

P(X&Y) = P(X)P(Y)

It is probability of getting X and Y, is P X



(Refer Slide Time: 15:14)

Combining Probabilities: “AND" probability multiplies

1. What is the probability of getting a "4” in first throw and a *6" in the second throw?

P(X&Y) = PN)P(Y)
fite =

and we multiply it by P Y.

However again we are assuming that these are independent events. That means getting a 4 in
the first throw does not affect anyway the next outcome of the die throw. They are all

independent just like coin throw.

So we know the probability of X, right, that is 1 by 6 and the probability of Y is also 1 by 6.
Therefore probability is 1 by 36.

(Refer Slide Time: 15:40)

Combining Probabilties: “AND" probability multiplies

1. What is the probability of getting a "4 in first throw and a “6" in the second throw?

P(X&Y) = P(X)P(Y)
il —
The above is true for independent events where the outcome of the first experiment does not
influence the second one. So, the probability P for the above is = 1/6* 1/6 = 1/36
e A

W

So similarly what is the probability of getting 2 heads into a row, half into half 1 by 4, 3

heads in a row, half into half into half.



So what is the probability that I will get 10 heads in a row? So that means first toss 10 and
second toss 10 and, sorry first toss head and second toss head and third toss head and fourth
toss head and fifth toss head, like that up to tenth toss head to be 1 by 2 to the power 10.

So and probabilities multiple. So that is why. What is the probability of getting W microstate
for a system and W microstate for the second system is W into W. That is why we had the W

square.

(Refer Slide Time: 16:23)

Combining Probabilities: “AND" probability multiplies

1. What is the probability of getting a "4” in first throw and a “6" in the second throw?

P(X&Y) = P(X)P(Y)
il c—
The above is true for independent events where the outcome of the first experiment does not

influence the second one. So, the probability P for the above is =1/6 * 1/6 = 1/36
e

2. What is the probability that you will get “6” three times in a row? P = (1/6)°= 1/216

Now what is the probability that we will get a 6 three times in a row? As I said it will be 1 by
6 to the power 3.

(Refer Slide Time: 16:29)

Combining Probabilities: “AND" probability multiplies

1. What is the probability of getting a "4” in first throw_gn_g a 6" in the second throw?

P(X&Y) = P(X)P(Y)
fiff ==
The above is true for independent events where the outcome of the first experiment does not

influence the second one. So, the probability P for the above is =1/6 * 1/6 = 1/36
e N e

2. What i the probability that you will get “6” three times in a row? P = (1/6)*= 1/216

3. What if the probability is not independent?

What if the probability is not independent?



So if the probabilities are not independent then the first outcome will affect the second one.
However and will still multiply; and will multiply however it will not be the same value. It

will not be 1 by 6 like when you had for the dice throw.

We will give an example.

(Refer Slide Time: 16:49)

Combining Probabiltties: “AND" probability multiplies

1. What is the probability of getting @ "4” in first throw and a “6" in the second throw?
P(X&Y) = P(X)P(Y)
i 2iatey

The above is true for independent events where the outcome of the first experiment does not

influence the second one. So, the probability P for the above is = 1/6* 1/6 = 1/36
~ e A~

2. What is the probability that you will get “6” three times in a row? P = (1/6)*= 1/216

3. What if the probability is not independent?

What is the probability that drawing from a deck of cards, we get two hearts in a row?

What is the probability that drawing from a deck of cards we get 2 hearts in a row? Now we
know that if you know about the cards there are total 52 cards. Out of which there are 13
hearts, Ok.

(Refer Slide Time: 17:04)

Combining Probabilties: “AND" probability multiplies

1. What is the probability of getting a "4” in first throw and a “6" in the second throw?
P(X&Y) = P(X)P(Y)
et

The above is true for independent events where the outcome of the first experiment does not

influence the second one. So, the probability P for the above is = 1/6* 1/6=1/36
e A

2. What is the probability that you will get “6” three times in a row? P = (1/6)*= 1/216
3. What if the probability is not independent?

What is the probability that drawing from a deck of cards, we get two heartsinarow? 5% Mj
1% fqyuth

So what is the probability that you will get 2 hearts in a row?
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Combining Probabilties: “AND” probability multiplies

1. What is the probability of getting a "4” in first throw_a_ng 6" in the second throw?
P(X&Y) = P(X)P(Y)
T

The above is true for independent events where the outcome of the first experiment does not

influence the second one. So, the probability P for the above is =1/6 * 1/6 = 1/36
v e~

2. What is the probability that you will get “6” three times in a row? P = (1/6)°= 1/216

3. What if the probability is not independent?

What is the probability that drawing from a deck of cards, we get two heartsinarow? 52 Mj
S 13 hearts

13

So you have to get the first heart. What is the probability? It will be 13 by 52.
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Combining Probabilties: “AND" probability multiplies

1. What is the probability of getting a "4” in first throw and a “6" in the second throw?
P(X&Y) = P(X)P(Y)
fif ==

The above is true for independent events where the outcome of the first experiment does not

influence the second one. So, the probability P for the above is =1/6 * 1/6 = 1/36
e e

2. What is the probability that you will get “6” three times in a row? P = (1/6)3= 1/216

3. What if the probability is not independent?

What is the probability that drawing from a deck of cards, we get two heartsinarow? 5% Mi
J.m— M/ % 13 heav

For the second heart, I can only select out of 51 cards because there is only 51 cards left, and

there is only 12 hearts left
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with that.

Combining Probabilities: “AND™ probability multiplies

1. What i the probability of getting a "4™ in first throw and a “6" in the second throw?
P(X&Y) = P(X)P(Y)
ot dL08

The above is true for independent events where the outcome of the first experiment does not
influence the second one. So, the probability P for the above is =1/6* 1/6 = 1/36
Ll BV e

2. What is the probability that you will get “6” three times in a row? P = (1/6)3= 1/216

3. What if the probability is not independent?

What is the probability that drawing from a deck of cards, we get two heartsinarow? 52 c"mﬂ

o, = = 1% hearbs
Lo b, F X 5
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Combining Probabilities: “AND™ probability multiplies

1. What i the probability of getting a "4 in first throw and a “6" in the second throw?
P(X&Y) = P(X)P(Y)
bikud 1108
The above is true for independent events where the outcome of the first experiment does not
influence the second one. So, the probability P for the above is = 1/6* 1/6 = 1/36
e A

2. What i the probability that you will get “6” three times in a row? P = (1/6)*= 1/216

3. What if the probability is not independent?

What s the probability that drawing from a deck of cards, we get two hearts inarow? 5% c’m’tj

1312 _ 156 12 hearts
——X—= —
Here, P = X & = 20w

So as I said 13 by 52 multiplied by 12 by 51 giving



(Refer Slide Time: 17:40)

Combining Probabilities: “AND" probability multiplies

1. What is the probability of getting a "4” in first throw and a "6" in the second throw?
P(X&Y) = P(X)P(Y)
padldton

The above is true for independent events where the outcome of the first experiment does not
influence the second one. So, the probability P for the above is =1/6* 1/6 = 1/36
Ll o B i

2. What is the probability that you will get “6” three times in a row? P = (1/6)3= 1/216
3. What if the probability is not independent?

What is the probabitthat drawing from a deck of cards, we get two hearts inarow? 52 Mj
Here, P=2x 2 1% hearfs
A

13

us 156 by 2652. So here the probabilities are not independent however the multiplication

came because we wanted an and condition. So as I said here, probabilities multiply but both

probabilities were not

(Refer Slide Time: 17:54)

equal.

Combining Probabilities: “OR™ probability adds

Now let us talk about or probability; or probability adds.
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Combining Probabilities: “OR” probability adds

1. What is the probability of getting a "4” or “6” in the throwing of dice?

\' | .‘ o

What is the probability of getting a 4 or 6? See we want 4 or 6. Either of them will be Ok for

us. 4, or 6 in the following, in the throwing of a dice.

