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Applications of Normal Distributions and Conditional Distribution Function

0.28814 is the probability. Now we have to add this probability to the others. So, we can
find it by first looking at P(Z < -2). This probability can be found from the table. This table
shows that for Z = -2, the value is 0.02275.
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You can see it here: Z = -2 corresponds to 0.02275. This value is the same as the area we
are considering. Now, we want to add this probability to the other probability. So, this
probability will be the probability that Z > 0. This is the same as the probability that Z > 2.
First, we need to find P(Z < 2). This probability will be nothing but 0.5 - P(Z > 2), because
the total probability is 1/2. So, this is 0.5 - P(Z > 2), which is the same as P(Z < -2). This
is nothing but 0.02275. So, this is how we can compute it
We have to just subtract it: 0.5 - 0.02275 = 0.47725.



So, this probability is 0.47725. Now, finally, how will we find it? We find that -0.8 <Z <
2.This will be nothing but the addition of this probability. So, this is nothing but P(-0.8 <
Z<0)+P0<Z<2).

So, this  probability is the addition of 0.28814 +  0.47725.
So, if you add these two probabilities, then we will get this: 0.28814 + 0.47725 = 0.76539.
So, please check if this calculation and computation are correct.
We're just doing the computation, so there may be some mistakes. You can check if there’s
any numerical mistake, but the concept is how to find the probability.
Now, the second question is: What is the second question? The second question is to find
the probability for X <26 and X <46. So, what is the final value? It is 0.76539.
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Now, next, we have to find the probability that X > 45. So, let’s see, what is P(X > 45)?
So, now we have to apply this transformation, similar to that. So, X = 35, and we have to
subtract 30 from X and then divide by 5. This is nothing but P((X - 30) / 5).

This is the mean that was given, and this is > (45 - 30) / 5. So, this is the standard normal
variable Z. This is > (45 - 30), which is 15, and 15/ 5 is 3. So, this is nothing but P(Z > 3).
Now, in this standard normal curve, we have 1, 2, 3, and on the other side, we have -1, -2,
-3.



So now, P(Z > 3) is asked. This is the same as P(Z < -3), by symmetry. So, P(Z < -3), we
will find from the table. P(Z <-3) = 0.00135. So, this value will be 0.00135, as you can see
here for -3.
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So, hopefully, you are understanding and following how we can use this table for the
standard normal random variate, and how we can compute the probability for any normal
distribution with any general mean and variance. So, this is how—what is this? P(Z < -3).
This is nothing but 0.00135. So, this value will be 0.00135.

That’s the answer to the question: P(X >45), which is 0.00135. Now, the next problem we
will discuss is: What is the probability? Let’s see what the problem is. So now, we have to
find the probability that X > 30, or |X| > 30 is greater than 5. That’s what we need to find
out.

So, the probability that |X| > 30 and > 5. Now, how can we find this? The question is the
probability that |X - 30| > 5. So, this is the same as saying, how can we compute it? It’s
essentially the absolute value of this.

So, if you divide by 5, the probability that... What is the transformation here? Z = (X - 30)
/'5. So, basically, if you take (X - 30) / 5, and then take the absolute value of this, it’s the
same as dividing by 5, and it’s > 1. Now, (X - 30) / 5 is nothing but |Z| > 1, where Z is a
standard normal variable. Now, |Z| > 1 is the same as 1 - P(|Z| < 1).



So, how can we find P(|Z| < 1)? First, let’s check this graph. It will make it clearer to
understand. Now, |Z| > 1 is essentially... one minute. So, suppose this is 1, this is 2, this is
3, and this is 3, this is 1, this is 2, and this is 3. So, when we say |Z| > 1, we’re referring to
the areawhere Z>1,0or Z < -1.

