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To mould true citizens who are millennium leaders and catalysts of change through excellence in
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MISSION OF THE INSTITUTION

NCERC is committed to transform itself into a center of excellence in Learning and Research in
Engineering and Frontier Technology and to impart quality education to mould technically
competent citizens with moral integrity, social commitment and ethical values.

We intend to facilitate our students to assimilate the latest technological know-how and to imbibe
discipline, culture and spiritually, and to mould them in to technological giants, dedicated research
scientists and intellectual leaders of the country who can spread the beams of light and happiness
among the poor and the underprivileged.
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DEPARTMENT VISION

To develop professionally ethical and socially responsible Mechatronics engineers to serve the humanity
through quality professional education.

DEPARTMENT MISSION

1) The department is committed to impart the right blend of knowledge and quality education to
create professionally ethical and socially responsible graduates.

2) The department is committed to impart the awareness to meet the current challenges in
technology.

3) Establish state-of-the-art laboratories to promote practical knowledge of mechatronics to meet
the needs of the society

PROGRAMME EDUCATIONAL OBJECTIVES

l. Graduates shall have the ability to work in multidisciplinary environment with good professional
and commitment.

. Graduates shall have the ability to solve the complex engineering problems by applying electrical,
mechanical, electronics and computer knowledge and engage in lifelong learning in their profession.

1. Graduates shall have the ability to lead and contribute in a team with entrepreneur skills,
professional, social and ethical responsibilities.

V. Graduates shall have ability to acquire scientific and engineering fundamentals necessary for
higher studies and research.

PROGRAM OUTCOME (PO’S)
Engineering Graduates will be able to:

PO 1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering

fundamentals, and an engineering specialization to the solution of complex engineering problems.

PO 2. Problem analysis: ldentify, formulate, review research literature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of mathematics, natural

sciences, and engineering sciences.

PO 3. Design/development of solutions: Design solutions for complex engineering problems and
design system components or processes that meet the specified needs with appropriate consideration for

the public health and safety, and the cultural, societal, and environmental considerations.

PO 4. Conduct investigations of complex problems: Use research-based knowledge and research
methods including design of experiments, analysis and interpretation of data, and synthesis of the

information to provide valid conclusions.



PO 5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern
engineering and IT tools including prediction and modeling to complex engineering activities with an
understanding of the limitations.

PO 6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess
societal, health, safety, legal and cultural issues and the consequent responsibilities relevant to the

professional engineering practice.

PO 7. Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of, and need for

sustainable development.

PO 8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms
of the engineering practice.

PO 9. Individual and team work: Function effectively as an individual, and as a member or leader in

diverse teams, and in multidisciplinary settings.

PO 10. Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and write effective

reports and design documentation, make effective presentations, and give and receive clear instructions.

PO 11. Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member and leader in

a team, to manage projects and in multidisciplinary environments.

PO 12. Life-long learning: Recognize the need for, and have the preparation and ability to engage in

independent and life-long learning in the broadest context of technological change.

PROGRAM SPECIFIC OUTCOME(PSO’S)

PSO 1: Design and develop Mechatronics systems to solve the complex engineering problem by

integrating electronics, mechanical and control systems.

PSO 2: Apply the engineering knowledge to conduct investigations of complex engineering problem

related to instrumentation, control, automation, robotics and provide solutions.

COURSE OUTCOME

After the completion of the course students will be able to:



CO 1: To introduce the concept of discrete random variables, probability distributions,
with practical application in various Engineering and sociallife situations.

CO 2: To introduce the concept of discrete random variables, probability distributions,
with practical application in various Engineering and sociallife situations.

CO 3: To know Laplace and its transform which has wide application in all Engineering
courses.

CO 4: To know Fourier and its transform which has wide application in all Engineering
courses.

CO 5: To enable the students to solve various engineering problems using numerical
methods.

CO 6: To enable the students to know Numerical solution of system of Equations.
Numerical Integration, and ordinary differential equation of First order..

CO VS PO’S AND PSO’S MAPPING

co | po1 [ Po2 | Po3 | Poa | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11 | PO12 | PSo1 | PsO1
co1 3 3 3 3 2 1 - - 2 - 2 1 1
co2 3 3 3 3 2 1 - - 2 - 2 1 1
co3 3 3 3 3 2 1 - - - 2 - 2 1 1
coa 3 3 3 3 2 1 - - - 2 - 2 1 1
cos 3 3 3 3 2 1 - - - 2 - 2 1 1
co6 3 3 3 3 2 1 - - - 2 - 2 1 1
Note: H-Highly correlated=3, M-Medium correlated=2, L-Less correlated=1
SYLLABUS
Course No. Course Name L-T-P - Credits Year of
Introduction
MAZ202 Probability distributions, 3-1-0-4 2016
Transforms and Numerical Methods

Prerequisite: Nil

Course Objectives

To introduce the concept of random variables, probability distributions, specific discrete
and continuous distributions with practical application in various Engineering and social
life situations.