(Refer Slide Time: 18:11)

Combining Probabilities: “OR” probability adds

1. What is the probability of getting a "4” or “6” in the throwing of dice?

PIX|Y)=P(X) + P(Y]=:‘-+%:§

So we put that this sign as an or sign. So X is getting a 4 and y is getting a 6. Soitisax ory,

will be added up; P X plus PY. 1 by 6 plus 1 by 6 is 2 by 6.

And you can understand why. Because let us say in your sample space you have 1,2,3,4, 5

and 6. You want either 4 or 6
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Combining Probabilities: “OR” probability adds

1. What is the probability of getting a "4” or “6” in the throwing of dice? v
%uggmgf
2

P(X|V)=P(X)+ P(Y):;-+%=6_

a8
i

whichever is fine. So if you throw you get a 4, or if you get a 6, it is Ok for you.

So it means that we have to add up those probabilities. Because now this, this is 2 out of 3, 2
out of 6 that we are talking about. And that came because each of them has 1 by 6, 1 by 6
probability.

So what is the probability that we get 1 or 2 or 3 or 4 or 5 or 67 1, because we will get either

of one of them. So what is

(Refer Slide Time: 19:09)

Combining Probabilties: “OR” probability adds

1. What is the probability of getting a "4” or “6” in the throwing of dice? v
1,%,3,454
1,1_2 r\_j'
P(Xll") =P(XJ+ P(”=E+E=G-
2. What is the probability that in the tossing of two coins either the first one or the second one will
be head?

the probability of tossing 2 coins, that in the tossing of 2 coins either the first one or the

second one will be head?



See here also there is or here. Either the first one, so we know tossing the two coin, what will

happen? What are the possibiliities? H H, H T, T H and TT, these are all 4 possibilities, total.

So I am saying what is the probability of tossing 2 coins, in tossing 2 coins the first one or the
second one, so first one comes head 2 times. Second one comes head 1 time. So there are 3

out of 4 possibilities. How do I get that?

We can get that exactly

(Refer Slide Time: 19:49)

Combining Probabilties: “OR” probability adds

3,454

1. What is the probability of getting a "4” or “6” in the throwing of dice? % |2 v \}
el
~_r

PICIY)=POO)+ P(Y) = 4:=>

2. What is the probability that in the tossing of two coins either the first one or the second one will
be head? \,j:ﬁ 7 =

T —
HH, HT, TH, TT \/ﬁ} Y

TT

here. So this 2 and this 1 all belong to the condition above. So we say

(Refer Slide Time: 19:54)

Combining Probabilities: “OR” probability adds

1. What is the probability of getting a "4” or “6” in the throwing of dice? v
% 1,%,3,454
~_r

PIX|Y)=P(X) + P(Y):;—+%=§-

2. What is the probability that in the tossing of two coins either the first one or the second one will
behead? 7 il

—

v AT
KI—LH'ETHTF@ Y

Wb ds 1 3
PIK|Y)=P(X)+ P(Yf=c47=2




that P X or Y, so P X has the possibility 2 by 4, P Y which means head comes later has only
possibility so it is 1 by 4 giving us 3 by 4.
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Combining Probabilities: “OR” probability adds

1. What is the probability of getting a "4” or “6” in the throwing of dice? v
% ,%,3,4954
PXIN=P()+ P(Y) =141t S

2. What is the probability that in the tossing of two coins either the first one or the second one will

behead? g 4 q 2
v e
Wi i T\I{W\Iﬁ Y

P
PIX|V)=PUX)+ P(Hf=247

So I can do both the ways. You see,
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Combining Probabilities: “OR” probabilty adds

3,454

1. What is the probability of getting a "4” or “6” in the throwing of dice? % | o v ‘}
2l
PXIN=P()+ P(Y) =41t e

2. What is the probability that in the tossing of two coins either the first one or the second one will

-

behead? q

v T [ —
Mt T T o
il

PO |Y) = P(X)+ P(Y =§+§®

so I calculated the individual possibilities, or I count all the possibilities like I did in this case.
I counted that, in order to satisfy this above condition how many such events are there. So I

am giving a different name for that.

Let us say, I am saying that it is P X prime. P X prime means either
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Combining Probabilities: “OR” probability adds

1. What is the probability of getting a "4” or “6” in the throwing of dice? v
% AT
~r

PIXIY)=P(X)+ P(N) = +:=12

2. What is the probability that in the tossing of two coins either the first one or the second one will

-

be head? /

—_—

2
P/I-Lﬁ{T\I{TT\;/ﬁ Y

L
P(RIY)=P()+ P(Hf =245

first one or second one. So there I do not have to add. I straightaway calculate that it is 3 and

out of 4 possibilities.

Or I break that into 2 individual events. In one event I say that first one is head. Another one I
say that second one is head. And I add those two events probability, events probability and I
get this probability. Is this part clear? Right.
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Combining “AND™ and “OR” Probabilities

So now combining and and or, that is slightly more complicated.
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Combining “AND™ and “OR” Probabilities

1. Throw two normal six-sided dice. What is the probability of rolling a “8” (as the sum of the
outcome from each dice)?

Throw 2 normal 6-sided dice, what is the probability of rolling a 8 as the outcome of each

dice?

Now you see, as I said that with one dice you cannot get 8. However if we throw 2 dice and

calculate the sum of the outcome then we can get anywhere from 2 to 12.

Why 2? Because the smallest number is 1, so 2 dice, 1 plus 1 will be 2. So minimum it has to
be 2. What is the maximum? Say both of them come 6. 6 by 6 12. So it can be anywhere
between 2 and 12.

Now in that I am asking, so what are the outcomes that is possible for 2 dice? So
2,3,4,5,6,7,8,9,10, 11, 12; these, any of these possibilities are there. And I am asking what is
the probability of getting
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Combining “AND™ and “OR” Probabilities

1. Throw two normal six-sided dice. What is the probability of rolling a “8" (as the sum of the

outcome from each dice)? ila 3; "!,S;ﬁ/ 7_} g}ﬂ} l0) ”’m}
WA

Now here you see you cannot simply do 8 by 1, 2, 3.4, 5,6, 7, 8,9, 10, 11. 8 by 11 you
cannot do. Why? Because there are more number of ways of getting 8. This is only possible if
2 dice are indistinguishable. You do not care about throwing 2 dice and all. You just happen

to place those dice.
But here we are talking about first die versus second die; first dice versus second dice. So
therefore they are distinguishable dice. And we have to see that how many possible ways we

can get the 8. So we can do this 2 ways.

One way is by calculating all possibilities, which means that
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Combining “AND™ and “OR” Probabilities

1. Throw two normal six-sided dice. What is the probability of rolling a “8" (as the sum of the

outcome from each dice)? il, ¥ Y, Sk, 7./ Q)GPJ [0) 1 ,M}»
WA

Two ways:
a. By calculating all the possibilities

(number of ways to roll 8" =5 { (2,6), (3,5),(4,4), (5,3), (6,2)} [As you can see, we have taken the
dice to be distinguishdble |

number of ways to roll an 8 is either we roll 2 6, that is first dice is 2 and second dice is 6. Or
you roll 3 5 or you roll 4 4 or you roll 5 3 or you roll 6 2. We roll any of these 5, we will get

an 8.