So, this is -1, -2, -3. So, |Z| > 1 means P(Z > 1) + P(Z < -1). You can include the equality
as well, since it’s a continuous random variable. Now, by symmetry, P(Z <-1) =P(Z > 1).
So, we can write this as 2 * P(Z < -1), since by symmetry, P(Z < -1) = P(Z > 1).
That’s why it’s 2 * P(Z < -1). This is nothing but 2 * ®(-1), where ® is the cumulative
distribution function of the standard normal variate. So, it becomes 2 * ®(-1). This value
of ® at -1 can be found from the table, which gives P(Z < -1). So, from the table, you can
find the value for -1.

This value is 0.15866. So, 0.15866 is the probability. You can see here that the probability
is 0.15866. Just remember that it is 0.15866. So, this is 2 * 0.15866.
So, you just have to multiply it. This is 0.31732. So, this is the probability we need to
calculate. We have found this. We just discussed two examples, which are very similar.
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Through these, we've learned how to compute probabilities using the normal distribution
with any mean and variance. We can discuss more examples as well. Let's move on to
another numerical example. Suppose the marks obtained by a number of students in a



certain subject are assumed to be normally distributed, with a mean of 65 and a standard
deviation of 5. If three students are selected at random from this group, what is the
probability that exactly two of them will have marks greater than 70? So, this is the
question.

The marks obtained by a number of students for a certain subject are assumed to be
approximately normally distributed, with a mean of 65 and a standard deviation of 5. If
three students are taken at random from this set, what is the probability that exactly two of
them will have marks > 70? See, here we have to use not only the normal distribution but
also the binomial distribution. This is because in the last part, suppose you know that the
probability, where X is the random variable representing the marks obtained by the
students. It is given that X ~ N(65, 25).

Now, p is the probability that any student will obtain marks > 70. Now, it is asked the
question that Y, out of 3 students taken at random, Y is taken at random from this set. What
is the probability that exactly 2? So, Y ~ Binomial(n = 3, p). This total number of students
here is 3, it is taken, and p is this probability.

This p we have to find. Then the question is exactly 2. What is the probability that out of
3, what is the probability that Y = 2, that 2 will be exactly over 70? So, this probability will
be C(3, 2) * p2* (1 - p)*. This is the probability we discussed in the binomial distribution.
So, this probability we have to compute. So, for computing this probability, first, we have
to find what is the value of p. Let us find out this value of p first. So, this p can be found
as P(X > 70).
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So, this is nothing but equal to, now because X has a mean of 65. It is given that X ~ N(65,
25), where the standard deviation is 5. So, then Z = (X - 65) / 5, it will be N(0, 1). So, we
will use the similar concept here. So, p = P(X > 70), which is equal to P((X - 65) /5 > (70
- 65)/5).

This is equal to P(Z > 1). So, now, that probability, we’ve done this several times. So,
because this is 1, this is 2, 3, and so on. Similarly, -1, -2, -3. Now, P(Z > 1) means it is
asking what is the probability here.

This is the same as by symmetry, P(Z < -1). So, this is the probability that P(Z < -1). We
are using this negative number because from the table, we can find this value. So, P(Z < -
1) is 0.15866. This value is 0.15866.

So, here it is 0.15866. Then we know this probability p. Now, we have to find the
probability that Y = 2. It is asked what the probability is that exactly 2 students have marks
> 70 out of 3 students. So, this is simply the probability that Y = 2.
This is C(3, 2) * (0.15866)2 * (1 - 0.15866)* * (1 - 0.15866)*. This is 1. Now, C(3, 2) = 3.
This is (0.15866)2, and you need to calculate this as well. We will use a calculator to
compute this.

I can tell you the value since it has already been computed. It is 0.06357. This is the value.
Please check that. There may be some decimal places, and it might be approximated.



So, this is the value. So, you can check it. Now, we have already learned about some of the
important discrete distribution functions. There are many other important distribution
functions beyond what we have discussed here. Just some of the important distribution
functions, like the binomial distribution, are frequently used.