To know Laplace and Fourier transforms which has wide application in all Engineering

COurses.

To enable the students to solve various engineering problems using numerical methods.

Syllabus

Discrete random variables and Discrete Probability Distribution.

Continuous Random variables and Continuous Probability Distribution.

Fourier transforms.

Laplace Transforms.

Numerical methods-solution of Algebraic and transcendental Equations, Interpolation.
Numerical solution of system of Equations. Numerical Integration, Numerical solution of

ordinary differential equation of First order.




Expected outcome .

After the completion of the course student is expected to have conceptof
(1) Discrete and continuous probability density functions and special probability distributions.

i) Laplace and Fourier transforms and apply them in their Engineering branch
ii1) numerical methods and their applications in solving Engineering problems.

Text Books:
1. Miller and Freund’s “Probability and statistics for Engineers”-Pearson-Eighth Edition.
2. Erwin Kreyszig, “Advanced Engineering Mathematics”, 10" edition, Wiley, 2015.

References:
1. V. Sundarapandian, “Probability, Statistics and Queuing theory”, PHI Learning, 2009.
2. C.Ray Wylie and Louis C. Barrett, “Advanced Engineering Mathematics”-Sixth Edition.
3. Jay L. Devore, “Probability and Statistics for Engineering and Science”-Eight Edition.
4. Steven C. Chapra and Raymond P. Canale, “Numerical Methods for Engineers”-Sixth
Edition-Mc Graw Hill.

Course Plan

Sem. Exam
Module Contents Hours Marks

Discrete Probability Distributions. (Relevant topics in
section 4.1,4,2,4.4,4.6 Textl)

Discrete Random Variables, Probability distribution function, 2
Cumulative distribution function.

I Mean and Variance of Discrete Probability Distribution.
Binomial Distribution-Mean and variance.

Poisson Approximation to the Binomial Distribution. Poisson 2
distribution-Mean and variance.

NN

15%
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http://www.ktustudents.in/

Continuous Probability Distributions. (Relevant topics in
section 5.1,5.2,5.5,5.7 Textl)

Continuous Random Variable, Probability density function, 2
Cumulative density function, Mean and variance.
I Normal Distribution, Mean and variance (without proof). 4
Uniform Distribution.Mean and variance. 2
Exponential Distribution, Mean and variance. 2
15%
FIRST INTERNAL EXAMINATION
Fourier Integrals and transforms. (Relevant topics in section 15%
11.7,11.8, 11.9 Text2)
i Fourier Integrals. Fourier integral theorem (without proof). 3
Fourier Transform and inverse transform. 3
Fourier Sine & Cosine Transform, inverse transform. 3
15%
Laplace transforms. (Relevant topics in section
6.1,6.2,6.3,6.5,6.6 Text2)
Laplace Transforms, linearity, first shifting Theorem. 3
Transform of derivative and Integral, Inverse Laplace 4
v transform, Solution of ordinary differential equation using
Laplace transform.
Theorem (without proof).
Differentiation and Integration of transforms.
2
SECOND INTERNAL EXAMINATION
Numerical Techniques.( Relevant topics in 20%
section.19.1,19.2,19.3 Text2)
Solution Of equations by Iteration, Newton- Raphson Method. 2
Vv . . ]
Interpolation of Unequal intervals-Lagrange’s Interpolation 2
formula.
Interpolation of Equal intervals-Newton’s forward difference 3
formula, Newton’s Backward difference formula.
Numerical Techniques. ( Relevant topics in section 20%
19.5,20.1,20.3, 21.1 Text2)
Solution to linear System- Gauss Elimination, Gauss Seidal 3
VI Iteration Method.
Numeric Integration-Trapezoidal Rule, Simpson’s 1/3 Rule. 3
Numerical solution of firstorder ODE-Euler method, 3

Runge-Kutta Method (fourth order).

END SEMESTER EXAM
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MA 202 PROBABILITY DISTRIBUTIONS, TRANSFORMS AND NUMERICAL METHODS

QUESTION PAPER PATTERN:
Maximum Marks: 100 Exam Duration:
3 hoursThe question paper will consist of 3 parts.
Part A will have 3 questions of 15 marks each uniformly covering modules I

and II. Eachquestion may have two sub questions.

Part B will have 3 questions of 15 marks each uniformly covering modules III
and IV. Eachquestion may have two sub questions.

Part C will have 3 questions of 20 marks each uniformly covering modules V
and VI. Eachquestion may have three sub questions.

Any two questions from each part have to be answered.

