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Lecture – 14  

Tutorial on Continuous Probability Distributions Functions (Part 1) 

 

Hello guys. So, today we will be discussing some problems on the topics which we have 

covered in the last 2 lectures basically, that is lecture 12 and lecture 13 that is, we have 

discussed the different continuous probability distribution based on that we will be covering 

some of the problems so it is a tutorial class.  

(Refer Slide Time: 00:44) 

 
So, first we will be solving some of the objective type question which will be essentially test 

the level of understanding and then we will solve few problems.  
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So, first the objective type equations the very easy questions, I am sure all of you will be able 

to answer it, but again, my request is that like in all the tutorial classes be do not see the 

answer immediately first try to answer yourself if you cannot, then go to the answer. So, 

classify the following random variable as discrete or continuous X the number of automobile 

accidents per year in a day. 

 

So, it is a discrete variable or continuous variable number of automobile accidents. So, 

number of automobile accident, it cannot take any possible values within an interval. So, it 

has to be a discrete variable. Then next is length of the time to play 18 holes of golf. So, 

when we talk of a length of time so, time it can take any value in an interval, so it has to be a 

continuous variable. Similarly, the amount of milk produced merely by a particular cow that 

also it is a continuous variable. Then the number of eggs laid each month by a hen that 

number of e m x that has to be an integer value. So, it has to be a discrete variable.  
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So, which of the following are correct for a normal distribution, for a normal distribution we 

have seen the mean is equals to the median is equals to the mode. Mode is always the highest 

value and in normal distribution, we have seen it is symmetric on towards the mean and 50% 

of the value is on the left side of the mean, 50% of the value is on the right side of the mean. 

So, that is why that is also the median. So, we have already seen at median we get the high 

speed. So, median and mode are equal to mean that is the correct answer.  
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Then let X be a distance in miles from their present homes to university campus for a group 

of students. Then X is what is X? X basically is the distance from their space wherever they 

stay the hostel or whatever it is from the hostel to the university campus. So, if X is a 

distance. Distance means it can take any value within a range. So, it has to be a continuous 

variable.  
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Specify the distribution for the following, random variable specifying the time to first 

occurrence of an event time to first occurrence of an event we have seen what distribution it 

is this? This is a exponential distribution than random variables specifying the time to kth 

occurrence of an event, kth occurrence of an event mentioned in a time we know that we are 

interested in finding out a specific number of events that will happen, when a specific number 

of events that will happen at done it has to be a gamma distribution.  

 



Similar kind of thing we have seen in negative binomial distribution is not it? Very negative 

binomial distribution, it was the number of trials were fixed and we are interested in a fixed 

number of events, fixed number of success or failure whatever it is in a fixed number of trials 

are sorry number of trials are not fixed and negative binomial number of trials are not fixed, 

but the number of events are fixed. So, here also random variable is the time so here the time 

is not fixed, but we are interested till we see kth event k events so that is the gamma 

distribution.  
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Interesting question the time between the arrival of 1 customer and arrival of the next 

customer has an exponential distribution and is independent of the previous arrivals. That is 

given the time between the arrival of 1 customer and arrival of the next customer it has an 

exponential distribution, that is an exponential distribution arrival between 2 events. We 

already know arrival between 2 events or time for arrival of the very first event that is 

basically we consider rate of the event it is all these are the model by exponential distribution.  

 

We already know this and what it is asking the number of customers that will arrival during 

the next hour question is something else it has nothing to do with exponential distribution. It 

has specified data time between 2 events as it follows exponential distribution the number of 

customer that will arrive during the next hour. So, the number of customers that will arrive 

during the next hour that we have. So, what this is definitely Poisson distribution?  

 

We know Poisson distribution we have seen given the average arrival rate we are interested 

in the number of events that will arrive in a particular length of time or in a space whatever it 



is so that is Poisson distribution here also, it is the same question the number of customers 

that will arrive during the next hour, so it is a Poisson of distribution.  
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Here we to say true or false. The probability that a continuous random variable lies in the 

interval 4 to 7 inclusively is the sum of P 4 + P 5 + P 6 + P 7 it true or this false true? No, it is 

false why when we are talking about continuous random variable the probability cannot be in 

a continuous random variable we cannot specify the probability at a specific point I get the 

probability at P 4 will be equal to 0, probability at P 5 will be equal to 0, we cannot specify 

probability at a specific point whenever we have to specify probability it has to be within an 

interval.  

 

So, when you are talking about probability that lies in the interval 4 to 7, it has to be 

integration of the probability density function whatever we have integration of probability 

density function is Fx. So, integration of Fx from 4 to 7 that will be the probability but not 

this whatever it is given here. So, this is false. Now, next is gamma distribution is a special 

case of exponential distribution. 