So we know all, you know 5 ways of getting a 8

(Refer Slide Time: 22:54)

Combining “AND™ and “OR” Probabilities

1. Throw two normal six-sided dice. What is the probability of rolling a “8" (as the sum of the

outcome from each dice)? iL! 3; '-’!,S;.é; 7./ 8)‘:?} [0) 1 ,M};
w

Two ways:
a. By calculating all the possibilities

(number of ways to roll “8” = 5{ (2,6), (3,5), (4,4), (5,3, (6,2)} [As you can see, we have taken the
dice to be distinguishable |

Total number of outcomes = 6x6 = 36

and what is the total number of outcomes? Total number of outcomes is that my first dice can

be any of these 6
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Combining “AND™ and “OR” Probabilities

1. Throw two normal six-sided dice. What is the probability of rolling a “8” (as the sum of the

outcome from each dice)?
il, 3; l’hS;oC/ ?‘, g)orj [0) ”}m"“
Two ways: s =
a. By calculating all the possibilities ?ll 1} g/ Uy 5 S/ L

(number of ways to roll “8" =5 { (2,6), (3,5), (4,4), (5,3), (6,2)} [As you can see, we have taken the
dice to be distinguishable |

Total number of outcomes = 6x6 = 36

and my second die can be any
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Combining “AND™ and “OR” Probabilities

1. Throw two normal six-sided dice. What is the probability of rolling a “8” (as the sum of the
outcome from each dice)?
il! 3, lﬂfsi‘c/ 7} g)GPJ lU) ”’JQ'}O
Two ways: = o~

a. By calculating all the possibilities ?l L g/ b 3 S/ L LY 3; f1) SI[

(number of ways to roll “8” =5 { (2,6), (3,5), (4,4), (5,3), (6,2)} [As you can see, we have taken the
dice to be distinguishable |

Total number of outcomes = 6x6 = 36

of these 6; so which means I can take 1 from here and 1 from there.

I can take 1 from here, 2 from there; 1 from here, 3 from there; 1 from here, 4 from there; 1

from here, 5 from there and 1 from here, 6 from there.

So for 1 I have 6 possibilities. For 2 also I have 6 possibilities. For 3 also I have 6
possibilities. So for 6 of them I have 6 possibilities. Each of them I have 6 possibilities. So 6

into 6, total 36 possibilities are there.



You imagine that you throw a dice and you get any of these possibilities. You throw the
second die and you get any of these possibilities. So total possibilities of outcome will be 36.

Out of which only 5 will give you 8 as you mentioned here.

So we get 5 by 36.
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Combining “AND™ and “OR” Probabilities

1. Throw two normal six-sided dice. What is the prabability of rolling a “8" (as the sum of the

outcome from each dice)? iL! 3} '-’!,S;.é; 7./ 8}‘9?} [0) 1 ,JQ"O
Two ways: g B

a. By calculating all the possibilities il, y g/ u,5, g} () '1,3; L1) S/[

(number of ways to roll “8” = 5{ (2,6), (3,5), (4,4), (5,3, (6,2)} [As you can see, we have taken the
dice to be distinguishable |

Total number of outcomes = 6x6 = 36

Therefore, P(X = ﬁ)

But we now will use and and or ways of doing it. Thus the first way is done.
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Combining “AND™ and “OR” Probabilities

1. Throw two normal six-sided dice. What is the probability of rolling a “8" (as the sum of the
outcome from each dice)?
ila 3} l/”S/‘C/ 7./ g)arj lD) ”’JQ"O
WA
’\yaysz = E
“By calculating all the possibilities ?I 2, g/ u, S/ £ LY _g} 11) S/[

(number of ways to roll “8” =5 { (2,6), (3,5),(4,4), (5,3), (6,2)} [As you can see, we have taken the
dice to be distinguishable |

Total number of outcomes = 6x6 = 36

Therefore, P(X = 8)

Now second way.
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Combining “AND™ and “OR” Probabilities

1. Throw two normal six-sided dice. What is the probability of rolling a “8" (as the sum of the

outcome from each dice)? il, 3, Y, Sk, ?./ 8)‘9’; [0) (1 ,JQ"O

Two ways:
N;/cha\culating all the possibilities ?l, 2, 3/ L,;S/g} () '1,3; L1) S

(number of ways to roll “8" =5 { (2,6), (3,5), (4,4), (5,3), (6,2)} [As you can see, we have taken the
dice to be distinguishable |

Total number of outcomes = 6x6 = 36

Therefore, P(X = E)

b. By combining the individual probabilities (“OR” probabilities)

By combining the individual probabilities, or probabilities,
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Combining “AND™ and “OR” Probabilities

1. Throw two normal six-sided dice. What is the probability of rolling a “8" (as the sum of the

outcome from each dice)? il! 3,4,5L, 7./ Q)GPJ lo, 1 ,M"a
Two ways: .
N;?chilculating all the possibilities %\l, Z, 3/ D{;S/é} % () 'l,_g; L1, S/[

(number of ways to roll “8” = 5{ (2,6), (3,5), (4,4), (5,3), (6,2)} [As you can see, we have taken the
dice to be distinguishable |

Total number of outcomes = 6x6 = 36

Therefore, P(X = E)

b. By combining the individual probabilities ("OR” probabilities)
Py=PygtPyst Pyt PsztPs;

so what you say? That 8 can be obtained from either 2 or 6, or 3 or 5, see | am saying or; or 4

or4,or5or3or6and?2.Iamsaying or.

So I am adding up. But when I talk about 2 and 6,



(Refer Slide Time: 24:25)

Combining “AND™ and “OR” Probabilities

1. Throw two normal six-sided dice. What is the probability of rolling a “8” (as the sum of the

outcome from each dice)? il, 3, Y, Sk, 7./ 8)""’; [0) 1 ,JQ"c

Two ways: 5
Va./Byw calculating all the possibiliies ?l, 2,3,4,5, g}, L%3,4,5 4L
P4

(number of ways to roll “8" =5 { (2,6), (3,5), (4,4), (5,3), (6,2)} [As you can see, we have taken the
dice to be distinguishable |

Total number of outcomes = 6x6 = 36

Therefore, P(X = E)

b. By combining the individual probabilisias (“OR” probabilities)
Py P3‘5+P4.-|+Ps‘3+ Pez
o

— e —

then I am saying that this is P 2 multiplied by P 6.
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Combining “AND™ and “OR” Probabilities

1. Throw two normal six-sided dice. What is the probability of rolling a “8" (as the sum of the

outcome from each dice)? il! 3,4,5L, 7./ Q)GPJ lo, 1 ,M"a

Two ways: >
NAcalculating all the possibilities %\l] 1} g/ b F S/ L (, ']13; f1) il
P4

(number of ways to roll “8” = 5{ (2,6), (3,5), (4,4), (5,3), (6,2)} [As you can see, we have taken the
dice to be distinguishable |

Total number of outcomes = 6x6 = 36

Therefore, P(X = 8)

b. By combining the individual probabilitias ("OR” probabilities) ?ZG < f’Z_XE
P8P3‘5+P4.-I+PS‘3+P6,2
= e

15
Because I need 2 and 6 in order to get 8. So that is an add probability for each of them

whereas between of them there is or probability.