QUESTION BANK

MODULE I
Q:N QUESTIONS CO KL PAG
O: E
NO:
1 | Arandom variable X ha the following probability mass function co1 K2 4
X 0 1 2 3 4 |5 6 7
PX) [0 |k |2k [2k |3k [k |2K? | 7k2+k
Find i) value of K ii) P(0<x<5) iii) p(x=6)
2 | Show that for a Poisson distribution with parameter A , mean= co1 K5 10
variance =A.
3 | AnInsurance company agent accepts policies of 5 men, all of co1 K2 12
identical age and good health. Probability that a man of this age
7

Department of Mechatronics Engineering, NCERC, Pampady.




MA 202 PROBABILITY DISTRIBUTIONS, TRANSFORMS AND NUMERICAL METHODS

will be alive 30 years is 2/3.Find the probability that in 30 years i)
all 5 men i) at least one men will be alive .

Given that f(x)= 2% is a probability distribution of a random

variable that can take on the values x=0,1,2,,3,and 4, find k. find
cumulative distribution function.

COo1

K3

15

Prove that binomial distribution with parameters n and p can be
approximated to Poisson distribution when n is large and p is
small with np=A, a constant.

COo1

K3

16

During one stage in the manufacture of integrated circuit chips, a
coating must be applied. If 70 % of chips receive a thick enough
coating ,use Binomial distribution find the probabilities that
among 15 chips,

i) At least 12 will have thick enough coating
i) At most 6 will have thick enough coating

iii) Exactly 10 will have thick enough coating

COo1

K2

18

If the sum of the mean and variance of a binomial distribution for
5 trials is 1.8. Find the probability distribution function

COo1

K5

20

A random variable x takes the values -3,-2,-1,0,1,2,3 such that
P(X=0) =P(X>0)=P(X<0) and P(X=-3) =P(x=-2) =P(X=-1)
=P(X=1)=P(X=2)=P(X=3). Obtain the probability distribution and
the distribution function of X

Co1

K4

18

Derive the formula for mean and variance of binomial distribution

Co1

K2

26

10

The probability mass function of a random variable x is given
below.

X 0 1 2 3
P(X) | c 2c2 | C? | 3¢

Co1

K5

14
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MA 202 PROBABILITY DISTRIBUTIONS, TRANSFORMS AND NUMERICAL METHODS

Find i) Determine the value of C ii) P(x>1) iii)
p(x>1/0<x<3) iv) E(X)

MODULE 11

1 | The actual amount of instant coffee that a filling machine CO2 | Kb5 38
puts in to “4”ounce jars may belooked upon as a random
variable having a normal distribution with ¢ = 0.04 ounce.
If only 2%of the jars areto contain less than 4 ounces, what

should be the mean fill of these jars.

2 | Inacertain city, the number of power outages per month CO2 K2 41
is a random variable having a distributionwith y =11.6
and o = 3.3. If this distribution can be approximated
closely with a normal distribution. What is the
probability that there will be at least 8 outages in any

one month

3 | In a certain experiment the error made in determining the | CO2 K2 57
solubility of a substance is a random variable having uniform
distribution with a = -0.025 and g = 0.025. What are the
probabilities that such an error will be between

a) 0.010 and 0.015 b) -0.012 and 0.012?

4 | Derive the mean and variance of Uniform Distribution CO2 K5 41

5 | Ifarandom variable has the probability density f(x) = CcO2 K3 55
2e-2x forx >0
forx <0

Find the probabilities that it will take on a value.
i) Between 1 and 3.
ii) Greater than 0.5
iii) Find the mean and variance of X

Department of Mechatronics Engineering, NCERC, Pampady.




MA 202 PROBABILITY DISTRIBUTIONS, TRANSFORMS AND NUMERICAL METHODS

Department of Mechatronics Engineering, NCERC, Pampady.

6 Find k such that the following can serve as the probability CO2 K5 40
density of a random variable
F(x) =kxe™? x>0
7 | Inanintelligence test administered on 1000 children, the average | CO2 K4 56
was 60 and standard deviation was 20
Assuming that the marks obtained by the children follow normal
distribution, find the number of children who have scored
i) Over 90 marks ii)Below 40 marks
iii) Between 50 and 80 marks.
8 | The number of personal computers sold daily at CompuWorld is CO2 K3 a7
uniformly distributed with minimum of 2000 PCs and maximum of
5000 PCs. What is the probability that
(i) The daily sales will fall between 2500 and
3000 PCs
(ii) CompuWorld will sell at least 4000 PCs
(iii) CompuWorld will exactly sell 2500 PCs.
9 The time (in hours) required to repair a machine is exponentially Co2 K2 43
distributed with parameter 1 =1
what is the probability that the repair time exceeds 3 hours?
MODULE Il
1 1) Find the Fourier integral representation of the function CO3 K4 8
) ={1 iflx<1
0 ifldq<1
2 Derive the Fourier cosine and Fourier sine integral of f(x) = COo3 K3 84
ek x> 0,k>0
3 Find the Fourier cosine and Fourier sine integral co3 K2 100
representation of f(x)=sinx , 0<x<m
4 . . . CO3 K2 92
Prove the Linearity property of Fourier transform.
5 Find the Fourier Transform of Unit Step function. CO3 K5 94
10




MA 202 PROBABILITY DISTRIBUTIONS, TRANSFORMS AND NUMERICAL METHODS

Department of Mechatronics Engineering, NCERC, Pampady.