 

Is gamma distribution is a special case of exponential distribution? No, gamma is not a 

special case of exponential distribution. In fact, exponential distribution is a special case of 

gamma distribution.  
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Let us see why if you can remember we have already done this, but still if you let us see 

whether you can remember it or not. So, like remember the formula for gamma distribution, 

so, we are interested in say time t and gamma distribution at 2 parameter α and β. So, what 

was the expression it is 1 / β α there is a gamma function of α x α - 1 e – x / β. This is if you have 

considered here x then this will also be an x and let us make this x. 

 

So, this is for x greater than 0 and it is 0 elsewhere. So, if x is the random variable and this is 

the gamma probability density function, so what is α here for gamma distribution we have 2 

parameters α and β what is α here? Α is the specific number of events that occur in time t α 

shape talks about a specific number of events that occurs in time t a fixed number of events as 

I told you we can draw an analogy from the negative binomial distribution so that is α.  

 

And what is β? Β is the rate of events rate of events we can say means time that was the very 

first event has occurred or the time between 2 events that is basically this is gamma 

distribution. Now, in this gamma distribution, if α = 1 if we specify α = 1 then the resulting 

distribution is nothing but an exponential distribution. So, we say exponential distribution is a 

special case of gamma distribution. So, this is also false  
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So, now we will be solving some bigger problems. So, here this is equation here fx is given 

that is called the probability density function is given this is a probability density function for 

uniform distribution we can see it is a uniform distribution and it is a range of our random 

variable that is here random variable is x random variable it ranges from a to b. So, in this 

range of a to b random variable can take values within the interval a to b and what is the 

probability density function? The probability the density function is 1 / b – a.  

 

So, now, what we are asked? We are asked to find the F(x) that is the cumulative distribution 

function; we have already learned what is the cumulative distribution function? Cumulative 

distribution function means the value of the function t from - ∞ to that level to 2x when you 

are considering x F(x) means what is the probability of getting a value from - ∞ to x 

probability to getting a value from x taking a value from - ∞ to x so that is cumulative 

distribution function.  

 

So, here there are see 3 different reasons one is before a that is the problem the density 

function F(x) = 0 before it is 0 and after this what happens? After this is also 0. Now we have 

to find out when you are considering effects so accordingly we will consider it in 3 different 

states. First we will find out till a what it will be? 
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So, for that to find it out first thing is that it is better if we find out take an interval set from c 

to d, suppose if you are interested in finding out the probability density function probability 

of in the area of c to d or it is called the density function of the c to d how we will find out 

this is d - c / b - a is not it? So, now, bringing it in 3 different steps first service from till a to 0 

definitely, because still all the values are 0. So, even if it were to get cumulative, this even if 

you make it cumulative 0 this whole reason is 0.  

 

So, if we get 0 till x is less than a and then x values goes from till a to b what it will be x - a 

whatever x takes value whichever suppose x is value here than what it is x - a / b - a if it takes 

here whatever it is x - a / b - a, so, till b this will be the value of x – a / b - a this will be the Fx 

that is cumulative value and we know area of the curve is always one, area under the curve is 

always one that means, when we call this Fx dx.  

 

So, if we take integration of fx dx and here it is ranging from a to b this will be equals to 1 

other portion it is everything is 0 so this will be definitely equal to 1. So, that means, once it 

reaches b it has become 1. So, after b definitely it will be 1 only after b all the values are 0, 

but till b it is 1 so, when we add it up with b it becomes 1 so, x = 1 for x greater than b. So, 

here this is the figure for the cumulative distribution, this is a fixed a we got 0 than it raises 

this way this value is x - a / b - a and then from here it reaches 1 so and it continues.  
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So, simple question on normal distribution already we have seen normal distribution 1, 2 

problems in our class only. So, here again we will be seeing 1 2 problems. So, a certain type 

of storage but battery lasts on average 3 years and standard deviation is 0.5 that means my μ 

is 3, my μ is 3 years and my standard deviation that is this is 0.5 assuming that the battery life 

is normally distributed find the probability that a given battery will last less than 2.3 years.  

 

So, I want to find probability that might if I take a random variable whatever random variable 

you take the x t y any can any variable can do if my take a random variable as say t so, my t 

is would be less than 2.3. This is the probability I want to find a probability of t less than 2.3. 

So, how do I find out I will have to take it now to finding this out what I have to take the 

normal distribution probability density function. 