Now we know 2 6, how much, how many ways you can get. 1 by 36 ways, right?
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Combining “AND” and “OR” Probabilities

1. Throw two normal six-sided dice. What is the probability of rolling a “8” (as the sum of the

outcome from each dice)? il, 3, Y, Sk, 7./ 8)""’; lU) 1 ,JQ"O

Two ways:
m/iﬁwcalculating all the possibilities ?l, 2, 3/ L,;S/g}: () '1,3; L1) S/

(number of ways to roll “8" =5 { (2,6, (3,5), (4,4), (5,3), (6,2)} [As you can see, we have taken the
dice to be distinguishable |

Total number of outcomes = 6x6 = 36

Therefore, P(X = E)

b. By combining the individual probabilitiag (‘OR” probabilities) ?ZG = fz_xa
P8P3‘5+P4.4+P5‘3+P6,2 —
— e -

-

&

Because 1 by 6 into 1 by 6.
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Combining “AND” and “OR” Probabilities

1. Throw two normal six-sided dice. What is the probability of rolling a “8" (as the sum of the

outcome from each dice)? il! 3,4,5L, 7./ Q)GPJ lo, 1 ,M"a

Two ways:
\Acalculating all the possibilities ?l, , g/ Q;S/.é}a % ( '173; 11) S/[

(number of ways to roll “8” = 5{ (2,6), (3,5), (4,4), (5,3), (6,2)} [As you can see, we have taken the
dice to be distinguishable |

Total number of outcomes = 6x6 = 36

Therefore, P(X = E)

b. By combining the individual probabilitias ("OR” probabilities) ?1@ < fg_x Z
Pa:"uz‘s‘fpm‘hﬂs‘ﬁpaz ——
Each of these are, in tern are “AND” probabiliy— &— — <

x:.\-\

So each of them in turn are and probabilities.
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Combining “AND™ and “OR” Probabilities

1. Throw two normal six-sided dice. What is the probability of rolling a “8” (as the sum of the
outcome from each dice)?
il, 3; l’hS;oC/ 7‘, 8)0“ [0) ”)m""
WA
yays: 5
“By calculating all the possibilities ﬁl, )y ;/ u,5, g}, ) '1,3} f1) S/[

(number of ways to roll “8" =5 { (2,6, (3,5), (4,4), (5,3), (6,2)} [As you can see, we have taken the
dice to be distinguishable |

Total number of outcomes = 6x6 = 36

Therefore, P(X = E)

b. By combining the individual probabilsias (‘OR” probabilities) ?é < fZ_x E
Pa:"pz‘s‘*&.-ﬁps‘ﬁpaz 2
Each of these are, in tern are “AND” probability—= ¢ ~—
————1
Pog =Py + P

—_—

-

&

And how much, so I am given the example for that.
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Combining “AND™ and “OR” Probabilities

1. Throw two normal six-sided dice. What is the probability of rolling a “8” (as the sum of the

outcome from each dice)? (\'L‘ 3,14,5L,7%, 8)‘% lo, 1 ,J’Z};

Two ways:
y\,d./BwaEl\CUlatiﬂg all the possibilities ?I, 1’, g/ {,,)S},g} () 'lr_g; L1} < £
4

(number of ways to roll “8” =5 { (2,6), (3,5), (4,4), (5,3), (6,2)} [As you can see, we have taken the
dice to be distinguishable |

Total number of outcomes = 6x6 = 36

Therefore, P(X = E)

b. By combining the individual probabih!' (“OR” probabilities) ?ZG = ?Z_X E

Py o Pys+PyytPs3t Py
Each of these are, in tern are “AND” probhility~ ¢— ~— ~ o
— -

Pyg =Py *Pg ﬁ'
T = () + () 2+ (R =& ;
So therefore I can write P 8 as 1 by 6 into 1 by 6 giving us 2 6, this is P 2 6. This is P 3 5, this

isP44 ThisisP5 3, thisis P 6 2.

_
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Combining “AND™ and “OR” Probabilities

1. Throw two normal six-sided dice. What is the probability of rolling a “8" (as the sum of the
outcome from each dice)?
f2,3,4.5¢,%,89,0, 1,12}
WA
yﬁlys: b
By calculating all the possibilities ?IJ 1} g/ b 3 S} é} () ')13; £1) S/[

(number of ways to roll “8” =5{ (2,6), (3,5), (4,4), (5,3), (6,2)} [As you can see, we have taken the
dice to be distinguishable |

Total number of outcomes = 6x6 = 36

Therefore, P(X = 8)

b. By combining the individual probabilisias (‘OR” probabilities) ?é = ?Z-X E
PUZQP‘ES+P1.—l+PJR’P(),2 2 —
Each of these are, in tern are “AND” probabiliy= &— — < .
Pﬁé P}}' -_F:.?/_ﬁ:.r, =P P i - ﬁ
Thereore, s = ;) + () + xa) + (T o) =ae 5
3 41

Is it clear? So now combining all that we are also getting the same answer, 5 by 36.

This is just two way to show that how to calculate the and and or probabilities, how to
calculate in general the probabilities of multiple events which will be definitely useful in later

on when we talk about microstates and their distributions and arrangements

And calculations of the two probabilities as we have seen very, very, you know, just now
itself that we talked about multiplication. We talked about microstates of two different

systems.

So when you combine those microstates of two different systems it is like what is the number

of microstates for a dice?
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6. What is the microstate for another dice? 6.

Now what is the number of microstate for 2 dice? 36 because 6 possible ways of getting this,

6 possible ways of getting this and when combine that it will become 6 into 6 is 36.

So microstates are multiplicative. Entropies are additive. And that is why the 1 n function
came. So I am just reiterating whatever I said before, after giving this example. So now again
we will coming back to the same question that will this 5 by 36 you will observe in 1 or 2

dice? Or not.

So the thing is that, if we, if we really calculate the probabilities of getting a 2, how many
possible ways you can get it? How many possible ways you can get the 2? Only one possible

ways,
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that is correct. How many possible ways you can get 3?

So I will write the possibilities here. 1 1 that gives us

(Refer Slide Time: 27:01)

2. How many possible ways we can get 37 1 2 can give me 3 or 2 1 can give me 3. So 2

possible ways.
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So how many possible ways we can get 4? 1 3 will give me 4; 2 2; 3 1. Three possible ways.
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How many possible ways we will get 57 1 4,2 3,3 2; 14,2 3,3 2 and anything else? 4 1.
That is 4 by 36.
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,iljl}z
.0

ﬂlJ 3‘)) ) [2’0/}

), (9,63 s}

&

So we see any more possibilities? How many possibilities can we get 6? 1 5,24,33,42,5

1, 5 possibilities?
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(5), (24),(59), (e,
@,H}

How many ways you can get 6?7 7? We will see these 6 possibilities.
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%QM ! (2’2%(&’91 LH'OJ

(15),(24),(33), (1),
@,11}

I will not do that, and you can do that again. This is 5 possibilities.

(Refer Slide Time: 28:21)

o), (59), (3, LH.D}

(5), (24),(39), (e,
Q;,n}

I will just remove this side. And 9 will be 4,
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10 will be 3,
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11 will be 2
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and 12 will be again only 1 way.

So now if |

(Refer Slide Time: 28:45)

plot it, that probability, I will plot it, I will get, this is 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12.
Approximately I am plotting it.
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]

23456789 07IL

So the peak will be maximum for 7, I will just do this once more.

It will be 2, 3,4,5,6,7,8,9, 10, 11, and 12. So this is for 6 having

(Refer Slide Time: 29:38)

L3ystydaeun”

maximum probability of, like 6 times it will occur.

So 6 by 36 is 1 by 6, point 1 6 7 will be the maximum probability, itis symmetric along that.

So this is typically called probability mass function, probability mass function in which we

count the probability
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of all possible events.

So what is the most probable situation? 7. That means if roll it many, many, many, many,

many times you are going to see 7 more, 7 as outcome which is more in number than 2, Ok

and we are going to do the experiment here to show you exactly that.
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|

> @ locahost v @
arr.append(Y)
return arr
numberOfTrials = int(input('Enter number of trials: "))
Qutcome = trials(numberOfTrials)

print("QutcomeOfExperiment is: ")
print(", ".join([str(x) for x in OQutcome]))
print(“Number of trials: ", numberOfTrials)
for j in range(2,13):
print("Number of occurrences of {:d}: {:d}".format(j,Outcome.count(j)))
his = np.histogram(Outcome,bins=(2,3,4,5,6,7,8,9,10,11,12,13])

print(his)
fig, ax = plt.subplots()
offset = .013

plt.bar(his[1][12],his[0],width=0.7,color="grey", alpha=1)
ax.set_xticks(his[1][1:] + offset)

ax.set_xticklabels( ('2', '3', '4', '5','6','7','8",'9",'10", '11','12") )
ax.set_xlabel("Value of X")

ax.set_ylabel("Number of outcomes(X)")
plt.savefig(os.path.expanduser("~/Desktop/Histogram.jpeg"), format="jpeg', dpi=300)
plt.show()

Enter number of trials: 50
OutcomeOfExperiment is:

7, 9,5 10, 7,7, 3,7, 7,7,9, 9,17
6,8,53,7,8 17,8 10,17,6,3,5
Number of trials: 50

Number of occurrences of 2: 1

, 5, 6,10, 10, 6, 6, 2, 9, 6, 10, 8, 6, 8, 10, 5, 8,

'

So this is again a program that is there. And let us run the program. And put, how many trials

we need? At least 10-12 trials we need, right. So let us do it for 50. Just 50.