We also discussed the Poisson distribution function. There are some other distributions,
like the hypergeometric distribution, geometric distribution, and negative binomial
distribution, which we did not discuss here. If we get time, we will discuss them in the later
part. Now, for continuous distributions, we discussed the uniform distribution function, the
exponential distribution function, the gamma distribution function, and we have also
discussed the normal distribution function. We have also discussed the uses and
applications of these distribution functions.
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So, this is nothing but equal to, now because X has a mean of 65. It is given that X ~ N(65,
25), where the standard deviation is 5. So, then Z = (X - 65) / 5, it will be N(0, 1). So, we
will use the similar concept here. So, p = P(X > 70), which is equal to P((X - 65) /5> (70
- 65) /5).

This is equal to P(Z > 1). So, now, that probability, we’ve done this several times. So,
because this is 1, this is 2, 3, and so on. Similarly, -1, -2, -3. Now, P(Z > 1) means it is
asking what is the probability here.

This is the same as by symmetry, P(Z < -1). So, this is the probability that P(Z < -1). We



are using this negative number because from the table, we can find this value. So, P(Z < -
1) is 0.15866. This value is 0.15866.

So, here it is 0.15866. Then we know this probability p. Now, we have to find the
probability that Y = 2. It is asked what the probability is that exactly 2 students have marks
> 70 out of 3 students. So, this is simply the probability that Y = 2.
This is C(3, 2) * (0.15866)2 * (1 - 0.15866)* * (1 - 0.15866). This is 1. Now, C(3, 2) = 3.
This is (0.15866)%, and you need to calculate this as well. We will use a calculator to
compute this.

I can tell you the value since it has already been computed. It is 0.06357. This is the value.
Please check that. There may be some decimal places, and it might be approximated.
So, this is the value. So, you can check it. Now, we have already learned about some of the
important discrete distribution functions. There are many other important distribution
functions beyond what we have discussed here. Just some of the important distribution
functions, like the binomial distribution, are frequently used.

We also discussed the Poisson distribution function. There are some other distributions,
like the hypergeometric distribution, geometric distribution, and negative binomial
distribution, which we did not discuss here. If we get time, we will discuss them in the later
part. Now, for continuous distributions, we discussed the uniform distribution function, the
exponential distribution function, the gamma distribution function, and we have also
discussed the normal distribution function. We have also discussed the uses and
applications of these distribution functions.
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Conditional Distributions
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» The conditional cumulative distribution function (cdf) Fx(x|8)
of a random variable X given B is defined by

P{(X < x)nB)
P(B)
» It X is a discrete random variable, then the conditional
probability mass function (PMF) Py (x| B) is defined by

P{(X = x) N B}
P(8)

Fx(x|B) = P(X < x|B)

Py(x|B) = P(X = x;|B) =

» If X is a continuous random variable, then the conditional
probability density function (PDF) fx(x|B) is defined by

dFy(x|8)

fx(x|B) o
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If X is a continuous random variable, then the conditional probability density function
(PDF) of X given an event B is defined as f(X | B). Because it is a conditional probability
density function, it is simply the derivative of the conditional cumulative distribution
function (CDF). It is assumed that the conditional CDF is differentiable for continuous
random variables, and this derivative defines the conditional probability density function.
So, this f(X | B) is defined here.

First, you would find this, then take the derivative to find the conditional probability
density function of a random variable for any X € R. So, how it can be utilized? Let us do
a numerical example so we can get an idea of how it can be used. Let us consider a
numerical example. First, we will discuss the continuous case, and then we will discuss the
discrete case.



Let X be an exponential random variable with parameter A > 0, and let B be given. Find
the conditional probability density function of X given B. So, how can we do that? Let X
be an exponential random variable. To find the conditional probability density function,
you first need to find the cumulative distribution function (CDF).

For the discrete case, this is not required; we can directly find the probability mass function
(PMF). However, in this case, we first need to find the CDF. In the discrete case, we will
also discuss the density function. For continuous cases, we first need to find the CDF. Let's
do that now.
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Example ot
» Let X ~ B(n.p)and B = {1,2,3, n}. Find the conditional
probability mass function of X given B

» Let X be an exponential random variate with parameter A(>
0) and B = (1, ). Find the conditional probability density
function of X given B.

It is given that...