 

Remember probability density function normal distribution function was a complicated 

function then we have to integrate it. So, less than 2.3 years means we have to integrate it 

from 0 to 2.3 years. So, integration of that will be complex. So, what remedy we had? We 

had a remedy of converting the normal random variable 2 standard normal random variable 

that is just converting it to Z value.  

 

And then we have the standard normal tables available in the literature books and net 

anywhere it is freely available downloadable, so we can cancel those lookup table and can get 

the value. So for that, we will have to find out the Z value corresponding to this 2.3.  
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So, this is what this is the mean, this is the standard deviation 0.5. So, this 2.3 is essentially 

we want to find this probability that our value is less than 2.3 means essentially we want to 

find out this area, probability the atlases is this area probability is nothing but the area under 

this curve. So, this is we have to calculate the Z value how do we calculate the Z value? Z 

value is x a random variable is x, x - μ / σ. So, we got the Z value is - 1.4.  

 

So, this 2.3 is nothing but if we draw a standard normal distribution, so standard normal 

distribution, this is 0 mean is 0 and standard deviation is 1. So, this -1.4 will be somewhere 

here, -1.4. So, we need to find out this area, so we can cancel it from the table. So, how do we 

get it from the table?  
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So, in the table, you will see 1 - 1.4 corresponding to - 1.4 this value is 0.0808. Again, I am 

telling you this table is for cumulative value that means when I am taking is -1.4 that means 



from - ∞ to - 1.4 where probability is 0.0808. And that is what we wanted? We wanted this 

value this is from - ∞ to if this value corresponds to -1.4 - ∞ to -1.4 that is the area, this value 

from the table we are getting is 0.0808 so that is the probability.  
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So, that is how we solve this problem? So, this is the second problem is also similar line I 

will not go into the details. So, just for what is practice, if you have this problem. So, here the 

industrial process, the diameter a ball bearing is an important measurement, the buyer set 

specification for the diameter to be 3 plus - 0.01. That means my diameters should be the 

buyer sets the specification that the diameter buyer sets that my diameter should be in the 

range of if I am telling its diameter is d.  

 

So, my diameter will be between 3.01 to 2.99 so, my diameter should be in this range. So, 

essentially if it is normally distributed, so mean is here it is given mean is 3, so, this is mean 

is 3. So, I want basically what is the probability it will fall in this area this is 3.01 this is 2.99. 

So, now corresponding to 2.9 and what is the Z value corresponding to 3.01 what is the Z 

value if we can find a Z value then from the table we can find out the corresponding 

probability of this.  

 

If I tell it says Z 1 if it is a Z 2 from the table if I can find out what is the Z value? Z 2 will be 

set to value will be this and Z 1 value will be dispersion. So, Z 2 - Z 1 will give me this 

probability.  
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So, this is how it is been shown here, but I am not going into the details whatever I have 

discussed, it is a we will be able to solve it and show, here one thing I have just wanted to 

mention. See here we will calculating the Z value what I got Z 1? Z 1 when I use 2.99 it is to 

between 2.99 to 3.01 and I use 2.91 my Z 1 value is -2.0 and Z 2 value is 2.0. Here I 

mentioned one point like see normal distribution is very much a symmetric distribution.  

 

So, if this is and say normal distribution if this is a standard normal distribution, so if I get 

whatever, say this is -2 and this is +2 from the table, I got whatever value is this whatever 

probability is this suppose this probability is x. If this probability is x, this probability will 

also be x because this is symmetric, so whatever value you got from by looking at the table 

form - 2.0, again you do not need to look up in a table to find out the value for 2.0 you will be 

same value since it is symmetric.  
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So that is what now the next question say a machine produces rubber balls whose diameters 

are normally distributed with mean of 5.50 centimetre and standard deviation of 0.08 

centimetre. Some rubber balls are given was the mean and standard division are given, mean 

and standard deviation of the diameter, some rubber balls and the diameter. So, this is a 

rubber ball, it is diameters mean of rubber balls, mean of the diameters as well as the standard 

division of the diameters is become. What proportion of the balls will have a diameter less 

than 5.60 centimetre that will be able to solve it. We have done many questions.  

 

So, I am not going to this, then what proportion of the balls will have between 5.34 and 5.4 

per centimetre. That also you will be able to do into I have given the solution here, but I will 

not be discussing it will be able to do it. It is the same thing. Why I have kept this question is 

I want to discuss this portion. So, see the point c the balls are packed in cylindrical tubes 

whose internal diameters are normally distributed with mean of 5.70 centimetre and standard 

deviation of 0.12 centimetre.  