So it gave us
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C O localhost:8889/notebooks/Dropbox/NptelCourses/ChemicalPrinciplesil/Simulations-Animations/Probability.ipynb v @

plt.show()

Enter number of trials: 50

OutcomeOfExperiment is:

8,89,6,9,45,9,7,99,9,6,8,7,8,5,7,4,7,7, 4, 4,6, 6,8, 8, 4,10, 9,6,

4,9,10,3,8,8,5 7,87,10,5

Number of trials: 50

Number of occurrences of 2: 1

Number of occurrences of 3: 1

Number of occurrences of 4: 6

Number of occurrences of 5: 4

Number of occurrences of 6: 7

Number of occurrences of 7: 7
. Number of occurrences of 8: 1

‘ Number of occurrences of 9: 8

Number of occurrences of 10: 3

Number of occurrences of 11: 1

Number of occurrences of 12: 0

(array(( 1, 1, 6, 4, 7, 7,12, 8 3, 1, 0)), array(( 2, 3, 4 5, 6 7, 8 9,

s

@

S

X
v
g
E
6
g
5
8
%

the probability of 2, 3, 4, 5, 6, the occurrences it gave. So probability will be just these
occurrences divided by 50, Ok and these probabilities are plotted here.
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C @ localhost:3839/notebooks/Dropbox/NptelCourses/ChemicalPrinciplesil/Simulations-Animations/Prabablity.ipynb v @
Number of occurrences of J: 1
Number of occurrences of 4: 6
Number of occurrences of 5: 4
Number of occurrences of 6: 7
Number of occurrences of 7: 7
Number of occurrences of 8: 1
Number of occurrences of 9: 8
Number of occurrences of 10: 3
Number of occurrences of 11: 1 '
Number of occurrences of 12: 0

7

(array(( 1, 1, 6, 4, 7, 7,12, 8, 3, 1, 0)), array([ 2, 3, 4, 5, 6, 71, 8, 9,

Number of outcomes(X)
o

2 3 4 5 6 7 8 9 U DR
Value of X

Does it look like the one that I have drawn just now? Does it look like the one
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LEysejéamuin’
ﬁllr;ﬂ‘(‘

that I show here? Does it look like the one that I am éhowing here? No, right. Because we

have done only 50
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C O localhost
Number ot occurrences ot 3: 1
‘ Number of occurrences of 4: 6
Number of occurrences of 5: 4
Number of occurrences of 6: 7
Number of occurrences of 7: 7
Number of occurrences of 8: 1
Number of occurrences of 9: 8
Number of occurrences of 10: 3
Number of occurrences of 11: 1
Number of occurrences of 12: 0
7

(array(( 1, 1, 6, 4, 7, 7,12, 8 3, 1, 0]), array(( 2, 3, 4, 5, 6 7, 8 9,

;3 R

10

2 3 4 5 6 7 8 9 1 R
Value of X

times. Let us now do much more than that.

Shall I do 1000 times? OKk,
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ahost P

+ 40 ®0

= Bw aw L
print(“Number ot trials: °, numberOtTrials)
for j in e(2,13):

print("Number of occurrences of {:d}: {:d}".format(j,Outcome.count(q)))
his = np.histogram{Outcome,bins=11)
fig, ax = plt.subplots()

]
m

offset =

plt.bar(h J(1:],his[0],width=0.7,color="grey", alpha=1)
ax.set_xticks(his[1][1l:| + offset)

ax.set_xticklabels( ('2', ‘'3', '4', '5',"6','7','8",'9','10", '11','12") )

ax.set_xlabel("Value of X")

ax.set_ylabel("Number of outcomes(X)")
plt.savefig(os.path.expanduser("~/Desktop/Histogram. jpeg" ), format
plt.show()

="jpeg’ dpi=

Enter number of trials: 1000

OutcomeOfExperiment is:

11, 7, 11, 10, 10, 11, 9, 4, 7,8, 8, 7, 7, 6, 3, 8, 7, 7, 2, 10, 7, 6,3, 10,2, 2, 8,9
5, 4,6,7,46,7,9,6,519,7,6,85,77,6,8,8,7,6,17, 4, 10, 11, 10, 9, 8,
12,9, 11,7,9 48,7,7,6,3,8,55,5,4,5,7,12,1,1,7,86,8,8,8,5 5,8, 7
1,9,68,6,85,81,1,5,5,9,11,8,10,11,9,12,6,3,2,9,9, 9,64, 3,11, 4, 8
1,8,7,8 5 6,10,58,3,9,6,4,2,8,86,7,94,7,5 9,5 93, 67,7, 610,
7, 6,7, 7,5, 8,8, 10,5,10,8,2, 6,1, 11,7,5 7,7,10,9,8,9,7,10, 6,9, 10, 6, 9
1,9,8,9,8,7,7,10,7,7,8,8, 11,6, 9,7,3,11, 11,8, 7, 7,4, 8, 7,10, 9, 9, 8, 6,
6, 6, 4, 5,11, 10, 5,9, 9, 7,8, 6, 6,7, 7, 4,11, 11,3, 7,10, 10, 7,5, 6, 4, 4, 6, 12, 1
10,5, 9,9,6,5,4,5,3,5486,7,96,3,68,9,76,76,7,747,10,6,4,7,
3, 10,8,8,6,6,10,1,10,8,6,4,8,5,9,6,9,3,4,6,5,4,3,10,10,3,11,6,8,7
1,7, 86,9 9571,95 3,879939,364271797,9%1,9, 54106
5,9,8, 7,10, 7,12, 7,8, 7,5, 6,5 7,11, 4,11, 9, 6, 6, 5,4, 4, 4, 8,8, 7,5, 6,8, 7
10,5 4,8,5 7,9, 7,4 6,10, 10,6,9,6,12,9,6,2,8 6,87,97,4,6,45 7,8
4, 7, 8,17, 8,7,6,8,55,6,6,2,5 6,3,7,10,7,3,86,8,94,7,7, 11,9, 6 12, 5,
7, 6,5, 4,9,7,8,2,9,6,6,76,6,5, 5, 11, 11, 12,6, 2, 5, 6, 9, 10, 12, 9, 7, 8, 3,
5, 6, 10, 5, 11, 3, 6, 7, 4, 12, 11, 12, 11, B, 6, 2, 10, 10, 2,3, 9, 7, 7, 6, 10, 11, 7, 4, 7

8, 6,
2,9,

1000 times,
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* -] -] B B B = ] ] -]
Number of occurrences of 2: 29
Number of occurrences of 3: 39
Number of occurrences of 4: 81
Number of occurrences of 5: 115
Number of occurrences of 6: 143
Number of occurrences of 7: 167
Number of occurrences of 8: 141

Number of occurrences of 9: 120
Number of occurrences of 10: 79
Number of occurrences of 11: 62
Number of occurrences of 12: 24

2 3 4 5 8 9 0 10 B

Value of X

In (4): import random
from collections import Counter
from collections import OrderedDict