6 Find the Fourier Transform of Unit impulse function. CO3 K4 97
7| Use Fourier integral to show that fomw COo3 K2 105
1+w
0 if x<0
= T x=0
2
me™* x>0
8 | Find the Fourier transformof f(x) = 1 if |x| <1 CO3 | K3 102
0 otherwise
9 | Find the Fourier transform of e™*" .Hence find F(xe™") CO3 | K3 105
10 | Find the Fourier Sine Transform of % CO3 | K5 95
11 |Expressf(x) =1 ,0<x<mw CO3 | K2 100
0, x>m as a Fourier sine integral and
evaluate fooo 1Y sinxw dw
MODULE IV
1 | Find the Laplace transform of (i) sinht cost (ii) CO4 K2 110
3t2 e-4t
2 - . 1 . CO4 K1 107
Find inverse Laplace Transform of (i) —; 5 (ii)
(s“+1(s”+9)
- (jii)}———
S _4s+8 S“+4ST+31m
11




MA 202 PROBABILITY DISTRIBUTIONS, TRANSFORMS AND NUMERICAL METHODS

3 Find inverse Laplace Transform of (i) S;ZB (ii) co4 K2 120
(s—3)°+9
4s+12 (i) 5242
ST +85416 | G278
4 | Using Laplace transform, Solve the IVP y —y +9y=0 ,| CO4 | K3 115
y(0)=0.16, y (0) =0
5 | Find Laplace transform of (t — 3)2U(t — 3) CO4 K1 130
6 | Find Laplace transform te?! sin 3t CO4 K2 123
7 | Using Laplace transform, Solve the IVP y —y =t , y(0)=1, | CO4 | K3 138
y (0)=1
8 Find inverse Laplace Transform of % CO4 K3 109
9 | Find the Laplace transform of (i) coshat coswt CO4 K2 152
(ii) 5t sin2t
MODULE V
1 | Using Newton Raphson method compute the square root of 51 | CO5 K4 160
correct to 4 decimal places
2 | Forthe following data calculate the value of y when x=9 CO5 K2 170
X 8 10 12 14 16 18
Y 10 19 325 54 89.5 154
12
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MA 202 PROBABILITY DISTRIBUTIONS, TRANSFORMS AND NUMERICAL METHODS

3 | Given f(2) = 5, f(2.5)=6 find the linear interpolating polynomial | CO5 K3 184
using LAGRANGE ‘S formula and also find f(2.2)
4 | Determine the interpolating polynomial for the following data CO5 K2 185
X -1 0 1 3
Y 2 1 0 -1
5 | solve f(x)=x-0.5 cosx=0 near x=0 by fixed point Iteration CO5 K3 180
method
6 Find f(9.2) from the values given below by Lagrange’S interpolation| CO5 K2 190
X 8 9 9.5
f(x) 2.197225 2.251292 2.397895
7 Given (xj ,f(xj) = (0.2,0.9980), (0.4,0.9686), (0.8 ,0.5358), | CO5 K2 183
(1,00 find f( 0.7) based on these values using Newton ‘s
interpolation formula
MODULE VI
1 |Solvey'=-2x3+12x*-20x+85 ,y(0)=1 forx=05 | CO6| K3 196
using
i) Eulermethod ii)Rumge-kutta method . Also
find the error in two methods
2 | Solve by Gauss Seidal iteration method 3x + 2y +z =7, x + CO6 K3 190
3y+2z=4, 2x+y+3z=7
3 | Using fourth Runge-kutta method solve the initial value problem CO6 K2 188
y' =x+y ,y(0) = lin the intervel (0,0.2)by taking h =
0.1
4 6 dx CO6 K5 184
Evaluate log 7 by Simpson’s rule( hint: log 7=f0 1—+x)
13
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S Solve the differential equation Z—z = ﬁ , ¥(0)=1 for x=.1, h=.02 CO6 K2 199

using Euler’s method

1

6 | Evaluate f01 121:;2 using Trapezoidal rule with n=10 CO6 K2 188
7 solve f(x)=x-0.5 cosx=0 near x=0 by fixed point Iteration Cob K3 190

method
8 Solve the differential equation ? = o , ¥(0)=1 for x=.1, h=.02 CO6 K2 192

x y—x
using Euler’s method
14
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