 

So, this balls are kept in some central cylindrical tubes, the tubes diameter mean of this 

diameters are given 5.70 and standard deviation is 0.12 means, there are many tubes. So, 

when we find out what is the on an average what is the diameter of the tubes that way we find 

out the mean. So, the mean is 5.70 and standard deviation is 0.12 centimetre. If a ball selected 

at random is placed in a tube selected a random tube also have selected at random ball also 

have selected.  

 

A random means balls diameter size is given mean diameter size is given on an average that 

is the diameter size similarly, there are many 2 tubes on an average the diameter size is given 

this is its diameter sizes pipe I mean average diameter size is 5.70 that is the mean. So, I have 

picked randomly I pick on ball and I picked what to say cylindrical tube also randomly and I 

have put the balls in the tube now mind it.  

 

The cylindrical tube is also normally distributed the diameter is normally distributed and the 

balls have also normally distributed this we have already seen. Now, it is asking what is the 

distribution of the clearance? So, what is clearance when it is made, that clearance is the 

internal diameter of the tube minus the diameter of the ball. So, this is we have a tube so, here 

I am putting the balls the internal clearance, what is a clearance?  

 



Clearance is this diameter when I put the ball there will be some clearance someplace. So that 

clearance I have to find out that clearance. What is the probability that a clearance is between 

0.25 and 0.05 and 0.25 centimetre my main intention of giving this question is to bring to 

your notice one important point here like what I want to say is that here if suppose X is a 

normal random variable, pay attention if X is a normal random variable, if Y is a normal 

random variable X is a normal random variable Y is a normal random variable.  

 

When I say X is a normal random variable, what do I mean by that X is a normal random 

variable means all the values that the x will take along with its probabilities, it will follow a 

normal distribution means when we plot it, it will follow a bell shaped curve, that is why we 

call it X is a normal distribution X is a normal random variable. Specifying a variable to be a 

normal random variable meaning is that only. So, it applies to all distributions similarly, so 

now X is a normal random variable Y is a normal random variable.  

 

If then in such a case X + Y or X - Y both will be a normal random variable X + Y. So, let 

me take it as say another variable say M say this is another variable N. So, M is also a normal 

random variable N is also a normal random variable. Keep give notice to this if X is a normal 

random variable Y is another normal random variable, it is arithmetic operation where there 

may be plus or minus the resulting will be again in normal random variable.  

 

So, here the clearance is that means the clearance that value that we will get from the 

clearance that is also a normal random variable clearance will be minus. Suppose this is the x 

is the normal random variable their specifying the diameter of the cylinder, why is there 

normal random variables specifying the diameter of the ball. So, when we talk about the 

clearance, clearance we talked means that is X - Y. So, definitely X - Y is also a normal 

random variable.  

 

So, this is first question, what is the distribution of the clearance? Distribution of the 

clearance is normal distribution that is the answer. Now secondly when we; found out the 

arithmetic combination of 2 normal variables now what about the mean and standard 

deviation. So, if X is a normal random variable, Y is normal random variable and then X + Y, 

that is M. M is a normal random variable, the mean of M will be mean of X + mean of Y. So, 

again, I mentioned the mean of M will be mean of X + mean of Y.  

 



Standard Deviation of M will be or variance of M will be variance of X + variance of Y. what 

will be added for means it will be added for variance also it will be added, but see for N X is 

a normal random variable Y is a normal random variable X - Y is a normal random variable. 

Then means of N is μ of X that is mean of X - mean of Y since this is minus mean of X mean 

of N. Mean of n is mean of X - mean of Y that means, mean of X is taken is a μ X that 

means, μ X - μ Y.  

 

Whatever the variance of N variance of N will be variance of X + variance of Y it will not be 

subtracted it will be added though it is minus it will not be subtracted it will be added we 

have seen the laws of variance when we have discussed Poisson distribution if you have 

forgotten please refer to those laws variance is always added it is never subtracted even if the 

random variables are subtracted. So, to bring home this point, this is the intention of giving 

this question as it is the solving of this is same what we have learned till now.  
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So, this is I am just skipping you will be able to do it second b also am speaking, skipping it 

in be able to do it.  
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So, now coming to the third point, see here, the probability that a clearance is between we 

have to find out a probability that a clearance is between this and so now it is a question of 

simple normal distribution. So, if X is the diameter of the ball, Y is the diameter of the tube 

so, clearance Y - X this will be normally distributed. Any normal distribution we can to 

define a normal distribution we will have to need 2 parameters what are those 2 parameters 

mean and variance or you can say mean and standard deviation whatever it is.  