It is beginning to look like that, beginning; 1000 times. So let us do, there are how many, 11
outcomes, right, this is 2,3, 4, 5,6, 7, 8, 9, 10, 11, 12 no this is 2,3, 4, 5,6, 7, 8, 9, 10, 11, 12.
Yeah there are 11 outcomes, right. So let us do 11000. So that we expect somewhat (())
(31:53)
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ocalnost. L AB-40 ®0O
= - E =] i 1 2 Gl
LSULLUALALGLUAUR = LU, LU |
resultOfExperime: pend(result0f
print("OutcomeOfExperiment is: ")
pr ", ".join([str(x) for x in resultOfExperiment]))
("Number of trials: ", number0fTrials)
rrences of {:d}: {:d}, probability = {:. t(j,resultOfExperime|
resultQfExperiment
ECIE VLTI T Uy T P i PR P P VR PR T T FRr RN YRS VR PR VRS VRN TR VP VR RS TR VR T 11
6,5 2,53, 1,5 2,52 31,3613 44,63 431,343 1,45222]1
6,5 4,3, 3, 4, 4,3, 4, 1,3, 3,66, 1,5 1,1,6,2,2,3,3, 46, 3,2,625 5,3
1,1,2,6,4,2,6,4,4,1,3,1,3,1,4,2,6,2,46,55,5 2,56,6,5 3,1, 4,1
4,5/ 3,3, 3,46,1,6,3,1,2,1,6,5,2,4,42,1,3,3,63,33,3,26131¢6
4,2,1,6,2,2,4,5/2,2,6,2,1,1,6,2,51,2,2,6,6,1,1,1,3,6,3 6,5 6 2
6,3,6,35 2,5 1,6,4,5 2,2,56,1,6,6,6,1,1,3,4,3,5,5,2,6,4,2,3,3
3, 4,515 1,6,6,3,6 1,5 1,2 4,6,6,4,3,1,4,4,6,4,2,4, 4,52, 2,55
4,1,1,4,2,3,5 2,1, 4,1,5 2, 6,6,4,6,3,2, 4,4 6,2,3,3,53,3,43,1,2
2,2,3, 2,4, 2,4, 4,5, 1, 2,4, 3,5 6,6,4,4,5,1,4,2,1,1,6,6,4,6,5,6,4,3
1,2 551,1,6,31,1,5,5 4,1,6,6,1,4,1,6,2,4,6,4,6,1,4,5,1,6,3, 4
2,1,4, 41,4, 2,6,1,1,6,2,2,56,1,3,3,4,1,4,56,2,5 425 255 61
2,5 1,35,5/5,4,1,4,6,4,6,4,3,5,5,6,4,3,3,6,4,3,6,1,5,4,2,2,6,3
5,5 2,3, 1,6,41,1,5,2,2,1,6,4,5,5,3,2,3,6,3,46,1,4,6,1,1,2,4,2
2,1,6,3,5 4,3,3,1,6,4,5,5,4,3,46,3,1,2,1,2,1,3,44,1,5,5,5 2,5
4,1, 4,1, 4,5, 4,1,1,1,1,52,2,2,6,2,1,6,1,3 2,5 4,5 2,3 1,5 6,4,
5,4,56,5,2,3,65,1,1,5/4,2,3,4,5,1,3,4,2,4,5,3,5,3,5 6,22 41
4,2,1,3,2,1,5,4,5,3,2,6,1,6,4,3,1,1,5,6,6,56,4,56,1,4,3, 4,4, 4
6,5 4, 6,5 5 4 5,6,561,51,3 64,423,213 1,1,3 41,266 1,23
3,4, 2,5, 1,5, 4,5,45,1,4,4,6,1,3,1,1,1,3,5,1,4,3, 2,2 6,6,%66,1, 14
In (13): import numpy as np
import os
© locahost * AaBeto @0
. & B B e = a &
R T U P | L3 A MR L LTS )
resultOfExperiment |
for x in ra nunberOfTrials):
resultOfDiceThrow = random.choice(range(1,7))
resultOfExperiment . append(result0fDiceThrow)
"OutcomeOfExperiment is: ")
, ".join([str(x) for x in resultOfExperiment]))
Humber of t + ", number0fTrials)
for j in (T
print("Number of occurrences of {:d}: {:d}, probability = {:.3f}".format(j,resultOfExperime

I ran the program now

4,5 4,2,3,2,3,1,2,3,6,2,6,4,4,1,5,3,6,2,2,
1, 6,1, 1,4,5,6,5 4, 6,4, 4,6,4,3,6,2,5 5 2,2,
5, 6,8,3,2,51,2, 1,2, 4,4, 2,2, 4,2,3,1,5,3,2,
5, 1,5 6,3,4,6,3,2,3,4,6,4,3,4,5,4,6,6,4,1,
4,4, 1,4, 4,4, 2,6,6,6,2,3,5 651,335,265,
2,3,2,3 1, 4,6,5,3, 5/ 4,6,4,3,6 1,65 3 45,
5,1, 2,3,2,6,3,6,1, 36,543 1,515 3 1, 6
4,3, 43,51, 4,1, 2,2,1,5 1,3, 3, 4, 41,2,1,5,
6,1, 6,3, 51,5, 6,5 6,3,5,3,4,6,6,5,3,1,2,1,
3,5514,21,1,5 535 1,1,2,2, 2,3, 1, 3, 3, 4
3,2,2,2,6,5/ 4,6,6,5 1,43, 1,1,1,2,4,1,6,3,
1,45,6,1,1,1,1,6,3, 41,3, 1,6 5,51

Number of trials: 11000

Wumber of occurrences of 1: 1865, probability =

Mumber of occurrences of 2: 1848, probability =

Number of occurrences of 3: 1839, probability =

Number of occurrences of 4: 1865, probability

Number of occurrences of 5: 1823, probabilit

Number of occurrences of 6: 1760, probability =

resultOfExperiment
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) kearest v U QBedo 0

I |".\4|;:rber of occurrences of {:d}: {:d}".f
his = np.histogram(Outcome,bins=11)
fig, ax = plt.subplots()

offset = .013

plt.bar(his[1)[1:],his[0],width=0.7,color="grey", alpha=1)
ax.set_xticks(his[1](1:] + offset)

ax.set_xticklabels( ('2', '3‘, '4', 'S',"6','7','8','9','10", '11','12") )

ax.set_xlabel("Value of X")

ax.set_ylabel("Nunber of outcomes(X)")

plt.savefig(os.path,expanduser  ‘~/Desktop/Histogran. jpeg"), format="jpeg' ,dpi=300)
plt.show()

Enter number of trials: 11000

OutcomeOfExperiment is:
6,7,4,6,55,7,3,4,9,9,8,5,11,4,9,7,8,10,3,3,6,12,9,8,6,11,8, 7,6 4
10, 4, 6,6,7,5 3,4,5,7,53,71,6,59,3,8,6,8,3,8 6,6,6 11, 8, 2, 5, 8,
1, 10, 11, 6, 9, 6, 10, 7, 4, 8, 9,5, 7, 7, 8, 4 7, 7, 6, 6, 10, 9, 9, 5, 6, 4, 10, 10, 11, 1
7,7, 1,5 1,5,17,6,3, 1,11, 7,11, 10, 12, 5, 9,5, 6, 4, 2, 4, 7, 7, 4, 7, 4, 2, 7, 4,
1,9, 5 6,11,9,17,11,6,5,8,4,2,8,5,3,7,6,7,8,11,8,9,3,3,75,5,3,3 7,
1, 6,10, 8,7, 10,8,12,8,7,3,7,9,12,4,4,77,175,6,6,6,8,10,6,7, 12, 10, 6
4,8,9,8,3,3,10,7,8,3,98,6,11,6,6,7,8,9,87,8,5 9,5 10,4,3,6, 5,5
7, 4,8, 11,7,5/8,9,11,4,5,9,9,5,6,6,8,6,7,6,6,6,7,8,8,9,4,7,3,5,8,
1, 10, 10, 8, 6, 8, 12, 8, 8, 7, 6, 7, 8, 6, 11, 2, 3, 7, 10, 10, 6, 10, 7, 3, 5, 9, 6, 3, 5, 7
8, 12, 8, 11, 6, 11, 8, 10, 12, 8, 3,8, 7, 5,7, 7, 9, 7, 5,6, 4, 3, 4,12, 10, 4,7, 9, 4, 3
1, 10,6, 7, 3,7,9,4,4,3,5,17,5,8,10,11,10, 4,9, 8,6, 6,6, 2,8,12, 6 10, 11, 6
9,8,6,828,579771766%928®8%64¢8°¢6210%67378%8742354239°:5
3,75, 9,12,6,4,8,7,7, 6, 6,9, 10, 10, 6, 8, 10, 6, 6, B, 11, 2, 8, 8, 5, 7, 8, 12, 3,
8,7, 7,6,6,7,7,7,6,6,8,10,4,4,10,6,6,6,8,6,3,7,4,9,7,4,7,5, 9,8, 4,
0, 10,7, 2,5 11,3, 8,8, 64,6, 7,4,6,12, 3,6, 12,8, 7,4,8,6,6 3,3,10, 8,5, 6
1, 12,9, 7, 9,6,7,10,6, 7,8, 4,9,3,8,8, 12, 6, 4, 8, 10, 10, 9, 9, 8, 12, 5, 11, 7, 4
6,9,9 7,7, 3,9,8,76,11,9,6, 4 12, 11, 6, 5,7, 9,5,6,5, 4,9, 7,12, 6, 5,3, 6

and let us calculate the probability. I will reduce a little bit and then I will increase it,

(Refer Slide Time: 32:11)

QGO 20

= Jupyter povabilty s
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@ hcaost v At RO
Bl [1] )7 (< QAT — e —— [

B+ x L4+ HBC 3 Celloobr & @ @

here and as you can see
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 hcaost P QG+ +O @0
Bl [1] )] (< QAN ——pE—— e

B+ L 44 NEC 3 Celloobr & @ @

for i in r

the 7 now has become maximum.

And if you want to calculate the probability of that you can calculate that. So 7 has come 1 9

1 0 times, 1 9 1 0 divided by 11000, is point 1 7 3.
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= JUPYLEr  Probabilty v cracipor Last ey 58w s ernes

B+ kK44 HRC 3 Celloobr & @ @

"8 )

Q 181011000 - o 7asasssae

1910/11000 =

0.1736363636

™ (L]

We are expecting point 1 6 7. Sé éltﬁlé)ugh it has become symmetric, it is still not perfect yet.

Ok.

So let us, and what is the probability of 2, is 1 by 36. So let us see. 308 divided by 11000 is

(Refer Slide Time: 33:00)

= JUPYLEr  Probabity s coespont s iy 558 wasosae

B+ % L ++ HRC 3 Celloobr & @ @

Q, 308/11000 - 0022

" )

308/11000 =

0.028

™ (L]

for i in

point 0 2 8 and 1 by 36 means
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Aageto @
! 2
= JUPYLEr  Probabity s coespont s iy 558 uasosae e
R LU R LN a o
Q136 ? ]
1/36=
0.02777777778

™1 (L1l ]]

point 0 2 7 7 7 means point 0 2 8 SoZ has come correctly but not the 7.

So in order to get that we have to run some more times, so instead of 11000 I will put 100,

000.
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Bl [1] )7 (< QTN ————p——

Just like we did before. And I got that, 100,000 result and
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O localhost:

Bl [1] )7 (< QTP ——

B+ L4+ HRC 3 Celloobr & @ @

if I go down I can show you the values.
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) localhost:

= JUpYEer provabilty s cossport s

B+ L 4d NEC 3 Celloobr & @ @

So 7 came 16883
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B [1] 4] (< QTN — e ——

B+ b+ 4 HBC

out of 100,000.

So what is the probability? Point 1 6 8m we were expecting point 1 6 7, accurate to almost
you know third decimal place. So if I do instead of 100,000 1 million we are going to get

more accurate result.

And as you can see it is very, very

(Refer Slide Time: 33:54)

O localhost

~ JUPYEET  Probabity st cocepon e 1559 P rsmasensrns

tocmes (X))
Hunb + 5421

symmetric looking, you know distributions. So again law of large numbers took hold and we

are getting the desired,
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L3ystyégren”
ﬁllT;L‘

and we are getting the desired outcome from the throw of 2 die, as the way expected. But

only thing you remember that this one, is, we can call as most probable distribution.

(Refer Slide Time: 34:32)

getting a 7 is most probable, right. So that is what we got from this particular
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Combining “AND™ and “OR” Probabilities

1. Throw two normal six-sided dice. What is the probability of rolling a “8" (as the sum of the
outcome from each dice)?
f2,3,4.5¢,7,89,0,1,17}
WA
yays: =
By calculating all the possibilities ?l ) Z} g/ U p S/ ,é} () 1’3; L1) S/[

(number of ways to roll “8” =5{ (2,6), (3,5), (4,4), (5,3), (6,2)} [As you can see, we have taken the
dice to be distinguishable |

Total number of outcomes = 6x6 = 36

Therefore, P(X = 8)

b. By combining the individual probabilsias (“OR” probabilities) ?é -~ f‘Z_X E
Ps:gpa‘s‘fp‘;.-ﬁps‘ﬁpsz 2 —
Each of these are, in tern are “AND” probability—= ¢ ~— Y
PQ.G P;}' -_T:%/_ﬁZ.G:PZ +Pg B o
Tt =it (8 (o) (-2 :
6" 6 o/ " N6 T \s gy T e pp) " 36

exercise. Now
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Combining “AND™ and “OR” Probabilities

1. What is the probability that exactly one of the top two cards of a standard well-shuffled deck of
cards is a heart?

let us say I do one more and and or probabilities combined.

So what is the probability that exactly one of the two top cards of a standard well-shuffled
deck of cards is a heart? So now we are not saying both of them have to be heart. We say one

of that. We will say one of the two. I can do how many ways?

So if my first card is a heart, the second should not be a heart. My first card can be heart by
how many ways, 13 by 52 ways and
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13
Combining “AND™ and “OR” Probabilities 's’i){

1. What is the probability that exactly one of the top two cards of a standard well-shuffled deck of
cards is a heart?

second card should not be a heart, how many cards are not heart? 39. So 39 by 51

(Refer Slide Time: 35:29)

Combining “AND™ and “OR” Probabilities ‘5"1,)(5‘

is one way of getting. I have to use or probability.

So my first card should be a heart, second card should not be a heart. Or I can say my first
card should not be heart, and second card should be a heart. So first card should not be a heart
is 39 by 52. Second card should be heart is 13 by 51.
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13
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Combining “AND” and “OR” Probabiities ~ 57" >

have done that. The first is a heart. Second is not a heart.

(Refer Slide Time: 36:02)

13 wgi + R
Combining “AND” and “OR” Probabilties &2 =1  °%

1. What is the probability that exactly one of the top two cards of a standard well-shuffled deck of
cards is a heart?
= X=The first is a heart and second is not a heart % P(X) = 12 L
P— ————— 527 51 2652

While first is not a heart,
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Combining “AND” and “OR” Probabilities 5y

1. What is the probability that exactly one of the top two cards of a standard well-shuffled deck of
cards is a heart?

= X=The first is a heart and second is not a heart & P(X) = AV F'”_?,
P— —— 527 51 2652
¥ 13 507

2 Y= The first is not a heart and second is a heart ? P(Y) = =x —= —
—_ 52751 2652

second is a heart.

Now [ have X and Y and I can

(Refer Slide Time: 36:09)

b,

39 3148
13 /'fg‘LXSI

)
Combining “AND™ and “OR” Probabilities ‘s’Lxﬂ

1. What is the probability that exactly one of the top two cards of a standard well-shuffled deck of
cards is a heart?
13_39 _ 507

< X=The first is a heart and second is not a heart & P(X) = =x == —
e — 52751 2652

= Y= The first is not a heart and second is a heart ? P(Y):gxgz Z;z
————— L. J . -

1014

2 Therefore, the actual probability is P(X) + P(Y) = o

combine that any of these, either of these two events will give me the, the desired result, is

addition of the two. And this is giving us this.