 

So, to define a normal random variable normal distribution, we need 2 parameters mean and 

variance. So, what is the mean? Mean is mean of Y - mean of X that is mean this is my mean 

what is variance? Variance of Y + variance of X so, this is my variance. So, this is variance 

standard deviation is the square root of variance. So, now I got mean value I got standard 

deviation value then I need to find out what is the probability that it will the clearance is 

between this and this value.  

 

Similar type of problems we have done many problems we will be able to do it and very 

show and even if you cannot this answer is given here solution is given here you can see, but 

I suggest please do it by yourself. So, in this problem basically we have used an interpolation 

why interpolation sometimes like here value of Z 2 is 0.347, but in the table, we will not get 

that 0.347.  
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You see in the table we will get 0.34 or 0.35 347 we would not get, so you will get the value 

of 0.34 or 0.35. So, in that case, what we can do? We can just add these 2 values divided by 2 

that just interpolation that is all. So, that way we got the value that is all this is the solution of 

that problem 
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So, you will see if you have any issues you can see it there yourself and not discussing that in 

details, because many similar problems we have discussed. Now, the next question, the 

average rate of water usage 1000s of gallons per hour by a certain community is known to 

involve lognormal distribution with parameter μ and σ, μ is 5 σ is 2 remember lognormal 

distribution if X is log normally distributed, that means log of X is normally distributed with 

μ and with whatever μ is specified and whatever σ is specified.  

 



So, when a variable is log normally distributed, the log of that variable will be normally 

distributed, since the log of that variable will be normally distributed, we have already seen in 

lecture 13. If it is log normally distributed, then how to find a log normal distribution we have 

a probability density function again we have to find out the probability of occurrence of a 

particular value what we have to do we have to either calculate that probability density 

function means we have to do the integration for particular range. 

 

Or we can look into the standard normal distribution table for lognormal distribution also, we 

look into the standard normal distribution, how they are our Z value here Z value suppose my 

normal thing suppose my X is what is a log normally distributed then my log of X will be 

normally distributed. So, my Z value will be Z = log of x - μ / σ. So, from the standard 

normal distribution table whatever Z values suppose, this is the Z value whatever I got here if 

I get minus then it will be the left side of the 0 mean.  

 

So, whatever value I get it from the table that will corresponds to the probability of whatever 

value is given.  
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So, we are interested in finding out what is the probability that any given our 50000 gallons 

of water uses the probability that is called 50,000 gallons of water is used. So, at least 50,000 

gallons of water that means property of X greater equals to 50,000, greater equals to 50,000 

means, we have cumulative means we have from - ∞ to 50,000. So, in case of log normal it is 

not minus always it is not lognormal it is for positive scale we have seen that so, in the from 

the table we can get from one value from 0 to 50,000.  



 

So, when we are interested in finding greater than so, it will be 1 minus of that, so 1 minus of 

we call it phi I told you yesterday in my last class. So, log of 50,000 - 5 / 2. So, whatever we 

got.  
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So, this value we can look at from the table. So, what was the value? Value was 2.9099 we 

can consider it is a 2.91 so, if you can consider it as 2.91 so, this is 2.91 corresponding this is 

value 0.99819. So, 1 minus of that will give me the value.  
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So, next question suppose it has been observed that the gun tube failure occur according to 

the lognormal distribution with mean = 7 standard division is 2 find the reliability for 1000 

round mission. We have to find out the reliability for 1000 round mission how do we find out 



the reliability for a 1000 round mission? So, it is also that means when we are talking of 

reliability for 1000 round mission.  

 

First we will find out that cumulative probability that is F of 1000 that is the gun to failure 

this is cumulative failure till 1000 hours 1000 round mission we have to find out what is the 

probability of failure till 1000 round mission that is F of 1000. F of 1000 we have seen how 

we can find it out cumulative we can easily find it out from the lookup table. So, when we got 

to F of 1000 then reliability is nothing, reliability is what, reliability is just 1 - F (t). So, here t 

is 1000 so 1 – F(1000) will give me reliability.  

 

Reliability is failure free if till this if this is the failure question then what is the reliability? 

Reliability is 1 - F of 1000.  
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So, at 1000 round we got Z value we have calculated so, this is the Z value so, from the table 

we will find out what is the value of this. 
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So, 0.5 this is the value of 0.4801 this table you will be getting in any appendix of any 

product statistics book or if and you can download it standalone also you can just Google it, 

you will get it and get a link and you can download it this table are freely available so we got 

is 0.48. So, F of 1000 is 0.48. So, R of 1000 is 1 - 0.48, so reliability at 1000 round is 0.52.  
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So that is all in today's lecture there we will be discussing few more problems. And for that I 

will take one more tutorial class before going to our next topic. So, then these are the 

references which I have already mentioned before an earlier classes and thank you guys. 