We can also say that using a not probability. What is a not probability? That I want either of
the cards to be heart, right. So I want exactly one out of the two cards should be heart.



So I can say that what is the probability that I get either both of them as hearts or none of
them as hearts. If I subtract these two probabilities, then I will get either of them as a heart,

you understand?

So to calculate the probability of both of them having a heart, so what is the probability that

neither, OK and that we can also get that? Ok so, you understand, so.

Exactly one of them should be heart. So if I get two of them heart, it is not helping. If I get
none of them are heart it is not helping. So if I subtract their probability that is only one

possibility remains. That is either one of them or exactly one of them is a heart.

(Refer Slide Time: 37:09)
K
5 31 42 ><|§‘|
Combining “AND™ and “OR” Probabilities 'sfq,xﬂ -

1. What is the probability that exactly one of the top two cards of a standard well-shuffled deck of
cards is a heart?

; . 1339 507

9 X= The first is a heart and second is not a heart 9 P(X) = =X —=

P— 52751 2652
phiiebacihbdubihie

39

=X

507

13
51 2652

2 Y= The first is not a heart and second is a heart ? P(Y) =
—————e —

-

_ 1014

2652

2 Therefore, the actual probability is P(X) + P(Y)
AT—

2. What is the probability that neither of the two cards is a heart? ("NOT X" is 1 - P(X))

16

Now second one if I say what is the probability that neither of the two cards are heart, neither

of the two cards. Which means, again I can do it in two different ways.

I can say that first card is not a heart, is 39 by 51 ways,
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Combining “AND” and “OR” Probabilities 5y 5 )
1S not a heart,

second card

1. What is the probability that exactly one of the top two cards of a standard well-shuffled deck of
sorry 52 cards is a heart? ways. Second
card is not a 2 X=The first is a heart and second is not a heart & P(X) = gx %: “L:l heart by 38
ik s

=2 Y= The first is not a heart and second is a heart ? P(Y) = %x%: H“Z

(Refer Slide 3 Therefore, the actual probabiliy is P(X) + P(Y) = -4 Time: 37:32)
—

T 2652

2. What is the probability that neither of the two cards is a heart? ("NOT X" is 1 - P(X)) _gi
51

Combining “AND™ and “OR” Probabilities ?—i)(

1. What is the probability that exactly one of the top two cards of a standard well-shuffled deck of
cards is a heart?
39 507

 X=The first is a heart and second is not a heart F P(X) = x == —
P—— e 52751 2652

= Y= The first is not a heart and second is a heart ? P(Y):gx;—:: %

_ 1014

2 Therefore, the actual probability is P(X) + P(Y) = —
NN—

~ 2652

2. What is the probability that neither of the two cards is a heart? ("NOT X is 1 - P(X)) _g‘_'f_ 3_-3-?—
S

by 51 ways, because there are 39 not hearts. I am picking any of them. Then I am left with 38

not hearts out of 51 cards, I am taking 13

So this is the probability that neither of the two cards is a heart, Ok.
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Combining “AND” and “OR” Probabilities A

1. What is the probability that exactly one of the top two cards of a standard well-shuffled deck of
cards is a heart?

39 507

9 X=The first is a heart and second is not a heart 9 P(X) = Sox 2=
P— 52

51 2652
3 Y= The first is not a heart and second is a heart ? Pm:%"l-:: H”z
—————— e o 52§ 65
2 Therefore, the actual probability is P(X) + P(Y) = ﬂ
oo— 2652
2. What is the probability that neither of the two cards is a heart? ("NOT X" is 1 - P(X)) _9_}{,_ ¥ 2’%—
SL S

16

But I can do that again with a not probability. Neither of the two cards I can say that 1 minus

either one card is a heart or both card is a heart.
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xgq_ 43 e
Combining “AND” and “OR” Probabilties 52" > °%

1. What is the probability that exactly one of the top two cards of a standard well-shuffled deck of
cards is a heart?

13 39 507

= X=The first is a heart and second is not a heart % P(X) = —x —
—————

52751 2652
9 Y= The first is not a heart and second is a heart ? P(Y):gx %: %
2l 52751 265
2 Therefore, the actual probability is P(X) + P(Y) = %
N—
2. What is the probability that neither of the two cards is a heart? ("NOT X" is 1 - P(X)) _Qi ¥ 3/81-

39 38 1482

 X=Neither card is a heart  P(X) = Sx 2= =2

So this is the first one that I did. Second one,
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Combining “AND™ and “OR” Probabilities '5’1,)(5‘

1. What is the probability that exactly one of the top two cards of a standard well-shuffled deck of
cards is a heart?

13 39 _ 507

= X=The first is a heart and second is not a heart & P(X) = =x
———

52751 2652
= Y= The first is not a heart and second is a heart ? P(Y):%x:%: :JM
———— —_— i "

2 Therefore, the actual probability is P(X) + P(Y) = =
NN—

2652

2. What is the probability that neither of the two cards is a heart? ("NOT X" is 1 - P(X)) _?—_’{_ 3_-3-?—
S

9 X=Neither card is a heart 9 P(X) = x 2 = 1%

52751 2652

-1- 1014 156 _ 1482

2 P(X)=1-(both cards is heart + any one card is a heart) —=
2652 2652 2652

16
both card is a heart or any one card is a heart. So any one card is a heart we have already got
on the top,
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Combining “AND™ and “OR” Probabilities ?{}

1. What is the probability that exactly one of the top two cards of a standard well-shuffled deck of
cards is a heart?
13_39 al 507

2 X=The first is a heart and second is not a heart 2 P(X) = =x == —
——— 52 51 2652

2 Y= The first is not a heart and second is a heart ? P(Y):ﬂx 5o
———e

52 51 2652
-

_ 1014

2 Therefore, the actual probability is P(X) + P(Y) = —
o— 2652

2. What is the probability that neither of the two cards is a heart? ("NOT X" is 1 - P(X)) _gi Lg’—
S
= X= Neither card is a heart & P(X) = gx:%: ;;fz

1014 156 1482
2652 2652 2652

2 P(X)=1-(both cards is heart + any one card is a heart)=1-

16

right. And both card is a heart also we have calculated before. So when we subtract that
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Combining “AND™ and “OR” Probabilities ";Ix

1. What is the probability that exactly one of the top two cards of a standard well-shuffled deck of
cards is a heart?

3 X=The first is a heart and second is not a heart  P(X) = oox o= 22

P ———— ———— 52751 2652

= Y= The first is not a heart and second is a heart ? P(Y) = —’x IT: —:J,
2 Therefore, the actual probability is P(X) + P(Y) = —i:”i
\/\/\—’ e

2. What is the probability that neither of the two cards is a heart? ("NOT X" is 1 - P(X)) _2‘_1, y 3,—8’-
LS

39 38 1482

2 X=Neither card is a heart 3 P(X) = =x == —
2 P(X)=1-(both cards is heart + any one card is a heart)=1- %— % 9

we get the same number as before.

So what I am saying is that there are different approaches to get the probabilities. Once you
think about the event in mind, then you will be able to get to that and now that you know the
probabilities we are going to see that what will be the probabilities in certain distributions,

meaning when we distribute.

Let us say, distribute some chocolates to people, or we distribute some balls to some holes.
Or we distribute some energy to particles, what kind of possibilities will arise and what will

be the probability of each of those possibilities?

Again our aim is to find out which possibilities are more probable. Just like you saw the two
dice throw the probability of, or the possibilities of getting 2 and, possibilities of getting 7 is
more probable. Similarly when we distribute the thing, we will see which is more probable

and which is not.



